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MUC LUC

NGUYEN THI HONG HA, NGUYEN NGOC HUYEN, NGUYEN THI

HUONG TRA, VU THU DIEM, LE THI TRANG. Nghién citu mot s6
yéu t6 cong nghé anh hudng dén kha nang tao sinh khdi chiing
Lactiplantibacillus plantarum DR27

DO THI CAM VAN, BUI THI THU UYEN, NGUYEN THI NGOAN,
BA THI DUONG, NGUYEN THI PHUONG DUNG, LUU NGOC
SINH, TRAN DANG THUAN, PHAM ANH TUAN. Nghién cttu tuyén
chon mot s6 chling vi tdo clia loai Chlorella giau protein

PANG HONG ANH, PHAM HOAI THU, PHAM THI THU, TRAN
BAO TRAM, VU XUAN TAO. Nghién ctu quy trinh cong nghé Ién
men nudc chanh day c6 do con thap tir qua chanh day thu hoach tai
tinh D&k Nong

NGUYEN THI TRANG, NGUYEN THI MINH KHANH, LE HONG
QUANG. Nghién cttu tao ch& pham enzyme tir ndm méc Aspergillus
oryzae Ung dung trong thly phan dich du dd |én men

TRUONG HUONG LAN, NGUYEN THI VIET HA, DUONG BUC
HANH. Nghién ctu tng dung ché pham enzyme PB-glucosidase
chuyén héa isoflavone tir dang glucoside sang dang alycone trong
dich sira dau tuong ndy mam co dac

NGUYEN THI HONG LINH, NGUYEN MANH BAT, BO TH| THANH
HUYEN, CHU THANG, NGUYEN THI THU. Nghién ctu cac yéu t6
anh hudng dén chat luong clia nudc ép Hoang sin cd - dira dong chai

VO TAN HAU, HO KIM VINH NGHI, NGUYEN THI THA. T6i uu hoa
qua trinh thay phan tinh bot dé san xuat chat xo khong hoa tan tir
cam gao sir dung phuang phap bé mat dap ing

LE TUAN PHUC, BUI UYEN DIEM, HOANG QUGC TUAN, PHAM
NGOC HUNG, LAl QUOC AT, NGUYEN HOANG DUNG, CUNG THI
TO QUYNH. Budc ddu xay dung cac dau hiéu nhan dién vé thanh phan
hoa hoc clia hat tiéu den & mot s6 ving trong tiéu chinh tai Viét Nam

NGUYEN DANG BINH THANH, TRAN THI THU HANG, TONG TH

HOANG DUONG. Nghién ctru mé hinh hoa qua trinh thly phan tinh
bot va dudng hoa trong cong nghé san xuét bia

PHAM NGOC HUNG, NGUYEN CHINH NGHIA, CHU KY SON.
Panh gia vong doi san pham (LCA) clia quy trinh san xuat cén thuc
phdm tir gao theo cong nghé khong gia nhiét & quy mo 1 tan
nguyeén lieu/mé

PAM THUY HANG, VO NHAT MINH, PHAM TUAN ANH. Nghién
cu phan Iép,o tuyén chon va danh gia dac tinh probiotic clia mot s6
chiing vi khuan phan lap tir phan chon
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A )

MUC LUC

NGUYEN HA TRUNG, NGUYEN THI TAM THU, PHAM NGUYEN
TUAN KIET, PHAM KIEN CUONG, CHU KY SON. Nghién ctru quy
trinh thdy phan két hop siéu &m va enzyme nham nang cao hiéu
suat thu nhap peptide chdng oxy hoa tir phu pham ca ngtr

NGUYEN THI CHA, NGUYEN TIEN THANH, HO PHU HA. Nghién
clu (ng dung nanochitin dé gidm mudi cho san pham gio lua

LE TUAN, LE THI NGOC ANH, TRAN THI THAO NGUYEN,
NGUYEN CHINH NGHIA. Nghién citu qué trinh Ién men nudc dira

st dung két hop ndm men Saccharomyces va vi khudn
Komagataeibacter nham tao san pham dé uéng co do con thap

LUONG HONG NGA, LE THI NGUYET, NGUYEN QUANG BUC,
PHAM THI QUYNH, PHUNG THI THUY, PHUNG THI ANH MINH,
VU,HC‘)NG SON. Nghién cltu anh hudng clia mot s6 tac nhan dén
chat lugng clia dau phu

NGUYEN HAI VAN, LUONG HONG NGA, VO HONG SON,
NGUYEN THI HANG, PHAM VAN B,&C, NGHIEM THI HOAI
THU’ONG, NGUYEN HA ANH, HO PHU HA. Nghién cltu xac dinh
tinh chat dac trung clia dau phu sén xut bang nudc chua tai mot s@
quéan, huyén trén dia ban thanh phd Ha Noi

TRAN THANH QUYNH ANH, VO VAN QUGC BAO, DO THI BICH

THUY. Tuyén chon chling Lactobacillus fermentum c6 tiém nang
probiotic va khd ndng sinh téng hop gamma aminobutyric axit

(GABA) cao nham (ing dung trong san xuét thuc pham chutc nang

MAI CAT DUYEN, VO HUYNH NHU, LE DUY NGHIA, DUONG KIM
THANH, PHAN TH| THANH QUE. Anh huéng ciia diéu kién trich ly
bang enzyme dén chat luong dau hat thanh long rudt do
(Hylocereus polyrhizus)

PHAM TH| DIU, NGUYEN TH| HONG, VO TUAN DUONG, TRAN
THI MAI HUONG, NGUYEN THUY AN, TRINH THU TRANG,
NGUYEN HOANG ANH, BUI VAN HOI, CHU DINH BINH, PHAN

THI PHUONG THAO. Phan tich cac amin sinh hoc trong nem chua
bang phuong phap LC - MS

HOANG THI NGOC NHON, LUU THI QUYNH HOA, NGO THI
HUYEN TRANG, LE THI HONG ANH. Nghién citu anh hudng clia
song siéu am dén thu nhan chiét xuat giau polyphenol va saponin tur
¢l va hoa cay chudi hot (Musa balbisiana)

PHAN THI BE, DO THI BiCH THUY, VO VAN QUAC BAO,
NGUYEN VAN BUC, TRAN BAO KHANH, NGUYEN PHAN HA VI.
Anh hudng clia qua tinh ngam va ndy mam dén ham Iugng
polyphenol va hoat tinh chéng oxy hoa trong dich chiét hat mam dau
den xanh long (Vigna unguiculata)

NGUYEN THI THUY DUNG, LE CAM THI, NGUYEN QUAC DUY,
TRAN THI TUONG VI, HUYNH QUOC TRUNG, LUONG TRONG
KHOA, NGUYEN DUY LAM, NGUYEN THI VAN LINH. Anh hudng
clia phuong phap sdy Ién tinh chat hoa ly, thanh phan ginsenoside
va hoat tinh sinh hoc ctia dich chiét 1& sam Ngoc Linh
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NGHIEN cUU MOT sO YEU TO CONG NGHE
ANH HUONG DEN KHA NANG TAO SINH KHOI CHUNG
Lactiplantibacillus plantarum DR27

Nguyén Thi Hong Ha® ", Nguyén Ngoc Huyén?,

Nguyén Thi Hwong Tra', Vit Thu Diém’, Lé Thi Trang'
! Vien Co dién nong nghiép va Cong nghé sau thu hoach

TOM TAT

"Email: ngthongha77@gmail.com

Muc tiéu ctia nghién ctru nay 1a xac dinh duoc anh huéng ctia mot s6 yéu to cong nghé dén kha
nang tao sinh khoi chtng Lactiplantibacillus plantarum (L. plantarum DR27). Bai bao trinh bay
cac két qua toi uu hoa diéu kién lén men nhiam nang cao san luong thu héi sinh khéi tir chiing
L. plantarum DR27 duoc phan 1ap tir ba dong riéng. Bang phuong phap khao sat anh hudng cta
ting yéu t0, da xac dinh duoc diéu kién t6i wu cho kha nang tao sinh khéi ching nghién ctu:
Moi truong lén men nudce chiét ca chua véi nguon cac-bon 1a fructose oligosaccharide (FOS)
1%, nguén nito 1a cao ndm men 0,5%, nong do CaCl, 10 mM; pH moi truong 6,5, ty 1é giong
cap 6%, nhiét do nuoi cay 37°C, toc do lac 50 vong/phut, sau 32 gio 1én men thu hoéi sinh khéi

L. plantarum DR27 dat 10° CFU/ml.

Tt khoa: L. plantarum DR27, sinh khoi, ba dong riéng.

1. DAT VAN DE

Theo thong ké chua day da, wdc tinh & Viet
Nam, dong riéng duoc trong voi dién tich khoang
30.000 ha, san xuat hang nam gan 300.000 tin ct
tuoi va c6 xu huéng ngay cang tang [1]. Tinh bot
dong riéng va mién dong 1a 2 loai san phdm duoc
ché bién tir ct dong riéng & cac lang nghé hoac
hop tac xa san xuat. Bén canh mit tich cuc cua cay
dong riéng mang lai, thi trong qua trinh ché bién
da thai ra mét luong phu phdm la ba dong riéng
kha 16n, chiém khoang 80% nguyén liéu. Chi tinh
riéng trén dia ban tinh Bac Kan, giai doan tir nam
2019 - 2021, luvong nguyén liéu dau vao va ba thai &
lang nghé khoang 34.000 tdn/nim va 28.000
tan/nam. Hién nay, chi mot phan nhé luong ba
dong riéng duoc nguoi dan 0 1am phan bén theo
phuong phap tht cong, con lai phan 16n ba dong
riéng chua dugc xtt ly thich hop, gay 6 nhiém
ngudn dat, nuoc... cho khu san xuat ciing nhu
vung lan can.

Ché bién, bao quan thirc dn thé xanh bang
phuong phap 1én men chua da duwoc ap dung rong

rdi trén toan thé gioi. Hang nam, hon 200 triéu tan
thitc an tho xanh duoc bao quan biang phuong
phap nay & Tay Au va My. Lén men chua dua trén
qua trinh lén men tu nhién nho cac vi khuén lactic
lén men carbohydrates hoa tan thanh cac axit hitu
co, cht yéu 1a axit lactic dudi diéu kién ki khi. Két
qua cua qua trinh 14 gidm pH, ttc ché nhimg vi
khuan bat loi va do dé thic dn tho xanh dugc bao
quan. Néu lén men tu nhién, mat do hé vi khuan
lactic c6 san trong nguyén liéu thap, khong thé
chiém uu thé trong qua trinh lén men, do d6 sé
khong ngan chan duwoc hoat dong ctia cac vi sinh
vat bat loi. D& c6 duoc thic an lén men chua co
chat luong tot can phai b6 sung cac ché phdm vi
khuén lactic phu hop.

Hién nay, cac cong trinh nghién cttu trong va
ngoai nuoc cho thdy, lén men tao sinh khoéi vi
khuan lactic chiu 4anh hudng ctia mot s6 yéu to
gom: Nuoi cdy, nguon dinh dudng, nhiet do, thoi
gian 1én men... Nghién ctu cta Vazquez va cs
(2014) [2] da tham do cac loai moi treong nudi cay
dé san xuat sinh khoi cta 3 ching: L. salivarius
DSPVO002P, L. salivarius DSPVO08P va L. salivarius
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DSPV011P voi nguon cac-bon la dam whey, nguon
nito 1a cao ndm men va cac muodi khoang
MnSO,.H,0, MgS0,.7H,0. Két qua nghién ctu
cho thay, chung L. salivarius DSPVOOSP phat
trién kém trong tat ca cac cong thic moi truong.
Thanh phan moéi truong c6 cao nim men va
MnSO,H,0 da lam tang su phat trién cha L.
salivarius DSPVO11P, L. salivarius DSPV002P.
Con chung L. salivarius DSPV011P la ching c6
kha nang phat trién trén cac moi truong thay thé
moi truong MRS, luong sinh khoi dat 9,22 Log
(CFU/ml) v6i gia thanh moi truong thap hon 12
lan so véi moi treong MRS [2]. Nguon cac-bon 1a
cac prebiotic: FOS, GOS, inulin va lactulose ciing
da duoc nghién ctru, moi truong chira duong FOS
da gia tang mat do té bao tir 0,8 - 1,72 log CFU/ml
so vOi nguon cac-bon truyén thong la glucose [3].
Su két hop ngudn nito tinh bot ngo, chiét xuat
mam lda mi cho su phat trién cta ching L.
plantarum RPR42 trong moéi truong co ban ri
duong. Két qua nghién ctu cho thay, thay thé
nuéc chiét thit bo va cao ndm men bang cac
nguon nito trén da tang san luong sinh khoi lén
dén 12 g/1 trong 24 gio nuodi cay, mat do té bao
dat 9,81 x 10° CFU/ml. Két qua nghién cttu nay
cho thdy, viec san xudt sinh khéi ching L.
plantarum RPR42 & qui mo 16n rat kha thi voi chi
phi thdp dang ké so v6i moi truong MRS [4].
Chang va cs (2017) [5] da nghién ctru toi vu moi
truong nudi cdy cho san xuat sinh khoi L.
rhamnosus ATCC 7469 bang phuong phap bé mat
dap ung (RSM). Thanh phan moi truong gom:
Glucose 4,4% (w/v), cao nam men 6% (W/v),
tryptone 6% (w/v), tween 80 0,11%, magnesium
sulfate 0,02%, manganese sulfate 0,005%, ¢ diéu
kién nudi cdy nhiét do 37°C, toc do lac 120
vong/phut trong 16 - 20 gid, pH ban dau 1a 6,9,
mat do té bao dat cao nhat 10,06 log CFU/ml khi
so voi truong MRS (9,823 log CFU/ml) [5].

Nang cao san luong sinh khoi va mat do té bao
la muc dich huéng t6i cho san xuat ché phidm vi
khuén lactic. Vi vay, trong nghién cttu nay, viéc
khéo sat anh hudng ctia mot so diéu kién nuoi cay
dén kha nang tao sinh khoi L. plantarum DR27 da
duoc tién hanh nham tao tién dé cho san xuat ché
phéam lactic dé xtt Iy phu phdm ba dong riéng.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat lieu nghién cttu

2.1.1. Doi tuong

Chung vi khudn L. plantarum DR27 phan lap
tir ba dong riéng ldy mau tai tinh Bic Kan (truéc
day), c6 trong bo suu tap giong cta Bo mon
Nghién cttu Cong nghé sinh hoc sau thu hoach -
Vién Co dién néng nghiép va Céong nghé sau thu
hoach cung cap.

2.1.2. Moi truong

Moi truong MRS; moéi truong nudc chiét ca
chua.

2.2. Phuong phap nghién ctru

2.2.1. Phurong phap xéc dinh so lrong vi khuan
lactic

Stt dung phuong phap pha loang hang loat va
cay & nong do gioi han dé dém s6 luong khuén lac
hinh thanh (cell forming unit - CFU). Tu d6, tinh
duoc s6 luong té€ bao song trong 1 ml dich nuoi
cay, coi moi khuén lac 1a két qua ctia su phat trién
thanh mot t€ bao. Su phan b cac khuén lac phai
hop ly: Do pha loang cang cao thi s6 khuén lac
cang it. Téng so6 vi khuén lactic c6 trong 1 g (1 ml)
mau thit duoc tinh theo cong thic sau:

No2C
(n1+0,1xn2)><f1xv

Trong do6: YC la tong s6 khuan lac dém duoc
trén tat ca cac dia da chon; n, 1a s6 dia dém & nong
do pha loang thtt 1 (40 pha loang thap nhat); n, la
s6 dia dém & nong do pha loang thiat hai (49 pha
loang tiép theo); f; 1a hé s6 pha loang cta dia dém
thir 1; v 1a thé tich mau cay vao moi dia petri.

222 Khao sdt anh huong cia mot so yéu to
dinh duong

Moi truong dinh duong phé bién diung cho
nudi cay vi khuén lactic 1a moi truong MRS, moi
truong ndy néu st dung cho sang loc, phan loai,
gitt giong & qui mo thi nghiém thi rat thich hop
nhung néu dung dé lén men & qui mo lon lai can
phai tinh toan hiéu qua kinh té do gia thanh cta
moi truong MRS kha cao va ton kém. Boi vay, dé
c6 thé ung dung vi khuén lactic cho ché bién thic
an U chua tir co chat ba dong riéng, da tién hanh
cac thi nghiém lwa chon cac méi truong khac nhau
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nham tim ra mot méi truong kinh té, phu hop voi
qué trinh san xuat sau nay.

Nhan giong: Chung L. plantarum DR27 trong
ong thach nghiéng duoc cay chuyén vao cac binh
tam giac chita moi trudong nhan giong, nuodi & nhiét
do 37°C + 2, lac 75 vong/phut. Sau 20 gi¢ thu hoi
giong, dam bao mat do dat khoang 10° CFU/ml.

Moi phuong an thir nghiém duoc tién hanh voi
150 ml dich moi truong. Cac thkt nghiém duogc
khao sat voi 4 loai méi truong dinh duong (MRS,
nudc chiét ca chua, nudc chiét gia do6 va nuoc chiét
bap cai); 3 ngudn cac-bon (saccaroza, lactoza va
fructose oligo saccharide (FOS)); 3 ngudn nito
(cao nam men, pepton va trypton). Phan phoi moi
truong tuong tng véi moi thi nghiém, khir trung &
121°C trong 20 phut. Giong vi khuan L. plantarum
DR27 duoc cay vao moi truong voi ti 1& 8%. Lén
men & 37°C, toc do lac 75 vong/phut trong 48 gio.
banh gia mat do té€ bao thu & moi thi nghiém.

2.2.3. Anh hudng cia nong do CaCl,

Vi khuén lactic 1a loai khong sinh bao tit, kha
nhay cam khi tiép xtc véi nhiét do cao va co thé
song, phat trién duoc dén nhiet do 47°C, bi chét
khi & 60 - 80°C trong thoi gian 10 - 30 phut. Nham
muc dich cai thién do 6n dinh nhiét do va taing kha
nang so6ng sot cta vi khuan lactic trong qua trinh
sdy, hay khi tiép xuc véi nhiét do cao bang cach bé
sung Ca*” trong qua trinh lén men tao tich lay
canxi trong té€ bao vi khuan: Ching L. plantarum
DR27 duoc nudi cay trén moi truong lua chon tir
két qua nghién ctu & muc 2.2.2. Néng do CaCL,
b6 sung vao moi truong & 4 mic nong do: 5, 10, 15,
20 mM, doi chung khong bé sung CaCl,. Giong vi
khuén lactic cay vao moi truong voi ti 1é 8%, nuoi
cay lac 75 vong/phut & nhiet do 37°C trong 48 gio.
Dich nuéi cdy duoc xtt ly nhiét bang cach 1ay 1 ml
dich sau khi lén men dé vao 6ng eppendorf roi
ngam trong bé 6n nhiét & 60°C, duy tri trong 30
phut. Dich nuéi sau khi xi ly nhiét tién hanh danh
gia mat do t€ bao ¢ cac thuc nghiém.

224, Khdo sat anh hudng cua céc diéu kién
nuoi cay

Moi thir nghiém duoc khao sat voi 5 dai nhiét
do (25°C, 30°C, 37°C, 40°C, 45°C); 6 gia tri pH (4,5;
5,0; 5,5; 6,0; 6,5; 7,0); 5 ché do nuoi (nuoi tinh, 25

vong/phut, 50 vong/phut, 75 vong/phut va 100
vong/phut); 4 ty lé giong vi khuin L. plantarum
DR27 (4; 6; 8; 10%), thoi gian nuoi 48 gio. Panh gia
mat do t€ bao thu & moéi thi nghiém.

2.2.5. Anh hudng ciia thoi gian nuoi cay

Thi nghiém xac dinh dong hoc sinh truéng
ctia chung L. plantarum DR27 duoc tién hanh trén
moi truong voi nguodn cac-bon, nito, nhiét do, toc
do lac va ty 1é giong khao sat tir thi nghiém trudc.
Trong qua trinh lén men, tién hanh 14y mau tir 0 -
52 gior (ctr 4 tiéng 1y mau mot 1an), sau d6 danh
gia mat do té bao ctia chung L. plantarum DR27 va
luong axit lactic tao thanh & cac khoang thoi gian
lay mau.

2.2.6. Phuong phap xir Iy so liéu

S6 lieu duoc xtt Iy bang phan mém Excel 2010
va SPSS 20.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh hudng ctia ngudn dinh duong

3.1.1. Anh huéng ctia moi truong

Két qua luya chon moi truong nhan nuodi L.
plantarum DR27 duoc thé hién & hinh 1.

82x10°

Mit 35 té bao (CFU/ml)

9,3x 10*

MRS Ci chua Gid 86 Bap cii

92x10

Hinh 1. Anh huéng méi truomg nuéi cdy dén kha
nang tao sinh khéi L. plantarum DR27

Bang 1 cho thdy, khi len men ching L.
plantarum DR29 trén cac moi truong 1én men khac
nhau thi mat do té bao cua chiung L. plantarum
DR27 thay déi dang ké. O moi truong nudc chiét
bap cai, mat do té bao chi dat 9,2 x 10" CFU/ml,
mat so té bao da giam ro rét so voi moi truong
MRS. Tuy nhién, & moi truong nudc chiét ca chua,
ching vi khuan lactic phat trién kha tot, mat do té
bao 1a 8,2 x 10* CFU/ml, thap hon khong dang ké
so voi moi truong MRS. Nhu vay, doi voi qui mo
san xuat lon, da lua chon moi truong nudc chiét ca
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chua la méi truong thich hop cho nhan nu6i ching
L. plantarum DR27.

3.1.2. Anh huéng ciia ngudn cic-bon

Thi nghiém khéo sat anh hudng ctia 4 ngudn cac-
bon trong moi truong nudc chiét ca chua dén su tao
sinh khéi ching L. plantarum DR27 gém: Glucoza,
saccaroza, lactose va FOS (fructooligosaccharide).

6E+09

ao

SE+09

-

Mat do té b
(CFU/ml)

P (¥F) 4=

m m m

+ + +

8 8 3
T

8,2 x 108
16409 |

. M

Glucoza

bay 1a cac ngudn cac-bon phé bién va da duoc
Nguyén Thi My Le (2018) [3, 7], Fédéric va Luc
(2004) [6] chi ra la c6 anh hudng dén su phat trién
va kha nang sinh axit cia ching vi khuén lactic.
Két qua nghién cttu nguédn cac-bon duogc thé hién &
hinh 2.

5,1x10°
5,0x 108
1,3x108
[ ] —
FOS Sacaroza Lactoza
Nguon céc-bon

Hinh 2. Anh huéng nguén cac-bon dén kha ning tao sinh khéi L. plantarum DR27

Hinh 2 cho thdy, su phat trién cia ching L.
plantarum DR27 c6 su khac nhau trén 4 nguon
cac-bon khao sat, chang L. plantarum DR27 phat
trién tot nhat trén moi truong cé nguodn cac-bon 1a
FOS, thé hién & mat do té bao dat 51 x 10°
CFU/ml; thap nhat trén moi truong cé nguodn cac-
bon 1a lactoza, mat do té bao chi dat 1,3 x 10°
CFU/ml. Tt két qua nay, da lua chon FOS la
ngudn cac-bon trong nghién ctu cac diéu kién
thich hop cho lén men tao sinh khoi ching L.
plantarum DR27. Két qua nghién ctru nay phu hop
voi két qua nghién ctru cia Nguyén Thi My Leé
(2018) [3] khi b6 sung nguédn cac-bon la cac loai

prebiotics (FOS, GOS) thay thé ngudn cac-bon la
glucose da ting mat do té bao trong khoang 0,87 -
1,72 log CFU/ml. Piéu nay khang dinh, do luong
cac-bon tir FOS da goép phan kich thich su ting toc
do tang trudng ctia vi khuan lactic.

3.1.3. Anh huéng cta ngudn nito

Nghién cttu anh huéng ctia nguon nito dén s
phat trién L. plantarum DR27, da st dung mot so
nguén nito thong dung dua trén cac moi truong
lén men vi khuén lactic cia Adesokan va cs (2009)
[8]. Két qua nghién ctru nguon nito duoc trinh bay &
hinh 3.

7E+09 6,2x10°

= B0 o0 ,

E 509 4,6x10

i

5] 4E+09

L 3E+09

=]

W 2E+09

W 8

E 1E409 8,2 x10

[

g i
Caothit  Caondm men Pepton Trypton

Nguén nito

Hinh 3. Anh huéng nguén nite dén kha ning tao sinh khéi ctia chiing L. plantarum DR27
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Hinh 3 cho thdy, ngudn nito anh hudng nhiéu
dén sinh truéng cua chung L. plantarum DR27. Véi
ngudn nito hitu co 1d cao nim men, ching L.
plantarum DR27 phat trién va sinh axit lactic cao
nhat, dat mat do té bao 1a 6,2 x 10° CFU/ml. Trén
moi truong st dung nguédn nito khac, su phat trién
va sinh axit lactic ctia chting déu thap hon. Két qua
nghién ctru nay phu hop v6i két qua nghién ctu
cua Adesokan va cs (2009) [8] trén chung L.
plantarum, theo d6, sau 48 gio nuodi cay khi moi
truong c6 chtra nguon nito riéng ré 1a cao nim
men cho mat do té€ bao va san sinh axit lactic cao
nhat, khi d6 luong axit lactic dat 29,8 g/1, nguon

8E+09

9
TE400 6.7x 10

6.2 x 10°

Js x 107
0

at 46 té bao (CFU/mI)
w = Lh (=)}
m m m m
& & & &
o o {'=] o

M
[
I
&
o

nito 1a KNO, su san sinh axit lactic giam con la 8,5
g/1 [9]. Vi vay, cao ndm men duoc lwa chon la
nguédn nito trong moi truong nudi cdy chiung L
plantarum DR27.

3.1.4. Anh huéng ctia nong do CaCl,

Kiém tra kha nang chiu nhiét ctia vi khuén khi
tiép xdc voi nhiet do khi say kho, voi phuong phap
say dong kho 1a -55°C; say chan khong va say bom
nhiét dao dong tir 35 - 60°C, thi dich sau nudi cay
duoc dat ¢ nhiét do 60°C trong 30 phut, sau do tién
hanh danh gia mat do té bao & cac thuc nghiém.
Két qua duoc thé hién ¢ hinh 4.

7.1x10°  70x10° 72 X10°

9.4x 108

1E+09
0 (B0

1 x 108 5 x 108
2x108
5 10 15

20

Nong 6 CaCl, (mM)

mMat d6 té bao trirde khi xir Iy nhiét (CFU/ml)

M4t do té bao sau khi xir I¥ nhiét (CEFU/ml)

Hinh 4. Anh hudng ctia néng 6 CaCl, dén kha ning chiu nhiét L. plantarum DR27

Hinh 4 cho thdy, khi moi truong duoc bé sung
CaCl, v6i 4 néng do trén da khong anh hudéng dén
kha nang sinh truong va phat trién ctia ching L.
plantarum DR27 ma con ting nhe mat do té bao L.
plantarum DR27 thu dugc. Co sy khac biét dang
ké vé kha nang chiu nhiét cta L. plantarum DR27
thu duoc tir moéi truong cé bo sung véi 10 - 20 mM
CaCl,, da tang kha nang chong chiu nhiét ctia
chung vi khuan L. plantarum DR27, sau khi xt ly
nhiét van dat 9,1 - 9,4 x 10’CFU/ml, con doi chung
127,3 x10° CFU/ml.

3.2. Anh hudng ciia cac yéu t6 cong nghé

321 Anh huong cua nhiét do

Nhiét do 1a mot trong cac yéu t6 anh hudng
manh dén qua trinh soéng, phat trién va sinh téng
hop ctia vi sinh vat. D€ xac dinh nhiét do toi wu
cho chung L. plantarum DR27 sinh truong va phat
trién, da khao sat & cac dai nhiet do 25, 30, 37, 40,
45°C. Két qua duoc thé hién & bang 1.

Béng 1. Anh huéng ctia nhiét do nudi cdy dén
kha niang tao sinh khéi L. plantarum DR27

Nhiét @6 (°C) | Mat do té bao (CFU/ml)
25 6,5 x 10°
30 5,5 x 10°
37 7,1x 10°
40 4,0x 10°
45 14x10°

Bang 1 cho thay, kha nang tao sinh khoi cia
ching L. plantarum DR27 phu thuoc ro rét vao
nhiét do. Nhiét do thich hop nhat cho sinh truéng
va phat trién chung L. plantarum DR27 1a 37°C, &
nhiét do nay mat do té bao dat 7,1 x 10°CFU/ml.
Day ciing la nhiét do sinh trudng cta cac ching L.
plantarum no6i chung. Ngoai ra, nhiét do 30°C ciing
1a nhiét do thich hop cho ching nay phat trién [9].
Khéa ning tao sinh khoi cta L. plantarum DR27
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giam & nhiét do 40°C va 45°C, toc do sinh truéng la
kém hon. Vi thé, da lua chon nuoéi cay ching L.
plantarum DR27 & nhiét do 37°C trong cac nghién
ctru tiép theo.

3.2.2. Anh huong ctia pH

S8E+09
6E+09
4E+09
E+09

75x107  3Sx108 7O
0 ==
a5 5

Mat do té bao (CFU/ml)

x 10
[ |

6 6.5

pH c6 anh hudng rat 16n toi kha niang tao sinh
khoi vi khuén lactic, ddng thoi, ciing tac dong dén
su sinh truéng caa vi sinh vat. Thuc nghiém khao
sat & 6 muc pH: 4,5; 5,0; 5,5; 6,0; 6,5; 7,0. Két qua
duoc thé hién ¢ hinh 5.

6.8x10°  7-2x10°

5.5 x 10°

pH

Hinh 5. Anh huéng pH méi truong dén kha ning tao sinh khéi chiing L. plantarum DR27

Hinh 5 cho thay, pH thich hop cho phat trién
tot nhat 1a 6,5, dat mat do té bao cao nhat 1a 7,2 x
10° CFU/ml. O pH 4,5 thu dugc mat d¢ té bao thap
nhat 1a 7,5 x 10’ CFU/ml. Khi ting 1én pH cao hon
pH 6,5 qua trinh lén men van dién ra nhung chiing
phat trién kém cao hon so v6i pH 6,5. Hon nita, khi
& pH trung tinh va kiém con 1a diéu kién tot cho
cac vi sinh vat khac dé nhiém tap vao moi truong.

3.2.3. Anh huéng cia ty Ié giong
Béng 2. Anh hudng ty 1é giéng dén kha ning tao
sinh khéi clia chiing L. plantarum DR27

Ty le giong (%) | Mat do té bao (CFU/ml)
4 6,0 x 108
6 7,2x 10°
8 7,8x 10°
10 8,0x 10°

Xac dinh ty 1é giong thich hop cho qua trinh
léen men khong nhirng tiét kiém duoc moi truong

1E+10
° 8E+09

S = 6EH09 4.3 % 10°
w g

2 & 4

g —— 1.6 x 10°

B 2E+09 -

-

0 25

giong ma con tao cho qua trinh lén men dat duoc
két qua cao. Bang 2 cho thay, ty lé giong c6 anh
huéng dén sinh trudng cta L. plantarum DR27. O
ty le giong 4% té bao phat trién kém (6,0 x 10°
CFU/ml). Khi ty lé giong cay tang lén 6 - 10% thi
su sinh treong bién ddi nhiéu, mat do té bao dat
7,2 - 8,0 x 10° CFU/ml. Kha nang sinh truong thay
d6i khong nhiéu trong khoang tiép giong tir 6 - 10%
(v/v). Do d6, dé tiét kiem chi phi thi ty lé giong
cay thich hop duoc lua chon cho qua trinh lén men
vi khuan lactic 1a tir 6%.

3.2.4. Anh hubng ciia toc do lic

Vi khuén lactic 1a loai vi khudn ky khi khong
bat budc, nham tim dugc thong s6 vé toc do lac
thich hop cho chiung L. plantarum DR27 khi nuoi
cdy, da tién hanh khao sat toc do lac: 0 vong/phut
(nuoi tinh); 25 vong/phuat, 50 vong/phut, 75
vong/phut va 100 vong/phut. Két qua dugc thé
hién & hinh 6.

7.8x 10° 7.2 % 10°

—
50 75 100

Téc d6 lic (vong/phit)
Hinh 6. Anh hudéng t6¢ do lic dén kha ning tao sinh khéi ctia chiing L. plantarum DR27

Hinh 6 cho thay, khi nuoi cdy vi khuén lactic
voi toc do lac 0 vong/phut hay 25 vong/phut mat
do té€ bao L. plantarum DR27 thu duoc 1a 1,6 x 10°
CFU/ml va 4,3 x 10° CFU/ml. V6i diéu kién nay &

su phat trién ctia vi khudn xay ra & toc do cham
hon, do do, tich lay sinh khoi khong cao. Kha
nang sinh truong va phat trién cta ching L.
plantarum DR27 dat toi da 1a 7,8 x 10° CFU/ml ¢
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toc do lac 50 vong/phut. O téc do lic cao hon thi
kha nang sinh truong ctia ching khong tang ma
tham chi con giam nhe khi & toc do lic 100
vong/phut. Piéu nay co thé do L. plantarum
DR27 thudc loai vi khudn ky khi khong bat budc,
nén trong qua trinh sinh trudng va phat trién nhu
cau can oxy cua vi khudn nay chi can moét luong
t6i han. Doi khi su cung cdp qua muc oxy da anh
hudng t6i toc do sinh truong ciing nhu kha nang
tao sinh khoi ctia chung.

3.2.5. Pong hoc qua trinh nhan nudi chung L.
plantarum DR27

St sinh trudng, phat trién quan thé vi khuan L.
plantarum DR27 tuan theo quy luat bat budc qua
cac giai doan: Pha lag (pha thich tng), pha log

18 - 1E+10
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Hinh 7. Dong hoc phat trién cta ching L.
plantarum DR27

Két qua nghién ctru cho thay, pH cta dich lén
men giam dan theo thoi gian, twong tmg véi su
tang lén vé ham luong axit trong dich nuoi. Ham
luong axit tong sinh ra 16n nhat 1a 44 gio dat 15,49
g/l. Tuy nhién, chung dat mat do sinh khoi cao
nhat tai thoi diém 36 gio nuoi cdy (dat 9,1 x 10°
CFU/ml) va bat dau suy vong sau 40 gi® nu6i cay.
Vi vay, khi stt dung sinh khéi chiung L. plantarum
DR27 dung tao ché pham giong khoi dong cho lén
men ba dong riéng san xuat thic an chan nudi nén
thu nhan sinh khoi vao khoang thoi gian 32 gio
sau khi nuoi cay dé dat duoc luwong sinh khoi cao
(8,7 x 10° CFU/ml) va khi d6 kha nang sinh
truong cta ching tot. Két qua nghién ctu caa
Hager va cs (2019) [10] cho thay, thoi gian thich
hop cho chung L. plantarum phat trién thu sinh
khoi tir 25 - 35 gi¢r phu thudc vao dic tinh chiing
giong va quy mo san xuat, sinh téng hop axit lactic

(phat trién lity tién), pha can bang va pha suy vong.
Theo doi dong hoc qua trinh sinh truéng cta chiing
L. plantarum DR27 trong thoi gian 8 - 52 gi®, nghién
ctru sé xac dinh thoi diém nhan giong va thoi diém
thu hoach té bao cho kha nang sinh truong va sinh
axit lactic ctia chting L. plantarum DR27 dat két qua
cao. Chung L. plantarum DR27 duoc nudi cay trong
moi truong nudc chiét ca chua (FOS 1%, cao nim
men 1%, CaCl, 10 mM, pH 6,5; ty le giong 6%).
Nhiét do nuoi 37°C voi toc do lac 50 vong/phut.
Tién hanh nuoi trong 52 gio, ctt sau 4 gio tién hanh
lay mau x4c dinh kha nang tao sinh khoi va ham
luong axit. Sau khi tién hanh thi nghiém, két qua
duoc thé hién ¢ hinh 7 va 8.

| &
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|
RN

b —
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THOT GIAN LEN MEN

Hinh 8. Méi trueong nudi cdy ching L. plantarum
DR27 & gio nuéi thiz 8, 20, 32, 48 gi

da giam dan sau 40 gio. Tt két qua nghién ctu, da

chon thoi gian 32 gio 1a thoi gian dimg nuoi cay

ching L. plantarum DR27.

4. KET LUAN

ba xac dinh duoc diéu kién toi wu cho kha
nang tao sinh khoéi ching L. plantarum DR27 la
moi treong lén men nudc chiét ca chua véi nguon
cac-bon la fructoseoligosaccharide (FOS) 1%,
nguon nito 12 cao n4m men 0,5%, nong do CacCl, 10
mM; pH moi truong 6,5, ty 1é giong cap 6%, nhiét
do nuoi cay 37°C, toc do lac 50 vong/phut, sau 32
gi® lén men thu hoi sinh khéi L. plantarum DR27
dat mat do 8,7 x 10° CFU/ml.
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Lactiplantibacillus plantarum DR27
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Abstract

The objective of this study was to investigate the effects of several technological factors on
biomass production of Lactiplantibacillus plantarum DR27 (L. plantarum DR27). This paper
presents the results of optimizing fermentation conditions to enhance biomass yield from L.
plantarum DR27, a strain isolated from Canna edible Ker. residue. Using a single-factor
experimental approach, the optimal conditions for biomass production were determined as
follows: Tomato extract medium supplemented with 1% fructoseoligosaccharide (FOS) as the
carbon source, 0.5% yeast extract as the nitrogen source, 10 mM CaCl., an initial pH of 6.5,
inoculum of 6%, incubation temperature of 37°C, shaking speed of 50 rpm, and fermentation
duration of 32 hours. Under these conditions, the biomass concentration of L. plantarum DR27

reached 10° CFU/mL.

Keywords: L. plantarum DR27, biomass, Canna edible Ker. residue.
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CUA LOAI Chiorella GIAU PROTEIN
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TOM TAT

Chlorella dwoc danh gia 1a nguon protein bén virng cho thi truong toan cau, thay thé mot phan
protein truyén thong. Cac nghién ctru vé san xuit protein béi vi tdo Chlorella cht yéu t6i wu hoa
cac yéu t6 anh huong gdm: Anh sang, nhiét do, ngudn cac-bon, ngudn nito, nguén phét pho,
pH, ché do khudy tron, phuong phap nuoi dén nang suat sinh khai va ham luong protein tich lay.
Nghién ctru st dung mot s6 chiing moi phan 1ap gdém: C. sorokiniana THO1, C. sorokiniana HCN,
C. sorokiniana Cheo dé khao sat anh hudng cta 3 yéu t6: Anh sang, pH, ty 16 N/P dén tang
truéng sinh khoi kho va ham luong protein. Két qua nghién ctru cho thay, sinh khoi kho san xuat
béi 3 chang: C. sorokiniana THO1, C. sorokiniana HCN, C. sorokiniana Cbeo sau qua trinh khao
sat va toi wu déu dat trén 2,5 g/L, cac vi tdo déu co6 thé san xuat trén 40% khoi luong kho té bao 1a
protein. Trong diéu kién kiém soat anh sang 9.000 lux, pH trén 7 va ty 1é N/P tren 35/1, C
sorokiniana THO1, C. sorokiniana HCN, C. sorokiniana Cbeo c6 thé dat ham luong protein tuong
ung 58,82 va 66,70%. Rieng C. sorokiniana HCN, C. sorokiniana Cbeo dat trén 55% va twong duong
voi chat luong Chlorella cung cap trén thi truong hién nay véi ham luong protein trén 55%. Két
qua nghién ctru cho thay, C. sorokiniana HCN, C. sorokiniana Cbeo 1a 2 chiing tiém nang dé san
xuat protein.

Tir khéa: C. sorokiniana THOI1, C. sorokiniana HCN, C. sorokiniana Cheo, quang duong, protein.

1. DAT VAN BE

Vi tdo Chlorellala mot chi gdbm khoang 13 loai
tdo luc don bao hoac dang tap doan thuoc nganh
Chlorophyta (1, 2]. lLoai Chlorella c6 Chlorella
sorokiniana, Chlorella vulgaris, Chlorella... [3].
Sinh truong cua Chlorella da duwoc nghién ctu
rong rai vé kha nang quang hop, thanh phan dinh
duong va cac tng dung tiém nang. T lau,
Chlorella da duwoc xem xét nhu mot ngudn thuc
phdm va ning luong tiém niang nho hiéu suat
quang hop cao. Hién nay, Chlorella duoc san xuat
va phan phdi trén toan thé gioi nhu mot loai thuc
phdm bé sung, chtta nhiéu chat dinh duong va
vitamin, bao goém: Vitamin D va B12, nhimg

vitamin thuong vang mat trong cac ngudn thuc
pham c6 nguon goc thuc vat. Cac loai Chlorella co
tiém nang lon dé duoc str dung lam ngudn protein
thay thé vi hon 80% trong s6 chung co6 thé duoc
con nguoi tieu hoa va tuong duong ca vé s6 luong
va chat luong voi céac loai protein thuc vat thong
thuong khac [4]. Vé khoi luong, protein dao dong
tir 51 - 58% & C. vulgaris va 57% & C. pyrenoidosa
theo khoi luong kho trong diéu kién tang trudng
giau nito [5]. Vé chat luong, hau hét cac loai tdo
siéu nho déu chura tat ca cac axit amin thiét yéu ma
dong vat c6 va khong thé téng hop duoc. Do do,
phai lay tir lwong thitc dn ctia ching. Cu thé, chi so
axit amin thiét yéu ctia C. pyrenoidosa chi ra rang,
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tat ca cac axit amin thiét yéu déu c6 & ham luong
16n [6].

Céac yéu t6 anh hudéng dén ham luong protein
san xuat béi vi tdo bao gom: Anh sang, nhiét do,
ngudn cac-bon, ngudn nito, nguon phot pho,
pH, ché do khudy tron, phuong phap nudi (quang
dudong, tap duong, di duong) [7, 8]. Phuong phap
quang duong st dung nguédn cac-bon vo co nhu
CO, hoac HCOy ¢06 loi ich 1a dong gop vao su giam
khi nha kinh va 16 trinh trung hoa cac-bon do vi
tdo quang hop st dung CO, dé téng hop nén sinh
khoi. San xuat 1 kg sinh khéi vi tdo giau protein,
can toi 1,8 kg CO,. Do @9, muc tiéu cta nghién
ctru nay la khéo sat anh huéng cia cac yéu t6: Anh
sang, pH, ty 1é N/P dén ham luong protein san
xuat béi mot s vi tdo ctia loai Chlorella bao gom:
Vi tao Chlorella sorokiniana THO1, Chlorella
sorokiniana HCN, Chlorella sorokiniana Cheo; lua
chon ra ching c6 kha nang san xuat trén 40% ham
luong protein; xac dinh thanh phan axit amin cta
sinh khéi vi tdo Chlorella sorokiniana THO1,
Chlorella sorokiniana HCN, Chlorella sorokiniana
Cheo.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguén vi tdo

Vi tdo Chlorella sorokiniana THO1, Chlorella
sorokiniana HCN, Chlorella sorokiniana Cbeo
duoc cung cap boi Phong vat liéu tién ti€n, Vién
Hoéa hoc - Vién Han 1am Khoa hoc va Céong nghé
Viet Nam. Tao giong THO1, HCN, Cbeo duoc
nuodi cdy duy tri trong cac binh tam giac 250 mL
voi thé tich lam viéc 100 mL moi truong BG-11 ¢é
thanh phan héa hoc gom (g/L): NaNO,, 1,5;
K,HPO,, 0,04; MgSO,-7H,0, 0,075; CaCl,-2H,0,
0,036; citric axit, 0,006; ferric ammonium citrate,
0,006; EDTA (ethylenediaminetetraacetic axit),
0,001; Na,CO,, 0,02; dung dich A5, 1 mL/L; agar,
10. Dung dich A5 gém céac thanh phan: H,BO.,
2,86 g/L; MnCl,-4H,0, 1,81 g/L; ZnSO,7H,0,
0,222 g/L, NaMoO,2H,0, 0,39 g/L;
CuSO,-5H,0, 0,079 g/L; Co(NO,),-6H,0, 0,0494
g/L). Nhiét do trong qua trinh nuoi cay duoc duy
tri & muc 25 - 27°C. Ngudn sang 1a 1 bong deén
huynh quang v6i cuong dé anh sang 4.500 lux,
chu ky chiéu sang 1a 24 gi¢ sang.

2.2. Phuong phap nghién ctru

2.2.1. Phuong phap nhan giong vi tdo va khio
sdt cdc yéu to anh huong dén sinh truong va ham
Iirong protein tich Iy boi vi tdo

Vi tao giong C. sorokiniana THO1, C.
sorokiniana HCN, C. sorokiniana Cbeo duoc nuodi
duy tri trong binh tam giac 250 mL chia 100 mL
moi truong BG-11 tiét triing vong 6 - 8 ngay dé dat
mat do té bao trén 3,5 x 10° TB/mL (twong duwong
0D, = 3,0 Abs hoac 1,5 g/L). Sau do, mau vi tao
dugc cdy vao trong chai Duran 1.000 mL chita moi
truong BG-11 (da duoc diéu chinh pH va dinh
duong) da tiét trung & ty lé giong 10% (v/v), nudi
duoi diéu kién suc 5% CO, (0,1 vwvm) dudi diéu
kién anh sang xac dinh. Binh phan tng duoc trang
bi 3 dau 6ng inox 304 (®6) dé suc khi, ldy mau va
thoat khi. Pau inox 304 suc khi duoc néi voi 6ng
silicon két néi voi dong ho do luu lwong khi dén
may suc khi Fujimac. Cac yéu t6 gdm: Anh sang
(4.500, 9.000, 13.500 lux), pH (5, 6, 7, 8, 9), nong
do CO, (5%), nong do NaNO, (0,44 - 1,74 g/L),
noéong do KH,PO, (40 mg/L), suc khi (0,1 vvm) va
thoi gian nuoi (0 - 12 ngay) anh huéng dén toc do
tang trueong va ham luong protein tich liy béi sinh
khoi vi tao.

Sinh khéi vi tdo duoc thu hoach bing phuong
phap ly tam & 5.000 vong/phut, 25°C trong 5 phut.
Sinh khéi tdo duogc rira véi nudc vai lan va lap lai ly
tam. Sau do, say kho & dudi 40°C bang phuong
phap sdy lanh dén khoi luong khong déi. Sinh khoi
tao duoc nghién thanh bot tao co kich thudc dong
nhat dudi 0,5 mm dé phuc vu nghién ctru chiét va
dinh luong protein [9].

2.2.2. Phuong phap do tang truong cua vi tao

Su phat trién ctia vi khudn lam duoc theo doi
hang ngay bang cach do mat do quang hoc & budc
so6ng 680 nm (ODg) bang may do phd. Khai luong
té bao kho (DCW) duoc xac dinh bang cach 1ay 10
mL mau tir dich vu nudi cay vi khuan lam, loc qua
mang loc (0,45 pm) va say kho & 105°C trong 24
gi0o dé thu duoc khoi luong sinh khoi da lam kho.
Néng do sinh khéi (g/L) duoc tinh toan tir khoi
luong kho vi khuén tao ra trén mot lit. Toc do tang
truong cu thé (u, ngay™) cia dong vi khuin lam
duoc xac dinh bing cong thic sau:
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oY)

u:

Trong do: X, va X, 1a nong d6 sinh khoi vi
khuén lam (g/L) duoc do tai thoi gian nuoi t; va t,
(ngay).

2.2.3. Phan tich dinh tinh va dinh Irong
protein

Nghién ctu nay st dung phuong phap dinh
luong protein bang phan tich nguyén t6 N bang
may CHNSO Analyzer (2.400 CHNS/O Series 11
System, PerkinElmer, My), sau d6, nhan véi he so
qui d6i 6,25. Thanh phén axit amin cta protein vi
tao duoc phan tich bang phuong phap sic ky 1ong
hiéu nang cao HPLC [10, 11].

2.2.4. Phan tich so liéu

Thi nghiém duoc lap lai 3 1an va két qua do
duoc 1a gia tri trung binh + d6 léch chuén. So lieu
duoc xtr ly bang phan mém Excel. Két qua cta cac
thi nghiém so sanh s khac nhau thong qua chi s6
pvalue, voi p < 0,05 duoc xem la su sai khac cé y
nghia thong keé.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Anh huéng ctia 4nh sang

Su tang truedng sinh khoi va ham luong protein
tich lay trong sinh khoi cua 3 ching vi tdo
Chlorella sorokiniana THO1, HCN va Cbeo dudi
cac diéu kieén cuong do anh sang khac nhau duoc
thé hién trong hinh 1. Phan tich thong ke cho
thay, ca yéu t6 cuong do anh sang va giong tao
déu anh hudéng dang ké dén sinh truéng va kha
nang tich lay protein (p < 0,05).

Cu thé, & ching C. sorokiniana Cbeo, khi
cuong do anh sang tang tir 4.500 lén 13.500 lux,
sinh khoi tang ro rét tir 2,69 + 0,05 g/L lén 4,30 +
0,07 g/L (ting 59,85%, p < 0,05). Dong thoi, ham
lwong protein tich lay tang tir 40,28 + 0,82% 1én
64,44 = 1,05% (tang 60,05%, p < 0,05). Mtic gia tang
nay cho thay, C. sorokiniana Cbeo phan ung tich
cuc va bén vitng voi viéc tang cuong do anh sang,
ca vé sinh trudng va tich lity protein.

boi voi C. sorokiniana THO1, sinh khéi ciing
tang dan tir 2,24 + 0,04 g/L & 4.500 lux lén 2,97 +

0,06 g/L & 9.000 lux va dat gia tri cao nhat 3,74 +
0,05 g/L & 13.500 lux (ting téng cong 66,96%, p <
0,05 so v6i 4.500 lux). Tuy nhién, xu huéng tich
lay protein lai khac biét: Ham lwong protein tang
tr 29,70 + 0,63% (4.500 lux) len 37,42 + 0,85%
(9.000 lux; p < 0,05) nhung gidm manh xudéng
22,41 £+ 0,54% khi anh sang dat 13.500 lux (p < 0,05
so voi 9.000 lux). Két qua nghién ctu cho thay,
muc 4anh sang cao nhat thdac ddy sinh trudng
nhung gay tic ché qua trinh tich lay protein, c6 thé
do stress quang hop hodc su uu tién chuyén hoa
sang cac hop chat khac.

O C sorokiniana HCN, sinh khéi va ham
luong protein ting dang ké khi cuong do anh sang
tang tir 4.500 lux (1,93 + 0,03 g/L; 38,61 £+ 0,77%)
len 9.000 lux (2,45 + 0,04 g/L; 49,05 + 0,90%) (p <
0,05). Sau do, giam con 2,01 + 0,05 g/L va 40,21 +
0,68% & 13.500 lux (p < 0,05 so v6i 9.000 lux). biéu
nay cho thay, chung HCN chi dat hiéu suat sinh
truong va tich lay protein t6i wu & mitc anh sang
trung binh, trong khi anh sang cao gay tac dong
bat lgi.

Téng hop két qua cho thay, phan tmg cua 3
chung C. sorokiniana d6i voi cuong do anh sang la
khac biét ro rét, ca vé xu huéng va micc do bién
d6i. Trong khi Cbeo duy tri xu huong ting déng
thoi & ca sinh khoi va protein khi 4anh sang tang,
THO1 va HCN chi dat cuc dai & mac 9.000 lux va
giam ¢ 13.500 lux. Piéu nady cung cap co so khoa
hoc cho viéc lua chon cuwong dd anh sang thich
hop trong nuéi cdy nham t6i wu hoa san luong va
chat luong sinh khoi.

Cuong do anh sang tac dong dang ké dén su
phat trién ctia tdo va san xuat protein. Nhin chung,
viéc taing cuong do anh sang sé thuc ddy su phat
trién dén mot diém nhat dinh (nguong tc ché
quang hop), nhung ngudong nay khac nhau gitta
cac loai. Ngoai diém nay, anh sang qua muc co thé
can trd su phat trién. Cuong do anh sang ciing anh
huong dén ham luong protein; protein giam & mot
s6 loai khi c6 nhiéu 4anh sang honm, trong khi
nhing loai khac lai co6 su tich tu protein tang lén.
Vi duy, ham luong protein giam khi ting cuong do
chiéu sang duoc ghi nhan & C. vulgaris (tix 61,0
xudng 46,6%) va A. platensis (tix 43,8 lén 33,6%)
trong diéu kién nuoi la 6% CO, va nam muc cudng
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do anh sang 80, 120, 160, 200 va 245 pmol
photon/m?/s. Trong do, kha nang ting ning suat
sinh khoi tdo bang cach tang cuong do chiéu sang
cho cac vi tdo duoc chon nghién ctu gom:
Arthrospira  platensis, Chlorella ellipsoidea,
Chlorella vulgaris, Gloeotila pulchra, Elliptochloris
subsphaericala khong dang ké [12].
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Hinh 1. Anh hudng ctia 4nh séng dén ting truéng
sinh khéi (A) va ham legng protein tich lity trong
sinh khdi ctia vi tdo C. sorokinianaTHO1, C.
sorokiniana HCN, C. sorokiniana Cbeo (B)

3.2. Anh huéng ctia pH

Tang trudng sinh khoi va ham luong protein
tich lay trong sinh khoi vi tdo C. sorokiniana
THO1, C. sorokiniana HCN, C. sorokiniana Cbeo
dudi cac diéu kien pH ban dau khac nhau duogc thé
hién trong hinh 2.

Hinh 2 cho thay, anh hudng ctia pH dén ting
truong sinh khoi va ham luong protein cta cac vi
tao C. sorokiniana THO1, C. sorokiniana HCN, C.
sorokiniana Cbeo 1a tuong doi giong nhau. Doi voi
tang truéng sinh khoi, sinh khéi kho cua C
sorokiniana 'THO01, C. sorokiniana HCN, C.
sorokiniana Cbeo tang tuong tng tir 0,89 lén 3,97
g/L; 0,61 lén 2,56 g/L; 1,05 1én 4,50 g/L khi pH
ban dau ctia moéi truong nuodi tang tie 5 lén 7. Tuy
nhién, ting pH ban dau lén muc 8 - 9 1am gidm nhe
sinh khoi kho cua C sorokiniana THO1, C.
sorokiniana HCN, C. sorokiniana Cbeo vé mtc

tuong ung 3,54; 2,43 - 2,51; 4,19 - 4,22 g/L. Tac
dong cta do pH len sinh khoi tao rat dang ké. Tao
c6 pham vi @6 pH cu thé dé tang trudng t6i wu va
su tang giam pH c6 thé dan dén gidm nang suat
sinh khoi hodc tham chi 1a phan hay té bao [13].
Do pH ciing anh hudng dén tinh kha dung cua cac
chat dinh duong, dac biét 1a nito va qua trinh trao
doi chat cta té bao. Cac loai vi tdo khac nhau cé do
pH t6i wu khac nhau, nhung hau hét thich diéu
kién trung tinh dén hoi kiém (pH 6,5 - 8,0) [14].
Gia tri pH rat thap hoac rat cao cé thé gay hai, gay
ra tinh trang phan huy té bao hodc tic ché su phat
trién. Vi du, mot s6 loai tdo c6 thé phat trién trong
diéu kién axit (pH < 5) hodc diéu kién kiém (pH >
9), trong khi nhiing loai khac nhay cam hon [13].
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Hinh 2. Anh huéng ciia pH dén ting truéng sinh
khéi (A) va ham liong protein tich lity trong sinh
khdi ctia vi tdo C. sorokiniana THO1, C.
sorokiniana HCN, C. sorokiniana Cbeo (B)

Cing tuong tu nhu vay, tac dong cua do pH
lén s tich tu protein trong vi tao 1a rat lon va thay
déi tuy theo loai va diéu kién tang truong cu thé.
Nhin chung, viéc tang do pH c6 thé dan dén su gia
tang ham luong protein trong sinh khoéi vi tdo. Tuy
nhién, mot so6 ching vi tdo c6 thé biéu hién su tich
tu protein ting lén & muc do pH co tinh axit,
ching minh phan tng da dang déi voi nhimmg thay
d6i vé do pH cta thé gioi vi tdo [15]. Déi voi C.
sorokiniana THO01, C. sorokiniana HCN, C.
sorokiniana Cheo, xu huéong chung la tang pH ban
dau ctia moi truong nudi lam ting ham luong
protein tich lity trong sinh khéi vi tdo. Cu thé, & pH
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= 5, C. sorokiniana THO1, C. sorokiniana HCN, C.
sorokiniana Cbeo chi dat ham luong protein tuwong
tng 18,70; 30,15; 47,27%. Mtrc nay tang lién tuc 1én
37,41; 49,05; 65,09% khi pH tang lén muc 8,0; sau
do, gidm xudng tuong tmg 29,7; 38,6; 61; 76% khi
pH tiép tuc tang lén muc 9,0.

3.3. Anh huéng ctia ty 1e N/P

Thtra hodc thiéu nito hodc phot pho cé thé
anh hudng tiéu cuc dén su tang trudng va thanh
phan té bao ctia tdo. Ty 1é N/P (nito so voi phot
pho) trong moi truong tang truéng anh huong lon
dén qua trinh san xuat protein cta tdo vi mo.
Thong thuong, ty 1é N/P cao thuc ddy qua trinh
tong hop protein, trong khi néu N/P qua thap so
voi ty 1é toi wu co thé dan dén gidm ham luong
protein va thay ddi cac thanh phan té bao khac
nhu carbohydrate va lipid [16].

Tang truong sinh khoi va ham luong protein
tich lay trong sinh khoi vi tdo C. sorokiniana
THO1, C. sorokiniana HCN, C. sorokiniana Cbeo
dudi cac diéu kien N/P ban dau khac nhau duogc
thé hién trong hinh 3.

6 -

I
=

40

[j]
(@]

Ty 1& N/P

Hinh 3. Anh hudng ctia ty 1& N/P dén ting truong
sinh khdi (A) va ham leong protein tich lity trong
sinh khdi ctia vi tdo C. sorokinianaTHO1, C.
sorokiniana HCN, C. sorokiniana Cbeo (B)

Hinh 3 cho thdy, anh hudng ctia N/P dén tang
truong sinh khoi va ham luong protein cta cac vi
tao C. sorokiniana THO1, C. sorokiniana HCN, C.
sorokiniana Cbeo 1a tuong doi giong khac nhau.
boi tang truong sinh khoi, sinh khoi kho cta C.
sorokiniana THO01, C. sorokiniana HCN, C.
sorokiniana Cbeo tang tuong tng tir 2,24 lén 4,03
g/L; 1,93 len 2,91 g/L; 2,69 1én 5,10 g/L khi pH
ban diu cta moi truong nuodi tang tir 10/1 len
tuong tng 40/1, 35/1va 40/1.

Trong khi d6, sinh khoi kho caa C
sorokiniana HCN giam con 2,51 g/L khi N/P tang
tir 35 1en 40. Két qua nghién ctru ctia Magyar va cs
(2024) [17] cho thay, tang trudéng cla vi tdo trong
dung dich dinh duong duoc pha ché voi nong do
nitrat tang (T1-N: P=55:1vaT3-N: P=28:1)
thuc ddy qua trinh hinh thanh diép luc va vuot troi
vé sinh khoi so voi mau doi chimg (BG-11-N: P =
35: 1) 1a 192% va 183%, dan dén nang suat sinh khoi
cao hon véi lan luot 1a 1,160 mg/L va 1,103 mg/L.

Tac dong cia do N/P lén su tich tu protein
trong vi tao 1a rat 16n, thay dai tuy theo loai va diéu
kién tang truong cu thé. Nhin chung, viéc tang ty
lé N/P co thé dan dén sy gia ting ham luong
protein trong sinh khéi vi tao [16]. Doi véi C.
sorokiniana 'THO01, C. sorokiniana HCN, C.
sorokiniana Cbeo, xu huong chung la ting N/P
ban dau ctia moi truong nuodi lam ting ham luong
protein tich lity trong sinh khai vi tdo. Cu thé, &
N/P = 10/1, C. sorokiniana THO1, C. sorokiniana
HCN, C. sorokiniana Cbeo chi dat ham luong
protein tuong ung 17,77; 28,64; 44,89%. Mitc nay
tang lién tuc lén 44,88; 58,82; 66,70% khi N/P tang
len muc 40/1. Ty 1é N/P t6i vu rat quan trong dé
toi da hoa san xuat protein ¢ vi tdo. Vi du, ty 1é
N/P = 10/1 da duoc ching minh 1a thuc diy su
tang trudng va téng hop protein & vi tio trong hé
thong muoi bam gia thé [18].

Két qua nghién cttu cho thdy, Chlorella trén
thi truong ciing c6 ham lwong protein cao (khoang
59% dua trén khoi luong kho), trung khop voi dir
lieu phan tich vé ham lwong protein cta C
pyrenoidosa (57%) [19] va C. vulgaris (51 - 58%)
[3]. Ham luwong protein nay cao hon ham luong
protein cta dau nanh (khoang 33%, khoi luong
kho). Theo Canelli va cs (2020) [20], cac chung
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Chlorella va Auxenochlorella, Chlorella vulgaris
duoc nuoi cay di duong trong phong thi nghiém
cho két qua protein chiém 65 + 3% vat chat kho
(DM) trong tat ca céac sinh khoi.

Nhu vay, thong qua khao sat anh huong ctia 3
yéu t3: Anh sang, pH va ty lé N/P dén sinh trudong
va ham luong protein tich lay trong C. sorokiniana
THO1, C. sorokiniana HCN, C. sorokiniana Cbeo
cho thdy, cac vi tdo déu c6 thé san xuat trén 40%

khoi luong kho té bao 1a protein. Trong diéu kién
kiém soat anh sang 9.000 lux, pH trén 7 va ty lé
N/P tréen 35/1, C. sorokiniana THO1, C.
sorokiniana HCN, C. sorokiniana Cbeo c6 thé dat
ham luong protein tuong tng 44,88; 58,82; 66,70%.
Rieng C. sorokiniana HCN, C. sorokiniana Cbeo
dat tréen 55% va tuong duong v6i chat luong
Chlorella cung cap trén thi truong hién nay voi
ham luong protein trén 55%.

Bang 1. Ham luong cic amino axit trong protein ctia C. sorokiniana THO1, C. sorokiniana HCN, C.
sorokiniana Cbeo so voi mot s6 Chlorellathuong mai

Ham luong cac Chlorella Chlorella . .. .
amino axit (mg/100 g | product C product M 2 501{1?112’)1?3113 ¢ Solfloéklgj iana| . sogz];uana
chat kho) [5] [5]
Axit amin can thiét
Isoleucine 1.820 2.030 1.929 2.132 2.335
Leucine 4.180 4.480 4.256 4.704 5.152
Lysine 4.659 3.140 2.983 3.297 3.611
Methionine 1.009 1.240 1.178 1.302 1.426
Phenylalanine 2.230 2.580 2451 2.709 2.967
Threonine 2.209 2.490 2.366 2.615 2.864
Tryptophan 1.030 1.090 1.036 1.145 1.254
Valine 2.780 3.090 2.936 3.245 3.554
Histidine 1.141 1.040 988 1.092 1.196
Axit amin khong can thiét
Tyrosine 1.720 1.940 2.037 1.843 1.746
Cystine 659 650 683 618 585
Aspartic axit 4.469 4.710 4.946 4.475 4.239
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Serine 1.930 2.120 2.226 2.014 1.908
Glutamic axit 6.209 6.030 6.332 0.729 0.427
Proline 2.320 2.560 2.688 2.432 2.304
Glycine 2.859 2.990 3.140 2.841 2.691
Alanine 4.009 4.170 4.379 3.962 3.753
Arginine 3.109 3.260 3.423 3.097 2.934

Phan tich lam luong cac axit amin trong nhom
can thiét va it can thiét cho thay, C. sorokiniana
THO1, C. sorokiniana HCN, C. sorokiniana Cbeo
déu chtra cac axit amin can thiét véi ham luong cao
hon hoac twong duong véi ching trong cac san
phdm Chlorella thwong mai. Trong khi d6, ham
luong cac axit amin it can thiét phan tich trong
sinh khéi C. sorokiniana HCN, C. sorokiniana
Cbeo c6 ham luong thap hon hodc tuwong duong
voi ching trong 2 san pham Chlorellaproduct C va
Chlorella product M [5] (Bang 1). Két qua cho
thay, C. sorokiniana HCN, C. sorokiniana Cbeo la
tiém nang trong san xuit protein lam nguén dinh
duong thay thé cho protein tir dong vat trén thi
truong [21].

4. KET LUAN

Sinh khoi kho san xuat boi 3 chiung: C
sorokiniana THO01, C. sorokiniana HCN, C.
sorokiniana Cbeo sau qua trinh khéo sat va toi uu
déu dat tréen 2,5 g/L, cac vi tdo déu c6 thé san xuat
tren 40% khoi lwong kho té bao 1a protein. Trong
diéu kién kiém soat 4anh sang 9.000 lux, pH trén 7
va ty 1é N/P trén 35/1, C. sorokiniana THO1, C.
sorokiniana HCN, C. sorokiniana Cbeo dat ham
lwong protein twong ung 58,82 va 66,70%. Riéng C.
sorokiniana HCN, C. sorokiniana Cheo dat trén
55% va tuong duwong voi chat luong Chlorella cung
cap trén thi truong hién nay voi ham luong protein
tren 55% Két qua nghién ctru cho thay, C
sorokiniana HCN, C. sorokiniana Cheo la 2 chiing
tiém nang dé san xuat protein.
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Abstract

Chlorellais considered a sustainable protein source for the global market, alternatively replacing
traditional proteins. Studies on protein production by Chlorella microalgae mainly optimize the
influencing factors including light, temperature, carbon source, nitrogen source, phosphorus
source, pH, agitation mode, culture method on biomass yield and accumulated protein content.
This study used some newly isolated strains including C. sorokiniana THO1, C. sorokiniana HCN,
C. sorokiniana Cheo to investigate the effects of three factors: Light, pH, N/P ratio on dry
biomass growth and protein content. The results showed that the dry biomass produced by three
strains C. sorokiniana THO1, C. sorokiniana HCN, C. sorokiniana Cbeo after the investigation and
optimization process reached over 2.5 g/L, with over 40% of the cell dry weight as protein. Under
controlled conditions of light of 9,000 lux, pH above 7 and N/P ratio above 35/1, C. sorokiniana
THO1, C. sorokiniana HCN, C. sorokiniana Cbeo could achieve protein content of 58.82 and
66.70%, respectively. C. sorokiniana HCN and C. sorokiniana Cbeo alone achieved over 55% and
were equivalent to the quality of Chlorella currently supplied in the market with a protein content

of over 55%. The results demonstrated that C. sorokiniana HCN and C. sorokiniana Cheo are two
potential strains for protein production.

Keywords: C. sorokiniana THOI, C. sorokiniana HCN, C. sorokiniana Cbheo, phototrophic,
protein.
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TOM TAT

bik Nong 1a tinh c6 diéu kieén thé nhuong thich hop cho phat trién tréng chanh day. Qua chanh
day tai day c6 vi ngot diu, chua nhe nén thich hop dé ché bién cac loai nudc giai khat, trong dé co
nuoc chanh day co do con thap. Trong quy trinh san xuat nuéc chanh day co do con thap, viec xir
ly qua trudc khi len men c6 thé anh hudng dén hiéu suat thu hoi, thanh phan cac chat hoa tan co
trong dich qua va mtc do 6n dinh do trong, mau sic ctia san pham. Nghién ctru duoc thuc hién
nham lua chon loai enzyme, nong do, nguong nhiét do va thoi gian xtt Iy phu hop dén qua trinh
thu hoi, lam trong, chong bién mau dich qua va cac diéu kién thuc hién qua trinh 1én men dich
qua chanh day. Két hop stt dung cac loai enzyme véi nong do st dung tuong tmg nhu: Pectinase
Pectinex Ultra SP-L 0,02%, cellulase Viscozyme Cassava C 0,3% dé ho tro tach hat va tang hiéu
suat trich ly dich qua, pectinase Pectinex Ultra Clear 0,2% giup lam trong dich qua va glucose
oxidase Hyderase 0,3% ho tro chong bién mau dich qua, thoi gian xtt Iy 1a 90 phut tai nhiét do lua
chon 1a 40°C @€ han ché bién d6i chat luong cam quan dich qua. D€ dam bao pH thich hop cho
qua trinh lén men, dich chanh day duoc pha loang voi nudc theo ty lé 60%, b6 sung duong
saccharose @é thu duoc dich duong ban dau 14%. Piéu kién lén men duoc thuc hién voi mat do
men gidng ban dau cta ching Saccharomyces cerevisiae SLS 1a 106 CFU/ml, nhiét do lén men
22°C trong 5 ngay thu duoc dich 1én men dat do ruou 5,1% Vol., cAm quan san pham sau lén men

¢6 huong thom manh dac trung ctia chanh day, vi hai hoa ém diu.

Tt khéa: Chanh déy, Ién men, do con thap, enzyme, pectinase, cellulase, glucose oxidase.

1. BAT VAN BE

Chanh day (Passiflora edulis), thudoc ho
Passifloraceae, bo Violales, chi Passiflora. Do diéu
kién khi hau va thé nhuong thich hop nén chanh
day duoc trong rong rai tai cac tinh Tay Nguyén,
trong do c6 tinh DPak Nong. Theo bao cao cia S&
Nong nghieép va PTNT tinh DPak Nong (2020) [1],
dién tich trong chanh day 1a 1.788 ha véi san luong
khoang 33.042 tan. Qua chanh day cha yéu duoc
ban tuoi hodc cap dong nguyén qua, cip dong dich
muc dé xuat khau. Tuy nhién, viéc ché bién sau
con han ché nén anh hudng 16n dén hiéu qua kinh
té chia viéc trong chanh day, do do, can thiét da
dang hoa san phdm ché bién tir chanh day, mot

trong s6 d6 1a san phdm nudc chanh day co do con
thap.

Xt ly dich v6i cac ché phdm enzyme thich
hop la mot trong nhitng phuong phap dugc s
dung phd bién trong ché bién nuoc trai cay [2].
Cac enzyme duoc st dung trong ché bién nudc
trai cay nham ho tro trong viéc tach dich tir cac té
bao qua va lam trong nuéc trai cay bang cach
thiy phan cac pectin tu nhién, gép phan lam giam
do nhot, loc dich mot cach dé dang [3]. Viéc st
dung enzyme con gop phan lam tang kha ning
trich ly cac hop chat hoa tan gép phan nang cao
chat luong cam quan vé mau sic, huong vi va dic
biét 1a gitp 6n dinh do bén keo ctia san pham [4 -
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6]. Bén canh do, viéc sit dung enzyme glucose
oxidase con co6 tac dung chong bién mau nudc
qua [7].

Ngoai ra, diéu kién 1én men ciing can lua chon
dé thu duoc san pham c6 chat luong cam quan tot
nhat. Mot s6 nghién cttu vé nudc giai khat lén men
da duoc thuc hién tai Viet Nam nhu: Nudc sori lén
men [8], nudc tio meéo c6 do con thap [9], nudc
chanh day do con thap bé sung probiotic [10], toi
uu hoa diéu kién 1én men cider tir chanh day bang
mo hinh phtc hop trung tam [11], cac nghién ctru
nay déu tap trung vao viéc nghién cttu chuin hoa
qua trinh lén men ruou voi cac thong s6 nhu: Ty lé
pha loang dich qua, néng do6 chat kho ban dau,
mat do t€ bao n4m men, pH, thoi gian 1én men...

Chinh vi vay, nghién cttu quy trinh cong nghé
lén men nudc chanh day c6 do con thip tir qua
chanh day thu hoach tai tinh Pak Nong 1a can
thiét nham tao duoc san phdm nuéc chanh day do
con thap cé chat luong cam quan t6t vé mau sic,
do trong va huong vi.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu
2.1.1. Chanh diy

Qua chanh day duoc thu hai tai tinh Dak
Nong. Qua co kich thudc qua dat tieu chuén
(khoang 70 - 90 g/qua). V6 qua khi chin mau tim
dam bong nhe, khong bi dap nat, do chin vira phai
dem rtra sach va dé rdo nudc sau dé duoc thu hoi
phan ruot qua gom ca hat. Giong chanh day co do
Brix (d6 ngot) khoang 16,9% va d0 chua (axit)
khoang 2,59%, dich qua c6 mau cam dam, sang,
mui thom dac trung.

2.12. Enzyme

Pectinex Ultra SP-L 1a mot phic hé enzyme
gom enzyme polygalacturonase va pectinase vira
g6p phan pha vo thanh té€ bao, dong thoi, thay
phan pectin lam giam d¢ nhot. Nhiét do hoat dong
toi wu 1a 25 - 40°C.

Pectinex Ultra Clear gébm  Enzyme
Polygalacturonase va 1 s6 loai enzyme khac dung
nhiam phan hay pectin, lam giam d6 nhot va tiang
do trong. Nhiét do hoat dong t6i ru 1a 40 - 50°C.

Viscozyme Cassava C la san phdm cta hang
Novozym (Pan Mach). Thanh phan cha yéu
cellulase, hemicellulase va beta-glucanase giup
tang hiéu suat trich ly, lam mém nguyeén liéu hoic
chuyén hoéa thanh duong d€ lén men cua 3 loai
enzyme lan luot la pectinesterase,
polygalacturonase va cellulase va c6 khoang nhiét
do hoat dong toi wu 1a 40 - 50°C.

Ché phdm Hyderase la enzyme glucose
oxidase ctia hang Amano Enzyme (Nhat Ban)
duoc st dung dé loai bo oxy, gitp kéo dai thoi gian
bao quan va 6n dinh mau sic, huong vi c6 khoang
nhiét do hoat dong t6i uu 40 - 50°C.

2.1.3. Nim men

Chtng niam men Saccharomyces cerevisiae
SLS da duoc dung nhiéu trong nghién ctru va thuc
tién san xuat rugu vang va nuéc qua lén men da
duoc lua chon cho nghién ctu vi hoan toan phu
hop v6i 1én men dich chanh day. Chiing nAm men
duoc nhan giong trong moi truong 1ong YPD trong
16 gio, sau do, duoc ly tam thu sinh khoi va bo
sung vao dich 1én men chanh day sao cho mat do
té bao ban dau qua trinh lén men dat 10° CFU/ml.

2.2. Bo tri thi nghiém va phuong phap
nghién ctru
22.1 B0 tri thi nghiém

Doi voi phan trich ly dich qua chanh day do c6
nhiéu chat xo trang thai nhay bam vao hat nén dé
tach phan dich qua khéi hat dé dang, ngoai viéc st
dung enzyme pectinase con can phai két hop véi
enzyme cellulase. Do 2 loai enzyme c6 khoang
nhiét do hoat dong t6i vu kha khac nhau nén can
quan tam dén yéu to nhiét do khi két hop xt ly.
Ngoai ra, ciing can danh gia théem tac dung cua viéc
st dung 2 loai enzyme con lai trong lam trong va
chong bién mau san phdm. Néng do cac enzyme
duoc can ctr vao nong do khuyén cao ctia nha san
xuat nhung ciing can duoc xac dinh lai &€ dam bao
hiéu qua xtt Iy 1a tot nhat.

Do vay, trong phan noi dung vé xtt ly dich qua
Sé tap trung vao cac noi dung:

- Nghién ctru Iira chon loai enzyme va nhiét do,
thoi gian xtt Iy pht hop: CT1: Mau khong xir ly
enzyme; CT2: St dung Pectinex Ultra SP-L 0,02% xt
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ly & 40°C; CT3: St dung Viscozyme Cassava C 0,3%
& 40°C; CT4, CT5, CT6, CT7: Két hop 2 enzyme voi
ty 1 stt dung nhu trén thay déi nhiét do xir ly lan
luot 35°C; 40°C; 45°C; 50°C va thoi gian xtt ly ttr 30 -
120 phut.

- Nghién cttu lya chon ty 1é két hop 2 enzyme
va thoi gian xtt ly thich hop: Cac thi nghiém duogc
thuc hién & nhiét d¢ va thoi gian lua chon tir nghién
ctru trén. CTS8, CT9, CT10, CT11: Thay déi Pectinex
Ultra SP-L 0,01%; 0,02%; 0,03%; 0,04% va gitx nguyén
Viscozyme Cassava C 0,3%. CT12, CT13, CT14,
CT15: St dung néng do enzyme Pectinex Ultra SP-
L chon tr thi nghiém trén va thay ddi Viscozyme
Cassava C tir 0,1 - 0,4%.

- Nghién cttu lam trong dich chanh day bang
cach két hop xtt ly vdi enzyme Pectinex Ultra Clear:
CT16, CT17, CT18, CT19, CT20 v6i ndéng do
enzyme tut 0,1 - 0,5%.

- Nghién cttu chong bién mau dich chanh day
bang cach két hop xtt Iy véi enzyme Hyderase:
CT21, CT22, CT23, CT24, CT25, CT26 v6i mau doi
ching khong xt ly va nong do enzyme tir 0,1 - 0,5%.

Doi voi qua trinh 1én men dich chanh day, can
nghién ctu xac dinh duoc ty 1é dich qua thich hop
cho qua trinh 1én men (thay ddi cac ty lé dich qua
40, 50, 60, 70%), nong d6 duong ban dau (12, 14,
16%), nhiét do 1én men (20, 22, 24°C), thuc hién qua
trinh lén men v6i mat do t€ bao nAm men ban dau la
105 CFU/ml. Dich sau lén men dugc thanh triung &
80°C trong 30 phut va theo doi chat luong trong thoi
gian bao quan 6 thang.

2.2.2. Phuong phap phan tich

- Chat kho hoa tan (°Bx): Do bang may chiét
quang ké dién tir (Nhat Ban).

- pH: Do bang may do pH (Puc).

- 0Dy, ODgy: May do quang phd (Anh) tai
budc song 420, 620 nm, trong d6, OD,,, thé hién
muc do nau hoa ctia mau sic dich qua, ODy,, thé
hién d6 duc cta dich qua.

- X4ac dinh do nhét (cp): Bang may do do nhét
My).

- Xac dinh do ruwou: St dung bd cat con
Dujardin Salleron (Phap): Puwa dich 1én men vao
trong thiét bi va dot dén khi nhiét do so6i khong

thay ddi thi doc két qua va tra bang thuc nghiém
dé biét duoc do con trong dich 1én men theo % thé
tich.

buong téng (%): Bang phuong phap
Graxianop.

- Axit (g/1 tinh theo heé s6 axit H,SO,): Phuong
phap chudn do voi NaOH 0,1N, axit sulfuaric k =
0,0049 g/1.

- Phuong phéap dém té bao naim men duoi kinh
hién vi (Nhat Ban), stt dung buoéng dém hong cau.

- Phuong phap cdm quan: Puoc danh gia bang
phuong phap cdm quan mo ta. Hoi dong cdm quan
gom 8 - 12 thanh vién da duoc huan luyén duoc goi
1a "hoi déng cam quan", duoc dao tao dé nhan biét,
mo ta chinh xac cac dac diém ctia san pham, co6
kha nang lap lai két qua mot cach nhat quan va tra
loi vao phiéu da duoc nguoi thuc hién thi nghiém
xay dung.

- Hiéu suat thu héi dich qua (%): Khéi luong
dich qua thu duoc so voi khoi luong nguyén lieu
ban dau khi quy vé cting néng do chat kho.

2.2.3. Phuong phap xir Iy so liéu

Mbi thi nghiém duwoc lap lai 3 lan. St dung
phan mém Microsoft Office Excel dé xit ly s6 liéu.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Nghién ciru xit ly dich qua chanh day véi
mot s6 loai enzyme

3.1.1. Nghién cuu Ira chon loai enzyme va
nhiét do xur ly phu hop voi viéc trich Iy dich qua
chanh day

Thi nghiém duoc thuc hién theo muc 2.2.1.
Cac mau duoc xac dinh chat kho hoa tan, pH, do
nhot, hiéu suat trich ly. Két qua duoc thé hién &
bang 1.

Bang 1 cho thay, khi st dung don 1é céc loai
enzym pectinase va cellulase, hiéu qua trich ly da
tang lén so v6i mau khong st dung enzyme dac
biét 1a viec tach khoi dich qua khoi hat da dé
dang hon, tuy nhién, phan hat tach ra van con soi
nhay bam nén hiéu sudt trich ly chua cao, @6 nhot
co su thay d6i dang ké so voi mau doi ching
khong duoc xtr ly enzyme. Khi két hop st dung
ca 2 loai enzyme & cac khoang nhiét do xir ly
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khéo sat cho thay, hiéu qua xit ly da duoc tang
lén ro rét thé hién qua do nhot gidm, chat kho
hoa tan va pH tiang nhe, dic biét 1a hiéu suat trich
ly duoc cai thién do hat dwoc tach hoan toan khoi
khoi dich qua dé dang. Trong cac nhiét do xt ly
cho thay, & 40°C hiéu suat trich ly cao nhat dat
69%, trong khi & nhiét @6 con lai cé sy giam ro rét
vé hiéu suat trich ly, diéu nay hoan toan phu hop
voi khoang nhiét do hoat dong t6i wu cua 2

enzyme ma nha san xuat cong bo 1a 25 - 40°C va
40 - 50°C. Két qua nghién cttu cho thay, thoi gian
xtt ly enzyme thich hop la 90 phut vi khi tang
théem hiéu qua xt ly khong ting dang ké. Nhu
vay, viec két hop 2 loai enzyme Pectinex Ultra SP-
L va Viscozyme Cassava C voi diéu kién xtt ly &
40°C trong 90 phut rat phu hop cho trich ly dich
qua chanh day va viéc tach hoan toan dich khéi
hat dugc thuc hién dé dang.

Béng 1. Anh hudng ciia loai enzyme va nhiét do, thoi gian xit Iy dén qua trinh trich ly dich qua chanh day

~ Thoi gian xt ly (phut)
Mau
30 60 90 120

CT1

Chat kho hoa tan (°Bx) 16,1 £ 0,5 16,1 £0,2 16,1 +0,3 16,1+ 0,7

pH 2,48 +0,0 2,48 +0,1 2,48 +0,1 2,48+ 0,0

D¢ nhét (cp) 105+ 1,3 105+1,1 105+ 2,6 106+1,1

Hiéu suat trich ly (%) 28,0+ 0,5 28,0+ 0,5 28,0+ 0,8 28,0+ 0,6
CT2

Chat kho hoa tan (°Bx) 16,9 £0,7 17,1+£0,4 17,9 £ 04 179+0,2

pH 2,48 +0,1 2,52+0,1 2,03+0,1 2,53+0,0

D¢ nhét (cp) 87,5+1,7 55,0+ 1,3 35,0+0,8 345+0,8

Hiéu suét trich ly (%) 45,2+1,0 49,8 +1,1 54,1 +0,6 54,2+ 1,3
CT3

Chat kho hoa tan (°Bx) 16,5+ 0,2 16,8 £ 0,6 17,7+ 0,8 17,8+ 0,5

pH 2,57+0,1 2,59+0,0 2,60+0,1 2,09+0,1

D¢ nhét (cp) 97.5+1,8 60,0 + 1,3 445+0,5 425+0,5

Hiéu suét trich ly (%) 28,0+ 0,6 351+1,1 40,5+ 0,6 40,6 + 0,6
CT4

Chat kho hoa tan (°Bx) 16,7+0,1 17,104 17,9+0,6 18,0+ 0,2

pH 2,50 +0,1 2,53 +0,0 2,53 +0,1 2,55+0,0

D6 nhot (cp) 850+1,9 | 600+11 | 325+1,0 30+ 0,6

Hiéu suét trich ly (%) 50,1+1,0 55,0+1,1 60,0 +0,8 60,1+1,2
CT5

Chat kho hoa tan (°Bx) 16,8 +0,5 17,5+ 0,2 18,2+0,3 18,3+ 0,6

pH 2,49 +0,0 2,52 +0,1 2,53 +0,1 2,55+0,0

Do nhot (cp) 775+1,8 | 525+03 | 250+0,6 | 250+08

Hiéu suat trich ly (%) 55,2+1,1 62,5+2,4 69,0 £0,9 69,0 + 1,7
CT6
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_ Thoi gian xtt ly (phut)
Mau
30 60 90 120
Chat kho hoa tan (°Bx) 16,8 +0,2 174+0,1 18,2+0,7 18,2+ 0,3
pH 2,50+0,1 2,51+0,1 2,53 +0,0 2,55+0,1
D¢ nhét (cp) 80,0+1,2 57,5+2,3 27,5+0,5 27,0+ 0,6
Hiéu suat trich ly (%) 52,0+1,1 56,8 £ 1,0 62,5+1,0 62,5+2,5
CT7
Chat kho hoa tan (°Bx) 16,7+ 0,3 17,0+ 0,2 18,0+ 0,4 18,1+ 0,4
pH 2,49+0,1 2,50+ 0,1 2,52+0,1 2,52+0,1
D¢ nhét (cp) 82,5+2,1 60,0 + 0,6 30,0 £0,7 30,0+ 0,7
Hiéu suat trich ly (%) 50,0+1,1 54,6 £1,0 59,1+0,5 59,0+ 1,2

3.12. Nghién cuu Iua chon nong do enzyme
Pectinex Ultra SP-L va Viscozyme Cassava C

Thi nghiém duwoc thuc hién theo cac cong
thic thay déi néng do enzyme nhu muc 2.2.1 véi

thoi gian xir ly 1a 90 phut & 40°C. Két qua duoc
danh gia thong qua cac chi tiéu chat kho hoa tan,
pH, do nhot, hiéu suat trich ly va thé hién trong
bang 2 va 3.

Bang 2. Nghién ctru Ira chon néng do enzyme Pectinex Ultra SP-L

Miu Chat kho hoa tan oH bo nhot Hiéu suét trich ly
(Bx) (cp) (%)

CT8 17,6 £ 0,77 2,50 + 0,06 28,0+0,6 63,0+2,1

CT9 18,3+ 0,37 2,52 + 0,06 25,5+0,3 68,5+3,1

CT10 18,3 +£0,21 2,53+ 0,06 25,0+0,6 68,5+2,0

CT11 18,4 + 0,36 2,53 + 0,05 25,0+ 0,4 69,0 + 2,8

Bang 2 cho thdy, khi ting néng do enzyme
Pectinex Ultra SP-L thi ham luong chat kho va
hiéu suét thu hoi ting, nhung khi ting dén néng
do léen trén 0,02% thi hiéu suat thu hoi dich qua
khong thay d6i, diéu nay cho thay, luong enzyme
stt dung du thira gay lang phi ma khong mang lai
hiéu qua. Do vay, lua chon nong do enzyme

Pectinex Ultra SP-L 1a 0,02% khi két hop voi
Viscozyme Cassava C.

Tiép tuc lua chon ty 1¢ st dung enzyme
Viscozyme Cassava C theo bo tri cac cong thirc tir
CT12 - CT15 trong d6, st dung Pectinex Ultra SP-L
0,02%.

Bang 3. Nghién cttu lra chon ndng d¢ enzyme Viscozyme Cassava C

Miu Chat kho hoa tan oH Do nhot Hiéu suat trich ly
("Bx) (cp) (%)

CT12 17,8 £ 0,84 2,49 = 0,03 35,0+£0,6 60,2+1,4

CT13 18,0 £ 0,56 2,51+ 0,06 26,5+0,8 64,7 +1,3

CT14 18,3+ 0,34 2,54 = 0,03 25,0+£0,6 69,0 £0,9

CT15 18,2 £0,22 2,53 £ 0,05 25,0+1,1 68,7 1,5

Bang 3 cho thay, khi st dung Viscozyme
Cassava C v6i nong do 0,3% thi hiéu suat thu hoi

dich qua cao nhat, néu ting néng do enzyme lén
0,4% thi hiéu suat thu héi khong ting théem. Nhu
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vay, stt dung enzyme Pectinex Ultra SP-L 0,02% két
hop véi Viscozyme Cassava C voi nong do 0,3% phu
hop cho qua trinh trich ly dich chanh day.

3.1.3. Nghién cuu st dung enzyme dé lim
trong djch qua

Dich qua sau khi trich ly nho xic tac cia 2
enzyme tuy do nhot da gidm nhung van duc, kho
loc trong nén néu dung dé€ lén men thi san phdm
nudc chanh day do con théap, sé kho loc tach ba
nam men va 6n dinh duoc do bén keo theo thoi
gian. Pé tang cuong do trong cho dich qua chanh
day, can st dung Pectinex Ultra Clear nhu c4c cong
thuc sau: CT16, CT17, CT18, CT19, CT20. Khoang
nhiét do t6i wvu cta enzyme nay tir 40 - 50°C va do
nudc qua nhay cam voi nhiét, dé c6 mui nau chin
kém tuwoi nén nhiét do 40°C va thoi gian 90 phut
duoc lua chon dé thuan loi cho viéc thuc hién phan
ung enzyme dong thoi voi 2 enzyme trich ly trén.
bo trong ctia dich nudc qua duoc thé hién qua gia
tri ODgy, k€t qua chi ra trong hinh 1.

1
0,9
0,8

0,7 L
0,6 1 L
0,5
0,4 m 0OD620
0,3
0,2
0,1
0

CTle CT17 CTi18 (T19 CT20

Hinh 1. Anh huéng ciia ndng d6 enzyme Pectinex
Ultra Clear dén d6 trong dich qua chanh day

Nhin chung, viéc xitr ly voi enzyme Pectinex
Ultra Clear da mang lai su cai thién dang ké vé do
trong cua dich chanh day, theo ty 1é enzyme tang
dan thi gia tri ODg,, giam. Tuy nhién, & CT17 voi
noéng do enzyme st dung 1a 0,2% thi hiéu qua lam
trong dat gan t6i da vi ting thém enzyme ciing
khong tang do trong nén xét vé hiéu qua kinh té thi
str dung ty 1é enzyme cao hon la gay lang phi.

3.1.4. Nghién cuu sir dung enzyme chong bién
mau djch qua

Trong qua trinh xit Iy chanh day va qua trinh
tén trit nguyeén liéu dich qua dung cho ché bién
thuong xay ra hién tuong oxy héa anh huong lon
dén mau siac dich qua nén nghién cttu st dung
glucose oxidase Hyderase nham han ché hién
tuong bién mau do qua trinh oxy hoa. Enzyme nay
xuc tac phan ung oxy hoda glucose thanh gluconic
axit va hydrogen peroxide, déng thoi, tieu thu oxy
hoa tan - yéu t6 chinh gay suy gidm mau sic thong
qua qua trinh oxy hoéa cac hop chat phenolic va
pigment tu nhién. Viéc gidm nong d¢ oxy giup 6n
dinh mau sic san phdm, han ché su hoat dong cia
enzyme polyphenol oxidase (PPO), dong thoi, cai
thién do bén cdm quan va kéo dai thoi gian bao
quan. Nong do ctia enzyme glucose oxidase anh
hudng truc ti€p dén hiéu qua chong oxy hoa va
kha nang 6n dinh mau sic trong nuéc chanh day
lén men nén lya chon nong do phu hop 1a yéu to
quan trong, diéu do duoc thé hién trong bo tri thi
nghiém theo CT21 - CT24 véi thoi gian xtr ly 1a 90
phut & nhiét do 40°C. Gia tri OD,,, thé hién mitc do
bi nau hoa dich chanh day theo thoi gian bao
quan, két qua chi ra trong bang 4.

Béng 4. Anh hudng ciia nong @6 enzyme Hyderase dén mau séc ctia dich chanh day

theo thoi gian bdo quan

Méu OD420 OD420 OD420 OD420
Sau xtr ly enzyme Sau 1 thang Sau 3 thang Sau 6 thang
CT21 0,675+ 0,005 0,705 + 0,028 0,882 + 0,022 0,936 + 0,013
CT22 0,648 + 0,017 0,653 + 0,017 0,679 + 0,023 0,702 + 0,026
CT23 0,626 + 0,012 0,627 = 0,012 0,655+ 0,018 0,683 + 0,014
CT24 0,602 + 0,012 0,605+ 0,010 0,614 + 0,013 0,629 + 0,005
CT25 0,598 + 0,016 0,605+ 0,014 0,617 +0,017 0.631+0,012
CT26 0,596 + 0,004 0,602 + 0,009 0,620 + 0,019 0,633 + 0,010
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Nghién ciu cho thdy, viéc xit Iy dich qua voi
enzyme glucose oxidase da mang lai nhiing tac
dong rat tich cuc déu mau sic cta dich qua theo
thoi gian bao quan. P6i voi mau CT21 1a mau doi
chtng thi theo thoi gian mau sac dich qua thé hién
qua gia tri OD,, da ting dang ké thé hién mau da
bi nau hoa theo thoi gian bao quan. Trong do, cac
mau c6 xtt Iy & néong do thap nhat 1a 0,1% cho thay
tac dung 6n dinh mau sic rat ro rét. Nong do
enzyme Hyderase 0,3% cho thay, dich qua sau xt
ly da dat mirc d6 6n dinh mau sic cao nhat theo
thoi gian bao quan, ¢ cac nong do enzyme cao thi
hiéu qua ciing khong tang théem. Do d6, néng do
enzyme glucose oxidase phu hop nhat trong diéu
kien tht nghiém 1a 0,3%, giup han ché bién mau
hiéu qua theo thoi gian.

Nhu vay, trong nghién ctru nay, nhiét do 40°C
la thich hop cho hoat dong cta tat ca cac loai
enzyme d€ han ché thoi gian xt ly nhiét kéo dai
anh huong dén chat luong cam quan va dinh
duong cta dich qua, c6 thé két hop xtt ly dich

chanh day dong thoi voi cac ty 1é stt dung da duoc
lua chon.

3.2. Nghién ctru diéu kién 1én men d6 uéng
chanh day c6 @6 con thdp

321 Nghién ciu ty Ié dich cot chanh day
trong moi truong Ién men do uong chanh diy co
do con thap

Két qua phan tich dich chanh day thu duoc
sau trich ly dich qua cho thay, pH cta chanh day
trong khoang 2,4 - 2,8 voi pH thap nay sé anh
huoéng nhat dinh dén nidm men Saccharomyces
cerevisiae trong qua trinh lén men, nén dé dam
bao qua trinh 1én men dich chanh day duoc thuc
hién tot nhat nghién cttu tién hanh pha loang dich
chanh day dé dua vé pH t6i vu cho nAm men trong
khoang pH 4 - 5 nhung van dam bao ty lé dich cot
chanh day 1a cao nhat. Két thuc qua trinh 1én men
xac dinh do coén, duong sét, danh gia cam quan.
Két qua duoc thé hién & bang 5.

Bang 5. Anh hudng ctia ty le c6t dich qua chanh day dén qu4 trinh lén men

Ty 1é dich Ao . o ,
<6t (%) Do con (% Vol.) | Buong sot (%) pH Cam quan
40 45+ 0,04 6.8 021 474003 Vi chanh day chua daic trung, huong
thom yéu

50 5,2+ 0,06 57 + 0,08 4,4 +0,17 | Vichanh day kha ro, hwong thom nhe

60 51016 5.9+ 0,08 410,07 Vi chanh day rat dac trung, huong
thom manh

70 3.6+ 0,05 8.1+0,19 3.4+ 0,05 Huong vi chanh day rat dac trung, mui
thom manh

Bang 5 cho thay, khi ty 1é dich qua thap thi
qua trinh lén men ctng bi anh huwong do thanh
phan dinh dudng nhu cac loai vitamin, khoang
chat c6 trong dich lén men thap sé anh huéng dén
hoat dong ctiia nAm men. Tuy nhién, khi ty 1é dich
qua tir 70% cting gay nhimg anh hudng nhat dinh
do pH cua dich lén men thap nén chua phai
khoang pH t6i wu cho ndm men hoat dong. Hai ty
lé dich qua 50 va 60% qua trinh lén men dién ra
tuong duong nhau cho thdy, day 1a ty lé dich qua
phu hop cho qua trinh lén men dién ra binh
thuong. Tuy nhién, véi mong muén tao dugc san

phiam nudc chanh day do con thap cé gia tri cam
quan cao va huong vi dac trung cho chanh day,
nghién ctru lua chon mau ¢ ty 1é dich cot chanh
day cao hon, chinh vi vay, ty lé dich cot chanh day
duoc st dung trong lén men 1a 60%.

3.2.2. Nghién cuu lira chon ham lrong duong
ban dau thich hop cho do uong chanh day lén men
c6 do con thap

bo duong ban dau 1a mot trong nhitng yéu to
anh huong dén qua trinh lén men. Tuy nhién, khi
stt dung ty l¢ dich cot chanh day 60% va b6 sung
thém nudc thi can thiét phai b6 sung thém duong
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saccharose dé thu duoc nong do duong ban dau
thich hop cho qua trinh lén men va san pham tao
ra phu hop voi dinh huéng chat luong san pham.

Bo tri thi nghiém theo muc 2.2.1, két qua duoc thé
hién & bang 6.

Béng 6. Anh hudng ctia ndng d¢ duong ban ddu dén qua trinh 1én men

12% 14% 16%
Ngay bo con Puong tong bocon | Duongténg | DPocon | Puong téng
(% Vol.) %) (% Vol.) %) (% Vol.) %)
1 1,0+ 0,03 10,0 £0,1 1,5+ 0,03 12,0+ 0,1 2,1+0,04 13,2+04
2 2,1+0,06 8,6 £ 023 3,7+0,07 9,5+0,12 3,9+0,09 10,8+ 0,1
3 3,1+£0,08 6,8+ 0,15 4,5+ 0,05 7,9+0,16 4,8 +0,01 8,3+0,7
4 3,8+ 0,03 5,6+ 0,26 4,9+ 0,09 6,5+ 0,17 57+0,10 7,2+0,18
5 3,9+0,09 5,4+ 0,09 51+0,12 58+ 0,15 6,2 + 0,07 6,0 £ 0,18

Bang 6 cho thay, khi thay d6i nong do duong
ban dau ctia moéi truong lén men hau nhu khong
anh huéng dén qua trinh lén men ruou vi day la
cac néong do duong nim trong khoang phat trién
tot cia ndm men. Tuy nhién, khi ting néng do
duong ban dau lén 16% thi nong do ruou co6 trong
san pham sé vuot trén 6% Vol. Véi dinh huong san
phdm d6 udng chanh day c6 do con thip cé do
ruou dudi 5% Vol. nén nong do duong ban dau 14%
duoc lua chon.

3.2.3. Nghién cuu lua chon nhiét do va thoi
gian lén men thich hop cho nuoc chanh day co do
con thap

Nhiét do 1a mot yéu t6 quan trong anh huong
dén qua trinh lén men bao gdm thoi gian lén men
va chat luong dich 1én men. Déi véi san pham do
uong lén men thi nhiét do 1én men twong doi thap
sé cho chat luong cam quan tot hon khi lén men &
nhiét do cao, tuy nhién, nhiét do thap qua sé lam
qua trinh lén men bi kéo dai mang lai nhiéu nguy
co nhiém tap cac vi sinh vat khac. Déi v6i chiing
nam men Saccharomyces cerevisiae SLS thi nhiét
do hoat dong t6i wu 1a khoang 25 - 30°C, tuy nhién,
do6i voi san phdm d6 udng lén men do con thap,
nghién ctru thyc hién lén men tai nhiét do thap
hon dé dam bao chat luong cam quan dich lén
men 12 tot nhat. Két qua duoc thé hién & bang 7.

Béng 7. Anh hudng ciia nhiét 4 dén qua trinh lén men

Thoi gian 20°C 22°C 24°C

1én men Docon | Puongténg | Pocon | Puong tong | PO con Duong
(ngay) (% Vol (%) (% Vol) %) ®%Vol) | tdng (%)

1 0,8+ 0,01 12,8+ 0,3 1,5+ 004 12,0+ 0,3 2,1+0,05 10,7+ 0,3

2 1,7+ 0,05 11,5+0,3 3,7+ 0,04 9,5+ 0,20 3,9+ 0,00 9,4+ 0,04

3 2,8+0,06 10,2+ 0,3 4,5+0,12 7,2+ 0,14 4,8 +0,07 6,7+ 0,10

4 3,6+ 0,06 9,7+ 0,28 4,9+0,10 6,5+ 0,07 5,2+ 0,08 57+0,15

5 4,1 +0,06 8,0+ 0,37 51+0,11 5,9 + 0,06 53+0,15 52+0,12

6 4,4+0,12 7,3+0,21 52+0,13 5,6 +£0,10 53+0,11 52+0,12
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Bang 7 cho thdy, nhiét do l1én men anh hudng
toi thoi gian 1én men. Nhiét do 24°C thi qua trinh
lén men dién ra nhanh nhat chi sau 4 ngay qua
trinh 1én men két thic. Tuy nhién, khi caAm quan
chat luong dich 1én men c6 huong thom kém va vi
soc. Khi len men & nhiét do thap 20°C két hop pH
moi truong dich 1én men chanh day chi khoang 4
nén qua trinh lén men bi kéo dai gay ton nang
luong va nguy co tap nhiém cao. Tai nhiét do lén
men 22°C thi qua trinh 1én men dién ra trong
khoang 5 ngay, chat luong cam quan dich 1én men
c6 vi ém hai hoa, huong thom tot nén duoc lua
chon la nhiét @6 phu hop cho qua trinh 1én men.

4. KET LUAN

ba xay dung duoc quy trinh cong nghé lén
men nudc chanh day c6 do con théap tir qua chanh
day thu hai tai tinh Dak Nong gdém cong doan xit
ly thu dich qua va thuc hién qua trinh 1én men voi
cac két qua nhu sau:

bé trich ly, lam trong va chong bién mau dich
chanh day da két hop xtt ly dong thoi 4 loai
enzyme voi ty 1é tuong tng: Pectinex Ultra SP-L
0,02%, Viscozyme Cassava C 0,3%, Pectinex Ultra
Clear 0,2% va Hyderase 0,3% dugc thuc hién tai
40°C trong thoi gian 90 phut khong anh hudng dén
chat luong cam quan cta dich qua. Sau xt ly
enzyme c6 thé dé dang tach hat hoan toan, hiéu
suat trich ly dat 69%, dich qua c6 do trong 6n dinh
va gitt duoc mau sic khong thay déi sau 6 thang
theo doi.

bai voi qua trinh 1én men, moi truong lén men
co ty lé dich cot chanh day 1a 60%, ham luong
duong ban dau 1a 14%, nhiét do lén men la 22°C
thuc hién lén men trong 5 ngay tao duoc dich 1én
men c6 nong do con 5,1% Vol. va cam quan san
phdm sau lén men c6 huong thom manh dic trung
cua chanh day, vi hai hoa ém diu.
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chanh day (Passiflora edulis Sims) bang mé hinh  nghé, Truong Pai hoc Nguyén Tit Thanh, 7, 5: 119
phtc hop trung tam. 7ap chi Khoa hoc va Cong - 130.

STUDY ON THE FERMENTATION PROCESS FOR PRODUCING LOW - ALCOHOL PASSION FRUIT
BEVERAGE FROM PASSION FRUIT HARVESTED IN DAK NONG PROVINCE

Dang Hong Anh', Pham Hoai Thu’,

Pham Thi Thu!, Tran Bao Tram?, Vu Xuan Tao?

'Food Industries Research Institute

?Nationl Center for Technological Progress
Abstract

Dak Nong province has favorable soil conditions for the cultivation of passion fruit. The passion
fruit grown in Dak Nong province has a mildly sweet and slightly tart flavor, making it suitable for
processing into various beverages, including low - alcohol passion fruit drinks. In the production
process of low - alcohol passion fruit juice, the pre - fermentation treatment of the fruit can
significantly affect the recovery efficiency, the composition of soluble compounds in the juice and
the stability of the product’s clarity and colour. This study was conducted to select appropriate
enzyme types, concentrations, temperature thresholds, and treatment durations for optimizing
juice recovery, clarification and prevention of discoloration, as well as to determine the optimal
conditions for fermenting passion fruit juice. The combination of enzymes used included:
Pectinex Ultra SP-L pectinase at 0.02% and Viscozyme Cassava C cellulase at 0.3% to support seed
separation and increase juice extraction efficiency; Pectinex Ultra Clear pectinase at 0.2% for juice
clarification and Hyderase gluco oxidase at 0.3% to prevent juice discoloration. The treatment
duration was 90 minutes at a selected temperature of 40°C to limit undesirable sensory changes
in the juice. To ensure an appropriate pH for fermentation, the passion fruit juice was diluted with
water at a 60% ratio and sucrose was added to obtain an initial sugar concentration of 14%.
Fermentation was carried out using a starter inoculum of Saccharomyces cerevisiae SLS at an
initial density of 10° CFU/mL, at 22°C for 5 days. The resulting fermented juice had an alcohol
content of 5.1% Vol. and exhibited a strong characteristic passion fruit aroma with a pleasantly
balanced flavour profile.

Keywords: Passion fruit, fermentation, low alcohol, enzyme, pectinase, cellulase, glucose oxidase.
Ngay nhan bai: 20/6/2025

Ngay chuyén phén bién: 8/7/2025

Ngay thong qua phan bién: 25/7/2025

Ngay duyét ding: 6/8/2025
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NGHIEN CUU TAO CHE PHAM ENZYME
TU NAM MOC Aspergillus oryzae UNG DUNG
TRONG THUY PHAN DICH BU BU LEN MEN

Nguyén Thi Trang" ", Nguyén Thj Minh Khanh?, L¢ Héng Quang®
! Trung tam Hoa Sinh thurc pham, Vién Cong nghiép Thuc pham

? Cong ty Co phan sita Ba Vi

*Emalil: trangvan@firi.vn

TOM TAT

Nghién ctru tap trung tao ché phdm enzyme tir nAm moc Aspergillus oryzae tmg dung trong qua
trinh thiy phan dich du dd lén men. Muc tiéu chinh 1a khao sat cac yéu t6 anh hudéng dén kha
nang sinh enzyme protease ctia chiing ndm moc A. oryzae CNTP 5043 trong moi trudng co chat
du dd, nham t6i vu hda cac diéu kién moi truong, co chat dé tao ra ché phdm enzyme c6 hoat tinh
cao. Cac yéu to khao sat bao gom: Ty 1é bot my bé sung, do 4m moi truong, thoi gian nuoi ciy va
nhiét do say ché phdm ndm moc. Ngoai ra, nghién cttu da danh gia anh huong caa ty 1é ché pham
enzyme tho va cac diéu kién cho qua trinh thity phan nhu pH, nhiét do va thoi gian dén hiéu qua
thuy phan dich du dt sau lén men. Két qua cho thay, ché phidm enzyme tho c6 hoat tinh protease
cao nhat khi bé sung 20% bot my, diéu kién do 4m moi truong nudi cay 1a 60%, thoi gian nuoi cay
la 48 gid va nhiét do sdy ché pham la 45°C. Trong qua trinh thiy phan, ty 1é ché phdm ndm moéc
3% va nhiét do 50°C voi pH 5,5 dat hiéu qua t6i wu, mang lai ham lwong nito amin va polyphenol
cao trong dich du du 1én men sau thiy phan. Két qua cé y nghia trong viéc tao ra san pham du da
lén men c6 hoat tinh chéng oxi hoa, hoat tinh sinh hoc cao tng dung trong tao san phdm cham

soc stc khoée cong dong.

Tixkhoa: Pu du 1én men, koji, Aspergillus oryzae, thuy phan.

1. DAT VAN BE

bu @t (Carica papayal.) duoc dung trong rat
nhiéu bai thudc y hoc ¢6 truyén nho thanh phan cé
chtta nhiéu hop chat chong oxi hoa, khang viém...
Nghién cttu cho thay, du dt duoc lén men bdi
ching S cerevisiae vd b6 sung ché phim A
oryzae da lam thay d6i dang ké thanh phan hoa
hoc trong qua. Cu thé, ti 1é gita carbohydrat va
protein trong qua trudc lén men da tang gap 3 lan
sau lén men. Pong thoi, xuat hién thém nhiéu lop
oligosaccharit khoi lwong phan t& thap,
monosaccharit va cac cdu truc tuong tu nhu B 1-3
D-glucan... nhitng chat c6 hoat tinh sinh hoc tiém
nang. Dac biét, A. oryzae 1a loai nAm moc ndi bat
trong san xuat enzyme nho kha nang sinh téng
hop cic enzyme quan trong nhu: Amylase,
protease, invertase... Cac enzyme nay két hop véi
hé enzyme noi tai cia du da xanh nhu papain,

tham gia phan cat cac hop chat cao phan tir nhu
protein va polysaccharide thanh cac phan t& nho
hon, dé hap thu hon. San phdm sau lén men mic
du khéng con chtta papain nhung lai giau axit
amin thiét yéu, polyphenol lam ting hoat tinh
chong oxy ctia san pham cudi cung [1, 2].

Nhiéu yéu t6 anh huéng dén hiéu qua tao ché
phdm enzyme tit A. oryzae, trong d6, dang chuy la
ty le b sung bot mi, do 4m co chat, thoi gian va
diéu kieén nhiet do say [3, 4, 5]. Két qua nghién
ctru lén men du dt biang ndm men S cerevisiae
CNTP 4087 trong suu tap giong ctua Vien Cong
nghiép Thuc phdm budéc dau thu duoc dich lén
men giau polyphenol. Tuy nhién, san ph4am sau lén
men van chira ham luong dang ké cac hop chat
cao phan tr nhu polysaccharide, protein tir co chat
du dt duoc lam giau boi sinh khéi ndm men...
Chinh vi vay, nghién cttu tao ché phdm enzyme ti
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nam moc Aspergillus oryzae tmg dung trong thuy
phan dich du da 1én men 1a can thiét nham tao san
phdm du da lén men giau cac hop chat cé hoat
tinh sinh hoc.

2. PHUONG PHAP NGHIEN CUU

2.1. Phuong phap tao ché phdm ndm méc

Lua chon thanh phidn moéi truong nuodi ché
phdm ndm moéc: Nguyén lieu du da giong Dai
Loan loai qua chin mé vit dugc rita sach, bo hat va
bao dang soi voi kich thudéc tr 5-7 cm x 1 - 2 mm.
Nguyén lieu du dt duoc mang di say khi dat do 4m
khoang 70 - 75%. Sau d6, bot my dugc tron voi
nguyén lieu theo ty 1¢ 1an luot 1a: 5; 10; 15; 20; 25;
30%. Khoi nguyén lieu sau khi tron kiém soat do
am va diéu chinh vé khoang 55%. Nguyen liéu
duoc dung trong tai nylon kin chat liéu
polypropylene dé dam bao khong lam w6t nguyén
lieu sau khi hap. Qua trinh hap duoc thuc hién &
110°C trong thoi gian 10 phut. Nguyeén liéu sau hap
duoc dé nguoi roi b6 sung thém 1% ching giong
nam moc da duoc chudn bi sdn, nuéi ciy & 28 -
30°C, trong thoi gian 48 gio.

Lua chon do 4m cho moi trudong nudi ché
phdm nam moc: Nguyen lieu duoc so ché va chuin
bi nhu trén, bot my duoc b6 sung 1a 20% va cac
mau nguyén liéu duoc chia ra cac binh tam giac
khac nhau va diéu chinh d6 4m thay déi & cac
mtuc: 35; 40; 45; 50; 55; 60; 65; 70%. Cac mau duoc
mang di hap & 110°C trong thoi gian 10 phut, sau
khi dé nguoi bé sung thém 1% ching giong nam
moc da duoc chuin bi sén va nuoi cay & 28 - 30°C,
trong thoi gian 48 gio.

Anh hudng cta thoi gian nudi cdy ndm méc:
Nguyén lieu duoc so ché va chuin bi nhu trén, bot
my duoc bo sung 1a 20%, diéu chinh do 4m vé 60%
va duoc dung trong tui nylon kin chat lieu
polypropylene dé dam bao khong lam w6t nguyén
lieu sau khi hap. Qua trinh hap duoc thuc hién &
110°C trong thoi gian 10 phut, dé nguéi roi bo
sung thém 1% chung giéng ndm moc da duoc
chuén bi sdn va nudi cay & 28 - 30°C, mau duoc
nudi cay tir 0 - 120 gio. Sau moéi 12 gid mau nam
moc duoc mang di danh gia hoat do protease.

Anh huéng ctia nhiét do va thoi gian sdy ndm
moc: Ché phdm nam moc sau khi thu nhan duoc

ttr qua trinh nuoi cay, duoc mang di sy & cac mic
nhiét do khac nhau: 40; 45; 50; 55; 60°C véi thoi
gian sdy 1a 6 gio.

2.2. Lira chon diéu kién phu hop cho qua trinh
thuy phan dich du da sau 1én men

Anh huéng cta ty 1é ché phdm ndm méc cho
qua trinh thuy phan: Dich du da sau khi lén men
duoc gia nhiét 1am bat hoat nAm men. Sau dd, bé
sung ty 1é ché ph4m ndm moc da chuan bi trén voi
cac ty lé khac nhau: 1; 2; 3; 4% theo khoi luong.
Dich duoc gitr duy tri & nhiét do 50°C va tién hanh
thuy phan trong thoi gian 48 gio, sau moi 8 gid cac
mau thuy phan lai duoc kiém tra 1y mau phan tich
11lan.

Lwa chon nhiét do thuy phan phu hop cho
qua trinh thuy phan: Dich sau du du khi lén men
duoc gia nhiét lam bat hoat nAm men. Sau do, b6
sung ty lé ché phdm ndm moc 1a 3%, cac mau
duoc thuy phan & cac mac nhiét d6 khac nhau:
40; 45; 50; 55; 60°C va tién hanh thuy phan trong
thoi gian 32 gio.

Lwa chon gia tri pH dich thuy phan: Dich sau
du da sau khi lén men duoc gia nhiét lam bat hoat
nam men. Sau do, b6 sung ty lé ché phdm nam
moc 1a 3%, cac mau duoc thuy phan ¢ 50°C va tién
hanh thuy phan & cac gia tri pH khac nhau: 4; 4,5;
5; 5,5; 6; 6,5. Gia tri pH duogc diéu chinh véi NaOH
1N va HCI 1N.

2.3. X4c dinh hoat tinh protease ctia cac chiing
nim méc

Hoat d0 enzyme dugc xac dinh dua trén kha
ning thuy phan casein nattri béi enzyme c6 trong
ché phdm nghién ctru. Hoat d9 protease duoc xac
dinh dua theo phuwong phap Anson (1938) [6],
Folin va Ciocatteu (1929) [7] véi co chat 1a casein.

2.4. Phuong phap xé4c dinh polyphenol téng s

Ham luong polyphenol téng duoc x4c dinh
dua trén phuwong phap Folin - Ciolcateau theo
TCVN 9745-1:2013 [8] c6 hiéu chinh bang cach st
dung gallic axit lam hop chat polyphenol chuin,
dung moi 1a methanol. Su hap thu cta dung dich
mau xanh duoc ghi nhan thong qua két qua do OD
& budc song A = 765 nm.
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2.5. X4ac dinh ham luong nito amin tr do bang
phuong phap chuin do N-formol

Phuong phap chuan d6 N-formol duoc st
dung dé xac dinh ham luong nito amin te do
(amino nitrogen) trong cac mau dich qua, dich lén
men hodc cac san phdm thuc phdm dang 16ng nhuw
ruou vang. Khi thém formaldehyde vao mau, cac
nhom amin ty do phan tng tao thanh dan xuat
methylene, lam mat tinh bazo. Phan con lai cla
phan tt, cht yéu 1a nhom carboxyl tré nén c6 tinh
axit manh hon va c6 thé duoc chuin do biang dung
dich kiém. Luong dung dich NaOH tiéu thu phan
anh ham luong nito amin tu do trong mau.

Lay chinh xac ttr 10 - 100 ml dich qué cho vao
binh tam giac 250 ml, dung NaOH 1N chuin dén
pH = 8,0 ¢6 st dung pH met. Thém 10 ml dung
dich BaCl,. Sau 15 phut chuyén toan bo hon hop
sang binh dinh mtc 200 ml va thém nuoc chat
dinh mttc dén ngan binh. Lac déu va loc qua gidy
loc. Cho 25 ml dung dich formaldehyte, lic déu va
dé yen trong khoang 2 phut. Sau d6, dem chuén
bang dung dich NaOH 0,1 N nho pH mét dén pH
8. Ham luong nito amin (N,) dugc xac dinh theo
cong thuc sau: N,= (nx0,0014) x 1.000/V (g/]).
Trong do: n 1a s6 ml dung dich NaOH 0,1 m tiéu
hao & mau thi nghiém; m 13 s6 g dich qua lay phan
tich; 0,0014 - S6 g N, twong tmg v6i 1 ml dung dich
NaoH 0,1 N.

2.6. Phuong phép xac dinh hoat tinh chdng oxi
héa bing DPPH

Puoc tién hanh theo phuong phap cla
Abramovic va cs (2018) [9] co chinh stta cho phu hop
voi diéu kién ctia phong thi nghiém, cu thé nhu sau:

Mau tht duoc pha dung dich goc trong
methanol, sau d6 dugc pha thanh dai nong do thi
mau véi nudc cat khir ion. Ascorbic axit duogc st
dung nhu doi chimg tham khéo va duoc pha thanh
dai nong do voi nudc cat khir ion. DPPH pha trong
methanol (100%) nong do 0,25 pM hut mau nghién
ctru da pha & cac nong do vao dia 96. Thém dung
dich DPPH da chuén bi & trén vao cac giéng da c6 san
mau nghién ctu (i le 1: 1). éng khong c¢6 mau thir
chi ¢6 100 ul nuée va 100 ul DPPH. U & nhiét do
phong trong 30 phut. Xac dinh do hap thu caa
dung dich sau phan tng tai buéc séng 517 nm.

Kha nang trung hoa goc oxy hoa tu do
(Scavenging Activities - SA) sinh ra tt DPPH cua
mau thtt dugc tinh theo cong thic sau: % SA =
(OD g5; chimg = ODpmau tni) X 100/0D 51 chimg (%)

Trong d6: ODgg; cumg 1 d0 hép thu tai giéng
khong chtta chat thtt, OD,;, ms 1a d0 hép thu tai
giéng chira chat tht, gia tri SC,, (Scavenging
Concentration at 50% - nong d¢ trung hoa duoc 50%
goc tr do ctia DPPH) sé dugc xac dinh nho vao
phan mém may tinh TableCurve 2Dv4. Ddi véi cac
mau dich sau lén men va dich sau thiy phan. Mau
dich dwoc mang di say kho toi do 4m khong déi.
Sau d6, mau thtt duoc pha bang dung dich
methanol ddm bao nong do 1 mg/1 ml.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Nghién cttu khao sat cac diéu kién phu
hop dé tao ché phdm enzyme thé trén méi trueong
du da

3.1.1. Anh huong ciia thanh phin bt my bo
sung dén qud trinh tao ché pham enzyme tho trén
co chat du du

Dé nam moc Aspergillus oryzae phat trién tot
trong qua trinh tao ché pham enzyme tho trén co
chat du da, bot my duoc lua chon bd sung vao moi
truong. Nghién ctru thiét ké dua trén cac két qua
nghién cttu ctia Nguyén Hién Trang, Duong Thi
Huong (2018) [10], Nguyén Thi Ngoc Giang,
Nguyén Minh Thuy (2016) [11]. Trong nghién cttu
nay, bot my duoc bé sung véi cac nong do lan luot
1a 0%, 5%, 10%, 15%, 20%, 25% va 30%. Két qua duoc
thé hién & bang 1.

Béng 1. Anh hudng ciia thanh phan méi truong
(b6t my) dén hoat d protease ciia ché phim

STT Ty 1é bot Hoat tinh protease
my (%) auv/g
1 0 215,6 + 12,5
2 321,8+7,8
3 10 523,7+9,0
4 15 589,9 + 10,4
5 20 623,7+9,5
6 25 589,3 + 6,8
7 30 586,7 + 8,2
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Bang 1 cho thay, khi tang dan ty ¢ bot my bd
sung vao moi truong 5 - 20% thi hoat tinh protease
cling ting theo. Diéu nay chimg t6 ham luong bot
my trong moi trudng c6 anh hudng tich cuc dén sy
phat trién ctia nAm moc va kha nang sinh hoat tinh
protease trong ché phdm tho. Tuy nhién, khi ham
luong bot my vuot qua 20%, hoat tinh protease bat
dau giam. Hién tuwong nay cé thé giai thich, boi
lwong bot my qua lon, khi tron véi nguyén lieu du
da sau khi hap tao thanh khéi moéi truong ban ran
c6 tinh chat bét dinh va khong thoang khi, gay anh
hudng tiéu cuc dén su phat trién ctia ndm moc va
lam giam kha nang sinh protease.

Nghién ctru ctia Duong Thi Huong, Nguyén
Hién Trang (2018) [4] da st dung moi truong két
hop gitta bot my va ngdé manh dé tao ché phdm
nam moc, trong do, ty 1é ngd manh: Bot my duoc
ghi nhan 1a 30%. Diéu nay cho thay, ty 1é bot my
can b6 sung vao moi truong con phu thudc vao loai
nguyén liéu chinh duoc stt dung d€ nudi nAm moc.
Hoat tinh protease cao nhat duoc ghi nhan & mau
moi truong bé sung 20% bot my. Vi vay, néng do
b6 sung co chat bot mi nay duoc lwa chon cho cac
nghién ctru ti€ép sau.

3.1.2. Anh hutng cia do 4m moi truong ban
dau dén qud trinh tao ché pham trén co chat du di
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Hinh 1. Anh huéng ciia 46 4m méi truong dén

hoat tinh protease ctia ché ph4m.

Do 4m 1a mot yéu t6 quan trong anh huong
dén qua trinh nudi cdy ndm moc trén moi truong
co chat ban ran. Do 4m tac dong truc ti€ép dén cac
tinh chat hoa ly caa co chat, tir 6 anh huong dén
su phat trién cia ndm moc ciing nhu qua trinh

sinh téng hop cac chat, bao gdm enzyme ctia nim
[3]. Két qua khao sat sy anh hudng ctia do Am moi
truong dén hoat tinh protease ctia ché pham duoc
thé hién & hinh 1.

Hinh 1 cho thay, hoat tinh protease ctia ndm
moc chiu anh hudng ro rét tir ham lugng 4m trong
moi truong co chat du da va bot mi. Cu thé, khi do
am moi truong ban dau & muirc 35%, hoat tinh
protease khong dang ké. Tuy nhién, khi d0 4m
tang tir 40% lén dén 60%, hoat tinh protease tang
dan theo. Khi tiép tuc tang do 4m ctia moi truong
ban ran lén trén muc 60%, hoat tinh protease lai co
xu huéng giam xudng. Muc do hoat tinh protease
cao nhat dugc ghi nhan & moi truong cé do am 60%
(674,9 1U/g). Diéu nay co thé giai thich, do 4m
moi truong co chat c6 anh hudng truc tiép dén kha
nang sinh truéng va san sinh enzyme cua ching
nam moc A. oryzae.

3.1.3. Anh huéng cia thoi gian dén qué trinh
tao ché pham nam moc trén co chat du du

bé xac dinh thoi gian phu hop cho qua trinh
nudi ché phdm nidm moc trén co chat du da,
nghién cttu tién hanh thi nghiém nudi ndm moc
ching A. oryzae CNTP 5043 1ay mau & cac thoi
diém 24; 48; 72; 96; 120 gio. Két qua nghién ctu
duoc thé hién ¢ hinh 2.
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Hinh 2. Anh hudng ciia thoi gian nuéi cdy dén hoat
do6 protease ctia ché phdm ndm méc

Hinh 2 cho thay, hoat tinh protease c6 su thay
d6i theo thoi gian. Hoat tinh protease ting ro rét
sau khoang 24 gi¢ nuoi cdy va dat mirc cao nhat
vao 48 gio nuoi cay (696,7 IU/g). Sau thoi gian
nay, néu ti€p tuc duy tri khéi koji, hoat tinh
protease bit dau cé xu huong gidm dan. Su gidm
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hoat d9 enzyme va mat do ché pham c6 thé 1a do
ham luong chat dinh duong trong moi truong giam
dan theo thoi gian nuéi cdy, dong thoi, su gia ting
cac san pham trao ddi chat cua vi sinh vat cé thé
gay bat hoat enzyme, dan dén su gidm hoat tinh
protease [3, 12]. Nhu vay, thoi gian phu hop dé
nudi cay A. oryzae CNTP 5043 1a 48 gio, do vay,
thong s6 nay duoc lua chon la thoi gian dé thu
hoach ché phdm enzyme.

3.1.4. Anh hudng ctia nhiét do va thoi gian siy
dén chat lrong cua ché phdm nadm moc trong qua
trinh bdo quan
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Hinh 3. Anh huéng ctia nhiét do dén hoat tinh
protease ctia ché phdm nim méc

bé thuan loi cho viéc bao quan ciing nhu st
dung ché phdm nim méc cho nhing giai doan sau
nay, ché phdm ndm moc duoc xtt ly qua giai doan
sdy & nhiet do thap. Nhiét do say duoc khao sat &
cac muc 40; 45; 50; 55; 60°C. Cac mdc nam moc
duoc kiém tra ham 4m va hoat do protease. Két
qué duoc thé hién ¢ hinh 3.
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Hinh 3 cho thay, hoat tinh protease giam dan
& cac muc nhiét do sdy tang cao, dic biét 1a giam
manh khi nhiét do vuot qua 45°C. Cu thé, hoat tinh
protease ctia ché phdm mdéc & muc nhiet do say la
35°C dat gia tri 692,1 Ul/g, & mtc nhiét 45°C dat
gia tri 682,9 Ul/g nhung v6i mac nhiét 50°C hoat
tinh protease giam chi con 613,7 Ul/g. Nhu vay,
nhiét do c6 anh hudng téi hoat tinh ctia enzyme
protease cta khoi koji. D€ dam bao chat luong ché
phiam enzyme tho trong qua trinh b4do quan ma
van duy tri duoc hoat tinh protease cao, nghién
ctru da chon nhiét do say 45°C. Véi nhiét do nay,
do 4m cua khoi koji dat 7,4% véi mic hoat tinh
protease dat 682,9 IU/g. Két qua dat yéu cau vé do
4m ché phdm enzyme tho sau qua trinh sdy can &
muc dudi 10%, tuong dong voi két qua nghién ctiru
vé ché do sdy ché pham tuong tu ctia Nguyén Hién
Trang, Duong Thi Huong (2018) [10]. Do dé,
nhiét do say 45°C 1a nhiét do thich hop duoc lua
chon dé say ché phdm ndm moc A. oryzae CNTP
5043.

3.2. Khao sat cac diéu kién phi hop cho qua
trinh thily phan san phdm sau lén men

Dich du da sau khi lén men v6i ching nam
men Saccharomyces cerevisiae CNTP 4.087 duoc
tiép tuc bé sung ché phdm enzyme tho cta ching
Aspergillus oryzae CNTP 5043 va danh gia cac yéu
to anh hudng dén chat luong dich sau khi thuy
phan.

3.2.1. Anh hudng cta ty Ié ché pham nim moc
va thoi gian dén kha nang thuy phan dich sau Ién
men
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Hinh 4. Ham luong polyphenol téng s6 va hoat tinh chdng oxy héa ctia san phdm thity phan
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Ché phdm ndm moc A.oryzae CNTP 5043 co
kha nang sinh protease cao nhat duoc lua chon tir
10 chiing ndm moéc duoc khao sat. Luong ché
phdm nam moc bd sung vao dé tién hanh thuy
phan dich lén men phai phu hop thi méi mang lai
hiéu qua thuy phan cao nhat. Trong thi nghiém
nay, ty 1é ché pham duoc bd sung voi ham luong
khac nhau. Két qua duoc thé hién ¢ hinh 4.

Hinh 4 cho thay, trong qua trinh thdy phan
theo thoi gian, & tat ca cac mau bé sung ché phdm
nam moc tir 1 - 4%, ham luong polyphenol khong
c6 su thay d6i. Tuy nhién, khi ty 1é ché ph4m nidm
moc b sung ting lén, ham luong polyphenol ciing
tang dan, dic biét & cac ty 1¢ bé sung nim moc 3%
va 4%. Diéu nay co thé giai thich, ban than ché
phdm nam moc duoc sinh trudng trén sinh khoi du
dt da mang mot luong polyphenol dang ké dé bé
sung vao dich du du 1én men sau thity phan.

Nguoc lai, hoat tinh chong oxy héa DPPH
tang dan & cac mau theo thoi gian thiy phan va dat
gia tri cao nhat tai thoi diém 32 gio. Sau khoang
thoi gian nay, chi tiéu nay khong c6 su gia ting.
biéu nay c6 thé gidi thich, tuy ham luong
polyphenol téng s6 ctia san phdm sau thuy phan
khong ting nhung khi b6 sung ché phidm niam
moc voi hé enzyme da dang nhu: Amylase,
invertase, maltose, protease... chung sé phan cat
protein thanh cac axit amin tu do, phan cat cac hop
chat cao phan ttr thanh cac hop chat phan tit nho
c6 hoat tinh sinh hoc khac cho kha ning chong
oxi hoa cuta dich sau thiy phan cao hon.

Trong cac nghién ctru trude, hon dich du du
da duoc lén men béi chiing ndm men S. cerevisiae.
Do vay, két thuc qua trinh, ham luong protein sé
duoc lam giau bdi 2 nguon goc 1a protein trong
ban than du da va protein ting cuong thém boi
chinh sinh kho6i ndm men. Trong nghién cttu nay,
hén dich sau lén men béi ndm men lai duoc thay
phan bang ché phdm nidm mdoc dé phan cit cac
hop chat cao phan tit nhu protein, polysacchride
thanh cac hop chat c6 khoi luong phan tir nhoé co
hoat tinh sinh hoc cao hon. Trong thi nghiém nay,
san phdm sau thay phan ciing duoc danh gia vé
ham lugng axit amin thong qua phép phan tich
gian tiép luong nito amin tu do bang phuong phap

chuan do N-formol, voi két qua dugc trinh bay
trong hinh 5. Nghién cttu cho thay, hiéu qua cua
qua trinh thtly phan ché phdm ndm mdc thé hién
qua su gia ting ham luwong nito amin trong san
phdm sau thiy phan. Khi ty 1é ché phdm nim moc
tang tir 1 - 3%, ham luong nito amin ciing ting dan
theo thoi gian thiy phan. Tuy nhién, khi ty 1é ché
phdm ndm moc tang lén 4%, toc do ting ham luong
nito amin cham lai va khong c6 sy khac biét dang
ké so v6i cac mau trude do.
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Hinh 5. Anh hudng ctia tj 1& ché phidm enzyme tho
dén ham lieong nito amin sau thity phan

Hinh 5 cho thdy, ¢ cac nong @6 bé sung ché
pham enzyme tho tir 1 - 4%, tai thoi diém 24 gio cua
qua trinh thiy phan dich du dt sau 1én men, néng
do ché pham enzyme bo sung cang cao thi ham
luong nito amin cta dich thay phan cang nhiéu.
Tuy nhién, khi kéo dai thoi gian thiy phan 1én 32
gi® thi néng d6 bd sung ché phdm enzyme tho 1a
3% lai cho ham luong nito amin thu duoc cao nhat.
Két qua nghién cttu nay twong dong voi két qua
nghién cttu ctia Nguyén Hién Trang, Duong Thi
Huong (2018) [10, 13]. Theo d6, khi b6 sung ché
phidm enzyme tho & nong do tir 3 - 4%, luong nito
amin thu duwoc dat gia tri cuc dai. Tuy nhién, khi
nong do enzyme tho ting lén 5%, ham luong nito
amin lai gidam. Nhu vay, trong nghién ctru nong do
ché phdm enzyme tho thich hop can b6 sung 1a 3%
va thoi gian thay phan 1a 32 gio dugc lea chon la
thong s6 cho qua trinh thiy phan dich du da lén
men.

322 Anh hudng ctia nhiét dp dén khi nang
thuy phan dich du du Ién men

Nhiét do 1a yéu t6 quan trong anh hudng dén
cac phan ung enzyme trong qua trinh thuy phan.
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Mbi loai enzyme hoac ché phdm enzyme sé co mot
dai nhiet do t6i vu dé qua trinh thiy phan dién ra
voi hiéu suat cao nhat. Pé khao sat su anh hudng
ctia nhiét do dén qua trinh thay phan khi st dung
ché phdm enzyme tir nAm moc A. oryzae CNTP
5043, phan tng thiy phan da duoc thuc hién & cac
muc nhiét do khac nhau: 40°C, 45°C, 55°C va 60°C.
Két qua duoc thé hién & hinh 6.
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Hinh 6. Anh huéng cta nhiét o dén kha niang
thuy phan dich 1én men
Két qua & hinh 6 cho thdy, ham luong axit
amin va kha nang chong oxi hoa tang dan khi tang
nhiét do thiy phan 1én tir 40 - 50°C, tuy nhién khi
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tang nhiét do thuy phan lén 55°C thi ham lwong
nito amin thu duoc gidm manh. Piéu nay cho thay,
nhiét do 50°C la nhiét do thich hop cho hoat dong
ctia hé enzyme trong ché phidm. Trong khi do,
ham luong polyphenol duoc ghi nhan 1a 6n dinh &
tat ca cac mutc nhiét do nghién ctru. Kha nang thuy
phan tang khi nhiét d6 tang va dat gia tri cuc dai &
50°C voi ham luong nito amin dat 500,6 mg/g;
ham luong polyphenol dat 44,2 mg GAE/100 ml va
hoat tinh chéng oxy hoéa dat 68,7%. Chinh vi vay,
murc nhiét tai 50°C 1a mirc nhiét duogc lua chon cho
qua trinh thay phan dich du da lén men & cac thi
nghiém sau.

323 Anh hudng cia pH t6i khd nang thiy
phén dich lén men

Doi voi ché phdm enzyme tho hay cac enzyme
thuong mai, chung déu rat nhay cam voi su thay
d6i pH trong moi truong thuy phan. Moi loai
enzyme c6 mot dai pH t6i vu ma tai d6 hoat dong
hiéu qua nhat. Vi vay, nghién cttu da tim kiém dai
pH phu1 hop nhat cho ché phdm enzyme ctia chiing
A. oryzae CNTP 5043. Két qua duoc thé hién &
hinh 7.

Polyphenol (mg GAE/100 ml);
Hoat tinh chong oxy hoa (%)

B Ham lwong nito amin ty do (mg/100g san pham kho)
—i—Polyphenol tng s6 (mg GAE/100ml)
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Hinh 7. Anh huéng ctia pH 1én qué trinh thuy phan dich 1én men

Két qua nghién ctu cho thay, gia tri pH c6 anh
huéng ro rét dén ham luong nito amin thu duoc.
Khi tang pH tir 4,5 1én 5,5, ham luong nito amin
tang dang ké, dat gia tri cao nhat tai pH 5,5 voi gia
tri 510,02 mg/100 g san ph4dm kho. Sau d6, khi
tiép tuc ting pH lén 6,0 va 6,5, ham luong nito
amin giam manh, ching t6 enzym hoat dong hiéu
qua nhat trong khoang pH axit yéu, dac biét tai pH
5,5. Tuong tu, ham luong polyphenol téng so cling

dat gia tri cao nhat tai pH 5,5 cho thay, kha nang
giai phong cac hop chat cé hoat tinh sinh hoc tot
nhat tai pH nay. Khi pH ting vuot muc t6i wu, ham
luong polyphenol c6 xu hudng giam nhe, cho thay
enzyme c6 thé bi giam hoat tinh hoac cau truc té
bao nguyén liéu khong con thuan loi cho viéc giai
phong hop chat. Hoat tinh chong oxy hoa (%) ciing
thé hién xu huéng twong tu: Tang nhe tir pH 4,5 -
5,5 va dat gia tri cao nhat & pH 5,5, sau d6 gidm
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dan. biéu nay cho thay, pH 5,5 khong chi t6i wu hoa
hiéu suat thiay phan protein ma con thuc day giai
phong céac hop chat chong oxy hoa c6 loi. Nhu vay,
pH 5,5 1a diéu kien thich hop dé dat hieu qua toi da
trong qua trinh thiy phan dich du da lén men, ca vé
ham luong axit amin, polyphenol va hoat tinh chong
oxy hoa. Thong s6 nay duoc lua chon cho qua trinh
thay phan dich du di sau 1én men.

4. KET LUAN

Nghién ctu da lua chon ra cac thong so cho
cac qua trinh tao ché phdm ndm moc nhu sau: Ty
1é bot my b6 sung 1a 20%; do 4m dé nuoi ché phadm
nam moc 1a 60%; thoi gian nudi nAm moc 1a 48 gio,
ché phdm ndm moc duoc sdy & 45°C, trong thoi
gian 6 gio. Qua trinh thuy phan dich du du sau 1én
men duoc b6 sung 3% ché pham ndm moc va thuy
phan trong thoi gian 32 gio; nhiét d6 thuy phan la
50°C va pH thuy phan 1a 5,5.
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STUDY ON THE PRODUCTION OF ENZYME PREPARATION FROM Aspergillus oryzae
FOR APPLICATION IN THE HYDROLYSIS OF FERMENTED PAPAYA EXTRACT
Nguyen Thi Trang?!, Nguyen Thi Minh Khanh?, Le Hong Quang?
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2 Ba Vi Dairy Processing Joint Stock Company

Abstract

This study focuses on producing an enzyme preparation from Aspergillus oryzae for use in the
hydrolysis of the whole fermented papaya suspension. The primary objective was to investigate
the factors influencing protease production by the A. oryzae CNTP 5043 strain when cultivated on
a papaya-based substrate, with the aim of optimizing environmental and substrate conditions to
obtain an enzyme preparation with high proteolytic activity. The investigated factors included
wheat flour supplementation ratio, substrate moisture content, cultivation time and drying
temperature of the fungal biomass. Additionally, the study evaluated the effects of crude enzyme
dosage and hydrolysis conditions-namely pH, temperature and reaction time-on the efficiency of
hydrolyzing the fermented papaya extract. The results revealed that the highest protease activity
was achieved when 20% wheat flour was added to the substrate, with a moisture content of 60%, a
cultivation time of 48 hours, a drying temperature of 45°C. During the hydrolysis process, optimal
efficiency was observed using 3% crude fungal enzyme at 50°C and pH 5.5, resulting in a high
yield of amino acids and polyphenols in the fermented papaya suspension. These findings are
significant for the production of fermented papaya products with enhanced antioxidant capacity
and bioactivity, contributing to the development of functional foods for community health
promotion.
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Isoflavone 1a mot hop chat thuéc nhoém phytoestrogen, c6 cu tric tuong tir hormone estrogen
trong co thé nguoi. Isoflavone dau tuong duwoc quan tAm rong rai trén toan thé gioi boi cac
nghién ctru cho thay su tiéu thu isoflavone dau twong c6 lién quan dén viec mac ty 1é thap hon
mot so loai bénh ung thu va gidm nguy co mac nhiéu bénh khéac bao gém cac van dé vé tim
mach, loang xuwong va cac triéu chung man kinh. Trong hat dau twong, phan 16n isoflavone ton
tai & dang glucoside trong khi chi c6 mot ty 1é nhé (2 - 5%) & dang aglycone - dang tu do khong
lien quan voi duong, dé hap thu va co6 hoat tinh sinh hoc cao hon. Enzyme B-glucosidase c6 kha
nang xuc tac hiéu qua phan tmg thiy phan lién két p-1-6-glycosidic, cat phan tr duong ra khoi
isoflavone glucoside, tir d6 giai phéng isoflavone dudi dang aglycone. Nghién ctru xac dinh
duoc diéu kién cong ngheé t6i wu cho qua trinh thiy phan dich stta dau tuong ndy mam co dac
st dung ché phdm enzyme B-glucosidase thwong mai, gom: Nong do enzyme 5 mL/L, pH 5,
nhiét do 50°C va thoi gian 180 phut. Két qua cho thdy, & diéu kién t6i vu, hiéu suat chuyén hoa
isoflavone rat cao, 1én t6i 95,65 + 0,29%. Ham luong isoflavone tong so trong dich sita dau twong
nay mam c6 dic sau thuy phan dat 115,90 + 1,48 mg/100 g, trong d6 isoflavone dang aglycone
chiém wu thé véi 110,82 + 1,07 mg/100 g (ty 1é dat 95,61%). Két qua nghién ctu khong chi
khang dinh hiéu qua vuot troi ciia ché phdm enzym B-glucosidase thuong mai trong viéc nang
cao ham luong va ty 1é isoflavone aglycone c6 hoat tinh sinh hoc ma con mé ra trién vong tng
dung rong rai caa dich stta dau twong ndy mam co6 dic trong phat trién cac san phdm thuc
pham chtic nang chat luong cao.

Tir khoa: Pau tuong ndy mam, isoflavone, aglycone, B-glucosidase.

1. DAT VAN BE

Isoflavone 1a mot hop chat thuoc nhom
phytoestrogen, c6 cau truc twong tu hormone
estrogen trong co thé nguoi. Ngudn isoflavone
chinh trong ché do an udng chu yéu dén tir dau
tuong va cac san phdm tir dau tuwong. Cac ché
phdm chiét xuat tir dau tuong chira isoflavone da
duoc nhiéu nghién ctru ching minh 14 ¢6 tac dung
lam giam triéu ching & phu ni thoi ky man kinh
nhu boc héa, d6 md hoi dém [1, 2]. Ngoai ra,
isoflavone con duoc ching minh c6 kha niang ho
tro stc khée tim mach bang cach giam cholesterol

LDL, cai thién mat do xuong ciing nhu cé thé gop
phan vao viéc phong ngtta mét s6 bénh ung thu
lien quan dén hormone nho vao co ché diéu hoa
hoat dong ctia thu thé estrogen trong co thé [3, 4,
5, 6]. Tac dung chong oxy hoa, chong viém cua
isoflavone ciing da dugc cong bo trong nhiéu
nghién ctu [3, 5, 7, 8].

Trong dau tuong, isoflavone c6 12 dong phan,
cht yéu ton tai dudi dang cac hop chat isoflavone
glucoside (IG) nhu: B-glucoside, acetylglucoside,
malonylglucoside va chi m¢t phan nhé & dang
isoflavone aglycone (IA). Tuy nhién, nghién ctu
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cho thdy rang, IA c6 kha nang hdp thu sinh hoc
cao hon so v6i IG nho vao cau trac phan t nho
gon va kha nang khuéch tan thu dong qua thanh
ruot [9]. Cac dong phan aglycone cua isoflavone
nhu: Daidzein, genistein va glycitein c6 kha nang
lien két voi cac thu thé estrogen trong co thé, tir
d6 bat chudc chitc nang cta estrogen, dic biét 1a
estradiol. Do vay, viéc tieu thu thuc phdm dau
tuong giau IA c6 thé mang lai nhiéu loi ich vuot
troi doi voi stic khoe nguoi st dung.

Hiéen nay, c6 3 phuong phap chinh dé chuyén
héa isoflavone tir dang glucoside sang dang
aglycone, bao gém: (+) Phuong phap hoéa hoc: St
dung céac chat héa hoc manh, nhu axit hoac kiém
dé cat dut lien két glucoside, giai phong isoflavone
aglycone. Tuy nhién, cac diéu kién dn mon va doc
hai, cung voi viéc thiéu tinh déc hiéu cho mot muc
tiéu cu thé, dan dén cac san pham phan hay khong
mong muon; (+) Phuong phéap lén men: Qua trinh
chuyén hoéa IG thanh IA duoc tién hanh boi
enzyme B-glucosidase cta cac vi sinh vat. Viéc lén
men sita dau tuong bang cac ching vi khudn cé
hoat tinh pB-glucosidase, dac biét la cac ching
Lactobacillus va Bifidobacterium da duoc st dung
thanh cong dé san xuat cac aglycone c6 hoat tinh
sinh hoc thong qua thily phan duong glucose cua
IG [4, 10, 11, 12]; (+) Phuong phap st dung ché
phdm enzyme: Mot s6 nghién ctu cho thay,
enzyme B-glucosidase c6 hiéu qua cao trong viéc
chuyén hoa IG thanh IA, gitp gia ting dang ké
ham luong IA trong cac san phdm tir dau tuong.
Két qua nghién cttu ctia Tsangalis va cs (2002) cho
thay, enzyme B-glucosidase c6 thé dat hiéu suat
trén 90% [13]. Theo Thuy va cs (2009) [14], hiéu
suat chuyén hoa isoflavonne dat 86,6% sau 240
phut & nhiét do 37°C khi st dung enzyme B-
glucosidase tinh khiét. Két qua nghién ctu cta
Fang va cs (2014) [15] cho thay, enzyme -
glucosidase tir ching Gongronella sp. W5 c6 kha
nang thay phan isoflavone glucoside voi ty 1é
chuyén hoa dat 96,2% doi voi daidzin va 96,7% doi

voi genistin. Nghién citu ctia de Queirdés va cs
(2016) [16] da st dung ché phdm enzyme tannase
dé lam tang ham luong IA dang ké trong dich sita
dau tuong. Phuong phap st dung ché phim
enzyme la phuong phap phd bién trong san xuat
cong nghiép nho vao kha nang kiém soat qua trinh
chuyén hoa isoflavone mot cach chinh xéac va hiéu
qua. Cac ché phdm enzyme c6 thé duoc chiét xuat
tr nhiéu nguédn tu nhién khac nhau, nhung chua
yéu 1a cac enzyme c6 hoat tinh B-glucosidase thu
nhan tir vi sinh vat. Do vay, nghién ctu tng dung
ché phdm enzyme p-glucosidase chuyén hoa
isoflavone tir dang glucoside sang dang alycone
trong dich sita dau twong nay mam co dac la can
thi€t nham thu dugc hiéu suit chuyén hoa
isoflavone cao nhat.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyeén liéu va ho4 chat

Hat dau twong kho DT 84 thu mua tir huyén
Chuong My, thanh pho Ha Noi; ché phdm enzyme
thuong mai B-glucosidase (Shanghai Ruizheng,
Trung Quoc) co6 hoat tinh enzyme 1.100 U/mL, ty
trong 1,25 g/mL; cac chat chuan isoflavone (12
déng phan isoflavone chudn) cua Merck va
Fujifilm Wako dugc st dung cho phan tich HPLC
va mot so6 hoa chat dat tieu chuan phan tich khac.

2.2. Phuong phap nghién ctru

Chuan bi dich sita dau tuong ndy mam co6 dac:
bau twong duoc G ndy mam trong 36 gid, sau do
rita sach, xay min cung véi nuéc theo ty 1é 1: 5
(w/w). Tang nhiéet len 90°C, b6 sung enzyme a-
amylase 0,1% trong thoi gian 30 phut. Loc tach ba
dé thu nhan dich stra. Tiép tuc dun soi, sau d6 co
dac chan khong & 60°C, thu duoc dich sita dau
twong nay mam co dic co néong do chat kho hoa
tan 18°Bx, pH 5,5. Bao quan trong ti lanh & nhiét
do -18°C dé str dung cho cac nghién ctu ti€p theo.
Thanh phan isoflavone trong dich sita dau tuong
nay mam c6 dic duoc thé hién & bang 1.

Béng 1. Thanh phan isoflavone (mg/100 g) trong dich sira dau tuong ndy mam co dic

Thanh phan Ham luong Thanh phan Ham luong
Daidzin 36,41 + 0,57 Acetylglycitin 8,63 £ 0,07
Glycitin 4,42 +0,10 Acetylgenistin 3,12+ 0,08
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Genistin 50,52 + 0,62 Daidzein 18,20+ 0,13
Malonyldaidzin 8,33+0,12 Glycitein 1,25+ 0,06
Malonylglycitin 0,71+ 0,04 Genistein 10,65 + 0,30
Malonylgenistin 5,39+ 0,17 Glucoside téng so 117,97 + 1,80

Acetyldaidzin 0,44 + 0,03 Aglycone tong so 30,09 + 0,49

Phuong phap xac dinh cac diéu kién thich hop
cho qué trinh thuy phan dich stta dau tuong nay
mam c¢6 dac bang ché phim enzyme B-
glucosidase: Cac yéu to anh huéng can xac dinh
cho qua trinh thuy phan bao gém: Ty lé enzyme
(thay dai tit 0 - 6 mL/L twong duong voi hoat tinh
enzyme B — glucosidase tit 0 - 6,6 U/mL dich dau
tuong co dic), nhiét do thuy phan (thay dai tir 40 -
50°C), pH ctia dich sita ban dau (thay déi tir 4 - 6)
va thoi gian thuy phan (thay déi tir 60 - 240 phut).
Tién hanh thay déi mot yéu t6 trong khi cac yéu to
khac duwoc co dinh. Két thuc mdi thi nghiém, xac
dinh ham lwong 12 dong phan isoflavone va hiéu
suat chuyén hoa isoflavone trong dich sita dau
tuong nay mam co dic. Két qua thu duoc sau moi
thi nghiém duwoc st dung cho nhiing nghién cttu
tiép theo. Diéu kién thuy phan ban dau la nhiét do
50°C, thoi gian 120 phut.

Phuong phap do pH: Gia tri pH duoc xac dinh
truc tiép bang may do pH meter.

Xac dinh nong do chat kho hoa tan: Po truc
tiép bang khuc xa ké Optika HR-130N.

Xac dinh ham luong isoflavone bang HPLC
theo phuwong phap ctia Wang va cs (1990) [17] trén
hé thong sac ky long Empower cia Water (My),
bao gdbm: Bom dung mdi 2690 c6 bo phan bom
mau tu dong; detector PDA 2996 & budc song 260
nm, ché do Gradient; cot sic ky Luna (2) C18 (250
x 3,9 mm, 5 um (Phenomenex, My). Pha dong cho

HPLC bao gém: Pha dong A: Axit acetic 0,1%; pha
dong B: Acetonitril 80% trong axit acetic 0,1%.

Hiéu suat chuyén hoa isoflavone tir dang
glucoside (IG) sang aglycone (IA) duoc tinh theo
cong thuec:

ml — m2
- ml

x100(%)

Trong do: H 1a hiéu suat chuyén hoa
isoflavone tir dang glucoside sang aglycone (%); m,
la ham luong isoflavone glucoside trudc khi thiy
phan bing enzyme (mg/100 g); m, 1a ham luong
isoflavone glucoside sau khi thity phan bing
enzyme (mg/100 g).

Mboi thi nghiém duoc tién hanh 14p lai 3 lan.
Két qua duoc trinh bay ¢ dang gia tri trung binh +
do lech chuin (mean + SD). Danh gia su khac biét
c6 y nghia thong ke gitta caAc mau duogc thuc hién
bang phuong phap thong ké ANOVA One Way (a
= 5%) trén phan mém SPSS.20.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Nghién cttu xac dinh ty lé¢ enzyme B-
glucosidase thich hop cho qua trinh thuy phén
dich sira dau tuong niy mam c6 dic

Anh huéng cta ty 1é enzyme dén qua trinh
chuyén hoa glucoside thanh aglycone trong dich
stta dau twong ndy mam co dac duoc thé hién &
bang 2 va hinh 1.

Béng 2. Anh hudng ctia ty 1é enzyme B-glucosidase dén ham liong isoflavone (mg/100 g)
trong dich sita dau tuong ndy mam co dic

Thanh phén Ty 1é enzyme (mL/L)
0 2 3 4 5 6
Daidzin 33,02+0,21 | 26,56+0,45 | 17,56 0,25 | 8,22+0,22 | 3,25+0,20 | 2,85+0,11
Glycitin 450+0,45 | 4,47+0,50 | 490+0,10 | 4,46+0,16 | 4,23+0,16 | 4,38+0,39
Genistin 46,55+ 0,24 | 39,58+0,51 | 34,35+ 0,57 | 23,12+ 0,65 | 14,86+ 0,83 | 13,88+ 0,56
Malonyldaidzin | 8,21+0,07 | 820+0,11 | 7,62+0,14 | 648+0,23 | 6,30+0,12 | 6,24+0,04
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Malonylglycitin | 0,75+ 0,04 0,70+0,03 | 0,68+0,03 | 0,45+0,05 | 0,16+0,03 | 0,17+0,02
Malonylgenistin | 5,30+0,06 | 528+0,13 | 531+0,25 | 4,79+0,11 | 3,64+0,17 | 3,74+0,03
Acetyldaidzin 0,46+0,04 | 045+0,04 | 0,45+0,05 | 0,33+0,05 | 0,28+0,05 | 0,33 +0,02
Acetylglycitin 8,49+0,05 | 840+0,13 | 7,19+0,11 | 6,69+0,12 | 590+0,10 | 5,84 +0,03
Acetylgenistin 3,16+0,12 | 3,11+0,10 | 248+0,09 | 1,83+0,09 | 1,26+0,03 | 1,25+0,03
Glucoside téng so6| 110,43+ 1,29 | 96,75+ 1,99 | 80,54 + 1,60 | 56,37 + 1,69 | 39,86+ 1,70 | 38,68+ 1,23
Daidzein 18,40+ 0,11 | 25,51+0,20 | 31,82+0,23 | 36,27 +0,38 | 37,56+ 0,46 | 37,76 + 0,24
Glycitein 1,25+0,03 | 1,24+0,05 | 1,30+0,09 | 1,79+0,11 | 1,79+0,10 | 1,95+0,17
Genistein 14,38+ 0,13 | 18,51+0,11 | 25,16 +0,41 | 31,14+0,15 | 36,21 +0,29 | 38,98 + 0,51
Aglycone tong so6 | 34,02+ 0,27 | 45,26+ 0,36 | 58,28 + 0,73 | 69,20+ 0,64 | 75,56+ 0,85 | 78,69 + 0,92

Bang 2 cho thdy, c6 su thay déi vé thanh phan
isoflavone trong dich stta dau tuong ndy mam co
dac sau qua trinh thay phan. Ham luong cta cac
isoflavone glucoside c6 xu huéng gidm xudng ¢ tat
ca cac mau thi nghiém so véi trudc khi thiy phan
va mitc do giam ty lé thuan voi ty lé enzyme b6
sung. Ham luong cac glucoside chinh nhu daizin,
glycitin va genistin giam xuong thap nhat la 2,85 +
0,11 mg/100 g, 4,18 = 0,39 mg/100 g va 13,88 +
0,56 mg/100 g tuwong tng trong mau sita dau thuy
phan voi ty 1&é enzyme 6 mL/L. Nguoc lai, ham
lwong cuia cac isoflavone aglycone c6 xu huong
tang lén tuong tng. Ham luong aglycone cao nhat
dat duoc khi b6 sung enzyme theo ty 1¢ 6 mL/L
voi cac gia tri daidzein la 2,85 + 0,11 mg/100 g,
glycitein 1a 4,38 + 0,39 mg va genistein la 13,88 +
0,56 mg/100 g. Két qua nay co duoc la do vai tro
xuc tac ctia enzyme B-glucosidase trong phan tng
thily phan lién két B-1-6-glycosidic, tdich cac nhom
duong khoi phan t glucoside, tir d6 giai phong
aglycone [14, 15]. Ngoai ra, cac acetylglucoside va
malonylglucoside c6 thé duoc khir este dé hinh
thanh cac glucoside va ti€p tuc duoc thuy phan
hiéu qua boi enzyme pB-glucosidase tao ra cac
aglycone tuong tmg, nho d6 gop phan gia ting
ham lugng aglycone trong dich sita dau twong nay
mam sau thuy phan [18].

Hiéu qua xuc tac phan tng cta enzyme f-
glucosidase ciing dugc danh gia théng qua gia tri
hiéu suat chuyén hoa isoflavone (Hinh 1). So sanh
gitta cac mau sira dau co dac b6 sung enzyme voi
ty lé khac nhau cho thdy, hiéu suat chuyén hoa
isoflavone tang co y nghia thong ké theo chiéu
tang cua ty 1é enzyme sit dung. O mau thi nghiém
khong b6 sung enzyme, phan tng thiy phéan
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isoflavone van xdy ra v6i hiéu suat chuyén hoa
thap nhat, chi dat 5,53 + 0,38% nhd nguon enzyme
B-glucosidase noi sinh c6 san trong dau tuong nay
mam. Tai néng d6 enzyme 5 mL/L va 6 mL/L,
hiéu suat chuyén ho4 isoflavone dat hiéu suat cao,
twong tng 65,90 + 0,69% va 66,91 = 0,72%. Tuy
nhién, khong c6 su khac nhau c6 y nghia thong ké
(p < 0,05) vé hiéu suat chuyén ho4 isoflavone gitta
ty 1é enzyme 5 mL/L va 6 mL/L. Do vay, ty 1é
enzyme 5 mL/L duoc xac dinh la thich hop cho
qua trinh thay phan dich stta dau twong ndy mam
c6 dac.

100 -
80 + e
60 - e
c
3 4 5 6
Ty 1€ enzyme (mL/L)

40 -
b
20 -
a
2

0

Hiéu suét chuyén hoa isoflavone (%)

Hinh 1. Anh hudng ctia ty 1é enzyme B-glucosidase
dén hiéu suit chuyén hoa isoflavone tir glucoside
sang aglycone

Ghi chu: Céc cot do thi khong co cung chir cdi
in thuong giong nhau la khic nhau co y nghia
thong ké (p < 0,05) theo kiém dinh Tukey.

3.2. Nghién ctru xac dinh nhiét o thich hop
cho qua trinh thuy phan dich sita dau twong nay
mam co dic

Anh hudng cta nhiét do thuy phan dén thanh
phan isoflavone ciing nhu hiéu suit chuyén hoa

isoflavone trong dich stta dau tuong ndy mam duoc
thé hién & bang 3 va hinh 2.
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Su thay d6i vé thanh phan isoflavone (ham
luong isoflavone glucoside gidm xudng trong khi
ham luong aglycone tiang lén) duoc quan sat thay
O tat ca cac mau sita dau tuong thuy phan tai nhiét
do 40, 45, 50, 55 va 60°C (Bang 3). Khi so sanh véi
dich stta trudc thily phan, ham luong daidzin giam
tr 36,41 + 0,57 mg/100 g xuoéng 3,34 + 0,34
mg/100 g, genistin giam tur 50,52 + 0,62 mg/100 g

xuong 14,49 + 0,30 mg/100 g. Nguoc lai, ham
luong daidzein tang tir 18,20 + 0,13 mg/100 g lén
37,35+ 0,16 mg/100 g, glycitein tang tir 1,25 + 0,06
mg/100 g lén 1,83 + 0,18 mg/100 g va genistein
tang tir 10,65 = 0,30 mg/100 g lén 36,16 + 0,22
mg/100 g. Tuy nhién, mic do thay d6i khac nhau
gitta cac diéu kién nhiét do thtly phan khéac nhau.

Béng 3. Anh hudng ctia nhiét do thuy phan dén ham leong isoflavone (mg/100 g) trong dich sira dau
tuong ndy mam c6 dic

N A Nhiét o (°C)

Thanh phan 40 45 50 55 60
Daidzin 21,55+ 0,45 9,47 + 0,33 3,34+ 0,34 8,42+0,41 | 24,66+ 0,45
Glycitin 4,63 + 0,15 4,50+ 0,10 446+ 0,17 4,62+0,22 | 4,73+0,21
Genistin 35,99 + 0,29 19,54 + 0,39 14,49+0,30 | 17,72+0,63 | 28,12+ 0,35

Malonyldaidzin 8,20+ 0,18 17,54 + 0,20 6,29 + 0,10 7,33+0,15 2,26 + 0,06
Malonylglycitin 0,53 + 0,02 0,49+ 0,12 0,16 + 0,03 0,24 + 0,04 0,34 + 0,04
Malonylgenistin 4,24 +0,10 3,66+ 0,15 3,59+0,18 3,54 + 0,46 4,68 +0,12
Acetyldaidzin 0,44 + 0,06 0,36 + 0,06 0,40 + 0,03 0,46+0,05 | 0,25+0,05
Acetylglycitin 6,77 £0,12 6,26 + 0,11 5,76 £ 0,10 8,14+0,14 | 6,14+0,14
Acetylgenistin 2,50 + 0,09 2,40+ 0,10 1,20+ 0,11 2,83+ 0,09 1,69+0,11
Glucoside téng so 84,86 + 1,46 64,23 + 1,57 39,68+1,37 | 53,29+2,19 | 72,88 +1,52
Daidzein 27,40+ 0,19 33,58 + 0,09 37,35+ 0,16 | 29,75+0,26 | 23,84 +0,13
Glycitein 1,56 + 0,17 1,83+0,18 1,79+0,11 1,74 £ 0,05 1,35+ 0,03
Genistein 21,14+ 0,15 31,41+ 0,18 36,16 £0,22 | 32,69+0,17 | 25,66+ 0,20
Aglycone tong so 50,10 + 0,51 66,82 + 0,45 75,30+ 0,49 | 64,18+ 0,47 | 50,85+ 0,37
<100 ‘ Tuong tng voi su thay d6i vé thanh phan cac
< déng phan, hiéu suat chuyén hoa isoflavone ciing
g 80 . duoc xac dinh (Hinh 2). Hiéu suat chuyén hoa
E I 1 isoflavone tai cac nhiét do thiy phan khac nhau cé
'-é 60 1 b o y nghia thong ké (p < 0,05). Trong khoang nhiét
g e do khao sat tir 40 - 50°C, hiéu suat chuyén hoa
E 7 a isoflavone tiang lén theo chiéu ting cta nhiét do va
2 5 H dat gia tri cao nhdt 1a 66,06 + 0,71% tai 50°C. Tuy
5 nhién, tai cac diéu kién nhiét do thay phan cao
T o : : : hon 1a 55°C va 60°C, hiéu suit chuyén hoda
40 43 _ 20 33 60 isoflavone lai gidm xudng, chi con 54,41 + 0,51% va
Nhiét do thuy phan (°C)

Hinh 2. Anh huéng ctia nhiét do thity phan dén
hiéu suat chuyén ho4 isoflavone tir glucoside
sang aglycone

Ghi chi: Céc cot do thi khong co cung chir cdi
in thuong giong nhau la khic nhau co y nghia
thong ké (p < 0,05) theo kiém dinh Tukey.

37,66 + 0,96% tuong tmg. Nguyén nhan co6 thé do
mot phan enzyme da bi mat hoat tinh khi thuy
phan & nhiét d6 cao. Do vay, nhiét do thich hop
cho qua trinh thiuly phan isoflavone trong dich sita
dau twong ndy mam duoc xac dinh 1a 50°C, tuong
déng voi két qua nghién ciu ctia Xie va cs (2003)
[18], Pandjaitan va cs (2000) [19]. Trong ca 2
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nghién cttu nay, enzyme B-glycosidase hoat dong
toi vu tai nhiét do 50°C.

3.3. Nghién ctru xac dinh pH thich hop cho
qua trinh thuy phan dich sita dau twong ndy mam
c6 dac

Anh huéng ciia didu kién pH (4; 4,5; 5; 5,5; 6)
dén qua trinh chuyén hoa isoflavone tir dang
glucoside sang aglycone trong dich sita dau tuong
nay mam c6 dic duoc thé hién & bang 4 va hinh 3.

Bang 4. Anh hudng ctia pH dén ham lugng isoflavone (mg/100 g) trong dich sita dau tuwong
nay mam thuy phan c6 dic

pH
Thanh phan
4 4,5 5 5,5 6
Daidzin 11,05+ 0,41 | 0,58+0,03 | 1,60+0,47 1,90 + 0,06 7,74 £ 0,25
Glycitin 3,890+0,11 | 3,65+0,05 | 3,70+0,11 3,83+0,15 4,22 +0,15
Genistin 10,45+0,27 | 1,81+0,04 | 581+0,03 9,08 £ 0,55 13,71 + 0,09
Malonyldaidzin 6,02 + 0,24 4,30+ 0,02 5,52+0,18 6,81+ 0,10 8,17 + 0,46
Malonylglycitin 0,66+0,056 | 035+0,01 | 0,57+0,03 0,58 0,02 0,73+0,02
Malonylgenistin 3,85+0,18 2,65+ 0,02 3,27 + 0,05 3,48 + 0,03 4,66 + 0,05
Acetyldaidzin 0,34+0,04 | 0,15+0,01 | 0,37+0,03 0,39 + 0,03 0,45+ 0,04
Acetylglycitin 581+0,12 | 4,35+0,02 | 571+0,05 6,85 + 0,04 7,21+0,07
Acetylgenistin 2,41+0,19 1,42+ 0,18 2,20+ 0,05 2,30+ 0,03 2,82+ 0,03
Glucoside téng s6 | 44,47+1,61 | 19,26+ 0,38 | 28,76+ 1,01 35,22 +1,01 49,71+ 1,15
Daidzein 38,63+0,12 | 43,76 +0,22 | 41,97 +0,48 39,28 0,25 36,32 +0,13
Glycitein 1,24+0,04 | 1,27+0,02 | 1,26+0,01 1,26 + 0,03 1,39+ 0,04
Genistein 36,35+ 0,26 | 41,76 +0,31 | 39,77+ 0,21 37,28 0,05 33,28 £ 0,10
Aglycone téng s6 | 76,21+0,42 | 86,79+0,55 | 83,0+0,71 77,82+ 0,33 71,0 £ 0,26

Bang 4 cho thay, c6 su thay d6i thanh phan
isoflavone trong cac mau dich sita dau twong nay
mam thdy phan tai cac diéu kien pH khéac nhau véi
ham luong glucoside giam xudng dong thoi ham
luong aglycone tang lén so voi mau dich sita ban dau
(truoc khi thiy phan). Ham luong daidzein va
genistein cao nhat duoc tao ra tai pH 4,5 voi gia tri
lan luot 1a 43,76 + 0,22 mg/100 g va 41,76 + 0,31
mg/100 g twong ting. Trong khi ham luong glycitein
lai khac nhau gitta cac gia tri pH, dao dong tir 1,24 +
0,05 mg/100 g dén 1,39 + 0,04 mg/100 g.

Phu thudc vao gia tri pH cta dich stta dau
twong, hiéu suat chuyén hoa isoflavone thay ddi
khac nhau c6 y nghia thong ke (p < 0,05). Hiéu
suat chuyén hoéa dat gia tri cao nhat la 83,53 +
0,47% tai pH = 4,5. Tai gia tri pH 4; 5; 5,5; 6, hiéu
suat chuyén hoa isoflavone c6 xu huwong giam
xuong tuong tmg 1a 61,96 + 0,82%, 75,40 + 0,72%,
69,87 + 0,86% va 57,48 + 0,98%. Két qua nghién
ctru cho thay, diéu kien pH thich hop cho qua
trinh thay phan dich sita dau twong ndy mam co
dac bang enzyme B-glucosidase 1a 4,5.
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Hinh 3. Anh huéng ctia pH dén hiéu sudt chuyén ho4 isoflavone tir glucoside sang aglycone

Ghi chu: Cic cot do thi khong co cung chir cdi in thuong giong nhau 132 khac nhau co y nghia thong

ké (p< 0,05) theo kiém dinh Tukey
3.4. Nghién ctru xac dinh thoi gian thich hop
cho qua trinh thuy phan dich sita diu twong nay

mam c6 dic

Tién hanh thuy phan dich sita dau twong nay
mam co6 dic tai cac diéu kién thich hop da xac

dinh duoc trong thoi gian 240 phut. Thanh phan
isoflavone trong dich stta dau tuong va hiéu suat
chuyén hoa isoflavone duoc thé hién ¢ bang 5 va
hinh 4.

Bang 5. Anh hudng ctia thoi gian thuy phan dén ham luong isoflavone (mg/100 g) trong dich sita dau
tuong nady mam co dic

Thanh phan Thoi gian (phit)
0 60 120 180 240

Daidzin 36,10+£0,14 | 12,50+0,47 | 0,58 +0,06 -

Glycitin 4,37+ 0,03 3,50+0,10 | 3,51+0,30 -

Genistin 50,12+0,04 | 28,08+0,48 | 1,83 +0,04 1,50 + 0,04 1,35+£0,17
Malonyldaidzin 8,27 + 0,04 6,57 + 0,06 4,24 + 0,03 0,65 + 0,03 0,44 + 0,05
Malonylglycitin 0,76 + 0,03 0,68 + 0,05 0,36 + 0,03 -

Malonylgenistin 5,25+ 0,03 3,21 + 0,09 2,45+ 0,24 2,12+ 0,29 1,82 +0,13
Acetyldaidzin 0,44 £ 0,02 0,36 +0,05 | 0,15+0,02 0,25+ 0,03 0,13+0,01
Acetylglycitin 8,66 + 0,05 7,18 + 0,07 4,35+ 0,04 -

Acetylgenistin 3,11+ 0,06 2,66 + 0,04 1,65 + 0,05 0,58 + 0,02 0,56 + 0,03
Glucoside téng s6 | 117,97 +1,80 | 64,75+ 1,40 | 19,12+ 0,81 | 5,09+0,41 4,30 £ 0,38
Daidzein 18,26 £ 0,22 | 26,97 +0,50 | 43,64 +0,60 | 44,37+0,20 | 44,62+0,16
Glycitein 1,22 £ 0,02 1,26 +£0,03 | 1,26+0,03 | 10,53 +0,24 10,64 + 0,16
Genistein 10,75+ 0,15 | 18,09+0,23 | 41,75+0,65 | 55,91+0,62 | 58,80=0,11
Aglycone téng s6 | 30,09+0,49 | 46,33+0,74 | 86,66+ 1,28 | 110,82+ 1,07 | 112,06+ 0,42

Ghi chu: -: Khong phat hién.

NONG NGHIEP VA MOI TRUSNG - THANG 9/2025




KHOA HOC & CONG NGHE

Bang 5 cho thay, thoi gian thiy phan cang kéo
dai thi ham luong glucoside giam xudng cang
thap, dong thoi, ham luwong aglycone ting lén
tuong ung. Ham luong glucoside giam nhanh
trong 120 phut dau tién va sau do giam cham. Do
d6, ham luong aglycone tao thanh tré 1én 6n dinh
sau 120 phut. Tiép tuc kéo dai thoi gian dén 180
phut, ham luong glucoside chi con lai rat thap,
tham chi khong phat hién thanh phan daidzin,
glycitin, malonylglycitin va acetylglycitin trong
dich sira dau twong do cac chat nay da duoc thuy
phan hoan toan.

¢ c
100 1
g b ]
g -
2 80 A
Z
=1
[=]
L 60 +
kg a
-<§ 40 A
3
:g 20 4
g
T 0 . .
60 120 180 240
Thoi gian (phtit)

Hinh 4. Anh huéng ctia thoi gian thity phan
dén hiéu suit chuyén hoéa isoflavone tir glucoside
sang aglycone

Ghi chu: Cic cot do thi khong co cung chir cdi
in thuong giong nhau la khic nhau co y nghia
thong ké (p < 0,05) theo kiém dinh Tukey

Hinh 4 thé hién su tang lén twong tmg cla
hiéu suat chuyén hoa isoflavone theo thoi gian
thay phan va hiéu suat chuyén hoa dat gia tri kha
cao tai thoi diém 180 phut (95,65 + 0,29%). Khong
c6 su khac nhau c6 y nghia thong ké (p < 0,05) vé
hiéu suat chuyén hoa isoflavone gitra thoi diém
180 phuat va 240 phut. Ngoai ra, viéc kéo dai thoi
gian thuy phan tai nhiét do 50°C khong duoc
khuyén khich vi dich dau twong rat giau dinh
duong, dé bi hu hong. Chinh vi vay, thoi gian thuy
phan dimg lai ¢ thoi diém 180 phut 1a thich hop dé
dam bao chat luong dich dau twong, tranh rui ro
nhiém vi sinh vat. Dich stta dau tuong sau thuy
phan c6 ham luong isoflavone téng so dat 115,90 +
1,48 mg/100 g, trong d6 ham luong aglycone dat
toi 110,82 + 1,07 mg/100 g, chiém 95,61%

isoflavone téng s6. Két qua cho thay, so voi cac
nghién cttu 1én men stra dau nanh béng vi sinh vat
da duoc cong bo, qua trinh chuyén hoa isoflavone
tir dang glucoside sang dang aglycone bing ché
phdm enzyme B-glucosidase thuong mai dién ra
tuong tu, tham chi con hiéu qua hon va trong thoi
gian ngin hon. Theo Lee va cs (2016)[12], khi lén
men sita dau twong voi 3 chung vi khuin Bacillus
subtilis, ham luong aglycone ting lén & tat ca cac
mau, voi mutc ting cao nhat 1a 2,6 1an (chung HJ18-
9), nhung ham luong isoflavone aglycone chi dat
25% sau 36 gio 1én men & 37°C. Izaguirre va cs
(2021) [20] cong bo ching vi khuidn lactic
Lactobacillus plantarum 128/2 c¢6 kha nang
chuyén hoa isoflavone glucoside gan nhu hoan
toan sau 48 gio lén men & nhiét do 25°C. Theo de
Queirés (2020) [21], st dung tannase dé thuy
phan isoflavone sau qua trinh 1én men sita dau
twong voOi cac ching vi khudn lactic va
bifidobacteria da lam tang ham luong daidzein tw
58 - 72%, genistein tir 67 - 76% va glycitein tir 17 -
63%, so vdi cac mau sita dau nanh da lén men trudc
do.
4. KET LUAN

Ché phdm enzyme B-glucosidase thuong mai
c6 kha nang chuyén hoda 95,65 + 0,29% isoflavone
tir dang glucoside sang dang aglycone trong dich
stta dau twong ndy mam co6 dac ¢ diéu kién ty le
enzyme 5 mL/L, pH 4,5 tai 50°C trong thoi gian
180 phut. Sau khi thiy phan chuyén hoa boi ché
phidm enzyme B-glucosidase, dich sita dau twong
nay mam co dac c6 ham luong isoflavone aglycone
dat toi 110,82 + 1,07 mg/100 g, chiém 95,61%
isoflavone téng s6 (115,90 + 1,48 mg/100 g).
Nham phat trién va tmg dung ché phdm enzyme pB-
glucosidase trong thuc tién san xuét, can thuc hién
cac thr nghiém & quy mo lon hon (pilot-scale) dé
x4c dinh tinh 6n dinh va kha thi ctia quy trinh khi
ap dung vao san xuat cong nghiép, dong thoi tiép
tuc nghién cttu tng dung dich stta dau twong giau
IA trong san xuat thuc phdm chic nang.
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RESEARCH ON THE APPLICATION OF g-GLUCOSIDASE ENZYME PREPARATION FOR THE
CONVERSION OF ISOFLAVONES FROM GLUCOSIDE TO AGLYCONE FORM IN
CONCENTRATED GERMINATED SOY MILK

Truong Huong Lan!, Nguyen Thi Viet Ha!, Duong Duc Hanh?
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Abstract

Isoflavones are compounds belonging to the phytoestrogen group, with a structure similar to that
of human estrogen. Soy isoflavones have received worldwide attention due to studies showing
that their consumption is associated with lower incidence of certain types of cancer and a reduced
risk of various other diseases, including cardiovascular issues, osteoporosis and menopausal
symptoms. In soybeans, most isoflavones exist in the glucoside form, while only a small
proportion (2 - 5%) exists in the aglycone form - the free, sugar - unbound form that is more easily
absorbed and exhibits higher biological activity. The enzyme p-glucosidase effectively catalyzes
the hydrolysis of p-1,6-glycosidic bonds, removing the sugar moiety from isoflavone glucosides
and thereby releasing the aglycone form. This study identified optimal technological conditions
for the hydrolysis of concentrated germinated soybean milk using a commercial pB-glucosidase
enzyme preparation: Enzyme concentration of 5 mL/L, pH 5, temperature of 50°C and reaction
time of 180 minutes. Results showed that under these optimal conditions, the conversion
efficiency of isoflavones was very high, reaching 95.65 = 0.29%. The total isoflavone content in the
hydrolyzed concentrated germinated soybean milk reached 115.90 + 1.48 mg/100 g, with
aglycone isoflavones being predominant at 110.82 + 1.07 mg/100 g (accounting for 95.61%).
These findings not only confirm the superior effectiveness of the commercial p-glucosidase
preparation in enhancing the content and proportion of bioactive aglycone isoflavones but also
open up promising applications of concentrated germinated soybean milk in the development of
high-quality functional food products.

Keywords: Germinated soybean, isoflavones, aglycones, p-glucosidase.
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NGHIEN CUU CAC YEU TO ANH HUONG
PEN CHAT LUONG CUA NUGC EP HOANG SIN CO
- DUA DONG CHAI
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D6 Thi Thanh Huyén!, Chu Thing!, Nguyén Thi Thu'
!Bo mon Cong nghé Enzyme & Protein, Vién Cong nghiép thuc phim
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TOM TAT

Cay Hoang sin c6 c¢6 nguon goc tir Tay Tang, Trung Quoc, du nhap vao Viét Nam tir nhitng nam
1990. Ctt Hoang sin c6 ¢6 tinh han, vi ngot mat, chtra nhiéu thanh phan c6 hoat tinh sinh hoc quy
do vay da duoc nghién cttu lam nguyén liéu san xuat mot s6 loai thuc phdm nhu mién, keo, tra,
thach rau cau. Dta ¢6 tén khoa hoc 1a Ananas Comosus Merr hay Ananas Sativus sehult - 1a mot
dac san nhiét doi, tuy dimg hang tha 10 trén thé giéi vé san luong trong céac loai cay an qua
nhung vé chat luong, huong vi lai ding hang dau va duoc ménh danh 1a “vua hoa qua”. Trong
nghién ctru nay, nude ép cu Hoang sin ¢6 va dich ép dira (Hoang sin c6 - dita) duoc san xuat theo
cong thuc sau: Ty 1é phoi ché dich ép ci Hoang sin co: dich ép dira 1a 50: 50, dich ép nudc hoang
sin ¢6 - dira duoc pha loang voi nuoc theo ty 1€ 1a 50: 50, phoi ché voi sucrose toi 14°Brix (Bx), ty
lé b6 sung axit citric 0,05%, pectin 1a 0,05%. Ché @0 thanh trung & nhiét do 90°C trong 10 phut cé
hiéu qua trong viéc tiéu diét vi sinh vat gitp san pham c6 thé giir & nhiét do thuong trong it nhat 4
tuan ma khong can bd sung chat bao quan. Téng diém danh gia cdm quan san pham dat hon 18
diém, ham luong duong FOS va vitamin C cao cho thdy mau nuéc ép ci Hoang sin c6 - dita dong
chai thanh triing c6 pham vi thuwong mai tot dé san xuat nuoc ép bé duong tot cho stc khde nguoi

tiéu dung.

Tt khéa: Ci Hodng sin co, qua dita, nudc ép Hodng sin co - dita, phoi ché.

1. BAT VAN BE

Cay Hoang sin c6 c6 danh phap khoa hoc la
Smallanthus sonchifolius, 1a moét loai thuc vat cé
hoa trong ho Cuc. Cac nghién ctu da chi ra trong
ctt Hoang sin ¢6 (con co tén goi 1a ¢t sam dat hay
khoai sam) <chta dn 70 -  80%
fructooligosaccharide (FOS) [1] 1a ngudn chat
chong oxy hoa tu nhién, giup ha dudng huyét, cai
thién hoat dong cta cac loai vi khuan duong ruot
c6 loi va cac tac dung tot khac trén duong tiéu hoa,
chong lai su suy giam testosterone. Ngoai ra,
trong cu con co6 15 - 40% cac loai duong: Sucrose,
fructose va glucose [2], cac hop chat phenolic co
tac dung trong viéc phong ngtra nhiéu bénh man
tinh nhu: Dai thao duong, ung thu va tim mach,
kiém soat cholesterol trong mau, gidm cang thang,
mét moi [3]. Loai ¢t nay chi sinh truéng ¢ nhiing

noi c6 khi hau lanh véi do cao gan 2.000 m so véi
muc nude bién va duoc trong cha yéu o xa Y Ty,
huyén Bat Xat, tinh Lao Cai. Nam 2025, xa Y Ty
thuc hién ké hoach tréong 50 ha cay sam dat
(Hoang sin c0). Ttr dau nam 2025 dén nay, nguoi
dan trén dia ban xa Y Ty trong duoc 73,6 ha cay
Hoang sin ¢, ting gan 24 ha, dat 147,3% ké hoach.
So v6i nam 2024, dién tich cay Hoang sin co ctia xa
Y Ty nam 2025 ting 49,3 ha (ting gap 2,7 lan so
vOi ndm trude).

Dta 1a mot loai cay nhiét doi c6 qua lau nam
duoc biét dén trén toan thé gioi, 1a thanh vién cta
ho Dta véi hon 2.500 loai. Ban dau, dia duoc
trong & Nam My, sau d6 lan rong sang nhiéu quoc
gia khac trén thé gioi thong qua cac nha tham
hiém va nha st hoc dén tham Nam My. Hién nay,
san luong daa trén toan thé gioi dat khoang 25
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triéu tdn moi nam, la loai trai cay duoc tiéu thu
nhiéu thit ba sau chudi va trai cay c6 mui. Dua 1a
ngudn thu nhap quan trong cho nhiéu quoc gia
san xuat dia hang dau thé gioi. Huong vi dic biét
cia n6 lam cho dwta tré nén quan trong trong
nganh cong nghiép thuc phdm, la thanh phan
khong thé thi€u trong nhiéu cong thiic niu an.
Dtra duoc trong rong rai & Viet Nam 1a loai trai cay
c6 nhiéu loi ich stic khoe da duoc nghién ctru vé
mat sinh hoc. Qua dira chita nhiéu vitamin
(vitamin A, C, B3, B6 va B12), enzyme va chat
chong oxy hoa, ciing nhu tanin, cardenolides,
dienolides, glycoside, phenol va flavonoid. Dac
biét, dira dwoc chimg minh la c6 hiéu qua trong
viéc chong dong mau, giam dau, tim mach, ting
cuong hé thong mién dich, gidm cac bién ching
da day, hé tro thai ky va ttc ché khéi u. Ngoai ra,
dtta con c6 tac dung chong viéem, ngin ngtra ung
thu ruot két, thoai hoa diém vang va viem khop.
Bromelain 1la mot enzyme quan trong c6 trong
dtra, c6 hoat dong chong viem va chong ung thu,
ciing nhu gay chét té bao apoptotic [4, 5].

Du kién, san luong dira ctia Viet Nam sé dat
807.000 tan vao nam 2026. Con s6 nay tang so voi
mtc 726.000 tan vao nam 2021, toc do tang trudng
trung binh 1,8% modi nam. Ké tir nam 1966, nguon
cung cua Viét Nam da tang 5,5% so voi cung ky
nam trudc. Véi san luong 16n nhu vay, nhung ca
Hoang sin c6 va dua lai thu hoach theo mua vu va
trong 1 khoang thoi gian nhat dinh trong nam. Tuy
nhién thuc té cho thay, cac co so xtt ly, ché bién va
bao quan sau thu hoach khong du va dung cach,
moi ndm mot luong dang ké bi lang phi [6].

Viéc két hop nudce ép cu Hoang sin ¢6 va nudc
¢ép dua 1a mot giai phap tiém nang va hiéu qua.
Qua dutra chita ham luong cao cac vitamin, dac biét
la vitamin C thay ddi tuy thuoc vao giong va thoi
diém thu hoach, dao dong tir 28,2 - 52,4 mg/100 g
dtra tuoi [7], sé 1a mot chat chong oxi hoa giup cho
nuoc ép ciu Hoang sin ¢6 khong bi oxi héa va sé ¢o
mau sic vang sang dep mat. Viéc lua chon va két
hop gitra ctt Hoang sin ¢6 - dira khéng chi tin dung
thé manh dinh dudng cta ct Hoang sin c6 ma con
mang lai mau sac tuy nhién hip dan tir qua dia, dap
ung duoc yéu cau vé cam quan. San phdm phu hop
v6i xu huong tiéu dung hién dai, chu trong thuc
pham chtc nang giau dinh duong va c6 nguon goc

tw nhién. Hon thé nita viéc nghién ctru va dua ra
cong thie pha ché nuoc udng tir cit Hoang sin co —
dra nham quéang b4 va da dang hoéa san phdm cua
ving mién, gitp giai quyét ngudn nguyeén lieu va
tao cong an viéc lam cho nguoi dan trong viung
trong nguyén liéu, gia tang gia tri kinh té cho
nganh nong nghiép va cong nghiép ché bién thuc
pham.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu

Ct Hoang sin c6 dugc lay tai xa Y Ty, huyén
Bat Xat, tinh Lao Cai 11 thang sau khi tréng, c6
khoi luong tir 200 - 500 g, dai khoang 10 - 15 cm, vo
mau niu vang, ruét mau vang, sang ci mong nuoc,
bé mat ct cang.

Hinh 1. Ci1 Hoang sin co
- D&a hoa (Ananas comosus Queen) duoc
trong tai xa Bao Son, huyén Luc Nam, tinh Bac
Giang. Khoéi luong tir 0,6 - 1,3 kg/trai, dang tru
tron déu, thit mau vang dam. Trai chin do 3 (75 -
100%), vé6 qua c6 mau vang tuoi, khoang 4 hang
mo& mat.

Hinh 2. Qua dita hoa
- Duong sucrose: DPap ung theo
6958:2023 [8].

- Axit citric: Pap tng theo TCVN 5516:2010 vé
chat luong [9].

TCVN
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- Pectin: Dang bot, mau trang nga, mui dac
trung.

2.2. PHUDNG PHAP NGHIEN CUU

2.2.1. Nghién ctu xdc dinh cong thic phoi ché

- Ctt Hoang sin co thu hai vé rita sach, got vo;
dta duoc got vo, cat mat. Sau do, nguyeén liéu duoc
rtra lai bang nudc sach, cat thanh 14t méng va ép,
loc lay dich ct, qua. Sau moéi thi nghiém xac dinh
ty le phoi ché, thanh phan phoi ché. Nudc ép sau
khi phoi ché duoc dong chai, ghép ndp va thanh
trung & nhiet do 90°C trong 10 phut roi tién hanh
danh gia cam quan. Chi tiéu danh gia: Mau séc,
mui vi, trang thai dé chon ra ty 1é phai ché thich
hop cho nuéc ép cit Hoang sin co: dira.

- Xac dinh ty lé phoi ché nuéc Hoang sin co -
dwra, dich ép Hoang sin co - dita duoc tién hanh
phoi ché theo cac ty 1é 30: 70, 40: 60, 50: 50 va 60:
40%.

- Xac dinh ty 1é nuéc pha loang: Dich ép cu
Hoang sin c6- dita duoc dem di pha loang véi nuéc
theo cac ty 1é 30: 70, 40: 60, 50: 50 va 60: 40%.

- Thi nghiém xé4c dinh ty lé duong bé sung:
Ham luong duong bo sung dé dat duoc do Bx theo
mong muoén duoc tinh toan theo cong thic:

¥ (lat+X)

100 (100+X)

- Trong d@6:Y la °Bx.

Bx can dat duoc; a 1a Bx cta dich ép sau khi
loc, pha loang; X 1a ham luong duong bé sung cho
100 g dich ép.

- Dich ép sau khi chon duoc ty 1¢ pha loang,
tién hanh thi nghiém xac dinh ty l¢ duong phoi
ché dé dat duoc nong do 13; 14; 15; 16°Bx.

- Thi nghiém xac dinh ty lé axit citric cho
vao hon hop: Khi xac dinh duoc ty 1é pha loang, ty
lé duong bo sung, tién hanh thi nghiém xac dinh
ty 1é axit citric b6 sung lan luot 1a: 0,03; 0,05; 0,07;
0,1% (w/v).

- Thi nghiém xac dinh ty 1é pectin cho vao
hoén hop: Sau khi chon duoc ty 1é pha loang, ham
luong duong bé sung vao hon hop, ty lé axit citric,
tién hanh thi nghiém xac dinh ty 1é pectin b6 sung
theo cac ty 1é: 0,03; 0,05; 0,07; 0,1% (w/v).

- Khao sat nhiét do va thoi gian thanh trung
cho san phdm nudc ép Hoang sin co6 - dia: Hon

hop nudc ép Hoang sin ¢6 - dira sau khi duge pha
loang theo ty lé thich hop, duoc bé sung thém
duong, axit citric, pectin sé duoc tién hanh khao
sat thanh trung & dai nhiét do6 80 +~ 90°C trong
khoang thoi gian 5 - 15 phut. Sau thanh trung san
phdm, tién hanh danh gia cam quan, chi tiéu hoa
ly va vi sinh vat.
2.2.2. Phurong phap phan tich

- Xac dinh ham luong tro bang phuong phap
AOAC 940.26:1940 [10].

- Xac dinh ham lwong nuéc theo TCVN
4326:2001 [11].

- Xac dinh pH ctia dich nudc ép ci, qua bing
may do pH (Hanna, My).

- Xac dinh ndéng do chat kho hoa tan (°Bx)
bang chiét quang ké (ATAGO, 0- 33 °Brix, Phap).

- Xac dinh ham luong duong theo TCVN
4594:1988 [12].

- Xac dinh ham luong vitamin C theo TCVN
8977:2011 [13].

- Xac dinh ham lwong fructooligosacharide
(FOS).

Ham luong FOS duoc phan tich biang phuong
phap quang pho st dung Kit fructan thuong mai K-
FRUC Kit, hang Megazyme - Ireland. Cac quy
trinh phan tich do nha san xuat dé xuat duoc tuan
thi1 nghiém ngat va ham luong duong FOS duoc
tinh toan va biéu thi bang phan traim (% ck) hoac
s6 mg trong 100 ml dich 1ong.

- Xac dinh ham luong protein theo phuong
phap Bradford (1976) [14].

- Xac dinh téng s6 vi sinh vat hiéu khi theo
TCVN 4884 -1:2015 [15].

- Xac dinh s6 luwong Escherichia coli theo
TCVN 6846:2007 [16].

- Xac dinh s6 luong Coliforms theo TCVN
6848:2007 [17].

- Xac dinh tong s6 ndm men va ndim moc theo
TCVN 8275-1:2010 [18].

- Panh gia cam quan theo TCVN 3215-79
[19].

- Xt ly so6 lieu bang phan mém Excel va SPSS.
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3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Két qua khao sat thanh phan nguyén liéu

Xac dinh thanh phan hoéa hoc ctia ca Hoang
sin ¢6 twoi sau khi thu hoach duoc trinh bay &
bang 1.

Béng 1. Thanh phén hoéa hoc cit Hoang sin ¢b tiroi, qua dia

Chi tieu Hoang sin co Dta

Do am (%) 83,18+ 0,15 81,32+ 0,06

Tro (%) 2,36+ 0,05 0,76 + 0,03

Ham luong chat kho (°Bx) 6,15+ 0,26 15,32 + 0,12

pH 6,25 + 0,32 3,68+ 0,15
Vitamin C (%) 0,005 + 0,001 0,068 + 0,002

Ham luong protein (%) 1,73 £ 0,05 0,38 + 0,03

Ham luong duong FOS (% chat kho) 56,6 + 0,3

Két qua cho thay, ctt Hoang sin c6 va qua daa
c6 ham luong nuoc lon kha nang thu hoi dich ca,
qua sé cao nén rat thuan loi cho cong nghé san
xuat nuoc giai khat. Ham luwong vitamin C cao cé
trong qua data va ham luong duong FOS c6 trong
ct Hoang sin co sé két hop tao ra mot san phidm
nudc ép cé gia tri dinh dudng t6t cho stc khoe
nguoi dung. Ham luong vitamin C trong dia
nguyén liéu dat duoc 0,068 + 0,002% phu hop voi
két qua nghién cttu ctia Vii Kim Dung va cs (2020)
[20]. Ham luong duong FOS dat 56,6 + 0,3 (% chat
kho) phu hop voi két qua nghién ctu ctia Campos
va cs (2016) [21], ham luong FOS dao dong tir 6,4 -
70% chat kho, ham luong FOS thay dd6i c6 thé do
giong cay trong, thoi gian thu hoach va diéu kién
bao quan sau thu hoach.

3.2. Két qua Iua chon ty ¢ phdi ché nudc ép
hoang sin co: dira thich hop

Két qua anh hudng cua ty lé phoi ché dich ép
duoc thé hién & bang 2.

Bang 2. Anh hudng ctia tj 1& phéi ché

Ty le phoi ché hoang sin c6: | Piém cam quan co
daa %, v/v) trong luong
30: 70 15,68*
40: 60 16,87"
50: 50 18,68°
60: 40 16,75°

Ghi chu: Cac gia tri cung mot cot co chir cdi
trén diu khdc nhau biéu thi su khic biét co y
nghia (p < 0,05).

54

Két qua & bang 2 cho thdy, san phdm nudc ép
phoi tron duoc danh gia cao nhat khi ty lé phoi
tron nuéc ép Hoang sin co - dia la 50: 50%, san
phidm c6 diém cadm quan (mau sic, mui, vi, trang
thai) vuot troi hon cac ty 1é 30: 70, 40: 60 va 60:
40%. Voi ty 1e phoi tron Hoang sin c6 - dira 50: 50%,
mau c6 mau sac, mui, vi chua ngot hai hoa nhat,
cho san phdm c6 mui, vi thom ngon ctia dia
nhung khong mat di dac tinh riéng cua ct Hoang
sin ¢0. Bén canh viéc tao huong vi chua ngot diu,
nuoc dira con tao cho san phdm c6 mau vang sang
dep mat do trong dia c6 chira ham luong vitamin
C cao da giup han ché qua trinh oxi héa nudc ép
ctt Hoang sin co, diéu nay duoc khing dinh trong
cac nghién ctu truéc day cta Manrique va cs
(2005) [22], theo d6 viéc bo sung cac chat chong
oxi hoéa nhu vitamin C sé gitp han ché qua trinh
oxi hoa xay ra véi nuoc ép ci Hoang sin co. Voi ty
lé phoi ché Hoang sin co - dia 1a 30: 70, 40: 60, san
phdm c6 mau vang sang dep nhung vi chua manh
khong hai hoa, trong khi do véi ty 1é 60: 40 san
pham lai c6 mau sac khong dep va sé bi bién déi
theo thoi gian bao quan do qua trinh oxi héa nuwdc
qua xay ra. Do vay, da lua chon ty lé phoi ché dich
ép Hoang sin ¢6 - dira 1a 50: 50 cho cac thi nghiém
tiép theo.

3.3. Khao sat ty 1é pha loang hén hop dich ép
véi nudc

Mot san pham khi dua ra ngoai thi truong dé
duoc danh gia cao va thu hat duoc luong 16m nguoi
tiéu dung thi phai co su két hop hai hoa gitta gia tri
cam quan, gia tri dinh duong va gia thanh cta san
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phdm. Do vay, pha loang dich ép véi nudc trong
qué trinh san xuat vira phai dap tmg duoc bai toan
gia thanh nhung lai phai dap tmg duoc bai toan vé
dinh dudng.

Két qua danh gia cdm quan & bang 3 cho thay,
voéi cac ty 1é pha loang 60: 40 va 50: 50 1a cac ty 1é
ma san pham c6 mui thom, mau sic, vi rat hai hoa.
Vi ty 1é pha loang 40: 60 va 30: 70 thi dich pha ché
khong con gitt dwoc mui vi dac trung caa dich ép,
hon ntra khi tang ty 1é pha loang thi lam giam gia
tri dinh duong ctia san pham. Dai véi dich ép pha
loang ty lé 60: 40 duoc danh gia cao hon, mau sic,
mui vi rat thom ngon, nhung gi4 thanh san phdm
cudi cung lai cao, khi tmg dung vao san xuat dé
dua ra thi truong sé kho canh tranh vé gia ca san
pham. Do vay, lua chon ty lé pha loang dich ép voi
nuoc 1a 50: 50 vira dam bao gia tri dinh duong, cam
quan va gia thanh cudi cua san phdm. Két qua
nghién cttu nay phu hop véi nghién cttu ciia Le My
Hong va cs (2009) [23], Phan Vinh Hung (2021)
[24].

Béng 3. Anh hudng tj 1& pha loang hén hop dich

ép: nuéc
Ty le phoi ché Hoang sin | DPiém cam quan co
co/dua: nuéc % v/v) trong luong
60: 40 18,55°
50: 50 18,28¢
40: 60 15,28"
30: 70 14,23?

Ghi chu: Cac gia tri cung mot cot co chir cdi
trén diu khdc nhau biéu thi su khidc biét co y
nghia (p < 0,05).

3.4. Khao sat ty lé dueong bd sung vao nudc ép

Theo Dissanayake (2017) [25], tinh axit va
ham luwong duong cang cao trong san phim sé
duoc wa chuong hon béi nguoi tiéu dung. Duong
duoc b6 sung vao dich ép dé dat duoc cac ty le 12;
13; 14; 15; 16°Bx. Theo khao sat danh gia cam
quan cta cac thanh vién trong t6 chuyén gia, doi
voi ty 1é 15, 16°Bx, san pham co vi ngot dam, hoi
c6 mui duong nén kho duoc thi truong chap nhan.
boi voi ty le 12, 13°Bx, san pham it ngot, vi chua
nhat khong hai hoa nén khong duwoc danh gia cao.

boi voi ty le 14°Bx, duoc danh gia cao vé do hai
hoa mui vi ctia san phdm. Do vay, lua chon phoi
ché b6 sung sucrose vao dich ép dén 14°Bx cho
cac thi nghiém tiép theo.

3.5. Xac dinh ty lé axit citric b6 sung vao
nudc ép

Axit citric déng mot vai tro quan trong trong
viéc tang cuong huong vi, dac biét la trong nganh
cong nghiép do uong, vi n6 cung cap mot huong vi
chua va diéu chinh vi ngot ctia nhiéu thirc uong.

Béng 4. Anh hudng ciia ty 1é citric b8 sung dén
chit luong san phdm

Ty le b6 sung | Piém cam quan | pH cta
citric (%) c6 trong lwong | san phdm
0 14,23% 5,23
0,03 16,53° 4,36
0,05 17,69 4,25
0,07 15,23 4,18
0,1 14,16% 4,09

Ghi chu: Cac gia tri cung mot cot co chir cai
trén diu khdc nhau biéu thi su khiac biét co y
nghia (p < 0,05).

Két qua cho thay, b6 sung axit citric khong
nhitng anh huéng nhiéu dén mau sac, mui va trang
thai ma con anh hudng nhiéu dén vi ctia san pham.
Axit citric c¢6 hoat tinh kha cao nén chi can bé
sung mét luong nhé ciing anh huong dén chat
luong san pham. Néu b6 sung qua it, san phidm sé
khong hai hoa gitra vi chua va ngot, nguoc lai néu
b6 sung qua nhiéu sé lam cho san pham co vi chua
gat, kho uong. Mat khac, bd sung axit citric sé
giup giam pH cta nudc ép, tao ra moi truong cod
pH thap, han ché su phat trién cta vi sinh vat,
giam nhiét do thanh trung va kéo dai thoi gian bao
quan. Tuy nhién, diéu nay ciing dat ra mot van de,
vi tinh axit ting lén lam ting dang ké toc do FOS
chuyén hoéa thanh duong don. Vi du, mot san
phdm c6 pH = 4 sé chuyén hoa khoang 25% FOS
cia n6 thanh duong don sau 6 thang bao quan,
néu pH = 3 thi 45% FOS sé bi bién ddi trong cting
mot khoang thoi gian [22]. Do vay, lwa chon duoc
ty lé axit citric thich hop 1a mot yéu t6 kha quan
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trong, vi n6 khong nhimng anh huong dén gia tri
cam quan ma con anh huong dén chat luong san
pham.

Két qua & bang 4 cho thay, diém cam quan
taing dan tir 14,23 - 17,69 khi b6 sung lwong axit
citric ttr 0 - 0,05%, sau do6 diém cam quan gidm dan
dat gia tri nho nhat 1a 14,16 diém voi luong axit
citric b6 sung 1a 0,1%, tai ty 1é nay san phdm co
mau vang tuoi sang nhung vi chua khong hai hoa.
Voi ti 1é bo sung 0,05%, cho diém cam quan cao
nhat 1a 17,69 diém va gia tri pH phu hop dé bao
quan san pham. Vi vay, da lua chon ti lé axit citric
b6 sung 1a 0,05% dé cho cac thi nghiém tiép theo.

3.5. Anh hudng ctia tj 1é pectin bé sung vao
nudc ép

Trong san xuat dé6 hop nudc udng, pectin,
duong, axit 1am cho nudc ép dong nhat, han ché
viéc tach 16p, phan tang. Néu cho pectin voi ty 1é
khong thich hop (quéa nhiéu) sé lam cho san phdm
c6 do sanh 16n, lam giam gia tri cAm quan cta san
pham. Viéc lua chon pectin b sung vao qua trinh
san xuat nuéc qua ép trong két qua nghién ctu
ctia Vit Kim Dung va cs (2020) [20] cho thay, b6
sung pectin voi ty 1& 0,1% vao nudc ép dua - bi dao
giup nudc ép dong nhat va 6n dinh sau 8 tuan bao
quan.

Béng 5. Anh huéng ham lugng pectin dén chét luong sén phim

Ham 1 ti , , 2
am Lr((ron)g pectin Cam quan san pham
0,
0,03 San pham c6 mau vang sang tuoi, min, cé hién tuong ling day.
0,05 San phdm c6 mau vang sang tuoi, trang thai dong nhat, min.
0,07 San phdam c6 mau vang sang tuoi, trang thai dong nhat, sanh, min.
0,1 San phdm c6 mau vang sang, trang thai dong nhat, sanh dic, min.

Két qua danh gia cam quan cho thay, voi ty le
0,03%, chi sau thoi gian khoang 15 gi¢ 1a san phdm
bat dau xuat hién lang can, tach 16p. Véi ty 1é b
sung 0,07 - 0,1%, san phdm c6 do sanh twong doi
lon, khi uéng san phiam tao cam giac nhot, kho
chiu. Ty 1é b6 sung 0,05%, san phdm tao trang thai
déng nhat khoi dich, khi udéng tao cdm giac ngon
hon, dic hon. Do vay, da lua chon ty lé b6 sung
pectin 1a 0,05% vao trong dich ép dé tién hanh cac
thi nghiém tiép.

3.6. Két qua khao sat nhiét do va thoi gian
thanh triing san phdm dén chat lugng san phim

Mot budc khong thé thi€u trong qua trinh
san xuat nudc ép trai cay 1a qua trinh thanh trung
bang nhiét nham ngan chin su phat trién cta vi
sinh vat bé mat, gitip bdo quan san phdm trong
thoi gian lau hon. Thanh trung la qua trinh st
dung nhiét thap hon 100°C dé kht trung cac vi

sinh vat khong can thiét, day 1la 1 phuong phap
duoc st dung rong rai trong nganh céong nghiép
thuc phdm. Puong FOS c6 do bén nhiét duoc
chiimng minh cao hon so véi sucrose, duong FOS
bén trong dai pH 4,0 - 7,0 va nhiét do cao toi
140°C [26], do vay ham luong duong FOS it bi
bién ddi qua cac cong doan ché bién. Tuy nhién,
trong dich nuéc ép nay con rat nhiéu cac hop
chat sinh hoc ¢6 loi cho sttc khée con nguodi nhu:
Axit ascorbic, carotene va polyphenol..., cac hop
chat nay 1a cac chat chong oxy hoéa tu nhién tc
ché cac phan tng oxy hoda trong co thé nguoi [27
- 29]. Do do, cac hop chat nay can duoc bao vé toi
da trong qua trinh ché bién. Bén canh do qua
trinh thanh tring ciing lam thay d6i mui, mau sac
hay trang thai cta san phdm néu st dung nhiét
do khong phu hop hoac thanh trung trong thoi
gian qua lau.

Bang 6. Cac chi titu san phdm truéc khi thanh triing

TT Chi tieu Dbon vi Két qua
1 pH 4,31
2 Ham luong duong FOS (mg/100 ml) 168,00 + 0,02
3 Ham luong vitamin C mg/100 ml 34,36 + 0,05
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Béng 7. Anh hudng ciia nhiét d6 va thoi gian thanh tring dén chat luong san phdm

Nhiéet qo Thoi gifm H'f‘lm lgqng Tér}g s.fi vi sir}h Diém cim quan sin
thanh trung | thanh trung vitamin C vat hiéu khi o
C) (phtit) (mg/100 ml) CFU/ml | Pham co trong luong
80 5 30,13 + 0,01 15 x10?
80 10 25,16 = 0,03 16 x 10!
80 15 15,36 + 0,02 10 x 10!
85 5 29,21+ 0,04 11 x10?
85 10 19,15+ 0,02 12 x10"
85 15 13,22 + 0,01 1,8x 10! 17,5
90 5 26,32+ 0,03 1,1x 10
90 10 18,36 + 0,04 0 18,2
90 15 2,13 +0,02 0

Bang 7 cho thay, voi nhiét do thanh trung
80°C trong khoang thoi gian tit 5 - 15 phut, nhiét
do thanh trung 85°C trong thoi gian 5 -10 phat va
nhiét do thanh trung 90°C trong khoang thoi gian
5 phut, mac du ham luong vitamin C con lai twong
doi cao nhung chi tiéu téng vi sinh vat hiéu khi lai
nam ngoai giéi han cho phép cia QCVN 6
2:2010/BYT [30] do6i voi cac san phdm do udng
khong con 1a 10> CFU/ml, do vay san phdm khong
dat chat luong an toan vé sinh thuc pham. Doi voi
nhiét d6 thanh trung 90°C trong 15 phut ctng

khong duoc lua chon, vi tai nhiét d0 nay mac du
khong phat hién vi sinh vat téng s6 nhung ham
luong vitamin C con lai rat thap se khong dap ung
duogc chi tiéu dinh dudng cta san phdm mong
muon. Nhu vay, voi thong so thanh trung & 85°C
trong 15 phut va 90°C trong 10 phut déu co thé
duoc lua chon do dap ting duoc cac chi tiéu cam
quan, chat luong va vé sinh an toan thuc pham, tuy
nhién da lua chon thanh trung 90°C trong 10 phut
dé mang lai gia tri dinh duong va cam quan tot
hon.

Bang 8. Chi tiéu chat leong san phdm nuéc ép Hoang sin ¢6 - dira

TT Chi tieu bon vi Két qua

1 pH 4,25

2 Néng do chat kho hoa tan % 14,08 + 0,12
3 Ham luwong duong téng g/ 100 ml 12,26 + 0,25
4 Ham luong vitamin C mg/ 100 ml 18,36 + 0,01
5 Ham luong duong FOS (mg/ 100 ml) 166,00 + 0,02
6 Tong s6 vi sinh vat hiéu khi CFU/ml 0

7 Coliforms CFU/ml KPH

8 E. coli CFU/ml KPH

9 Téng s6 nAm men va ndm moc CFU/ml 0

Ghi chu: KPH la Khong phat hién.
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Sau khi hoan thanh san phdm, tién hanh theo
doi thoi gian bao quan, danh gia téng vi sinh vat va
pH.

Két qua & bang 9 cho thiy, sau 4 tuan, san
phdm co su bién ddi vé chat luong, nudc ép cu
Hoang sin c6 - dia chiu sy 1én men lactic tu phat
trong diéu kiéen yém khi nén pH cta san phdm
giam xudng. Gia tri pH cta san phdm thay doéi
trong qua trinh bdo quan cing da duoc Vandana
va cs (2012) [31] chi ra trong qua trinh nghién ctru
nudc ép qua ly gai va nho sau 2 thang bao quan,
pH giam xu6ng co thé 1a do sy hinh thanh cac axit
axetic va axit lactic trong qua trinh bao quan, sy
phan huay carbonhydrate c6 trong nudc ép dich cu
do tac dong cua vi sinh vat. Ham luong vitamin C
khong chi giam trong qua trinh ché bién ma trong
qua trinh bao quan ham lwong vitamin C cting thay
doi, do trong qua trinh bai khi déng chai luong
mot luong nhé oxi van con ton tai trong chai nudc

ép sé tiép tuc oxi hoa vitamin C lam cho luong
vitamin C gidm manh trong thoi gian dau, sau dé
luong oxy nay giam di, nén toc do oxy héa cham
lai, tuy nhién sau 4 tuan bdo quan ham luong
vitamin C trong nudc ép van cao. Ham luong
duong FOS thu duoc trong san phdm nudc uong la
166,00 mg/100 ml, duong FOS bén trong dai pH
4,0 - 7,0 va nhiet do cao toi 140°C, diéu do giai
thich 1a ham luong duong FOS it bi bién ddi qua
cac cong doan ché bién va sau thoi gian bao quan.
Qua d6 cho thdy, san phdm nudc udng tir ct
Hoang sin c6 - dtra c6 tiém nang dé san xuat & quy
mo cong nghiép. Doi chiéu két qua trong bang 9
voi QCVN 6-2:2010/BYT [30] dai voi cac san pham
d6 uong khong con cho thay, téng so vi sinh vat
hiéu khi phat hién duwoc khong lon hon 100
CFU/ml. Nhu vay, san phdam van dat chi tieu vi
sinh vat, ddm bao vé sinh an toan thuc phdm sau 4
tuan bao quan ¢ nhiét do thuong.

Béng 9. Anh hudng thoi gian bio quan dén chét lugng sin phdm

Thoi gian Téng so vi sinh vat Ham luong vitamin C Ham luong FOS q
(tuan) hiéu khi (CFU/ ml) (mg/100 ml) (mg/100 ml) P

0 0 18,36 + 0,024 166,00 + 0,01 4,25

1 0 17,58 £ 0,01¢ 163,00 + 0,02 4,20

2 0 16,42 + 0,02° 164,00 + 0,02 4,15

3 10 15,92 £ 0,017 162,00 + 0,03 4,10

4 5x 10! 15,38 +£0,03% 163,00 + 0,03 4,08
Ghi chu: Céc gid tri cung mot cot cé chi cdi trén diu khac nhau biéu thi swr khdc biét co ¥ nghia (p <

0,05).

4. KET LUAN phdm theo QCVN 6-2:2010/BYT d6i voi cac san

San phdm nuoc ép Hoang sin co - dira dong
chai dat chat luong cao vé gia tri dinh dudng va
cam quan, hai hoa vé mui vi, duoc san xuit bing
cong nghé pha ché voi cac thong so ky thuat nhu
sau: Ty 1é phoi ché dich ép cu Hoang sin co - dia
la 50: 50, dich ép nuéc Hoang sin co - dira duoc
pha loang voi nuoc theo ty 1é 1a 50: 50, phoi ché voi
sucrose toi 14°Brix, ty 1¢ bd sung axit citric 0,05%,
pectin 1a 0,05%. Ché do thanh trung & nhiét do
90°C trong 10 phut c6 hiéu qua trong viéc tiéu diét
vi sinh vat, gitp san pham cé thé gitt & nhiet do
thuong trong it nhat 4 tuan ma khong can b6 sung
chat bao quan, van dam bao chi tiéu an toan thuc

pham d6 uong khong con.

LOI CAM ON

Nghién ctu ndy duoc thuc hién bang nguon
kinh phi tir dé tai nghién cuu khoa hoc cap tinh:
“Nghién cuu thir nghiém cdy Hoang sin co
(Smallanthus sonchifolius) phuc phuc vu sian xuat
hang hoa tai tinh Lai Chau” thudc So khoa hoc va
Cong nghé tinh Lai Chau.
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STUDY OF FACTORS AFFECTING THE QUALITY OF YACON WITH PINEAPPLE JUICE PROCESS

Nguyen Thi Hong Linh', Nguyen Manh Dat’,

Do Thi Thanh Huyen', Chu Thang', Nguyen Thi Thu'
! Department of enzyme and protein technology, Food Industries Research Institute

Abstract

Yacon plant originates from Tibet, China and was introduced to Vietnam in the 1990s. Yacon
is cool in nature, has a sweet and refreshing taste and contains many valuable bioactive
components. Therefore, it has been studied as a raw material for producing various foods
such as vermicelli, candy, tea and jelly. Pineapple, scientifically known as Ananas Comosus
Merr or Ananas Sativus Sehult, is a tropical specialty. Although it ranks 10th in the world in
terms of fruit production, it is considered the best in terms of quality and flavor, earning the
title "king of fruits". In this study, Yacon juice and pineapple juice were produced according
to the following formula: the mixing ratio of Yacon juice to pineapple juice is 50: 50; the
combined juice is diluted with water at a ratio of 50: 50; sucrose is added to reach 14°Brix
(Bx); citric acid is added at 0.05%, and pectin at 0.05%. Pasteurization at 90°C for 10 minutes is
effective in eliminating microorganisms, allowing the product to be stored at room
temperature for at least 4 weeks without the need for preservatives. The total sensory
evaluation score of the product exceeded 18 points, and the high content of FOS sugar and
vitamin C indicates that the pasteurized bottled Yacon - Pineapple juice sample has good
commercial potential for producing nutritious juice beneficial to consumer health.

Keywords: Yacon, Pineapple, Yacon - Pineapple juice, blend.
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TOI UU HOA QUA TRINH THUY PHAN TINH BOT
BE SAN XUAT CHAT X0 KHONG HOA TAN TU
CAM GAO SU DUNG PHUONG PHAP BE MAT DAP UNG

Vo T4n Hau® ", H6 Kim Vinh Nghi', Nguy&n Thi Tha'

! Phong Ché bién va Bao qudn nong san thurc pham,

Phén vién Cong nghiép thuc pham tai thanh pho Ho Chi Minh

" Email- hauvt@firivn

TOM TAT

Chat xo thtrc an 1a thuat ngir chung diing chi cac polysaccharide va lignin khong bi thuy phan béi
cac enzyme sinh hoc va khong duoc hap thu trong rudt non nguoi. Tuong ty nhu cam clia mot s6
loai ngii coc khac, cam gao 1a ngudn giau chat xo véi ham luwong chat xo khong hoa tan cao da duoc
ching minh 1a c6 dic tinh ha duong huyét va ha lipid mau trong cac thit nghiém in vitro. Nghién
ctru nay nham t6i vu héa qua trinh thiy phan tinh bot co trong cam gao da tach dau va protein dé
san xuat chat xo khong hoa tan, st dung thiét ké Box-Behnken duya trén phuong phap bé mat dap
tmg voi enzyme a-amylase thuong mai, Termamyl SC. Cac bién khao sat, gom: pH (5,0 - 6,0; X,),
nodng do enzyme (0,45 - 0,85% tinh bot; X,) va thoi gian thily phan (90 - 180 phut; X;), trong khi nhiét
do thuy phan c6 dinh & 95°C. Két qua cho thdy, cac diéu kién t6i vu: pH = 6,0; ndng do enzyme =
0,82% tinh bot va thoi gian thily phan 1a 167 phat véi hiéu suét thiy phan tinh bot dat 82,7%. Ngoai
ra, thanh phan hoéa hoc va mot s6 tinh chat chitc nang ky thuat cia ché phdm chat xo khong hoa
tan ctng duoc xac dinh.

Tt khéa: Cidm gao, cdm gao tich diu va protein, chat xo khong hoa tan (IDF), thiét ké Box-

Behnken, hiéu xuat thuy phan tinh bot, bé mat dap ung, to7 uu hod.

1. BAT VAN BE

Chat xo thuc an (Dietary fiber; DF), 1a thuat
ngtt chung dung chi cac polysaccharide va lignin
khong bi thuy phan béi cac enzyme sinh hoc va
khong duoc hap thu trong rudt non nguoi [1],
nhung mang lai nhiéu loi ich sinh ly, bao gom:
Kiém soat can nang co thé, giam lipid va
cholesterol huyét, kiém soat dap tng glucose sau
an va ngan ngtra ung thu rudt két [2]. Dua trén cac
tinh chat Iy hoa va chic niang, DF c6 thé duogc chia
thanh hai nhom téng quat: DF hoa tan (SDF) va
DF khong hoa tan (IDF). Theo T6 chuc Y t€ Thé
gi6i, luong DF khuyén nghi hang ngay it nhat 1a 15
- 30 g/ngay, tuy theo do tudi. Vi vai tro trong viec
ngan ngtra va diéu tri mot s6 bénh, DF tinh khiét
da duoc bo sung, ché bién vao cac thuc phdm ngay
mot tré nén phd bién.

Lua 1a loai cay luong thuc duoc trong phé
bién, dimg hang tht hai trén thé gioi, voi san
luong toan cau khoang 800 triéu tin vao nam 2023
[3], trong d6 san luong lua thu hoach & nudc ta

dat 43 triéu tadn. Cam gao 1a phu pham chinh cta
qua trinh xay xat, chiém khoang 8 - 10% khoi luong
hat, 12 nguon nguyeén liéu giau chat dinh dudng voi
thanh phan chat xo chiém 7 - 11%, trong d6 IDF
chiém khoang 90%, c6 thanh phan chu yéu la
cellulose, hemicellulose va lignin [4]. Két qua
nghién cttu vé hemicellulose tir cam gao cho thay,
thanh phan cht yéu la arabinoxylan c6 muc do
phan nhanh cao va xyloglucan véi hoat tinh sinh
hoc, dang chu y nhu: Cai thién tinh trang bénh
viem ruot, lam diu hoi chung ruét kich thich, ha
duong huyét sau an va ha lipid mau [5 - 8]. Ngoai
hoat tinh sinh hoc, IDF cam gao con c6 nhiing tinh
chat quan trong va hién da duoc stt dung nhu mot
chat phu gia diéu chinh cau tric va ting cuong do
6n dinh ctia thuc phdm trong qua trinh san xuat va
bao quan [9, 10].

bén nay, da c6 mot s6 cong trinh nghién ctru
vé trich ly chat xo tir nguon nguyeén liéu cam gao
duoc cong bo, nhung cac nghién cttu nay cht yéu
duoc thuc hién cho SDF [11, 12], chi ¢6 mét cong
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b6 gan day vé trich ly IDF tir cAm gao loai béo st
dung enzyme thuong mai la Cellulase-AC & néng
do 50 pL/g v6i ham luwong chat xo IDF thu duoc
dat 59,5% & nhiet do va thoi gian xtt ly 1an luot 1a
60°C va 24 gio [13]. Tuy nhién, cac thong s6 quy
trinh cong bo chua duoc t6i wu bang phuong phap
thong ké toan hoc.

Phuong phap bé mat dap tmg (Response
surface methodology, RSM) 1a mét ky thuat thong
ke, duoc st dung dé thiét ké cac thi nghiém va
phan tich moi tuong tac gitra cac yéu t6 dau vao va
cac dap tng dau ra. RSM nham tim ra su két hop
toi wu cua cac yéu to dau vao dé dap tmg dau ra
mong muén. RSM giup gidm so6 luwong cac thi
nghiém can thiét so v6i thuc nghiéem mot nhan to
tai mot thoi diém (One factor at a time) va thuong
st dung voi thi€t ké thuc nghiém nhu: Box-
Behnken hoac thiét ké thanh phan trung tam [14,
15]. Dé nang cao do tinh khiét cua chat xo IDF tu
cam gao tach dau va protein, viéc tach tinh bot qua
phan tmg thuy phan 1a can thiét.

Hién nay, trong linh vuc thuc phdm, cac
phuong phap thay phan tinh bot bang bién phap
enzyme da duoc sir dung dé thay thé phuong phap
thuy phan bang héa chat do cé nhiéu vu diém nhu:
Phan tmg xay ra nhanh trong diéu kién 6n hoa,
dac hiéu cao vdi co chat va san phdm ciing nhu sit
dung it nang luong hon. Hiéu qua thay phan tinh
bot stt dung enzyme phu thudc vao nhiéu yéu to,
nhu: Nong do enzyme st dung thuy phan, pH
dung dich va thoi gian thtly phan. Két qua toi wu
qua trinh thuy phan tinh bot c6 trong nguyén liéu
hat bo dé san xuat maltodextrin stt dung enzyme
a-amylase chiu nhiét (Termamyl SC), & nhiét do
95°C, tai nong do enzyme 0,12%, pH = 5,5 va 165
phut voi hiéu suat thuy phan dat 79,8% [16]. Két
qua nghién cttu cuia Serrano-Febles va cs (2025)
[17] cho thay, qua trinh dich hoa tinh bot bap khi
stt dung enzyme a-amylase chiu nhiét dat t6i wu &
nhiét do 92°C & pH = 6, nong do o-amylase 1a 1,5
mg enzyme/g tinh bot va thoi gian thuy phan 60
phut. Theo Soto va cs (2012) [18], thoi gian qua
trinh thuy phan tinh bot phu thudéc vao mac do
tinh khiét ctia nguyeén liéu tinh bot st dung ciing
nhu cac thanh phan khac duoc lién két voi phan ti
tinh bot. Thuong nguyén liéu c6 ham luong tinh

bot cao, it chat xo sé co thoi gian thuy phan ngan
hon.

Ttr thuc tién trén, nghién ctu nay duoc thuc
hién v6i muc tiéu: (1) toi vu hoa cac diéu kién thay
phan tinh bot st dung enzyme a-amylase chiu
nhiét dé san xuat chat xo tir cAm gao da tach dau
va protein st dung RSM; (2) xac dinh thanh phan
héa hoc va mot s6 tinh chat chitc nang ky thuat
ctia ché pham IDF cam gao thu duoc.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat lieu nghién ctru

Céam gao tach dau va protein (DoDp-RB) duoc
diéu ché tir kho cam gao, do Cong ty Wilmar Agro
Vietnam Co. Ltd san xuét theo quy trinh da cong
b6 [19]. Cho 1 kg cam da tach béo bang r#hexan
vao bon dung tich 10 L. Thém 7,85 L nudc vao roi
diéu chinh pH dén 8 bang dung dich NaOH 1IN,
khuay déu. Tiép tuc thém 11,3 ml enzyme alcalase
2.4 L vao, khudy déu réi tién hanh xtt ly & 55°C
trong 3 gio 8 phut. Sau xtt Iy, ly tam hon hop 3.000
vong/phut trong 30 phat dé thu héi phan ba ran
DoDp-RB dé lam nguyén lieu thuy phan tinh bot.
Két qua phan tich thanh phan hoa hoc ctia DoDp-
RB: Ham luwong nuéc 76,67%; protein 1,1%; tinh bot
6,19% va tro tong 3,3%. Ham luong tinh bot st dung
dé tinh hiéu suat thuy phan tinh bot.

Enzyme st dung xac dinh ham lwong tinh bot
va chat xo: o-amylase chiu nhiét (A3306),
amyloglucosidase (A9913) va protease (P3910) co
ngudn goc tir Cong ty Sigma, My. Stt dung cho
nghién ctu thuy phan tinh bot la enzyme o-
amylase chiu nhiét (Termamyl SC; pH = 5 - 6; nhiét
do 85 - 95°C va hoat tinh 120 KNU-S/g) tit Cong ty
Novozyme, Dan Mach.

2.2. Phuong phap nghién ctru

221 K€ hoach thuc nghiém da yéu to qua
trinh thuy phan tinh bot

Ké hoach thuc nghiém da yéu t6 dé thuy phan
tinh bot tir nguyeén lieu DoDp-RB duwoc thuc hién
dua trén co so thiét ké Box-Behnken voéi 3 yéu t0,
gom: pH dung dich thuy phan (X,), néng do
enzyme (X,, % tinh bot c6 trong DoDp-RB) va thoi
gian thay phan (X;, phut), trong khi nhiét do co
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dinh & 95°C va ty 1é nudéc: DoDp-RB 1a 1: 1,75
(Bang 1).
Bang 1. Cac mitrc yéu t6 stt dung trong thiét ké
nhan t6 hai mirc

Yéu to Ky Miic yéu to
higu | 4| o0 | +1
pH dung dich X, 5 |55 6
Néng do enzyme %) | X, |0,45|0,65] 0,85
Thoi gian trich (phat) | X, 90 | 135 | 180

Lay 50 g DoDp-RB cho vao binh cau 2 L, sau
d6 théem 700 ml nudc cat va khudy lién tuc ¢ toc do
200 vong/phut. Sau khi pH cta dung dich duogc
diéu chinh bang HCI 1N, enzyme Termamyl SC sé
duoc thém vao réi tién hanh thuy phan & 95°C
trong khoang thoi gian da chon. Vao cudi qua
trinh thiy phan, bat hoat enzyme bing cach thém
HCI IN dén pH = 4,5. Ly tam ¢ toc do 3.500
vong/phut trong 15 phuat dé thu phan dich trong
dung xac dinh luong tinh bot da thay phan. Cac
gia tri pH dung dich, néong d6 enzyme (%) va thoi
gian thuy phan (phut) tai méi diém thi nghiém
theo bang 2. Hiéu suat thuy phan tinh bot
(HSTPTB) duoc tinh theo phuong trinh sau:

Tinh bot dich trong

HSTPTB (%) = x100

Tinh bot nguyén lieu
2.2.2. Xac dinh ham lirong DF

Xac dinh ham luwong DF téng (total dietary
fiber), SDF va IDF theo AOAC 991.43:1995 [20].

2.2.3 Xdc dinh ham luong tinh bot

Ham luong tinh bot ctia nguyén liéu DoDp-RB
duwoc xac dinh theo phuwong phap thuy phan
enzyme [21]. Pinh lwong duong khi trong dich
thuy phan bing phuong phap Bertrand. Ham
luong tinh bot duoc tinh bang ham luong duong
khtt nhan cho hé s6 quy d6i 0,9.

2.2.4. Xdc dinh tinh chat chifc nang cua chat
xo thu duoc

- Kha nang truong no (swelling capacity, SC)
Puoc do bang ky thuat thé tich nén [22]. Lay

200 mg IDF kho vao ong thuy tinh chia do 10 mL
va dé 12 gio & nhiét do phong trong 10 mL nuoc

cat 2 1an. SC duoc biéu thi la s6 cm® mau truong né
trén mot g mau kho ban dau.

- Khd nang lién két nuoc (Water binding
capacity, WBC)

Lay 1 g IDF kho vao ong ly tam, thém 30 ml
nuodc cat 2 1an va dé yén trong 18 gio & 25°C. Ly
tam hén hop trong 20 phut & 3.500 g. Chat gan,
loai bé phan dich néi va phan can duoc can. WBC
duoc tinh bang g nuoc trén g mau kho ban dau
[23].

- Khd nang lién két chat béo (Fat binding
capacity, FBO)

Puoc woc tinh bing phuong phdp cua
Raghavendra va cs (2004) [23]. Mau IDF (500 mg)
duoc thém vao 10 mL dau huéng duong tinh luyén
trong 6ng ly tam. D€ can bang 12 gio & nhiét do
25°C réi ly tam & 10.000 g trong 30 phut. Sau do,
dau tu do duoc gan ra va phan con lai duoc can.
FBC duoc biéu thi la luong dau hap thu trén 1 g
mau.

2.2.5, Thiét k€ thure nghiém va phan tich thong ké

Dé toi wu hoa quy trinh thuy phan tinh bot ti
nguyén lieu DoDp-RB v6i 3 yéu t6 cong nghe da
stt dung thiét ké Box-Behnken gom 12 thi nghiém
ngau nhién va 3 thi nghiém tai tam phuong an
(Bang 2) stt dung phan mém thiét ké thuc nghiém
Design-Expert v13 (Minneapolis, My). Pé mo ta
anh huong ctia cac yéu t6 cong nghé dén dap tng
HSTPTB, da chon mo hinh héi quy da thic bac 2
téng quat nhu phuong trinh 1.

Y = Bo+ BiXi + BoXo + X + BiroXo Xy + BiXi X
+ BasXoXs + BriXi® + BuXo” + BsXs® (D).

Trong do: X,, X,, X, 1a cac bién doc lap; B, 1a hé
s6 mo6 hinh héi quy; Bi, B, B3 1a cac hé s6 tuyén
tinh; Bi2, P13, P23 1a cac hé so tuong tac va B, Pa,
Bs; 1a cac hé s6 bac hai. Phan mém Design-Expert
v13 duoc stt dung dé udc tinh cac hé so trong mo
hinh héi héi quy (1) va cac diéu kién t6i vu. Su
tuong thich ctia mo hinh véi cac gia tri thuc
nghiém duoc thé hién qua hé s6 xac dinh R? hé so
xac dinh diéu chinh R?,; cing nhu hé s6 xac dinh
dy doan R%,., va y nghia thong ké ctia mo hinh
duoc xac dinh bang kiém dinh F.
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Tai méi diém thi nghiém thuc hién 3 1an va ket
qua 1a gia tri trung binh + do léch chuin (Standard
deviation, SD). Phan tich phuong sai mot nhan t6
(ANOVA) thuc hién & mitc p < 0,05 d€ xac dinh su
khac biét c6 y nghia thong ke.

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. K& hoach thirc nghiém da yéu t3 va téi tu
hoa qua trinh thuy phan tinh bot

Qua trinh thuy phan tinh boét te DoDp-RB
duoc thuc hién dua trén kha nang thily phan ngau

nhién cac lién két 1,4-glycosis trong phan tir tinh
bot cia enzyme a-amylase. Trong nghién cttu nay,
viéc xay dung mo hinh du doan cho 3 yéu to, gom:
pH dung dich thuy phan (X,), nong o enzyme (X,,
% tinh bot trong DoDp-RB) va thoi gian thay phan
(X;, phut) cho dap ung HSTPTB theo phuong
phap RSM. Diéu kién thi nghiém va két qua duoc
thé hién nhu & bang 2 véi 12 thi nghiém va 3 lan
lap lai tai tAm phuong an.

Béang 2. Ma tran thiét ké Box-Behnken va gi4 tri dap tmg HSTPTB

TN Bién ma hoa Bién tu nhién HSTPTB (%)
X4 Xy Xs X X, X, Y
1 0 1 -1 5,5 0,85 90 64,49
2 0 -1 1 5,5 0,45 180 59,67
3 0 -1 -1 5,5 0,45 90 63,80
4 1 0 1 6,0 0,65 180 77,20
5 0 0 0 5,5 0,65 135 58,10
6 -1 0 1 5,0 0,65 180 47,06
7 1 -1 0 6,0 0,45 135 76,12
8 0 1 1 5,5 0,85 180 67,10
9 0 0 0 5,5 0,65 135 58,65
10 1 1 0 6,0 0,85 135 82,60
11 -1 0 -1 5,0 0,65 90 50,10
12 0 0 0 5,5 0,65 135 59,10
13 -1 1 5,0 0,85 135 52,61
14 1 0 -1 6,0 0,65 90 75,44
15 1 0 0 5,0 0,45 135 48,36

Ghi chu: X, : pH; X, : Nong do enzyme (% tinh bot trong DoDp-RB), X,: Thoi gian thuy phan (phut).

Tt s6 lieu thuc nghiém trong bang 2, HSTPTB
c6 gia tri thap nhat 47,06% tai thi nghiém th 6 (pH
= 5,0; ndong do enzyme = 0,65 va thoi gian thuy
phan = 180 phut) va dat gia tri cao nhat 82,6% tai
thi nghiém tht 10 (pH = 6,0; ndéng do6 enzyme =
0,85 va thoi gian thuy phan = 135 phut). T day co
thé thay, yéu to pH c6 tac dung manh nhat lén dap
ung HSTHTB, tiép dén l1a yéu to néng do enzyme

va khi ting pH ho4c néng do enzyme sé lam ting
HSTPTN. Nguoc lai, yéu t6 thoi gian thuy phan c6
tac dung khong dang ké dén dap tmg HSTHTB.

bé kiém tra y nghia va su tuong thich ctia mo
hinh, da chon tién hanh phan tich phuong sai
(ANOVA) bing chuong trinh Design-Expert trén
cac so lieu thuc nghiém cho dap ung HSTHTB.
Két qua duoc thé hién & bang 3.

Bang 3. Phan tich phuong sai (ANOVA) cho mé hinh héi quy da thirc bac 2 déi véi cac dap tmg

Nguodn Téng binh | Bac | Trung binh Gia tri Giatrip Mitc y
cac phuong | tu binh phuong F (Prob > F) nghia
do thong ké
M5 hinh 1.740,95 9 193,44 482,51 < 0,0001 *kx
X, 1.602,63 1.602,63 3997,59 <0,0001 *kx
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X, 44,42 1 44,42 110,79 0,0001 flad
X, 0,98 1 0,98 2,44 0,1787 -
XX, 1,24 1 1,24 3,10 0,1385 -
XX, 5,76 1 5,76 14,37 0,0128 *x
XX 11,36 1 11,36 28,33 0,0031 ol
X2 22,99 1 22,99 57,35 0,0006 ol
X,? 53,61 1 53,61 133,72 < (0,0001 el
X2 6,61 1 6,61 16,49 0,0097 *x
Phan du 2,00 5 0,40
- Khong turong thich 1,50 3 0,51 2,00 0,3508 -
- Sai s6 thuan 0,50 2 0,25
Téng twong quan 1.742,95 14
K =09988: ;= 0,9968: K., = 0,9856

Ghi chu: **: p < 0,01; *** < 0,001; -: Khong co y nghia thong ké.

Viéc kiém dinh su khong phit hop (Lack of fit
test) sé xac dinh mo hinh dugc chon ctia dap ung
HSTHTB c6 thich hop dé giai thich cac di liéu
thuc nghiém hay khong va néu khong thi mot mo
hinh khac sé duoc chon lai dé phan tich so lieu
thuc nghiém va mirc @6 phu hop ctia mo hinh duoc
danh gia thong qua gia tri F cta Lack of fit. Mo
hinh twong quan t6t can su phu hop gitra s6 lieu
thuc té va ly thuyét, vi vay mo hinh thu duoc véi
kiém dinh Lack of fit khong c6 y nghia thong ké 1a
diéu mong muén. Bang 3 cho thdy, kiém dinh su
thiéu phu hop khong c6 y nghia lién quan toi sai
s6 thuan (F = 2,00 va p = 0,35) va gi4 tri F ctia mo
hinh 1a 482,51, chi ra mo hinh nay c6 y nghia va
tueong thich voi cac so liéu thuc nghiém. Két qua
phan tich ANOVA ciing da dua ra cac hé so xac

dinh (determination coefficient) cho mo6 hinh nhu
trong bang 3 va gia tri cac hé s6 nay sé cho biét do
chinh xac cttia m6 hinh. Theo Lundstedt va cs
(1998) [24], mot mo hinh cé su tuong thich tot voi
gi4 tri thuc nghiém va c6 thé st dung dé du doan
su thay doi ctia bién dap ung khi thay déi cac yéu
t6 phu thugc khi hé s6 xac dinh R? > 0,8 va hé so
x4c dinh hiéu chinh R? adj > 0,5. Do vay, mo hinh
tuong quan thu duoc tir thi nghiém da thoa man
cac diéu kién trén nén mo hinh da do chinh xac dé
stt dung du doan bién phu thuoc HSTPTB trong
qua trinh thuy phan.

Thuc hién phan tich héi quy da bién trén cac
dit lieu thuc nghiém & bang 2, mé hinh dap tGng
HSTHTB duoc thé hién duwoi dang cac gia tri duoc
ma hoa theo phuong trinh da thitc bac hai nhu sau:

Y = 5862+ 14,15X, +2,36X, — 035X, +0,56X,X, + 1,20X, X, + 0,68X,X; + 2,50% +

3,81X7 + 1,34X3
Tt cac ly luan trén cho thay, phuong trinh nay
phu hop dé du doan gia tri cia ham dap ung
HSTHTB trong khoang gia tri thuc nghiém da
chon va c6 thé st dung dé khao sat khong gian
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Hinh 1. Bé mit dap tmg mo ta tac dong giira pH va néng do enzyme (a); pH va thoi gian (b);

thoi gian va nong d6 enzyme (c) dén dap tmg HSTHTB

Tt mo6 hinh thu duoc, phan tich t6i wu hoa
nham xac dinh diéu kién thay phan dé HSTPTB
dat gia tri cuc dai trong khoang 47,6 - 82,06. Két
qua qua trinh t6i wu héa bang chuong trinh
Design-Expert cho thay dap tng HSTPTB dat cuc
dai tai pH = 6; ty 1é enzyme/tinh bot = 0,82% va thoi
gian xtr ly enzyme = 167 phut, trong khi nhiét do
c6 dinh & 95°C va ty 1é nuoc: DoDp-RB 1a 1: 1,75.
Khi do, HSTPTB tir DoDp-RB dat gia tri 82,7%. Két
qua nay tuong doéng voi két qua nghién cttu cua
Nguyen, T. V va cs (2018) [16] khi thuy phan tinh
bot trong hat bo dé san xuat maltodextrin st dung
a-amylase Termamyl SC ngoai trit noéng do
enzyme st dung thap hon. Su khac biét nay c6 thé
la do ham luong tinh b6t ciing nhu ham luong cac
chat khac hién dién trong 2 loai nguyén liéu va
cach chung lien két voi cac phan tir tinh bot 1a
khac nhau [18].

bé kiém dinh gia tri HSTPTB t6i vu thu duoc
tir mo6 hinh da xay dung, cac thi nghiém duoc thuc
hién theo phuong 4n t6i vu da dé ra. Két qua thuc
nghiém 3 14n tai diém t6i wu nay cho HSTPTB la
82,07 + 0,23%, hoan toan phu hop voi két qua toi
uu.

3.2. Thanh phan ho4 hoc IDF va tinh chat
chirc ning ky thuat

IDF tir DoDp-RB sau khi tach tinh bot theo
quy trinh t6i vu trén sé duoc siy doi luu bang
khong khi nong & nhiét do 100°C dén do am < 5%.
Chat xo sau khi sdy sé duoc nghién bang may
nghién bua qua ray 300 mesh dé thu san pham bot
IDF. Két qua xac dinh thanh phan chat xo thu
duoc tit quy trinh trén duoc thé hién trong bang 4.

Bang 4. Thanh phan bot IDF tir DoDp-RB

Chi tiéu Don vi Gia tri
tinh

Do am % 4,80+0,13
Chat xo khong hoa| % 70,10+ 0,18
tan

Protein tho % 9,86 £0,15
Tinh bot % 4,65 + 0,09
Tro téng % 10,13 +0,16

Bang 4 cho thay, ham luong chat xo trong san
pham tir quy trinh trén dat 70,1%, cao hon cong bo
cua Shaikh va cs (2024) [13] thuc hién tir cam gao
loai béo st dung enzyme Cellulase-AC. Nhu da
biét, viec stt dung chat xo trong cong nghiép thuc
phdm hién nay chu yéu & dang b6 sung vao cac
san pham thuc phdm ché bién sdn nhu: Banh mi,
ngi coc an sang, thuc pham tré em, san phdm ché
bién tir thit, mi 6ng, kem va dé ngot. Do vay, ham
luong chat xo trong thanh phan nguyén liéu phoéi
tron cang cao sé lam giam luong nguyeén lieu chat
X0 b6 sung, han ché lam thay ddi cau trac va mot
s6 dac tinh cadm quan ctia san phdm sau bd sung.
Voi ham luong chat xo 70,1%, ché pham IDF tur
DoDp-RB thu duogc tr qua trinh trén tré thanh
nguyén lieu b6 sung IDF ly tuéng cho cac tmg
dung thuyc phdm, gop phan gia ting tiéu thu chat
X0 clla nguoi tieu dung.

Nhu da dé cap trén, DF khong nhitng c6 nhiéu
loi ich cho sttc khée con nguoi ma ching con co
kha nang cai thién nhiéu dac tinh chttc nang khac
nhau ctia san phdm thuc pham nho vao kha nang
gitt nuoc, kha nang truong nd va kha nang lién két
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chat béo. Két qua xac dinh tinh chat chic niang ky
thuat caa bot IDF thu duoc duogc thé hién & bang 5.
Bang 5. Tinh chat chitc niang ky thuat

ctia bot IDF tir DoDp-RB
Tinh chat Don vi tinh Gid tri
chtic nang
SC cm® 4,98 + 0,38
WBC g nuoc/g IDF | 2-12+0,12
FBC g dau/gIDF | 231 =010

Két qua & bang 5 cho thay, SC va WBC cua
IDF tir DoDp-RB do nghién cttu san xuat lan luot
1a 4,98 cm®/g IDF va 5,12 g nudc/g IDF; cac gia tri
nay tuong dong voi két qua nghién ctru ctia Zhao
va cs (2018) [25], trong khi d6 kha nang lién két
chat béo (3,31 g dau/g IDF) lai cao hon. Ngoai ra
gia tri SC tit DoDp-RB ciing cao hon IDF tir cam
yén mach va cam lda mi [22]. Theo Karim va cs
(2023) [26], tinh chat chic niang cta DF chiu anh
hudng boi nhiéu yéu t6, bao gom nguén goc thuc
vat ctia chat xo, ty 1é chat xo khong hoa tan va chat
x0 hoa tan, thanh phan hoéa hoc, phuong phap ché
bién, kich thudc hat ciing nhu su tuong tac gitta
thanh phan ctia chung. WBC va SC ctia IDF c¢6 thé
c6 loi ich vé mat cong nghé ciing nhu vé mat dinh
duong nhu lam ting kha ning gitt nudc co lién
quan dén viéc giam thoi gian van chuyén phan,
giam tao bon va giup cai thién cau truc thuc pham.
Vi du, trong san xuat banh mi, chat xo gitp banh
khong bi kho va gitt duoc do 4m lau hon. Ngoai ra,
tinh chat FBC cting duoc khai thac trong cong
nghiép thuc phdm dé ting cuong kha niang gitt lai
chat béo thuong bi mat trong qua trinh nau san
phdm. Diéu nay c6 loi cho viéc giir lai huong vi va
tang hiéu suat thu hoi san pham.

4. KET LUAN

RSM vo6i thiét ké Box-Behnken da duoc ap
dung thanh cong nham t6i wu hoa quy trinh thuy
phan tinh bot dé san xuat IDF tir nguyén lieu
DoDp-RB stt dung phan mém thiét ké thuc nghiem
va toi uwu Design-Expert. Két qua cho thay,
HSTPTB dat gia tri cuc dai 82,7% tai pH = 6; ty 1é
enzyme/tinh bot = 0,82% va thoi gian xit Iy enzyme
= 167 phut. Say IDF thu duoc sau khi tach tinh bot
& nhiét do 100°C c6 do am 4,8%; 70,1% IDF; 9,86%

protein; 4,65% tinh bot va tro tong 1a 10,13%. Tinh
chat chtic nang ky thuat ctia bot chat xo nhu SC,
WBC va FBC c6 gia tri lan luot 1a 4,98 cm®/g IDF;
5,12 g nuoc/g IDF va 3,31 g dau/g IDF.
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OPTIMIZATION OF STARCH HYDROLYSIS CONDITIONS FOR INSOLUBLE DIETARY
FIBER PRODUCTION FROM RICE BRAN USING RESPONSE SURFACE METHODOLOGY
Vo Tan Hau', Ho Kim Vinh Nghi', Nguyen Thi Tha'

! Department of Food Processing and Preservation,
Food Industry Research Institute, Branch in Ho Chi Minh city

Abstract

Dietary fiber (DF) is the general term for polysaccharide and lignin that cannot be digested and
absorbed by biological enzymes in human small intestine. Similar to bran of some other cereals,
rice bran is a rich source in dietary fiber with a high content of insoluble fiber which has been
shown to possess in vitro hypoglycemic and hypolipidemic properties. This study is designed to
optimize starch hydrolysis conditions for dietary fiber production from deoiled-deproteinized rice
bran using Box-Behnken design based on response surface methodology with commercial a-
amylase enzyme, Termamyl SC. These variables included pH (5.0 - 6.0; X,), enzyme concentration
(0.45 - 0.85% starch; X,) and hydrolysis time (90 - 180 min; X;), while the temperature fixed at 95°C.
The result showed that the optimum conditions were using pH at 6.0, enzyme concentration at
0.82% and 167 min of the hydrolysis time. Under the optimum conditions, the starch hydrolysis
yield was 82.7%. In addition, chemical composition and some functional properties of the insoluble
dietary fiber preparation were also determined.

Keywords: Rice brain, deoiled-deproteinized rice bran, Insoluble dietary fiber (IDF), Box-Behnken
design, starch hydrolysis yield, response surface methodology, optimization.
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BUOGC BAU XAY DUNG CAC DAU HIEU NHAN DIEN VE
THANH PHAN HOA HOC CUA HAT TIEU BEN O MOT SO
VUNG TRONG TIEU CHINH TAI VIET NAM

Lé Tuan Phuc?, Bui Uyén Diém!, Hoang Qudc Tudn!, Pham Ngoc Hung?,
Lai Quéc Dat?, Nguyén Hoang Diing?, Cung Thi T6 Quynh**
! Truong Hoa va Khoa hoc Sur song, Pai hoc Bach Khoa Ha Noi
? Truong Pai hoc Bach khoa, Dai hoc Quoc gia thanh phé Ho Chi Minh
*Email: cungtoquynhl@gmail.com
TOM TAT
Nghién cttu nay phan tich cac dac diém ly hoa cta hat tiéu den thu thap tir sau ving trong
chinh tai Viet Nam, gom cac tinh: Quang Tri, Dak Lk, Dak Nong, Gia Lai, Pong Nai va Ba Ria -
Viing Tau. Phan tich phuong sai (ANOVA) & muc y nghia o = 0,05 cho thay s khac biét ¢ y
nghia thong keé gitta cac vung vé do am, tro tong s, ham luong piperine va tinh dau. D6 4m dao
dong tir 10,64 + 1,40% dén 14,41 + 0,60%, trong d6 mot s6 mau vuot gidi han cho phép theo tieu
chuin quéc té. Ham luong piperine nam trong khoang tir 4,13 + 0,55% dén 5,07 + 0,51%, dap tng
yéu cau chat luong toan cau. Ham luong tro khong tan trong axit dao dong tir 0,10 + 0,12% dén
0,22 + 0,12%. Tinh dau bay hoi dao dong ttr 2,65 + 0,35 dén 3,27 + 0,51 ml/100 g. Phan tich thanh
phan chinh (PCA) cho thiy su khac biét dic trung gitra cac viing: Mau tir tinh Quéang Tri lién
két chat che voi ham luong piperine va tro cao; mau tir tinh Dak Lik néi bat véi ham luong tinh
dau 16m; trong khi cac viing con lai c6 dic tinh twong d6i dong nhat va phan bo chong 1an nhau.
Két qua nay khang dinh, anh huéng cta vung dia ly dén dac tinh Iy héa cta hat tiéu va goi mé
kha nang tmg dung trong truy xuat ngudn goc va kiém soat chat luong san pham.
Tt khoa: Hat tiéu den, dic tinh Iy héa, Quang Tri, Pak Lik, Ba Ria - Viing Tau, chi dan dia Iy.

1. DAT VAN BE 27.274 tan, tri gia 184,4 trieu USD, giam 11,6% vé
luong nhung tang 48,5% vé tri gia so voi cung ky

Viet Nam 1a qudc gia sa at va xuat khé g e 1 .
iet Nam fa quoc gla san xuat va xuat khau nam 2024. Gia xuat khau binh quan ho tiéu trong 2

tl(?u 6n nhat trerAl, t.}}e gl(? va gAnr V L nayq gan 20 thang dat 6.763 USD/tan, tang 68% so voi cung ky
nam nay. Theo so liéu thong ké cia Cuc Hai quan, 3

xuat khau hat tiéu ctia Viet Nam nam 2024 dat nam 2024 {1, 2].

249,38 nghin tan, tri gia 1,31 tj USD, giam 6,2% vé Trong céc sdn phdm hat tiéu xuét khdu, hat
lwong, nhung tang 44,4% vé gia tri so véi nam 2023,  tiéu den chiém trén 85% san luong, con lai 1a hat
Nam 2024, gia hat tiéu xuat khiu ctia Viet Nam da  tiéu trang (tiéu so) va tieu do. Thi truong xuat
dat dén muc cao ky luc tir trude toi nay, véi gia Ifhﬁu tiéu chu yéu hién nay ctua Viét Nam la: Chau
binh quan xudt khiu dat 5.280 USD/tan; trong d6, Au, My, Nhat Ban, Han Quéc, Trung Q}léc’ Trung
gi4 hat tiéu den dat 5.269 USD/t4n, tang 51,4% va Dong... Trong nam 2024, Viet Nam xuat khiu cha
tieu tring dat 6.503 USD/tdn, ting 29,9% so voi yéu ching loai hat tiéu den, ty trong chiém 68,08%
nam 2023. Theo so lieu cta Hiép hoi HO tieu va tong luong va 68,06% tong kim ngach; ti€p theo la
Cay gia vi Viet Nam (VPSA), nuoc ta da nhap khiu hat tieu den xay, ty trong chiém 14,83% tong luong
4.746 tdn ho tieu cac loai trong 2 thang dau nam V& 16,07% tong kim ngach... Tong dién tich canh
2025, téng kim ngach nhap khiu dat 26,8 trieu tac ho tiéu 1a khoang 145.000 ha, cha yéu & cac
USD. So voi cung ky nam 2024, luong nhap khau tinh thuoc khu vuc Tay Nguyéen, Dong Nam bo,
tang 11,4%, kim ngach tang 74,1%. O chiéu nguoc tinh Quang Tri, tinh Kién Giang (thanh pho Phu
lai, 2 thang dAu nam, xuit khiu mat hang nay dat Quoc). Vé giong tieu hién nay, & Viet Nam c6 mot
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so loai, co ban 1a tieu Vinh Linh, tiéu sé, tiéu An
Do. Ngoai ra, con c6 mot so giong tieu khac duoc
trong voi dién tich nhé nhu tieu Phu Qudc, tiéu
Trau... Hién nay, mot s6 dia phuong da duoc cap
chtmg chi dia ly vé tiéu nhu cac tinh: Quang Tri,
Ba Ria - Viing Tau [1, 2]. Nhiing thong tin trén cho
thay, tiéu 1a mot trong nhitng san phdm tiém nang
va c6 gia tri kinh t€ cao ctia Viét Nam, tuy nhién,
nganh tiéu Viet Nam ciing dang d6i mat voi thach
thitc rat 16n do su phat trién nganh tiéu tai mot so
quoc gia moéi noi, nhu: Brazil, Indonesia, Malaysia,
An Do, Sri Lanka, Trung Quéc. Cac nuéc nay bude
dau da thiét 1ap cac he thong quan ly chat luong,
truy xuat nguon goc va xay dung thuong hiéu dé
xuat vao cac thi truong truyén thong cua Viét
Nam.

Theo Hiép hoi Ho tieu va Cay gia vi Viét Nam,
chat luong hat tiéu duoc quy dinh béi cac tinh chat
vat ly nhu: Dung trong, kich thudc, mau sic; cac
thanh phan héa hoc chinh 1a piperine va tinh dau
bay hoi. Bén canh d0, cac tinh chat cdm quan ciing
la nhitng tiéu chi quan trong dé danh gia chat
luong ciing nhu nhan dién tiéu. D€ thuc hién viéc
xac thuc nguén goc, cac dau hiéu nhan dién chat
luong lién quan dén céc tinh chat vat 1y, cam quan,
hoa hoc sé duoc xay dung dau tién. Theo Hiép hoi
Hoé tieu quoc té (IPC) [3], ISO 959-1:1998 tiéu
chuin quy dinh cac yéu cau doéi voi tieu den [4],
Hiép hoi Thuong mai Gia vi My (ASTA) [5] va
TCVN 7036:2008 [6] c6 quy dinh vé nguong cla
mot s chi tieu chat luong hat tiéu nhu sau: Do 4m
khong vuot qua 13% tong chat kho (< 12,5% theo
TCVN 7036:2008 [6]); tro tong s6 (% khoi luong
tinh theo chat kho), khong qua 7%; ham luong tinh
dau (dau bay hoi) toi thiéu dat 2 ml/100 g tinh
theo chat kho; ham luong piperine toi thiéu dat 4%
tinh theo chat kho (3% theo IPC [3]). Riéng ham
lwong tro khong tan trong axit thi TCVN 7036:2008
[6] va IPC [3] khong c6 quy dinh, tuy vay theo
ASTA [5], ham luong nay can nhé hon 1% khoi
luong tinh theo chat kho. Nghién ctru nay tap
trung vao viéc phan tich cac chi tiéu lien quan dén
do am, tro tong s6, ham luong tinh dau bay hoi,
ham luong piperine va ham lwong tro khong tan
trong axit cla cac mau tiéu giong Vinh Linh, duoc
thu mua tir cac vung trong tiéu chinh tai Viet Nam

nhim tim ra cac ddu hiéu nhan dién vé mot sé chi
tiéu chat luong ctia tiéu tai cadc vung tréong nay.
biém moi ctia nghién ctu 1a viec dé xuat mot
phuong phap ti€p can don gian, dé ap dung, khong
doi hoéi ky thuat cao, giup phan biét nguén goc
vung trong dua trén cac chi tiéu phan tich chat
luong. Pac biét, phuong phap phan cum HCPC
(Hierarchical Clustering on Principal
Components) duoc stt dung nhu mot cong cu hod
tro httu hiéu trong viéc phan tich va nhan dién su
khac biét gitta cac viung trong tiéu, tao co s khoa
hoc cho viéc truy xuit nguon goc va phat trién
thuong hiéu hd tiéu Viet Nam theo huwong bén
ving.

2. NGUYEN VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén vat liéu

Céac mau hat tieu den giong Vinh Linh duoc
thu mua tai vuon tréng & cac tinh: Quang Tri (34
mau), Ba Ria - Viing Tau (23 mau), bak Nong (11
mau), Dong Nai (8 mau), Gia Lai (11 mau) va Dak
Lik (18 mau). Cac mau duoc ldy dai dien theo
TCVN 4889:1989 [7], bao quan trong tai zip va
chuyén vé phong thi nghiém tai Khoa Ky thuat
Thuc phidm, Pai hoc Bach khoa Ha Noéi. Trudc khi
tién hanh phan tich, mau duoc lam sach so b9, loai
bo tap chat (néu cd). Cac thi nghiém duoc tién
hanh trong khoang thoi gian tir thang 12/2023 dén
thang 6/2025.

2.2. Phuong phap nghién ctru

2.2 1. Xdc dinh cdc chi tiéu hoa Iy

- Do 4m duoc xac dinh theo TCVN 7035:2002
[8].

- Ham luong tro téng s6 duoc xac dinh theo
TCVN 7038:2002 [9].

- Ham luwong piperine duwoc xac dinh theo
TCVN 9683:2013 [10] .

- Ham luong tinh dau duoc xac dinh theo
TCVN 7039:2013 [11].

222 Xirly so'liéu

Mbéi thi nghiém duoc lap lai ba lan. Cac két
qua thu duoc duoc biéu dién dudi dang gia tri
trung binh + d¢ léch chuin (Standard Deviation -
SD). Phan tich phuwong sai mot chiéu (ANOVA) va
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kiém dinh hau nghiém Tukey duoc thuc hién bang
cac gbi aov va multcompView. Phan tich thanh
phan chinh (PCA) va phan cum thi¢ bac trén cac
thanh phan chinh (HCPC) duoc 4p dung cho cac
bién hoa ly duoc thuc hién bang cac goi
FactoMineR. Toan b6 qua trinh x ly va phan tich
s6 lieu thong ké duoc thuc hién biang phan mém R,
phién ban 3.1.2.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Chi tiéu chat luong cta cac miu tiéu den
tir cac viing trong khac nhau

Két qua phan tich @0 4m, ham luong tro téng
s6, ham luong tro khong tan trong axit, ham luong
tinh dau va ham luong piperine duoc thé hién
bang gi4 tri trung binh + SD, méi thi nghiém duoc
1ap lai 3 1an. Két qua duoc thé hién & bang 1.

Bang 1. Mot s6 chi tiéu chat hegng ctia cac miu tiéu den nghién ctu

Mau tieu den theo e Tro téng s6 | Ham luong H?_lm lu?ng Tro khong tan
\ bo am (%) . AP tinh dau A

tinh %) piperine (%) (ml/100 g) trong axit (%)
Quang Tri 11,79+0,79" | 434+0.24" | 507+0,51° | 323+041° | 022+0,12°
Pk Nong 13,90+ 0,81° | 3,68+0.22" | 4,53+030® | 2,86+0,38" | 0,22+0,11°
Gia Lai 14,41 £0,60° | 3,79+0,30° | 4,55+0,57" | 3,04+032" | 0,21+0,07
Ba Ria- Ving Tau | 10,94+0,97" | 3,81+035" | 4,13+0,55* | 2,80+0,30 0,17 £0,10"
Péng Nai 10,64+ 1,40* | 3,64+0,33* | 424+039" | 2,65+035 0,1+0,12°
bk Lik 13,69+ 1,08° | 3,86+0,38" | 4,85+0,45 | 327+051° | 0,17+0,10°

p-value 2x 107" 1,28 x 107" 4,55x10° 2,53x 107 0,27

Ghi chu: Trong cung mot cot, cdc gid tri co cung chir cdi khong khac biét ¢ y nghia thong ké ¢ mitc
5% (%) theo kiém dinh Tukey. Céc gi tri p-value duoc phan tich theo phéan tich phuong sai mot chiéu.

Ham luong 4m 1a mot chi tiéu quan trong anh
huéng dén chat luwong, kha nang bao quan va thoi
gian st dung ctia hat tieu. Két qua phan tich cho
thay, do 4m trong cac mau khao sat dao dong dang
ké theo vung dia ly. Cu thé, gia tri d0 4m trung
binh th4p nhat duoc ghi nhan tai tinh Péng Nai 1a
10,64 + 1,40%, trong khi gia tri cao nhat duoc ghi
nhan tai tinh Gia Lai voi muc 14,41 + 0,60% (trung
binh + SD). So sanh véi cac gidi han t6i da duoc
quy dinh trong: TCVN 7036:2008 [6], IPC (13%)
[3], ASTA (12,5%) [5], c6 thé thay, mot s6 mau tir
tinh Gia Lai vuot nguong cho phép, tiém 4n nguy
co anh hudng dén chat luong san phdm va do én
dinh trong quéa trinh bao quan. Do do, viéc kiém
soat chat che do 4m trong qua trinh thu hoach va
bao quan la can thiét dé dam bao chat luong hat
tiéu theo tiéu chuin quoc té.

Tuong tu nhu @ 4m, ham luong tro tong s6 la
mot chi tieu quan trong phan anh chat luong cta
hat tiéu. Tro téng s6 con lai sau khi mau duoc dot
chay hoan toan, phan anh mutc d¢ tinh khiét ciing
nhu muc do 1an tap chat vo co trong san pham.
Ham luong tro cao bat thuong c6 thé 1a dau hiéu

cta su pha tron véi tap chat nhu dat, cat hoac cac
vat lieu vo co khac trong qua trinh thu hoach, ché
bién hodc bao quan. Trong nghién ctru nay, ham
luong tro tong so trung binh thap nhat duoc ghi
nhan & mau hat tiéu ti khu vuc tinh Pong Nai
(3,64 + 0,33%), trong khi gi4 tri trung binh cao nhat
duoc ghi nhan & tinh Quang Tri (4,34 + 0,24%).
Cac gi4 tri nay déu nam trong gi6i han cho phép
theo TCVN 7036:2008 [6], ASTA [5], IPC [3],
trong d6 quy dinh muc t6i da cho ham luong tro
téng s6 khong vuot qua 7,0%. So sanh voi két qua
nghién ctu cta Singh va cs (2007), muc tro trung
binh trong hat tieu An Do dao dong tir 3,5 - 4,8%,
cac mau Viét Nam cing dat tieu chudn tuong
duong va khong c6 dau hiéu pha tap [12]. Diéu
nay cho thay, cac mau hat tiéu khao sat déu dat
yeéu cau vé chat luong khoang chat va khong cé
dau hiéu ro rang caa su pha tap.

Piperine 1a mot trong nhimg hop chat dic
trung c6 mat trong hat tiéu, dong vai tro quan
trong trong viéc xac dinh chat luong va dem lai vi
cay dic trung cta san phdm. Dua trén gia tri trung
binh tai cac khu vuc khdo sat, mau hat tiéu thu
thap tir tinh Ba Ria - Viing Tau ghi nhan ham luong
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piperine trung binh thap nhat (4,13 + 0,55%), trong
khi mau tir tinh Quang Tri c6 ham luong trung
binh cao nhat (5,07 + 0,51%). Theo tiéu chuin do
ASTA [5] dé xuat, ham luong piperine t6i thiéu
duoc chap nhan 1a > 4,0%, trong khi IPC [3] quy
dinh muc t6i thiéu 1a > 3,0%. Két qua phan tich cho
thay, tat ca cac mau trong nghién ctru hién tai déu
dat hodc vuot nguong toi thiéu theo quy dinh. So
voi két qua nghién ctru cia Parthasarathy va cs
(2008), ham luong piperine trung binh cta hat tiéu
den dat khoang 4,2 - 5,2%, két qua hién tai cho
thay, chat luong piperine ctia hat tieu Viéet Nam
hoan toan canh tranh voi cac quoc gia san xuat lon
khac nhu An Do hay Sri Lanka [13].

Ham luong tinh dau bay hoi trong hat tiéu c6
lien quan chat ché dén cac yéu t6 nhu diéu kién
sinh thai, gi6ng trong va phuong phéap canh tac.
bay 1a chi tiéu quan trong phan anh chat luong va
gi4 tri cdm quan ctia san phdm. Két qua nghién
ctru cho thay, ham luong tinh dau bay hoi trong
mau hat tiéu thu thap tai cac khu vuc tinh Dong
Nai va tinh bak Lik dao dong tir 2,65 + 0,35 dén
3,27 £ 0,51 ml/100 g tuong ng. Nhiing gia tri nay
nam trong gi6i han cho phép (I6n hon 2,0 ml/100
g) theo cac tiéu chuidn nhu: TCVN 7036:2008 [6],
ASTA [5], IPC [3], cho thay chat luong tinh dau
trong cac mau khao sat dat mic tot va phu hop
cho muc dich thuong mai va ché bién thuc pham.

g

[ 4=~
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Tro téng
Piperine
Tinh dau

Tro khong tan

Tro tong

Ham luong tro khong tan trong axit 1a chi tiéu
phan anh muc do tap chat khoang khong hoa tan
trong san pham, thuong c6 nguon goc tir dat cat
hoac bui b4n bam vao trong qua trinh thu hoach,
so ché va ché bién. Két qua phan tich cho thay, gia
tri trung binh tro khong tan trong axit ctia mau hat
tiéu thu thap tai tinh Pong Nai 1a 0,10 + 0,12%,
trong khi tai tinh Quang Tri 1a 0,22 + 0,12%. Nhin
chung, cac gia tri trung binh gita cac vung dao
dong khong dang ké, cho thdy mic do nhiém tap
chat vo co tuong doi thap. Tat ca cac mau khao sat
déu co gia tri thap hon gioi han t6i da cho phép la
1,0% theo tiéu chuin cua ASTA [5], cho thdy san
phiam dat yéu cau vé mat chat luong va veé sinh an
toan thuc pham.

3.2. Két qua phan tich cac ddu hiéu nhan dién
vé thanh phan héa ly ctia cac méu tiéu nghién ctu

3.2.1. Tuong quan céc thanh phan hoa Iy

Moi tuong quan gitta cac thong s6 héa ly duoc
trinh bay ¢ hinh 1. Hinh 1 cho thay, mot s6 bién c6
moi twong quan nghich, dién hinh 1a gitta tro
khong tan va ham luong tinh dau. Nguoc lai, phan
16m cac bién thé hién mai tuong quan thuan, chang
han nhu giita tro téng s6 voéi piperine va tinh dau.
béang chu y, c6 moi twong quan thuan manh gitta
tro tong so va tro khong tan, trong khi méi tuong
quan nghich manh duoc ghi nhan gitta tro khong
tan va tinh dau. Cac moéi twong quan con lai cé
muc do yéu hon.

Tro khong tan

Piperine
Tinh dau

Hinh 1. Biéu d6 twong quan cac thanh phan héa ly ctia cac miu tiéu trong nghién cttu

Bén canh viéc phan tich twong quan, y nghia
thong ké cta cac gia tri trung binh do6i voi ting
thong s6 hoa ly giita cac tinh da duoc danh gia

thong qua phép phan tich phuong sai mot chiéu
(one-way ANOVA), duoc trinh bay tai muc 3.1. Két
qua phan tich ANOVA cho thay, cac thong s6 nhu:
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Do 4m, ham luong piperine, tinh dau va tro téng so
c6 su khac biét c6 y nghia thong ke gitta cac ving
dialy (p < 0,05). Trong khi d6, su khac biét vé ham
luong tro khong tan gitra cac mau tir cac tinh khac
nhau khong cé y nghia thong ke (p > 0,05).

3.2.2. Phan tich thanh phan chinh (PCA)

Phan tich thanh phan chinh (Principal
Component Analysis - PCA) da duoc ap dung cho
tap dir lieu gdm 105 mau hat tiéu, nhim muc tiéu
giam chiéu khong gian ctia dir lieu da bién va
kham phé cac cau trac tiém 4n gitta cac bién so
thanh phan hoéa hoc. Phuong phap nay giap co
dong thong tin va dé dang truc quan hoa dir liéu
bang cach chuyén dir lieu tir khong gian nhiéu
chiéu vé mot khong gian it chiéu hon, trong khi
van gitr lai phan 16n phuong sai ctia dir liéu ban
dau. Céc bién dau vao cho PCA bao gom cac thong
s6 hoa hoc dac trung: Ham luong piperine, ham
luong tinh dau, tro téng s6 va tro khong tan. Luu y,
thong s6 do am da duoc loai trir khoi phan tich, do
day khong phai 1a dac tinh hoa ly co hitu ctia hat
tiéu ma phu thudc nhiéu vao cac yéu to ngoai sinh
nhu phuong phap so ché, diéu kién bao quan va
thoi gian thu mau. Viéc loai b do 4m gitup dam
bao tinh khach quan va loai trir nhiéu trong danh
gia cac dac trung dia ly.
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Hinh 2. Biéu d6 Scree thé hién gia tri riéng
(eigenvalue) ctia cac thanh phan chinh trong PCA

PCA duoc thuc hién trén ma tran tuong quan
gitta cac bién nhdm xac dinh cac vecto riéng
(eigenvectors) tuong tmg véi cac phuwong sai lon
nhat trong dit lieu. Phan tich cho thay, hai thanh
phan chinh dau tien (PC1 - PC2) déu co gia tri
riéng 1on hon 1, 1an luot giai thich 41,79% va 37,52%
phuong sai, cong lai chiém 79,3% téng phuong sai
ctia toan bo tap dat lieu (Hinh 2). Diéu nay cho
thay, gan 80% thong tin ban dau c6 thé duoc biéu
dién trén mat phang hai chiéu tao béi PC1 - PC2,
cho phép truc quan héa moi quan heé gitta cac mau
va cac bién mot cach hiéu qua ma khong lam mat
nhiéu thong tin.

Ngudn goc
® BRVT
A DaklLak
B DakNong
-t DongNai
= GialLai

QuangTri

Thanh phan chinh 1 (41,8%)

Hinh 3. Biéu d6 diém s6 (Score plot) clia cAc mau hat tiéu theo thanh phan chinh PC1 va PC2
tir phén tich PCA

Biéu do6 diém so (Score plot) thé hién sy phan
b6 ctia cac mau trén mat phang PC1 - PC2 (Hinh
5) cho thay, xu huéng hinh thanh cum phan biét

tuong tng voi ngudn goc dia ly ctia cac mau tiéu.
Cac mau tir tinh Quang Tri tap trung chia yéu &
phia phai cta truc PC1 (gia tri dwong) va phia trén
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ctua truc PC2 (gia tri duong), thé hién dic trung
thanh phan héa hoc néi bat & ca hai thanh phan
chinh. Mau tr tinh Pak Lak c6 xu huéng phan bo
cao tren PC2 (gi4 tri dwong), nhung thap trén PC1
(gi4 tri am), phan anh mai lién hé manh voi thong
s6 ham luong tinh dau (Hinh 4). Mau tir c4c tinh:
bik Nong, Gia Lai, Ba Ria - Viing Tau, Déng Nai
c6 phan b6 xen ké va kha gan nhau, tap trung &
vung gia tri am caa ca PC1 - PC2. Nhom nay cho
thay su tuong dong vé dic tinh héa hoc gitta cac
tinh trong nhom.
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Hinh 4. Biéu @6 tai (loading plot) ctia cac bién
trong phan tich PCA

Biéu d6 tai cting cho thay, PC1 chiu anh
huong déng thoi cia ba thanh phan chinh: Tinh
dau, piperine va tro téng so, thé hién vai tro téng
hop cua truc nay trong phan anh dic diém thanh
phan hoda hoc téng quat ctia hat tieu. PC2 thi
nguoc lai, chiu anh huéng manh mé hon tir tinh
dau. biéu nay ly giai cho viéc cac mau tinh Pak
Lak (néi bat vé tinh dau) phan bé cao hon trén
PC2, con mau tinh Quang Tri (néi bat vé piperine
va tro téng s6). Mau con lai & cac tinh: Dak Nong,
Gia Lai, Ba Ria - Viing Tau, Pong Nai, tap trung
cht yéu & phia am cuta truc PC1 - PC2. Diéu nay
cho thdy, cac mau nay c6 xu huong chita ham
luong cac thanh phan héa hoc chinh thip hon so
voi ¢ tinh Quang Tri va tinh Pak Lak. Su tap trung
clia cac mau trong nhom nay ciing thé hién tinh
déng nhat cao, it bién thién gitra cac tinh.

Két qua nay tuong déng voi két qua nghién
ciu cua Rivera-Pérez va cs (2022), khi sit dung
PCA @é phan biét tieu theo xuat xtt dia ly caa hat

tiéu, cho thdy piperine va tinh dau 1a nhimg bién
dong vai tro quan trong trong viéc hinh thanh cac
cum trén mat phang PC1 - PC2 [14]. Nghién ctu
hién tai st dung cac chi tiéu hoa hoc dinh luong
phd bién, dé trién khai nhu: Tinh dau, piperine, tro
téng s0, tro khong tan, thay vi cac ky thuat phic
tap va ton kém nhu 'H-NMR. Diéu nay gitip mo
hinh phan tich c6 tinh tng dung thuc té cao, dac
biet phu hop voi diéu kién kiém nghiém, giam sat
chat luong hodc truy xuat nguédn goc trong thuc té
san xudt ho tiéu hay san phdm nong nghiép tai
Viét Nam.

3.2.3. Phan cum thir bac trén cdc thanh phan
chinh (HCPC)

Phan tich phan cum theo thanh phan chinh
(HCPC) 1a mot phuong phap két hop gitta phan
tich thanh phan chinh (PCA), phan cum phan cip
(Hierarchical clustering) va phan cum k-means.
Phuong phap nay cho phép xac dinh va mo ta cac
nhom quan sat dong nhat dua trén nhiéu bién s6.
bau tién, PCA duoc st dung dé gidm chiéu da
liéu, gitr lai cac thanh phan chinh quan trong nhét.
Sau d6, phan cum phan cap duoc ap dung trén
khong gian thanh phan chinh nham phat hién ciu
trac cum tiém 4n.

HCPC duoc 4p dung nham kham pha cac cau
truc nhom tu nhién (hoac cum) trong di liéu dua
trén su khac biét vé dac tinh gitra cac quan sat. So
d6 cay phan cap (cay pha hé) déng vai tro nhu mot
cong cu truc quan dé thé hién muac do tuong déng
hodc khac biét gitta cac mau. D€ giam tinh cha
quan trong viéc xac dinh s6 cum, tham sé nb.clust
= -1 trong ham HCPC cho phép hé thong tu dong
lwa chon s6 luwong cum t6i wu. Thuat toan dau tién
xay dung mot cay phan cap trén khong gian PCA,
sau do tinh mic quan tinh nodi cum tai moi mirc
phan cum. S6 cum duwoc dé xuat tai thoi diém co6
mat mat twong doi 16n nhat, tic 1a khi viéc tang
thém cum khong con giup gidm dang ké phuong
sai ndi cum - hay con goi la diém khuyu tay. Qua
trinh nay duoc minh hoa truc quan bang so do cay
pha hé va biéu do6 biéu dé6 mat mat quan tinh. Viéc
ap dung quy trinh nay giup giam thiéu anh huong
ctia cam tinh chu quan trong lwa chon s6 luong
cum va dam bao riang cac nhom thu duoc co su
khéc biét ro rang vé cau truc bén trong.
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Hinh 6. Ban d6 nhan t6 minh hoa cdu triic nhém ctia cic mau hat tiéu dua
trén phan tich phan cum dia trén thanh phan chinh HCPC

Két qua phan tich phan cum HCPC tir dac
diém thanh phan hoa hoc cho thdy, cac mau tiéu
tir cac vung dia ly khac nhau hinh thanh ba cum
phan biét nhu sau:

Cum 1: Gém cac mau tiéu c6 nguodn goc chu
yéu tir tinh Pak Lak, c6 dic trung ndi troi do ham
luong tinh dau vuot troi. Nhom nay tach biét ro
rang so voi hai cum con lai trén so d6 phan cap,
phan anh tinh déng nhat noi tai cao va khac biét ro
vé dac tinh hoa hoc.

Cum 2: Gom cac mau tir cac tinh: Pak Nong,
Gia Lai, Ba Ria - Viing Tau va Déng Nai. Nhom nay
khong thé hién dac tinh hoa hoc néi bat nao va
duoc xem 1a cum twong doi trung tinh. Pay 1a cum
c6 su pha tron vé dia ly, cho thay dic tinh hoa hoc
clia tiéu tai cac khu vuc nay khong da manh dé
hinh thanh cum riéng biét, dong thoi ciing khong
bi d4y ra thanh nhom khac biét nhuw cum 1.

Cum 3: Gom cac mau tiéu dén tir tinh Quang
Tri, c6 dac trung ndéi bat 1a ham lwong piperine, tro
téng so6 va tro khong tan cao.

So v6i két qua nghién ctu cta Rivera Pérez va
cs (2022), két qua nghién ctu hién tai c6 nhiéu
diém khac biét ro rét vé ky thuat. Rivera Pérez va
cs (2012) st dung phé cong hudng tir hat nhan
proton (\H-NMR) két hop voi PCA va OPLS-DA.
Nghién cttu phan biét tiéu den dua trén nguon goc
dia ly va quy trinh xtt ly chat luwong. Tap trung vao
phan tich dau van tay phan t tir dir lieu NMR.
OPLS-DA 1a mo6 hinh c6 giam sat, duoc ding dé
phan loai mau da dan nhan trudce [14]. Tuy nhién,
phuong phap nay yéu cau thiét bi hién dai va quy
trinh phan tich phtc tap. Do @6, khé ap dung dai
tra trong diéu kién san xuat va giam sat chat luong
& quy mo lon. Nguoc lai, nghién ctu hién tai st
dung céac chi tiéu hoa hoc dinh luong phé bién

76 NONG NGHIEP VA MOI TRUSNG - THANG 9/2025



KHOA HOC & CONG NGHE

nhu: Tinh dau, piperine, tro téng s6 va tro khong
tan. Pay 1a cac chi s6 da duwoc tiéu chuan hda trong
kiém nghiém chat luong hat tiéu. D@t lieu sau do
duoc phan tich bang phuong phap HCPC, mot ky
thuat khong giam sat. Phuong phap nay giap giam
tinh cht quan trong phan loai. Pong thoi, ho tro
phat hién cau truc tiém an trong dir lieu. Tuy
khéng c6 kha nang du doan nhu OPLS-DA, HCPC
lai c6 wu diém vé tinh truc quan, chi phi thap va
kha nang tmg dung thuc té cao. Phuong phap nay
pht hop voéi truy xuat nguon goc va kiém soat chat
luong tiéu thuong phdm tai Viét Nam.

Cach ti€p can trong nghién ctru nay co tinh
thuc tién cao, phuong phap dé trién khai tai cac
phong thi nghiém tiéu chudn. Nghién ctru ciing ho
tro hiéu qua cho viéc phan vung dia ly, xay dung
chi dan dia ly (GI) va phat trién san phdm theo
muc tiéu st dung nhu 4m thuc, duoc lieu hoic
xuat kh4u theo phan khuc cao cap.

4. KET LUAN

Két qua nghién ctru cho thdy su khac biét
dang ké vé ham luong cac thanh phan héa hoc
gitta cAc ving, phan anh anh hudéng cta yéu to dia
ly dén chat luong san pham. Cu thé, ham luong tro
téng s6 nam trong gioi han cho phép, cao nhat tai
tinh Quang Tri (4,34 + 0,24%). Ham luong piperine
dao dong tir 4,13 + 0,55% tai tinh Ba Ria - Viing Tau
dén 5,07 £ 0,51% tai tinh Quang Tri. Tinh dau bay
hoi dat muc tot, dao dong tir 2,65 + 0,35 dén 3,27 +
0,51 ml/100 g tai tat ca ving khao sat, trong khi
tro khong tan trong axit déu dudi nguong gioi han,
thap nhat 0,10 + 0,12%.

Phan tich PCA cho thdy, mau tai tinh Quang
Tri lien quan manh dén ham luong piperine, tro
téng so va tro khong tan; tinh Dak Lak ndi troi voi
ham luong tinh dau; cac tinh: Gia Lai, Ddk Nong,
Ba Ria - Viing Tau, Dong Nai twong d6i trung tinh.
Két qua nay lam ro dic diém vé chat luong, gop
phan xay dung cong cu truy xuit nguén goc, ho
tro dinh danh va phat trién thuong hiéu dia
phuong cho san ph4m ho tiéu Viéet Nam.

Tuy nhién, nghién cttu van con ton tai mot so
han ché, gom: SO luong mau c6 giéi han, chua
phan anh duoc hét su da dang noi viing va bién
dong theo thoi vu. Chi tiéu phan tich con tap trung
vao cac yéu to co ban, chua m& rong dén cac hop
chat tht cap (alkaloids, polyphenol, flavonoid...),

hay chi s6 sinh hoc khac, von ciing c6 vai tro quan
trong trong gia tri dugc liéu va cam quan. Trong
tuong lai, cAn mé rong nghién ctu sang nhiéu
vung trong khac va phan tich thém céac chi tieu
hoa hoc chuyén sau. Viéc két hop voi dir lieu moi
truong va giong cay sé giup hiéu ro hon su khac
biét gitra cac vung, tir d6 c6 thé xay dung hé thong
phan hang chat luong ho tiéu theo viing. Day se la
nén tang dé phat trién thuong hiéu va nang cao
stc canh tranh trén thi truong quoc té.
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INITIAL DEVELOPMENT OF CHEMICAL MARKERS FOR BLACK PEPPER
(Piper nigrumL.) FROM MAJOR GROWING REGIONS IN VIETNAM

Le Tuan Phuc', Bui Uyen Diem?, Hoang Quoc Tuan',

Pham Ngoc Hung?, Lai Quoc Dat?,
Nguyen Hoang Dung?, Cung Thi To Quynh'

1 School of Chemical and Life Sciences, Hanoi University of Science and Technology
? Ho Chi Minh city University of Technology, Vietnam National University Ho Chi Minh city
Abstract

The present study examined the physicochemical characteristics of black pepper samples
collected from six primary growing regions in Vietnam: Quang Tri, Dak Lak, Gia Lai, Dak Nong,
Dong Nai and Ba Ria - Vung Tau. A one-way analysis of variance (ANOVA) at a significance level
of a = 0.05 was conducted, which revealed statistically significant differences among the regions
in terms of moisture content, total ash, piperine content and essential oil content. The moisture
content of the samples ranged from 10.64 + 1.40% to 14.41 £ 0.60%. The piperine content exhibited
a range from 4.13 + 0.55% to 5.07 = 0.51%, meeting the global quality requirements. The total ash
content, which is insoluble to acids, ranged from 0.10 + 0.12% to 0.22 = 0.12%. The essential oil
content varied between 2.65 + 0.35 to 3.27 + 0.51 ml/100 g of 100 grams of the sample. Principal
Component Analysis (PCA) highlighted distinct regional characteristics: Quang Tri samples were
closely associated with high levels of piperine and total ash, Dak Lak samples were distinguished
by elevated essential oil content, whereas other regions showed overlapping profiles. These
findings confirm the influence of geographical origin on the physicochemical properties of black
pepper and suggest potential applications in product traceability and quality control.

Keywords: Black pepper, physicochemical, Quang Tri, Dak Lak, Ba Ria - Vung Tau, geographical
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NGHIEN CUU MO HINH HOA QUA TRINH
THUY PHAN TINH BOT VA BUONG HOA
TRONG CONG NGHE SAN XUAT BIA

Nguyén Ding Binh Thanh®", Tran Thi Thu Hing', Téng Thi Hoang Duong!
Truong Hoa va Khoa hoc sur song, Pai hoc Bach khoa Ha Noi

TOM TAT

*Email: thanh.nguyendangbinh @hust.edu.vn

Thiy phan va duong hoa tinh bot trong malt va gao 1a mot budc co ban va then chét trong nhiéu
qua trinh chuyén hoa cac san phdm nong nghiép thanh thuc phdm, d6 uéng va cac loai hoa chat
co ban. Nghién ctru nay huong dén xay dung mot mo hinh toan hoc tong quat mo ta dong hoc
qué trinh thiy phan va duong hoa tinh bot duwoi tac dung ctia o- va f-amylaza. Mo hinh dong hoc
nay khong chi cho phép danh gia anh huong ctia nhiét do dén hiéu qua cia qua trinh ma con cho
phép danh gia anh huéng cta ty Ié nuoc sit dung va ty 1é ngii coc (gao hodc ngd) nham t6i uu hoa
nang luong va nguon nguyén liéu trong san xuat bia.

Tie khoa: Mo hinh hda, t0i uu hda, duong hoa, thiy phan, bia va do uong.

1. DAT VAN BE

Thuty phan va duong hoéa tinh bot 1a mot budc
then choét trong quy trinh san xuat bia. Trong qua
trinh nay, cac polysaccharide c6 trong mach nha
sé duoc thity phan gidi bang cac enzyme. O do, cac
carbohydrate c6 kha nang 1én men sé duogc tao ra
tr st phan giai caa tinh bot polysaccharide. Nhiing
carbohydrate nay sé duoc chuyén hoa thanh con
trong budc lén men ctia qua trinh san xuat bia.

Phan tmg quan trong nhat trong qua trinh
duong hoéa 1a qua trinh thay phan tinh bot da ho
hoa dudi tac dung ctia cac enzyme, vi né quyét
dinh luong carbohydrate c6 kha nang lén men
duoc tao ra va gian tiép anh huéng dén ham luong
con cta san pham. Do d6, mét trong nhitng muc
dich then chot ctia qua trinh duong hoa 1a t6i wu
hoa qua trinh tao ra cac hop chat co kha nang lén
men nay. Tuy nhién, cac carbohydrate khong cé
kha nang lén men nhu dextrin cing duoc tao ra
trong qua trinh thity phan tinh bot va ham luong
cua chung trong qua trinh duong héa cling gay ra
nhitng anh hudng khong nhoé dén chat luong san
phdm. Vi vay, viéc kiém soat st hinh hanh cac san
phdm phu khong mong muén 1a can thiét dé ngan
ngtra nhimg tac dong tiéu cuc dén cac cong doan
san xuat tiép theo.

Cac phan tng chinh dién ra trong qua trinh
duong hoa la cac phan tng xuc tac bédi cac loai
enzyme khac nhau, cht yéu la o- va B-amylaza. Vi
hoat tinh ctia cac enzyme nay phu thudc rat nhiéu
vao nhiét do, nén viéc diéu chinh thong s6 nay
duoc xem la mot yéu té6 quan trong doi voi qua
trinh duong hoa. Khi nhiét do ting, toc do phan
tng cing ting nhanh, nhung déng thoi cac
enzyme cing bi bién tinh nhanh hon [1, 2]. Thong
thuong, qua trinh duong hoa duoc thuc hién trong
cac thiét bi phan ung (thiing) dang mé & do6 nhiet
do cta khoi phan tng & moéi giai doan khac nhau
can duogc diéu chinh phu hop nham t6i wu pham vi
nhiét do hoat dong cuta timg enzyme.

Do tam quan trong ctia nganh cong nghiép
bia, viec xay dung moé hinh toan hoc qua trinh
duong hoa dang duoc quan tdm rong rai. Mot so
cong bo da xay dung cac moé hinh toan hoc cho
qua trinh thity phan va duong héa tinh bot co6 tinh
dén su phan giai cia ctia cac san pham phu khong
mong muon nhu: B-glucan va arabinoxylan [3 - 6].
Ngoai ra, cac nghién ctru lién quan dén anh huong
clia mot s6 thong so khac trong qua trinh duong
hoa nhu: Chuong trinh nhiét do, d6 dac ctaa dich
nha, d0 min cia nguyén liéu cing da duoc thuc
hién nham muc dich kiém soat t6t hon chat luong
san pham [7, 8].
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Trén co s& d6, muc tiéu ctia nghién ctru nay la
xay dung mot mo hinh toan hoc tong quat cho qua
trinh duong hoa va danh gia anh hudng ctia mot so
thong s6 chinh nham nang cao hiéu qua téng thé
ctia qua trinh nay trong cong nghé san xuat bia.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu

Nguyén lieu st dung 1a mot so6 loai malt
thuong mai co6 tén “Kymppi, Ingrid va Kustaa” voi
cac két qud phan tich thanh phan cuaa
carbonhydrate va enzyme da duoc cong bo boi
Durand va cs (2009) [9]. Két qua phan tich thanh
phan cac loai carbonhydrates va enzyme ctia malt
str dung trong nghién ctru duoc thé hién & bang 1.

Béng 1. Thanh phan ctia eznyme va carbonhydrates
st dung dé thuc hién mé hinh héa [9]

Thanh phan Gia tri Don vi
Glucose 3,6 g/L
Maltose 8,9 g/L

Maltotriose 1,3 g/L
Fructose 2 g/L
Dextrins 26,5 g/L

Starch 95,7 g/L
o-amylase 4,37 x 10° U/L
B-amylase 1,05 x 10° U/L

2.2 .Phuong phap nghién ctru

Trong nghién cttu nay, cac mo hinh dong hoc
chi tiét cia cac qua trinh hoa tan vat ly va cac qua
trinh phan tng sinh héa dwoc xay dung va tng
dung @€ phan tich, danh gia toc do va hiéu qua caa
qué trinh duong héa malt trong san xuat bia. Mo
hinh duogc xay dung trén co sé cac phuwong trinh vi
phan thuong mo ta van téc cta cac qua trinh co
lien quan dén giai doan duong hoéa. Hé phuong
trinh vi phan mé ta toan bo giai doan duwong hoa
sau d6 duoc giai trén nén tidng ma nguén mod
Python bang thuat toan Runge-Kutta.

3. DONG HOC QUA TRINH BUONG HOA

Mo hinh bao gdém céc hién tuong vat 1y va hoa
hoc chinh quyét dinh téc do thiy phan va duong
héa tinh bot. Cac yéu t6 anh hudng chinh 1a su hoa
tan ctia carbohydrate thity phan c6 trong dich nha,
su hoa tan ban dau ctia cac enzyme, nhiét do ho
hoéa va bién tinh nhiét ctia enzyme. M6 hinh ciing
ké dén tac dong cu thé ctia hai enzyme chinh, & dé
a-amylaza tac dong lén ca tinh bot khong hoa tan
va hoa tan dé tao ra chu yéu dextrin va maltotriose,
con B-amylaza sau d6 thuy phan dextrin thanh
glucose, maltose, maltotriose va dextrin gi6i han.
Qua trinh thay phan saccharose béi invertase
thanh glucose va fructose ciing duoc xét dén trong
mo hinh.

3.1. Dong hoc qua trinh hoa tan cla

carbonhydrate thity phan
Toc @6 hoa tan cta carbohydrate thiy phan
(glucose, maltose, maltotriose, fructose,

saccharose va dextrin) trong mot vai phat dau tién
duoc xem la ty 1é thuan véi luong carbohydrate
trong mach nha va duwoc mo ta trong cac phuong
trinh tir (1) - (6).

r dfsls =k,.( gl) @
=k, (I, ) ©
F dﬁf = k- (L) ()

K dZs = k- (L fr) @
Taiss = Kaiss (L sac) ®)
T dailse; = kg - (L o) 6)

3.2. Dong hoc qua trinh hoa tan enzyme

Toc do hoa tan cta hai enzyme thong thuong
xay ra trong khoang 20 phut dau tién cia qua trinh
duong hoa duoc xem 1a bi giéi han boi toc do
chuyén hoa enzyme va duoc biéu dién boi hai
phuong trinh (7) va (8).

Vo = H.(malt).([a]g —[a]) @
e = Ho(mal)).(B], - [BD @
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3.3. Pong hoc qua trinh chuyén héa dextrins
va maltotrioes

Thuay phan tinh bot khong hoa tan va hoa tan
boi o-amylaza thanh dextrin va maltotriose duoc
gia dinh la phan ung bac mot doi voi enzyme va
tinh bot, tuy nhién, voi hang s6 toc do khac nhau
truoc va sau khi hé héa. Khong c6 su phan biét
gitta cac thanh phan amylose va amylopectin cta
tinh bot. Pong hoc qua trinh nay duoc biéu dién
theo cac phuong trinh tir (9) -(11).

e = Ay [a][1].,, . ©)
rp. = Ay [a][starch] (10)
re, = A, [a][starch] (11)

Cac phan tmg doi voi B-amylaza va dextrin
cing duoc xem la phan ting bac mét cho qua trinh
thay phan dextrin bdi f-amylaza thanh glucose,
maltotriose va dextrin gi6i han, ching dugc mo ta
theo cac phuong trinh tir (12) - (15).

r? = B,.[ ][ dex] 12)
o :% 13)
T = B[ B][ dex] (14)
o = By [ B][dex]  (15)

3.4. Dong hoc qua trinh thiy phan saccharose

Qua trinh thity phan saccharose la mot qua
trinh nhé trong cong doan duong hoa, duoc gia
dinh 1a qua trinh bac nhat, tuy nhién invertase bi
bién tinh hoan toan & nhiét do trén 55°C. DPong
hoc qua trinh nay duoc biéu dién qua cac phuong
trinh tir (16) - (18).

v _ 16
ry’ = Csac] & nhiét o < 55°C (16)
inv _ 17
ri" = C[sac] & nhiét 4o < 55°C a7
inv — inv — 18
o =7 onhiét do > 55°C (18)

Puoc biét dén trong mo ta dong hoc cta qua
trinh thly phan bang enzyme, su bién tinh nhiét
ctia o-amylaza va p-amylaza dugc biéu dién bang

M - II!‘:a’iss
t vV

d

(191) + %[sac] + B,[Blldex]

cac qua trinh phan tng bac nhat theo cac phuong
trinh tir (19) - (24).

) =kj[a] (19)

r] =k} B] (20)

A, = A4} exp(-E? | RT) 21)
B, = B} exp(—E” / RT) (22)
ki =ki,exp(~E7 / RT) (23)
ki =kJ exp(-E7 /RT) (9

3.5. He phuong trinh vi phan can bang vat chat
va nang luong

Su bién déi theo thoi gian cta céac loai hop
chat khac nhau trong dich nha ban dau chi tinh
dén sy hoa tan ctua ching trong pha long va qua
trinh nay duoc biéu thi thong qua cac phuong
trinh vi phan bac nhat tir (25) - (32).

Wa) ) @
d(il”;‘”) = giss () =
(W 0
d(‘;f"’) = —kaiss (lgex) )
d(a{’;:f} () 29)
d(;?) = —kaiss(Irr) ©0
Aled) _ - mat)(lay )
W)~ X (i), - 191)

Tiép theo d6, su bién déi theo thoi gian cua
cac loai hop chat trong dung dich phu thudc vao ca
su hoa tan ban dau trong chat 1éng va hoat tinh
thay phan cta cac enzyme. Qua trinh nay dugc mo
ta thong qua cac phuwong trinh vi phan tix (33) -
42) [5].

(33)
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d(i‘ma!') _ @( ) Bmai [B][dex] (34)
dt - % mal km + [dE’X]
d(i;:”) k‘;ss (‘rmit) + A':s'nlt [Q‘][Sfﬂ}'ch] + Bm!t [B] [dex] (35)
d(‘r B.T)
;C: = BLde.‘r [8][d€X] (36)
d|starch
M = —[a‘][sta? Ch (0 964 Amit +Ade\') (37)
Waer) K 1,,,) + Abulcllstarch 1~ [811dex) 095, 8
2o 947Bpar + 0,946B,1; + Braex)
d Isac k iss
(dt ): d (I.qc) — c(sac) o9
d(! k4
(d,;r) _ diss Ufr) + i (S(IC) (40)
d((gf:]') = ——(malt)[ — k§lal) “
a([8) 42
i _; (malt) ([B]g —[B] - kg[ﬁ])

Trong cac phuong trinh trén, cac méi quan hé
Arrhenius ctia cac phuong trinh (21) - (24) duoc st
dung dé tinh toan cac hing s6 toc do

a 1B
dex’ dex"A“mal’ k k

4 & cac nhiét
@06 khac nhau.

Heé phuong trinh vi phan can bing vat chat va

mlt b Ldex b

nang luong nhu mé ta trong cac phuong trinh tir
(25) -
quat mo ta qua trinh duong héa trong nghién ctu

(42) duoc xem la mo hinh toan hoc téng

nay. Hé phuong trinh nay duoc giai bang cong cu
ma ngudén mé Python dé phan tich va danh gia cac
yéu t6 anh hudng cta cac thong so chinh dén hieu
qua cta qua trinh duong hoa.

______

©

4. KET QUA NGHIEN CUU VA THAO LUAN

4.1. Anh hudng ctia nhiét do

Két qua tinh toan tir mé hinh da dugc xay
dung (hé cac phuong trinh tir (25) - (42)) cho quy
mo phong thi nghiém véi bot malt cé kich thudc
250 pm, ty 1é malt nudc 1: 3. Qua trinh dwong hoa
duoc thuc hién trong thiét bi phan tng cé thé tich
7 lit & cac nhiét do 1an luot 1a 40, 50, 55, 65°C. Két
qua mo hinh duoc thé hién & hinh 1.

Két qua & hinh 1 cho thay khi nhiét do tang ti
40 len 50°C, ham lwong cac san phdm thu duoc
tang lén khong dang ké. Tuy nhién, khi tang nhiét
do len 55°C, 65°C ham luong cac san phdm tang
len dang ké. Két qua nay phu hop véi két qua
nghién ctu cua Kettunen va cs (1996) [4] va
Sadosky va cs (2002) [10].

ing 6 g1

L

‘‘‘‘‘‘‘‘‘‘‘‘‘‘

Hinh 1. Anh hudng ciia nhiét @6 dén qué trinh dwong héa: (a) - 40°C, (b) - 50°C, (c) - 55°C, (d) 65°C
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4.2. Anh huéng ciia chuong trinh nhiét do

Anh hudng ctia chwong trinh nhiét do dén qua
trinh thay phan enzyme va qua trinh hinh thanh
cac carbonhydrate c6 thé 1én men dugc phan tich

Bién thién tuyén tinh tir 35 -75°C; (2) Bién thién
hai giai doan tir 35 - 65°C; (3) Bién thién ba giai
doan tir 52 - 67°C. Cac két qua mo phong duoc thé
hién & cac hinh 2, 3,4, 5, 6, 7.

va danh gia voi 3 ché do khac nhau bao gom: (1)

106 4 == - AyiaLe
= Ardrnylaie |

Nhidt 34

&0 4

&0+

Nhiit di (*C

B4 hoat hda cua enzyme (%)

100 120 140

o m 4 L]

&
Thai gian (phit)

Hinh 2. Bién thién ham leong ciia cac enzyme theo chuong trinh nhiét tuyén tinh
Két qua mo phéng cho thdy téc do phan hiy phut, trong khi chi voi khoang gan 80 phut luong
clia p-amylaza nhanh hon a-amylaza. Dé phan hiy p-amylaza da phan huy hét.

hét a-amylaza can khoang thoi gian lén dén 140
W00 =

- Maltotriose
== Tatal extract
— Nkuit 4}

2301

41050 4
= o
e 130 4 -
2 :
-] o
£ :
& =
04 4
1
- e !
I .
o Pid] L] ] B ples] 130 1440

Thai gian [phut)

Hinh 3. Anh hudng ciia chuong trinh nhiét tuyén tinh dén lam luong céc sin phdm

Téng lwong san pham hitu ich déi voi chuong
trinh tuyén tinh dat dugc kha cao, tuy nhién giai
nhiét do ctia qua trinh duong hoa thong thuong
chi giéi han dén 75°C. Do d9, tir két qua tinh toan
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ctia m6 hinh cho thay, chuong trinh nhiét do mot
giai doan duoc danh gia la khong phu hop voi qua
trinh duong hoa.
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B 4 = Famylase :
A amylase |5

Mhigt 36

B0 4
L
E
H 60 ¥
- —
-} e
=1 o
W -
A
2 .l :
B
L=
Z
O
[~]
ol

Thii gian (phit)

Hinh 4. Bién thién ham leong cic enzyme dén churong trinh nhiét hai giai doan
O chuong trinh nhiét hai giai doan, nhiét do hoa trong thuc tién, tuy nhién cac enzyme chua bi
khéi phan tng tang dan tir 35 - 65°C trong vong 60 Phan hty hoan toan.
phut, sau d6 duy tri & nhiét d6 nay trong vong 80 Téng san pham ¢ chuong trinh nhiét hai giai
phat nhu mo ta & hinh 4. Két qua cho thdy, gidi doan (Hinh 5) ciing dat muc t6i da nhu doi voi
nhiét do nay phu hop voi nhiéu qua trinh duong chuong trinh mot giai doan (Hinh 2).

e [iross
+
=i~ Maltose
“as Maltotriose
—- Total extract
—— Nhigt 38

— * . &

230 4

Nang 4§ (gL
Mhigt & (*C)

0 20 P €@ 80 100 120 140
Thai gian (phist)

Hinh 5. Anh huéng ctia chuong trinh nhiét hai giai doan dén ham luong san phidm

1
= samyase |
-8~ famylase |
— nhidtdh [

100 4

]
&

-
&

Nhiét dg (*C)

B hoat héa cda enzymae (%)
&

8

Thei gian (phit)

Hinh 6. Bién thién ham leong cac enzyme theo chuong trinh nhiét ba giai doan
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Chuong trinh nhiét ba giai doan duoc xem la
mot trong nhitng chuong trinh nhiét phé bién nhat
doi voi qua trinh duong hoa. Khoi phan tung ban
dau duoc duy tri & 52°C trong vong 60 phut, sau d6
nhiét do khoi phan tmg duoc nang lén dén 67°C
trong vong 30 phut, ti€p do nhiét do duoc duy tri
va qua trinh két thuc sau téng thoi gian 150 phut.
Voi ché @6 nhiét phd bién nay, két qua mo hinh
nhu mo ta & hinh 6 van cho thiy cac enzyme déu

MO

2501

Mang dd (gLl

khong phan hiy hoan toan. Tuy nhién, két qua nay
duoc danh gia 1a phu hop voi thuc té san xuat
trong cong nghiép. Pac biét & chuong trinh nhiét
nay, thanh phan cta maltose gidm xudng so voi
hai chuwong trinh nhiét @6 da khao sat & trén (Hinh
3,5, 7), dan dén giai doan lén men sau duong hoa
da dai dé khong tao ra cac san pham phu khong
mong mudn, déng thoi cai thien duoc do ngot va
do kho cta bia.

—4- Malbose

i Maltotriose [
- Tl extract
= hitult 35

m e s e e

-
L 3
.

n o ]

B 100 1 140

Thai gian [phit)

Hinh 7. Anh hudng ctia chuong trinh nhiét ba giai doan dén ham lwong c4c sin phdm

Vé tong luong san phdm, két qua mo phong
trén hinh 7 cho thay, téng luong san phidm ciing
dat murc to6i da nhu cac chuong trinh nhiét tuyén
tinh cting nhu chuong trinh nhiét hai giai doan.
biéu do cho thay, van dé quan trong trong qua
trinh duong hoéa 1a can ting toi da kha nang phan
hay cac enzyme.

4.3. Anh huéng ciia tj 1é malt - nuéc

Cing & quy mo6 phong thi nghiém nhu da néu
trén, trong phan nay, anh huéng cda ty lé malt -
nudc dugc phan tich va danh gia dya trén mo hinh
toan hoc téng quat da duoc xay dung. TV 1é malt-
nudc khao sat trong phan nay bao gom 1: 2, 1: 3, 1:
4. Két qua tinh toan duogc thé hién & hinh 8, 9, 10.

0 4 = - & A= dugsidi chidt || -
- ~a- Maltose
e (G
300 4 e e IEETRE
— Wiy S
1301 i o e e mm—-—— — -
= z
2k 300 1
g =
= 3
e T
£ 150 £
4 =
ROG 4
0 1 " " Yo & 3
o
o ana 40 [2a] B8O 130 1 140
Thai gian [phist)

Hinh 8. Ham lugng cac san phdm véi ty 1& malt - nueéc 1: 2 voi chuong trinh nhiét hai giai doan
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230 4

Fi=-k

150 4

RO 1
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Hinh 9. Ham luong cac san phdm véi ty 1é malt - nuéc 1: 3 voi chuong trinh nhiét hai giai doan

200 4 & - A daia
* * B Iun chidt
== Haltcse
178 == Chutcie
wlye HalNStrdEe
— Wi 85
RS0 4
. M54
! Lt
) 2
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= RO e =]
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E .
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o iel o [ 1+] 1) 1 140
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Hinh 10. Ham lugng cac san phdm véi ty 1é malt - nuéc 1: 4 véi chuong trinh nhiét hai giai doan

Két qua mo phong véi cac ty 1é malt nudc khac
nhau cho thdy, khi ting luong nuéc, ham luong
cac san phdm thu duoc gidm xuong. Pay duoc
xem la mot hién tuwong pha loang vat ly thong
thuong. Diéu do cho thdy, mé hinh toan hoc téng
quat xay dung trong nghién cttu nay khéng nhing
phu hop cho viéc danh gia toc do cac phan tmg
thiy phan, duong hoéa ma con mo ta duoc cac hién
tuong vat ly dién ra trong qua trinh duong hoa.
Mic du vay, néu luong nudc qua thap, kha nang
hoa tron ctia malt sé khong dat yéu cau gay that
thoat nguyen lieu. Nguoc lai, néu st dung nhiéu
nudc sé anh hudng dén ham lugng con, cac san
phdm lén men sau nay va gian tiép anh huéong dén
chat luong bia. Trén thuc té, ty lé¢ maltnuoc
thuong nam trong dai tir 1: 2 dén 1: 4.

5. KET LUAN

Kiém soat tot qua trinh thiy phan va duong
héa bang ca ly thuyét va thuc nghiém duoc xem 1a
quan trong va then chot, dac biét trong cong nghe
san xuat bia vi qua d6 co thé kiém soat tot qua
trinh chuyén hoa tinh bot va cac carbonhydrates.
O phuong dién ly thuyét, viec xay dung mo hinh
toan hoc qua trinh duong hoa dé thuan tién trong
tinh toan va toi wu hoa qua trinh duong hoa, theo
d6 c6 nhiéu dong gop hitu ich. Nghién ctru nay da
xay dung duoc mo hinh toan hoc téng quat mo ta
qua trinh thuy phan va duong hoa tinh bot cé
trong malt va ngat coc. M6 hinh téng quat cho
phép phan tich va danh gia cac thong so chinh
nham téi wu va nang cao hiéu qua qua trinh duong
hoa trong cong nghé san xuat bia.

86 NONG NGHIEP VA MOI TRUSNG - THANG 9/2025



KHOA HOC & CONG NGHE

TAI LIEU THAM KHAO

1. Hardwick, W. S. (1995). Handbook of
brewing. New York: Marcel Dekker Inc.

2. Hough, J. S. (1990). Biotecnologia de la
cerveza y de la maltra. Ed. Acribia. Zaragoza,
Spain.

3. Brandam, C. Meyer, X. M., Proth, J.,
Strehaiano, P. & Pingaud, H. (2003). An original
kinetic model for the enzymatic hydrolysis of
starch during mashing. Biochemical Engineering
Journal, 13, 43 - 52.

4. Kettunen, A., Hamalainen, J. J., Stenholn,
K., & Pietila, K. (1996). A model for th prediction
of beta-glucanase activity and beta-glucan
concentration during mashing. Journal of Food
FEngineering, 29, 185 - 200.

5. Koljonen, T., Hamalainen, J. J., Sjoholm, K.
& Pietila, K. (1995). A model for the prediction of
fermentable sugar concentration during mashing.
Journal of Food Engineerig, 26, 329 - 350.

6. Li, Y., Lu, J., Gu, G, Shi, Z. & Mao, Z.
(2004). Mathematical modeling for prediction of
endo-xylanase  activity = and  arabinolylans
concentration during mashing of barley malts for
brewing. Biotechnology Letters, 26, 779 - 785.

7. Home, S., Pietila, K., & Sjoholm, K. (1993).
Control of glucanolysis in mashing. ASBC Journal,
51(3), 108 - 113.

8. Li, Y, Yu, J. & Gu, G. (2005). Control of
arabinolylans solubilization and hydrolysis in
mashing. Food Chemistry, 90, 101 - 108.

9. Durand, G. A., Corazza, M. L., Blanco A. M.,
Corazza, F. C. (2009). Dynamic optimization of the
mashing process. Food Control, 20, 1127 - 1140.

10. Sadosky, P., Swarz, P. & Horsley, R. D.
(2002). Effect of Arabinolylans, beta - glucans and
Dextrins on the viscosity and membrane
filterability of a beer model solution. ASBC
Journal, 60(1), 153 - 161.
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Abstract

Hydrolysis and saccharification of starch in malt and rice are fundamental and crucial steps in
many processes that convert agricultural products into food, beverages and basic chemicals. This
research aims to develop a generalized mathematical model describing the Kinetics of starch
hydrolysis and saccharification under the action of alpha- and beta-amylase. This kinetic model
will not only allow for the evaluation of temperature’s effect on process efficiency but also enable
the assessment of the influence of water-to-grist ratio and adjunct grain ratio (rice or corn). The
important goal of the work is to optimize energy and raw material consumption in beer

production.
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PDANH GIA VONG D01 SAN PHAM (LCA) CUA
QUY TRINH SAN XUAT CGN THUC PHAM TU GAO
THEO CONG NGHE KHONG GIA NHIET O QuUuY MO

1 TAN NGUYEN LIEU/ME

Pham Ngoc Hung **, Nguyén Chinh Nghia', Chu Ky Son’
!Khoa Ky thuat Thuc pham, Truong Hoa va Khoa hoc Sur séng, Dai hoc Bach khoa Ha Noi
*Email: hung.phamngoc@hust.edu.vn
TOM TAT
Séan xuat con (ethanol) thuc phdm tir gao thuong tiéu ton nhiéu nang luong va gay ra cac tac dong
dang ké dén moi truong. Nghién ctru nay ap dung phuong phap danh gia vong doi san pham (Life
Cycle Assessment - LCA) dé phan tich va so sanh cac tac dong moi trueong ctia quy trinh san xuat
ethanol tir gao bang cong nghé khong gia nhiét theo quy trinh: Dich héa - duong héa - 1én men
dong thoi (Simultaneous Liquefaction, Saccharification and Fermentation - SLSF) v6i quy trinh
truyén thong tai nha may (bao gdbm cac budc: Dich hda, duong héa va 1én men riéng biét). Cac thi
nghiém duoc thuc hién & quy mo thit nghiém 1 tdn gao/mé, tai mot nha may & tinh Hoa Binh. Két
qua cho thdy, quy trinh SLSF da cho néng do ethanol trong dich lén men cao hon (10,1% so voi
9,5% v/v) va tang hiéu suat thu héi ethanol téng thé (465 L so vdi 438 L ethanol 96%/t4n gao) so
voi quy trinh truyén thong. Vé mat nang leong, quy trinh SLSF giip gidm 25% luong than tiéu thu
nhung 1am tang 31% luong dién st dung. Vé kinh té, chi phi san xuat cho 1.000 L ethanol thanh
phim da giam 1.307.256 VND. Vé moi truong, quy trinh SLSF gép phan lam gidm phat thai khi
nha kinh (GHG) tir 1,81 xudng con 1,36 kg CO.-eq/L ethanol thanh phdm. Nhimg két qua nay
khéang dinh, cong nghé SLSF khong gia nhiét 1a mot giai phap bén virng, mang lai loi ich kép vé
kinh té va moi truong cho nganh san xuat ethanol tai Viét Nam.

Tt khoéa: Pdnh gii vong doi san pham (LCA), ethanol, gao, cong nghé khong gia nhiét (SLSF).

1. DAT VAN BE d4, dan dén chi phi van hanh cao va phat thai mot
Nganh cong nghiép san xuat ethanol thuc luong khi nha kinh (GHG) dang ke [1].

phdm co vai tro thiét yéu trong viéc cung cap Hién nay, c6 mot so nghién ctu va tmg dung
nguyeén lieu cho san xuit dd udng c6 con vamot s¢  €4c enzyme trong qua trinh dich hoa it gia nhi¢t
nganh san xuit khac. Tai Viet Nam, gao 1a mot (chi can gia nhiét dén 70 - 80°C thay vi gia nhiét
nguyén lieu giau tinh bot, 1a nguén cung chi yéu ~ dén nhiét do ?61) két hop v6i qua trinh duong hoa
cho nganh cong nghiép nay, gép phan vao viéc én va lén men dong thoi da duoc ap dung thanh cong
dinh va nang cao gi4 tri cho chudi sn xuat trong ~rong san xuat con tir ngo va san [2]. Nghién ctu
nong nghiép lda gao. ctia Wang va cs (2007) da st dung ché phim
enzyme thiy phan va duong hoéa tinh bot song
chtta hon hop alpha-amylase, glucoamylase dé
thiy phan tinh bot ngé ¢ nhiét do 48°C trong 2 gio,
thuc hién cong doan duong hoa va lén men déng
thoi dé thu duoc néong do cén duong twong voi
phuong phap truyén thong [3].

Quy trinh san xuat ethanol truyén thong ti
gao thuong bao gom: Dich hoa, duong héa va lén
men. Trong do6, cong doan dich hoa doi hoi phai
gia nhiét khoi dich lén nhiét do cao (95 - 100°C),
tiép theo, cong doan duong hoéa luon duy tri nhiét
do khoi dich trén 60°C trong vong 1 gio. Qua trinh \ \
nay tiéu ton mot luong nang luong nhiét rat 16m, Trong vai nam gan day, nhiéu cong nghé tién

nén thuong dét cac nhién liéu hoa thach nhu than  ti€n da duoc nghién ctu va phat trién giﬁp giam
chi phi niang luwong trong nha may, nhat la trong
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boi canh Viét Nam dang tién toi Net Zero vao nim
2050. Trong d6, néi bat 1a quy trinh SLSF khong
gia nhiét. Cong nghé nay st dung cac hé enzyme
thé hé méi c6 kha nang thay phan tinh bot song &
nhiét do thuong, cho phép tich hop ca ba qua trinh
dich hoéa, duong hoa va lén men vao trong cung
mot thiét bi va thuc hién ¢ nhiét do thap (~ 30°C).
Vé ly thuyét, quy trinh SLSF mang lai nhiéu uu
diém vuot troi: (i) tiét kiem dang ké nang luong do
loai b6 hoan toan cong doan gia nhiét va lam ngudi
khi dich hoéa va duong héa [4]; (i) giam anh hudéng
ap suat thdm thau lén t€ bao nAm men do duong
glucose duoc tao ra va tiéu thu ngay lap tiec, c6 kha
nang lam tiang hiéu suat lén men; (iii) han ché nguy
co phat trién ctia cac vi sinh vat nhiém tap trong
cong doan léen men nho duy tri néng do duong
trong dich & muc thap. Tai Viét Nam, quy trinh
SLSF da duoc thit nghiém trén cac nguyén liéu gao,
san va da chimg minh duoc hiéu qua cta quy trinh
& quy mo phong thi nghiém va pilot [5 - 7].

Tuy nhién, dé danh gia mot cong ngheé co thuc
su "bén ving" hay khong, viéc chi xem xét hiéu
suat ky thuat hay chi phi nang luong la chua dd ma
can c6 mot phuong phap danh gia tdic dong moi
truong toan dién. Panh gia vong doi san phdm
(LCA) duoc chuan hoa theo bo tiéu chuan quoc té
ISO 14040:2006 va ISO 14044:2006, 1a mot cong cu
manh va dwoc cong nhan rong rai cho muc dich
nay [8, 9]. LCA cho phép dinh lwong mot cach hé
thong cac tac dong moi truong tiém tang ctia mot
quy trinh san xuit bang cach kiém ké ro rang va
phan tich tat ca cac dong vat chat va nang luong tir
dau vao dén dau ra. Cac huong dan thuc hanh chi
tiét nhu ILCD Handbook cta Uy ban chau Au
cling cung cap mot khuon khé vimg chac dé dam
bao tinh nhat quan va chat luong ctia cac nghién
cutu LCA [10].

Trén thé gioi, phuong phap LCA da duoc ap
dung rong rai dé danh gia qua trinh san xuat
ethanol tir nhiéu nguén nguyén lieu khac nhau,
nhu: Ngo & My [11], mia & Brazil [12], san & Thai
Lan [13]. Cac nghién cttu gan day tiép tuc nhin
manh tam quan trong ctia viéc toi wu hoa quy trinh
dé giam tac dong moi truong, chang han nghién
ctru cta Tsolakis va cs (2020) vé viéc cai thién hiéu
qua str dung nudc [14], hay nghién ctru ctia Sun va

cs (2019) vé cac hé enzyme moi [15]. Tuy nhién,
mot nghién ctru LCA chi tiét, so sanh truc ti€p quy
trinh SLSF khong gia nhiét véi quy trinh truyén
thong st dung nguyén liéu gao trén quy mo cong
nghiép trong diéu kién san xuat ctia Viet Nam thi
van con han ché.

Vi vay, nghién ctru nay duoc thuc hién nhiam
ap dung phuong phap luan LCA dé so sanh va
danh gia mot cach heé thong hai quy trinh san xuat
ethanol thuc phdm tir gao & quy mo cong nghiép.
Muc tiéu cta nghién ctu 1a cung cip mot day da
thong tin va danh gia vé hiéu qua ky thuat, kinh té
va dac biét la cac tac dong moi truong, tap trung
vao chi sO tiém ning nong lén toan cau (GWP),
qua do xac dinh quy trinh cong nghé bén vimng
hon cho nganh san xuat ethanol tai Viet Nam.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat liéu

Nguyén lieu chinh dugc stt dung dé san xuat
ethanol trong nghién cttu nay 1a gao tdm dong
xuan, dugc thu mua tai xa Yén My, huyén Nong
Cong, tinh Thanh Héa. Gao c6 ham luong tinh bot
ttr 76 - 77% va @0 4m 11 - 12%. Nudc st dung cho
cac qua trinh duoc 14y tir nguon da qua xt ly tai
nha may, c6 pH 6,5. Cac ché phdm nidm men
thuong mai duoc stt dung bao gom: Ethanol red
(Saccharomyces cerevisiae) (Fermentis, Phap) va
mauripan (Saccharomyces cerevisiae) (Mauripan,
Phéap). Cac ché phidm enzyme thuong mai bao
gom: Stargen 002, fermgen (IFF) amigase mega L
(DSM), termamyl SC va  glucoamylase
(Novozymes).

2.2. Thiét bi nghién ciru

Nghién cttu dugc thuc hién trén hé thong thiét
bi ctia Cong ty C6 phan Viét Phap - Victory, xa Tan
Vinh, huyén Luong Son, tinh Hoa Binh (nay la xa
Luwong Son, tinh Phd Tho). Cac phan tich duoc
thuc hién bang cac thiét bi phong thi nghiém
chuyén dung, bao gom: Hé thong cit ruou mau,
con ké diém soi (Ethanol ebulliometer, Dujardin-
Salleron, Phap) va may do d¢ Brix.

2.3. B4 tri thi nghiém

Nghién ctu dugc thiét ké dé so sanh hiéu qua
cta hai quy trinh san xuat ethanol tir gao: (1) quy
trinh dich héa - duong hoa - 1én men déng thoi,
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khong gia nhiét (SLSF); (2) quy trinh truyén
thong (dich hoa, duong hoa va lén men riéng biét).
Mbi quy trinh dugc thuc hién ldp lai hai lan trén
quy mo 1 tAn gao nguyén lieu/mé dé dam bao do
tin cay. He thong thiét bi ctia Cong ty bao gom: 01
thiét bi nghién bua (cong suat 1 tan/gio), 02 thiét
bi nau (cong suat 8 m*/mé), 01 thiét bi duong hoa
(cong suat 8 m*/mé), 10 tank lén men (10 m*/mé),
01 hé thong chung cat 5 thap (cong suat 1.500 L
con/ngay).

Thi nghiém & quy trinh SLSF: 1 tan gao duoc
nghién min (dwong kinh mat ludi 0,3 mm) va hoa
tron trong 4 m® nudc trong tank chira cé thé tich
10 m®. Hon hop enzyme (1,26 L stargen 002; 0,4 L
fermgen; 0,3 L amigase mega L), 0,99 kg nAm men
ethanol red (hoat héa trong nuéc & 35°C trong
vong 15 phut) va 1,9 kg uré dugc bé sung dong
thoi vao dich. pH cta dich duoc diéu chinh vé 4,5
bang axit sulfuric dam dac. Qua trinh duwong hoa,
dich héa, 1én men dong thoi duoc dién ra cung
trong 72 gio, & nhiét do6 30°C.

Thi nghiém & quy trinh truyén thong: 1 tan
gao duoc nghién tho (duong kinh mat lwdi 1 mm).
Qua trinh dich hoa bat dau bang viéc hoa bot vao 4
m3 nudc ¢ nhiét do khoang 40 - 45°C, khuay voi toc
do6 30 vong/phut va thuc hién trong tank chira co
thé tich 10 m®; b sung 400 mL enzyme termamyl
SC, diéu chinh pH 5,0 va gia nhiét lén 92 - 93°C.
Dich chao duoc 1 trong khoang 20 phut va khong
stt dung canh khudy. Dich chao tiép tuc duoc dun
s6i va u trong 2 gio. Tiép theo, dich chao dugc lam
ngudi xuéng 65°C, bé sung 2,0 kg urée va 0,7 L
enzyme glucoamylase dé thuc hién qua trinh
duong hoa trong vong 1 gio. Dich tiép tuc duoc
lam nguoi vé 30°C, b6 sung 1,9 kg ndm men La
Nga (hoat hoa trong nudc & 35°C trong vong 15
phut) va lén men trong 72 gio.

Sau khi két thuc 1én men, dich cta ca hai quy
trinh déu duoc dua di loc va chung cat dé thu hoi
ethanol thanh phdm.

2.4. Xac dinh nang leong va tai nguyén st
dung

bién nang tiéu thu duoc tinh toan dua trén
cong suat (kW) va thoi gian van hanh cta ting
thiét bi, dong co. Luong than st dung dugc udc

tinh dua trén téng luong than cung cap cho 1o hoi
dé tao hoi phuc vu cho qua trinh dich héa va duong
héa (voi quy trinh truyén thong) va quéa trinh
chung cat. Luong nuéc duoc tinh bang téng cta
luong nudc st dung cho cac cong doan hoa bot,
lam mat, cap nuoc cho 10 hoi va vé sinh thiét bi.

2.5. Phuong phap danh gia vong doi san phdm
(LCA)

Phuong phap LCA duwoc ap dung theo ISO
14040:2006 [8] va ISO 14044:2006 [9]. Muc tiéu va
pham vi ctia nghién cttu 1a 4p dung cach ti€p can
“gate-to-gate” dé so sanh cac tac dong moi truong
cta hai quy trinh san xuat tai nha may. Trong do,
cac qua trinh van chuyén nguyén vat liéu, ning
luong, san pham duoc gia thi€t 1a nhu nhau cho ca
hai quy trinh va khéng dugc xem xét trong pham
vi nghién cttu nay. Nghién cttu tap trung vao loai
tac dong tiém nang nong lén toan cau (Global
Warming Potential - GWP). Cac khi nha kinh phat
thai (GHG) duoc quy déi vé don vi kg CO, tuong
duong kg CO,-eq. Luwong phat thai dwoc tinh toan
dua trén téng ning luong dién va than tiéu thu
trong moi quy trinh. Cac hé so phat thai duoc
tham chiéu tir co s¢ dix liéu Ecoinvent, tir cac bao
cao cua IPCC, UNEP va cac co quan quan ly tai
Viét Nam.

2.6. Dia diém nghién ctru

Nghién ctu dwoc thuc hién tai nha may cua
Cong ty C6 phan Viéet Phap - Victory, xa Luong
Son, tinh Pha Tho.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. So sanh lugng ethanol gitta quy trinh
SLSF véi quy trinh truyén théng

Hiéu qua chuyén hoda tinh bot thanh ethanol 1a
mot chi tieu ky thuat quan trong, cot 16i dé danh
gia mot cong nghé san xuat. Cac thong s6 thuc
nghiém ctia quy trinh SLSF va quy trinh truyén
thong duoc mo ta tai bang 1. Dix liéu cho thay, quy
trinh SLSF cho két qua néng d¢ ethanol sau lén
men cao hon so voi quy trinh truyén thong. Cu
thé, nong do ethanol trong dich 1én men cudi (con
goi 1a "gidm chin") ctia quy trinh SLSF dat 10,1%
v/v, cao hon muc 9,5% v/v ctia quy trinh truyén
thong. Su chénh lech 0,6% v/v nay 1a két qua truc
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tiép cta cac uu diém trong co ché cta cong nghé
SLSF. Trong nghién ctru vé quy trinh SLSF & nong
do chat kho cao, Tien Tien Nam va cs (2023) [6]
da nghién ctru kha nang lén men trén 5 loai gao
v0i cac ché phdm ndm men va enzyme khac nhau.
Két qua nghién citu cho thay, ché phdm nidm men
ethanol red va st dung enzyme amigase mega L sé
giup quy trinh 1én men khong gia nhiét dat hiéu
suat cao nhat 1a 85,6%, voi ndong do con trong dich
gidm chin dat 17,23% v/v sau 120 gio [6]. O quy
mo pilot, quy trinh SLSF ciing cho thay hiéu qua
cao khi nong do con sau 120 gio 1én men cé thé
dat 17% v/v, twong tng voi hiéu suat 83,2% [5].

Trong quy trinh SLSF, qua trinh dich héa,
duong hoa va lén men dién ra déng thoi gitp duy
tri néong do duong glucose trong dich & muc thap,
qua do lam giam ap suat tham thau lén té bao ndm
men va han ché nguy co tc ché co chat, gitp ndm
men hoat dong hiéu qua hon. Dong thoi, dé dam
bao qua trinh dich hoa va duong héa hiéu qua &
nhiét do thap, nguyén liéu gao cho quy trinh SLSF
duoc nghién min hon (duong kinh mat luéi 0,3
mm so v6i 1,0 mm cta quy trinh truyén thong).

Kich thudc hat nhé hon lam ting dién tich bé mat
tiép xuc, cho phép enzyme dé dang tan cong va
pha vo cau truc tinh bot. Ngoai ra, trong sudt qua
trinh 1én men, do chua ctia dich gidm chin duy tri
& muc thap (1,41 - 1,57 g H,SO,/L), ching t6 van
dé nhiém tap khong xay ra trong qua trinh lén
men. Két qua teong tu cing duoc ghi nhan trong
nghién ctu véi quy trinh SLSF & nong do chat kho
cao ctia Chu Ky Son va cs (2016), & quy mo 25 lit,
khi ham luong axit lactic va axit acetic trong dich
giam chin duy tri nho hon 1 g/L, ching t6 van dé
nhiém tap da duoc kiém soat tot [5]. Nhimg wu
diém cong nghé nay da giup quy trinh SLSF dat
duoc nong do ethanol trong gidm chin cao hon
quy trinh truyén thong.

Néng do ethanol cao hon da truc tiép chuyén
héa thanh hiéu suit thu hoi san phdm cudi cling
cao hon. Ttr 1 tan gao nguyeén liéu, quy trinh SLSF
thu duoc 465 L ethanol 96%, trong khi quy trinh
truyén thong chi thu duoc 438 L. Diéu nay tuong
duong véi viéc nang suat da tang 6,2%, mot con so
c6 y nghia l6n & quy mo cong nghiép, khiang dinh
uu thé ro rét vé mat ky thuat cta quy trinh SLSF.

Bang 1. Cac thong s6 thuc nghiém ctia quy trinh SLSF va quy trinh truyén théng,

tinh trén 1 tin gao nguyén liéu
Thong so6 bon vi Quy trinh SLSF | Quy trinh truyén thong
Luwong gao kg 1.000 1.000
Ham luong tinh bot ciia gao % 76 76
Téng thé tich dich L 4.700 4.700
Thé tich gidm chin L 4.500 4.550
Do chua khi két thuc 1én men g H,S0,/L 1,57
Noéng do ethanol ctia giam chin % 10,1 9,5
Hiéu suat chung cat % 98 98
Luong ethanol thanh phdm (96% v/v) L 465 438

3.2. So sanh ning lugng tiéu hao cia quy trinh
SLSF véi quy trinh truyén théng

Quy trinh SLSF ¢6 uwu diém co ban 1a qua trinh
dich hoa, duong hoa va len men dién ra dong thoi.
Chinh vi wu diém nay, quy trinh SLSF st dung
nang luong va tai nguyén thap hon so véi quy trinh
truyén thong. So liéu thong ké trong cac dot thi
nghiém duoc thé hién ¢ bang 2.

Vé luong than tieu thu, quy trinh SLSF gitp
giam 25%, tit 240 kg & quy trinh truyén thong
xuong con 180 kg cho méi mot tan gao. Voi quy

trinh SLSF, luong than tiéu thu chi st dung cho
qua trinh chung cat, twong duong véi quy trinh
truyén thong.

Vé nang luong dién, quy trinh SLSF lai c6 yéu
cau dién nang cao hon 31% so véi quy trinh truyén
thong, tit 151 kWh so voi 115 kWh, tuong tmg.
Phan tich chi tiét cho thay, nguyén nhan chinh la
do yéu cau nghién nguyén liéu min hon, tiéu ton
88 kWh so voi chi 44 kWh ctia quy trinh truyén
thong. Quy trinh truyén théng can khoang 10 kWh
cho cac qua trinh khudy trong dich héa. Bén canh
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do, trong qua trinh loc, SLSF can 6 kWh con quy
trinh truyén thong can 2 Kwh dé bom dich vi ly do
bot ctia quy trinh SLSF min hon. Qua trinh chung
cat can 37 kWh dién. Cac thiét bi khac nhu dén,
bom, quat tiéu thu khoang 20 kWh dién trong moi
quy trinh. Luong dién nang tang thém nay la mot
su danh d6i ky thuat can thiét dé loai bé nhu cau
vé nang luong nhiét tir than.

Nuoc 1a tai nguyén nén can duoc tinh dén
trong cac qua trinh san xuat trong cong nghiép.
Uu diém néi bat cua quy trinh SLSF so véi quy
trinh truyén thong la viéc cat giam toi 62% luong
nuoc st dung, tir 21 m® xuéng chi con 8 m®. Nudc
giam do khong dung d€ lam mat cho cac cong
doan ha nhiét dich tir nhiét do so6i trong cong doan
ho héa, dich hoa va duong hoa.

Phan tich nay cho thay, quy trinh SLSF khong
chi don thuan la gidm duwoc nang luong tiéu hao,
ma la mot su thay ddi cau tric mo hinh st dung
nang luong: Chuyén tir phu thudc vao nang luong
nhiét (d6t than) sang stt dung nang luong dién
mot cach hiéu qua hon, dong thoi gidm dang ké tai
nguyén nuoc.

Bang 2. Téng hop leong dién, than va nudc tiéu
hao trong quy trinh SLSF va quy trinh truyén
thong, tinh trén 1 mé thi nghiém véi 1 t4n gao

nguyén liéu
Nhién liéu | Don vi Quy trinh Quy trinh
SLSFtruyén théng
Than | kg | 180 940
bien | kWh | 151 115
Nuoc m? 8 91

3.3. So sanh chi phi sdn xuit ctia quy trinh
SLSF véi quy trinh truyén théng

Hiéu qua kinh té duoc danh gia dua trén chi
phi san xuat va loi nhuan thu duoc tir 1 tdn gao
nguyén lieu (Bang 3). Tong chi phi san xuat trén
modi tdn gao cua hai quy trinh gan nhu tuong
duong (10.877.000 VND cho SLSF so voi
10.920.200 VND cho quy trinh truyén thong). Tuy
nhién, co cau chi phi va loi nhuén cta hai quy trinh
c6 su khac biét.

Bang 3. Téng hop chi phi nguyén vat liéu san xuat ethanol theo quy trinh SLSF va
quy trinh truyén théng tinh cho 1 t4n gao nguyén liéu

Nguyén/nhién bon gia Quy trinh SLSF Quy trinh truyén thong
lieu (VND) | S6 luong | Thanh tién (VND) | So lwong | Thanh tién (VND)
Gao tam (kg) 8.800 1000 8.800.000 1.000 8.800.000
Than (kg) 4.200 180 756.000 240 1.008.000
bien (Kwh) 3.400 151 513.400 115 391.000
Nuoc (m®) 7.200 8 57.600 21 151.200
Enzyme, nim 750.000 570.000
men, ure, axit
Tong cong 10.877.000 10.920.200
Ethanol 96% (m®) 45.000 465 20.925.000 438 19.710.000
Chénh léch 10.048.000 8.789.800
Tile taing (%) 114.3% 100%

boi voi chi phi dau vao, SLSF c6 su dich
chuyén so véi quy trinh truyén thong: Chi phi cho
enzyme, nam men, ure, axit cao hon 180.000 VND

92

va chi phi dién tang 122.400 VND. Nhung quy
trinh SLSF da tiét kiém duoc 252.000 VND tién
than va 93.600 VND tién nuoc.
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Nghién ctru ctia Tien Tien Nam va cs (2023)
[6] khong tinh dén chi phi nang luong, nhan cong
ma chi tinh chi phi nguyén vat liéu dé so sanh tinh
kinh té ctia quy trinh SLSF voi cac nguyeén liéu gao
khéac nhau. Két qua thu duoc cho thay, chi phi san
xuat 1 L con tuyét doi véi cac loai gao dao dong tir
22.449 - 28.754 VND [6].

Loi thé kinh té cho quy trinh SLSF khong nim
& chi phi dau vao, ma & hiéu suat dau ra. Véi cling
1 tan gao, quy trinh SLSF san xuét duoc nhiéu hon
27 L ethanol so v6i quy trinh truyén thong, dan
dén téng doanh thu cta quy trinh SLSF cao hon,
loi nhuan chénh léch dat 10.048.000 VND, cao hon
1.258.200 VND (twong duong 14,3%) so v6i mic
8.789.800 VND ctia quy trinh truyén thong.

Béng 4. Téng hop chi phi sin xuit ethanol tinh cho 1.000 L thanh ph4dm theo quy trinh SLSF

Nguyén/nhién vat liéu Don vi tinh S6 luong I?\;c;gi)é Th(ilg\l;})ﬁ)én
Gao tAim Kg 2.150 8.800 18.920.000
Nam men (Red Ethanol) Kg 2,13 280.000 596.400
?Slf;ag’eiul‘;‘l’;rgﬁi‘se ' L 2,71 205.000 555.550
I(fl_“ggiﬁlr)’ylase (Amigase Mega L 0,65 180.000 117.000
Protease (Fermgen - Dupont) L 0,86 230.000 197.800
Than Kg 387,1 4.200 1.625.806
Dién KW 324,7 3.400 1.104.086
Nuoc m® 17,2 7.200 123.871
Nhan cong Cong 40 190.769 7.630.769
Chi phi khéac va khau hao 2.550.000
Téng cong 33.421.283

Hiéu qua nay duoc khang dinh khi quy déi chi
phi trén moéi don vi san phdm. D€ san xuat 1.000 L
ethanol thanh pham, quy trinh SLSF c¢6 téng chi
phi la 33.421.283 VND (Bang 4), trong khi quy
trinh truyén thong 1a 34.728.539 VND (Bang 5).
Nhu vay, quy trinh SLSF giup tiét kiém duoc

1.307.256 VND chi phi san xuat cho méi 1.000 L
ethanol. Piéu nay chimg t6, mac du yéu cau dau tu
ban dau cho enzyme chuyén dung cao hon, quy
trinh SLSF mang lai loi nhuan bén viing va hiéu
qua hon nho téi wvu hoa qua trinh chuyén hoéa
nguyén liéu.

Béng 5. Téng hop chi phi sin xuit ethanol tinh cho 1.000 L thanh phidm theo quy trinh truyén théng

. y , bon gia Thanh tién
Nguyeén vat lieu Pon vi tinh S6 luon,
guy O v O v g (VND) (VND)
Gao tdm Kg 2.280 8.800 20.064.000
Nam men (La Nga) Kg 4,3 110.000 473.000
Glucoamylase GA L 1,61 210.000 338.100
(Novozymes)
Termamyl SC (Novozymes) L 0,92 145.000 133.400
Than Kg 547,9 4.200 2.301.370
bién KW 262,6 3.400 892.694
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Nuoc m® 47,9 7.200 345.205
Nhan cong Coéng 40 190.769 7.630.769
Chi phi khac va khau hao 2.550.000
Téng cong 34.728.539

3.4. Panh gia tic dong méi trueong theo vong
doi san pham (LCA)

Tai Viét Nam, hién nay chuwa c6 nghién ctu
nao danh gia cac chi so tac dong moi truong doi
voi con thuc phdm, chi c6 danh gia trén con nhién
lieu. Doi voi con nhién liéu san xuat tir san theo
quy trinh truyén thong, luong phat thai 1a 1,252 kg
CO.eq/L hoac 59 g CO,eq/M] [16]. Tai Hoa Ky,
doi voi nguyén lieu ngo, luong phat thai tinh trung
binh 1a 51,4 g CO,eq/M] (dao dong tir 37,6 - 65,1
COyeq/MJ) [17].

Trong nghién ctu nay, két qua danh gia tac
dong moi truong theo vong doi san pham, tap
trung vao chi s6 GWP duoc trinh bay trong bang 6.
Phan tich cac nguon phat thai cho thdy, diém anh
huéng 16n nhat dén moi truong ctia quy trinh
truyén thong nam & cong doan san xuét hoi nudc
te than, chiém toi 91,8% téng luong phat thai
(1.810 kg CO.-eq cho 1 m® ethanol thanh pham).

Téng luong phat thai GHG cua quy trinh SLSF
thap hon 162 kg CO.eq/tdn gao so voi quy trinh
truyén thong (giam 20%). Phan tich cho thay, viéc
giam st dung than da giap cat giam 182 kg CO.-
eq/tan gao. Mac du viéc ting st dung dién lam
phat sinh thém 20 kg CO,-eq, nhung mtc tang nay
l1a khong dang ké so véi loi ich thu duoc tir viéc
giam dot than.

Khi xét trén don vi san phdm, hiéu qua moi
truomg tro nén ro rét hon. Quy trinh SLSF chi phat
thai 1,36 kg CO,eq dé san xuat ra 1 L ethanol,
trong khi quy trinh truyén thong can téi 1,81 kg
CO,eq/L. Ngoai ra, viéc giam 62% luwong nudc tiéu
thu cing la mot loi ich méi truong quan trong
khac ctia quy trinh SLSF. Nhitng s6 liéu nay minh
ching quy trinh SLSF khong chi hiéu qua vé kinh
t€ ma con la mot lua chon cong nghé sach hon,
pht hop v6i cac dinh huéng phat trién bén vimng.

Bang 6. Luong khi thai cac - bon do sit dung dién va
than trong quy trinh SLSF va quy trinh truyén thong

Quy
Nhién i Quy trinh
libw Pon vi trinh truve
: SISF |Tuyen
thong
Than |K8C0:€0/tangao | oo | oog
nguyén liéu
pien K8 C0-€0/tangao | oo | oo
nguyén liéu
3
Than |& €0:€a/m 1.174,2 |1.662,1
ethanol
3
Pien |<8 C02€0/m 182,8 | 1477
ethanol
4. KET LUAN

Nghién ciu da ap dung thanh cong phuong
phap danh gia vong doi san pham (LCA) theo cach
tiép can gate - to - gate dé so sanh quy trinh san
xuat ethanol khong gia nhiét (SLSF) va quy trinh
san xuat truyén thong tit gao. Quy trinh san xuat
SLSF da va dang chung minh la mot gidi phap
cong nghé mang nhiéu uu diém so véi quy trinh
truyén thong khi 4p dung trén quy moé cong
nghiép tai Viet Nam. Quy trinh SLSF khong chi
lam tiang hiéu sudt thu héi ethanol 1én 6,2% ma con
mang lai loi ich kinh t€ dang ké, véi chi phi san
xuat giam 1.307.256 VND cho méi 1.000 L ethanol
thanh phdm. Péng thoi, nhing tac dong tich cuc
dén moi truong ciing rat ro rét, thé hién qua viéec
giam 25% luong than, 62% luong nudc tiéu thu va
cat giam toi 25% luong phat thai khi nha kinh trén
moi lit sin pham. Két qua nghién ctu cung cap co
s& khoa hoc va thuc tién vitng chic, khiang dinh
SLSF la mét cong nghé san xuat ethanol hiéu qua,
bén ving va phu hop v6i dinh huéng phat trién cta
nganh cong nghiép tai Viét Nam.
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LIFE CYCLE ASSESSMENT (LCA) OF A NO-COOK PROCESS FOR ETHANOL
PRODUCTION FROM RICE AT AN PILOT SCALE OF 1-TON PER BATCH

Pham Ngoc Hung!, Nguyen Chinh Nghia!, Chu Ky Son!
! Department of Food Engineering, School of Chemistry and Life Sciences,
Hanoi University of Science and Technology

Abstract

Ethanol production from rice is often energy-intensive and causes significant environmental
impacts. This study applies the Life Cycle Assessment (LCA) methodology to analyze and
compare the environmental impacts of a no-cook Simultaneous Liquefaction, Saccharification
and Fermentation (SLSF) technology with a conventional process for ethanol production
from rice, focusing on the gate-to-gate manufacturing processes. Experiments were
conducted at an industrial scale of 1-ton of rice per batch at a factory in Hoa Binh province,
Vietnam. The results showed that the SLSF process, despite operating at a low temperature
(approximately 30°C), yielded a higher ethanol concentration in the final fermentation broth
(10.1% vs. 9.5% v/v) and increased the overall ethanol recovery (465 L vs. 438 L of 96%
ethanol per ton of rice) compared to the conventional process. In terms of energy, the SLSF
process reduced coal consumption by 25% while increasing electricity usage by 31%.
Economically, the production cost per 1000 L of finished ethanol was reduced by 1.307.256
VND. Environmentally, the SLSF process contributed to a reduction in greenhouse gas
(GHG) emissions from 1.81 to 1.36 kg CO.,eq per liter of finished ethanol. These findings
confirm that the no-cook SLSF technology is a sustainable solution, offering dual economic
and environmental benefits for the ethanol production industry in Vietnam.

Keywords: Life Cycle Assessment (LCA), ethanol, rice, no-cook technology (SLSF).
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NGHIEN CUU PHAN LAP, TUYEN CHON VA DANH GIA
BAC TINH PROBIOTIC CUA MOT SO CHUNG VI KHUAN
PHAN LAP TU PHAN CHON
bam Thuay Héang!, Vit Nhat Minh!, Pham Tu4n Anh"
!Khoa Ky thuat Sinh hoc, Truong Hoa va Khoa hoc Sur song, Pai hoc Bach khoa Ha Noi
* Email: anh.phamtuan2@hust.edu.vn
TOM TAT
Trong nhitng ndm gan day, probiotic da tré thanh mot cha dé thu hat sy quan tAm 16n trong
nghién ctu vi sinh vat, nh¢ vao vai tro quan trong ctia ching trong cai thién sitc khée con nguoi
va dong vat. Cac vi khuén probiotic, dac biét 1a cac vi khuan thuoc chi Lactobacillus va Bacillus da
duoc chimg minh c6 kha nang ho tro hé tiéu hda, ting cuong hé mién dich va bao vé co thé khoi
st xam nhap cla cac vi sinh vat gay bénh. Tuy nhién, viec kham pha cac nguon vi sinh vat méi
voi déc tinh probiotic van 1a mot linh vuc day trién vong va thach thic. Phan chon, mot nguén
sinh hoc tu nhién, chita nhiéu vi sinh vat c6 tiém nang probiotic nho méi truong giau chat dinh
duong va dac tinh tieu hoa doc ddo ctia chon. Dua trén nhitng nghién ctru trudc day, cac vi khuan
phan 1ap tir phan dong vat da ching minh tiém nang tng dung cao trong nganh cong nghiép thuc
pham, y hoc va nong nghiép. Tuy nhién, nghién cttu vé vi khu4n phan lap tir phan chén van con
han ché. Nghién cttu nay da phan lap va tuyén chon dwoc hai chiing vi khuan c6 kha nang tao bao
tr va sinh axit, bao gdm: Paenibacillus sp. CP2 va Bacillus licheniformis CP3. Hai chiing nay co
kha nang chiu duoc diéu kién trong hé tieu hoa gia 1ap, mat do cua té bao sinh duong va bao ti
cuia hai ching duoc duy tri & mitc khéng nhoé hon 5,5 log CFU/mL sau 6 gio. Hai ching CP2 va
CP3 ¢6 kha nang sinh enzyme ngoai bao amylase va protease twong duong véi chiing vi khuan
Bacillus clausii, mot ching probiotic duoc st dung phé bién.

T khéa: Probiotic, bdo ti, vi khudn sinh axit.

1. DAT VAN BE thuc day suc khoe tiéu hoa téng thé. Trong cac
- nghién ctu trén dong vat, probiotic da duwoc ching
minh 14 1am tang can trong qua trinh phat trién,
cho thay tiém nang cta chung trong viéc thuc diy
tang truong trong chan nuoéi déng vat [1]. Nhing
loi ich khac cta probiotic phai ké dén nhu diéu
chinh kha ning mién dich cta vat cha [2], san
xuat cac chat dan truyén than kinh trong ruot
thong qua truc rudt - nao [3 - 6], sinh ra cac chat
chuyén hoa c6 loi nhu axit béo chudi ngin
(SCFA), enzyme ngoai bao giup ho tro tiéu hoa
[6], cac chat khang khudn Bacteriocin [7],
exopolysaccharides (EPS) va vitamin [8].

Probiotic 1a ché phdm chtta cac vi sinh vat
duoc ching minh mang lai nhiéu loi ich stc khoe,
dac biét trong viéc quan ly va phong ngtra cac roi
loan tiéu hoa. Chung c6 hiéu qua trong viéc giam
tiéu chay do khang sinh, thitc an la, cing nhu tiéu
chay & tré em, thong qua viéc phuc hoi su can
bang hé vi sinh duong ruot. Probiotic ciing c6 tac
dung diéu tri doi voi cac tinh trang nhu tdo bon va
viem dai trang, bang cach ting cuong dong luc
duong tiéu hoa va diéu chinh tinh trang viém trong
rudt. Ngoai ra, probiotic con c6 kha ning ttc ché
st phat trién cta cac tdic nhan gay bénh nhu
Salmonella va Shigella, giup giam nguy co nhiém Céc sin pham probiotic thwong mai c6 mat
trung do cac vi khudn nay. Chung ciing da duoc nhiéu loai vi sinh vat thuoc cac nhom phan loai
chtmg minh 13 cai thién cac trieu chimg khong khac nhau nhu vi khudn lactic voi cac dai dien
dung nap lactose va giam chuéng bung, qua do thuoc chi Lactobacillus, Lactococcus,

Streptococcusva Enterococcus [9], vi khudn thuoc
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chi Bifidobaterium [10, 11], nidm men
Saccharomyces boulardii, S. cerevisiae,
Kluyveromyces fragilis, K. lactis, Candida saitoana
va C. pintolopesii [12]. Bacillus 1a mot nhom vi
khudn Gram duong, c6 thé song trong moi truong
hiéu khi hoac ky khi tuy tién va ndi bat voi kha
nang sinh bao tr. Piéu nay gitp ching ton tai lau
dai trong cac diéu kién khac nghiét, nhu nhiét do
cao va pH thap, nhitng yéu to co thé tieu diét cac vi
khuén sinh dudong. Ca dang bao tir va sinh duong
ctia Bacillus déu duoc st dung lam men vi sinh va
c6 do 6n dinh cao voi cac diéu kién moi truong
xung quanh. Cac ché phdm sinh hoc Bacillus
thuong mai phé bi€n bao gém céc loai nhu: B.
subtilis, B. polyfermenticus, B. clausii mot so
ching B. cereus, B. coagulans, B. pumilus va B.
licheniformis [13]. Cac loai thudc chi Paenibacillus
san xuadt cac tac nhan khang khudn nhu:
Bacteriocin va peptide khang khuan, cting voi cac
enzyme nhu: Glucan, chitinase, cellulase va
protease, khong chi gitup kiém soat vi sinh vat gay
bénh ma con hé tro duy tri can bang heé vi sinh vat
duong rudt. Nhitng dic tinh nay mé ra tiém nang
ung dung Paenibacillus nhu mot probiotic trong
nong nghiép va chan nuoi, thay thé cac hoa chat
diet khuan va cai thién stcc khoe tong thé ctia vat
nu6i thong qua viéc to6i wu hoéa qua trinh tieu hoa
va tang cuong mién dich.

Tiém nang ctia nhitng vi khuan sinh bao t
thudc chi Bacillus va Paenibacillus con chua duoc
khai thac hiéu qua, nhtng nghién ctru tap trung
vao tim kiém cac ching vé cac ching vi khuin co
dac tinh probiotic nay con chua nhiéu. Vi vay, muc
tiéu cta nghién ctru nay 1a phan 1ap va tuyén chon
cac chung vi khuén c6 kha nang sinh bao tit va co
dac tinh probiotic.

2. PHUONG PHAP NGHIEN CUU

2.1. Phan lap vi khudn tao bao tit va c6 kha
ning sinh axit

Mau phan chén thu thap tai thon 1, xa Eo
KPam, huyén Cu M’gar, tinh Dak Lik truéc day va
van chuyén vé phong thi nghiéem dé phan lap vi
sinh vat. 5 g mau duoc hoa trong 30 mL NaCl 0,9%

va duoc lac trong 15 phat. Sau do, 0,6 mL huyén
phtt mau duoc hut vao ong eppendorf, . & 85°C
trong 20 phut. Sau d6 mau duoc lam ngudi dén
nhiét do phong va lan luot duoc pha loang toi cac
do pha loang 10-! va 102 va duoc cdy lén moi
truong DPA (peptone 10 g/L, D-Glucose 5 g/L,
bromocresol purple 0,04 g/L, agar-agar 12 g/L, pH
7,0) [14]. Mau sau d6 duoc nudi & 37°C trong 24
gio. Cac khuén lac phat trién trén moi truong DPA
duoc quan sat, nhitng khuén lac riéng biét c6 ving
moi truong xung quanh khuin lac mau vang
chtmg té c6 kha ning sinh axit dugc cdy chuyén
sang moi truong dinh dudng moi dé lam sach va
thu nhan ching thuan khiét. Cac ching phan lap
thanh cong duoc bao quan trong moi truong LB bo
sung 20% (v/v) glycerol &-80°C.

2.2. Danh gia kha nang hinh thanh néi bao ti

Kha nang hinh thanh bao t& cia cac ching
phan lap duoc danh gia bang phuong phap nhuém
bao tit voi bién d6i nho tir Schaeffer va Fulton
(1933) [15]. Cac chung duoc nudi trong moi
truong bao tir hoa Difco Sporulation Medium
(DMS) & 34°C, toc do lac 150 rpm trong 2 ngay.
Sau d6, huyén phu té bao duoc t trong bé 6n nhiet
& 85°C trong 20 phut trudc khi duoc c6 dinh trén
phién kinh. Mot miéng gidy hinh vuong cit vira voi
phién kinh va duoc 1am uwét bang dung dich xanh
malachite. Phién kinh dugc dé trén hoi nuéc soi
trong thoi gian 30 phut. Trong qua trinh nhuém,
thuéc nhuoém xanh malachite c6 thé duoc b6 sung
néu can. Sau d6, phién kinh duoc rtra va nhuoém
tiép bang safranine trong 2 phut trudc khi duoc
rira sach bang nudc va tham kho. Tiéu ban duoc
quan sat duoi vat kinh 100X dé kiém tra su c6 mat
ctia néi bao tir dugc thé hién bang mau xanh 14 cay
sang va té bao sinh dudng c6 mau hong.

2.3. Pinh danh vi khu4n bing x4c dinh trinh tu
gen ma héa 16S rRNA

Cac chung vi khuédn tao bao tr va sinh axit
duoc dinh danh duwa vao phan tich trinh tu gen ma
hoa 16S rRNA. Toan bo vung gen ma hoa 16S
rRNA duoc khuéch dai stt dung cap moi 27F (5-
AGAGTTTGATCCTGGCTCAG-3) va 1492R (5-
GGTTACCTTGTTAGGACTT-3) [16] tir khuén lac
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riéng biét cta ching vi khuidn nghién cttu. Phan
ung PCR dugc thyc hién trong 20 pulL chia 1 yM
moi 27F, 1 yM moi 1492R, 12,5 nL Greentaq 2x
Mastermix va 10,5 pL nudc. Qua trinh khuéch dai
duogc thuc hién voi chu trinh nhiét nhw sau: Bién
tinh ban dau & 95°C trong 5 phut, sau do 1a 35 chu
ky gdém 3 budc: 95°C trong 45 giay, 57°C trong 45
giay va 72°C trong 90 giay, qua trinh kéo dai cudi
cung duogc thuc hién & 72°C trong 5 phut. San
phdm PCR duoc dién di kiém tra trén gel agarose
1% (b6 sung thuoc nhuom ADN Redsafe) & dién
thé 50V trong 90 phut. San phdm PCR doan gen
ma hoa 16S rRNA cua cac ching dugc xac dinh
trinh tu hai chiéu bang phuong phap Sanger tai
Cong ty 1% Base (Singapore). Trinh tu tho moi
chiéu duoc cat bé doan c6 tin hiéu nhiéu & hai dau
bang cong cu MEGA11 dé thu duoc trinh tu moéi
chiéu khoang 800 bp va can chinh vo¢i nhau bing
cong cu Geneious Prime dé tao mot doan trinh tu
hoan chinh. Poan trinh tu nay dugc so sanh véi
cac trinh tu trong co sé dit liu gdm céc trinh tu
ma hoa 16S rRNA ctia prokaryote ctia NCBI bang
cong cu BLAST @€ tim ra loai c6 quan hé phan loai
gan giii nhat.

2.4. Khdo sat mot so tinh chat probiotic ctia
cac chiing probiotic tiém ning

2.4.1. Kha nang sinh axit

Ham luong axit tao thanh duoc xac dinh bang
phuong phéap chuian do [17]. Hai ching CP2 va
CP3 duoc nuoi trong 50 mL moéi truong MRS long,
& 37°C. Sau @6, mau duoc 1y tai cac thoi diém 12
gio; 24 gio; 48 gio, duoc ly tam & 8.000 vong/phut
trong 5 phut & 4°C dé loai bé sinh khoi. Dich néi
khong chtra té bao (5 mL) duoc b sung thém 2
giot phenolphthalein 1% va duoc chuidn do bang
dung dich NaOH 0,1 N cho dén khi xuat hién mau
hong nhat bén trong 30 gidy thi dimng lai. Thé tich
NaOH 0,1 N da dung duogc ghi lai. Ham luong axit
trong dung dich tht nghiém duoc tinh quy ddi vé
axit lactic theo cong thirc sau:

Viaos- 0,009.1000
Il’

m =
' dich

Trong d6: m la ham luong axit lactic trong
dung dich (mg/mL); Vy.,on 1 12 thé tich NaOH 0,1
N dung dé chuin do (mL); Vg, 1, 12 thé tich dich
chuan d¢; 0,009 1a 1 mL dung dich NaOH 0,1 N
tuong duong voi 0,009 g axit lactic.

24.2 Kha nang khdng cidc diéu kién trong hé
tiéu hoa gid Iap cua bao tir va té bao sinh duong

Dich m6é phéng da day (SGF) va dich mo
phong rudt (SIF) duoc chuén bi theo phuong phap
duoc mé ta boi Brodkorb va cs (2019) [18] véi cac
thanh phan cu thé duoc trinh bay trong bang 1. pH
ctia dung dich duwoc diéu chinh bang dung dich
dém Tris 1 M pH 7,4 va HC1 0,06 N.

Bang 1. Thanh phan héa hoc ctia dich mé phéng
da day va dich mo6 phdng ruét

Thanh phan| Nong do |SGF (pH 7) |SIF (pH 3)
dul,lg dich Noéong do | Néng do
g | @mw | mwm
KCI 0,5 6,9 6,8
KH,PO, 0,5 0,9 0,8
NaHCO, 1 25 91
NaCl 2 47,2 38,4
MgCl,.6H,O 0,15 0,12 0,33
(NH,),CO, 0,5 0,5
Mo phong da day

Qua trinh gia lap diéu kién da day duoc tién
hanh nhu sau: 0,5 mL dich chita 10° - 10° CFU/mL
vi khudn (khodng OD600 = 1,4 doi voi CP2 va
0D600 = 1,2 doi voi CP3) duoc tron voi 0,8 mL
dich SGF. Sau d6, 100 uL pepsin va 1 puL CaCl, 0,3
M duoc bé sung va tron déu voi dich SGF tren.
Cuoi cung, pH duoc diéu chinh dén 3 bang dung
dich HCI va thé tich cta SGF duoc diéu chinh dén
thé tich 2 mL. Dung dich duoc gitr trong ta lic &
toc do 120 rpm & 37°C trong 3 gio.

Mo phong ruot

Sau 3 gid, SGF duoc bé sung 0,8 mL dich SIF,
500 pL pancreatin, 500 pL. mu6i mat va 4 pL CaCl,.
pH ctia hén hop duoc diéu chinh dén 7,0 bing
dung dich dém Tris 1 M va thé tich dung dich
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duoc diéu chinh dén dat 4 mL. Hé mo6 phong ruo¢t  trong 3 gio.
duoc gitr trong ti lac & toc do 120 rpm & 37°C
> Da day E I
@ 370C : :
LN E
\\\:,'\.\\. 'i’. :
‘,.I}'.‘e—:}’.\‘\ E
-: '\’,' - .\ y = * 0,8 mL dich mé phdéng E * 0,8 mL dich m6 phéng rudt
day day = 100 U/mL pancreatin
N = 2000 U/mL pepsin ‘e 10 mM mudi mat
0,5 mL mau 1 uL CaCl,, 599 uL H,O !+ 4 pL CaCl,, 496 pL H,O
* CP; ODggo = 1.4 pH 3, 120 vong/phut i« pH 7, 120 vong/phut
+ CP; 0D 4,=1,2 L =
\_ 0 1 2 3 4 5 6 (giy)

Hinh 1. Qua trinh gia lap diéu kién hé tiéu héa

2.4.3. Khdo sat kha nang sinh enzyme ngoai
bao

Kha nang sinh enzyme ngoai bao cta cac
ching phan lap duoc xac dinh dua vao kha nang
tao vong phan giai co chat theo mo ta boi Atlas va
cs (1995) [19]. Doi voi hoat dong phan gidi tinh
bot, cac chung phan lap dugc nudi trong moi
truong 1éng LB c6 bé sung tinh bot. Dé danh gia
kha nang sinh enzyme protease ngoai bao, cac
ching duoc nuodi trén moi truong LB. Sau 24 gio
nuéi & 37°C trong diéu kién lac 150 rpm, dich nuoi
duoc ly tam & 8.000 vong/phut trong 10 phut ¢ 4°C
dé thu phan dich trong. Phan dich trong nay (50
pnl) duoc chuyén vao cac 16 ¢6 duong kinh 6 mm
duoc khoan trudc vao dia thach chia 1% tinh bot
hodc 1% casein. Sau 48 gi¢ 1 ¢ nhiét do 37°C dé
enzyme hoat dong. Dung dich Lugol duoc d6 vao

cac dia chtra tinh bot, ving trong suét hinh thanh
do tinh bot bi thity phan duoc ghi lai. Doi voi cac
dia casein, hoat dong ctia enzyme protease duogc
ghi nhan bang su xudt hién cta ving trong sudt
xung quanh 16 thach.

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Phan lap vi sinh vat c6 kha ning tao bao ti
va sinh axit tir phan chon

Mau phan chén sau khi dua vé phong thi
nghiém duoc xit ly nhiét & 85°C trong 20 phut dé
loai bo té€ bao sinh dudng trudc khi duoc cay len
moi truong DPA va nuo6i trong 48 gio. Hai chiing vi
khuédn CP2 va CP3 c6 khuén lac tao vong halo mau
vang xung quanh khuan lac c6 kha niang sinh axit
lam d6i mau caa chi thi pH Bromocresol purple
(Hinh 2) duoc chon dé ti€p tuc 1am sach thu canh
treong thuan khiét.

b

Hinh 2. Kha niing sinh axit cia hai chiing vi khuidn CP2 (a) va CP3 (b) trén méi truong DPA
trong dia petri dudng kinh 9 mm sau 1 ngay nudi cay

Cac t€ bao sinh duong cta hai ching phan 1ap
la cac té bao hinh que, Gram duong, ky khi tiy
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tien va c6 kha nang sinh bao tit & bang 2. Cac
khuén lac cta ching CP2 trén dia thach LB cé
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duong kinh tir 1 - 2 mm, 16i thap, hinh tron véi cac
mép khong déu, c6 mau trang trong, bé mat khuin
lac tron béng. Trong khi do, chung CP3 tao ra cac
khuén lac c6 hinh dang bat dinh, hoi tron, duong
kinh khoang 2 - 4 mm. Cac khuén lac cua chiing

CP3 c6 bé mat thay d6i theo thoi gian nuoi, tir bé
mit 4m, nhay dén dang mang, véi 1op nén nhay c6
cac hat nhay trén bé mat va tré nén tho rap va kho.
Ria khuén lac co6 thé thay ddi tir dang luon séng
dén dang tua chi & bang 2.

Béng 2. Bic diém hinh thai ctia hai chiing vi khudn CP2 va CP3

Ching phan lap

biac diém

CP2

CP3

Hinh thai khuén lac sau 2 ngay
nuodi cay & 37°C

Tron voi mép khong déu;
bé mat 16i thap, bong; c6
mau trang kem trong

Tron to, nhé; bé mat hoi 16i,
am, nhay dén dang mang; co
mau trang kem duc

e

L
Al

Hinh thai bao tir

Tinh chat nhuom Gram cta té

Hinh que, Gram duong

Hinh que, Gram duong

bao
4 «

Rk sl fom 4 S Viéc dinh danh cta cac ching phan lap duoc
kb 3 thuc hién dua vao trinh tw gen ma héa 16S rRNA.
1.5 Kb . e G San pham PCR khuéch dai doan gen ma hoa 16S
kb :_; B rRNA tir ADN tong s6 ctia ching c6 kich thudc

a3 1.500 bp, phut hop véi tinh toan ly thuyét, duoc xac

Hinh 3. Sin phdm khuéch dai vilng gen ma héa
16S rRNA ctia cic chiing phan lap
Ghi chu: Thir tr load mau: Giéng 1. ADN
ladder 1 kb Plus (Biofact - Han Qudc), giéng 2 - 3:
Sdn pham PCR khuéch dai doan gen ma hdoa 16S
rRNA cia ching CP2, CP3, giéng 4: Poi ching
duong st dung ADN cua E. coli, giéng 5: Poi
chung am - San pham PCR khong co ADN khuon.
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dinh trinh tu bang phuong phap giai trinh tu
Sanger & hinh 3.

Trinh tu gen ma héa 16S rRNA gan nhu hoan
chinh ctia hai chung duoc so sanh véi trinh tu gen
ma hoéa 16S rRNA ctia cac chiing tham chiéu trén
co sO dit liéu Trung tam Thong tin Cong nghé
Sinh hoc Quéc gia (NCBI). Két qua cho thay, trinh
tu gen ma hoa 16S rRNA ctaa chiang CP3 c6 do
tuong déng cao, dao dong tir 99,34 - 99,49% so voi

101



KHOA HOC & CONG NGHE

trinh ty twong tng cua loai vi khuin Bacillus
licheniformis (ma hiéu trinh tuy gen ma hoéa 16S
rRNA cua cac chiung Bacillus licheniformis tham
chiéu lan luwot 1a NR_118996.1, NR_116023.1,
NR_074923.1). Trong cac nghién ctu truéce day, B.
licheniformis da duoc ching minh 13 tng vién tiém
nang dé ung dung lam ché phdm probiotic trong
linh vuc chdn nudi va ho tro nang cao stc khoe
con nguoi [20, 21]. B. licheniformis 1a mot trong
cac loai da duoc phan 1ap voi s6 luong tir 5,103 -
5,106 CFU.g"! trong phan nguodi [21], diéu nay
ching té6 B. licheniformis c6 kha nang ton tai
trong duong tiéu hoa cia dong vat mau nong. Bén
canh d6, két qua so sanh trinh tu gen ma héa 16S
rRNA cta chung CP2 véi trinh ty gen tuong tng

ctia cac ching tham chiéu duoc luu gitr trong ngan
hang gen cho thdy, ching nay c6 quan hé gan giii
voi cac thanh vién ctia ho Paenibacillaceae. Dit liéu
thu duoc cho thay, chiung nay c6 trinh tw gen ma
hoa 16S rRNA c6 do tuong dong toi 99,71% voi P,
cineris (NR_042189.1), 99,71% vo6i P. favisporus

(NR_029071.1), 99,71% vo6i P. rhizosphaerae
(NR_043166.1), 99,27% P. cellulositrophicus
(NR_116564.1) va 97,61% P  azoreducens

(NR_025391.1). Dé nhan diéen duoc chiung CP2,
dac diém hoa sinh ctua ching CP2 duoc so sanh
voi chung thudc cac loai tréen dé lam doi chung.
Bang 3 cho thay céac dic diém kiéu hinh riéng biét
ctia loai méi CP2 ciing nhu cac loai c6 quan hé gan
gti thuoc chi Paenibacillus.

Béang 3. Mot s6 dic tinh sinh hda ctia chiing CP2 va mot s6 loai
c6 quan hé ho hang trong chi Paenibacillus

bac diém 1 2 3 4 5 6

Bao tix Oval | Oval | Oval | Oval | Oval | Oval
Yém khi + + - - + +
Catalase + + + + + +
Oxidase + + - +
Voges-Proskauer N4 - + + nd +
Thuy phan:

Gelatin - +

Tinh bot nd + + +
Phat trién & diéu kién:

50°C + - +

NaCl 5% - +(w) +
Lén men

L-Arabinose nd +

D-Glucose + + +

Glycerol - nd nd nd + +

D-Mannitol + + +

D-Xylose + + + +

Ghi chu: Ky hiéu: 1. P. cineris, 2. P. favisporus, 3. P. rhizosphaerae, 4. P. cellulositrophicus, 5. P.
azoreducens, 6. CP2. (+) duong tinh, (©) 4m tinh; (w) c6 thé duong tinh, phan ung yéu,; (nd) khong co di
liéu; dir liéu cua 1, 2, 3, 4, 5 Iy twr Bergey’s manual of Systematic Bacteriology.

Chung CP2 khac voi P. ciners vé kha niang
phat trién trong moi truong cé 5% NaCl, khac voi
P favisporus, P. rhizosphaerae va P.
cellulositrophicus vé kha nang phat trién & 50°C,
khac voi P. azoreducens vé kha nang thily phan
gelatin, CP2 khong c6 kha nang thiy phan gelatin
trai nguoc voi P. azoreducens (Bang 3). Chung
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CP2 c6 nhiéu diém khac biét so voi loai co do
tuong dong cao vé trinh tw gen ma héa 16S rRNA
thudc chi Paenibacillus. Chung CP2 chua cé du di
lieu dé dinh danh dén loai va duoc két luan 1a vi
khuin thuoc chi Paenibacillus. Theo mot so
nghién ctu truoc day, chi Paenibacillus cé rat
nhiéu loai duoc tmg dung lam probiotic [22 - 25].
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3.2. Khao sat cac dac tinh probiotic cia cac
chiing phin lap

3.2.1. Kha nang sinh axit

15

E 20 {r——————_‘_*
"E“ e
E A
c s p
- 7
0 ¥
g g .
I
= s . - :_'-'—_-E—-___
é / -_-.-f"""'g_-_ T
£ -
0 T T T T
0 12 24 36 48
Thi gian (gid)
—+ LAB « CP2 « CP3

Hinh 4. Dong hoc sinh axit ctia cadc chiing phan lap
CP2 va CP3. LAB: Ching d6i chimg 1a vi khu4n
lactic thudc loai Lactobacillus plantarum

Kha nang sinh axit 1a mot trong nhiing tiéu chi
dé phan lap duwoc hai ching CP2 va CP3. Trong
nghién cttu nay, dong hoc qua trinh sinh axit ctia
hai ching CP2 va CP3 dugc xac dinh trén moi
truong MRS trong 48 gio nuodi cdy. Dich nuoi vi
khuén duoc loai boé sinh khoi va luong axit duoc

o L—-—{»j e

o 96
E
R
'
=3
]
= 82 <
2.0 T T T T T T
] 1 2 3 4 5 6
Thid gian (gio)
-+ CP2 - CP3

GV

dinh lwong bang phuong phap chuin do voi NaOH
0,1 N.

Chutng CP2 sinh axit dat mic xap xi 6 mg/mL
sau 24 gio va duy tri 6n dinh. Trong khi d6, chiing
CP3 c6 muc sinh axit thdp hon, dat khoang 5
mg/mL vao gio tht 24 va sau d6 gidm manh vé
gan gia tri 0 mg/mL sau 48 gio. Ca hai chung déu
sinh ra luong axit thdp hon dang ké so voéi vi
khuén lactic Lactobacillus plantarum (Hinh 4).

3.2.2. Kha nang khang mot sé diéu kién trong
hé tiéu hoa gid Iap

Mot trong nhitng dic diém quan trong nhat
can c6 d6i voi nhitng chiing dugc tng dung lam
probiotic 1a kha nang séng sot ctia chung khi di
qua dudng tiéu hoa trén dé€ dén rudt gia - noi
chung thuc hién cac chic nang hiwu ich. Cac diéu
kién axit cao cta da day va mudi mat trong ruot
non la nhing rao can khoé khan nhat lién qua dén
su sOng sot cta probiotic. Trong nghién cttu nay,
kha nang song sot ctia hai ching da duoc khao sat
& ca hai dang ton tai 1a bao tr va té bao sinh duong
trong diéu kién mo phong da day va rudt.

e i—é—é—%——é |

3 D6 =
E
= 94 -
'
ot
g
= 92 <
2.0 T T T T T T
1] 1 r § 3 4 5 6
Théd gian (gid)
-+ (P2 -+ CP3

B)

Hinh 5. M4t d6 té bao sinh dudng (A) va bao tix (B) ctia hai chiing CP2 va CP3 khi tiép xdc 1an luot
v6i dich mé phong da day (SGF) trong 3 gir va dich mé6 phdng ruét (SIF) trong 3 gir
Ghi chu: Moi gi4 tri trong biéu do biéu thi gid tri trung binh + do léch chuan (SD). Moi diém dir liéu
14 gid tri trung binh cua 2 phép do Iap lai tir thi nghiém duroc lam déc Iap.

Bao ttr ctia hai chiing CP2 va CP3 bén trong
diéu kién dich mo phong da day (SGF) va ruot,
mat do bao tt khong giam va duy tri & gia tri xap
xi 9,6 log CFU/mL sau 6 gi¢ (Hinh 5B). Két qua
nay phu hop voéi cac nghién cttu vé bao tix Bacillus.
Bao tt, bao gdm nhiéu 1op bao vé, rat bén voi cac
diéu kien vat ly va hoa hoc khac nhau va chung da
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duoc ching minh c6 thé song trong diéu kién axit
cao, chiu duoc mudi mat va cac diéu kién bat loi
khac cia duong tiéu hoa dong vat [26, 27].

Bén canh d9, té bao sinh duong cta hai ching
CP2 va CP3 mat dan kha nang song sot khi tiép
xuc voi dich mo phéng véi sy nhay cam cua 2
chung kha khac nhau. Trong khi cac té bao sinh
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duong cta chiing CP2 giam mat do dang ké sau 1
gid dau tién tiép xac voi dich mo phong da day
(SGF) (giam ~ 3 log CFU/mL) va sau 3 gio ti€p
xtc da giam tir 9,7 log CFU/mL xuéng 5,5 log
CFU/mL (giam ~ 4 log CFU/mL), cac t€ bao sinh
duong ctia chung CP3 cho thay stic song tot hon.
Sau gio dau tién ti€p xac, mat do ching CP3 giam
khoang 0,6 log CFU/mL, s6 luong gidm nay it hon
5 1an so véi chung CP2. Sau 3 gio tiép xdc, mat do
té bao sinh duong giam tir 9,6 log CFU/mL xudéng
7,3 log CFU/mL (giam ~ 2 log CFU/mL), it hon 2
lan so véi ching CP2. Trong dich mé phdéng da
day, s6 luong té bao giam do do pH thap cua da
day va sy c6 mat ctia pepsin - c6 tic dung phén
hty protein trong da day [28], do d6 lam han ché
kha nang song ctua té bao sinh duong. Két qua
nghién ctru ctia Clavel va cs (2004) cho thay, muc
giam ctia té€ bao sinh duong luon cao hon 3 log
CFU/mL trong 2 gio & pH thap hon 3,5 va do giam
sé cao hon 4,0 log CFU/mL trong khoang tir 0 — 5
gio trong nhiéu truong hop [26]. Trong dich mo
phong ruot, so luong té bao ctia hai chung giadm
khong dang ké. Diéu nay co6 thé duoc giai thich, 1a
do chung c6 kha nang sinh cac enzyme thily phan
muodi giup lam gidm tac dung doc hai ctia n6. Hoat
dong ctia enzyme thily phan mu6i mat thuong
duoc tim thay & cac vi sinh vat duoc phan lap ti
rudt hoac phan dong vat [27].

GV

Hinh 6. Kha ning sinh enzyme amylase (A) va protease

3.2.3. Kha nang sinh enzyme ngoai bao

Cac enzyme ngoai bao sinh ra boi hé vi sinh
vat tai duong rudt ctia déong vat dong vai tro quan
trong trong viéc ho trg tieu hoa thic an chua bi
tiéu hoa ¢ da day va ruot non va giup thic an dé
dang hap thu. Trong nghién cttu nay, khao sat kha
nang sinh enzyme amylase va protease ngoai bao
ctia hai ching phan lap bang cach nudi cac ching
trén moi trudng cdm ung sinh enzyme va chuyén
dich nuoi cay sau khi loai bo té bao vao 16 thach
duoc duc trén moi truong thach thit nghiém cé
chtta co chat twong ting ctia enzyme can kiém tra.
Hinh 6 cho thdy, xung quanh 16 thach c6 chta
dich néi khong té bao ctia ching CP2 va CP3 déu
xuat hién vong phan giai tinh bot va protein, ching
td ca 2 ching nay déu co kha ning sinh enzyme
amylase va protease ngoai bao. Puong kinh vong
thily phan tinh bot ctia ching CP2 va CP3 lan luot
la 15 mm va 16 mm, 16n hon khong dang ké so voi
duong kinh vong thay phéan tinh bét cta ching
probiotic B. claussii (14 mm). Doi véi kha niang
thity phan co chat casein, duong kinh vong thuay
phan cta ching CP3 twong duwong v6i chung B.
clausii, dat 18 mm, trong khi chiing CP2 thé hién
kha nang sinh protease thap hon khong dang ké,
v6i duong kinh vong thiy phén la 17 mm (Hinh 6).

(B) ngoai bao ctia cac chiing phan lap CP2 va CP3
Ghi chu: Bacillus clausii va E. coli diroc sir dung nhw cdc chiing so sanh dé so sanh, Ian lirot dai dién
cho chiing probiotic va vi sinh vat ban dia trong hé tiéu hoa dong vat. Thi nghiém duoc tién hanh trén
dia petri duong kinh 9 mm co chita 1% tinh bot tan (A) va 1% casein (B).
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Vi vay, hai chung CP2 va CP3 khi tng dung
lam probiotic déu c6 kha nang ho tro phan giai cac
hop chat cao phan tr trong hé tiéu héa nhu tinh
bot, protein. Piéu nay hoan toan phu hop véi cac
dac tinh sinh hoc cua vi khuan thuoc chi Bacillus
va Paenibacillus [29, 30] c6 thé tang cuong kha
nang tiéu hoa chat dinh duong dan dén cai thién
chuyén déi thitc an & lon thit [30].

4. KET LUAN

Trong nghién ctru nay, hai ching vi khuén c6
kha nang tao bao tit va sinh axit da duwoc phan lap
thanh cong tir mau phan chon. Cac phuong phap
hoéa sinh va sinh hoc phan tt dua vao trinh ti gen
ma hoéa 16S rRNA da xac dinh hai chiang CP2 va
CP3 lan luwot 1a Bacillus Ilicheniformis va
Paenibacillus spp. Bao tit ctia hai ching nghién
ctru da thé hién kha nang chiu dung tot trong diéu
kién khac nghiét moé phong da day va ruot. Tuy
nhién, té bao sinh dudong cta 2 ching nhay cam
hon voi véi diéu kién khac nghiét nay. Té bao sinh
duong hai chiing CP2 va CP3 lan luot gidm 4 log
CFU/mL va 2 log CFU/mL sau 3 gio ti€p xdc voi
pH thap (pH 3) va enzyme pepsin cta dich da day
trong moi truong mo phong. Bén canh do, khi ti€p
xuc voi diéu kién ruot, hai ching nghién ctru cho
thay kha nang chiu muéi mat tot, so luong té bao
ctia hai chung giam khong dang ké (~0,3 - 0,4 log
CFU/mL). biéu nay chi ra ring, té bao sinh duong
ctia hai ching c6 kha nang chiu dung mudi mat
tot. Hai chung nay déu c6 kha ning sinh enzyme
ngoai bao amylase va protease, c6 thé gitp ho tro
tiéu hoa khi st dung nhu hai chiing probiotic tiém
nang.
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ISOLATION AND EVALUATION OF PROBIOTIC PROPERTIES OF TWO
BACTERIAL STRAINS ISOLATED FROM CIVET FECES
Dam Thuy Hang!, Vu Nhat Minh!, Pham Tuan Anh!

L Department of Bioengineering, School of Chemistry and Life Sciences,

Hanoi University of Science and Technology

Abstract

In recent years, probiotic have become a topic of great interest in microbiology research, due to
their important role in improving human and animal health. Probiotics, especially bacteria
belonging to the genera Lacfobacillus and Bacillus, have been shown to support the digestive
system, enhance the immune system and protect human and animal from detrimental effects of
pathogenic microorganisms. Nevetheless, unraveling new microbial resources with probiotic
properties remains a promising and challenging field. Cevet feces, a natural biological source,
contain many microorganisms with probiotic potential due to the nutrient-rich environment and
unique digestive properties of the civets. Previous studies have shown that bacteria isolated from
these animals’ feces exhibited high potential for application in the food industry, medicine and
agriculture. However, studies on bacteria isolated from civet feces are still limited. In this study,
we isolated and selected two spore forming, acid producing bacterial strains, including
Paenibacillus sp. CP2 and Bacillus licheniformis CP3. These two strains were able to withstand
the conditions in the simulated digestive system, the density of vegetative cells and spores of the
two strains was maintained at a level of not less than 5.5 log CFU/mL after 6 hours. The two
strains CP2 and CP3 had the ability to produce extracellular enzymes, amylase and protease
equivalent to a probiotic strain that belongs to the species Bacillus clausii.

Keywords: Probiotic, spore, acid producing bacteria.
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NGHIEN CUU QUY TRINH THUY PHAN KET HOP
SIEU AM VA ENZYME NHAM NANG CAO HIEU SUAT
THU NHAN PEPTIDE CHONG OXY HOA

TU PHU PHAM CA NGU
Nguyén Ha Trung', Nguyén Thi Tam Thu', Pham Nguyén Tuin Kiét!,

Pham Kién Cuong”*, Chu Ky Son?

Vien Vat lieu, Sinh hoc va Moi truong, Vién Khoa hoc va Cong nghé quan su

“Truong Hoa va Khoa hoc s song, Pai hoc Bach khoa Ha Noi

TOM TAT

* Email: phamkiencuong83@gmail.com

Ca ngtr (Thunuss spp.) va ho ca ngtr 1a ngudn thuc phdm dong vai tro rat quan trong doi voi nén
kinh té Viét Nam. Qua trinh ché bién ca ngtr tao ra luong 16n phu pham thit sAm mau ra ngoai
moi truong. Dich dam thiy phan duoc ché bién tir phu phdm c4 ngtr, 12 nguon thu nhan peptide
¢6 hoat tinh sinh hoc t6t tmg dung cho cac thuc phdm bao vé sttc khoe, duoc phdm hay my pham.
Muc tiéu cia nghién ctru nay la nghién cttu xac dinh vai tro ctia siéu 4m trong viéc cai thién hiéu
suat thuy phan va hoat tinh chong oxy hda ctia dich thiy phan thu duoc tir thit d6 ca ngtr. Pa xac
dinh duoc diéu kién thich hop cho qua trinh thily phan protein co thit dé ca ngtr 1a tién xit Iy bang
siéu am cong suat 600 W trong 2 gio, sau dé thiy phan bang papain 4% & pH 7,0; nhiét do 50°C
trong 2 gio. Dich thiy phan thu dugc c6 ham luong peptide dat 1,80 mg/ml va c6 hoat tinh chong
oxy hoa do qua kha nang quét goc tw do DPPH 1a 73,46%.

Tie khoa: Phu pham c4 ngu, thiy phéan protein, peptide chong oxy hoa, siéu 4m, papain.

1. DAT VAN BE

Stress oxy hoéa la hién twong mat can bang
gitta cac goc tu do va cac chat chong oxy hoa trong
co thé. Chat chong oxy hoa cé vai trd quan trong
trong bao vé stic khée con nguoi khoéi hién tuong
stress oxy hoa néu trén. Tuy nhién, cac chat chong
oxy hoa téng hop lai co nhiéu tac hai cho sttc khoe
khi stt dung lau dai. Cac chat chong oxy hoa tu
nhién bao gobm: Cac hop chat polyphenol, terpen,
carotenoid, vitamin, mot s6 peptide co hoat tinh
sinh hoc... Trong do, peptide c6 hoat tinh sinh hoc
(chong oxy héa) duoc cau tao tir cac chudi axit
amin c6 thanh phan nhu Ala, Gly, Tyr, Phe, Ser,
Asp [1].

Ca ngtr 1a loai thily san c6 gia tri kinh té cao,
phan bo rong ¢ cac vung bién Viet Nam. Hién tai,
san luong ché bién va tiéu thu ca ngir hang nam
dat khoang trén 200 nghin tin. Trong d6 phé phu
phdm thit dé (thit sAm mau) ca ngtr chi€ém tit 7 -
12%. Pay duoc xem la thanh phéan c6 gia tri dinh
duong va gia tri kinh té€ cao nhat [2]. Trong nhiéu
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nam qua, phu phdm thit d6 ca ngtr thuong duoc
dung 1am thtc an chan nuodi hodc cac san pham gia
tri thap khac... Gan day, viéc thay phan bang
enzyme dé thu hoi protein tit phu ph4dm c4 la mot
cach ti€p can hiéu qua va da duoc tmg dung rong
rai do tao ra san pham gia tri dinh duong va hoat
tinh sinh hoc cao.

Céac nghién ctru gan day c6 xu huéng ung
dung cac cong nghé xit ly méi nhu: Siéu am,
truong dién xung va ap suat thay tinh cao, dé thu
nhan cac peptide c6 hoat tinh sinh hoc trong dé
siéu am la mot cong nghé xt&r 1y phi nhiét duogc
quan tdm nhiéu nhat [3]. St dung siéu am nhu
mot budc tién xt ly trudc khi thdy phan bing
enzyme c6 thé tang hiéu suat thu hoi va giam thoi
gian, nang luong. Tuy nhién, cac thong tin vé hiéu
qua ho trg qua trinh thiy phan phu phdm thit do
ca ngtr dé thu nhan peptide chong oxy hda van con
han ché. Trong nghién ctu nay, tién hanh xac
dinh diéu kién thay phan phu phdm ca ngir bing
enzyme va xac dinh kha nang két hop siéu am voéi
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thity phan bang enzyme dé thu nhan duoc peptide
mach ngan c6 hoat tinh chong oxy hoa.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu va hoa chat

Phu phdm vun thit trong qua trinh ché bién ca
ngtr cua Cong ty Carafood (Khanh Hoa). Phu
phdm duoc rita sach, cat nho kich thuoc khoang 1
x 1 cm, xay nhuyén chia thanh nhiéu phan déu
nhau cho méi lan thi nghiém, bao quan -20°C cho
dén khi stt dung.

Cac enzyme st dung trong nghién cttu la cac
enzyme thuong mai Bromelain (10.000 Ul/g),
papain (50.000 Ul/g), neutral protease (10.000
Ul/g) (hang Novozymes) mua tir Cong ty C6 phan
Duogc phdm Novaco - Viét Nam. Cac hoa chat st
dung trong nghién ctru déu dat do tinh sach PA, co
ngudn goc tir Merck, Sigma Aldrich va Trung
Quoc.

2.2. Thiét bi

Tt 4m ctia hang Memmert (Ptc), may khuay
tir gia nhiét cta hang Cole Palmer (My), may
vortex (My), may short spin ctia hiang Hermle
(My), may ly tam lanh cta hang Orto Iresa (Tay
Ban Nha), bé siéu am Elma S100 H (Ptc), may
quang pho UV-VIS SHIMADZU UV-1900i (Nhat
Ban).

2.3. Phuong phap nghién ctru

2.3.1. Bo tri thi nghiém

Bang 1. Diéu kién khuyén c4o cta

cac enzyme thuong mai
Enzyme pH Nhiét do (°C)
Neutral protease 7,0 55
Bromelain 6,5 55
Papain 6,5 55

Can 30 g thit vun, b6 sung nudc véi ty lé 1: 1
(w: w). B6 sung mot trong cac ché phdm enzyme
thuong mai 1a papain, bromelain, neutral protease
va tién hanh thay phan véi diéu kién nhiét do va
pH duoc khuyén cao cho moéi enzyme (Bang 1), ty
1é enzyme/co chat 1a 2% trong thoi gian 2 gi¢. Pun
s6i hon hop trong 10 phut dé bat hoat enzyme. Ly
tam hon hop voi toc do 6.000 vong/phut trong 10
phut & 4°C. Sau ly tam, san phdm duoc tach thanh
3 16p: Lop lipid phia trén cung, 16p dich dam thay
phan & gitta va 1op ran duéi day. Loc phan dich ndi
qua gidy loc thu phan dich thily phan dé phan tich
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cac chi tieu ham luong peptide va ty lé quét goc tu
do DPPH. Enzyme cho két qua tot nhat sé duoc
lira chon cho cac nghién ctru tiép theo.

Sau khi lua chon dugc enzyme; cac yéu to ty lé
enzyme/co chat, gia tri pH, nhiét do moi truong va
thoi gian thily phan tiép tuc duoc khao sat lua
chon. Trong nghién ctu nay, cac yéu to duoc
nghién cttu bang phuong phap don yéu t6. Cu thé,
cac yéu to duoc 1an luot khao sat doc 1ap. Khi mot
yéu to duoc khao sat thi cac yéu to con lai sé duogc
c6 dinh & mot mutc da duoc lua chon. Tat ca cac thi
nghiém déu duoc 14p lai 3 1an, két qua thi nghiém
la trung binh cta 3 lan thuc nghiém. Céac yéu to
khao sat gom: pH moi truong (5, 6, 7, 8, 9); nhiét
do (45, 50, 55, 60, 65°C). Ty lé enzyme/co chat (0,
2,3,4,5,6,0% (W/w)), thoi gian thuly phan (1, 2, 4,
6, 8 git). Anh huéng ctia cac yéu t6 duoc danh gia
thong qua ham luong peptide va ty 1é quét goc tu
do DPPH.

bé danh gia kha nang ho tro qua trinh thuy
phan bang enzyme ctia cong doan siéu am, so
sanh ham luong peptide thu duoc va ty 1é quét goc
te do DPPH gom: (+) Mau siéu am 1 gio sau dé
thily phan bang enzyme; (+) Mau siéu am 1 gio;
(+) Mau thty phan bang enzyme. Hon hop thu
duoc ly tam 6.000 vong/phut trong 10 phut & 4°C,
loc phan dich néi qua gidy loc thu dich trong. Siéu
am hon hop bang bé siéu am tan s6 37 kHz, cong
suat toi da 600 W.

Khao sat anh huong cua thoi gian siéu am dén
hiéu suat thay phan va ham luong peptide thu
duoc. Thit vun sau khi b sung nudc voi ty 1é 1: 1,
tién hanh siéu am (1, 2, 3 gio). Mau doi chung 1a
mau khong siéu am. Mau sau siéu am dugc thiy
phan enzyme theo diéu kién da duoc lua chon, ly
tam voi toc do 6.000 vong/phut trong 10 phut &
4°C, loc phan dich néi qua giy loc thu dich trong.

2.3.2. Phuong phdp dinh lrong peptide bang
phuong phap OPA [1]

- Chuan bi dung dich OPA: 50 ml dung dich
OPA gom 25 ml sodium tetraborate 100 mM; 2,5
ml SDS 20% (w/w); 40 mg OPA (hoa tan trong 1
ml methanol); 100 ul B-mercaptoethanol va 21,4 ml
nuoc cat.

- Pha loang dich thtly phan dén nong d¢ thich
hop, 1ay 50 yl dung dich mau, b6 sung thém 2 ml
dung dich OPA, tron déu va dé trong 2 phut. Po
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quang trong cuvet thach anh & budc song 340 nm.
Ham luong duoc tinh duwa trén duong chuidn
glycine.

- Dung duong chudn glycine: Pha dung dich
glycine & cac néng do khac nhau. Véi méi dung
dich trén: 1ay 50 pl cho vao 6ng nghiém, thém 2 ml

dung dich OPA tron déu va dé yen trong 2 phut.
Sau do, do gia tri OD trén may so mau & budc song
340 nm. Lay s6 liéu trung binh ctia 3 6ng nghiém tai
moéi nong do do dé dung duong chuin Glycine voi
truc hoanh 1a nong do glycine tinh theo pg/pl va
truc tung la mat do quang OD 340 nm.

Bang 2. M4t d quang OD 340 nm tai cac ndng do glycine

Nong do glycine 2,0 4,0 8,0 12,0 16,0 20,0
OD 340 nm 0,163 0,326 0,636 0,94 1,305 1,57
Ghi chu: Phuong trinh dirong chuén glycine: y = 0,079x + 0,067 K = 0,9989.
2.3.3. Xdc dinh hoat tinh chong oxy hda cia 2.3.5. Xir ly so liéu

dich thuy phan bang 1,1-diphenyl-2-picrylhydrazyl
(DPPH)

Xac dinh hoat tinh chong oxy hoa cta dich
thity phan bang DPPH thuc hién theo moé ta cta
Liu J va cs (2015) [4] co thay déi cho phu hop.

- Chuén bi dung dich DPPH 62,5 pM: Can 2,5
mg bot DPPH vao binh thiy tinh t6i mau c6 nép.
Hoa tan DPPH bang dung dich methanol va dinh
mtc dén 100 ml bang methanol.

- Pha loang dich thiy phan dén néng do thich
hop, cho 100 ul dich thity phan vao 6ng fancol 50
ml va say kho & 90°C trong 30 phut. Thém 0,1 ml
methanol, lac nhe trong 1 phut tai nhiét @6 phong.
Thém 1,9 ml dung dich DPPH, lac déu, dé yén
trong 10 phat. Po mau bang may so mau & budc
song 517 nm. Mau kiém chung gom 0,1 ml
methanol va 1,9 ml dung dich DPPH. Lay s6 lieu
trung binh 3 1an tai cing mot néng do.

- Tinh ty lé quét goc tu do DPPH theo cong
thic:

Ty 1é quét goc DPPH =

Ablank - A sample
A blank (1)

Trong d6: A, 1a gid tri OD ctia mau kiém
ching; A, 12 gid tri OD ctia mau can do.

2.3.4. Phuong phap xdc dinh thanh phan
hoa hoc

x 100%

- Do 4m: Duoc danh gia bing phuong
phap say kho & 105°C cho dén khi c6 khoi
leong khong déi [5];

- Ham luong protein: Puoc x4c dinh bing
phuong phap Kjeldahl [6];

- Ham luong lipit: Puoc xac dinh bing phuong
phap Soxhlet [5].
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S6 lieu thu thap duoc tinh trung binh, do léch
chuan stt dung Microsoft Excel 2021. Su khac biét
ctia cac nhan t6 gitra cac nghiém thic duoc phan
tich bang ANOVA hai nhan t6 v6i muc y nghia 95%
va phép tht Duncan (p < 0,05) bang chuong trinh
Statistical Package for the Social Sciences (SPSS)
16.0.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Thanh phan héa hoc ctia phu phdm c4 ng

Két qua xac dinh mot so6 thanh phan héa hoc
ctia nguyén liéu phu phadm ca ngtr duoc thé hién &
bang 3 cho thay, day 1a mot nguon giau protein tho
voi ham luong protein téng so6 1én dén 29,21%; ham
luong lipid va do 4m lan luot 1a 0,74% va 68,45%.
Nhu vay, phu phdm ca ngtr 1a mot nguédn thu
protein tiém nang.

Béng 3. Thanh phéin héa hoc ctia phu phdm c4 ngir
Thanh phan Ham luong (%)
bo 4m 68,45
Ham luong protein 29,21
tong so
Ham luong lipid 0,74
3.2. Xac dinh diéu kién thiy phan phu phdm
c4 ngtr nham thu nhan peptide

Trong nghién cttu nay, phan tng thuy phan
phu phdm c4 nglr bang enzyme sé duoc tién hanh
trong cac diéu kién khac nhau, danh gia hiéu qua
phan ung thuy phan bing cach dinh lwong ham
luong peptide va kha nang bat goc tu do DPPH dé
Iera chon diéu kien thich hop nhat.
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3.2.1. Lua chon enyzme
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Hinh 1. Lya chon enzyme thiy phian

Tién hanh thay phan phu phdm ca ngtr sau khi
da so ché voi 3 loai ché phdm enzyme thuong mai.
Két qua & hinh 1 cho théy, enzyme bromelain cho
ham luong peptide thu duoc dat cao nhat trong 3
enzyme khao sat (2,14 mg/ml). Enzyme papain
cho két qua vé ham luong peptide thu duoc cao
tht 2 (1,77 mg/ml), khac biét khong qua lén so
voi bromelain. Tuy nhién, ty 1é quét goc tu do
DPPH ctia papain lai t6t hon bromelain (67,18% so
voi 53,46%). Papain thuong mai la enzyme duoc
tach chiét ti du da (Carica papaya L., 1a nguon
nguyén liéu truyén thong duwoc st dung nhiéu
trong ché bién thuc phdm. Papain duoc tng dung
dé thiy phan nhiéu loai phu phdm tir c4 va cho
thay do thay phan cao. Nghién ctru cia Noman va
cs (2020) da thay phan ca tAm Trung Quéc bang
papain cho do thily phan 1én téi 20,62% [7].

Papain thuéc nhém “cysteine endopeptidase”,
chu yéu tac dong vao céc lién két peptide, phan cat
chuoi protein tir bén trong nén dé dang tao thanh
cac doan peptide mach ngan. Papain vu tién phan
cat cac lien két peptide co6 lien quan dén cac axit
amin co ban, chiang han nhu arginine hoic lysine,
¢6 chudi bén ky nudc 16n tai vi tri P2 [8]. Do d9,
san phdm thay phan cta papain thé hién nhiéu
hoat tinh sinh hoc nhu: Chong oxy hoéa, khang
viém, chong cholesterol... Két qua thu duoc cho
thay, co su tuong dong voi két qua nghién citu cta
Qiu va cs (2019) khi thay phan gelatin tir vay ca
ngtt vach (Katsuwonus pelamis) bang nam loai
protease (pepsin, papain, trypsin, neutrase va
alcalase). San pham thuy phan tir papain da cho
thay, hoat tinh quét goc hydroxide (HO.) 1a cao
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nhat (16,58 = 0,93 %) [9]. Nhu vay, enzyme papain
duoc lua chon cho céac nghién ctu ti€p theo.
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Hinh 3. Anh hudng ctia pH

3.2.2. Anh huéng cia ty Ié enzyme: Co chét

Ham luong peptide thu duwoc va ty 1 quét goc
te do DPPH cua dich thily phan phu pham thit ca
nglr bang enzyme papain véi cac ty 1¢ khac nhau
duoc thé hién ¢ hinh 2. Gia tri ctia cac chi tiéu ham
luong peptide, ty lé quét goc tw do DPPH cé
khuynh huéng ting khi ndng do6 enzyme tang lén.
Tuy nhién, khi ty l¢ enzyme cao hon 4% thi ham
luwong peptide thu duogc 1a 1,54 mg/ml va sau d6 co
khuynh huong khong tang lén nira, & ty 1€ 6% ham
luong peptide thu duoc chi 1a 1,69 mg/ml. Dong
thoi, hoat tinh quét goc tu do DPPH ciing c6 xu
huéng gidm dan sau khi dat cao nhat & ty lé
enzyme 3% (dat 19,87%). Ty l¢ enzyme/co chat
cang lon thi téc do thay phan cang lon do cang c6
nhiéu enzyme duoc ti€p xuc voi co chat, nhung khi
phan tng thuy phan dién ra qua manh, cac peptide
c6 hoat tinh sinh hoc cé thé tiép tuc bi cat nho
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thanh cac doan qua ngan hodc cac axit amin tuw do.
Céc phan tr nay khong giir duoc cau tric can thiét
dé tuong tac hiéu qua voi goc tw do, dan dén suy
giam hoat tinh chong oxy hoa. Nong do enzyme cao
c6 thé xay ra hién tuong canh tranh gitta cac phan tir
enzyme cho cung mot vi tri hoat dong trén co chat
lam gidm di hiéu qua xuc tac thuc t€ ctia moi
enzyme. Do do, ty 1é enzyme/co chat 1a 4% duoc lua
chon dé tién hanh céc thi nghiém tiép theo.

3.2.3. Anh huéng ctia pH moéi truong dén hiéu
qud phan ung thuy phan

pH anh hudéng dén muc do ion hoa co chat va
do bén cta enzyme nén anh hudng rat 1on dén kha

1.6 70%
_ 4| = g 3 - 60% <
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S 40% 9
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[=9 200 [—
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Hinh 4. Anh hudng ciia nhiét do

3.24. Anh hudng cia nhiét dé dén phan img
thuy phan

Thong thuong, khi nhiét do ting sé lam ting
van toc ctia phan tmg va hoat tinh enzyme ting
theo, tuy nhién dén nhiét do t6i han sé lam bién
tinh protein, bat hoat enzyme va phan tng thuy
phan bi ngtng lai. Trong nghién cttu nay, két qua
& hinh 4 cho thay, tai 50°C, ham luong peptide thu
duoc 1a cao nhat (1,41 mg/ml), trong khi hoat tinh
chong oxy hoa thong qua kha nang quét goc tu do
DPPH ciing dat mutc twong doi cao (55,77%), chi
thap hon mot chut so voi gia tri cao nhat tai 55°C
(60,64%). Tuy nhién, tai 55°C, ham luong peptide
lai giam hon 30% so véi gia tri tai 50°C (1,04 mg/ml
so voi 1,41 mg/ml), nguy co enzyme bi mat hoat
tinh c6 thé xay ra khi kéo dai thoi gian phan tng
hodc tién hanh trén quy mo 16n. Do do, dé dam
bao ca vé hiéu suat thiy phan 1an tinh 6n dinh cta
quy trinh, nhiét do 50°C duoc lua chon la diéu kién
pht hop cho cac khao sat ti€p theo.
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ning hoat dong ctia enzyme. Papain la enzyme cé
pham vi pH hoat dong rong (pH 3,0 - 9,0 tuy thudc
vao co chat, thuong hoat dong tot nhat trong
khoang 6,0 - 7,5) [8], c6 ung dung rong rii trong
cac qua trinh ché bién thuc pham. Trong nghién
ctru nay, két qua anh hudng ctia pH dén phéan tmg
thay phan phu phdm thit vun c4 ngtr (Hinh 3) cho
thay, tai pH 7,0 cho ham luong peptide thu duoc
trong dich thily phan 1a cao nhat: 0,89 mg/ml.
Hoat tinh chéng oxy hoa tai pH 7,0 1a 58,97%, thap
hon khong dang ké véi gia tri cao nhat dat tai pH
6,0 (62,56%). Vi vay, pH 7,0 voi dugc st dung dé
thtty phan phu phdm c4 ngtr.
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Hinh 5. Anh hudng ciia thoi gian thity phan

3.2.5. Anh hudng cia thoi gian dén phan ing
thuy phan

Trong qua trinh thay phan cac lién két peptide
kém bén sé duoc phan cat trudce voi toc do nhanh
hon [10]. Mat khac, & giai doan sau cta qua trinh
thay phan, cac san phdm sé canh tranh véi co chat
con lai ¢ vi tri bam dinh cua protease, lam ttc ché
phan tng thiy phan [11]. Két qua 1a khi kéo dai
thoi gian phan tmg luong san phdm moi ting
khong nhiéu.

Két qua khéo sat anh huong cta thoi gian dén
hiéu qua qua trinh thay phan (Hinh 5) cho thay,
sau 4 gio thuy phan luong peptide tao thanh dat
cao nhat 1a 32,31 mg/ml, hoat tinh quét goc tu do
DPPH dat 36,28%. Hoat tinh quét goc DPPH dat
cao nhat tai thoi diém sau 2 gio thay phan
(40,00%), ham luong peptide tao thanh dat 28,75
mg/ml, thidp hon so vdi sau 4 gio thiy phan,
nhung sé tiét kiem duoc thoi gian va nang luong.
Do do, lua chon thoi gian thuy phan 1a 2 gio. Két
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qua nay phu hop voi két qua nghién ctu ctia Yang
va cs (2008) khi thuy phan phu phdm ca bop
(Rachycentron canadum) bang enzyme dé thu
nhan gelatin [12].
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Hinh 6. So sanh hiéu qua cac qua trinh tach chiét

3.3. Khao sat anh huong ctia siéu am dén hiéu
qua thu nhan peptide c6 hoat tinh sinh hoc

Ham luong peptide va ty lé quét goc tu do
DPPH tang dang ké & tat ca cac mau duoc xt ly
bang siéu am so voi mau doi ching (khong bo
sung enzyme, khong xtr ly siéu am) (Hinh 6). Khi
chi xtt ly siéu am, ham luong peptide dat 0,48
mg/ml, hoat tinh quét goc tw do DPPH dat 11,28,
thap hon khi so v6i mau duoc thiy phan enzyme
(ham lwong peptide 1,07 mg/ml va hoat tinh quét
goc DPPH 46,41%). Khi két hop siéu am véi thay
phan enzyme cho thay hiéu qua duoc cai thién ro
rét khi tang 39% ham luong peptide thu duoc, ting
36% ty 1é quét géc DPPH so voi chi thily phan bing
enzyme.

Két qua khao sat anh huéng cta thoi gian siéu
am t6i hiéu qua thiy phan trinh bay & hinh 7. Phu
phdm thit vun c4 ngtt duoc siéu am véi cong suat
600 W trong 1 gio, 2 gio va 3 gio, sau d6 b6 sung
enzyme va thay phan theo cac diéu kién da duoc
lwra chon cho théy, khi thoi gian siéu am tang tir 1 -
2 gio thi ham luwong peptide thu duogc tang tir 1,47 -
1,80 mg/ml; hoat tinh quét goc DPPH ciing tang
ti 55,38 - 73,46%. Tuy nhién, khi siéu am 3 gio thi
ca ham luong peptide 1an hoat tinh quét géc DPPH
déu giam (tuong tmg 0,93 mg/ml va 54,74%,). Hién
tuong nay co6 thé 1a do thoi gian siéu am qua dai
khién cac protein bi bién tinh. Siéu am tao ra cac
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Nhu vay, diéu kien thich hop cho phan tng
thtty phan phu ph4dm ca ngtr bang papain thuong
mai la 4% enzyme (w/w), tai 50°C, pH 7,0, trong 2
gio.
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Hinh 7. Anh huéng thoi gian siéu 4m

bong bong khi, khi cac bong bong khi vo tao ra
nhiét do, ap suat cao va cac goc H*va OH' tai vi tri
do6 trong khoang thoi gian ngan. Protein c6 thé bi
mat 6n dinh & bé mat pha khong khi - chat 16ng,
khién cac phan tng oxy hoa nhiéu goc khac nhau
trong protein, phan tng chudi, phan tng chéo va
phan tng phan hay xay ra [13]. Két qua 1a luong
protein bi gidm xuéng va hiéu sudt thu hoi giam.
Nhu vay, lua chon thoi gian xit ly siéu am trudce khi
thity phan bang enzyme 1a 2 gio.

Két qua nay ciing tuong dong voi hiéu qua ho
tro qua trinh thuy phan ca thu Pai Tay Duong
(Scomber scombrus) bang song siéu am cong suat
cao (450 W va 600 W) cua Cropotova va cs (2024),
lam ting dang ké hiéu qua thty phan. Déng thoi,
san pham thu duoc thé hién cac hoat tinh nhu
chong oxy hoa (DPPH, FRAP va ABTS) [3].
Tuong tw, nghién ctu cia Lee va cs (2022) st
dung siéu am két hop thily phan enzyme da ca
Alaska (Theragra chalcogramma) dé thu nhan
collagen, cho su hiéu qua ctia qua trinh két hop
nay, tir do cho thdy tiém ning cta ung dung cong
nghé siéu am dé hoé tr¢ thiy phan enzyme thu
nhan hoat chat sinh hoc tir thiy san [14].

4. KET LUAN

Phu phdm thit d6 c4 ngtr c6 ham luong protein
téng s6 cao nén la mot nguodn protein tiém nang.
Két qua nghién ctru da xac dinh duoc diéu kién
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thtty phan phu phdm ca ngtr dé thu nhan peptide
c6 hoat tinh chong oxy héa nhu sau: Phu phdm
thit d6 ca ngt dugc thém nuoc ty le 1: 1 (w: w),
tién xt ly bang siéu am cong suat 600 W trong 2
gi0, sau do tién hanh thiy phan bang papain 4% &
pH 7,0; nhiét do 50°C trong 2 gio. Dich thay phan
thu duoc c6 ham luong peptide dat 1,80 mg/ml va
c6 hoat tinh chéng oxy héa do qua kha nang quét
goc tu do DPPH 1a 73,46%.
TAI LIEU THAM KHAO

1. Ngo6 Minh Ngoc, Quan Lé Ha (2024). Khao
sat quy trinh tach chiét peptide cé hoat tinh chong
oxy hoa tir dau nanh va ba dau nanh. 7ap chi' Y hoc
Quin su, 372: 9 - 14.

2. Nguyén Hong Ngan, Nguyén Thé Nguyén,
Pinh Vin Hien, Nguyén Trong Bach (2024). Anh
hudng ctia phu gia dén su thay déi tinh chat hoa ly
thit ca xay tir co thit sdm ca ngu (Zhunnus
Albacares) theo thoi gian bao quan & 0°C = 1. 7ap
chi Khoa hoc, Dai hoc Can Tho, 59(3B): 142 - 148.

3. Cropotova J., Kvangarsnes K., Rustad T.,
Stangeland J., Roda G., Fanzaga M., Bartolomei M

C. (2024). Effect of ultrasound
treatment on quality parameters and health

and Lammi

promoting activity of fish protein hydrolysates
extracted from side streams of Atlantic mackerel
(Scomber scombrus). Front Nutr, 11: 1446485. doi:
10.3389/fnut.2024.1446485.

4. Liu]J., JinY., Lin S,, Jones G.S and Chen F.
(2015). Purification and identification of novel
antioxidant peptides from egg white protein and
their antioxidant activities. Food Chem, 175: 258 -
266.

5. Lé Thi Mui (2009).
nghiém va phan tich thuc pham. Truong Dai hoc

Gido trinh kiém

Su pham, Pai hoc Pa Nang.

6. Anal A. and Koirala S. (2018). Protein
quantification by kjeldahl and bradford assay
methods. School of Environment, Resources and
Development Asian Institute of Technology.

114

7. Noman A., Ali A. H., AL - Bukhaiti W. Q.,
Mahdi A. A and Xia W. (2020). Structural and
physicochemical characteristics of lyophilized
Chinese sturgeon protein hydrolysates prepared
by using two different enzymes. J Food Sci. 85(10):
3313 - 3322.

8. Tacias - Pascacio V. G., Castafieda -
Valbuena D., Morellon - Sterling R., Tavano O.,
Berenguer-Murcia A., Vela - Gutiérrez G., Rather 1.
A. and Fernandez - Lafuente R. (2021). Bioactive
peptides from fisheries residues: A review of use
of papain in proteolysis reactions. International
Journal of Biological Macromolecules, 184: 415 -
428.

9. QiuY. T, WangY. M, Yang X. R, Zhao Y.
Q., Chi C. F and Wang B. (2019). Gelatin and
antioxidant peptides from gelatin hydrolysate of
skipjack tuna (Katsuwonus pelamis) Scales:
Preparation, identification and activity evaluation.
Mar Drugs, 17(10): 565.
https://doi.org/10.3390/md17100565.

10. O’'Meara G. and Munro P. (1984). Effects
of reaction variables on the hydrolysis of lean beef
tissue by alcalase. Meat science. 11(3): 227 - 238.

11. Adler - Nissen J. (1986). Enzymic
hydrolysis of food proteins. Elsevier applied
science publishers.

12. Yang J. I, Ho H. Y., Chu Y. J and Chow C.
J. (2008). Characteristic and antioxidant activity of
retorted gelatin  hydrolysates from cobia
(Rachycentron canadum) skin. Food Chemistry.
110(1): 128 - 136.

13. Pham Thi Thiuy Duong, Nguyén Dic Van
Btw, Vi Thi Huong (2020). Anh hudng cta xit 1y
situ am t6i qua trinh thu nhan ché phidm giau
protein trong ba ndm men bia. 7ap chi Khoa hoc
Cong nghé va Thurc pham, 20(2): 131 - 141.

14.Lee J. E., Noh S. - K and Kim M. J. (2022).
Effects of enzymatic - and ultrasound-assisted
extraction on physicochemical and antioxidant
properties of collagen hydrolysate fractions from
alaska pollack (7heragra chalcogramma) SKin.
Antioxidants, 11(11): 2112.

NONG NGHIEP VA MOI TRUSNG - THANG 9/2025



KHOA HOC & CONG NGHE

RESEARCH ON THE HYDROLYSIS PROCESS COMBINED WITH ULTRASOUND AND
ENZYMES TO ENHANCE THE EFFICIENCY OF OBTAINING ANTIOXIDANT
PEPTIDES FROM TUNA BYPRODUCTS
Nguyen Ha Trung', Nguyen Thi Tam Thu!,
Pham Nguyen Tuan Kiet!, Pham Kien Cuong!, Chu Ky Son?

! Institute of Materials, Biological and Environmental, Academy of Military Science and Technology
? School of Chemistry and Life sciences, Hanoi University of Science and Technology
Abstract

Tuna (Zhunnus spp.) and the tuna family represent a significant food source that plays a crucial
role in the food industry in Vietnam. The processing of tuna generates substantial amounts of by-
products, specifically tunas’ red muscles, which have been released into the environment.
Hydrolyzed protein extract derived from tuna by-products serves as a source of bioactive peptides
that can be applied in functional foods, pharmaceuticals and cosmetics. The objective of this
study was to investigate the role of ultrasound in enhancing the hydrolysis efficiency and
antioxidant activity of the hydrolysate obtained from tunas’ red muscles. The optimal conditions
for the hydrolysis process of tunas’ red muscles protein were determined to be a pre - treatment
using ultrasound at a power of 600 W for 2 hours, followed by hydrolysis with 4% papain at pH 7.0
and a temperature of 50°C for 2 hours. The resulting hydrolysate exhibited a peptide
concentration of 1.80 mg/ml and demonstrated an antioxidant activity, as measured by its ability
to scavenge DPPH free radicals, of 73.46%.

Keywords: Tuna waste, hydrolysis, peptide antioxidant, ultrasound, papain.
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NGHIEN CUU UNG DUNG NANOCHITIN BE GIAM mMUGI

CHO SAN PHAM GIO LUA
Nguyén Thi Cha"?2, Nguyén Tién Thanh', H6 Phua Ha""
"Truong Hoa va Khoa hoc Sur song, Pai hoc Bach khoa Ha Noi
?Khoa Cong nghé Thuc pham, Truong Pai hoc Kinh t€ Ky thuat Cong nghiép
*Email: ha.hophu@hust.edu.vn
TOM TAT
Chitin 12 mot polysaccharide c6 rat nhiéu trong tu nhién. Cong ngheé ché bién thiy san thuoc loai
giap xac nhu tom, cua da tao ra phé thai 1a nguon chitin rat lén. Gan day, da c6 nhiéu nghién cttu
vé ché bién chitin thanh nanochitin c6 kha nang tmg dung nhiéu hon so v6i chitin goc. Voi mot s6
dac tinh moi nhu do hoa tan, c6 kha nang tich dién trong dung dich, nanochitin c6 thé tmg dung
trong mot s6 nganh nhu cong nghé thuc phdm, xtt ly moéi truong, y té... Muc dich ctia nghién ctu
nay 1a chimg minh kha nang tmg dung nanochitin nham ting cuong vi man, gidm st dung mudi
an trong san xuat thuc phdm. Nghién cttu st dung nanochitin dugc tao ra theo phuong phap thiy
phan két hop siéu am. Nanochitin c6 kich thuéc trung binh 248 nm. Két qua cho thdy, voi néng
d6 90 ug/ml nanochitin cé tac dung tang cam giac man cho dung dich NaCl 0,65% va dat vi man
twong duong dung dich NaCl 0,69%. Thit nghiém trén san phadm gio lua, voi luong nanochitin
0,123 g/kg thit, c6 thé gidam duoc 0,54 g twong tmg 5,74% trong téng luong mudi ma san phdm van
dat vi man nhu mau déi chimg, cac tinh chat cAm quan khac khong nhan thay c6 thay doi. Két
qua nay mo ra huong tmg dung cho viéc giam ty 1é muoi trong khiu phéan an ctia con nguoi dé
khéc phuc tinh trang an du qua nhiéu mudi hién nay.
Tt khoa: Nanochitin, gidm mudi, gio lua.

1. BAT VAN BE nhiéu muoi trong khdu phan an, dan dén nhiéu
- nguy co mac bénh tim mach, huyét 4p cao... Hién
trang nay da duoc nghién cttu, tong két va bao cao
& nhiéu quoc gia trén thé gioi, trong do co Viet
Nam. Luong muéi an trung binh cia nguoi Viet
Nam 1a 9,4 g/ngay/nguoi, gan gip doi muc
khuyén c4o cia WHO [4, 5].

Viéc gidm muéi trong khau phan an sé lam
thay déi khau vi. Vi lien quan dén khéu vi, thoi
quen nén viéc gidm mudi khong thé thuc hién
trong thoi gian ngan. Trong boi canh d6, viéc tim
kiém mot “chat” thay thé, c6 tac dung “danh lira”
cam giac, 1am giam luong mudi dn hang ngay sé c6
y nghia rat lon. Xét theo vai tro nay thi nanochitin
la su lua chon phu hop.

Chitin 1a mot polysaccharide duogc tao thanh tie
cac don phan N - acetyl - D-glucosamine lién két
nhau bang B-(1-4) glycoside. Chitin la thanh phan
chinh ctia v tom, cua. Chitin khong hoa tan trong
nudc nén rat it duoc tng dung.

Gan day c6 nhiéu nghién ctu tao nanochitin tir
chitin, san phdm c6 kich thuéc dusi 500 nm.
Nanochitin ¢6 kich thudc cd nanomet nén cé do hoa
tan cao hon chitin rat nhiéu. N6 c6 kha nang tich
dién duong nén co thé tuong tac voi ion am nhu Cl-.
Vi vay, trong dung dich NaCl, sy tuong tac ctua
nanochitin véi Cl khién d¢ linh dong cta ion Na*
tang lén, do d6 lam ting cam nhan vi man. Tt do,
nanochitin c6 thé duoc dung nhu mot chat 1am ting )
viman [1-3]. Vo6i mong muén stt dung nanochitin dé giam
mudi cho thuc phdm, nghién ctru da khao sat,
danh gia kha nang gidm mudi cta nanochitin trén
san phdm gio lua. Két qua 1a co s& dé ap dung
gidm muoi cho mot so loai thuc phdm khéc, timg
budc khac phuc tinh trang an qua nhiéu mudi, gép

X4 hoi hién dai voi su tién bo ctia khoa hoc
cong nghé, nang suat cay trong, vat nudi ting cao
khién cho ngudn thuc phadm déi dao. Viéc stt dung
luong thuc nhiéu cung voi khiu vi quen thuoc da
khién mét bo phan rat 16n nguoi dan tiéu thu qua
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phan phong, tranh bénh tat, nang cao sttc khoe
cong dong.

Nanochitin dung trong nghién cttu duoc tao ra
ttr chitin thu nhan tir tom thé chan trang theo quy

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU trinh sau
2.1. Vat liéu nghién ctu
Nghién .| Thuy | Rira Sﬂiéu Tl}itl
phéan am ho1
| T
Dung Nuée
dich HC1

Hinh 1. So 6 quy trinh tao nanochitin

Theo quy trinh & hinh 1, chitin tinh sach duoc
nghién thanh bot dén kich thuéc yéu cau. Phoi
tron bot voi dung dich xtuc tac HCl theo ty 1¢, nong
do ctia mau thi nghiém roi thuc hién qua trinh
thay phan. Hén hop sau thuy phan duoc lam sach,
loai b6 dung moi va ti€én hanh siéu am. Két thac
situ am, tién hanh thu san phidm biang phuong
phéap dong kho. San pham nanochitin thu duoc co
kich thudc trung binh 248 nm, d¢ hoa tan la 73,1%.

Céac nguyen lieu thtr nghiém cho san phidm
gio, gdbm: Thit nac, m& phan, mudi, nuwéc mam...
stt dung tir nguén ctia nha cung cip theo tiéu
chuén ctia co quan quan ly vé thuc pham.

2.2. Phuong phap nghién ctru

2.2.1. Xac dinh nguong cam nhan tang vi man
cua nanochitin

bé xac dinh nguong cam nhan tang vi man,
nghién cttu Iya chon dung dich NaCl véi néng do
0,65%, day la nong do6 mong mudn gidm min cho
doi twong an man phd bién. Mau thi nghiém se
duoc bé sung nanochitin véi 3 ndng do duoc lay
tr két qua xac dinh thé zeta cta dung dich
nanochitin & muc 3.1.1 (80; 90; 110 pug/ml).

Cac mau thi nghiém va cac mau doi ching
duoc chuin bi nhu sau:

H,: Dung dich NaCl 0,65%.

H;: Dung dich NaCl 0,65% + nanochitin 80
pg/ml.

H,: Dung dich NaCl 0,65% + nanochitin 90
pg/ml.

H,;: Dung dich NaCl 0,65% + nanochitin 110
pg/ml.

NONG NGHIEP VA MOI TRUSNG - THANG 9/2025

D06 man duoc danh gia theo phuong phap cam
quan bang phép thir so hang. Cac diém so duoc
chuyén d6i, phan tich phuong sai va so sanh.

2.2.2. Xac dinh murc do tang vi man cho dung
dich NaCl

bé xac dinh nguong cam nhan tang vi min,
nghién ctru lea chon dung dich NaCl véi hai néng
do 0,65% va 0,61%, day la nong d6 mong muon
gidam man cho d6i twong an man va an hoi man.
Mau thi nghiém 0,65% sé dugc bd sung
nanochitin voi nong do duoc lay tir két qua xac
dinh nguong cam nhan tang vi man ctia nanochitin
0 muc 3.1.2 (90; 120 pg/ml); mau 0,61% NaCl,
tinh theo ty lé tuong tng.

Cac mau thi nghiém va cac mau doi ching
duoc chuin bi nhu sau:

Mau P;: NaCl 0,61%.

Mau P,: NaCl 0,65%.

Mau P;: NaCl 0,69%.

Mau P,: NaCl 0,65% + nanochitin 90 pg/ml.

Mau P,: NaCl 0,65% + nanochitin 120 pug/ml.

Mau P, NaCl 0,61% + nanochitin 84 pg/ml.

D6 man duoc danh gia theo phuong phap
cam quan bing phép thir so hang. Cac diém s6
duoc chuyén d6i, phan tich phuong sai.

22.3 Nghién cuu, ung dung gidm muoi cho
sdn pham gio

Viéc nghién cttu gidm muéi cho san phidm
gio duoc thuc hién trén quy trinh cong nghé cta co
s& san xuat gio lua truyén thong nhu sau: Theo
hinh 2, thit nac tuoi duoc thai thanh miéng, chuin
bi khoang 15% m& phan. Sau khi cit miéng, thit
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duoc xay tho, sau d6 b sung cac loai nguyén lieu
phu, gia vi nhut nudc mam, mudi... va tién hanh xay
min. Két thuc giai doan nay, tat ca nguyén lieu duoc
tron déu, khai thit nghién tré nén nhuyén, min, déo
va goi la gio song. Pinh luong gio song theo yéu
cau, sau d6 goi gio song bang 14 chudi, tui PE dé tao
khoi hinh tru tron c6 duong kinh khoang 12 x 13
cm. Tién hanh hap chin khoi gid & nhiét do soi

trong khoang 50 - 60 phut roi vét ra, lam nguéi thu
san pham gio lua.

Mau thi nghiém duoc gidm mot phan mudi
NaCl va bé sung nanochitin. Cac mau thi nghiém
va mau doi chimg sé duoc danh gia vi man va céac
tinh chat khac bang phuong phéap cho diém.

Nguyén liéu ph, La chudi, bao PE
gia vi
= gan > ol Xay thé |, | Xaymn Gio song |—» = géi‘ dinh || Hip chin || Léu}. .,
mieng hinh nguol

Hinh 2. So @6 quy trinh sin xuat gio lua

2.3. Cac phuong phap phan tich

- X4c dinh kich thuéc bang phuong phap nhiéu
xa laser [6].

- Xac dinh thé zeta bang thiét bi Zetasize nano
7590 [7].

- banh gia cam quan: Cac mau duoc thuc hién
danh gia béi hoi déng chuyeén gia, gom 10 nguoi, da
duoc huan luyén va thuong xuyén thuc hién cac
phép thit lién quan.

+ Danh gia cdm quan bang phép thtr so hang:
Nguyén tic ctia phuong phap nay 1a sip xép nguoi
tht mau theo cuong do man tir nhat nhat (vi tri s6
1) dén man nhat (vi tri 4 hodc 6 tiy vao s6 mau thi
nghiém). Két qua tht tv xép hang cta cidc mau
duoc chuyén sang diém tuong tmg theo phuong
phap ctia Fisher va Yates (1942) thé hién trong tai
lieu ctia Ha Duyén Tu (2006) [8]. Phan tich phuong
sai, so sanh va dua ra két luan vé mic d6 man cua
cac mau trong s6 mau thir [8].

+ Panh gia cdm quan bang phép thir cho diém:
Nguyén tac ctia phuong phap nay la nguoi thir duoc

moi thit ném va danh gia cuong do tinh chat cam
quan cua san phidm thong qua diém so tuong tmg
voi thuat ngtt mo ta cuong do tinh chat da duoc quy
dinh & bang 1.

Bang 1. Thang diém danh gia cuong d6 vi min

Cuong do vi
man

Cuong do vi man | Piém biém

Khongcoviman| 0 Man vira an 3

Rat nhat 1 Hoi man 4

Hoi nhat 2 Rat man 5

Két qua duoc phan tich phuong sai, so sanh va
dua ra két luan vé tinh chat cdm quan ctia mau thir
[8].

+ Danh gid cam quan bang phép thir cho
diém thi hiéu: Nguyén tic cta phuong phap la
ngudi thtt duoc moi thit ném cac mau san pham
va danh gia mic do wa thich, cac tinh chat cam
quan ctia san phdm bang cach cho diém tuong
ung vo6i thang diém quy dinh trong bang 2.

Bang 2. Thang diém d4nh gia cic tinh chit mau séc, huong vi va cdu triic

Tinh chat cdm quan biém Tinh chat cdm quan biém
Cuec ky khong thich 1 Tuong doi thich 6
Rat khong thich 2 Thich 7
Khong thich 3 Rat thich 8
Tuong doi khong thich 4 Cuc ky thich 9
Khong thich cting khong ghét 5
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Két qua duoc phan tich phuong sai, so sanh
va dua ra két luan vé tinh chat cdm quan cta cac
mau thir [8].

- Phuong phap thong keé: Cac thi nghiém duoc
lap lai 3 lan. So lieu thi nghiém dugc phan tich
phuong sai.

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Xac dinh thé zeta cia dung dich
nanochitin

Trudc hét, nghién ctu xac dinh thé zeta cia
dung dich nanochitin & cac néng do khac nhau.
Két qua duoc mo ta trong hinh 3.

40 -

Thé zeta (mV)
w
(]

N
o

10 +—=

Néng d6 nanochitin (ug/ml)

Hinh 3. Thé zeta ctia cac dung dich nanochitin &
ndng do khac nhau

Hinh 3 cho thay, thé zeta cua dung dich
nanochitin ting manh theo nong d¢ tir 50 - 80
ug/mL. Tt 80 - 150 pg/mL, thé zeta dat gia tri lon
va tang rat it. Diéu nay c6 thé giai thich,
nanochitin khi tan trong nuédc, c6 kha nang tich
dién duong. Khi néng do tang, mat do cac nhom
chtic tao kha nang tich dién ting nén thé zeta
tang. Tuy nhién, khi tang dén mot muc nhat dinh,
cac nhom chtc nay lai tuong tac véi mot sé6 nhom
chttc nguoc dau, luc nay mat do da da 16n, nén
thé zeta ting rat cham. Két qua nong do tir 80 -
150 pg/mL phu hop dé chon nghién ctu sy thay
doi thé zeta khi NaCl thém dung dich nanochitin.

3.1.1. Xac dinh thé zeta cia hon hop dung dich
nanochitin - NaCl

Dung dich NaCl v6i nong do khac nhau duoc
thém vao dung dich nanochitin tinh khiét, réi xac
dinh thé zeta. Két qua duoc thé hién ¢ hinh 4.

NONG NGHIEP VA MOI TRUSNG - THANG 9/2025
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Hinh 4. Thé zeta ctia hdn hop nanochitin va dung
dich muéi & cac ndng @6 khac nhau

Két qua cho thay, khi NaCl 0,03% duoc théem
vao dung dich nanochitin, thé zeta cta hon hop
giam so voi dung dich nanochitin. B6 sung NaCl
voi néng do 16n hon (0,05%) thé zeta gidm nhiéu
hon. Thé zeta giam chimg tdé rang nanochitin da
tuong tac voi cac ion am. Ion 4m nay chinh la CI- .
Trong hoén hop dung dich, viec CI- bi “thu hat”
boi nanochitin sé khién Na+ tu do hon, linh dong
hon. Trong khi dé, Na+ lai dong vai tro chinh
trong su tao cam nhan vi man cho co quan vi giac.
Vi thé, hon hop nay duoc du bao c6 tiém nang ting
vi man so voi dung dich NaCl goc. Két qua nghién
ctru nay ciing phu hop voi két qua nghién cttu cia
Jiang va cs (2017) [2], Wan - Chen Tsai va cs
(2019) [9], theo do, b6 sung NaCl co6 lam giam thé
zeta ctia nanochitin.

3.1.2. Xac dinh nguong cam nhan tang vi man
cua nanochitin

Dung dich NaCl 0,65% duoc st dung 1am nén
dé b6 sung nanochitin véi cac néng do6 khac
nhau, sau d6 so sanh cam nhén vi man gitta cac
mau. Két qua duoc thé hién & bang 3.

Bang 3. Mitc d6 min cia cic méu

Mau H, H, H, H,

Trung binh 0,57*| 0,76%| -0,67°| -0.67"
Ghi chu: H,: Dung dich NaCl 0,65%; H,: Dung
dich NaCl 0,65% + nanochitin 80 ug/mi; H,: Dung
dich NaCl 0,65% + nanochitin 90 ug/mi; H,: Dung
dich NaCl 0,65% + nanochitin 110 ug/ml. Cic mau
co s6 ma ky hiéu khdc nhau biéu thi sw khic
nhau co nghia o mirc o. = 5%.
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Bang 3 cho thdy, mau H, H, khong khac
nhau ¢ muc y nghia o = 5% Mau H,, H; khong
khac nhau ¢ mure y nghia o = 5%. Mau H,, H; man
hon mau H;, H,. Ké&t qua cho thiy: Nanochitin &
nong do 80 pg/ml chua nhan thay tac dung ting
cuong vi man cho dung dich NaCl 0,65%. Vi
nong do6 nanochitin 90 pg/ml, tac dung ting
cuodng vi man twong tw nhu tai nong do 110
ug/ml. Két qua nghién cttu nay phu hop voi két
qua nghién ctu cua Jiang va cs (2017) [2], Hsueh
va ¢s (2017) [10], Wan - Chen Tsai va cs (2019)
[9], theo d6, nanochitin c6 kha nang tang cuong

d6 man. O nong do 80 pg/ml, nanochitin ting
cuong do man cho dung dich NaCl 0,3%.

3.1.3. Xac dinh murc do tang vi man cho dung
dich NaCl

Cac mau thi nghiém la dung dich NaCl &
nong do khac nhau duoc bé sung nanochitin duoc
chuédn bi nhu mo6 tad & phan 2.2.2. D6 man dugc
danh gia theo phuong phap cam quan bang phép
tht so hang. Cac diém s6 duoc chuyén d6i, phan
tich phuong sai cho két qua duoc thé hién trong
bang 4.

Bang 4. Mitc 36 min clia cAc mau

P, Py Ps
_ P, P, By (NaCl10,65% |(NaCl10,65% | (NaClO0,61%
Mau | (NaCl (NaCl iy iy
(NaCl 0,61%) 0,65%) 0.69%) |+ nanochitin 90 + nanochitin | + nanochitin
pg/ml) 120 ug/ml) | 84 pg/mi)
Trung binh 1,27¢ 0,48° -0,55¢ -0,69¢ -0,87¢ 0,37¢

Ghi chii: Cdc mau c6 so mi ky hiéu khdc nhau biéu thi sir khac nhau co nghia & mic o, = 5%.

Bang 4 cho thay, mau P, 1a nhat nhat, mau P,,
P khong khac nhau & muc c6 y nghia. Mau Ps, P, Ps
khong khac nhau & muc co y nghia. Két qua
nghién ctru nay cho thdy, & néong do 90 pg/ml,
nanochitin tang cuwong vi mian cho dung dich
NaCl 0,65% lén muc twong duong véi dung dich
NaCl 0,69%. Tang nong do6 nanochitin len 120
pug/mL khong lam tang thém cam nhén vi man. O
nong do 84 pug/mL, nanochitin ting cudng vi man
cta dung dich NaCl 0,61% 1én mic tuong duong
véi dung dich NaCl 0,65%. Nghién cttu ctia Hsueh
va cs (2017) [10], Wan - Chen Tsai va cs (2019)
[9] da x4ac dinh duoc & ndéng do 80 pg/ml
nanochitin lam tang vi mian cho dung dich muéi
NaCl 0,3%. Cung v6i sy phu hop do, trong nghién
ctu da xac dinh duwgc kha nang tang vi man cua
nanochitin & néng do 0,65% NaCl. Day la su khac
biét rat c6 y nghia vé kha nang tmg dung, do
0,65% NaCl 1a néong do phé bién trong nhiéu loai
thuc phdm st dung hang ngay cta nguoi dan...
[11, 12]. Két qua nay duoc dung lam co s& dé tinh
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ty lé thay thé NaCl trong thi nghiém tng dung

giam muoi tiép theo cho gio lua.
3.2. Ung dung gidm mudi cho san phdm gio

Mau gio duoc chuén bi theo quy trinh tai muc
2.2. Trong d6, mau thi nghiéem duoc gidm muoi
theo ty lé dua trén két qua thi nghiém 3.1.3, cu

thé nhu sau:
Mau I 3 g mudi NaCl.
Mau I;: 2,46 g muoi NaCL
Mau I: 246 g muoi NaCl + 0,123 g

nanochitin.

Cac thanh phan khéc cta ca 3 mau theo dung
don cong ngheé.

San pham gio duoc danh gia chat luong bang
phuong phap cam quan. Trong do, vi man sit dung
phép thit cho diém; tinh chat mau sic, huong vi,
cau truc st dung phép thit cho diém thi hiéu.
Diém cho tinh chat vi man ctia cac mau duoc thé

hién trong bang 5.
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Bang 5. Piém ctia c4c thanh vién cho tinh chét vi min ctia mau thi nghiém

. x x Mau I,
T\}/lizllh (31\;1?\111;&) (2,412;4:11\%;01) (2:46g NaCl + 0,123 Tong Tbril;:tllg
g nanochitin)
1 4 3 4 11 3,67
2 3 2 3 8 2,67
3 3 2 2 7 2,33
4 4 3 4 11 3,67
5 3 2 3 8 2,67
6 3 2 3 8 2,67
7 3 2 2 7 2,33
8 4 3 4 11 3,67
9 3 2 3 8 2,67
10 3 2 3 8 2,67
Téng 33 23 31 87
Trun,
binhg 3,30 2,30 3,10
Béng 6. Diém trung binh cudng do vi min cta cdc méu thi nghiém
N Iy L I,
Mau
(3 g NaCl) (2,46 g NaCl) (2,46 g NaCl + 0,123 g nanochitin)
Vi man 3,30 2,30 3,10

Piém danh gia ctia hoi dong cam quan duoc
phan tich phuong sai va két qua thé hién trong
bang 6.

Bang 6 cho thay, mau b6 sung 2,46 g mudi co
cuong do vi man kém hon so voi mau bo sung 3 g
NaCl. Khi b6 sung thém 0,123 g nanochitin vao
mau c6 2,46 g mudi, cAm nhan vi man da ting lén

ro rét, c6 diém tuong duong doi véi mau chi cé 3

g NaCl.

biém danh gia cta hoi déong cam quan cho
cac tinh chat mau siac, huong vi va cau truc dugc
thé hién trong bang 7, 8, 9.

Bang 7. Piém ctia c4c thanh vién cho tinh chit mau sic cia méu thi nghiém

L Méu I, Miu I, Mau l, . \
Thanh vién (3 ¢ NaCl) (2.46 ¢ NaCl) 246¢g NaC1.+. 0,123 g | Tong | Trung binh
nanochitin)
1 7 7 7 21 7,00
2 7 7 7 21 7,00
3 6 7 6 19 6,33
4 6 6 6 18 6,00
5 8 8 8 24 8,00
6 7 8 8 23 7,67
7 7 7 7 21 7,00
8 8 7 7 22 7,33
9 7 7 7 21 7,00
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o Mau I, Mau I, Mau I, ) \
Thanh vién (3 ¢ NaCl) (2.46 ¢ NaCl) 2,46¢g NaC1.+. 0,123 g | Tong | Trung binh
nanochitin)
10 8 8 7 23 7,67
Tong 71 72 70 213
Trung binh 7,10 7,20 7,00
Bang 8. Piém ciia cic thanh vién cho tinh chit huong vi cia méu thi nghiém
. . Mau I
Thanh vién (31\;[?\‘1‘;(0:1) o 412:[;“;; oy | @462 NaCI.j. 0,123¢ | Téng | Trung binh
nanochitin)
1 7 7 7 21 7,00
2 8 7 8 23 7,67
3 7 7 7 21 7,00
4 7 7 7 21 7,00
5 8 7 7 22 7,33
6 7 7 7 21 7,00
7 7 7 7 21 7,00
8 7 7 7 21 7,00
9 8 8 8 24 8,00
10 8 7 8 23 7,67
Téng 74 71 73 218
Trung binh 7,40 7,10 7,30
Bang 9. Diém ctia c4c thanh vién cho tinh chét ciu tric cia méu thi nghiém
| Maul, Mau I, Mau L ) Trung
Thanhvien |- o Nach | @46¢ Nach | 10 failjgi:ig)’m A ™
1 6 6 7 19 6,33
2 7 7 7 21 7,00
3 7 7 7 21 7,00
4 7 7 7 21 7,00
) 7 7 8 22 7,33
6 8 8 8 24 8,00
7 6 6 6 18 6,00
8 7 6 7 20 6,67
9 7 7 7 21 7,00
10 8 8 8 24 8,00
Téng 70 69 72 211
Trung binh 7,00 6,90 7,20
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Béng 10. Diém trung binh mirc d¢ wra thich céc tinh chét cdm quan cfia c4c méu thi nghiém

L
Mau L L (2,46 g NaCl
(8 g NaCl) (2,46 g NaC) + 0,123 g nanochitin)
Mau sic 7,10¢ 7,20° 7,00
Huong vi 7,40¢ 7,10¢ 7,30¢
Cau truc 7,00% 6,90% 7,20%

Ghi chi: Cdc mau c6 s6 mi ky hiéu khdc nhau biéu thi s khac nhau co nghia & mitc o, = 5%.

biém danh gia ctia hoi dong cdm quan duoc
téng hop, phan tich phuong sai va két qua duoc
thé hién trong bang 10.

Két qua mo ta trong cac bang trén cho thay:
B6 sung 0,123 g nanochitin (1,3% so voi tong luong
mudi NaCl can dung cho 1 kg thit) vao don cong
nghé ctia san pham gio (mau L), c6 thé giam duoc
0,54 g (5,74% so voéi tong luong muoi NaCl can
dung cho 1 kg thit) muo6i NaCl, san phdm van cho
vi mén twong duong nhu mau déi ching (mau I,).
Céc tinh chat cam quan khac nhu: Mau sic, huong
vi, cau trac ctia mau thi nghiém khong thay déi so
voi mau doi chimg. Két qua thit nghiém trén san
phdm gio cta Viét Nam ciing da chimg minh tinh
kha thi ctia viéc stt dung nanochitin dé gidm muoi
cho thuc pham.

4. KET LUAN

St dung nanochitin tao ra bang phuong phap
thty phan két hop siéu am, voi kich thudc trung binh
248 nm, d6 hoa tan la 73,1%, da ting cam giac min
cho dung dich NaCl 0,65% va dat vi man tuong
duong dung dich NaCl 0,69%. Thit nghiém trén san
pham gio lua voi luong nanochitin 0,123 g/kg thit, cé
thé giam duoc 0,54 g tuong tmg 5,74% trong tong
luong muodi ma san phdm van dat vi man nhu mau
d6i ching. Cac tinh chat cam quan khac khong
nhan thay co6 thay déi. Két qua ndy mo ra huong
ung dung gidm ty 1é muoi trong cac san phim
tuong tu nhu surimi, xdc xich va cac thuc phdm
khac. Két qua nghién cttu cing mé& ra kha nang tro
thanh bién phap htu hiéu dé cai thién tinh trang
an thtra mudi trong cong dong.
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APPLICATION OF NANOCHITIN IN SALT REDUCTION IN VIETNAMESE
PORK SAUSAGE (GIO LUA)

Nguyen Thi Cha" 2, Nguyen Tien Thanh', Ho Phu Ha'

1 School of Chemistry and Life Sciences, Hanoi University of Science and Technology

?Faculty of Food Technology, University of Economics - Technology for Industries
Abstract

Chitin is a naturally abundant polysaccharide, primarily found in the exoskeletons of crustaceans
such as shrimp and crabs. Processing these seafoods generates a large amount of waste, which
serves as a rich source of chitin. In recent years, numerous studies have focused on converting
chitin into nanochitin, which offers broader application potential than bulk chitin. With novel
properties such as improved solubility and surface charge in solution, nanochitin can be applied
in various fields, including food technology, environmental treatment, and medicine. This study
presents the application of nanochitin for salt reduction in Vietnamese pork paste (gio lua). The
nanochitin was prepared via acid hydrolysis combined with ultrasonication, yielding particles of
an average size of 248 nm. At a concentration of 90 pg/mlL, nanochitin enhanced the saltiness
perception of a 0,65% NaCl solution to a level comparable with a 0.69% NaCl solution. When
applied to gio lua at a dosage of 0.123 g of nanochitin per kilogram of meat, it enabled a reduction
of 0.54 g of saltequivalent to 5.74% of total salt content - while maintaining equivalent saltiness
perception and no detectable changes in other sensory attributes. These findings suggest a
promising approach for reducing dietary salt intake, addressing the growing concern over
excessive salt consumption in modern diets..

Keywords. Nanochitin, salt reduction, Vietnamese pork sausage.
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SU DUNG KET HOP NAM MEN SACCHAROMYCES VA
VI KHUAN KOMAGATAEIBACTER NHAM TAO
SAN PHAM D0 UGNG CO DO CON THAP
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TOM TAT

Hién nay, su gia tdng nhu cau d6i véi cac loai d6 udng c6 con thap hoac khong cén phan anh xu
huong tiéu dung hién dai chu trong sttc khoe va an toan thuc phdm. Nghién ctru nay nham phat
trién san phdm d6 udng léen men co d6 con thap tir giong dia Queen, két hop ndm men
(Saccharomyces cerevisiae CO - 16 va Saccharomyces bayanus FD - 3) va vi khuén axit axetic
(Komagataeibacter intermedius K7). San phdm lén men dugc danh gia dua trén cac chi tiéu co ly,
hoéa ly (chi s6 pH, nong do chét kho hoa tan, ham luong axit, ham luong duong khit, ham luong
duong téng) va cam quan ctia nguoi dung. Két qua cho thdy, su két hop S. bayanus va K
intermedius K7 mang lai san ph4m lén men tot nhat theo danh gia cdm quan. Ngoai ra, qua trinh
lén men chinh bang n4m men va 1én men phu bang vi khu4n & nhiét do 15°C trong 72 gid da tao
ra san phdm c6 noéng do con 1,8 - 2,2% (v/v). Thong s6 nay dap tmg phan loai rugu nhe theo quy
dinh tai Nghi dinh s6 105/2017/ND-CP. Nghién cttu nay da dé xuat thong s6 qua trinh lén men
tao san phdm do6 uong do con thap tir nudc dira co chat luong cam quan cao, gop phan mo rong
tiém nang tmg dung trai cay nhiét doi trong nganh d6 uoéng len men.

Tt khoa: Dia Queen, Komagataeibacter intermedius K7, Saccharomyces bayanus FD-3, do

uéng co do con thap, Ién men da chung:.

1. DAT VAN BE

Dta (Ananascomosus L. Merr., Bromeliaceae)
la cay than thao lau nam, qua chtta nhiéu duong
chat c6 loi cho sttc khée nhu duong tu nhién,
vitamin C, mangan, mot s6 hop chat chong oxy hoa
nhu: phenolic va flavonoid [1]. Pac biét, qua duia
con chta ham luong bromelain cao - la mot
protease c6 tac dung ho tro tiéu hoa, tao ra phan
ung chong viém va tang cudng hé mién dich [2],
[3]. Nh¢ nhitng dac tinh sinh hoc nay, dita khong
chi duoc stt dung phé bién dudi dang qua twoi ma
con c6 tiém nang 16n trong san xuat cac loai thuc
phidm chtc ning va d6 udng lén men tu nhién.
Theo s6 lieu tir FAO, san luong dira tai Viét Nam
dat khoang 705.460 tan vao nam 2022, dtng thi 12
trén thé gioi [4]. Trong d6, giong dita Queen chiém
ty 1 gan 90% tong dién tich dat trong dia. Nham da
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dang hoa cac san pham tir dira, viéc nghién ctu
cider tir dira 1a mot huong di phit hop véi xu thé.

Lén men két hop gitta nAm men va vi khuén 1a
mot qua trinh sinh hoc duoc tng dung phd bién
trong san xuat thuc phdm chic ning va dé uong
léen men. Mot vi du dién hinh 1a tra Kombucha -
san pham thu duoc tir qua trinh lén men tra duong
nho cong sinh gita vi khuidn sinh axit axetic
(AAB) va nam men. Qua trinh 1én men cong sinh
tao ra da dang céac axit hitu co trong san pham,
dem lai cac hoat tinh sinh hoc nhw giai doc gan,
tang cuong mién dich va hé tro diéu hoa lipid mau.
Theo Khanh va cs (2001) [5], ching vi sinh vat
Komagataeibacter intermedius K7 dwoc phan lap
tir Kombucha tai Viét Nam thé hién kha ning sinh
téng hop axit glucuronic cao, c6 tiém niang ung
dung lén men d6 uong.
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Nghién cttu nay khao sat qua trinh lén men
nuoc dita tao san pham d6 uéng cé do con thap.
Qua trinh lén men duoc thuc hién véi cac chiang vi
sinh vat gdm nam men (Saccharomyces cerevisiae
CO - 16, Saccharomyces bayanus FD - 3) va vi
khuin sinh axit axetic (Komagataeibacter
intermedius K7) nham tao ra san phdm phu hop
v6i thi hi€éu nguoi tieu ding.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat lieu nghién ctu

Dwra Queen (Ananas comosus L. Merr.) thu
mua tai cho dau méi phia Nam, thanh phé Ha Noi,
voi khoi luong qua tir 500 - 900 g. Dta nguyeén liéu
duoc danh gia cac chi tiéu co ly va héa ly bao gom:
Ty 1é vo, choi, thit qua. Nuoc ép dira duoc phan
tich do Bx, do axit tong so, ham luong duong téng
s6 va ham luong duong khtr.

Cic ching ndm men thuong mai
Saccharomyces cerevisiae CO-16 va
Saccharomyces bayanus FD - 3 (Fermentis, Phap).
Trong do, S. cerevisiae c6 khoang nhiét do lén
men 17 - 35°C (t6i wu 20 - 27°C), pH t6i vu 4,5, tao
nhiéu este thom; S. bayanus hoat dong trong
khoang 15 - 32°C. Chuing vi khudn axetic
Komagataeibacter intermedijus K7 phan lap tir san
phdm Kombucha [5]. Enzyme pectinase ICFOOD
Viet Nam) c6 hoat luc 60.000 U/g, hoat dong t6i
uu & pH 4,5 va 40 - 50°C, duoc stt dung dé ho tro
qua trinh thu dich qua.

2.2. Phuong phap nghién ctru
2.2.1. Xdc cdc thong so cua dich qua lén men

Gia tri pH cuta dich qua trong qua trinh 1én
men duoc danh gid bing may do pH dé ban (HI
2211 pH/ORP Meter, Hanna Instruments). D¢ axit
cta dich dtra 1én men duoc xac dinh biang phuong
phap chuin @6 bing dung dich NaOH 0,1 N st
dung chat chi thi phenolphthalein 1%. Ham luong
duong khtr duoc xac dinh bang phuong phap
dinitrosalicylic axit (DNS) voi glucose la chat
chuén [6]. Doi vdi chi tieu duong tong, mau duoc
thay phan bang HCl dé chuyén hoéa cac
disaccharide va polysaccharide thanh duong khi
trudc khi thuc hién phan tich dwong khir bang
cung phuong phap.
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2.2.2. Xdc dinh nong do con

Mau dich lén men duoc can chinh xac va
chung cat bang thiét bi chung cat don gian. Nhiet
do soi 6n dinh cta dich cat duoc phan tich bang
thiét bi do diém so6i (Dujardin Salleron, CH Phap).
Dua vao do thi nhiét do - thanh phan ctia hon hop
ethanol - nuéc & ap suat khi quyén, ham luong
ethanol dugc xac dinh bang cach déi chiéu nhiét
do soi voi ty 1é ethanol tuong tng trong dé thi.

2.2.3. Panh gid ciam quan

Phuong phap danh gia cam quan dwoc thuc
hién theo phép thtt cho diém thi hi€u (hedonic
test), nham xac dinh mtc do wa thich cia nguoi
tieu dung d6i voi cac mau dé uong léen men [7].
Trong nghién cttu, hoi dong cam quan gom 60
nguoi trong do tudi tir 20 - 23 duoc tuyén chon dé
tham gia danh gia. Cac mau do6 uéng duoc ma hoa
ngau nhién bang ba chit so.

2.2.4. Dinh lrong ndm men

binh luong truc ti€p ndm men duwoc thuc hién
bang phuong phap dém té bao duéi kinh hién vi
quang hoc stt dung buong dém hong cau
(hemocytometer). Mau duoc pha loang thich hop,
nhuoém bang xanh methylen dé phan biét t€ bao
song va chét. Két qua duoc tinh toan va quy déi ra
s0 té bao/mL [8].

2.2.5. Thu hoi dich qua

Gia tri pH cta dich qua duoc diéu chinh vé 4,5
bang NaHCO, truéc khi bd sung enzyme
pectinase. Cac thong s6 khao sat bao gom voi lieu
luong enzyme (0 g/L; 0,2 g/L; 0,3 g/L; 0,4 g/1),
thoi gian thuy phan (30, 35, 40, 45, 50 phut). Qua
trinh thay phan dwoc thuc hién & 40°C trong 30
phut. Hiéu suat thu héi duoc xac dinh dua trén ty
lé % khoi luong cua dich qua sau loc so voi khoi
luong qua da loai bé vo, choi.

2.2.6. Lén men dich qua

Thi nghiém lén men dich qua duoc thiét ké
theo bang 1 nham danh gia 4nh hudng cda
chiing ndm men, vi khuin va phuong thtc lén
men dén hiéu qua va chat luong san phdm nudc
dira 1én men. Cac chi tieu duoc danh gia bao
gom: Ham luong duong téng (g/L), ham luwong
duong khtr (g/L), do con (v/v) va ham luong
axit tong (g/L).
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Bang 1. Thiét ké thi nghiém lén men dich qua dita

Mau Chung vi sinh vat Phuong thirc 1én men

M1 | S. cerecevies CO-16 Lén men don chung, yém khi

M2 | S. bayanes FD-3 Lén men don chung, yém khi

M3 | S. cerecevies CO-16 va K. Lén men dong thoi, vi hiéu khi
intermedius K7

M4 | S. bayanesFD-3va K. Lén men dong thoi, vi hiéu khi
intermedius K7

M5 | S. cerecevies CO-16 va K. Lén men chinh yém khi bang ndm men, 1én men phu vi hiéu
intermedius K7 khi voi vi khuin

M6 | S. bayanesFD-3va K. Lén men chinh yém khi bang nim men, 1én men phu vi hiéu
intermedius K7 khi voi vi khuin

Tat ca cac mau thi nghiéem duogc tién hanh
trong diéu kién giong nhau vé nén moi truong va
mat do vi sinh vat: Téng chat kho hoa tan 16°Bx,
ham luong duong téng 157,59 g/L, duong khir
81,54 g/L, pH 4,5, axit tong so (tinh theo axit
axetic) 1,68 g/L, nAm men b6 sung véi mat do 2 x
10° té bao/mL va K intermedius K7 mat do tuwong
duong 2 x 10° CFU/mL. Riéng v6i mau M5 va M6,
sau 48 gi¢ lén men bang nim men, dich 1én men
duoc ly tam loai bo sinh khoi nAm men va tiép tuc
léen men hiéu khi voi K. intermedius K7 trong 24
gio ké tiép. Cac qua trinh 1én men dién ra & nhiét
do phong (25-30°C).

2.2.7. Khao sat dong hoc qua trinh lén men ¢
nhiét do thap

Sau khi Iua chon duoc chiing giong va phuong
an léen men phu hop nhat, qua trinh lén men duoc
tién hanh trong 72 gio & cac diéu kién 15°C va
20°C v6i mat do chung nhu da trinh bay. Két qua
lén men duoc danh gia qua cac chi s6 duong khtr,
duong tong, néng do axit téng va con.

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Panh gia chi tiéu co ly va héa ly cta
nguyén liéu

Nguyén liéu dia st dung trong thi nghiém
déu la nhimg qua dat chat luong tot, khong c6 dau
hiéu dap nat hay hu hong, dam bao yéu cau lam
nguyén lieu dau vao cho qua trinh lén men. Két
qua danh gia chi tieu co ly cho thay, ty lé vo va
chéi chiém khoang 25,2 + 0,05%, trong khi phan
thit qua chiém 74,8 + 0,04%. Hiéu suat thu hoi dich
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qua tinh theo khoi luong thit qua dat mic 6n dinh,
dao dong trong khoang + 0,1%. Nhimg thong so
nay cho thiy nguyén liéu cé chat luong phu hop,
dam bao hiéu qua trong cac budc x Iy va 1én men
tiép theo.

Dich ép dira Queen c6 d6 Brix trung binh dat
13,2 + 0,1°Bx, nam trong khoang ly tudong 13 -
15°Bx, diéu nay thé hién ham luong chat kho téng
s6 cao - dac biet la duong, rat thich hop lam
nguyén liéu cho qua trinh lén men rugu. Phan tich
thanh phan hoéa hoc cho thay dich ép c6 ham
luong dudng téng dat 126,14 + 0,64 g/L, trong do
duong khtr chiém 85,25 + 0,86 g/L. Bén canh d9,
ham luong vitamin C tuong d6i cao, khoang 65 +
0,2 mg/L, gop phan nang cao gia tri dinh dudong
ctia san pham sau lén men. Tuy nhién, do dac tinh
chung cta cac loai trai cay nhiét doi nhu dira, dich
ép c6 do pH kha thap (3,29 + 0,05) va ham luong
axit tong s6 & mtrc cao (4,6 + 0,12 g/L, tinh theo
axit axetic), c6 thé dan dén vi chua gat trong san
phiam cu6i néu khong duoc diéu chinh phu hop.
Do d6, dé can bang lai hwong vi va dam bao diéu
kién toi wu cho qua trinh lén men, dich ép thuong
c6 thé sé duoc pha loang bang nudc truoc khi diéu
chinh lai ham lugng duong muc tiéu.

3.2. Vai tro ciia pectinase trong thu héi dich
qua

Két qua cho thdy, hiéu suat thu hoi dich qua
tang theo ham luong enzyme. Mau d6i ching
khong st dung enzyme cho hiéu suét thu héi 1a
65,2%. Khi b6 sung 0,2 g/L enzyme, hiéu suat ting
nhe, do luong enzyme con thip so véi co chat. O
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nong do 0,3 g/L, hiéu suat dat 78,4%. Tuy nhién,
khi ting len 0,4 g/L, hieu suat khong tang dang
ké, cho thay enzyme da dat nguong bao hoa voi co
chat. Do d@6, nong do 0,3 g/L duoc lwa chon cho
cac thi nghiém tiép theo vi ddm bao ca hiéu qua
thily phan va tinh kinh té.

Tai nong do enzyme pectinase 0,3 g/L, hiéu
qua thu héi dich qua theo thoi gian thiy phan &
40°C duoc trinh bay trén hinh 1. Két qua cho thay,
hiéu suat thu héi tang tir 78,4% (30 phut) 1én 83,5%
(45 phut), nhung khong tiép tuc tang khi kéo dai
dén 50 phut. Diéu nay cho thay phan tng thuy
phan dat nguong 6n dinh sau 45 phut, viec kéo dai
thoi gian thém khong mang lai hiéu qua ro rét. Vi
vay, diéu kién thu dich qua toi wu duoc xac dinh 1a
0,3 g/L enzyme pectinase va thoi gian thay phan
45 phut.
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Hinh 1. Anh hudng ciia thoi gian thity phan dén
hiéu sudt thu héi dich qua
3.3. Lira chon chiing nim men va phuong thic
lén men

3.3.1. Pong hoc qud trinh lén men

Chtng nam men ddéng vai tro then choét trong
qua trinh lén men d6 udéng c6 coén, vi chung
chuyén hoa duong thanh ethanol va cac hop chat
phu nhu: Este, aldehyde, ruou bac cao - nhiing
chat nay tao nén huong vi va dac tinh cdm quan
dac trung cho san pham [9]. Do d6, viéc lua chon
ching ndm men phu hop 13 yéu t6 quan trong
trong thiét ké san pham. Cac tiéu chi lua chon bao
gom: Toc do 1én men nhanh nhung 6n dinh, kha
nang st dung duong hiéu qua dé dat do con mong
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muon, kha nang chiu axit (pH thap), kha niang két
lang tot va dac biét 1a kha nang tao ra cac hop chat
huong thom dac trung [10]. Trong nghién cttu san
xuat nuéc déa lén men véi do con thap @ - 3%
v/v), chiing ndm men duoc lua chon khong can
sinh nhiéu c6n hay lén men qua nhanh, ma wu tién
kha ning tao huong t6t va tuong thich voi nén
nguyeén liéu. Ngoai ra, thtt tu b6 sung ching ciing
anh huong dang ké dén su phat trién hé vi sinh va
huong vi cudi cting cia san phdm [11].

Hinh 2A va 2B thé hién sy thay d6i ham luong
duong khir (g/L) ctia cac mau trong qua trinh lén
men tir 0 - 60 gi¢. Xu huéng chung cia cac mau lén
men c6 ching S. cerevisiae CO -16 1a ham luong
duong khir giam manh trong khoang thoi gian tu
12 - 24 gio. V6i cac mau lén men c6 stt dung chiing
S. bayanus FD - 3, su sut gidam manh vé ham luong
duong khir dugc ghi nhan & khoang thoi gian tir 24
- 36 gi0. Bién d6i ham luong duong téng (Hinh 2C
va 2D) thé hién xu huéng twong dong voi bién déi
ham luong duong khir. Mau M5 va M6 lén men hai
giai doan cho thay hiéu qua chuyén hoa duong
vuot troi, voi nong do duong khtx chi con 29,88 g/L
(M5) va 35,07 g/L (M6) sau 60 gio. Cac mau chi
lén men don chiing bang ndim men (M1, M2) tiéu
thu duong tot nhat, sau 60 gio 1én men chi con lai
lan luot 25,62 g/L va 29,62 g/L duong khtr. Két
qua nay cho thay, chiang vi khudn K7 khong chi
chuyén héa con duoc sinh ra bdi nAm men thanh
cac axit httu co ma con st dung ca duong khk
trong dich nudc ép dira la nguodn co chat.

Cac mau lén men cong sinh (M3 va M4) c6 xu
hudng tiéu thu dudng cham nhat. Nhu vay, c6 thé
dat ra gia thuyét gitta chiing K7 va CO - 16 ¢6 su
canh tranh dan dén giam kha nang st dung co
chat. Hinh 3A thé hién su thay déi ham luong axit
tong (g/L) trong qué trinh lén men st dung S
cerevisiae CO - 16 theo cac phuong thuc khac
nhau. Mau M1 lén men don chung S.cerevisiae
CO - 16 cho gia tri ham luong axit téng dat xap xi
4,2 g/L. Nhu vay, chiing ndm men CO - 16 c6 kha
nang sinh axit hitu co nhe, diéu nay co thé ly giai
vi trong qua trinh lén men, nAm men ngoai st
dung duong tao ra con, con tao ra cac san phidm
phu khac nhu ruou bac cao, axit httu co [12]. Mau
M5 1én men hai giai doan véi S. cerevisiae CO - 16
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va sau d6 b6 sung K. intermedius K7 cho thay, kha
nang sinh axit vuot troi, véi ham luong axit tang
lien tuc tir 1,68 g/L (0 h) 1én 4,6 g/L tai 60 gio.
Trong khi @6, mau M3 bg sung déng thoi CO - 16
va K7 dat 5,4 g/L sau 60 gio. Két qua phan anh xu
huéng hoat dong tot hon ctia ching vi khuidn K7
khi 1én men néi ti€p chiing ndm men CO - 16. Hinh
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Noéng do axit trong cac mau lén men déng thoi
(M3 va M4) déu cao hon so voi mau lén men lan
luot ndm men - vi khuan (M5 va M6) trong khi két
qua phan tich con (Hinh 3C va 3D) cho thay, cac
mau lén men cong sinh (M3 va M4) co gia tri ham
luong cén thdp hon dang ké so véi cac mau lén
men lan luot. Két qua cé thé duogc giai thich do con
sinh ra béi ndm men duoc vi khudn st dung va
chuyén hoa thanh axit axetic trong toan bo thoi
gian lén men dan dén gidm coén va tang tich liy cac
axit httu co. Mat khac, cing c6 thé ton tai giai
thuyét ching vi khuidn K7 canh tranh va lan at
ching ndm men CO - 16 dan dén giam kha nang
sinh t6ng hop cén ctia nAm men nhung van duy tri
kha nang sinh téng hop axit tot. Piéu nay ciing
phu hop voi két qua phan tich duong khit va
duong téng (Hinh 2) cho thay, mic do tiéu thu co
chat kém nhat cia cac mau lén men dong thoi (M3
va M4). Trong cac nghién ctu tiép theo, mat do té
bao ndm men va mat do CFU caa vi khudn can
duoc phan tich chi tiét dé khang dinh co ché lén
men cong sinh gitta 2 chuing.

biéu dang luu y véi cac mau 1én men lan luot
M5 va M6 1a ham luong con thé hién xu huong
giam tir thoi diém 48 gio 1a khi bat dau bé sung vi
khuidn K intermedius K7, dong thoi véi xu huéng
tang nhe ctia ham luong axit hitu co. Nhu vay, vi
khuin da chuyén héa con thanh axit theo dung
nhue mong doi, gitp tao san phdm c6 do con thap
hon. Dua vao thoi gian 1én men phu véi vi khuan,
c6 thé linh hoat kiém soat nong do con va axit
trong san pham lén men cudi ciing.

3.3.2. Pdnh gid cdm quan sdan pham

Vé cam quan, diém mau sac giita cac mau thé
hién su khac biét ro rét trong d6 mau M3 va M4
duoc danh gia thap nhat v6i diém trung binh chi
dat 2,86 va 2,85. Mau M6 duoc danh gia diém mau
sdc cao nhat va cing 1a mau ndéi bat voi diém mui
cao nhat (6,0), nho huong thom dua dac trung, it
mui rueou va mui 1én men. Trong khi d6, M3 va M4
c6 diém mui thap do xuat hién mui chua gat, dic
trung cua axit axetic. Vé vi, mau M6 tiép tuc duoc
danh gia cao nhat (6,5) nho su hai hoa gitta vi chua
va ngot.
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Tt cac két qua phan tich hoa ly, vi sinh va cam
quan, c6 thé két luan riang S. cerevisiae khong phu
hop trong lén men nudc dia dé tao san phdm co6
do con thap. Nguoc lai, S, bayanus cho két qua toi
uu hon vé ca nong do coén va huong vi. Dac biét,
khi két hop S. bayanus voi K. intermedius theo
phuong phéap lén men tuan tu - lén men véi S.
bayanus trong 48 gio, sau d6 loc b6 ndm men va
b6 sung K intermedius dé ti€p tuc 1én men trong
24 gio - san phdm thu duoc c6 huong dira thom tu
nhién, vi chua ngot hai hoa, it ding, it mui lén
men, dap ung tot tiéu chi chat luong cam quan.
Nhu vay, quy trinh lén men phdéi hop gitta ndm
men S, bayanus FD - 3 va vi khuan K intermedius
K7 theo cong thitc M6 duoc lua chon cho cac thi
nghiém ti€p theo.

Bang 2. Két qua danh gi4 cadm quan
cac miu nudc dia lén men

Mau | Mau sac Mui Vi
M1 4,42 3,00 3,14
M2 4,71 4,29 4,14
M3 2,86 2,29 3,71
M4 2,85 2,50 3,75
M5 5,75 5,00 6,25
M6 6,50 6,00 6,50

3.4. Khao sat nhiét d§ lén men két hop S
bayanus FD - 3 va K. intermedius K7

Trong qua trinh lén men, mot s6 ching nam
men co thé téng hop cac hop chat tao mui thom va
huong vi. Qua trinh nay co6 thé bi tac dong boi cac
yéu t6 lién quan dén diéu kién léen men nhw nhiét
do, pH, co chat,... Két qua phan tich ham luong
duong, ham luong axit téng va do con duoc trinh
bay trén hinh 4. O ci hai nhiét d¢ 15°C va 20°C,
ham luong duong téng va duong khir déu giam
manh hon trong giai doan lén men chinh bdi ndm
men, giam nhe trong giai doan 1én men phu véi vi
khuan. Nong d¢ axit tong co su ting dang ké trong
1 ngay dau lén men véi chiing ndm men, sau dé
cham dan. Khi vi khuidn duoc b6 sung tai thoi
diém 48 gid, néng do axit tong s6 thé hién xu
huoéng tang trong khi néng do con giam dang ké.
St giam nong do con sau 48 gio 1a phu hop véi
hoat dong trao ddi chat chung ctia vi khudn thuoc
loai K intermedius, von c6 kha niang chuyén hoa
con thanh axit axetic va cac axit httu co khac trong
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diéu kién hiéu khi (ref). Nhin chung, qua trinh lén
men & 20°C dién ra nhanh va manh hon, thé hién

qua toc do tiéu hao duong cao hon va néng do axit
cling nhu coén cao hon so véi mau lén men & 15°C.
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Hinh 4. Pong hoc qu4 trinh 1én men két hop S. bayanusFD - 3 va K intermedius K7 theo
cong thixc M6 tai 15°C va 20°C

Trong qua trinh 1én men, két qua cho thay cac
mau déu duy tri 6n dinh pH quanh moc 4,5 trong
khoang thoi gian 12 - 24 gio. Tu 24 gio tré di, pH
bat dau xu huéng gidm phan 4anh su hinh thanh
axit hitu co trong qua trinh lén men. Két thuc & 72
gio, pH dat 3,56 & 15°C va 3,54 & 20°C la cac gia tri
pht hop cho san phdm d6 uéng lén men.

Béang 3. Panh gia cam quan c4ac miu nudc dira lén
men & nhiét do khac nhau

Mau Mau sac Mui Vi
15°C 5,62 6,02 6,53
20°C 5,60 5,48 5,86

Két qua danh gia cdm quan cac mau nuoc dira
léen men (Bang 3) cho thay, nhiét do l1én men anh
hudéng dang ké dén chat luong cdm quan cta san
phdm. Mau lén men & 15°C dat diém cam quan cao
hon & tat ca cac chi tieu, dac biét 1a mui (6,02) va vi
(6,53), so voi mau 20°C chi dat 1an luot 5,48 va
5,86. Diéu nay cho thay lén men & nhiet do thap
giup céi thién huong vi va cac tinh chat cam quan
cta san pham. Diéu nay co thé duoc ly giai do su
tao thanh mot hén hop can bing hon cta cac hop
chat bay hoi va axit hitu co ¢ diéu kién lén men
nhiét do thap [9].

4. KET LUAN

Nghién ctu da dé xuat quy trinh san xuat do
uong lén men do con thap tir nudce ép dira, két hop
tng dung enzyme thiuly phan pectin va vi sinh vat
chon loc nham nang cao hiéu qua cong nghé va
chat lwong cam quan san phidm. Qua khéo sat,
nong do enzyme pectinase 0,3% trong thoi gian xt
1y 45 phut dugc xac dinh 1a t6i wu, giup pha vo ciu
truc pectin trong nudc ép, gép phan cai thién do
trong, ho tro qua trinh lén men va nang cao tinh
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6n dinh ctia san phdm. Quy trinh lén men duoc dé
xuat stt dung ching Saccharomyces bayanus FD -
3 phoi hop voi Komagataeibacter intermedius K7,
thuc hién lén men & nhiét d6 15°C trong vong 72
gi0. Day 1a diéu kién phu hop gidp toi vu hoa qua
trinh chuyén hoa duong thanh ethanol va cac axit
hitu co, dong thoi han ché su phat sinh cac hop
chat anh hudng tiéu cuc dén mui vi va cdm quan.
San phdm sau lén men dat cac chi tiéu ly hoa phu
hop v6i dinh huéng phat trién d6 uéng cé do con
thap: 1,8% (v/v) ethanol, do Brix cuéi 11°Bx, pH
dat 3,56 va tong axit hitu co 1a 5,28 g/L. Pac biét,
san phdm c6 d¢ trong cao, mau vang sang, giit
duoc huong thom dac trung ctia dira va dat mie do
ua thich cao trong danh gia cam quan.
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RESEARCH ON FERMENTATION OF PINEAPPLE JUICE USING SACCHAROMYCES AND
KOMAGATAEIBACTER STRAINS FOR LOW ALCOHOL BEVERAGE PRODUCTION
Le Tuan', Le Thi Ngoc Anh', Tran Thi Thao Nguyen', Nguyen Chinh Nghia®
1School of Chemistry and Life Sciences, Hanoi University of Science and Technology
Abstract
Currently, the increase in demand for low — alcohol or non — alcoholic beverages reflects modern
consumer trends towards food health and safety. This study aims to develop a low — alcohol
fermented product from the Queen pineapple variety, combining yeast (Saccharomyces
cerevisize CO-16 and Saccharomyces bayanus FD-3) and acetic acid bacteria
(Komagataeibacter intermedius K7). The fermented juice was evaluated based on physiological,
physicochemical indicators (pH index, dissolved dry matter concentration, total acid content,
reduced and total sugar content) and hedonic test. The result showed that the combination of S.
bayanus FD-3 and K intermedius K7 provided the best fermented product according to
sensorial criteria. It was also concluded that main fermentation using yeast then secondary
fermentation by bacteria at 15°C for 72 hours has produced the juice having 1.8 to 2.2 % (v/v) of
alcohol. This fullfil the classification of light liquor according to the provisions of Decree No.
105/2017/ND-CP of the Government of Vietnam and user senses, contributing to expanding the
potential for tropical fruit application in the fermented beverage industry.
Keyword: Queen pineapple, Komagataeibacter intermedius K7, Saccharomyces bayanus FD-3,
low alcohool beverage, mixed culture fermentation.
Ngay nhan bai: 25/6/2025
Ngay chuyén phén bién: 10/7/2025
Ngay thong qua phan bién: 28/7/2025
Ngay duyeét dang: 8/8/2025
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NGHIEN CUU ANH HUGNG CUA MOT sO TAC NHAN

PEN CHAT LUONG CUA DAU PHU
Luong Hong Nga®*, Lé Thi Nguyét!, Nguyén Quang D1irc?,
Pham Thi Quynh?, Phung Thij Thiy!, Phiing Thi Anh Minh!, Vit Hong Son!

! Pai hoc Bach khoa Ha Noi

“Vién Co dién nong nghiép va Cong nghé sau thu hoach

TOM TAT

"Email- nga.luonghong@hust.edu.vn

Dau phu 1a thic 4n hang ngay ctia nguoi Viet Nam va trén thé gioi. Ngay nay, dau phu cang tré
nén phé bién do c6 huong vi va cac thanh phan dinh duong ma dau phu mang lai. Pau phu duwoc
lam bang cach dong tu protein ctia dau nanh, gia thanh phai chang véi nguoi tiéu dung hién nay.
Hién nay, da c6 nhiéu nghién ctru anh hudng cta tac nhan dong tu &nh huéng dén chat luong dau
phu, trong d6 nhiéu nhat 1a 6 tac nhan don 1é va mot s6 nghién ctru vé tic nhan két hop. Trong
nghién cttu nay lea chon 12 tdc nhan va hon hop: MgS0O,, Mg(CH,COO),, MgCl, + a. lactic,
MgCl, + a. axetic, MgCl, + GDL, MgSO, + a. lactic, MgSO, + a. lactic, MgSO, + a. axetic, MgSO ,+
GDL, Mg(CH;COO), + a. lactic, Mg(CH;COO), + a. axetic, Mg(CH;COO), + GDL dua trén cac
chi tiéu do cung, do két dinh, do dan héi, do déo, do dai va kha nang giir nudc, tit d6 chon duwoc
tac nhan cho san phdm dau c6 chat luong tot nhat. Musi Mg(CH,COO), cho dau phu c¢6 cau truc

va huong vi ngon nhat.

Tt khéa: Pau phu, téc nhan dong tu, do cung, do coé két, do nhai.

1. DAT VAN BE

Pau phu c6 nguédn goc tir Trung Qudc, 1a san
phdm duoc san xuat tir dau nanh, mot san pham
quen thuoc di voi cac nuée Pong Nam A, nhu:
Viét Nam, Trung Quoc, Nhat Ban. Hién nay, dau
phu ngay cang duoc ua chuong, tré thanh mon an
phé bién trong bita dn hang ngay vi gia thanh ré va
gia tri dinh duong cao. Trong dau phu, ham luong
protein chiém 8 - 10% téng s0, lipid chiém 4 - 5%,
ngoai ra con chura 8 loai axit amin, khoang chat va
cac hoat chat chong oxy hoa nhu isoflavon,
lecithin... c6 loi cho sttc khée con nguoi va giup
tré hoa lan da. Pau phu la moén an co thé giup
phong chong xo vita dong mach, thuong duoc lam
mon an chay...

Theo Qiao va cs (2010) [1], trong quy trinh
lam dau phu, dong tu protein luén duoc coi la giai
doan quan trong nhat, vi né c6 anh hudng 16n t6i
chat luong va hiéu suat thu hoi dau phu. Tac nhan
dong tu la cac chat co kha ning dong tu protein
dau nanh dé tao gel hoac lam dong tu dau nanh.
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Muc dich cta qua trinh dong tu 1a két tha protein
va lipid trong stta dau tuwong tao ra mang ludi hinh
thanh dau phu. Qua trinh déng tu duwoc thuc hién
bang nhiéu tac nhan dong tu khac nhau, cac tac
nhan duoc thém vao trong khi khudy dich sira dau
& nhiét do cao ttir 70 - 90°C [2]. Hai nhém tac nhan
thuong duoc st dung dong tu dau phu gom:

Kim loai kiém thé (CaSO,, CaCl,) va cac axit
hitu co (Axit axetic, axit lactic, hay glucono-delta-
lactone (GDL)). Cac ion kim loai kiém thé khi st
dung lam tac nhan dong tu cho hiéu suat thu hoi
cao nén thuong duwoc dung dé san xuat dau phu
theo quy mé cong nghiép. Glucono-delta-lactone la
tac nhan dong tu duoc stt dung nhiéu & Nhat Ban
tao ra dau phu c6 cau triuc rat mém min. Tuy
nhién, & Indonesia, dau phu duoc san xuat boi axit
axetic. Tren thé gioi da c6 mot s6 nghién citu so
sanh su khac biét chat luong dau phu bang cac tac
nhan khac nhau nhu: Nghién cttu cia Wang va cs
(2018) [3] so sanh MgCl:, MgSO,, CaSO,; Zheng
va cs (2020) [4] so sanh canxi sunfat, magie
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clorua; Yanti va cs (2022) [5] so sanh GDL va
nigari; Yigiang va cs (2021) [6] so sanh MgCl,,
CaS0,, axit lactic, axit axetic, GDL va fermented
soy whey (FSW)... Tuy nhién, cac nghién cttu trén
chi tap trung vao tac nhan don 1é hoic mot so su
két hop, nhiéu nhat 1a 6 tac nhan [6]. Vi vay, muc
dich ctia nghién cttu nay nham so sanh 12 tac nhan
va hon hop tac nhan dé tim tdc nhan c6 thé tao ra
dau phu ngon, nham thay thé tdc nhan nuwoc chua
dang duwoc st dung pho bién dé san xuat dau phu
tai cac co so san xuat ¢ Viet Nam.

2. PHUDNG PHAP NGHIEN CUU

2.1. Nguyén liéu

Pau twong duoc cung cip tir Cong ty TNHH
Phu Pat, phuong Tran Hung Dao, tinh Hung Yén.
Giong dau tuong voi tén giao dich 1a BT 84 duoc
canh tac va nhap khéu truc tiép tir Canada.

2.2. Phuong phap san xuit dau phu

Nguyén lieu dau duoc ngadm trong nhiét do & 20
- 25°C trong 6 - 8 gio, véi ti 1é nuoc: dau = 1: 2,5. Sau
d6, mang dau di nghién véi ti 1é nuoc: dau = 6/1.
Tiép tuc loc loai ba va gia nhiét dén 85°C va gitr trong
5 phat. Dich sita dau nanh sau gia nhiét duoc déng
tu bang tac nhan dong tu (MgSO,, Mg(CH,CO0),,
MgCl, + a. lactic, MgCl, + a. axetic, MgCl, + GDL,
MgSO, + a. lactic, MgSO, + a. lactic, MgSO, + a.
axetic, MgSO, + GDL, Mg(CH,COQ), + a. lactic,
Mg(CH,;COO0), + a. axetic, Mg(CH,COO), + GDL)
voi cling ty 1é 0,3 g/ml & nhiet do 85°C. Két tua duoc
dé 6n dinh trong 5 phut, sau d6 duoc gan bot nuoc
va tiép theo d6 vao khuon va ép khuon véi kich
thudc khuon 1a 30 x 4 x 4 cm, luc ép 6 kg trong 10
phut [7, 8].

2.3. Phuong phap x4c dinh kha ning giit nudc
ctia dau phu [3]

Phuong phap ly tAm duoc stt dung dé danh gia
kha nang gitt nuéc ctia dau phu. Dya trén viéc st
dung luc ly tam dé tach nuoc ra khoi dau phu, tir
do6 danh gia duoc luong nudc trong dau phu.
Chuin bi mau dau phu duoc ciat thanh nhimg
miéng dong déu. Sau do can tir 5 - 7 g dau phu
mang di ly tam voi toc do 3.500 vong/phut trong
15 phut. Sau khi ly tAm, tham nuoc bang gidy hoac
vai roi can lai luong dau dé xac dinh khoi lwong
cudi cung.
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Kha nang git nwéc cua dau phu =
"z v 100% (g nudc/g protein).

wy

Trong d6: w, 1a lwong nudc con lai ctia mau
dau phu (g); w, 1a téng luong nudc trong dau phu
(9B

2.4. Phuong phap xac dinh dac tinh co ly ctia
dau phu [3]

Phuong phap do cau truc cta dau phu la
phuong phap TPA (Texture Profile Analysis), st
dung may do cau truc TA. TXPlus v6i dau do
P/100 theo Wang va cs (2018) [3] va Nguyén
Quang Duc (2022) [9]. Kich thudc miéng dau: 20 x
20 x 20 mm, do nén: 75%, toc do dau nén: 1,67
mm/s, tit d6 danh gia nhiéu thuoc tinh cau truc
ctia dau phu nhu: Do cimg (N), do co két, do dan
hoi, d0 déo (N.mm/mm), do nhai (N). Cac phép
do duoc lap lai 8 1an trén tat ca cac mau.

2.5. Phuwong phap cam quan

Xac dinh mic @6 wa thich véi cac chi tiéu ctia
dau phu bang phép thtt thi hiéu theo Ha Duyén Tu
(2010) [10], Yanti va cs (2022) [5]. Nguyeén tic cia
phép thtr nay 1a nguoi thir sé duoc thit ném san
pham, sau d6 danh gia muc do wa thich vé mot
tinh chat cdm quan bang thang diém mo ta cap do
ua thich: 1. Cuc ki khong thich, 2. Rat khong thich,
3. Khong thich, 4. Tuwong d6i khong thich, 5.
Khong thich ciing khong ghét, 6. Tuong doi thich,
7. Thich, 8. Rat thich, 9. Cuc ki thich.

2.6. Phuong phap xtz Iy s lieu

Su khéc biet dang ké cua tat ca dir lieu thuc
nghiém duoc danh gia bang phan mém SPSS 22.0
trén phan tich phuong sai (ANOVA) voi kiém dinh
boi s6 Duncan (p < 0,05).

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh huéng ctia mét s6 tac nhan dong tu
dén do cimg ctia dau phu

Anh huéng cla cac tac nhan dén chét luong
dau phu duoc thé hién ¢ hinh 1.

Hinh 1 cho thdy, do cing clia cac san pham
dau phu lam tir cac tdc nhan khac nhau dao dong
tr 2,15 - 5,20 N. Trong @6, dau phu dwoc lam tir tac
nhan dong tu MgCl, két hop véi axit lactic c6 do
ctmg lon nhat 1a 5,20 + 0,40 N va dau phu duoc lam
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tee MgSO, két hop voi GDL c6 do cimg bé nhat 1a
2,15 + 0,27 N. Két qua duwoc giai thich 14 do ban
chat cia muoi MgCl, 1a mudi ion manh phan ly
hoan toan trong dung dich tao ra ion magie
(Mg2?*) va ion clorua (Cl°). Trong khi do, mudi
Mg(CHsCOOQ): phan ly thanh ion magie (Mg2")
va ion axetat (CH:COO ). Mu6i MgSO: phan ly
thanh ion magié (Mg2") va ion sunfat (50.27). Ion
sunfat kém hiéu qua hon trong viéc thuc diy
tuong tac protein so voi ion clorua. Cac ion clorua
khong can thiép vao qua trinh két tu protein, cho
phép c6 cau truc chic hon. Trong khi do, cac ion
sunfat c6 thé can tré mang luoi protein, lam cho
cau truc mém hon so voi MgCl, va cac ion axetat
dan dén tuong tac protein yéu hon, tao ra cau truc
stta dong mém hon [3]. Hinh 1 ciing cho thay,
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MgCl. > MgSO, (3,43 + 0,14 > 2,48 + 0,32 N).
Ngoai ra, két qua & hinh 1 thé hién do cimg cta
dau phu duoc lam tir cac chat dong tu khac nhau
duoc sip x€p nhu sau: MgCl, + axit lactic > MgCl, +
axit axetic > Mg(CH,;COOQ), + axit axetic > MgSO,
+ a. lactic > Mg(CH,COO), + a. lactic > MgSO, + a.
axetic > MgCl, + GDL> MgCl, > Mg(CH,;COO0), +
GDL > MgSO, > Mg(CH,C0O0), > MgSO, + GDL.
Két qua tuong dong voi két qua nghién cttu cia
Wang va cs (2018) [3] theo @6, mot sO tac nhan
dong tu anh hudng dén do cing ctia dau phu theo
tht ty sau: MgCl. > MgSO, > CaSO,. Nguyén
nhan 1a do céac ion magie (Mg2*) thuc ddy tuong
tac protein manh hon, tao ra cau trac gel dac va
cung hon [3].

Hinh 1. Anh hudng ciia c4c tac nhan dong tu dén do cimg ctia dau phu

3.2. Anh huéng ctia mét sé tac nhan dong tu
dén @6 @an hoi ctia dau phu

Anh huéng ctia mot s6 tac nhan dong tu dén
do dan hoi ctia dau phu duoc thé hién & hinh 2.

Hinh 2 cho thay, méi tAc nhan dong tu tao ra dau
phu c6 do dan héi khac nhau. Pau phu c6 do dan héi
16n nhat khi duoc lam béi tac nhan dong tu MgCl,
(4,20) va dau phu c6 do dan hoi bé nhat 1a MgCl, két
hop véi axit lactic (3,35). Két qua nay tuong tu voi
két qua nghién ctru ctia Zheng va cs (2020) [4], Yanti
va cs (2022) [5], theo do cac chat dong tu khéac nhau
(canxi sunfat, magie clorua) c6 thé anh huong dén
cau truc protein va do dan hoi

NONG NGHIEP VA MOI TRUONG - THANG 9/2025

ctia san ph4dm cudi cliing.

bau phu dugc lam tir cac chat dong tu anh
hudng dén do dan hoi theo thu tu sau: MgCl, >
MgCl, + GDL > MgCl, + axit lactic. Bén canh do,
do dan hoi ctia dau phu con phu thugc vao nhiéu
yéu t6 khac nhau nhu d6 4m va phuong phéap ché
bién dau phu. Két qua twong dong voi két qua
nghién ctru ctia Yanti va cs (2022) [5], theo d6 dau
phu lam tit GDL cting hon, c6 cau tric dic hon, do
d6 khong bién dang dang ké, dan dén do dan hoi
thap hon va dau phu lam tir MgCl, mém hon (do
ctg thap hon), thuong c6 cau tric xop hon, cho
phép dau phu bién dang dé dang hon va c6 do dan
hoi cao hon.
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Hinh 2. Anh hudng ctia cAc tAc nhan dong tu dén d6 dan hdi ctia dau phu

3.3. Anh hudng ciia mot s tac nhan dong tu
dén do c6 két cta dau phu
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Hinh 3. Anh hudng ctia céc tac nhan dong tu dén do c6 két ctia dau phu

Tt hinh 3, c6 thé nhan thay, dau phu duoc lam
ttr cac tac nhan dong tu c6 do co két theo thur tu
sau: MgCl, + axit axetic > Mg(CH,COO), + axit
axetic > MgSO, + a. axetic > Mg(CH,COO), + GDL
> MgSO,+ GDL.

Zheng va cs (2020) [4] da chi ra ring do két
dinh cao hon thuong tao ra san phidm dau phu
cting hon va 6n dinh hon. Trong san xuat dau phu,
hat dau tuong duwoc ngam, nghién roi gia nhiét
trudc khi dong tu. Qua trinh gia nhiét 1a budc can
thiét cho qua trinh hinh thanh gel protein trong
dau phu do lam bién tinh cac hop chat phan dinh
duong va bién déi cau truc hat sita dau nanh nham
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tang kha nang 6n dinh chat keo va gidm phan bo
kich thuéc xudng vai nanometer [9, 11]. Trong
qua trinh gia nhiét, cac protein hoa tan tap hop lai,
gom cac polypeptide axit va bazo cta glycinin va 1
lwong nhé cac don phan a, o’ cia fBconglycinin
lien két voi nhau thong qua lién két disulfite. Khi
tap hop, cac hat c6 kich thudc nhé lién két nhau
bang lién két ky nudc va lién két hydro sao cho cac
don phan cta glycin nam & bén trong va don phan
axit ctia glycin, cac don phan o, & clha £
conglycinin nim & bén ngoai. Khi pH cta huyén
phu protein dau nanh gidm xuong khoang 6, cac
tiéu don vi bazo cta glycin va tiéu don vi S cta #
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conglycinin 1a nhitng tiéu don vi mat 6n dinh dau
tien. Khi he thong dat dén dién tich trung tinh
clia mang, cac tiéu don vi axit cta glycinin cung
céc tiéu don vi a va « clia Fconglycinin ciing bat
dau tham gia qua trinh hinh thanh mang luéi gel
[11, 12]. Su sap x€p lai protein lau hon c6 thé anh
huong dén qua trinh tao gel ctia stta dau nanh,
nho d6 tao ra dau phu co tinh chat khac biét. Axit
lactic lam protein cta dau tuong dong tu cham
hon so voi GLD. Két qua nghién ctru nay phu hop
voi két qua nghién ctu ctia Zheng va cs (2024)
[13]. Bén canh d6, o co két ctia dau phu con phu
thudc cac yéu t6 khac bao gom: Loai va nong do
chat dong tu, chat luong dau nanh, ham luong
nuoc, diéu kién ché bién, ky thuat ép, nhiét do,
muc do pH.

3.4. Anh huéng ciia mot s§ tac nhan dong tu
dén dén @6 nhai ctia dau phu
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Anh hudng ctia mot s6 tac nhan dong tu dén
do nhai ctia dau phu duoc thé hién & hinh 4. Két
qua cho thay, do nhai ctia dau phu dao dong tir
2,25 - 6,49. Dau phu c6 do nhai 16n nhat stt dung
tac nhan dong tu Mg(CH;COO), + a. axetic va dau
phu c6 do nhai bé nhat st dung tac nhan dong tu
MgSO, + GDL. Nguyén nhan c6 thé giai thich 1a do
GDL 1a mot loai axit lam giam dan do pH cua sita
dau nanh, dan dén su hinh thanh vang stta mém
hon, trong khi do cac ion acetat ciing c6 thé gitup
6n dinh cau tric, dan dén ciu trac dan hoi va dai
hon [14]. Yigiang va cs (2021) [6] da chi ra rang
tac dong cua MgCl,, CaSO,, axit lactic, axit axetic,
GDL va vang stta dau nanh 1én men (FSW), dau
phu lam bang magie sunfat thuong c6 do cing va
do6 nhai thap hon so voi MgCl,. Do cing cua
MgCl, > MgSO, (3,431 + 0,139 > 2,478 + 0,320) va
do nhai cta 2 mudi ciing ti 1é thuan véi do ciing
MgCl, > MgSO, (4,79 + 0,39 > 2,71 + 0,56).

Hinh 4. Anh hudng ciia c4c tac nhan dong tu dén d6 nhai ctia dau phu

3.5. Anh huéng ctia mét s6 tac nhan dong tu
dén do déo cta dau phu

Anh huéng ctia mot s6 tac nhan dong tu dén
do déo ctia dau phu duoc thé hién & hinh 5. Do
déo cuia dau phu lam tir cac tac nhan dong tu khac
nhau dao dong tur 0,68 - 2,85. Trong do, dau phu cé
do déo 16n nhat duoc lam tir tic nhan dong tu
Mg(CH,C00), (2,85 + 0,39) va dau phu c6 do déo
bé nhat 1a MgSO, + GDL (0,68 + 0,12). Magie
axetat thuc ddy téng hop protein hiéu qua do su

NONG NGHIEP VA MOI TRUONG - THANG 9/2025

hién dién ctia ca ion magie (Mg?2*) va ion axetat
(CH,COO ). Céc ion axetat giup 6n dinh cau truc
protein va ting cuong kha ning liéen két cha
protein, dan dén mang ludi protein gin két hon
[15, 16]. GDL la chat dong tu tac dung cham, lam
giam dan do pH cta sita dau nanh. Mac du diéu
nay c6 thé dan dén mang ludi protein min, nhung
qua trinh dong tu cham hon c6 thé khong thuc diy
cung muc do dong tu protein ngay lap tic nhu
Mg (CH;COO0),[15, 16].
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Hinh 5. Anh huéng ctia cic tac nhan déng tu dén do déo ctaa dau phu

3.6. Anh huéng ciia mot sé tac nhan dong tu
dén kha nidng giit nuéc

Anh hudng ctia mot s6 tac nhan dong tu dén
kha nang git nudc ctia dau phu duoc thé hién &
hinh 6. Két qua cho thay, kha nang giit nudc cia
dau phu duoc lam tir cac tac nhan déng tu dao
dong tr 0,84 - 0,97. Trong d6, kha nang gitt nudc
lon nhat 1a dau phu lam ti tic nhan dong tu
Mg(CH,COO0), + axit axetic (0,96 + 0,01) va kha
nang gitt nudc bé nhat 1a dau phu lam tir tac nhan
dong tu Mg(CH,COO),. Két qua nghién ctru cia
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Zheng va cs (2020) [4] da chi ra rang cac chat
dong tu khac nhau (canxi sunfat, magie clorua)
c6 thé anh hudng dén cau triuc mang ludi protein,
do d6 anh huwong dén kha nidng gitt nudc. Pau
phu c6 kha nang gitt nwéc cao hon c6 xu huéng
thé hién do cing hon, vi mang protein gitt nhiéu
nudc hon, dan dén ciu trac dac hon. Mot mang
luéi protein ngdm nudc tot co6 thé chong bién
dang tot hon, tao ra san phidm khong chi chac
hon ma con cé kha nang phuc héi t6t hon truéc
ung suat co hoc [4].
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Hinh 6. Anh hudng ctia cac tic nhan dong tu dén kha ning giit nuéc
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3.7. Anh hudng cac tc nhan dong tu dén chit
leong cam quan ctia dau phu

Doi voi san pham dau phy, danh gia cam quan
dua tréen muirc d6 uwa thich duoc tién hanh trén cac
tiéu chi sau: Mau sic, do min, vi béo ngay, vi mat,
vi chua va do cing, voi muc do wa thich tir 1 - 9.
Két qua duoc thé hién ¢ hinh 7.
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Hinh 7 cho thdy, dau phu lam tir tic nhan
Mg (CH,COO0), vuot troi hon vé cac chi tieu so voi
dau phu lam tir cac tac nhan khac. Vé mau sac, dau
phu duoc lam tr tic nhan MgSO, + GDL c6é mau
sdc kém nhat va va lam tir tdic nhan MgSO, c6 mau
toi hon so voi cac dau phu khac.
Vi mat

vi chua Odo cimg
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Hinh 7. Anh hudng c4c tic nhan dong tu dén chét luong cim quan dau phu

Vé vi chua va vi mat, GDL va axit lactic mang
lai vi chua nhe cho cac san pham dau phu va axit
axetic (CHsCOOH) co6 vi chua ro rét va thuong
duoc biét dén trong giam, khi két hop voi muoi sé
lam giam bot d6 chua. Tuy nhién, axit lactic gy ra
chua nhe, vi vay diém wa thich cta mudi
Mg (CH;COO0), + a. lactic va mudi MgCl, + a. lactic
c6 diém thap. Cam nhan vé vi chua ctia dau phu co6
thé bi anh hudng bdi do pH, tir d6 anh huwong dén
huong vi tong thé

Vé d6 min, GDL cho san phdm d@iu phu min
mang, bat mat, khong bi nat, do d6 GDL la tac
nhan phé bién dé lam tao phd. Khi st dung axit
axetic (gidm) d€ lam dong tu dau nanh, qua trinh
dong tu dién ra nhanh chéng va manh me. DPiéu
nay c6 thé dan dén cau trac dau phu mém va it
min. Axit lactic tao ra mot qua trinh dong tu nhe
nhang hon, thuong tao ra cau triuc dau phu mém
mai va min mang hon. Vi vay, diém wua thich cta
MgCl, + a. lactic > MgSO, + a. axetic,
Mg(CH,;COQO), + a. lactic > Mg(CH,COO), + a.

NONG NGHIEP VA MOI TRUONG - THANG 9/2025

axetic. Do min duoc cam nhan lién quan dén do
két dinh va do dan hoi ctia dau phu, trong do, do
két dinh lien quan dén do manh yéu cua lién két
bén trong, anh huong dén cach dau phu phan hay
trong qua trinh nhai nuét trong miéng va hong va
trong duong tiéu hoa [17]

Vé @0 ctmg, diém kém ua thich nhat 1a MgCl,,
ua thich nhat 1a Mg(CH,COO),. Do ctmg co6 lién
quan truc tiép dén ham luong chat ran trong sita
dau nanh; ham luong chét ran cang cao thi dau
phu cang cing. C6 su twong quan yéu gitta do
ctmg do duoc bang may do cau tric va do cing ua
thich ctia nguoi tiéu dung. Diéu nay duoc giai
thich ring dau phu cang ctng khong phai nguoi
tiéu dung cang ua thich. Bén canh do, nong do ion
magie thap c6 loi cho viéc hinh thanh cac tap hop
protein day dic va thuc ddy tinh dong nhat, kha
nang chong bién dang cua gel [18].

4. KET LUAN

Cac tac nhan khac nhau anh huéng khac nhau
dén chat luong cia dau phu vé dac tinh co ly, kha
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nang gitt nuwéc va danh gia cam quan. Cac ion
magie c6 vai tro quan trong 6n dinh cau tric mang
gel protein. Trong s6 cac tac nhan: MgSO,,
Mg(CH,C00),, MgCl, + a. lactic, MgCl, + a.
axetic, MgCl, + GDL, MgSO, + a. lactic, MgSO, +
a. lactic, MgSO, + a. axetic, MgSO, + GDL,
Mg(CH;CO0), + a. lactic, Mg(CH,COO), + a.
axetic, Mg(CH,COOQ), + GDL, tac nhan déng tu co6
kha nang phu hop nhat dé san xuat dau phu ngon,
c6 dac tinh co ly va va cdm quan duoc nhiéu nguoi
tiéu dung wa chuong la Mg (CH,COO).,.
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EFFECTS OF VARIOUS COAGULANTING AGENTS ON SOME TOFU QUALITIES
Luong Hong Nga!, Le Thi Nguyet!, Nguyen Quang Duc?,
Pham Thi Quynh’, Phung Thi Thuy?, Phung Thi Anh Minh!, Vu Hong Son’
! Hanoi University of Science and Technology, Vietnam
? Vietnam Institute of Agricultural Engineering and Post Harvest Technology, Vietnam
Abstract

Tofu is a common daily food for Vietnamese people as well as for the people around the world.
Nowadays, tofu has become increasingly popular because it is widely used in the preparation of
vegetarian foods based on its flavors and nutritions. Tofu is made by coagulation of soybean
protein at a reasonable price for consumers. There was many research on the effects of
coagulants on tofu qualities, however, the research was conducted with maximum 6 single
coagulants and few with combinations. This research studied 12 available coagulants and
mixtures were selected: MgSO., Mg(CH:COO)., MgCl: + lactic acid, MgCl. + acetic acid,
MgCl: + GDL, MgSO. + lactic acid, MgSO. + acetic acid, MgSO. + GDL, Mg(CH:COO): +
lactic acid, Mg(CH:COO): + acetic acid and Mg(CH:COO): + GDL based on tofu’s hardness,
cohesiveness, springiness, chewiness and water holding capacity. The aim of the research is to
identify the coagulant that could produce tofu with the best quality. Among them, Mg(CH;COO),
(magnesium acetate) resulted in tofu with the best texture and flavor.

Keywords: 7ofu, coagulants, hardness, chewiness, cohesiveness.
Ngay nhan bai: 15/6/2025

Ngay chuyén phén bién: 7/7/2025

Ngay thong qua phan bién: 23/7/2025

Ngay duyét dang: 13/8/2025
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NGHIEN CUU XAC BINH TiNH CHAT BAC TRUNG CUA
PAU PHU SAN XUAT BANG NUOGC CHUA TAI MOT sO
QUAN, HUYEN TREN DIA BAN THANH PHO HA NOI

Nguyén Hai Van® ", Luong Héng Ngal,
Vit Hong Son!, Nguyén Thi Hang!, Pham Van Bac!,
Nghiém Thi Hoai Thuong', Nguyén Ha Anh', H6 Pha Ha!
"Truong Hoa va Khoa hoc Sur song, Pai hoc Bach khoa Ha Noi
"Email: van.nguyenhai@hust.edu.vn
TOM TAT
DPau phu 1a san phdm truyén thong co gia tri dinh dudng cao, duoc tiéu thu rong rai trong khau
phan 4n ctia nguoi Viet Nam. Trong quy trinh san xuét thi cong tai thanh pho Ha Noi, nudc chua
thuong duoc st dung lam chat dong tu thay cho cac phu gia hoa hoc. Nghién ctru nay duoc thuc
hién nhiam xac dinh cac tinh chat dac trung ctia dau phu san xuit biang nudéc chua, duoc thu thap
ttr mot s6 co s& san xuat truyén thong tai mot sé6 quan va huyén ngoai thanh ctia thanh pho Ha
Noi. Két qua phan tich co ly cho thdy, san phdm d4u phu st dung nuéc chua c6 dac tinh dac co ly
dac trung voi két cau mém mai, dd dan hoi tot. Cu thé, do cimg dao dong 0,60 - 1,73 kg, kha nang
gitr nuoc 0,17 - 8,09%, do nhai dat 9,43 - 35,14%, do co két 0,23 - 0,30 va do dan hai 3,29 - 3,39. Cac
tinh chat co ly c6 xu huong thay ddi khac nhau trong thoi gian bao quan ngoai trir sw duy tri vé
do nhai va do dan hoi. Két qua phan tich vi sinh cho thay, 11/18 mau twong duong 61,1% mau
khong dat chudn theo Quyét dinh s6 46/2007/QD-BYT (phan 6.5) voi ty 1é vuot ngudng cao &
TVC, ndm men, nam moc, Coliforms, E. coli, S. aureus, khong phat hién B. cereus va C.
pertringens, cung su chénh léch ro gitra mau san xuat, ban tai cho (60% dat) va mau chuyén dén
cho (12,5% dat). Tuy nhién, sy dao dong vé chat luong gitta cAc mau phan anh tinh khong déng
nhat trong diéu kién va ky thuat san xuat da duoc chi ra trong két qua phan nhém HCA/PCA.
Két qua thu nhan duoc ctia nghién ctru mot 1an nita ching minh tAm quan trong cta viéc chuin
hoa cong nghé san xuat dau phu.

Tt khéa: Pau phu, do cung, do din hoi, vi sinh vat.

1. DAT VAN BE

Pau phu la mot san phdm thuc phdm truyén
thong duoc ché bién tir hat dau nanh. Day la mot
trong nhitng nguon protein thuc vat tot nhat, dong
thoi cung cap lipid c6 loi, vitamin va khoang chat
va cac hop chat hoat tinh sinh hoc khac, ching
han nhu: Isoflavone, soyasaponin. Nhiéu nghién
cttu trén thé giéi da chi ra rang, tiéu thu dau phu
c6 thé 1am gidm nguy co mac cac bénh man tinh
nhu: Tang huyét ap, roi loan lipid mau, bénh tim,
mach vanh va ung thu va [1, 2, 3].

Quy trinh san xuat dau phu thuong bao gom:
Ngam, nghién uot, loc, dun soi, dong tu sita dau
nanh, tao hinh va ép. Nhiéu chat dong tu khac
nhau duoc st dung trong qua trinh ché bién dau
phu, méi chat dong tu tao ra mot san phadm co6 dac
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diém khac nhau. Phuong phap san xuat dau phu
truyén thong tai Viet Nam thuong st dung nudc
chua - mot loai dich da duwgc 1én men tu nhién - lam
tac nhan dong tu protein dau nanh, tao nén ciu
truc va huong vi dac trung.

Tai thanh pho Ha Noi, nhiéu lang nghé van
duy tri phuong phéap san xuit dau phu st dung
nudc chua. Tiéu biéu 1a lang Vong La, xa Vong La,
huyén Pong Anh, noi c6 hon 80% s6 ho dan tham
gia san xuat voi san luong trung binh 1,5 ta dau
tuong moi ngay [4]. Lang Pai Cat, phuong Lién
Mac, quan Bac Tur Liem (BTL) timg cé dén 300 ho
lam dau phu, nhung do tac dong cta do6 thi héa va
moi truong, hién chi con khoang 40 ho theo nghé
[5]. Phuong Mai Dong, quan Hoang Mai (HM)
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cling ting la trung tam san xuat dau phu lom,
nhung hién nay chi duy tri khoang 25 ho san xuat
nho lé. Cac ho san xuat chi yéu theo phuong phap
thtt cong, xuéng dau voi san luong 16n nhat 1a
khoang 1,5 - 2 ta dau twong/ngay, cho ra 5.000 -
6.000 bia dau [6]. Mac du, cac lang nghé nay co6
truyén thong lau doi va san phdm khi dua ra thi
truong duoc wa chudng, xong qua trinh san xuat
van giap nhiéu thach thic nhu: Chat luong chua
déng déu, thiéu dau ra én dinh, khéi luong cong
viéc 1on, van dé 6 nhiém moi truong tir nudc thai
chua qua xt ly va thiéu sy hod tro vé cong ngheé
ciing nhu chinh sach phat trién.

Nghién ctru nay thuc hién nham xac dinh dic
diém, tinh chat dic trung ctia dau phu san xuat tha
cong bing nudc chua & mot sé quan, huyén tai
thanh pho Ha Noi, tir d6 c6 thé gop phan cai tién
cong nghé dé co thé san xuat quy mo cong nghiép.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén vat liéu nghién ctu

Céac mau dau phu duoc thu thap tai thanh pho
Ha Noi, bao gdm: 18 dia diém ldy mau tai cac cho
truyén thong (trong d6 12 dia diém thudc cac quan
noi thanh: Hai Ba Trung (HBT), Hoang Mai (HM),
Cau Giay (CG), bong Da (bD), Thanh Xuan (TX),
Hoan Kiém (HK), Ba binh (BD), Tay H6 (TH), Nam
Tu Liem (NTL), Ha Bong (HDP), Long Bién (LB) va
Bac Tir Liem (BTL) va 6 dia diém thudc cac huyén
cua Ha Noi: Hoai Biac (H.HDP), Pan Phuong (H.DP),
Gia Lam (H.GL), Thanh Tri (H.TT), Son Tay (H.ST),
Meé Linh (H.ML) duoc san xuét bang phuong phap
stt dung tac nhan dong tu 1a nudc chua, moéi dia diém
¢6 7 mau. Thoi diém 0 gio tinh tir khi mau duoc dua
vé phong thi nghiém.

2.2. Phuong phap 14y mau va x(t ly mau

Lay mau va xtt ly mau duoc thuc hién theo
TCVN 11923:2017 [7]. Sau khi lay, mau duoc dat
vao hop kin vo trung va bao quan trong diéu
kién nhiét do tir 0 - 6°C nham han ché su phat
trién ctia vi sinh vat trong qua trinh van chuyén
va van chuyén vé phong thi nghiém. Mau duoc
bao quan qua ba khung gio: 0 gio, 2,5 gio, 5 gio
trong ti mat.

2.3. Phuong phép do dic tinh co ly ctia dau phu

Dac tinh co ly cta dau phu dwoc xac dinh
thong qua phuong phap TPA (Texture Profile

NONG NGHIEP VA MOI TRUONG - THANG 9/2025

Analysis), stt dung may do cau triac TAXTPlus voi
dau do P/100 theo Wang va cs (2019) [8]. Trong
qua trinh do, mau dau phu dugc nén dén 75% chiéu
cao ban dau voéi toc do nén 100 mm/phut (twong
duong 1,67 mm/s). Dit lieu thu duoc tir cac biéu
dé luc - thoi gian va luc - khodng cach gitp xac
dinh cac chi tieu két cau nhu: Do cimg, do co két,
do dan hoi va do nhai. Mau thtt 1a dau phu tuoi
duoc cat thanh khoi 1ap phuong kich thudc 2 x 2 x
2 cm. Cac phép do duoc thuc hién trong cling diéu
kien dé dam bao tinh lap lai va do chinh xac cta
két qua thu duoc [9].

2.4. Phuong phap xac dinh kha nang git nuéc
cuia dau phu

Kha nang gitt nuéc ciia dau phu duoc xac dinh
theo phuong phap cta Li va cs (2014) [10], duoc
tinh theo cong thtc:

> - . m , L .
Kha nang giit nudc = —22 x 1009
T,

Trong do: m, 1a khéi luong mau ban dau (g),
My 14 kKhai luong nuodc tach ra sau khi ly tam (g).

2.5. Phuong phap xac dinh chi tiéu vi sinh vat

Mau dau phu duoc can chinh xac 10,0+ 0,1 g
va chuyén vao binh vo trung chta 90 mL nuoc
mudi sinh ly 0,85% da tiét trung. Hon hop duoc
dong nhat biang may vortex trong 1 phut dé thu
dich huyén phu c6 do pha loang 10". Ttr dung dich
nay, tién hanh pha loang thap phan lién tiép bang
cach chuyén 1 mL vao 6ng nghiém chira 9 mL
nudc mudi sinh 1y tiét triung, 1an luot thu dugc cac
noéng do 10% va 10°. Ttr mdi mirc pha loang, lay 0,1
mL dich mau nho lén bé mait thach cua cac dia
petri. Cac dia sau khi cay duoc 01 nguoc trong ta
am & cac diéu kién nhiét do va thoi gian phu hop
tuy theo chi tiéu vi sinh can xac dinh, cu thé: Tong
s6 vi sinh vat hiéu khi theo TCVN 4881:1-2015
[11]; nAm men va nidm moc theo TCVN 8275
2:2010 [12]; Coliforms theo TCVN 6848:2007 [13];
E. coli theo huong dan phan lap va phan biét voi
Coliforms theo TCVN 1687-1:2009 [14];
Staphylococcus aureus theo TCVN 11039-6:2015
[15]; Clostridium perfringens theo TCVN
4991:2005 [16]; PBacillus cereus theo TCVN
4992:2005 [17].
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S6 luong vi sinh vat trong 1 g mau (N, CFU/g)
duoc tinh toan dua trén cong thiec:
CFU-
)

¥C
T (ny 4+ 01n,). £,V

Trong d6: C 1a tong s6 khudn lac vi khuén

duoc dém trén tat ca cac dia; n, 1a s6 dia dém duoc

& mtc pha loang dau tién; n, 1a s6 dia dém duoc &

mtc pha loang thi hai; f; 1a hé s6 pha loang cta

cac dia duoc dém voi muc pha loang thap hon. V1a
thé tich mau cay vao moi dia petri.

N

2.6. Phuong phap théng ké va xit ly s6 lieu

Dt liéu thu duoc tir cac thi nghiém duoc xtt ly
bang phuong phap phan tich phuong sai mot yéu
to (One-way ANOVA) va phan nhom that bac
(HCA) chay trén phan mém R nham xac dinh su
khéc biét c6 y nghia thong ke gitta cac nhom. Cac
gia tri c6 muec y nghia thong ke p < 0,05 duoc tiép
tuc phan tich bang kiém dinh da bién Duncan dé
xac dinh cu thé cac nhom khac biét. Viec xtr ly va
phan tich dit lieu duoc thuc hién bang phan mém
thong ké SPSS phién ban 27.

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Danh gia su bién ddi @6 cing ciia dau phu
tai mot s6 quan, huyén trén dia ban thanh phé Ha
Noi theo thoi gian bao quan

Hinh 1 cho thay, tat ca cac mau dau phu déu
c6 s khac nhau vé do cung va déu cé su thay doi
qua timg khung gi¢ bdo quan. Tai thoi diém dau (0
gi0), cac mau dau phu ¢ 18 dia diém c6 do cung
dao dong tir 0,60 = 0,08 kg dén 1,73 + 0,23 kg,

2,5 1

._
n
L

bj cing (kg)

=
n

EEUQ§¥Q
T I

trong d6 dau phu & BD 1a mau c6 do ctimg thap
nhat va cao nhat 1a dau phu & GL. Khi bao quan 5
gi0, cac mau dau phu ¢ 18 dia diém co do cung dao
dong tir 0,65 + 0,03 kg dén 1,51 + 0,14 kg tuong
ung voi cac mau dau phu & HK c6 do cung thap
nhat va cac mau dau phu & GL c6 do cung cao
nhat. Trong do, 12 quan, cac mau dau phu & HK c6
do ctmg nho nhat va cac mau dau phu ¢ TX co6 do
ctimg cao nhat. Trong 6 huyén, cac mau dau phu &
H. ML c6 d6 cing nhé nhat va cac mau dau phu &
H. GL c6 d¢ ciing cao nhat.

Cac mau da s6 sé c6 xu huong tang do cing
qua thoi gian bao quan, mot s6 c6 xu huong giam
hoac c6 su bién dong khong dong nhat. Trong do,
mau dau phu & NTL c6 do cing tang nhiéu nhat
qua thoi gian bao quan (54,29%), mau dau phu ¢
HD c6 do cung tang it nhat (21,14%). Da s6 cac
mau dau phu giam do cimg tir 1,43 - 21,69%. Nhan
thady do cung trung binh dau phu mot s6 quan,
huyén & thanh pho Ha Noi c6 do cung lon hon voi
dau phu Mo theo két qua nghién ctru ciia Nguyén
Quang DPuc (2022) [9] 1a 0,75 + 0,09 kg. Diéu nay
c6 thé ly giai cho viéc dau phu & cac huyeén so voi
dau phu Mo cting hon la do luc ép ctia qua trinh ép
dau phu, nuoc chua lén men dau phu, giong dau
tuong cua tung vung st dung c6 ham luong
protein 16n hon giong dau tuong ctia dau phu Mo
dan dén dau phu cung va chiac hon. Ngoai ra,
ngudn nudc st dung ctia cac ving mién c6 thé con
c6 nudc cing chira ion Mg*, Ca* 1am anh hudng
téi qua trinh dong tu dau phu [9].

Dia diém thu mau

Hinh 1. Sy thay d6i d6 cimg (kg) ctia cac mau dau phu theo thoi gian bdo quan
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3.2. Danh gia su bién ddi cd két cua dau phu
tai mot s6 quan, huyén trén dia ban thanh phé Ha
Noi theo thoi gian bao quan

Su thay déi vé do co két cua dau phu duoc
trinh bay ¢ hinh 2. Két qua ¢ hinh 2 cho thay, tat
ca cac mau dau phu déu co su khac nhau vé do co
két va da so6 khong co su thay déi nhiéu qua timg
khung gio bao quan. Tai thoi diém dau (0 gio), cac

0,35
0,3
0,25

co két
o
N

0,15

b6
o
[y

=
&

(=]

Q\{,\\zg\oegco ’\*w\*%“’«‘bé’\i\\'\?’@\'ﬁﬁq

mau dau phu & 18 dia diém c6 do c6 két dao dong
tr 0,23 + 0,02 dén 0,30 + 0,03, trong d6 cac mau
dau phu 0 DD co6 do co két thap nhat va cao nhat la
cac mau dau phu & HP. Trong 12 quan, cac mau
dau phu & CG c6 do co6 két 16n nhat va cac mau
dau phu & DD co6 @6 co két thap nhat. Trong 6
huyén, cac mau dau phu @ HHD co6 do co két 1on
nhat va & H.ST c6 do co két thap nhat.

|

v &A

OOgio
m2,5¢gi0

@5 gid

IR

Dia diém thu mau

Hinh 2. Su thay d6i do cd két ctia cac mau dau phu theo thoi gian bdo quan

Sau khi bdo quan 5 gio, cac mau dau phu &
mot s6 quan, huyén trong nghién ctru c6 do co két
dao dong tir 0,21 + 0,02 dén 0,28 + 0,02, trong do,
cac mau dau phu o D co @0 co két thap nhat va &
H.GL 1a mau c6 do co két cao nhat. Bén canh d9, &
12 quan, cac mau dau phu & DD 1a mau c6 do co
két nho nhat va @ HM c6 do co két cao nhat. Trong
6 huyén, cac mau dau phu & H. DP va ¢ H.ST déu
c6 do co két bang nhau va thap nhat, cac mau dau
phu & H.GL c6 d6 c6 két cao nhat.

Su khac nhau vé do co két dau phu gitta mot
s6 quan huyén cé thé mot phan ndm & giong dau
tuong. Két qua nghién ctru cia Onodera va cs
(2009) [18] da nghién cttu vé cac thanh phan trong
dau nanh anh hudéng dén do co két cta dau phu
cho thay, protein 7S va 11S trong diu nanh anh
huong nho dén két cau cta dau phu, nhung mot
yéu t0 quan trong anh huong dén do co két cta
dau phu 1a luong ion canxi lam chat dong tu. Do
vay, co6 thé giai thich su khac nhau vé do co két
ctia dau phu tai ttmg quan, huyén c6 thé 1a do su
thay déi nguon nuéc duoc cung cip con co chia
lwong nudc cing.
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Bén canh do, hinh 2 ciing cho thay, trong thoi
gian bao quan, do co két cua cac mau dau phu sé
khong d6i hodc gidm dan qua thoi gian. Trong d6
nhiéu nhat 1a mau dau phu CG giam 20,69%, ti€p
d6 1a mau ¢ HK giam 18,52% va mau & TH ciing
giam manh 12%. T4t ca cac mau dau phu con lai da
s6 1a khong ddi va giam nhe tir 3 - 7%. Su giam do
c6 két dén tir viec that thoat nudc trong mang ludi
cau truc cta dau phuy, 1am cho cau truc gel co lai va
lam giam do dac cta dau phu. Trong qua trinh ép
dau phu, luc ép va thoi gian ép ciing anh hudéng
dén do dac ctia dau phu. Néu nhu khong da luc
hoac thira luc sé anh hudng dén chat luong cam
quan cua dau phu.

3.3. Danh gia sy bién déi d6 dan hdi cta dau
phu tai mot s6 quan, huyén trén dia ban thanh pho
Ha Noi theo thoi gian bdo quan

Do dan héi ctia cac mau dau phu tai mot so
quan, huyén trén dia ban thanh phé Ha Noi duoc
thé hién & hinh 3. Tai thoi diém dau (0 gio), cac
mau dau phu ¢ 18 dia diém c6 do dan hoi dao dong
ter 3,29 + 0,02 dén 3,39 + 0,07, trong do, cac mau
dau phu & HHD c6 do dan héi thap nhat va cao
nhat 1a cac mau dau phu ¢ H.TT. Khi bao quan 2,5
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gi0, 18 mau c6 do dan hoi dao dong tir 3,34 + 0,01
dén 3,37 + 0,02, trong d6 mau & TX tiép tuc 1a mau
c6 do dan hoi thap nhat va mau & HM c6 do dan
hoi cao nhat. Khi bao quan 5 gio, cac mau dau phu
& mot s6 quan huyén co do dan hoi dao dong tir
3,33 + 0,01 dén 3,39 + 0,03, trong d6 cac mau dau
phu & TX c6 do6 dan hoi thap nhat va cac mau dau
phu & H.ST va H.DP c6 d6 dan hoi cao nhat. Trong
12 quan, cac mau dau phu ¢ TX c6 do dan hoi nho
nhat va & HM c6 do dan hoi cao nhat. Trong 6
huyén, cac mau dau phu ¢ H. HP va HTT 1a mau
c6 do dan hoi nho nhat va cac mau dau phu ¢ H.
ST, mau H.DP c6 do dan hoi cao nhat.

3,6 q

oo gio

D6 dan hbi

2,5 gi

uS5gid

CG k

=
T

BrE@F2E2geackhs
rT T T

HBT §

Dia diém thu miu

Hinh 3. Sy thay déi do dan hoi cta cac miu dau
phu theo thoi gian bao quan

Hinh 3 cho thay, trong thoi gian bao quan, do
dan hoi ctia cac mau dau phu khong bién déi nhiéu,
da s6 cac mau c6 do dan hoéi khong thay ddi, chi
mot vai mau giam rat it do dan hoéi trong qua trinh
bao quan, vi du: Pau phu & TT giam 1,19%, BLT,
HK giam 0,6%, BD giam 0,89%, DD giam 0,59%.

Su khac nhau vé do dan héi ctia dau phu gitta
cac huyén mot phan nim & giong dau twong. Theo
Yookyung Kim va Louise Wicker (2005) [19], do
dan hoi ctia dau phu chiu anh hudng truc tiép tir
cac yéu t6 nhu: Giong dau nanh, ham luong
protein va ty 1é cac phan doan protein (11S va 7S).
Trong d6, giong dau nanh voi ty 1é 11S globulin
cao hon, dién hinh nhu giong Danbaekkong, c6
kha nang tao ra dau phu voi do dan hoi vuot troi va
két cau chac chin hon. Diéu nay 1a do 11S globulin
chtra nhiéu nhom -SH va lién két disulfide (S-S),
giap hinh thanh mang luéi gel protein bén vimg,
mang lai kha niang phuc héi hinh dang tot sau khi
chiu luc nén. Nguoc lai, cac giong dau nanh co ty
le 7S globulin cao hon thuong tao ra dau phu mém
hon voi do dan héi kém hon, do 7S cha yéu dua
vao lien két hydro yéu hon. Vi vay, viéc lua chon
giong dau nanh giau protein va c6 ty lé 11S/7S cao
déng vai tro quan trong trong viéc nang cao chat
luong va tinh chét dan hoi ctia dau phu [18]. Trong
khi su giam d¢ lien két dén tir viec that thoat nudc
trong mang ludi cau truc cia dau phy, thi do dan
hoi cing gidm mot phan do qua trinh khudy. Tang
toc do khudy (tir 207 rpm lén 285 rpm) lam tang do
dan hoi ctia dau phu. Thoi gian khudy lau hon c6
thé pha vo cau tric gel, 1am gidm do dan hoi. Su
giam do dan héi qua thoi gian nam & viéc luong
nudc trong dau phu bi tach ra trong qua trinh bao
quan dau phu lam suy gidm mang luéi gel, dan dén
khong thé phuc héi hinh dang [18].

Bang 1. Sy thay ddi @6 nhai ctia cAc miu dau phu theo thoi gian bao quan
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Mau 0 gior 2,5 gior 5 gior
HBT 0,958 + 0,09 0,75**+ 0,15 0,838 1 0,07
HM 0,71 + 0,12 0,67°** + 0,08 0,70 £ 0,13
CG 0,85"8+0,11 0,67°** + 0,05 0,60 + 0,07
PP 0,53 + 0,01 0,61°®+0,12 0,48 + 0,04
TX 1,14+ 0,16 1,06 + 0,31 1,004 + 0,22
HK 0,74 £ 0,07 0,57%" + 0,09 0,48 + 0,05
BD 0,53+ 0,07 0,54°* + 0,08 0,56 + 0,08
TH 0,61%* + 0,09 0,60°** + 0,09 0,73°* £ 0,11
1565) 0,70°® + 0,09 0,60° + 0,06 0,58 + 0,06

NONG NGHIEP VA MOI TRUONG - THANG 9/2025




KHOA HOC & CONG NGHE

NTL 0,59%* £ 0,10 0,93 + 0,06 0,838 +£0,12
LB 0,79° + 0,08 0,73°B + 0,14 0,908 + 0,15
BTL 0,75 + 0,05 0,84%A £ 0,08 0,76 £ 0,12
H. P 1,20 £ 0,16 1,134 £ 0,28 1,23%4 4 0,42
H. PP 0,588 + 0,14 0,55 +0,04 0,58 + 0,05
H.GL 1,66 + 0,15 1,16™ £ 0,23 1,418 £ 0,20
HTT 0,98"¢ + 0,10 0,75%A £ 0,09 0,96*B + 0,09
H.ST 0,865 + 0,08 0,74%A £ 0,06 0,704+ 0,13
H.ML 0,92°* + 0,18 0,85%A £ 0,22 0,83%A £ 0,25

Ghi chu: Biéu dién gi4 tri trung binh va do léch chuan cua cdc lan Iap. Cdc gid tri trong cung mot cot
co cdc chir cdi khac nhau (chir cdi thuong) thi khac nhau, cdc gid tri trong cung mot hang co cdc chir cai
khdc nhau (chir cdi viét hoa) thi khac nhau cé y nghia thong ké (p < 0,05).

3.4. Panh gia su bién ddi do nhai ctia dau phu
tai mot s6 quan, huyén trén dia ban thanh pho Ha
Noi theo thoi gian bao quéan

Su thay d6i do nhai cia dau phu theo thoi gian
bao quan thé hién & bang 1. Bang 1 cho thay tat ca
cac mau dau phu déu c6 su khac nhau vé do nhai
va da s6 khong c6 su thay déi nhiéu qua timg
khung gio bao quan. Tai thoi diém dau (0 gio), cac
mau dau phu c6 do nhai dao dong tir 0,53 + 0,07 kg
dén 1,66 + 0,15 kg. Khi bdo quéan 2,5 gio, mau dau
phu & BD van 1a mau do nhai thap nhét va & GL c6
d0 nhai cao nhat. Khi bao quan 5 gid, cac mau dau
phu c6 do nhai dao dong tir 0,48 + 0,04 kg dén 1,41
+ 0,20 kg, trong d6 cac mau dau phu o PP co do
nhai thap nhat va & GL c6 d nhai cao nhat. Doi voi
12 quan, cac mau dau phu & PD va HK c6 do nhai

nho nhat va & TX c6 do nhai cao nhat. Trong 6
huyén, cac mau dau phu & PP cé d¢ nhai thap nhat
va & GL c6 do nhai cao nhat. Bang 1 ciing cho
thay, khi thoi gian bao quan kéo dai dén 5 gio, do
nhai ctia cac mau CG, b, HK, HD, TT, ST giam
tir 9,43% (BD) dén 35,14% (HK), cac mau con lai
gan nhu khong dai.

3.5. P4anh gia su bién déi kha niang giit nudc
ctia dau phu tai mot s6 quan, huyén trén dia ban
thanh phé Ha Néi theo thoi gian bdo quan

Su bién déi kha nang git nudc cta dau phu tai
mot s6 quan, huyén ctia thanh pho Ha Noi duoc
thé hién ¢ bang 2. Kha nang gitt nudc ctia cac mau
dau phu da s6 co6 xu huong gidm dan theo thoi
gian va cting khong c6 su chénh léch qua 16n so
véi nhau (Bang 2).

Bang 2. Kha ning giit nudc ctia cac mau dau phu theo thoi gian bao quan

) Kha nang gitt nudc (%)
Mau
0 gio 2,5 gio 5 gio
HBT 81,16™%™ + 0,004 81,52°¢™ + 0,003 81,02°4 1+ (0,005
HM 81,844 1 0,014 76,80 + 0,009 75.87°® + 0,003
CG 82,7644 + (0,008 83,30°" + (0,005 81,88 + 0,005
bb 80,1174 + 0.002 79,504 + 0,005 77,56 + 0,002
X 78,70"* £ 0,002 75,11* + 0,005 74,848 + 0,006
HK 80,96"4A + 0,003 80,1548 + (0,004 79,15¢% + 0,004
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BD 83,14% + 0,002 80,927 + 0,0005 77,41* + 0,003
TH 79,33 + 0,005 78,74*% + 0,009 77,03*® + 0,002
HD 80,9844+ 0,003 78,078 + 0,009 77,02°% + 0,002
NTL 82,5774 + 0,003 76,96 + 0,003 76,23 + 0,003
LB 88,95™ + 0,023 85,615 + 0,004 81,75 + 0,003
BTL 74,92 + 0,004 75,18** + 0,003 71,37*% + 0,010
H.HD 82,9974 + (0,012 82,43%A8 + (0,005 81,029 + 0,008
H.DP 79,76"* + 0,007 80,52°% + 0,004 78,52°%4 + 0,019
H.GL 84,90¢* + 0,001 81,999 + 0,028 82,01 + 0,027
HTT 82,72°%A8 + (0,003 86,03"% + 0,025 82,28 + 0,012
H.ST 83,27 + 0,028 83,90%" + 0,019 84,91 + 0,007
H.ML 84,484 + 0,003 82,81°" + 0,012 84,305 + 0,011

Ghi chu: Biéu dién gi4 tri trung binh va do léch chuan cua céc lan Iap. Cdc gid tri trong cung mot cot
cO cdc chir cdi khac nhau (chir cdi thuong) thi khac nhau, cdc gia tri trong cung mot hang co cdc chir cai
khdc nhau (chir cdi viét hoa) thi khac nhau cé y nghia thong ké (p < 0,05).

Tai thoi diém dau (0 gio), kha ning gitt nudc
ctia cac mau dau phu dao dong tir 74,92 + 0,004%
dén 88,95 + 0,023%. Khi bao quan sau 2,5 gio kha
nang gitt nudc ctia cac mau dau phu dao dong tir
75,11 + 0,005% dén 86,03 + 0,025%. Khi bdo quan
sau 5 gi0, kha nang gitt nudc ctia cac mau dau phu
dao dong tir 71,37 + 0,010% dén 84,91 + 0,007%
tuong tmg voi cac mau dau phu & BTL c6 kha nang
gitt nuoc thap nhat va & H.ST c6 kha nang giit
nudéc cao nhat. Bang 2 ctng cho thay, khi bao
quan dén 5 gio & ti mat 13 - 15°C, kha nang gitr
nuoc cta dau phu giam, dao dong tir 0,17 - 8,09%,
trong d6 mau dau phu & LB giam 8,09%, mau dau
phu & NTL giam 7,68%, mau dau phu & HM giam
7,2%. Riéng mau dau phu ¢ H.ST 1a c6 kha nang
gitt nudc tang (tang 1,97%). Nhu vay, thoi gian bao
quan tang, dau phu cang bi tach nudc. Ly do dau
phu c6 xu huéng giam gitt nwoc, tich nudc ting
dan co6 thé giai thich béi mang ludi gel protein
trong dau phu gitt nudc qua cac lién két yéu nhu:
Hydro va ion, theo thoi gian cac lién két nay bi suy
yéu hodc bi pha vo nén nudc thoat ra khoi mang

luoi gel. Trong dau phu ciing chira rat nhiéu nudc
tw do khong lién két chat ché voi protein sé thoat
ra ngoai gay nén hién tuong tach nuédc theo thoi
gian.

3.6. Danh gia chat leong vi sinh vat cia dau
phu tai mot s4 quan, huyén trén dia ban thanh phd
Ha Noi

Bang 3 cho thdy, Bacillus cereus va
Clostridium perfringens khong duoc phat hién
trong bat ky mau nao, ching to quy trinh gia nhiét
trong qua trinh ché bién tai mot s6 quan huyén
ctia thanh pho Ha Noi da dat hiéu qua trong viéc
loai bo hai loai vi khuin nay. Téng s6 vi khuin
hiéu khi (TVC) dao dong tir 1 x 10°® dén 7,1 x 10°
CFU/g. Nam men va nim moc c6 mat trén dau
phu ¢ cac quan, huyén ctia thanh pho Ha Noi voi
mat do tir 0 - 1,4 x 10* CFU/g. S6 luong vi khuin
Coliforms dao dong tix 0 - 5,5 x 10° CFU/g. So6
luong vi khuan E. coli va S. aureus lan luot dao
dong tir 0 7,8 x 10° CFU/g va tir 0 - 1,2 x 10’
CFU/g.
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Bang 3. Chat lugng vi sinh ctia cac miu dau phu tai mét s6 quan, huyén ciia thanh phé Ha Noi (CFU/g)

VsV Eong Nilm mfn Coliform E coli | S aureus C B.
SO nam moc pen?‘mgens cereus
Elllflﬁ ‘(lf)y 10° 10° 10° 10° 10° 10° 10°
LB 27x10° | 18x10° | 14x 10 <10 <10 <10 <10
1939) 13x10° | 9,0x10' | 18x10° <10 <10 <10 <10
TX 83 x 10" <10 9.1x 10" <10 <10 <10 <10
HK 82x10° | 90x10' | 7.3x10 <10 <10 <10 <10
HM 39x10* | 45x10' | 4,0x10° <10 <10 <10 <10
CG 2,6x10° 1,0 x 10 <10 <10 <10 <10 <10
GL 35%x10° | 17x10° | 14x10° <10 | 25x10° <10 <10
HD 17x10° | 32x10° | 7,9x10° <10 <10 <10 <10
TH 38x 10° <10 7.3 x 10 <10 <10 <10 <10
BD 17x10° | 68x10° | 93x10° | 45%x 10" | 58x 10* <10 <10
NTL | 61x10° | 54x10® | 27x10° <10 | 4,0x 10" <10 <10
HBT | 64x10° | 14x10* | 55x%10° <10 | 1,2x10° <10 <10
BTL 63x10° | 36x10° | 15x10* | 45x10' | 6,0x 10* <10 <10
HIT | 66x10° <10 9,1x 10! <10 <10 <10 <10
HML | 35x10° | 42x10° | 23x10? <10 <10 <10 <10
HST | 12x10° | 39x10° | 29x10* | 35x10° | 1,4x 10*
HPP | 12x10° | 82x10® | 38x10* | 7.8x10° | 5.2x10* <10 <10
HHP | 71x10° | 45x10° | 78x10* | 31x10° | 7,1x 10* <10 <10

Ghi chu: (*): Quyét dinh s6 46/2007/QP-BYT, phian 6.5 cia Bo Y té vé gioi han cho phép vi sinh vt
trong san pham ché bién tir ngi coc, khoai cu, dau do, bot, mién, my soi (cé xut Iy nhiét truoc khi st
dung)[20].
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Trén co s& két qua nghién cttu chat luong vi
sinh cac mau dau phu tai thanh pho Ha Noi, trong
s6 18 mau dau phu tai cac cho truyén thong trén
dia ban thi ¢6 11 mau khong dat tiéu chudn chat
luong vi sinh, chiém 61,1% téng s6 mau. Chi c6
7/18 mau dat yéu cau, chiém 38,9% téng s6 mau.
Trong d6 60% mau dau phu san xuit va ban tai
ché (6/10 mau) dat chuin, chi 12,5% mau dau
phu tir noi khac chuyén dén cho (1/8 mau) dat
yeéu cau. Két qua nay cho thdy, phuong thuc san
xuat, van chuyén, bay ban déng vai tro quan
trong trong chat luong vi sinh cta dau phu, vi
mau lay tai ché luon cho thay su tuan tha céac tiéu
chuén vi sinh cao hon so véi mau lay tit noi khac.
biéu nay nhin manh tam quan trong cta diéu
kién van chuyén, thoi gian bao quan dé duy tri
chat luong va an toan vi sinh ctia dau phu. Do d9,
viec mua dau phu som, ngay sau khi san xuat
hodc lua chon cac ctra hang san xuat va ban dau
phu truc ti€p sé giap dam bao chat luong t6t hon

alb}
LB

ca ]_J

HML

TX

HTT

HI

Hm

TH

HD

NTL
BD
H.BP
HST |
]

BTL

HBT

HGL

HHD é

a)

so vOi mau lay tir noi khac. Thém vao do, can ddy
manh ting cuong kiém soat vé sinh tai co s¢ san
xuat, trong chudi cung ung va tai diém ban. Diéu
nay giup dam bao chat luong san phadm va dam
bao an toan cho nguoi tieu dung. Nhu vay, co thé
két luan rang, chat luong vi sinh cac mau dau phu
tai cho truyén thong chua dat yéu cau theo quyét
dinh s6 46/2007/QD-BYT [20].

3.7. Phan nhém HCA va PCA chat luong dau
phu tai mot s6 quan, huyén trén dia ban thanh phd
Ha Noi theo dic tinh co Iy va chi tiéu vi sinh

Hinh 4 thé hién két qua phan nhom HCA va
PCA dua trén dac tinh co ly (d6 cung, do co két,
do dan héi, do nhai) va vi sinh ctia cAc mau dau
phu & mot s quan, huyéen tai thanh phé Ha Noi.
Hinh 4a, 4b cho thay, cac mau dau phu duoc chia
thanh ba cum riéng biét phan anh sy khong dong
nhat trong san xuat thi cong.

Hinh chiéu san pham va thudc tinh (truc F1 va F2: 57,78 %)

5

F2 (25,65 %)

F1(32,13 %)

b)

Hinh 4. Phian nhém HCA (a) va PCA (b) dac tinh co ly va vi sinh ctia dau phu &
mot s6 quan, huyén tai thanh phé Ha Noi
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Nhom thtr nhat: Cac mau dau phu ¢ D, LB,
CG, HML, TX, HTT, HK, HM, TH, HD duoc chia
thanh mot cum, dic trung béi do 4m va do dan héi.
Pay 1a cum co su tuong déng cao, chi yéu 1a cac
huyén ngoai thanh hoac cac quan trung tim va
gan trung tam. Su twong dong nay cé thé do tay
nghé ciing nhu phuong phap lam dau caa cac ho
gia dinh kha giong nhau, hoac ciing c6 thé cac co
s& san xuat nhap cung mot ngudn nguyen lieu dau
tuong (c6 nguon goc cing nhu chat luong twong
tu nhau).

Nhom thtr hai: Bao gom cac mau dau phu &
NTL, BDb, H.bP, H.ST, BTL, HBT. Két qua cho
thay, du dia ly khac nhau, san phidm truyén thong
van hinh thanh nhém c6 dic diém dac tinh co ly
gan nhau. Diéu nay khang dinh ky thuat lam dau
phu truyén thong & thanh pho Ha Noi da dat do on
dinh cao, hop ly vi day 1a cac mau déu duoc san
xuat theo phuong phép truyén thong qua nhiéu
nam. Mat khac, khong cé su bién dong 16n trong
chat luong vé két cau, diéu nay tot cho nguoi tiéu
dung va thuan loi cho viéc xay dung thuwong hiéu
truyén thong.

Nhoém thtt ba: Gom hai mau dau phu & H.GL,
H.HD dac trung béi do tach nudc, dé6 nhai, do
ctmg, do co6 két. Day 1a cum c6 do twong dong thap
nhat, cho thdy cdc mau trong cum nay c6 dic tinh
co ly khac biét ro rét so voi cac mau ctia hai nhom
trén. Co thé giai thich ring du cung la phuong
phép truyén thong, nhung ky thuat tay nghé cua
cac co so 1a khac nhau, c6 thé thay ddi ti 1é hodc
thoi gian trong quy trinh san xuat: Thay ddéi ty le
dau/nudc lam anh huong dén ham luong protein
va két cau gel; thoi gian ép ngin hodc ky thuat ép
tha cong kém nhat quan lam anh huwong dén do
chic va do dan hoéi; st dung khuon ép c6 kich
thuoc va vat lieu khac nhau (go, inox) dan dén
thay déi luc ép va thoat nuoc khac nhau...

4. KET LUAN

Nghién ctru da xac dinh duoc dac tinh co ly
dic trung ctia dau phu san xuat bang nudc chua tai
mot so dia ban tai thanh pho Ha N¢i. Cac tinh chat
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co ly ctia cac mau dau phu c6 déu su bién déi rieng
biét theo thoi gian bao quan. Trong 5 gio bao quan
13 - 15°C, d6 cung ctia dau phu tang, d6 nhai, do
gitt nuoc gidm, do dan hoi khong bién ddi nhiéu.
Thém vao do, 61,1% mau khong dat chuén vé chat
luong vi sinh theo Quyét dinh s6 46/2007/QD-
BYT voi ty 1é vuot ngudng cao & cac chi tieu: TVC,
nam men, nam moc, Coliforms, E. coli, S. aureus.
Ty lé dat chuin quy dinh vi sinh c6 su chénh léch
ro gitta mau san xuat va ban tai chd (60% dat) va
mau chuyén dén cho (12,5% dat). Cac mau dau
phu c6 thé phan thanh 3 nhom riéng biét. Nhom
th nhat: Cac mau dau phu & bD, LB, CG, H.ML,
TX, H.TT, HK, HM, TH, HDP. Nhom th hai: Cac
mau dau phu & NTL, BD, H.bP, H.ST, BTL, HBT.
Nhom thtr ba: Gom hai mau dau phu & H.GL,
H.HD. Céac két qua thu duoc ctia nghién cttu nay la
tién dé cho viéc cai tién cong nghé san xuat quy
mo6 cong nghiép nhim muc dich phat huy cac dic
tinh tot cta chat lwong dau phu san xuit bang
nuoc chua truyén thong, 6n dinh chat luong va
dam bao vé sinh an toan thuc pham.
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IDENTIFICATION SOME CHARACTERISTICS OF TOFU PRODUCED BY FERMENTED TOFU
WHEY IN VARIOUS DISTRICTS OF HA NOI CITY

Nguyen Hai Van!, Luong Hong Nga’,

Vu Hong Son', Nguyen Thi Hang', Pham Van Bac',

Nghiem Thi Hoai Thuong', Nguyen Ha Anh!, Ho Phu Ha!

School of Chemistry and Life Sciences, Hanoi University of Sciences and Technology
Abstract

Tofu is a traditional product with high nutritional value and is widely consumed in the diets of
Vietnamese people. In the craft production process in Ha Noi city, fermented whey is often used
as a coagulant instead of chemical additives. This study was carried out to identify the specific
characteristics of tofu produced using fermented whey, with samples collected from several
traditional production small scale in some districts and suburban areas of Ha Noi city. The
analysis of physical properties indicated that tofu produced with fermented whey in some
districts and suburban areas of Ha Noi city exhibited distinctive textural characteristics,
including a soft structure, good springiness. Specifically, hardness ranged from 0.60 to 1.73 kg,
water holding capacity from 0.17 to 8.09%, chewiness from 9.43 to 35.14%, cohesiveness from 0.23
to 0.30 and springiness from 3.29 to 3.39. These physical properties tend to change differently
during storage, except for the maintenance of chewiness and springiness. Microbiological
analysis results indicated that 11 out of 18 samples, equivalent to 61.1%, did not meet the
standards according to Decision 46/2007/BYT, with high exceedance rates in TVC, yeast, mold,
coliforms, E. coli and S. aureus. B. cereus and C. perfringens were not detected. There was a
significant difference between on-site tofu samples (60% met standards) and off-site tofu samples
(12.5% met standards). However, the variation in quality among samples reflects inconsistency in
production conditions and techniques, as shown in the HCA/PCA results. The findings of this
study highlight the importance of standardizing tofu production technology.

Keywords: 7ofu, hardness, springiness, microorganism.
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TUYEN CHON CHUNG Lactobacillus fermentum
CO TIEM NANG PROBIOTIC VA KHA NANG SINH
TONG HOP GAMMA AMINOBUTYRIC AXIT (GABA)
CAO N\HAM UNG DUNG TRONG SAN XUAT
THUC PHAM CHUC NANG
Tran Thanh Quynh Anh!, V6 Vian Quéc Bao!, Bd Thi Bich Thuy*"
!Khoa Co khi va Cong nghé, Truong Pai hoc Nong Lam, Pai hoc Hué
“Truong Ky thuat va Cong nghé, Pai hoc Duy Tin
"Email: dotbichthuy @duytan.edu.vn
TOM TAT
Hién nay, nguoi tiéu ding c6 xu huéng quan tam dén thuc phdm tu nhién c6 1oi cho strc khoé.
Trong d9, vai tro vi khuén lactic (LAB) voi tinh chat probiotic va kha nang sinh téng hop GABA
la rat quan trong. Trong nghién ctru nay, ba ching Lactobacillus fermentum phan 1ap tir mam ro
duoc khao sat tiém nang probiotic va kha nang sinh téng hop GABA. Két qué cho thiy, ba chiing
c6 kha nang song sot cao trong diéu kién moi truong mo phong duong tiéu hoa (kha nang chiu
axit, chiu pepsin, mu6i mat va dich tuy). Bén canh do, chung cé kha nang tu két dinh trong
khoang tir 5,209 + 0,510% dén 83,691 + 3,336%, kha nang dong két dinh véi vi khudn gay bénh
(Staphylococcus aureus, Escherichia coliva Salmonella typhymurium) va bam dinh v6i dung moi
(chloroform, ethyl acetate va xylene) lan luot la: 1,587 + 0,388% dén 18,974 + 0,349% va 3,104 +
0,563% dén 17,179 + 2,308%. Trong s6 10 khang sinh thtt nghiém, ca ba chiing déu nhay cam véi
chloramphenicol va erythromycin. Trong khi d6, tetracycline khong khang béi hai ching L.
fermentum M25 va L. fermentum M38. Ampicillin va penicillin khong khang boi L. fermentum
M25, d6i voi clindamycin chi khang boi L. fermentum M38. Két qua nay cho thay, ca ba chiing
déu 1a cac tng cir vien probiotic day hia hen. Néu xét chung tat ca cac chi tiéu vé probiotic,
ching L. fermentum M38 c6 tiém nang nay twong doi cao hon so véi hai chiing con lai. Hon nita,
n6 c6 kha nang sinh tong hop GABA cao nhat (5,076 + 0,294 mM). Vi vay, chung L. fermentum
M38 duogc dé xuat lam giong khoi dong dé 1én men in sifu san xuat san pham thuc phidm vira co
chtic nang probiotic vira giau GABA.

Tt khoa: Vi khuén lactic, probiotic, tir két dinh, dong két dinh, khang khang sinh.

1. BAT VAN BE

Su quan tam ctia nguoi tieu dung doi voi cac
loai thuc phdm chttc nang ngay cang ting bdi y
thuc vé kha nang phong ngtra bénh tat va nang cao
stc khoe [1]. Thuc phdm lén men duoc biét dén
voi nhiéu loi ich stc khoe nhu: Gidm nguy co mac
bénh tim mach, dai thao duong type 2 va béo phi
[2], [3]. Nhitng tac dung tich cuc nay chi yéu dén
tr cac loi khuén trong thuc pham lén men.

Theo T6 chitc Luwong thuc va Nong nghiép
Lien Hop Quoc (FAO) va Té chic Y té Thé gioi
(WHO), probiotic 1a vi sinh vat song (vi khuin
hodc ndm men) mang lai loi ich sttc khée khi diing
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voi liéu luong phu hop [4]. Cac chung probiotic
dung trong lén men thuc phdm c6 thé gitup giam
cholesterol, cai thién dung nap lactose, diéu hoa
mién dich va can bang hé vi sinh duong ruot [5].
bé duoc chon lam probiotic, ching can c6 kha
nang chiu diéu kién ctia duong tiéu hoa, bam dinh
tot va co hoat tinh khang vi khuan gay bénh [6].
Thuc phdm lén men truyén thong ¢ DPong
Nam A 1a ngudn déi dao vi khuén lactic (LAB) ¢6
tiém nang probiotic va khd nang sinh téng hop
GABA [7]. Levilactobacillus brevis FO64A da duoc
cong bo sinh téng hop GABA cao nhat (4,18 = 0,07
mg/mL) khi nuéi cay ¢ pH 5,5, trong moi truong
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chia 2% glutamate va 2% glucose, & 37°C trong 48
gio [8]. Bén canh d6, theo Devi va cs (2023) [9],
chiung Weissella contusa G2, phan lap ti thuc
phdm lén men ctia An Do cing c6 kha nang sinh
GABA cao (246,2 mg/L), dong thoi chiu dugc pH
thap, muoi va mudi mat. Ching nay c6 kha nang tu
két dinh manh (83%), d0 ky nudc cao va dic tinh
khang khuén tot, cho thdy tiém nang ung dung
trong phat trién thuc pham chitc nang chita GABA.

Mam ro 1a thuc ph4m 1én men truyén thong tir
ca ro ¢ thanh pho Hué, léen men tu nhién v6i muoi
va tao huong vi dic trung nho LAB. Tuy nhién,
hiéu biét vé LAB trong mam ro con han ché.
Nghién cttu ndy danh gia tiém nang probiotic va
kha nang sinh GABA ctia LAB phan lap tir mam ro,
lam co s& phat trién thuc pham lén men chitc ning
hé tro strc khoe.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat lieu nghién ctru

Ba chung Lactobacillus fermentum WM25,
Lactobacillus fermentum M38 va Lactobacillus
fermentum M44 duoc st dung trong nghién ctiu
nay duoc phan lap tr mam ro va dinh danh bang
phuwong phap MALDI TOF MS va giai trinh tu
PheS gene, hién dang duoc bao quan tai Trung
tam Luu trit vi khudin BCCM/LMG, Pai hoc
Ghent, Vuong quoc Bi. Tai day, cac chiing trén
duoc ky hiéu theo Research number (R-number
R-66890 dé luu trir lan luot 1a R-66877, R-66890 va
R-66896). Cac chung kiém dinh st dung trong
phuong phéap khao sat trc ché vi khuidn gay bénh
duoc cung cap boi Vién Cong nghé sinh hoc, Dai
hoc Hué, gom: Escherichia coli, Staphylococcus
aureus, Staphylococcus typhymurium.

Moi truong dung dé nuodi cdy LAB va cac
chiung vi khudn gay bénh lan luot 1a moéi truong
MRS: de Man, Rogosa va Sharpe (MRS
agar/broth) - thanh phan co ban: Peptone 10 g/L,
thit bo (Beef extract) (10 g/L), men bia (yeast
extract) 5 g/L, glucose 20 g/L, sodium acetate 5
g/L, triammonium citrate (2 g/L), magnesium
sulfate MgSO,.7H,O (0,1 g/L), manganese sulfate
MnSO,.H,0 0,05 g/L, dipotassium phosphate
K,HPO, 2 g/L, tween 80 polyoxyethylene sorbitan
monooleate) 1 g/L, agar (néu 1a moi truong ran)
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(15 g/L); moi truong LB: Luria-Bertani - thanh
phan co ban: Tryptone (peptone tit casein) 10 g/L,
yeast extract (dich chiét ndm men) 5 g/L, NaCl
(mu6i an) 10 g/L, agar (néu la moi truong ran) 15
g/L.

2.2. Phuong phap nghién ctru

2.2.1. Kha nang chiu pH thap

Céc chiing LAB duoc nuoi cay & 37°C trong 24
gi0, sau do ly tam bang may DLAB - My & toc do
5.000 g trong 10 phut. Két tua té€ bao thu duoc
huyén phu trong dung dich dém phosphate-saline
(PBS, GIBCO - My) c6 chuia 9 g/L NaCl (Sigma-
Aldrich, Han Quoéc), 9 g/L Na,HPO,.2H,0O va 1,5
g/L KH,PO,, voi pH duoc diéu chinh xuéng 2,5.
Hoén hop nay tiép tuc duoc u & 37°C trong 4 gio.
Mau duoc 14y tai thoi diém ban dau (0 gio) va sau
4 gio. Mat do quang cta huyén phu sinh khéi duoc
xac dinh & budc song 600 nm (A, 600 nm) véi hai
moc thoi gian 1a O gio (Ag,) va 4 gio (A [10]. Ty
lé song sot ctia vi khuan duoc tinh theo cong thic:

Ty le song sot (H%) = (Ap,/A 1,) x 100 (%)
2.2.2. Kha nang tir két dinh va dong két dinh
- Kha nang tu két dinh ctia vi khuin

Cac chung vi khudn duoc nuéi cay & 37°C
trong 24 gio, sau d6 ly tam (may DLAB - My) &
toc do 5.000 g trong 10 phut & nhiét do phong va
rira lai bang dung dich déem PBS. Két ttia té bao
duoc huyén phu trong PBS & nong do 10 CFU/ml.
Mot phan huyén phu vi khudn (3 mL) duoc vortex
trong 10 giay va do d¢ hap thu quang & budc song
600 nm (A,). Hon hop sau d6 duoc 01 & 37°C trong
20 gio va do hap thu quang cua dich ndi duoc do
tai budc song 600 nm (Ay) [11]. Ty 1é tuw két dinh
duoc tinh theo cong thuc:

Tu két dinh %) = [(A, - Ay)/ A,] x 100

- Kha niang dong két dinh ctia vi khudn:

Kha ning dong két dinh gitta cac ching LAB
va vi khuidn gay bénh duoc khao sat dua trén
phuong phap ctia Oh va cs (2018) [11]. Dich nuoi
cay qua dém cta chiung probiotic va vi khuin gay
bénh duoc tron déu, vortex trong 10 gidy va 0 &
37°C trong 5 gi0. Do hap thu quang cua dich néi
duoc do tai budc song 600 nm. Ty leé déng két dinh
duoc tinh theo cong thuc:
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bong két dinh (%) = [1 - Amix/(Aprobiotic +
Apathogens) /2] x 100

2.2.3. Tinh ky nuoc cua bé mat t€ bao

Tinh ky nudc ctia bé mat t€ bao vi khuan duoc
xac dinh bang phuong phap do kha ning bam dinh
cua vi sinh vat vao dung moi xylene, chloroform va
etyl acetate [12]. Cac t€ bao LAB & pha tinh duoc
ly tam (may ly tam DLAB - My) & toc do 5.000 g
trong 10 phut, sau d6 rira hai 1an bang dung dich
KNO, 0,1 M. Két ta té bao dugc tai huyén phu
trong KNO,0,1 M. Ty 1é gitta dung méi va dung
dich huyén phu duoc duy tri & muc 1: 2 (v/v) va
gia tri @0 hap thu quang ban dau (A,) duoc do tai
budc song 600 nm. Hon hop sau d6 duoc dé yen
trong 10 phut, lic déu trong 2 phut va dé lang
trong 20 phut & nhiét do phong. Phan dung dich
long phia trén duoc 14y ra va do lai do hap thu
quang (A, & budc séng 600 nm. Ty 1&é ky nudc
duoc tinh theo cong thic:

H®%) = (A, - A/A)*100
2.2.4. Kha nang chiu pepsin

Pé kiém tra kha nang song sot ctia vi khuin
trong moi truong cé chia pepsin, dich da day mo
phéng (in vitro) duoc chuén bi bang cach hoa tan
pepsin (3 mg/ml, Sigma-Aldrich, Han Qudc) trong
dung dich muoéi sinh ly vo trung (0,85% NaCl, w/v)
va diéu chinh pH xudng 2,5. Sau d6, huyén phu
LAB c6 mat do t€ bao 10'CFU/mL duoc b6 sung
vao dich véi ty 1& 1% (v/v) vau & 37°C trong 4 gio.
Hon hop duoc do do hap thu & budc séng 600 nm
(T,) roi tién hanh 1 & 37°C trong 4 gio va xac dinh
mat do té bao & budc song 600 nm (T,) [10]. Ty le
song sot (%) duoc tinh theo cong thic:

Ty le song sot (%) = (T, T,)*100

2.2.5. Kha nang chiu muoi mat va dich tuy

Kha niang chiu muo6i mat va dich tuy duoc khao
sat theo phuong phap ctia Tokath va cs (2015) [10].
Moi truong ta trang duoc mo phong bang cach cho
0,3% (w/v) muoi mat (Sigma-Aldrich, Han Quoc) va
1 mg/ml dich tuy (Sigma-Aldrich, Han Quoc) hoa
tan trong dung dich muéi sinh ly vo trung (0,85%
NaCl, w/v) da duoc diéu chinh pH lén 8,0. Sau do,
b6 sung 1 mL huyén phu LAB c6 mat do té bao
10°CFU/mL va u ¢ 37°C trong 6 gio. Tién hanh do
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mat do quang v6i budc song 600 nm & thoi diém
ban dau (AT,) va sau 6 gi0 t (ATy). Ty lé song sot
ctia vi khuén duoc tinh theo cong thuc:

Ty le song sot (H%) = (ATs/ AT,) x 100 (%)
2.2.6. Khd nang khang khang sinh

Kha nang nhay cam voi khang sinh ctia cac
ching LAB duogc kiém tra theo phuong phéap cta
Das va cs (2016) [13]. Tat ca cac loai khang sinh
déu duoc mua tir Cong ty Gold Biotechnology, Inc.
- My. Cac chung LAB duoc kiém tra kha nang
khang véi cac khang sinh: Erythromycin (15 pg),
streptomycin (10 pg), clindamycin (2 pg),
ampicillin (10 pg), kanamycin (30 pg), vancomycin
(30 ng), chloramphenicol (30 pg), tetracycline (30
1g), penicillin (10 pg) va gentamicin (10 pg) bang
phuong phap khuéch tan dia. Cac dia thach duoc
quan sat su xuat hién hodac khong co6 ving tc ché
sau khi 01 & 37°C trong 24 gio.

2.2.7. Kha nang khang khuan

Tinh khang khuin duoc kiém tra bang phuong
phap “agar spot” (nho giot) cia Hernandez va cs
(2005) [14]. Vi khuan chi thi trong thi nghiém nay
la Samonella, E. coli, Staphylococus aureus. Cac
ching LAB duogc hoat hda, nuéi tang sinh dé thu
sinh khai va tai huyén phu bang NaCl 0,85%, tiép
tuc nuoi trong 5 mL MRS 16ng 10’ CFU/mL ¢ 37°C
trong 24 gio. Lay 5 pL dung dich nho giot trén dia
c6 chira 10 mL MRS agar dé kho. Tién hanh t cac
mau da nho giot LAB & 37°C trong 18 gi0. Tron 10°
CFU/mL vi khuén chi thi vao méi truong ban dac
(thach 1%) phu lén dia da cé chita nhitng dong vi
LAB phat trién. Nhing dia nay duoc 0 trong 24 - 48
gi0 & 37°C tuy thudc vao ching chi thi va sy xuat
hién cta viing tc ché duoc quan sat. Quan sat va
ghi nhan kich thuoc viing sang vo khuén xuét hién
quanh khuén lac LAB.

228 Phuong phdp phin tich ham Iuong
GABA bang sdc ky Iong hiéu nang (HPLC)

Chuén bi mau va phan tich ham luong GABA
bang HPLC duoc thuc hién theo phuong phap cta
Thuy va cs (2022) [15]. GABA trong moi truong
nudi cdy duoc tinh sach bang cach ly tam va loai
bé protein bang axit sulfosalicylic, sau do thuc
hien phin ung dabsyl hoa bang 4
dimethylaminoazobenzen-4-sulfonyl chloride. Hop
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chat Dab-syl-GABA sau d6 duoc dinh luong bing
phuong phap HPLC, st dung cot C18 (250 x 4,6
mm, Kich thudc hat 5 um), véi budc song phat hién
465 nm, ché d¢ rita ddng dong va pha dong gém
dung dich dém amoni axetat 25 mM c6 chia 0,1%
axit acetic: acetonitrile theo ty 1é& 26: 74 (v/v). Thi
nghiém duoc lap lai ba lan.

2.2.9. Phuong phédp xdc dinh mat do té bao

Mat do té bao trong huyén phu sinh khoi duoc
xac dinh bang phuong phap do do duc (do mat do
quang (OD)) & budc song 600 nm. OD = 1 tuong
duong voi 8.10° CFU/mL. Ttr d6 tinh toan luong té
bao ti€p gidng vao moi truong nudi cay [16].

2.2.10. Phurong phap phan tich so liéu

S6 lieu duoc trinh bay dudi dang gia tri trung
binh + do léch chudn (SD) cua ba lan phan tich lap
lai. Phan tich phuong sai mot chiéu (One-way
ANOVA) két hop véi kiém dinh HSD Tukey’s duoc
stt dung dé danh gia su khac biét gitta cac gia tri
trung binh. Cac khac biét duoc coi la c6 y nghia
thong ke khi p < 0,05. Toan b¢ cac phan tich thong
ké duoc thuc hién bang phan mém SPSS 20 (SPSS,
Chicago, My).

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Khao sit kha nang probiotic clia cac
chiing LAB

3.1.1. Kha ndng song sot cua cdc ching LAB
qua durong tiéu hoa moé phong

Kha nang chiu pH thap, pepsin, mudi mat va
dich tuy trong duong tiéu hoa cta cac chung L.
fermentum MZ25, L. fermentum M38 va L.
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fermentum M44 duoc thé hién & hinh 1. T4t ca cac
ching déu c6 kha niang séng sot cao trong moi
truong khac nghiét ctia duong tiéu hoa nhu chiu
pepsin, chiu pH thap khi da day rong (pH 2 - 3).
Két qua cho thdy, sau 4 gid, kha nang chiu pH
thap (pH 2,5) va chiu pepsin dao dong lan luot 1a
71,121 + 1,516% dén 96,120 + 1,993% va 85,050 =+
3,816% dén 93,073 =+ 1,535%. Két qua nay phu hop
voi két qua nghién cttu ctia Sabna va cs (2021)
[17], theo @6 ching Ent. faecium BS phan lap tir
cac san phdm sita c6 kha nang chiu dung tot voi
diéu kién pH thap. Ching W. confusa KR780676,
phan lap tir thuc pham léen men truyén thong clia
An Do thé hién kha ning ting trudng va song sot
tot trong cac diéu kién mo phong da day - ruot
[18].

Sau 6 gio, kha ning song sot trong dich tuy va
mudi mat cao, tir 83,870 + 3,084% dén 96,307 +
0,494%. Tuong tu, cac chang W. confusa
GCC_19R1 va W. confusa KR780676 duoc cong bo
la c6 kha niang sinh truong dang ké trong moi
truong c6 dich vi nhan tao, muéi mat va dich tuy
[18], [19].

Nhu vay, nho kha niang chiu dung cac diéu
kieén khac nghiét moé phong duong tiéu hoa nguoi
(Gastro Intestinal Tract, GIT), cac ching nay co
thé ton tai va di qua duong tiéu hoa véi s6 luong
16m, khi duoc st dung 1lam probiotic. Néu xét cho
tat ca 3 chi tieu khao sat géom: Chiu pH, pepsin,
muodi mat va dich tuy, chung L. fermentum M38 1a
tuwong doi cao hon so véi hai chiing con lai.
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Hinh 1. Kha niing sdng sét ciia cac chiing LAB qua dudng tiéu hoa mé phéng

Ghi chu: (a): Kha nang chiu pH thap; (b): Kha nang chiu pepsin, (c): Khd nang chiu muoi mat va
dich tuy. So'liéu 14 gid tri trung binh cua ba Iin phan tich Iip lai + do léch chudn. Cic gi tri trung binh
trong moi biéu do khong co cung chir cdi thi khac biét cé y nghia thong ké (p < 0,05). (M25: L.
fermentum M25; M38: L. fermentum M38; M44: L. fermentum M44).

3.1.2. Kha nang két dinh va bam dinh

Bang 1 thé hién tinh chat két dinh va bam
dinh dung moéi ctia cac chiang L. fermentum duoc
thong qua cac thtr nghiém tu két dinh, déng két
dinh va tinh ky nuéc. Sau 20 gio G, L. fermentum
M38 ¢ ty lé tu két dinh cao nhat (83,691 + 3,336%),
tiép theo 1a L. fermentumM44 (74,054 + 2,172%) va
thap nhat 1a L fermentum M25 (5,209 + 0,510%).
Ty 1é¢ phan tram dong két dinh cta cac ching L.
fermentum duoc khao sat voi cac chung vi khudn
E. coli tir 1,587 + 0,388% dén 7,100 = 0,274%, voi S.
aureus tir 5417 + 0,494% dén 18,974 + 0,349%
(trong d6 L. fermentum M25 la khong cé6 kha
nang két dinh voi S aureus) va véi S
typhymurium tir 5,891+ 0,559% dén 12,671+ 0,729%
(trong @6 L. fermentum M44 1a khéng c6 kha nang
két dinh voi S. typhymurium).

Tuong tu, L. fermentum M38 thé hién tinh ky
nudc cao nhat 1a doi véi chloroform (17,179 +
2,308%), voi xylene. Trong khi d6, L. fermentum
M44 c6 tinh ky nudéc cao nhat 1a 4,676 + 0,410%
trong cac ching duoc thit nghiém. Doi voi dung

moi ethyl acetate, tinh ky nuéc khong thé hién su
sai khac vé y nghia thong ké (p < 0,05) gitra hai
ching L. fermentum M38 (4,314 £+ 0,594%) va L.
fermentum M44 (3,104 + 0,563%).

Céc thit nghiém vé kha nang tu két dinh va
tinh ky nuéc duoc thuc hién nham danh gia mic
d6 bam dinh va tiém nang hién dién ctia cac ching
LAB trén té bao biéu mo rudt. Ty 1¢ tu két dinh
trén 50% duwgc xem la cao. Trong ba ching duoc
thit nghiém, hai chiang la L. fermentum M38 va L.
fermentum M44 cho thay kha niang tu két dinh
vuot muc nay (83,691 + 3,336% va 74,054 + 2,172%).
Trong khi do, ching Weissella confusa KR780676
duoc phan 1ap tir thyc phdm lén men truyen thong
cta An D¢ thé hién tinh ky nuéc rit cao (trén
90%), nhung lai c6 kha nang tu két dinh ¢ muic
thap dén trung binh (9,6 - 36,6%) [18].

Nhin chung, trong s6 ba chiing duoc nghién
ctru, kha nang két dinh va bam dinh dung moéi cia
ching L. fermentum M38 1a tuong d6i cao so voi 2
ching con lai (Bang 1).

Bang 1. Kha niing ti két dinh, dong két dinh va bam dinh dung méi cta cac ching LAB

, g . Chung LAB
STT Tinh chat probiotic
L. fermentumM25 | L. fermentumM38 | L. fermentum M44
Kha nang tur két dinh (%) 5,209° +£ 0,510 83,691*+ 3,336 74,054" + 2,172
2 Kha niang E. coli 1,816+ 0,176 7,100*+ 0,274 1,587+ 0,388
déng két S. aureus - 18,974*+ 0,349 5,417°+ 0,494
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dinh ctia vi S.
., 5,891+ 0,559 12,671°+ 0,729
khuan (%) | typhymurium
Tinh ky nuéc Xylene 3,355+ 0,399 3,780°+ 0,404 4,676*+ 0,410
3 |ctiabé matté| Chloroform 6,293"+ 0,304 17,179°+ 2,308
bao (%) Ethyl acetate 4,314*+ 0,594 3,104*+ 0,563

Ghi chu: SO liéu 14 gid tri trung binh cua ba lan phéan tich Iip lai + do léch chudn. Cic gid tri trung
binh trong moi hang khong co cung chir cdi thi khdc biét co y nghia thong ké (p < 0,05); (): Th€ hién sur

khong két dinh va ky nuoc.

3.1.3. Kha nang khdng khang sinh cua cdc
chiung LAB

Két qua & bang 2 cho thay, da s6 cac ching
LAB duoc khao sat nhay cam (NR) doi voi
ampicillin (trie L. fermentum M38 va L. fermentum
M44), chloramphenicol, clindamycin (triv L.
fermentum M25 va L. fermentum M44), penicillin
(tree L. fermentum M38 va L. fermentum M44),
tetracylin (trir L. fermentum M44). Cac chat khang
sinh  (gentamycin, Kkanamycin, streptomycin,
vancomycin) c6 kha niang khang lai vi khuan la
nhimg chat tc ché protein. Trong khi do, cac
chung vi khuin c6 kha nang khang lai khang sinh
thong qua trung gian glycopeptide [11].

Két qua nay kha phu hop véi cac két qua
nghién cttu vé kha niang khang khang sinh cta
LAB. Theo Oh va cs (2018) [11], bay ching LAB

(W. cibaria SCCB 2306, S. thermophilus SCML
337, E. faecium SC 54, S. thermophilus SCML 300,
P, acidilactici SDL 1402, P. acidilactici SDL1405, P,
acidilactici SDL 1406) déu nhay cam voi 10 loai
khang sinh la: Tetracycline, kanamycin,
erythromycin, gentamicin, clindamycin, penicillin
va chloramphenicol nhung khang véi streptomycin
va ampicillin.

C6 7 chung trong s6 9 ching duoc nghién cttu
khang it nhat mot loai khang sinh va 6 ching khang
da khang sinh. Ty 1¢ xuat hién cac ching khang
vancomycin, neomycin, gentamycin va streptomycin
lan luot 12 11,1%, 77,8%, 66,7% va 44,4% [20].

Tt két qua nay c6 thé thay rang, ca ba chiing
LAB duoc phan lap tir mam ro Hué c6 kha nang
khang khang sinh, dap ung duoc tiéu chi tuyén
chon lam probiotic.

Bang 2. Kha ning khang khang sinh ctia cic chiing LAB véi cac loai khang sinh

STT Loai khang sinh Ching LAD
L fermentumM25 | L. fermentum M38 | L. fermentum M44
1 Ampicillin (Am) NR R R
2 Chloramphenicol (CI) NR NR NR
3 Clindamycin (cL) R NR R
4 Erythromycin (Er) NR NR NR
5 Gentamycin (Ge) R R R
6 Kanamycin (Kn) R R R
7 Penicillin (Pn) NR R R
8 Streptomycin (Sm) R R R
9 Tetracylin (Te) NR NR R
10 Vancomycin (Va) R R R

Ghi chu: Khang: R (Resistant), khong khang: NR (Not Resistant).
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3.1.4. Kha nang irc ché vi khuan gy bénh

Hoat tinh khang khuén ctia cac ching cé tiém
nang probiotic 1a mot loi thé dé bo sung vao thuc
phdm. Thit nghiém hoat tinh d6i khang nham
kiém tra kha nang tc ché cac tac nhan gay bénh
co trong rudt (Bang 3). Dua trén vung tc ché
(mm), hoat tinh khang khuin dang ké da duoc
quan sat & cac chung L. fermentum MZ25, L.
fermentum M38 va L. fermentum M44 d6i voi cac
ching giy bénh dugc tht nghiém (E. coli, S.
aureus va S. typhymurium). L. fermentum M38 va
L. fermentum M44 cho thay hoat tinh tuong
duong, trong khi L. fermentum M25 cho thay hoat
tinh thap nhat. Hoat tinh khang khudn cua ching
LAB c6 thé 1a do ching c6 kha nang san xuat
bacteriocin [19]. Theo Islam va cs (2023) [21],
chung L. plantarum DMR14 thé hién mic do hoat

dong khang khudn khac nhau d6i voi sau loai vi
khuin gay bénh. Két qua cho thay, ty 1é tc ché
Shigella boydii 1a cao nhat (67,7%). Hoat tinh tc
ché tuong d6i yéu hon doi voi Pseudomonas sp.,
Aeromonas sp., S. aureusva khong tc ché dang ké
nao doi voi E. coliva Bacillus cereus. Bén canh d9,
Falfan-Cortés va cs (2022) [22] cing da nghién
citu khad ning wwc ché Escherichia coli
(O157:-H7E09), Listeria monocytogenes (ATCC
19115), Staphylococcus aureus (ATCC 25923) va
Salmonella enterica serotype typhimurium (ATCC
14028) cua cac chung Lacticaseibacillus paracasei
duoc phan lap tir ph6é mai Tenate.

Két qua ctia nghién cttu nay cho thay, tat ca
cac chung LAB déu co hoat tinh khang khuén.
Vong khang khu4n nam trong khoang 3,2 - 28 mm.

Bang 3. Kha ning khang khuén cta cac ching LAB

. Puong kinh vong vo khuan (mm)
STT Ching
E. coli S. aureus S. typhymurium
1 L. fermentum M25 ++ ++ ++
2 L. fermentum M38 +++ +++ +
3 L. fermentum M44 +++ +++ ++

Ghi chu: Mitc do xuat hién kha nang tinh khang khuan: (+): Puong kinh vong vo khuan < 5 mmy

(++): Puong kinh vong vo khuan tir 5 — 10 mmy; (+++): Puong kinh vong vo khuan > 10 mm.

3.2. Khao sat kha ning sinh téng hop GABA
cao ctia cac chiing LAB.

Ba ching L. fermentum M25, L. fermentum
M38 va L. fermentum M44 déu c6 kha ning sinh
téng hop GABA dang ké (Hinh 3). Trong do, L.
fermentum M38 cho ham luong GABA trong moi
truong nudi cay cao nhat (5,076 + 0,294 mM).
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Hinh 2. Vong khang khuén ciia ching L. fermentum M38
Ghi chu: (a): Vong khang E. coli; (b): Vong khang S. aureus; (c): Vong khang S. typhymurium

Kha nang san xuat GABA cua cac ching LAB
phu thudc vao hoat tinh ctia enzyme Glutamate
decarboxylase (GAD) cing nhu enzyme L-
glutamate dehydrogenase (GDH) [23], [24]. Su
khac biét vé hoat tinh ctia cac enzyme nay dan dén
st khac biét vé san luong GABA ctia cac chung.
Két qua nghién ctru cta Siragusa va cs (2007) [25]
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cho thdy, ham luong GABA khac nhau gitta cac
ching Lactobacillus paracasei P¥6, L. plantarum
C48 va L. delbrueckii subsp. bulgaricus PR1 phan
lap tir pho mat. Do @6, viéc sang loc cac tng ck
vién LAB tiém nang nhat dé tang cuong ham luong
GABA trong céac san pham thuc pham cu thé 1a rat
quan trong.
6

5,076%
|

[

= 3,381%

N

2,398°

w

Ham lugng GABA (mM)
N
T
o

a
T

o]

1 1 I
M25 M38 M44

Chiing vi khuén lactic
Hinh 3. Kha ning sinh t6ng hop GABA ctia cac
chiing LAB

Ghi chu: Cic t& bao duoc nudi trong moi
truong MRS ¢ mat do t€ bao ban diu 100 CFU/mL
co pH 6,2 ¢ 37C trong 24 gio. So liéu 1 gid tri
trung binh cua ba Iin phan tich lap lai + do léch
chudn. Cédc gid tri trung binh trong biéu do khong
co cung chir cdi thi khdc biét co y nghia thong ké
@ < 005. (M25: L. fermentum M25; M38: L.
fermentum M38; M44: L. fermentum M44).

Tém lai, trong so ba chiing duoc khao sat, dua
vao mot so tinh chat probiotic va kha nang sinh
tong hop GABA, L. fermentum M38 1a chiing co
hita hen nhat dé lam giong khoi dong trong lén
men in situ san xuat san pham thuc phdm lén men
co chtcc nang bao vé sutc khoé. Theo cac nghién
ctru da cong bo, cac ching thuoc loai L.
fermentum da duwoc st dung trong lén men thuc
phdm lam tang gia tri dinh dudong ctia san phdm
[26], [27].

4. KET LUAN

Ca ba ching LAB c6 kha nang song sot cao
trong diéu kién mo phong hé tiéu héa (kha ning
chiu axit, chiu pepsin, mudi mat va dich tuy).
Chung c6 kha niang tu két dinh trong khoang tir
5,209 + 0,510% dén 83,691+ 3,336%, kha nang dong
két dinh v6i vi khudn gay bénh (Staphylococcus
aureus, Escherichia coli va  Salmonella
typhymurium) va bam dinh véi dung moi

NONG NGHIEP VA MOI TRUONG - THANG 9/2025

(chloroform, ethyl acetate va xylene) lan luot la:
1,587 + 0,388% dén 18,974 + 0,349% va 3,104 +
0,563% dén 17,179+ 2,308%. Doi voi 10 khang sinh
dung trong nghién cttu, chi c6 chloramphenicol va
erythromycin 14 ca ba chiing déu nhay cam. Trong
khi do, tetracycline khong khang béi hai chung L.
fermentum M25 va L. fermentum M38. Ampicillin
va penicillin khong khang boi L. fermentum M25,
d6i voi clindamycin chi khang boi L. fermentum
M38. Chung L. fermenfum M38 c6 tiém nang
probiotic tot hon so v6i hai chiing con lai. Ching
nay con c6 kha nang sinh téng hop GABA cao
nhat (5,076 + 0,294 mM) nén c6 thé dugc chon dé
ung dung trong san xuat thuc phdm lén men.
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SCREENING OF PROBIOTIC AND GABA-PRODUCING POTENTIAL
OF Lactobacillus fermenturm M38 STRAINS, AIMING FOR APPLICATION
IN FUNCTIONAL FOOD FERMENTATION

Tran Thanh Quynh Anh’', Vo Van Quoc Bao!, Do Thi Bich Thuy®

! Faculty of Engineering and Food Technology,

University of Agriculture and Forestry, Hue University

?School of Engineering and Technology, Duy Tan University
Abstract

Currently, consumers tend to be interested in natural and healthy foods, with lactic acid bacteria
(LAB) playing a very important role. In this study, Lactobacillus fermentum M38 was suggested
as a starter culture for in situfermentation to produce a probiotic and GABA-rich food, among
three LAB strains isolated from "mam ro" (fermented fish paste). Therefore, all three strains
were investigated for their probiotic potential and GABA biosynthesis capability. The results
showed that all three LAB strains exhibited high survival rates under simulated gastrointestinal
conditions and pancreatic juice). Additionally, they demonstrated autoaggregation abilities
ranging from 5.209% +0.510% to 83.691% + 3.336%, coaggregation with pathogenic bacteria
(Staphylococcus aureus, Escherichia coli and Salmonella typhimurium) and adhesion to solvents
(chloroform, ethyl acetate and xylene) of 1.587% + 0.388% to 18.974% + 0.349% and 3.104% + 0.563%
to 17.179% + 2.308%, respectively. Among the 10 antibiotics tested, only chloramphenicol and
erythromycin showed sensitivity across all three strains. Meanwhile, tetracycline was not
resisted by L. fermentum M25 and L. fermentfum M38. Ampicillin and penicillin were not resisted
by L. fermentum M25, while clindamycin was only resisted by L. fermentum M38. These findings
suggest that these three LAB strains are promising probiotic candidates. Considering all
probiotic properties, L. fermentum M38 showed relatively higher potential compared to the other

two strains.

Furthermore, it demonstrated the highest GABA biosynthesis capability

(5.076 £ 0.294 mM). Therefore, this strain can be selected for application in fermented food
production. The results of this study lay the groundwork for the application of beneficial

microorganisms in food technology.

Keywords: Lactic acid bacteria, probiotic, autoaggregation, coaggregation, antibiotic resistance.
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TOM TAT

Hat thanh long ru6t dé 1a nguon nguyeén lieu giau lipid va cac hop chat c6 hoat tinh sinh hoc,
thich hop cho qua trinh trich ly dau. Phuong phéap enzyme duoc danh gia 1a than thién véi moi
trueong, hiéu qua cao va bao toan tot cac hop chat hoat tinh sinh hoc so voi cac phuwong phap trich
ly truyén thong nhu: Dung moi hitu co hay ép co hoc. Muc dich ctia nghién cttu nham xac dinh
anh huong cta diéu kién trich ly bao gém nong do enzyme Viscozyme L. (1,0; 1,5; 2,0; 2,5%) va
pH dich trich (3,5; 4,0; 4,5; 5,0) dén hiéu qua trich ly, ham luong cac hop chat cé hoat tinh sinh
hoc (vitamin E, TPC, DPPH), thanh phan axit béo va cac chi tiéu chat luong (peroxide, axit) ctua
dau. Két qua nghién ctru cho thay, dau hat thanh long ruot dé duoc trich ly bang enzyme
Viscozyme L. voi ti 1é b6 sung 1,5% va pH dich trich 4,0 dat hiéu suat thu héi 1a 73,41%, dong thoi,
ham luong TPC va vitamin E 1an luot 1a 0,35 mgGAE/g va 1.879,53 mg/kg. Dau thu duogc chira
80,41% axit béo chua bao hoa, trong do6 axit linoleic chiém 55,31%. Ngoai ra, cac chi tiéu chat
luong nhu: Chi s6 peroxide, chi s6 axit déu nam trong gi¢i han cho phép. Tt d6 cho thdy, tiém
niang ung dung cta dau hat thanh long trong thuc phdm, duwoc phdm do c6 chia gia tri dinh

duong va kha nang chong oxy hoa tot.

Tt khéa: Dau hat thanh long, enzyme, pH, trich ly.

1. DAT VAN BE

Thanh long duogc trong phé bién & Viét Nam,
ca nudc c¢6 hon 64 nghin ha tréong cay thanh long
tai 63/63 tinh [1]. Trong qua thanh long phan thit
qua chiém khoang 66,2 - 67,4%, phan vo chiém
khoang 24,5 - 25,2% va hat chiém khoang 7,9 - 8,6%
[2]. Trong qua trinh ché bién, mot phan 16n cac
phu phdm nhu vo, hat sé duoc thai ra. Néu tan
dung duoc ngudn phu phdm nay thi ngoai viec gop
phan lam gidm 6 nhiém moi truong con lam ting
gi4 tri kinh té cho qua thanh long. Hat thanh long
c6 chira ham luong dau kha cao (31 - 34%) [3]. Dau
hat thanh long 1a ngudén cung cap nhiéu hop chat
chtc nang rat tot doi voi sic khoe, dau hat thanh
long c6 chtta luong 16m axit béo thiét yéu, tham chi
cao hon ca luong axit béo trong dau 6 liu [4, 5] va
dau me [6]. Dac biét, axit linoleic (C18: 2) chiém
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45 - 55% va axit oleic (C18: 1) chiém 18 - 24% [7].
Axit linoleic c6 tac dung chong ung thu tuyén tién
liet, phong tranh béo phi, chong 1ao héa, chong tia
tlt ngoai va cai thién sung viém. Axit oleic cé tac
dung gidm huyét ap, cdu thanh myelin trong he
than kinh, t6t cho hé tiéu hoa [8]. Bén canh do,
dau tir hat thanh long c6 chira luong dang ké hop
chat tocopherol [7]. Tocopherol duoc xem nhu la
mot chat chong oxy hoda tu nhién, c6 thé duoc tim
thay trong hau hét cac thuc phdm c6 ngudn goc
thuc vat dudi cac dang cau truc khac nhau, phd
bién la dang o- va y-tocopherol [9]. Trong do, a-
tocopherol 1a chat chong oxy hoa tot nhat trong co
thé nguoi va n6 cing la mot hop chat hitu co sinh
hoc rat c6 loi ich cho sttc khoé nhu gitp gidm
nguy co bénh mach vanh [10]. y-tocopherol co
nhimng tac dong tich cuc dén sic khoé nhu tinh
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khoé nhu tinh chéng viém va giam nguy co bénh
tim mach va ung thu [11].

Trong cac phuong phap trich ly dau tui thuc
vat, phuong phap trich ly bang enzyme dang duoc
chd y nho kha nang cai thién hiéu qua trich ly, bao
vé duoc cac duong chat co trong dau va giam thiéu
viéc stt dung cac hoa chat doc hai. Phuong phap
nay st dung cac enzyme dé phan hiy té bao trong
hat, giup giai phong dau mot cach toi wu. Tuy
nhién, hiéu qua cta qua trinh trich ly phu thuoc
vao nhiéu yéu to, bao gom: Loai enzyme, nong do
enzyme, pH dich trich, nhiét d¢ va thoi gian trich
ly. Mac du c6 nhiéu nghién ctru vé viec st dung
enzyme trong trich ly dau tir cac loai hat khac,
nhung viéc ap dung phuong phap nay doi voi hat
thanh long ruot dé van con han ché. Thanh phan
va cau trac cta hat c6 dau rat phtc tap, do do viec
stt dung hon hop cta hai hodc nhiéu loai enzyme
c6 tac dung hiép dong c6 thé lam gia tang hiéu
qua cua qua trinh trich ly [12]. Viscozyme L. la
mot hon hop enzyme tiét ra tix Aspergillus
aculeatus voi cac hoat tinh ctia cac enzyme nhu:
Xylanase, arabanase, B-glucanase, hemicellulase va
cellulase [13]. Muc tiéu ctia nghién cttu nay la xac
dinh anh hudng ctia nong do6 enzyme Viscozyme
L. va pH dich trich dén hiéu qua trich ly dau hat
thanh long ruot d6. Bén canh do6, cac chi tieu vé
ham luong cac hop chat cé hoat tinh sinh hoc
(vitamin E, TPC, DPPH), thanh phan axit béo
trong dau va céac chi tiéu chat luong khac ctia dau
nhue mau sic, chi s6 peroxide, chi s6 axit ciing
duoc xac dinh.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ctu

Hat thanh long ruot dé duwoc thu nhan tir Cong
ty ché bién nudc thanh long tai huyén Phung Hiép,
tinh Hau Giang duoc van chuyén vé dén phong thi
nghiém. Hat thanh long duoc lam sach, siy kho &
nhiét do 60°C trong thoi gian 8 gid, 30 4m hat < 5%
va bao quan ¢ nhiét do -20°C dé stt dung trong cac
thi nghiem [3]. Ché phdm enzyme sit dung trong
nghién cttu la enzyme Viscozyme L. dang dung
dich c6 mau nau, duoc san xuat tir nAm Aspergillus
aculeatus voi hoat tinh enzyme ban dau la 100
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FBG (Fungal Beta-Glucanase unit) /g (Novozyme,
Pan Mach).

2.2. Bo tri thi nghiém

221 Khdo sit dnh huong cua nong do
enzyme Viscozyme L. b6 sung dén hiéu qua trich
Iy va chat Iuong dau hat thanh long

Can chinh xac 200 g hat thanh long da duoc
nghién cho vao coc thay tinh 1.000 mL, sau d6 cho
nudc cat vao voi ti 1é hat thanh long/nuoc 1a 1/3.
Enzyme Viscozyme L. duoc bé sung vdi céc ti le
khac nhau 1a: 1,0; 1,5; 2,0; 2,5% (w/w). Hon hop
sau khi b6 sung enzyme duoc khudy déu va u &
nhiét do 50°C trong thoi gian 120 phut. Tiép do,
hon hop duoc nang nhiét dén nhiét do 90°C trong
thoi gian 5 phut dé vo hoat enzyme va lam nguoi
nhanh dén nhiét do moi truong. Ti€p theo, hon
hop duoc ly tam voi téc do 10.000 rpm trong 5
phut. Sau khi ly tAm, mau duoc tach thanh 3 16p:
trén cung la dau hat thanh long, gitra 12 nudc, dudi
cung 1a xac hat thanh long. Dau duoc thu nhan, loc
chan khong va siy & nhiet do 70°C trong thoi gian
3 gio dé loai nudc con sot lai. Xac dinh hiéu suat
thu héi dau hat thanh long va phan tich cac chi
tieu chat luong bao gom ham luong polyphenol
tong so (TPC), kha nang loai boé goc tu do DPPH,
chi s axit, chi s6 peroxide, mau sic (hé mau L',
a,b).

2.2.2. Khao sat anh huong pH cua dich trich
dén hiéu suét trich ly va chat luong dau hat thanh
long

Hat thanh long dwoc chudn bi tuong tu nhuw
noi dung 2.2.1. pH dich trich duoc diéu chinh lan
luot voi cac muc: 3,5; 4,0; 4,5; 5,0 stt dung HC1 1IN
va NaOH 1IN. Enzyme Viscozyme L. duoc b6 sung
voi ti e thich hop tir két qua noi dung 2.2.1. Cac
cong doan tiép theo va chi tiéu theo doi tuong tu
nhw noi dung 2.2.1.

2.3. Phuong phap phan tich

Hiéu suat thu héi duoc tinh bang cong thuc:
&-100, trong d6: m, la khéi luong dau thu
mcb
duoc, m,, 1a khoi luong chat béo cé trong nguyén
lieu. Mau sic duoc do truc tiép bang may do mau
Konica Minolta CR-410 v6i hé mau Lab. Ham
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luong polyphenol tong s6 (TPC) duoc xac dinh
dua tréen phan tmg khtt cua thudc tht Folin-
Ciocalteu hap thu anh sang cuc dai & budc song
765 nm [14]; kha nang loai goc te do DPPH duoc
x4c dinh bang phan tng tiép xuc voéi cac chat
chong oxy hoa nhu hop chat phenol, 2,2-diphenyl-
1-1picrylhydrazyl (DPPH) sé nhan hydro va bi khi
lam chuyén mau dung dich tir mau tim sang mau
vang sang, va duoc do quang phé & buodc song 517
nm [15]; ham luong vitamin E duoc xac dinh dua
tréen phan tmg lén mau cta vitamin E v6i thuoc
tht gom FeCl, va 22 dipyridin (hoac
ophenantrolin), vitamin E sé khit Fe* thanh Fe* va
Fe** phan ung voi 2,2-dipyridin  (hodc
ophenantrolin), tao mot hop chat mau dé hap thu
cuc dai & budc song 520 nm [16]. Chi so6 axit duoc
xac dinh theo TCVN 6127:2010 [17]; chi so
peroxide duwoc xac dinh theo TCVN 6121:2018
[18].

Thanh phan axit béo trong dau hat thanh long
duoc xac dinh bang phuong phap sac ky khi ghép
khoi pho (GC-MS), bao gom 2 budc theo phuong
phap cta Liaotrakoon va cs (2012) [19], Phan Thi
Thanh Qué va cs (2018) [3] c6 su diéu chinh:

Budc 1: Methyl ester hoa cac triacylglycerol
(TAG)

Cac TAG trong dau duoc chuyén thanh cac
methyl ester cta cac axit béo (FAME) tuong ting
bang cach hoa tan 250 mg (can chinh xac dén 0,1
mg) trong 9 mL n-hexane va cho phan ung véi 1
mL dung dich KOH 2N trong methanol. Hén hop
duoc lac khoang 30 giay, sau d6 dé on dinh. Lay 1
mL 16p n-hexane phia trén cho vao lo vial GC.

Budc 2: Xac dinh thanh phan hon hop methyl
ester

Thanh phan methyl ester cia cac axit béo
duoc phan tich bang phuong phap sic ky khi 8860
voi dau do khoi pho MSD 5977B ctia hang Agilent
Technologies (My), v6i c6t mao quan HP-Sms
thanh phan pha tinh 5% phenylmetylsiloxan (30 m
x 0,25 mm x 0,25 pm). Heli duoc st dung lam Kkhi
mang voi toc do dong 1 mL/phut, luong mau bom
vao cot 1a 1 pL, ti 1é chia dong 5: 1. Chuong trinh
nhiét @ nhu sau: Nhiét do dau 60°C, toc do gia
nhiét 4°C/phat dén 250°C. Thanh phan axit béo
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duoc xac dinh thong qua cac dinh cua phd doé
tuong tng voi khoi luong phan tir c6 trong thu vien
phé NIST 20 di kem voi hé thong GC-MS.

2.4. Phuong phap xtt Iy s6 lieu

S6 lieu duoc thu nhan va xtt ly thong ke thong
qua phan tich phuong sai ANOVA tir chwong trinh
Statgraphics Centurion 15.1 dé kiém tra sy khac
biét y nghia gitta cac nghiém thic thong qua LSD
(Least Significant Difference). Két qua nghién cttu
duoc trinh bay dudi dang trung binh + do léch
chuén (mean + SD).

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. C4c thanh phén dic tinh co ban trong
nguyén liéu hat thanh long

Phan tich dac diém co ban ctia nguyeén liéu la
mot trong nhitng budc co ban va quan trong trudc
khi thuc hién thi nghiém. Theo két qua nghién
ctu cta Phan Thi Thanh Qué va cs (2024) [20]
cho thay, hat thanh long stt dung trong nghién cttu
c6 ham lwong chat kho téng so6 trong hat dat
95,70% va ham luong chat béo téng s6 cao
(31,82%), tuong dong voi két qua nghién ctru cia
Liaotrakoon (2013) [7]. Bén canh d6, hat thanh
long ruot dé la nguodn giau vitamin E va TPC cao,
lan luot 1a 2.918,72 mg/kg va 1,07 mgGAE/g chat
kho. Déng thoi, hoat tinh chong oxy hoéa cta hat
thanh long ruot @6 duoc danh gia théng qua kha
nang khtt goc tu do DPPH, ¢ muc rat cao (87,71%).

3.2. Anh huéng ciia ndng @9 enzyme bé sung
dén hiéu sudt trich ly va chat luong dau

Néng do enzyme bé sung anh hudng dén chat
luong ctia dau hat thanh long. Két qua duoc thé
hién & bang 1.

Két qua & bang 1 cho thay, khi ty 1é enzyme
b6 sung tang tir 1 - 2,5% thi chi so6 peroxide dao
dong trong khoang 9,0 - 12,75 mEqO,/kg, tuy
nhién khac biét khong co y nghia thong ke (p >
0,05). Két qua nay nam trong gioi han cho phép
theo TCVN 7597:2018 quy dinh chi s6 peroxide t6i
da d6i voi dau chuwa qua tinh luyén 1a 15
mEqO,/kg dau [21]. Nghién ctru cta Najafian va
cs (2009) [22] doi voi qua trinh trich ly dau 6 liu
bang enzyme ciing cé két qua twong tu, ndbng do
enzyme khong anh huéng dén ham luong
peroxide cua dau. Két qua nay cao hon so voi dau

NONG NGHIEP VA MOI TRUONG - THANG 9/2025



KHOA HOC & CONG NGHE

trich ly biang n-hexan (6,0 mEqO,/kg dau) va
ethanol (3,8 mEqO,/kg dau) [20]. Nghién ctru ctia
Boyapati va cs (2023) [23] ciing co két qua tuong
tu, chi so peroxide ctia dau hat thanh long rugt do

trich ly bang n-hexan 1a 3,16 mEqO,/kg dau. Diéu
nay c6 thé do hoat dong cta lipase trong hat hoat
dong & giai doan gia nhiét trong quy trinh trich ly
bang enzyme [24].

Béng 1. Anh hudng ciia néng d6 enzyme bd sung dén chi sé peroxide va

chi s6 axit ctia diu hat thanh long

iggfnfeo pgr}:;ige Chi 6 axit TPC DPPH Vitamin E
% (mEqO,/kg) (mgKOH/g) | (mgGAE/g) (%) (mg/kg)
1,0 9,00+£212" | 2,87+0,08 | 0,17+0,01° | 49,44 +1,54™ | 1.390,10 + 8,19
1,5 13,00 354" | 272+0,04> | 020+000° | 46,03+ 1,06™ | 1.542,14 + 10,24°
2,0 12,75+3,18" | 275+0,00° | 021+0,00° | 49,06+ 293" | 1.520,42 + 16,38
2,5 1275+ 1,77 | 2,67=0,04> | 022+0,02 | 51,05+4,24"™ | 1.516,36 + 14,74°

Ghi chu: Cdc chir cdi khdc nhau (a, b, c...) trong cung mot cot thé hién sur khdc biét co y nghia thong

ké voi do tin cdy 95%, ns: Khong khac biét.

Khi thay d6i nong do enzyme tir 1 - 2,5% thi
chi s6 axit ctia dau hat thanh long thay déi, khac
biét c6 y nghia thong ke (p < 0,05). Chi s6 axit ctia
dau hat thanh long c6 gia tri cao nhat & nong do
enzyme 1,0 - 2,87 mgKOH/g. Két qua nay nam
trong gi6i han cho phép theo TCVN 7597:2018
[21], quy dinh chi s6 axit toi da doi voi dau chua
qua tinh luyén 1a 4 mgKOH/g. Két qua nay nguoc
lai so voi két qua nghién ctu cta Najafian va cs
(2009) [22] cho thay, khi thay d6i nong do enzyme
doi voi qua trinh trich ly dau 6 liu bang enzyme da
dua ra két luan khong c6 su khac biét dang ké nao
duoc ghi nhan vé chi s6 axit. Chi s6 axit giam khi
ting néng do enzyme b sung co6 thé 1a do & nong
do enzyme cao sé giup gidi phong nhiéu cac hop
chat choéng oxy héa cé trong dau nhu phenolic,
vitamin E (Bang 3 va 4). Nhimg hop chat nay co
tinh chong oxy hoéa cao 1am cho chi s6 axit trong
san pham thap.

Noéng d0 enzyme c6 anh hudong dén thanh
phan cac hop chat cé hoat tinh sinh hoc va kha
nang chong oxy hoéa ctia dau hat thanh long. Khi
nong do enzyme tiang tir 1,0 - 1,5% thi ham luong
TPC va vitamin E c6 xu huong ting dan, khac biét
c6 y nghia thong ke (p < 0,05). Tuy nhién, khi tiép
tuc tang ti lé enzyme b6 sung thi khong co su khac
biét dang ké gitta cac nghiém thirc (p > 0,05). Ham
luong TPC va vitamin E dao dong lan luot trong
khoang 0,17 - 0,22 mg GAE/g va 1.390,10 -
1.542,14 mg/kg. Két qua nay cho thay, ham luwong
vitamin E trong dau hat thanh long trich ly bing

enzyme cao hon so v6i dau hat thanh long trich ly
bang dung moi n-hexane 892,44 mg/kg va dau hat
thanh long trich ly c6 su hd tro ctua 10 vi song
1.050,37 mg/kg [23]. Két qua nay tuong tu voi két
qua nghién cttu ctia Latif va Anwar (2009) [25] khi
stt dung enzyme dé trich ly dau hat huéng duong
cho thdy, ham luong vitamin E (833 - 842 mg/kg)
cao hon so véi trich ly bang dung moéi n-exane (799
mg/kg), do nhiét do cao hon trong qua trinh trich
ly ddu bing dung moéi lam gidm ham luong
tocopherol trong dau. Nguoc lai, két qua nghién
ctru ctia Nyam va cs (2009) [26] cho thay, ham
luong vitamin E trong dau dua Kalahari thu dugc
khi trich ly biang enzyme thap hon so véi phuong
phap trich ly bang dung moi. Két qua khac biét
khong co y nghia thong ké (p > 0,05) vé kha nang
loai goc tw do DPPH & cac nong do enzyme khac
nhau, kha nang loai bé goc tu do DPPH dao dong
trong khoang 46,03 - 51,05%. Trong nghién ctu ctia
Boyapati va cs (2023) [23] thi kha nang loai bé goc
te do DPPH cta dau hat thanh long trich ly bang
10 vi séng co gia tri la 68,4% cao hon so voi trich ly
dau hat thanh long bang enzyme. Khong cé dix
lieu duoc bao cao trudc day vé cac thong s6 DPPH
ctia dau hat thanh long trich ly bang enzyme dé so
sanh.

Thanh té€ bao thuc vat bao gom cellulose,
hemicellulose va pectin ngan can qua trinh giai
phong dau ciing nhu sy xAm nhap ctia dung moi.
Enzyme Viscozyme L. tac dong lén céc lien két C,
C-C va nhom CH, ¢ cellulose; liéen két C-O, O-C-O
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& hemicellulose va cac lién két C-O va C-C & pectin
[27]. Xtt ly enzyme lam tang kha ning pha huy té
bao, tang kha nang hoa tan, giam do nhot caa
dung dich va giai phong cac hop chat co hoat tinh
sinh hoc [28, 29]. Khi co chét tiép xuc voi enzyme,
pha vo thanh té bao sé phong thich phenolic tit cac
hop chat phenol & dang lien két, c6 su chuyén hoa
cac hop chat phenolic & dang khong hoa tan thanh
hoa tan, c6 su phan hiy cta lignin dan dén phong
thich dan xuat axit phenolic hodc lam phat sinh
thém phenolic méi, lam ting ham lwong TPC
trong dau hat thanh long [30]. Khi cac diéu kién
khac duoc gitr can bang, toc do phan tmg phu
thuoc vao nong do enzyme. Khi nong do enzyme
tang thi sé lam tang phan tng gitta enzyme va co

chat ting giup gidi phong cac polyphenol,
tocopherol c6 trong hat thanh long. Nhung khi
tiép tuc gia ting néng do enzyme thi ham luong
TPC, vitamin E khong thay déi do ndong do
enzyme da dat muc bao hoa voi néng do co chat
[31]. Trong mot so truong hop, su gia ting luong
tocopherol va cac thanh phan hoat tinh sinh hoat
khac trong dau trich ly bang enzyme c6 thé 1a do
giam su tao phttc ctia cac hop chat polysaccharide
cua hat va do d6 taing cuong phan chia thanh pha
dau [27].

Bén canh cac chi tiéu héa hoc thi mau sac va
hiéu suat thu héi ciing duoc danh gia. Két qua thé
hién & bang 2.

Bang 2. Anh hudng ciia nong d6 enzyme bé sung dén hiéu suat thu hdi va mau sic ctia dau

Néne d6 enzvime Hiéu suat thu hoi trén
£ doenzy L a b’ ham luong chat béo tong
(%) B
s0 (%)

1,0 51,54 +£0,43™ | 2,70 +0,79™ 9,42 +1,59™ 55,11 + 0,44°
1,5 52,15+ 0,20™ | 3,08 £0,22™ 10,56 + 1,08™ 73,41 + 5,42°
2,0 50,43 +2,18™ | 2,87 £0,57™ 9,86 + 0,08 68,14 + 2,15
2,5 47,92 + 432" | 2,43 +0,53™ 10,42 + 3,16™ 53,64 + 0,18"

Ghi chu: Cdc chir cdi khdc nhau (a, b, c...) trong cung mot cot thé hién sur khdc biét co y nghia thong

ké voi do tin cdy 95%, ns: Khong khac biét.

Mau sac ctia san pham duoc thé hién qua gia tri
do sang L', d0 mau a’ (tr mau xanh 1a () dén do
() vab’ (tr xanh duong () dén vang (+)). Két qua
bang 2 cho thdy, nong do enzyme b6 sung khong
anh huéng dén gia tri L', a’, b’, khac biét khong c6
y nghia thong ké (p > 0,05). Mau sac cta dau chi bi
anh huéng béi phuong phap trich ly. Theo
Sonawane va Arya (2017) [32] thi dau hat thanh
long trich ly theo tat ca cac phuong phap déu co
mau vang, nhung dau thu duoc tir trich ly bang chat
long siéu t6i han c6 mau nhat hon nhiéu. Trong
nghién ctru cta Latif va Anwar (2009) [25] mau sac
(don vi mau do, mau vang) trich ly dau hat huong
duong bang enzyme thap hon so voéi trich ly bang
dung moi. Gia tri mau cao hon trong cac loai dau
duoc trich ly bang dung moéi c6 thé 1a do kha niang
hoa tan cac sic to trong dung moi tot hon nhuw
caroten va diép luc. Cuong do mau thap cta cac
mau trich ly bang enzyme 1a thuan loi vi viec tdy
trang dau trong qua trinh tinh luyén c6 thé khong
can thiét, giap lam giam chi phi [26].
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Hiéu suat thu hoéi dau ting tir 55,11 - 73,41%
khi nong do enzyme tang tir 1,0 - 1,15%, khac biét
c6 y nghia thong ké (p < 0,05). Tuy nhién, khi ti€p
tuc ting nong do6 enzyme bd sung dén 2,5% thi
hiéu suat trich ly dau hat thanh long giam, khac
biét c6 y nghia thong ke (p < 0,05), khong co khac
biét y nghia thong ké gitra néng do enzyme bd
sung 2% va 2,5%. Diéu nay c6 thé do ndéng do
enzyme cao c6 thé dan dén viéc trich ly cac thanh
phan khong mong mu6n nhu duong hoa tan, do d6
han ché giai phong dau [33]. C6 thé giai thich theo
phuong trinh MichaelisMenten, khi néng do
enzyme cang tang thi toc do phan tng ctia enzyme
cling tang, néu luong enzyme it chua da dé thuy
phan toan bo co chat dan dén hiéu suit thu hoi
thap va toc do phan tmg dat t6i da khi tat ca
enzyme déu két hop voi co chat. Bén canh dd, khi
toc do thuy phan dat cuc dai néu ting luong
enzyme thi sé c6 tac dung nguoc, béi vi khi ndng
do enzyme 16n lam cho dung dich thiy phan bi
dac lai sé gay can tré enzyme tiép xuc voi co chat
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dan dén qua trinh thiy phan dién ra cham nén tao
san phdm it hon [34].

3.3. Anh hudng ctia pH dich trich d&n hiéu
qua trich ly ddu hat thanh long va chat luong dau

Két qua anh huong cta pH dich trich dén chi
sO peroxide, chi s6 axit va ham luong cac chat co
hoat tinh sinh hoc ciing nhu kha niang chéng oxy
hoéa cta dau hat thanh long duoc trinh bay & bang 3.

Béng 3. Anh hudng ctia pH dich trich dén chi s6 peroxide va chi 6 axit ciia diu hat thanh long

oH Chi s6 peroxide Chi s6 axit TPC DPPH Vitamin E
(mEqO,/kg) (mgKOH/g) (mg GAE/g) )] (mg/kg)

3,5 14,12+ 0,18 3,03+ 0,19™ 0,20 £0,01°¢ 48,71 £1,51™ 1.436,43 + 4,10°

4,0 12,23 + 0,32 2,75+ 0,11 0,27 +0,03" 48,63+ 1,83 | 1.642,05+ 4,10

4,5 10,57 + 0,04° 2,88 + 0,26™ 0,35+ 0,06* 50,67 + 1,04™ 1.879,53 + 8,19*

5,0 10,65 + 0,05" 2,67 £ 0,35 0,18 +£0,02¢ 49,81 £0,16™ | 1.463,94 + 10,24¢

Ghi chii: Cdc chir cdi khdc nhau (a, b, c...) trong cung mot cot thé hién sur khdc biét co y nghia thong

ké voi do tin cay 95%, ns: Khong khac biét.

Két qua & bang 3 cho thdy, pH dich trich c6
anh huong dén ham luong TPC va ham luong
vitamin E ctia dau hat thanh long. Ham luong TPC
tang 1én cung voi su tang pH dich trich tir 3,5 - 4,5
tuong tng voi gia tri ham lwong TPC thu duoc
tang tr 0,20 mgGAE/g 1én 0,35 mgGAE/g. Tuy
nhién, khi pH dich trich tiép tuc tang lén 5,0 thi
ham luong TPC thu duwoc giam 0,18 mgGAE/g,
khac biét khong c6 y nghia thong ke so voi pH 3,5
va pH 4,0. Him luwong vitamin E trong dau hat
cling c6 xu huéng ting dan va dat cao nhat & gia
tri pH 4,5 (1.879,53 mg/kg). Ban chat ctia enzyme
la mot protein nén pH anh huéong dén kha nang
tich dién tr do dan dén muc do hoat dong cua
enzyme. Két qua nay cho thay & pH 4,5 enzyme
hoat dong manh phéan hiy té bao nhiéu giup giai
phong nhiéu TPC va vitamin E. Hop chat
polyphenol 1a nhing chat chong oxy hoa manh
nén dé oxy & pH cao, pH théap tic ché qua trinh oxy
hoa ctia hop chat polyphenol va ham lwong thu
duoc cao hon. Polyphenol phan cwc manh, cang
khong bén trong moi truong axit manh. Do do,
kha nang khang oxy ting 1én la do ting ham luong
axit phenolic va giam ham luong polyphenol
khong bén trong axit [35].

Kha niang loai bo goc tw do DPPH phu thugc
vao ham luong cac chat chong oxy hoa cé trong
san phdm nhu TPC va vitamin E. Khi thay d6i pH
dich trich nhan thay kha nang loai bé goc tu do
DPPH dao dong trong khoang 48,63 - 50,67%, khac
biet khong c6 y nghia thong ke (p > 0,05). Két qua

NONG NGHIEP VA MOI TRUONG - THANG 9/2025

nghién ctru nay thap hon so voi dau hat bi ngo
(52,21%) duoc trich ly biang phuong phap ép lanh
[36].

Chi so peroxide ctia dau hat thanh long c6 xu
huong giam khi pH tang dan tir 3,5 - 5,0, khac biét
c6 y nghia thong ké (p < 0,05). Piéu nay co thé
duoc giai thich, khi ta tang pH dich trich lén dén
khoang pH toi thich ctia enzyme Viscozyme L. thi
sé giup gidi phong cac hop chat phenolic,
tocopherol 1a nhimg hop chat chéng oxy hoéa. Tuy
nhién, két qua ndy van nidm trong giéi han cho
phép ctia TCVN 7597:2018 [21]. Dong thoi, chi so
peroxide cia dau hat thanh long thu duoc tir két
qua nghién cttu nay thdp hon so v6i chi so
peroxide trong dau 6 liu (8 - 15 mEqO,/kg dau),
dau hat dau tay va dau hat qua mam xoi do (26 - 43
mEqO,/kg dau) [37]. Tuy nhién, chi s6 peroxide
ctia dau hat thanh long lai cao hon so véi dau hat
qua mam x06i den (0,6 mEqO,/kg dau).

Chi s6 axit dao dong trong khoang 2,67 - 3,03
mgKOH/g, khac biet khong c6 y nghia thong ké
(p > 0,05). Két qua nay nidm trong gi6i han cho
phép theo TCVN 7597:2018 [21]. Tir d6 c6 thé
khéng dinh, hat thanh long 12 mot loai nguyén liéu
tot, chi so axit thap chung té trong dau hau nhu
khéng c6 mat ctia cac axit béo tu do phan t nho
dé gay 6i hong dau.

pH dich trich 4nh hudéng dén mau sic (L, a’,
b") va hiéu suit thu héi cta dau. Két qua duoc
trinh bay & bang 4 va hinh 1.
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Béng 4. Anh huéng ctia pH dich trich dén mau sic (L', a*, b") va hiéu suat thu hdi ctia diu

oH L+ o b Hiéu sué{tlthu h(‘)iﬁ trén hém
lwong chat béo tong so (%)

3,5 47,72 +0,12¢ 3,70 + 1,58 11,81+ 1,10° 60,73 + 2,37°

4,0 52,57 + 0,80? 3,24 + 0,45™ 10,55 + 1,08 73,41 £ 5,42°

4,5 51,48 + 0,23* 1,86 £ 0,32™ 10,66 + 0,39* 66,53 + 0,93

5,0 49,69 + 0,30 2,18 £ 0,06™ 8,26 + 0,01° 49,16 + 0,40°

Ghi chu: Cidc chir cdi khdc nhau (a, b, c...) trong cung mot cot thé hién s khédc biét ¢ y nghia thong ké

voi do tin cdy 95%, ns: Khong khac biét.

1/2 (; |M

' ' | A3 (1

Hinh 1. Hinh anh minh hoa d4u hat thanh long véi
pH dich trich thay d4i tir trai sang phai 1an heot 1a:
3,5;4,0;4,5; 5,0

Két qua thong ke & bang 4 va hinh 1 cho thay
pH dich trich c6 anh huong dén gia tri L" va b” cta
dau hat thanh long sau khi trich ly, khac biét c6 y
nghia thong ké (p < 0,05). Cu thé, khi pH dich
trich ctia dau hat thanh long tir 4,0 - 4,5 déu cho
gi4 tri @0 sang L’ va gid tri b” cao, khac biét khong
c6 y nghia thong ké (p > 0,05), cho dau c6 mau
vang sang, day 1a mau sic co ban cta dau. Co thé
noi & pH tt 4 - 4,5 thich hop cho enzyme
Viscozyme L. hoat dong giup giai phong cac
lipochrom mau vang va xanh luc (caroten va chat
diép luc) tir mo thuc vat, do d6 lam tang kha nang
hoa tan va ham luong cta ching trong dau.

Hiéu suat thu héi tang khi pH cta dich trich ly
tang tir 3,5 - 4,0; tuy nhién, khi pH tiép tuc ting thi
hiéu suat c6 xu huéng giam. pH moi truong c6 anh
huéng dén muc do ion hoa cia co chat va do bén
cua enzyme. Trung tim hoat dong ctia enzyme
duoc hinh thanh tit nhitng nhom chirc ¢6 kha nang
ion hoa. Khi pH qua thap hodc qua cao lam thay
d6i su tich dién cia phan tit enzyme va ca co chat.
Sy thay d6i dien tich nay c6 thé lam bién tinh cac
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cau truc khong gian cua protein ciu tao nén
enzyme, lam mat hoat tinh cta chung [26]. pH la
mot trong nhitng yéu t6 anh huong dén phan tmg
ctia enzyme, moéi enzyme chi hoat dong nhat dinh
& pH xac dinh goi 12 pH hoat dong t6i uu cta
enzyme. Néu qua trinh trich ly dau thuc hién tai
diém dang dién cta protein, thi qua trinh nay cé
thé bi can trd vi protein c6 xu huéng khong hoa
tan & gia tri pH nay, do d6 qua trinh giai phong
dau bi tc ché. Trong hau hét cac loai dau, cac
phan tit lipid duoc gin v6i cac phan ti protein. Do
do, gia tri pH st dung khong nhing thuan loi cho
hoat dong ctia enzyme ma con phai xa diém dang
dién protein [38, 39]. Diéu nay cho thay, pH trong
khoang 4,0 - 4,5 phu hop cho hoat dong cua
enzyme Viscozyme L., gy phd vo mang té bao,
giup cho cac tui dau tach ra khoi mang mot cach
dé dang hon. Khi pH cang tiang thi hoat luc ctua
enzyme Viscozyme L cang giam va lam cho qua
trinh thity phan hon hop dich thanh long giam. Do
do, kha nang giai phong cac tdai dau cang kho khan
hon nén hiéu sut trich ly dau c6 xu huéng giam.

3.4. Thanh phan céc axit béo trong diu hat
thanh long rudt é

Bang 5. Thanh phan axit béo ctia dau hat thanh

long rut o

STT| Ten thanh phan Ham luong (%)
1 | Axit palmitic (C16:0) 12,26
2 Axit stearic (C18:0) 5,26
3 | Axitoleic (C18:1 cis) 2,69
4 | Axit oleic (C18:1 trans) 21,72
5 | Axitlinoleic (C18:2) 55,31
6 |Axit eicosanoic (C20:0) 2,07
7 | Axit eicosenoic (C20:1) 0,69
Téng axit béo chua bao hoa 80,41
Téng axit béo bao hoa 19,59
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Dau hat thanh long rudot dé trich ly bang
enzyme Viscozyme ti lé 1%, pH dich trich 4.0 duoc
st dung dé phan tich ham luong cac axit béo bing
phuong phap GC-MS. Két qua sac ky do va thanh
phan céc axit béo dugc thé hién hinh 2 va bang 5.

Tt két qua trén cho thdy, dau hat thanh long
rudt dé c6 ham luong axit béo chua bao hoa trén
80%, dong thoi ham luong axit linoleic chiém ti 1é
l6n nhat, dat 55,31%. Két qua nay tuong dong voi
nghién cttu ctia Phan Thi Thanh Qué va cs (2018)
[3] vé téng ham luong axit béo bao hoa. Tuy
nhién, ham lugng axit linoleic trong nghién cttu
nay cao hon trong nghién ctia Phan Thi Thanh
Qué va cs (2018) [3] 1a 49,30%. Trong nghién ctu
cta Elleuch va cs (2007) [6] thi dau hat mé co
81,50% axit béo khong bao hoa va axit
a2
‘("
|
frans
0 ‘ps:l
i (160 Jl
Jd |
03 ‘ I
. M H“cls(l”

SM

i ‘ \M;]‘:‘l
IO

01 Q00
N

[ EEEREEEEEE R A R
Thot gian o (phi)
Hinh 2. Sic ky d6 thanh phan axit béo d4u hat
thanh long rudt é
4. KET LUAN

Nghién cttu st dung enzyme Viscozyme L. &
nong do 1,5% va pH dich trich khoang 4,0 - 4,5 1a
diéu kién thich hop cho qua trinh trich ly dau hat
thanh long ruot dd, giup dat hiéu suét thu hoi cao,
duy tri chat luong dau voi ham luong vitamin E va
polyphenol tong s6 cao, 1an luot 1a 0,35 mgGAE/g
va 1.879,53 mg/kg. Chi s6 peroxide va axit trong
tat ca cac diéu kieén trich ly déu trong giéi han cho
phép theo tiéu chudn TCVN 7597:2018, ching to
dau c6 chat luong tot va kha nang chong oxy hoa
6n dinh. Mau sic dau (L, a’, b") & pH 4,0 - 4,5
cling dat do sang va mau vang dac trung cta dau
thuc vat. Bén canh d6, dau hat thanh long ruot doé
chira dén 80,41% axit béo chua bao hoa, trong do
axit linoleic chiém 55,31% cho thay day la loai dau
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c6 chat luong t6t, co tiém ning tmg dung trong cac
thuc phdm chttc nang.
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EFFECT OF ENZYME EXTRACTION CONDITIONS ON THE QUALITY OF RED-FLESHED
DRAGON FRUIT SEED OIL (Hylocereus polyrhizis)
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Duong Kim Thanh?, Phan Thi Thanh Que!

[nstitute of Food and Biotechnology, Can Tho University

“Faculty of Engineering and Technology, Nam Can Tho University

*Student of Food Technology, Can Tho University

Abstract

Red-fleshed dragon fruit seeds are a rich source of lipids and bioactive compounds, suitable for
oil extraction. The enzymatic method is considered to be environmentally friendly, highly
efficient and preserves bioactive compounds better than traditional extraction methods such as
organic solvents or mechanical pressing. The purpose of the study was to determine the effects
of extraction conditions including Viscozyme L. concentration (1.0; 1.5; 2.0; 2.5%) and pH of the
extract (3.5; 4.0; 4.5; 5.0) on extraction efficiency, bioactive compound content (vitamin E, TPC,
DPPH), fatty axit composition and quality indicators (peroxide, axit) of the oil. The research
results showed that red-fleshed dragon fruit seed oil extracted by Viscozyme L. with an addition
rate of 1.5% and an extract pH of 4.0 achieved a recovery efficiency of 73.41%, while the TPC and
vitamin E contents were 0.35 mgGAE/g and 1,879.53 mg/kg, respectively. The obtained oil
contained 80.41% unsaturated fatty axits, of which linoleic axit accounted for 55.31%. In addition,
quality indicators such as peroxide index and axit index were all within the allowable limits. This
showed the potential application of dragon fruit seed oil in food and pharmaceuticals due to its
nutritional value and good antioxidant capacity.

Keywords: Dragon fruit seed oil, enzyme, extraction, pH.
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PHAN TICH CAC AMIN SINH HOC TRONG NEM CHUA
BANG PHUONG PHAP LC-MS
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Amin sinh hoc 1a chi thi quan trong vé chat luong va do an toan ctia thuc phdm, dic biét trong
cac san phdm lén men. Trong nghién cttu nay, phuong phap sic ky long két hop khoi phd (LC-
MS) v6i cot HILIC duoc stt dung dé phan tich truc tiép 8 amin sinh hoc trong nem chua ma
khong qua dan xudt hoéa hoc. Cac amin sinh hoc duoc phan tich bao gém: Histamine, 1,5-
diaminopentane, ethanolamine, 5-hydroxytryptamine, tyramine, tryptamine, 2-phenylethylamine
va putrescine dihydrochloride. Cac thong s6 ctia phuong phap phan tich nhu: Diéu kién tach sic
ky, nhan biét bang phé khoi luong duoc t6i wu héa nham dat duoc do nhay va do chon loc cao
nhat. Khoang tuyén tinh ctia phuong phap dat duoc tir 31 - 7.048 pg/L (R2 > 0,995), giéi han phat
hién va dinh luong dao dong tir 12 - 30 ng/kg va 35 - 90 pg/kg. Do lap lai va tai lap dat yeu cau voi
do léech chuén twong doi tir 1,1 - 3,6% va 2,1 - 8,1%; hiéu suat thu hdi trong khoang 89,5 - 106,9%.
Phuong phap duoc tng dung dé phan tich 5 mau nem chua trén thi truong, voi tong ham lhuong
amin sinh hoc dao dong tir 22,22 - 51,09 mg/kg. Két qua cho thay, phuong phap LC-MS la cong
cu hiéu qua va dang tin cay trong kiém soat chat luong va an toan thuc phdm déi v6i san pham

nem chua hodc céc thue phdm lén men c6 nén mau giéng no.
Tir khoa: Amin sinh hoc, nem chua, LC-MS, HILIC, xdc nhin gid tri st dung.

1. DAT VAN BE

An toan thyc phdm la mot trong nhitng moi
quan tam hang dau hién nay, diac biét doi voi cac
san pham thuc phdm truyén théng duoc ché bién
theo phuwong phap thi cong, trong d6 c6 nem chua
- mot mon an dac trung, phd bién rong rai & Viét
Nam. Nem chua 1a mot san phdm duoc lén men
theo phuong phap truyén thong tir thit lon rat duoc
uwa chudng tai Viet Nam, thuong xuat hién trong
nhimg btra dn quan trong nhu: Tét, 1&, ky niém...
cho dén nhimg bita com hang ngay. Nem chua
duoc 1én men trong thoi gian ngan, chin sau 2 - 4
ngay lén men tuy theo diéu kién nhiét do moi
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truong, thuong co vi chua, an truc tiép va bao quan
toi da la 5 ngay & nhiét do phong hodc 1 thang
trong tu lanh & nhiét d6 4 - 8°C [1]. Qua trinh lén
men nem chua chu yéu dua vao hoat dong cua vi
khuén lactic, dac biet 1a nhom Lactobacillus [2].
Nhitng vi khudn nay khong chi tao nén huong vi
dac trung ma con mang lai loi ich cho sitc khoe
nguoi tieu dung nhu hé tro tiéu héa, can bang hé
vi sinh duong rudt [3]. Ngoai ra, do khong trai qua
xtr ly nhiét, nem chua van gitt duoc nhiéu dudng
chat ty nhién nhu axit amin, vitamin, déng thoi
giam thiéu qua trinh oxy hoéa chat béo khong bao
hoa [4]. Tuy nhién, chinh thanh phan giau axit
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amin va quy trinh lén men khong kiém soat
nghiém ngat khién nem chua dé hinh thanh amin
sinh hoc - cac hop chat c6 nguon goc tir su khir
nhom chic carboxylic ctia axit amin.

Mot s6 amin nhuw: Histamine, tyramine,
tryptamine, 2-phenylethylamine c6 thé gay cac
phan tmg bat loi nhu: Pau dau, non mta, di tng,
roi loan huyét ap néu vuot qua ngudong cho phép
[5]. Viéc hinh thanh cac amin nay la méi nguy
tiém 4n trong an toan thuc pham [6], dac biét voi
nem chua, san phdm van chut yéu dua vao vi sinh
vat te nhién va quy trinh san xuit chua dong
nhat [7].

Hién nay, nhiéu phuong phap phan tich amin
sinh hoc da duoc phat trién va ap dung nhu:
Quang phd tr ngoai - kha kién (UV-Vis), sic ky
long hiéu niang cao (HPLC), sic ky khi (GC)...
Tuy nhién, cac phuong phap trén thuong duogc
thuc hién thong qua phan tmg dan xuat hoa hoa
hoc, thuong ton thoi gian va khé kiém soat hieu
suat phan tng, dac biét 1a doi voi nén mau phuc
tap. Mot trong nhitng nhuoc diém lon nhat caa
phuong phép phan tich c6 st dung dan xuat hoa la
do 6n dinh ctia san phdm dan xuat nhw da duoc dé
cap trong két qua nghién ctru ctia Anthony va cs
(2014) [8]. Bén canh d6, chua c6 nghién ctru nao
stt dung sac ky 16ng ghép noi véi phd khai luong
(LC-MS) v6i uu diém la do nhay cao, do chon loc
tot va kha nang phan tich dong thoi nhiéu chat dé
xac dinh amin sinh hoc trong mau thuc pham noi
chung va mau nem chua néi rieng. Do do, trong
nghién cttu nay phuong phap LC-MS st dung cot
tach HILIC duoc gioi thieu va ap dung dé phan
tich cac amin sinh hoc trong mau nem chua. Cac
diéu kieén vé tach sic ky va nhan biét biang phd
khoi lwong dugc khao sat va t6i vu héa nham dat
duwoc do nhay, do chinh xac va do chon loc cao
nhat. Cac dai luong quan trong ctia phuong phap
phan tich nhu khoang tuyén tinh gi6i han phat
hién (LOD), gi6i han dinh lwong (LOQ), do lap lai
va do dung... duoc khao sat, danh gia va xac nhan
gia tri stt dung. D€ danh gia tinh tmg dung thuc
tién, phuong phap LC-MS sau khi x4c nhan gia tri
stt dung duoc ap dung phén tich amin sinh hoc
trong mau nem chua.
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2. PHUONG PHAP NGHIEN CUU

2.1. Hoa chat

Cac chat chuan amin sinh hoc, bao gom:
Histamine (HIS), 1,5-diaminopentane (DAP),
ethanolamine (ETA), 5-hydroxytryptamine (5-HT),
tyramine (TYR), tryptamine (TPA), 2-
phenylethylamine (PHE), putrescine (PUT) va néi
chuan histamine D, (IS-HIS), voi do tinh khiét ti
93,7 - 99,6%, duoc mua tr hang CATO Research
Chemicals (Trung Quéc). Dung dich chudn goc
don duogc chuén bi trong dung dich HC1 0,1M, bao
quan trong 6ng vial 2 ml mau nau & -35°C. Dung
dich chudn hén hop duoc chuén bi bang cach pha
loang cac dung dich chudn goc don trong HCl
0,IM. Dung dich lam viéc dugc pha loang hang
ngay bang HCl 0,IM hoac pha dong goéom
acetonitrile va nuoc deion. Cac hoa chat khac nhu
amoniac (28%), axit formic (98%) va amoni axetat
(98%) loai tinh khiét dung cho LC-MS duoc mua tie
Sigma Aldrich, Singapore. Axit trichloroacetic, loai
tinh khiét phan tich, duoc mua cta hang Merck,
Singapore. Cot chiét pha ran Hydrophilic-Lipophilic
Balance (HLB), loai 100 mg/3 mL duwoc mua cta
hiang Waters, My. Cac dung moi st dung cho tach
sic ky bao gom methanol (MeOH), acetonitrile
(ACN), loai tinh khiét dung cho LC-MS, duoc mua
tir Sigma Aldrich, Singapore. Nudc deion duoc tinh
ché stt dung thiét bi siéu loc, model Milli-Q Direct
8 ctia hang Merck Milipore.

Pha dong LC-MS gom hai kénh: Kénh A la
dung dich amoni axetat trong nudc deion (diéu
chinh pH bing axit formic), kénh B 1a amoni
axetat trong acetonitrile (ACN). Pha dong duoc loc
qua mang loc kinh thuwéc 0,22 pm va siéu am loai
khi trudce khi stt dung.

2.2. Mau phan tich

Mau phan tich: Mau nem chua duoc thu thap
tlr cac siéu thi va cac co so ban 1é trén dia ban thi
tran Trau Quy, huyén Gia Lam, thanh pho Ha Noi.
Cac mau con nguyén bao gdi, chua boc vo va duoc
ma hoa tuong tmng 1a cac mau: N1, N2, N3, N4 va
N5. Mau str dung dé phan tich ngay duoc bao quan
& nhiét do 4°C. Cac mau chua phan tich duoc bao
quan ¢ -35°C.

Xt Iy mau: Sau khi dua vé phong thi nghiém,
mau nem chua dugc xay nhuyén va cho vao tui zip
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polyethylene. Mau duoc bao quan & 4°C hoac duoc
bao quan ¢ -35°C. Qua trinh chiét cac amin sinh
hoc trong mau dua theo phuong phap ctia Sirocchi
va cs (2014) [9] voi mot so6 diéu chinh: Can 3 g
mau vao ong falcon 15 mL, thém néi chudn va dé
yén & nhiét do phong it nhat 2 gio. Sau d6 mau
duoc thém 10 mL TCA 5%, lac 2 phut & 800
vong/phut st dung may lic TX4- Velp/Y. Mau
duoc siéu am 15 phuat, ly tam (4°C, 10.000
vong/phut, 15 phut) tach pha va thu dung dich
phia trén. Dich chiét duoc 1am sach bang chiét pha
ran (SPE) st dung cot chiét HLB, loai 100 mg/3
mL ctia hang Waters, My. Quy trinh lam sach cé
thé tom tat nhu sau: Cot SPE hoat hoa cot véi 5 mL
MeOH, sau d6 biang 5 mL nuéc deion pH 3, mau
phan tich sau d6 duwoc chuyén lén cot SPE va cac
chat gay anh huéng duoc rira bing nuéc deion pH
3. Chat phan tich duoc rita giai bang 5 mL MeOH:
NH, (95: 5), dung dich rira giai duoc théi kho bang
dong khi N,, tai hoa tan trong 1 mL hon hop ACN
70% + nuoc deion 30%. Cudi cung, dung dich mau

duoc ly tam lanh, loc qua mang loc 0,45 pm
(Polytetrafluoroethylene) va chuyén vao 6ng vial 2
mL dé dua vao hé thong LC-MS thong qua bo bom
mau te dong. Mau trang duoc chuédn bi theo quy
trinh twong tw, nhung thay thé mau nem chua
bang nudc deion.

2.3. Phuong phap LC-MS

Heé thong LC-MS model 8050 (Shimadzu, Nhat
Ban) duoc stt dung dé phan tich amin sinh hoc,
bao gdm: Bo khtt khi DGU-405, bom cao 4p bon
kénh LC-40D X3, bo tron dung moi, bom mau tu
dong SILAOC X3, budng 6n nhiét cho cot tach
CTO-40S va detector MS/MS véi nguén ion hoa
phun dién. Cot sic ky Xbridge HILIC (150 x 2,1
mm, kich thuéc hat nhéi 3,5 pm; Waters, My)
duoc dung d@é tach cac amin. Pha dong gom kenh
A (40 mM amoni axetat trong nuéc deion, pH 4) va
kénh B (acetonitrile). Diéu kién van hanh chi tiét
duoc trinh bay & bang 1.

Bang 1. Thong s6 sic ki va diéu kién khdi phé

Dai luong Thong so
Céc dai luong sac ky
Cot tach Waters HILIC Xbride (3,5 ym, 2,1 mm x 150 mm)
Nhiét do cot tach 40°C
Pha dong Keénh A: 40 mM amoni axetat trong nudc deion, diéu chinh
pH 4 bang axit formic, kénh B: 40 mM amoni axetat trong ACN
Ché d0¢ rtra giai Gradient pha dong
Téc do pha dong 0,3 mL/phut
Nhiét do budng giit mau 10°C
Thé tich bom mau 3ulL
Cac dai lwvong MS
Nguén ion hoa Phun dién ESI
Ché do ion hoa Duong (+ESI)
Nhiét @0 ion hoa 300°C
Thé ion hoa +4kV
Nhiét do loai dung moi 525°C
Toc do khi lam kho 10 L/phuat
Téc do khi tao sol 3 L/phut
Toc d khi gia nhiét 10 L/phuat
Ché @9 ghi nhan tin hiéu MRM (multiple reaction mornitoring)
Ché do dinh luong Noi chuén (stt dung ty lé S, chét phan tich/S,, ni chuén)

Cac amin sinh hoc duoc tach st dung chuong
trinh thanh phan pha dong (gradient pha dong).
Chuong trinh nay duoc cai diat nhu sau: Bat dau
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voi 80% kénh B va 20% kénh A trong khoang 0,5
phut, sau do tang lén 80% kénh A va 20% B trong 7
phut va gitt tai thanh phan pha dong nay trong 2
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phut. Pha dong sau d6 quay lai 80% kénh B va 20%
kénh A va giit & diéu kién pha dong nay 8 phut dé
can bang va hoat hoa cot tach sac ky cho lan bom
mau tiép theo.

2.4. Xirly s6 liéu

Pham mém LabSolution version 5.1.18
(Shimadzu, Nhat Ban) duoc st dung dé toi uu,
diéu khién, thu nhan va xi ly tin hiéu. Dién tich
peak duoc lay tich phan ké va sit dung dé dinh
luong cac amin sinh hoc trong mau theo phuong
phap duong chuin. Su c6 mat ctia amin sinh hoc
trong mau phan tich duoc xac dinh déng thoi bang
3 thong so: Thoi gian luu trén cot tach HILIC, su
xuat hién dong thoi ctia hai buéc chuyén khoi
MS/MS va ti lé tin hiéu teong doi (ti 1é ion) ctia
hai budc chuyén khaéi nay kém theo do khong dam
bao do cho trudc. Tat ca cac thi nghiém duoc tién
hanh l4p lai it nhat ba 1an va tinh gi4 tri trung binh
(dien tich peak, ty 1é dién tich peak ctia chat phan
tich/dién tich peak cta noi chuén, thoi gian luu)
duoc st dung dé danh gia va biéu dién thong qua
do lech chuén twong doi. Mau trang duoc st dung
trong xit Iy mau va bom mau trén hé LC-MS nham
danh gia nhiém chéo trong qua trinh chuan bi mau
phan tich va phan tich mau. Bén canh do, s lieu
thi nghiém duoc xt ly bang phan mém Excel 2025
(Microsoft, My) va Skyline MS (MacCross Lab,
University of Washington, My).

Gi6i han phat hiéen (LOD) va giéi han dinh
luong (LOQ) duoc xac dinh dua vao ty s6 tin hieu
(S, chiéu cao peak sic ky) chia cho nhiéu duong
nén (N). Nhiéu duong nén duoc do & ca hai phia
ctia pic chat phan tich, voi moéi bén c6 bé rong toi
thiéu gap 10 lan chiéu rong cta peak tai ntta chiéu
cao. LOD va LOQ duoc xac dinh 1a nong do nho
nhat tuong tmg voi ty 1& S/N bang 3 va 10.

Trong nghién ctu nay, ty lé S/N duoc xac
dinh dya trén mau thém chuin & nong do thap
nhat trong duong chudn, sau khi xtt Iy mau va
phan tich bang LC-MS. D6 14p lai ctia phuwong phap
duoc danh gia thong qua viéc phan tich 1ap lai mot
mau 6 lan; ty 1é dién tich pic duoc st dung dé tinh
toan va biéu dién dudi dang d¢ lech chudn tuong
doi (RSD). D¢ tai lap duoc xac dinh bang cach
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phan tich mau ldp lai gita cac ngay khac nhau
(thuc hién trong 2 ngay, méi ngay lap lai 6 1an).

Hiéu tng nén mau duoc danh gia bing cach
so sanh hé s6 goc cta hai duong chuin: Mot trong
dung moi va mét trong nén mau thuc, voi cling
mot chat phan tich va trong cung mot khoang
noéng do. Hiéu tmg nén duoc tinh theo cong thuc:

ME (%) =100 x a’/a,

Trong d6: a’ va a la hé so goc cta duong chuin
trong nén mau va trong dung moi, twong tng. Nén
mau duoc xem 1a c6 anh hudong thap khi gia tri ME
nam trong khoang tir 80 - 120% [10]. Do chon loc
ctia phuong phap duoc danh gia dua trén diém IPs,
thong qua su xuat hién cta pic chat phan tich tai
cung thoi gian luu trong mau thém chuén, déng
thoi khong xuat hién trong mau trang. Hiéu sut
thu héi duoc xac dinh thong qua mau thém chu4n
& ba muc nong do: Tai gioi han dinh luong, gap ba
lan va gap nam lan gi6i han dinh leong. Ham luong
cac amin sinh hoc trong mau nem chua duoc biéu
dién dudi dang gia tri trung binh ctia ba 1an phan
tich, v6i don vi tinh 1a mg/kg.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Téi vu cac diéu kién phan tich amin sinh
hoc bing LC-MS

707 uu hoa diéu kién MS Phan tich amin sinh
hoc dugc thuc hién bang phuong phap LC-MS st
dung ky thuat ion héa phun dién & ché do duong
(+ESI). Do do, cac thong so ctia nguodn ion hoa va
ché do MS/MS can duoc t6i wu dé dat do nhay va
do chon loc cao nhat. Dung dich chuidn goém 8
amin sinh hoc (5.000 pug/L trong acetonitrile/nudc
deion, 90: 10, v/v) va noi chuan duoc st dung cho
qua trinh khdo sat va t6i uu hoa, thuc hién bang ky
thuat bom mau dong chay voi pha dong gém 50%
kénh A va 50% kénh B, toc do dong 0,3 mL/phuit.

Ion me ctia cac amin sinh hoc duoc xac dinh la
phan t&r amin bi proton hoa ([M+H]*) trong pha
dong co tinh axit va ché d¢ ion hoa duwong. Ion con
duoc tao ra tr qua trinh phan manh ion me véi
nang luong va cham t6i wu, chon cac ion con c6 tin
hiéu manh va dac trung cho timg amin. Vi du,
histamine (C;HgN,;, M = 111,15 g/mol) tao ion me
tai m/z 112 Da la [C;HgN, + H]*, phan manh cho ra
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hai ion con tai m/z 68 Da va 95 Da, tuong ting voi
[C,NH] va [C.H,N,]*. Cac ion nay duoc doi chiéu
voi thu vien phd MS/MS NIST v2.0 va cac nghién
ctru cua Gianotti va cs (2008) [11]; Saccani va cs

(2005) [12]. Thong tin chi tiét vé ion me, ion con
ctia 8 amin sinh hoc va néi chuan (ISHIS) va nang
lwong va cham t6i wu duoc trinh bay trong bang 2.

Bang 2. Cong thirc héa hoc, khéi luong phan ti, ion me va ion con ctia amin sinh hoc va
cac thong s6 t0i ru ctia phép do MS/MS

, Ché
I():f}lljrt Cong thitc M t, do 1;)12 Ioncon | CE lz;vn(jl Tile
tich phan t (g/mol) | (phut) iqn (m /’Z) (m/z) | (V) (ms) ion (%)
hoa
TPA CyoH,N, 160,22 1,9 +ESI | 161 144 -12 20 24,22
117 -33 20
PHE CH; N 121,18 2,0 +ESI | 122 105 -10 20 36,92
77 -35 20
5HT | C,H,N,O | 176,22 2,1 +ESI | 177 | 160,02 | -8 20 98,61
160,30 | -17 20
TYR CH;;NO 137,18 2,1 +ESI | 138 121 -10 20 30,55
103 28 20
ETA C,H;NO 61,08 2,8 +ESI 62 44 -15 20 20,57
45 -15 20
HIS CeHoN; 111,15 4,3 +ESI | 112 95 -18 20 27,61
68 -23 20
ISHIS | CH:N,D, | 115,17 4,3 +ESI | 116 929 -16 20
PUT CH,N, 88,15 5,8 +ESI 89 72 -8 20 10,12
30 -31 20
DAP CsH,N, 102,18 6,1 +ESI | 103 86 -10 20 9,23
69 -22 20

T0i tu hoa diéu kién tich sdc ky: Dua trén cau
trac héa hoc, cac amin sinh hoc 1a cac hop chat co
do phan cuc cao va dé ton tai dudi dang ion trong
moi truong axit. Do d6, nghién ctru nay st dung
cot sic ky XBridge HILIC dé phan tich truc tiép
cac amin sinh hoc. Véi cot HILIC, pha dong
thuong chita dung moi hitu co & ty 1é cao. Ngoai
ra, cac chat dieén ly dé bay hoi nhu: Amoni axetat,
axit acetic hoac axit formic dugc b6 sung vao pha
dong nham diéu chinh luc rta giai va pH caa pha
dong, giup t6i wu hiéu suat tach. Do d6, thanh
phan pha dong dung dé tach cac amin sinh hoc
bao gom: ACN, nuéc deion, amonium acetate, axit
formic. Cac dai luong anh huong téi kha nang luu
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gitt va phan tach ctia cac amin sinh hoc trén cot
tach HILIC gom: pH (pH 5,0, 4,5 va 4,0); thanh
phan pha dong (2 chuong trinh pha dong) duoc
khéo sat va danh gia dé dat duoc kha nang luu git
va do phan gidi sic ky cao nhat. Bén canh do, do
nhay ctia phuong phap phan tich cing la mot tiéu
chuén dung dé danh gia va lua chon cac diéu kién
tach. Két qua thuc nghiém chi ra, pH toi uvu cho
tach cac amin sinh hoc la 4.0 va gradient thanh
phan pha dong t6i vu la gradient thanh phan pha
dong da trinh bay trong muc 2.3. Sac d6 LC-MS
ctia 8 amin sinh hoc va not chuan duoc trinh bay &
hinh 1.
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Hinh 1. Sic @6 LC-MS/MS ctia 8 amin sinh hoc trong dung dich chuén & diéu kién phan tich t6i ru va
tén chat tuong tng duoc chén trong hinh

Hinh 1 cho thay, cac amin sinh hoc duoc gitr
va tach tot trén cot HILIC, voi cac pic thu duoc co
hinh dang doi xting cao (hé so6 bat doi xing dao
dong tr 0,94 - 1,07). Diéu nay cho thay, cot HILIC
dap tmg tot yéu cau phan tach cac hop chat amin
sinh hoc khi stt dung hé pha dong gom kénh A 1a
dung dich amoni acetate 40 mM va 1% axit formic
trong nudc khit ion va kénh B 1a dung dich amoni
acetate 40 mM trong acetonitrile. Nhu trong hinh
1, mot so chat c6 hién tuong bi rita giai ra cot tach
trung nhau, tuy nhién hién tuong nay khong anh
huéng dén dinh lwong cac chat nay vi dinh luong
duoc thuc hién trén cac budc chuyén khoi MS/MS
dac trung ctia chat phan tich. Ngoai ra, dung moi
hoa tan mau trudc khi tiém vao hé thong cting anh
huéng dén hiéu qua tach. Hai dung moéi nudc va

acetonitrile (ACN) duoc so sanh dua trén hinh
dang ctia cac pic sic ky thu duoc. Két qua cho
thay, stt dung ACN lam dung mo6i hoa tan cho hinh
dang pic sic nét va ro rang hon. Vi vay, ACN duoc
chon lam dung moi hoa tan chat phan tich cho cac
thi nghiém tiép theo.

3.2. X4c nhan gia tri st dung ctia phwong phap
phan tich

Khodng tuyén tinh: Khoang tuyén tinh duoc
khao sat trong khoang néng d¢ tir 31 - 7.048 pg/L
doi voi tat ca amin sinh hoc. Dién tich pic cta chat
phan tich duoc biéu dién 14 mot ham tuyén tinh
theo nong do. Khoang nong d¢, phuong trinh hoi
qui tuyén tinh va hé s6 twong quan tuyén tinh R
duoc liét ke trong bang 3.

Bang 3. Cac dai lvong dac trung ctia phuwong phap phan tich cidc amin sinh hoc

bing LC-MS st dung cot tach HILIC
Chat phan tich Phlijgfgtrrilé}g r}rll(:’iluquy Iﬂldga(r;gg? E)ng K }()IgSlgl? ‘21 }?I;)Stgl, 1‘;5 (uI;g?lI{)g) (uI;;(/)l?g)
TPA y =8,2511x - 0,0059 80 -6.400 0,9995 2,7 4,8 27 80
PHE y = 8,9184x - 0,0036 61 -4.800 0,9969 1,1 2,1 22 65
5-HT y = 7,4632x - 0,0076 88-7.048 0,9992 3,6 8,1 30 90
TYR y = 2,3027x - 0,0002 69 - 5.487 0,9976 2,6 2,5 23 70
ETA y =0,3408x - 0,0002 31-2.443 0,9994 3 5,6 12 35
HIS y =93,857x - 0,0063 56 - 4.446 0,9975 2,2 4,3 20 60
DAP y = 10,594x - 0,0039 51-4.087 0,9992 2,3 5,1 20 60
PUT y =9,4942x + 0,0014 44 - 3.526 0,9954 1,9 3,2 17 50

Ghi chu: Y14 t s6' dién tich pic, x I nong d¢ amin sinh hoc (ug/1).

Bang 3 cho thdy, moi tuong quan cao gitra ti
s6 dien tich peak va nong do chat phan tich, hé so
tuong quan tuyén tinh R? cta tat ca cac chat déu
16m hon 0,997.
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LOD va LOQ: Két qua LOD va LOQ duoc
trinh bay trong bang 3. Gi6i han ctia phuong phap
LC-MS stt dung cot tach HILIC nidm trong khoang
tir 35 - 90 pg/kg va co6 thé so sanh duoc véi do
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nhay cta cac phuong phap siac ky pha dao stt dung
ky thuat dan xuat hoa truoc cot tach dung cho
phan tich amin sinh hoc ctia Straub va cs (1993)
[13]; De Mey va cs (2012) [14]; Si-Jin Liu va cs
(2018) [15]. Bén canh do6, LOD va LOQ nay ciing
dt nhay dé phan tich cac amin sinh hoc trong mau
nem chua nhu cac cong bo cta Sirocchi va cs
(2014) [16].

Do Iap lai- Do lech chuin twong doi (RSD) duoc
str dung dé danh gia do lap lai cia phuong phap va
co gia tri dao dong tir 1,1 - 3,6% nhu trinh bay trong
bang 3. C4c gia tri nay nam trong gi¢i han cho phép
theo khuyén céo ctia AOAC (2016) [17], cho thay
phuong phap LC-MS c6 d¢ 1ap lai tot va phu hop dé
phan tich amin sinh hoc trong nem chua.

Po tai Iap: Do tai lap cta phuong phap dao
dong tir 2,1 - 8,1% (Bang 3), dap tng yéu cau theo
AOAC (2016) [17] va cho thay, phuong phap du tin
cay dé phan tich amin sinh hoc trong nem chua.

Do chon loc: Do chon loc cua phuong phap
phan tich duoc danh gia thong quan diém nhan
dang IP. Diém nhan dang IP cda tit ca cadc amin
sinh hoc déu dat duoc 5 theo khuyén cao vé xac
nhan gia tri st dung ctia phuong phap phan tich
ctia Cong ddng chung chau Au nim 2021 [18].
Bén canh do, khong thdy xuat hién peak tai thoi
gian luu cia amin sinh hoc trong mau trang va
peak xuat hién ro rang trong mau thém chuén.

Bang 4. Hiéu sudt thu hdi ctia amin sinh hoc

TT Ché{‘F phan , Trang Hiéuﬁt’mg nén
tich Thap binh Cao HSTH trung binh mau (%)
1 TPA 95,0 88,8 109,2 97,7+ 10,5 81,7
2 PHE 103,3 91,8 93,4 96,2 + 6,3 81,2
3 5-HT 90,9 93,2 93,2 92,4+1,3 117,0
4 TYR 102,9 104,4 107,3 106,9 + 3,9 87,9
) ETA 106,7 96,8 106,6 103,3+ 5,7 85,9
6 HIS 100,0 83,9 84,7 89,5+9,1 96,5
7 DAP 80,8 96,1 105,9 94,2 + 6,3 82,8
8 PUT 96,3 93,8 90,7 93,6 +2,8 89,2

Hiéu ung nén mau: Hiéu tng nén duoc danh
gi4a thong qua viéc so sanh hé s6 goc ctia duong
chuén thiét 1ap trong nén mau va trong dung moi &
cung khoang nong d¢. Két qua cho thay, cac gia tri
dao dong tir 81,2% (PHE) - 117% (5-HT), nam trong
khoang chap nhan duoc tir 80 - 120%, chimg t6 nén
mau sau chiét pha ran kha sach va it gay nhiéu
dén tin hiéu phan tich. Vi vay, duong chuén trén
nén mau duoc st dung cho qua trinh dinh luong
cac amin sinh hoc nham gidm thiéu tac dong cta
hiéu tmg nén mau.

Hi¢u suat thu hoi: Mau duoc xt ly theo quy
trinh chiét pha ran, phan tich bang LC-MS véi cot
HILIC va dinh luwong duya trén ty 1é dién tich pic theo
duong chudn. Bang 4 cho thdy, hiéu suat thu héi cta
phuong phap tai néong do thdp nam trong khoang
80,8 - 106,7%, tai nong do trung binh nim trong
khoang 83,9 - 104,4% va tai nong do cao ndm trong
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khoang 84,7 - 109,2%. Nhu vay, hiéu suat thu héi ctia
phuong phap nim trong khoang (89,5 + 9,1) - (106,9
+ 3,9)%. Gia tri nay nim trong khoang chip nhan
duogc tir 80 - 110% tai nguong ham lwong 0,1 - 10
mg/kg theo AOAC (2016) [17]. Nghien cttu cta
Shaodong va cs (2011) [19] phén tich 7 amin sinh
hoc voi hiéu suat thu hoi 80 - 120%. Nhu vay, phuong
phép c6 do dung dat yéu cau theo AOAC 2016 [17].

3.3. Amin sinh hoc trong mét s6 miu nem
chua phén tich

Mau nem chua duoc chuan bi va phan tich
bang phuong phap LC-MS sit dung cot tach HILIC
theo cac diéu kién t6i uu & trén. Ty lé dién tich
peak cta chat phan tich/dién tich pic ctia noi
chuin va duodng chudn trong nén mau duoc sit
dung dé dinh luong cac amin sinh hoc c6 trong
mau. Ham luong 8 amin sinh hoc c6 trong 5 mau
phan tich duoc thé hién ¢ bang 5.
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Bang 5. Ham liong amin sinh hoc trong cac mau nem chua

Ham luong
Tén Ham luong trong mau nem chua (mg/kg) (cao nhat -
STT . . .
chat thap nhat)
N1 N2 N3 N4 N5 (mg/kg)
1 TPA | 0,50+0,01 | 0,48+0,01 | 0,45+0,01 | 0,66+0,02 | 0,78=+0,02 0,45-0,78
2 PHE | 0,69+0,02 | 0,69+0,02 | 0,57+0,02 | 0,52+0,01 | 0,51+0,01 0,51-0,69
3 5-HT <LOD 0,69 + 0,02 <LOD <LOD 3,18+0,09 | LOD-3,18
4 TYR |13,81+0,37|13,99+0,38|24,37+0,66 | 41,96+1,13 | 23,07+ 0,62 | 13,81 -41,96
5 ETA <LOD 0,33+0,01 | 0,32+0,01 | 0,27+0,01 | 0,37+0,01 | LOD-0,37
6 HIS |6,54+0,18 | 61+0,16 |13,65+0,37| 6,05+0,16 | 14,43+0,39 | 6,05-14,43
7 DAP | 0,17+0,00 <LOD 0,16+0,00 | 1,31+£0,04 | 0,21+0,01 | LOD-1,31
8 PUT | 0,51+0,01 | 0,23+0,01 | 3,84+0,1 0,33+ 0,01 6,7+ 0,18 0,23 - 6,70
Tong 22,22 +0,60|22,52+0,61|43,37+1,17| 51,09+1,38 | 49,24 +1,33 | 0,16-41,96
Ham luong cia TYR trong mau N4 1a cao nhat 4. KET LUAN

(41,96 + 1,13) mg/kg va ham luong DAP trong
mau N3 c6 ham luong thap nhat (0,16 + 0,00)
mg/kg. Két qua phan tich cho thay, tyramine va
histamine la 2 amin sinh hoc c¢6é ham luong cao
nhat trong cac mau nem chua. Voi ham luong
tyramine cao nhat trong mau N4 1a (41,96 + 1,13)
mg/kg, thap nhat trong mau N1 1a (13,99 + 0,38)
mg/kg; ham luong histamine cao nhét trong mau
N5 1a (14,43 + 0,39) mg/kg, thap nhat trong mau
N4 1a (6,05 + 0,16) mg/kg. Tyramine duoc biét dén
voi doc tinh gay tang huyét ap ¢ nguoi [20, 21]
nhung chua c6 quy dinh nguong cho tyramine
trong nem chua ndi riéng va trong thuc pham lén
men nodi chung & Viét Nam. Ham luong HIS, 5-HT,
TYR va PUT cao nhat trong mau N5 lan luot la:
14,43 + 0,39 mg/kg; 3,18 £ 0,09 mg/kg; 23,07 +
0,62 mg/kg va 6,7 + 0,18 mg/kg. Téng ham luong
amin sinh hoc trong cac mau: N1, N2, N3, N4 va
N5 lan luot 1a: 22,22 + 0,60 mg/kg; 22,22 + 0,60
mg/kg; 43,37 £ 1,17 mg/kg; 51,09 + 1,38 mg/kg va
49,24 + 1,33 mg/kg. V6i két qua trén, ham luong
tyramine va histamine déu nidm trong ngudng an
toan theo Nout (1994) [22] (t6i da 100 mg/kg doi
voi histamine va 800 mg/kg do6i voi tyramine).
Hon ntra voi téng ham lwong amin sinh hoc cao
nhat 1a 51.092 + 975 mg/kg thi 5 mau nem chua
duoc nghién ctru 1a nam trong ngudng an toan vé
amin sinh hoc <1.000 mg/kg theo Erdag va cs
(2019) [23].
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Nghién cttu nay da t6i vu héa thanh cong va
xac nhan gia tri st dung ctia phuong phap phan
tich truc tiép cac amin sinh hoc bang hé LC-MS
két hop cot HILIC. Cac thong s6 danh gia hiéu
nang nhu khoang tuyén tinh, gi¢i han phat hién
(LOD), gi6i han dinh luong (LOQ), do lap lai, do
tai lap va hiéu suat thu hoi da duoc khao sat day
da. Phuong phap duoc x4c nhan hiéu qua trén nén
mau nem chua va ching minh kha nang tmg dung
qua phan tich 8 amin sinh hoc trong 5 mau thuec.
Két qua cho thay tat cA mau déu chtra cac amin
sinh hoc khao sat, trong d6 histamine, tyramine
xuat hién phé bién nhat. Qua do, c6 thé két luan,
phuong phap LC-MS st dung cot HILIC phu hop
dé phan tich truc ti€ép amin sinh hoc trong mau
nem chua.
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ANALYSIS OF BIOGENIC AMINES IN FERMENTED PORK SAUSAGE USING LIQUID
CHROMATOGRAPHY-MASS SPECTROMETRY (LC-MS)

Pham Thi Diu ', Nguyen Thi Hong !, Vu Tuan Duong *, Tran Thi Mai Huong !, Nguyen Thuy An !,
Trinh Thu Trang !, Nguyen Hoang Anh !, Bui Van Hoi 2, Chu Dinh Binh 3, Phan Thi Phuong Thao ?
! Faculty of Food Science and Technology, Vietnam National University of Agriculture

?Faculty of Water-Environment-Oceanography, University of Science and Technology of Hanoi
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Hanoi University of Science and Technology
Abstract

Biogenic amines serve as critical indicators of food quality and safety, particularly in fermented
foods. In this study, LC-MS method utilizing a HILIC column was developed for the direct
analysis of eight biogenic amines in Vietnam fermented pork sausage (“nem chua” in
Vietnamese) without chemical derivatization has been introduced. The analyzed amines include
histamine, 1,5-diaminopentane, ethanolamine, 5-hydroxytryptamine, tyramine, tryptamine, 2-
phenylethylamine, and putrescine. All parameters of the analytical method such as
chromatographic separation conditions and mass spectrometry deetection were optimized to
achieve the highest sensitivity and selectivity. The linear range of from 31 - 7048 pg/L with
correlation coefficients (R?) above 0,995. Limits of detection (LOD) and quantification (LOQ)
ranged from 12 - 30 ng/kg and 35 - 90 ug/kg, respectively. Repeatability and reproducibility were
satisfactory, with relative standard deviations (RSD) between 1.1 - 3.6% and 2.1 - 8.1%; recoveries
ranged from 89.5 - 106.9%. The validated method was applied to analyze five commercially
available Vietnamese fermented pork sausage samples, with total biogenic amine contents
ranging from 22.22 - 51.09 mg/kg. The results demonstrated that the LC-MS method is an
effective and reliable tool for quality control and food safety monitoring of fermented pork
sausage and fermented meat products that are similar sample matrix.

Keywords: Biogenic amines, fermented pork sausage, LC-MS, HILIC, validation.
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NGHIEN CUU ANH HUONG CUA SONG SIEU AM BDEN
THU NHAN CHIET XUAT GIAU POLYPHENOL VA
SAPONIN TU CU VA HOA CAY CHUOI HOT
(Musa balbisiana)
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Ng6 Thi Huyén Trang, Lé Thi Héng Anh™

"Truong Pai hoc Cong Thuong thanh pho Ho Chi Minh
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TOM TAT

Ct va hoa chuéi hot (Musa balbisiana) c6 chira nhiéu hoat chat tot cho sttc khoe nhu: Saponin va
polyphenol. Nghién ctru nay duoc tién hanh dé danh gia hiéu quéa cta phuong phap trich ly c6 ho
tro ctia song siéu am (UAE) dén hiéu qua thu nhan chiét xuat giau polyphenol va saponin tit ct
va hoa chudi hot, tir d6 t6i wu qua trinh trich ly. Két qua nghién cttu cho thay, phuong phap siéu
am thu chiét xuat c6 ham luong polyphenol (TPC) lan luot 1a 60,22 mgGAE/gCK (ctt chu6i) va
50,06 mgGAE/gCK (hoa chuoi), saponin (TSC) dat 51,11 mg/gCK (ct) va 54,12 mg/gCK (hoa).
O diéu kién t6i wu voi bien do siéu am 30,07% trong thoi gian siéu am 15,30 phut cho TPC va TSC
dat lan luot 62,11 mgGAE/gCK va 54,08 mg/gCK (ct1) va 52,94 mgGAE/gCK va 56,60 mg/gCK
(hoa). Két qua chup SEM ciing cho thdy, hiéu qua cia séng siéu am da lam thay ddi cau truc té
bao ctia nguyén lieu ban dau va nguyeén liéu sau trich ly bang siéu am. Bén canh do, két qua sic
ky 16ng khoi phd (LC/MS) cho thdy, dich chiét tir ¢t va hoa chudi hot chira chti yéu 2 nhém hop
chat sinh hoc chinh 1a: Polyphenol (nhu quercetin, kaempferol glycoside, chlorogenic axit,
procyanidin) va saponin (nhu ginsenoside F1, notoginsenoside, chikusetsusaponin). Két qua
nghién ctru cho thdy, ci chudi giau polyphenol hon, con hoa chuéi c6 ham luong saponin cao

hon.

Tt khéa: Chuoi hot, Musa balbisiana, saponin, polyphenol, siéu am, 67 uru hoa.

1. DAT VAN BE

Musa balbisiana 1a moét loai chuéi hoang da,
phd bién & ving nhiét doi Pong Nam A, tir 1au da
duoc st dung trong y hoc c6 truyén dé diéu tri cac
bénh nhu: Réi loan tiéu hoa, sot, ha dudng huyét...
Cac bo phan cua chuéi hot chita ham luong cao
hop chat hoat tinh sinh hoc. Trong khi hoa chudi
thuong dung dé an nhu mot loai rau, ctt chuéi hot
thuong duoc coi la phu phdm ctia nong nghiép [1].
Tuy vay, chung giau chat chuyén hoéa thi cap nhu:
Polyphenol va saponin c6 tiém nang duoc ly va loi
ich sttc khoe [2]. Do do, viéc khai thac thu nhan
chiét xuat giau cac hoat chat tir nguyen liéu nay c6
y nghia nhat dinh.

Polyphenol va saponin la nhitng hop chat hoat
tinh sinh hoc c6 nguén goc thuc vat ndi bat boi cac
dac tinh co6 loi ctia chiung nhu chong oxy hoda
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manh, c6 tac dung khang viem, khang khuén, ha
cholestrerol, ting cuong mién dich, giip ngan
nglra cac bénh man tinh nhu: Roéi loan tim mach,
dai thao duong va ung thu... [3 - 5]. Véi vai tro
sinh hoc da dang, cac chiét xuat tir thuc vat giau
polyphenol va saponin ngay cang dwoc quan tim
trong qua trinh phat trién thuc phdm chtc nang,
thuc phdm b sung va dugc pham.

Hiéu qua chiét xuat cac hop chat sinh hoc tir
cac bo phan cua thuc vat vi du nhu tr ca va hoa
chudi hot 1a yéu t6 then chot trong viéc khai thac
gia tri duoc liéu cta cac loai thuc vat. Vi vay, hiéu
qua cua qua trinh trich ly duwoc cac nha nghién ctu
quan tAm. Tuy nhién, cac ky thuat chiét xuat
truyén thong nhu ngam va chiét xuat Soxhlet ton
nhiéu thoi gian, st dung nhiéu dung méi va
thuong dan dén nang suat thap hoidc phan huy cac
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hop chat khong bén nhiét. Viéc trich ly hoat chat
c6 ho tro ctia song sieu am (UAE) 1a cong nghe
xanh tiém nang, thuc ddy truyén khoi, pha vo
thanh té€ bao va ting kha nang hoa tan hop chat
nho co ché tao ra cac chu ky nén va gian trong
dung moi, dan dén su hinh thanh, phat trién va vo
cuia cac vi bong bong trong dung dich [6]. UAE da
chtimg minh duoc nhimg loi thé dang ké trong viéc
chiét xuat polyphenol va saponin tir nhiéu nguon
thuc vat khac nhau, bao gom nang suat cao hon,
thoi gian chiét xuat ngan hon va giam luong dung
moi st dung so v6i cac phuong phap théng thuong
[7]. Phuong phap nay da ching té hiéu qua tot
trich ly thu nhan chiét xuit giau polyhenol va
flavonoid tir hoa chu6i hot [8], thu nhan chiét xuat
giau tannin tir vo qua chudi chua chin thé hién
hoat tinh khang oxy hoda tot [9] hay thu pectin tir
phé phdm cong nghiép ctia chuoi hot [10]. Theo
nghién cttu ctia Putri va cs (2022), chiét xuat tir vo
chuéi hot thu dugc bang UAE chtra alkaloid,
saponin, tanin, glycoside steroid, polyphenol... thé
hién hoat tinh khang oxy hoa tot theo phuong
phap DPPH va FRAP véi IC,, lan luot 1a 143,97
mg/L va 151,08 mg/L va hoat tinh chéng enzyme
xanthanoxidase dat 27,95% cao hon d6i chung
Alupurinol, thé hién tiém nang gidm nong d¢ axit
uric [11]. Tuy nhién, chua tim thdy nghién ctru nao
xac dinh anh hudng cta song siéu am dén thu
nhan chiét xuét giau polyphenol va saponin tir ctt
va hoa ctia chudi hot.

Chinh vi vay, nghién cttu anh huwong ctia séng
siéu am dén thu nhan chiét xuat giau polyphenol va
saponin tir ci va hoa cay chuéi hot (Musa
balbisiana) nham muc dich tim duoc diéu kién trich
ly t6i vtu thu nhan chiét xuat giau polyphenol va
saponin tir ctt va hoa chuéi hot, déng thoi danh gia
két qua SEM ctia nguyén liéu trude va sau trich ly
ciing nhu phé LC-MS cta dich trich gop phan
chtmg minh hiéu qua ctia qua trinh chiét xuat.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu

Nguyén lieu: Ca va hoa chuéi hot duoc thu
nhan tai phuong An Hoa, tinh DPong Thap. Hoa
chuoi hot duoc thu hoach tir cay khi dang nd, cach
nai chuoi 15 cm. Cua va hoa sau khi thu hoach sé
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duoc van chuyén dén phong thi nghiém. Nguyén
liéu duoc lua chon, 1am sach nhim loai bé tap chat,
say kho & nhiét do 50 - 60°C cho dén < 10% am. Sau
qua trinh sdy nguyeén liéu duoc nghién thanh bot
min, sang qua ray 0,3 mm. Mau duoc bao quan
trong tui zip day, duoc bao quan & diéu kién 4°C dé
dung trong sué6t qua trinh thit nghiém.

Hoéa chat: Methanol (99,7%, Viét Nam), axit
oleanolic (99%, Sigma), axit acetic (99,5%, Sigma),
axit perchloric (70%, Merck), etyl acetate (99,5%,
Merck), vanillin (99%, Merck).

2.2. Phuong phap nghién ctru

2.2.1. Khao sat anh huong cua bién do va thoi
gian siéu 4m dén ham luong saponin

Can 1 g bot nguyén lieu (theo khoi luong chat
kho), bé sung MeOH 50% voi ti 1é 1a 1/25 w/v,
khudy déu. Bién do siéu am 1a do 16n dao dong cta
séng siéu am, duoc khao sat & cac muc 20%, 25%,
30%, 35% va 40% so voi cong suat toi da cua thiét bi;
thoi gian xtt ly siéu am duoc khao sat & cac moc 5,
10, 15, 20 va 25 phut trong thiét bi siéu am VC 750
Sonic (My) - cong suat toi da 750 W. Sau do, cac
mau duoc 6n dinh nhiét do trong bé diéu nhiét
Memmert WNB10 (Pic) & 60°C trong 60 phut
trudc khi ly tam & 5.500 rpm trong 15 phut bang
may Hermel Z206A (My) dé thu phan dich trong
va dinh luong ham luong polyphenol va saponin
téng bang phuong phap do quang phé UV-Vis
[12]. Cac thi nghiém duoc lap lai 3 1an.

222 Toi wu hoa trich Iy bang phuong phap bé
mat dap ung

Trong nghién ctu nay, diéu kién toi wu trich ly
thu nhan chiét xuat giau polyphenol va saponin ttr
ct va hoa cay chudéi hot stt dung phuong phap bé
mat dap tung RSM theo moé hinh Box Behnken
(BBD). Hai thong s6 quan trong la bién do sieu
am X; (%), thoi gian xt Iy siéu am X, (phut) voi
ham muc tiéu 1a ham luong polyphenol tong - TPC
(mgGAE/gCK) va ham luong saponin tong - TSC
(mg/gCK). Phuong trinh hoi quy bac hai dugc mo
ta:

Y = by+b X;+b,Xo4+b X, 24b,, X +b 1, X X,

Trong do: by, by, by, byy, by, byy, 12 hé s6 tuong
ung ctia bién X;, X, X, Xo0, X, X,
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2.3. Phuong phap phan tich
2.3.1. Xac dinh ham lirong saponin

TSC duoc xac dinh dua theo mo ta ctia Chen
va cs (2007) co diéu chinh [13], duoc tinh theo
cong thiec: TSC (mg/gCK) =
(C, XV xN x1.000)/m,_, (Eq.1).

Trong do: Cx la nong dd saponin tir duong
chuén; V 1a thé tich cta dich chiét (mL); F 1a hé so6
pha loang; m 1a khoi luong chat kho trong mau
nguyén liéu (g).

2.3.2. Xac dinh ham lirong polyphenol

TPC duwoc xac dinh theo phuwong phap Folin-
Ciocalteu duoc mo ta boi Feduraev va cs (2019)
voi mot s6 hiéu chinh. P hap thu duoc ghi nhan &
budc song 765 nm [14], cong thic tinh: TPC
(mgGAE/gCK) =a x V/m (Eq.2).

Trong d6: TPC la ham luong polyphenol téng
(mg axit gallic/g); a 1a gia tri x tir duong chuin voi
axit gallic (ng/mL); V 1a thé tich dung dich cao
chiét (mL) va m 1a khoi luong cao chiét co trong
thé tich V (g).

2.3.3. Phian tich SEM

Hinh thai bé mit duwoc quan sat bang kinh
hién vi dién t¢ quét (Scanning Electron
Microscopy — SEM). Mau sau khi sdy kho duoc co
dinh lén bé do bang bang dinh dan dién, qua trinh
chup anh duoc thuc hién trén thiét bi SEM tai
Trung tam phan tich Quoc té, Truong DPai hoc
Cong thuong thanh pho H6 Chi Minh.

2.3.4. Phan tich LC-MS

Dich chiét & diéu kién t0i vu ctia mau ca va
mau hoa chuéi hot duoc phan tich phé LC/MS, st
dung cot pha dao C18, pha dong bao gom: Dung
moi A 1a nudc siéu tinh khiét chira 0,1% axit formic
va dung moi B 1a acetonitrile chita 0,1% axit formic.
Qua trinh tach duoc thuc hién theo chuong trinh
gradient (bat dau tir 5% B, tang dan lén 95% B
trong vong 30 phut, sau d6 duy tri 95% B trong 5
phut va tré vé diéu kién ban dau dé can biang heé
thong). Toc do dong 1a 0,3 mL/phut, nhiét do cot
duoc duy tri & 35 - 40°C va thé tich tiem mau 1a 5
pL. Khoi phé duoc thu nhan & ca 2 ché do ion hoa
am [M+H]* va dwong [M+H]".
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2.4. Phuong phap xtt Iy s6 lieu

Két qua thi nghiém duogc biéu dién dudi dang
gi4 tri trung binh + d¢ léch chuan (SD). Phan tich
thong ké ANOVA duoc thuc hién biang phan mém
Minitab 19 dé xac dinh va lam ro su khac biét gitta
cac mau. Cic biéu d6 dung boéi phan mém
Microsoft Excel 2019. Két qua t6i vu hoa duoc xtt
ly bang phan mém JMP 10. C4c thir nghiém duoc
tién hanh 14p lai 3 1an.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh hudng ctia séng siéu am dén trich ly
thu nhan chiét xuat giau TPC va TSC tir cti va hoa
chudi hot

Viéc cai thién hiéu suat thu nhan cac hop chat
hitu co bing song siéu am chu yéu lién quan dén
hién tuong xam thuc khi dién ra trong dung moi
dudi tac dong cta song siéu am [15]. Bién do siéu
am c6 anh huong dang ké len hiéu suat thu nhan
cac hoat chat nhu: Polyphenol va saponin. Bién do
siéu am cao c6 kha nang thuc ddy su pha vo cau
truc thuc vat thong qua viéc tao ra luc cat manh va
gia tang muc do nhiéu loan trong dung dich, tir d6
cai thién hiéu suat trich ly cac hop chat sinh hoc tu
nhién nhu: Polyphenol va saponin. Anh hudéng cta
cong suat siéu am, thoi gian xtt ly sieu am dén thu
nhan TPC va TSC ttr ctt va hoa chuéi hot duoc thé
hién trong hinh 1va 2.

Hinh 1 cho thay, bién do siéu am anh hudéng
dang ké dén TPC va TSC thu duoc tit 2 mau cu va
hoa chuoi hot. Cu thé, TPC va TSC tang khi bién
do siéu am tang tir 20% va dat dinh tai bién do 30%
voi gia tri lan luot 1a 55,98 + 0,83 mgGAE/gCK,
44,77 + 0,58 mg/gCK (cu chuoi) va 43,98 + 0,52
mgGAE/gCK, 49,79 + 0,77 mg/gCK (hoa chudi).
Tuy nhién, khi bién do siéu vuot qua 30% thi ham
luong céac hoat chat nay giam xuong. Hién tuong
nay duoc giai thich béi tic dong pha hiy cac hop
chat phenolic nhay cam boéi nhiét do khi st dung
cuong do siéu am qua cao, lam giam hiéu qua trich
ly [16].

TPC trong ct cao hon dang ké so voi hoa
chuoi trong khi TSC tir hoa chuéi lai cao hon & tat
ca cac bién do siéu am khao sat. Piéu nay lién
quan dén ham luong cac hoat chat trong cac bo
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phan, ciing nhu ciu tao clia ciu truc té€ bao thuc
vat cta chung [17]. Viéc lua chon cong suat phu
hop khong chi nang cao hiéu suat ma con han ché
st phan hty cac hop chat quan trong do tac dong
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Bién do siéu am (%)

Hinh 2. Anh huéng ctia thoi gian xit Iy siéu am dén trich ly
thu nhan chiét xuat tir cit (A) va hoa (B) chudi hot
Ghi chu: Trong tung yéu t6 khao sat, cdc chir ci khac nhau trén cdc cot biéu thi sur khdc biét co y
nghia thong ké ¢ muic p < 0,05, duoc xdc dinh thong qua phan tich ANOVA.

Hinh 2 cho thdy, thoi gian siéu am la mot yéu
t6 quan trong anh hudéng dén hiéu qua thu nhan
chiét xuat giau polyphenol va saponin tir ctt va hoa
chudi hot. Gia tri TPC va TSC & ca 2 mau déu ting
theo thoi gian siéu am tir 5 phut va dat dinh & moc
thoi gian 15 phut. TPC dat gia tri cao nhat voi
60,22 + 0,46 mgGAE/gCK (ct) va 50,06 + 0,33
mgGAE/gCK (hoa). TSC cing dat dinh tai thoi
gian nay voi cac gia tri twong ung la 51,11 £+ 0,28
mg/gCK (ct) va 54,12 + 0,36 mg/gCK (hoa). Song
siéu am tao ra cac vi bong béng trong dung moi,
cac bong bong nay khi vo tao ra xung ap luc cuc
bo 16m va trong thoi gian ngan gay hién tuong pha
vO cau trac mo té bao thuc vat. Nho d6, cac hop
chat sinh hoc bén trong dé dang khuéch tan ra
ngoai dung moi [16]. Tuy nhién, khi thoi gian siéu
am kéo dai dén 20 va 25 phut, TPC va TSC bit dau
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qua mutc cua siéu am, géop phan nang cao chat
luong ctia ché phdm trich ly [18]. Nhu vay, bién do
30% duoc lua chon lam thong s6 cho cac nghién
ctru ti€ép theo.
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Hinh 1. Anh hudng ctia bién d¢ dao dong siéu am dén trich ly
thu nhan chiét xuat tir cit (A) va hoa (B) chudi hot
Ghi chu: Trong timg yéu to khdo sat, cdc chir cdi khac nhau trén cdc cot biéu thi su khac biét co y
nghia thong ké ¢ muic p < 0,05, duoc xdc dinh thong qua phan tich ANOVA.
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giam. Diéu nay c6 thé lién quan dén hién tuong tai
két hop cac hop chat phenolic hoac st phan huy
cau truc do tiép xuc kéo dai voi hiéu tng co hoc va
nhiét sinh ra tir siéu am. Ngoai ra, siéu am trong
thoi gian dai c6 thé gay suy giam hoat tinh ctia cac
hop chat sinh hoc do pha vo lién két héa hoc hodc
bién ddi cau truc phan tr [16, 18]. Bén canh do,
cac hop chat polyphenol c¢é ciu tric vong thom dé
bi mat hoat tinh trong thoi gian siéu am kéo dai
[19]. Két qua nghién ctru nay ciing phtt hop voi két
qua nghién cttu cua Ivanova va cs (2010), viéc tng
dung séng siéu am trong qua trinh chiét xuat
saponin va rutin t cay 7ribulus terrestris L. da
mang lai hiéu qua cao hon dang ké so voi phuong
phap chiét ngam tinh truyén thong, voi hiéu suat
thu héi tang gap khoang 1,64 lan. Két qua nghién
ctru cho thay, co ché tac dong cta song siéu am,
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thong qua viéc pha vo thanh té bao thuc vat, da ho
tro tich cuc cho su khuéch tan ctia cac hop chat
sinh hoc ra méi truong dung moéi, tix d6 nang cao
hiéu qua trich ly [20].

Nhu vay, bién do siéu am 30% va thoi gian siéu
am 15 phut duwoc xac dinh 1a mic thich hop trong
diéu kién nghién cttu nay.

3.2. Toi wu hoa cac thong s6 anh hudng dén
qua trinh trich ly

Bang 1. Quy hoach thuc nghiém RSM-BBD t6i tru ham lrgng TPC va TSC

Phuong phéap bé mat dap tng (RSM) da duoc
st dung nhim téi vu héa quy trinh chiét xuat
polyphenol va saponin bang ky thuat siéu am.
Thiét ké thi nghiém duoc thuc hién dua trén mo
hinh Box-Behnken nham khdo sat va phan tich tac
dong cua cac thong s6 dén hiéu qua thu nhan TPC
va TSC. Két qua thuc nghiém twong tmg duoc
trinh bay trong bang 1.

STT Ma hoa Ca Hoa
Xy X, TPC (Yy) TSC (Y,) TPC (Y5 TSC (Y)
1 -1 -1 4427 36,55 35,47 39,09
2 -1 1 48,98 39,32 40,18 42,79
3 1 -1 46,39 41,26 39, 34 41,57
4 1 1 47,33 37,17 36,98 39,68
5 0 -1 43,98 35,21 32,88 37,09
6 0 -1 44,94 36,72 35,71 38,45
7 0 1 46,87 41,91 40,09 43,01
8 0 1 50,82 39,22 42,41 46,19
9 -1 0 62,74 53,85 52,97 56,06
10 1 0 61,96 54,67 53,21 56,07
11 -1 0 61,29 54,12 53,11 57,36
12 1 0 62,34 53,74 52,36 56,82

Trong nghién ctru nay, 2 thong s6 khao sat
chinh anh huéng dén ham luwong TPC va TSC bao
gom: Bién do sieu am (X:, W) va thoi gian xtt ly
(X, phut) da duoc t6i wu hoa thong qua phuong
phap bé mat dap itng (RSM). Viéc ap dung RSM
giup danh gia khong chi anh huéng riéng 1é caa
ting yéu té ma con ca su tuong tac giira chung doi
voi hiéu suat chiét xuat polyphenol va saponin. Mo
hinh héi quy duoc xay dung dua trén dir lieu thuc
nghiém, tir 6 ti€én hanh kiém dinh do phu hop cta
mo hinh voéi thuc té. Khi cac gia tri p ctia cac bién
doc lap va toan bo mo hinh dat mitc y nghia thong
keé (p < 0,05), mo6 hinh duoc xem 1a c6 thé st dung
dé du doan va toi uu quy trinh chiét xuat trong cac
diéu kién cu thé. Cac hé so héi quy thu duoc tir mo
hinh duoc trinh bay tai bang 2. Loai bo tat ca cac
hé so6 anh huong khong dang ké, cac phuong trinh
hoi quy duoc trinh bay & bang 3. Theo Gabrielsson
va cs (2002), hé s6 R? 1a mot chi s6 quan trong
phan anh muc do phu hop cta moé hinh hoi quy,
voi gia tri thuong nam trong khoang tir 0,8 - 0,9,
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cho thay mo hinh c6 kha nang giai thich phan lon
su bién dong cta dit lieu thue nghiém [21]. Ngoai
ra, hé s6 R? hiéu chinh (R2,;) mang lai cai nhin
chinh x4c hon vé mutc do phu hop ctia mo hinh hoi
quy da bién.

Céc yéu to nhu bien do siéu am va thoi gian xit
ly siéu am dong vai tro quan trong va anh huong
ro rét dén hiéu suat thu nhan TPC va TSC tu
nguyén liéu ct va hoa chudi hot. Sy bién doi cia
cac thong so nay tac dong dén kha nang pha vo
cau truc té bao thuc vat, tir d6 anh huéng dén mic
do giai phong cac hop chat hoat tinh sinh hoc vao
dung moi chiét. Tir két qua cta phuong trinh hoi
quy c6 thé nhan thdy hau hét cac yéu to déu anh
huong nhat dinh dén ham muc tiéu. Sau khi tién
hanh phan tich ANOVA bang JMP, thu duoc cac
diéu kién t6i vu cho qua trinh chiét xuat voi bién
do siéu am & muc 30,10% va thoi gian xtt Iy 1a 15,
14 phut. Ham luong TPC va TSC trong chiét xuat
ct chuoi hot dat 1an luot 62,11 mgGAE/gCK va
54,08 mg/gCK va mo hinh bé mat dap tng 3 chiéu
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(Hinh 3A, 3B) minh hoa r6 rang moi tuong tac
gitta 2 bién s6 nghién cttu. TPC va TSC trong dich
chiét hoa chudi hot dat cuc dai 52,94 mgGAE/gCK
va 56,60 mg/gCK tai diéu kién to6i wvu va mo hinh

bé mat dap tng thé hién anh hudng cta cac yéu to
khao sat léen TPC va TSC dugc mo6 phéng & hinh
3C, 3D.

Béng 2. Anh hudng ctia céc bién doc lap dén ham lugng polyphenol va ham lwong saponin

Ca Hoa
Heé so TPC (Y) TSC (Y,) TPC (Y,) TSC (Y,)
b, 62,08 | <,0001* 54,1 | <,0001* | 52,91 | <,0001* | 56,58 | <,0001*
b, 0,23 0,2077 0,59 | 0,0161* | 0,58 | 0,0295* | 0,16 0,5566
b, 1,41 0,0001* | -0,64 | 0,0111* | 0,7 | 0,0141* | 0,79 | 0,0229*
by, 0,94 | 0,0062* | -1,72 | 0,0005* | -1,77 | 0,0009* | -1,4 | 0,0089*
by, 8,79 | <0001* | -899 | <0001* | 9,25 | <,0001* | 9,5 | <,0001*
by, -6,6 <0001* | 6,69 | <,0001* | -5,78 | <,0001* | -6,09 | <,0001*
R2=0,98 R2,; R?=0,97 | RZ R2 RZ; R2 RZ;
=0,96 =0,95 | =096 =094 | =0,95 =0,91
Béang 3. Phuirong trinh héi quy theo cac ham muc tiéu TPC, TSC
Bo phan HamAmuC Phuong trinh hoi quy
tiéu
ci TPC Y, =62,08 +1,41X, — 0,94X,, — 8,79:x" — 6,6
u
TSC Y, = 54,1 +0,59X, — 0,64X, - 1,72X,, — 8,99:" - 6,69
- TPC Y, =5291 +0,58X, + 0,7X, - 1,77X;, — 9,25x" — 5,78
oa
TSC Y, = 56,58 + 0,79X,— 1,4X, — 9,6:" — 6,09+
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Hinh 3. M6 hinh bé mit d4p tmg thé hién anh hudng chia cac yéu t6 (cong suat siéu am, X;; thoi gian siéu
am, X,) dén ham lueong TPC (A) va TSC (B) ctia ¢t chudi hot, TPC (C) va TSC (D) cta hoa chuéi hot

Trong vung t6i wu, viéc gia ting ddéng thoi
bién d6 siéu am va thoi gian xit ly trong gio¢i han
hop ly da gop phan nang cao hiéu suat thu nhan.
Hinh thai bé mat cia mo hinh ciing phan anh dic
diém phi tuyén tinh ctia timg yéu to riéng 1é ciing
nhu tac dong tuong ho gitta chung. D€ danh gia do
chinh xac va kha ning du doan ctia mo hinh xay
dung, nghién cttu da thuc hién 3 thi nghiém lap lai
(n = 3) trong diéu kién to6i wu noi trén. Két qua
nghién cttu cho thay, su sai léch gitra gia tri thuc
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nghiém va gia tri du doan tir mo hinh hoi quy déu
dudi 5%, ching t6 mo6 hinh c6 @0 tin ciy cao va
hoan toan c6 kha nang ap dung trong viéc du doan
ciing nhu t6i wu hoa qua trinh chiét xuat
polyphenol va saponin.

3.3. Két qua phan tich SEM va LC/MS

3.3 1. Két qua phan tich SEM

Anh hudng cla siéu am lén cdu tric thanh té
bao cta chiét xuat tir ¢t va hoa chuoi hot sau khi
thily phan duoc thé hién ¢ hinh 4.
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Hinh 4. Hinh théi cia ctt chudi hot khi trich ly ngam tinh (A), trich ly ci1 ¢6 hé tro ciia siéu am (B), hoa
chudi hét khi trich ly ngam tinh (C) va trich ly hoa c6 hé trg ciia siéu am (D)

Su khac biét dang ké trong hiéu suat trich ly
co thé duoc ly giai boi hiéu tng cavitation (xam
thuc khi) do séng siéu am tao ra, dan dén bién
dang va pha vo cau trac thanh té bao thuc vat. Co
ché nay lam tang kha nang thdm thau ctia dung
moi, thuc ddy qua trinh truyén khoi cac hoat chat
ndi bao, tir d6 ho tro hiéu qua trong viéc giai
phong saponin va polyphenol. Két qua phan tich
anh hién vi dién tr quét (SEM) cho thay, néu mau
sau khi chiét bing phuong phap ngam tinh (Hinh
4A va 4C) van gitt duoc cau trac nguyén ven cuia té
bao, thi mau da qua xt Iy bang séng siéu am (Hinh
4B va 4D) lai biéu hién cac dau hiéu hu hai ro rét
nhu té bao bi nit vo va bién dang do tac dong cua
song siéu am tac dong manh dén thanh té bao
thuc vat thong qua hién twong xam thuc khi, tao ra
cac dao dong co hoc va bong bong khi trong dung

dich. Khi cac bong bong nay né vo, chung sinh ra
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ap suat cuc bo rat 1on va nhiét do cao trong thoi
gian cuc ngan, gay ra su pha vo cau truc co hoc
ctia thanh té€ bao. Nho d6, cac hop chat noi bao
nhu: Polyphenol va saponin duoc giai phong dé
dang vao dung moi. Két qua nay phu hop voi
nghién ctu st dung séng siéu am trich ly
polyphenol la tra den cta Both va cs (2014) [22]
hay nghién ctu trich ly rutin va quercetin tir
Fuonymus alatus (Thunb.) Sieb cta Yang va
Zhang (2008) [23].

3.3.2. Két qua phan tich pho LC-MS

Két qua phan tich phé LC-MS cua chiét xuat
ct & diéu kién t6i vu duoc thé hién & hinh 5. Phé
nay cung cap thong tin vé cac ion c6 mat trong
mau chiét. Truc hoanh biéu thi ty 1é khoi luong
tren dién tich (m/z), trong khi truc tung biéu thi
cuong do tuong doi cuia cac ion.
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Hinh 5. Phé LCMS ctia chiét xuit cia chudi hot ché do [M+H] (A) va [M+H]* (B)

Tt két qua phé chay MS ché do ion am
[M+H] (Hinh 5A) va ché do ion duong [M+H]*
(Hinh 5B), tién hanh du doan cac hop chat va

.3

nhom chat thuoc nhom polyphenol va saponin, két
qua duoc trinh bay & bang 4.

NONG NGHIEP VA MOI TRUONG - THANG 9/2025

Bang 4. Du doan hop chit trong phé LC/MS ctia chiét xudt cit chudi hot
Ché do Du doan ) . Tham
STT m/z ion nhom chat Dy doan hop chat khao
1 190,8 | [MH] Polyphenol | Cé thé 1a mot axit phenolic (vi du: dan xuat
axit ferulic), chlorogenic axit (5- [24]
2 352,9 | [MH] Polyphenol | caffeoylquinic acid) hodc mot manh vo
chinh tir mot flavonoid glycoside.
3 190,8 | [MH] Polyphenol | C6 thé la axit quinic va dan xuét [25]
191
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4 593,1 | [MH] Kaempferol-7-O-rhamnosyl-glucoside [26]
5 727.2 | [IMH] Polyphenol | Procyanidin dimer gallate [27]
6 316,6 | [MH] Polyphenol | Du doan co thé 1a flavonoid nho nhu
rhamnetin, naringenin glycoside (sau mat [28,
7 164,6 | [MH] Polyphenol | nhém duong) hoac 3,4-dihydroxybenzoyl- 29]
glucoside
8 743,2 | MH] Saponin Timosaponin AlII c6 thé bi hydroxyl hoa [30]
9 301,3 | [MH] Polyphenol . [31]
10 | 3028 | IMH' | Polyphenol | uereetin [32]

Co thé lien quan t6i cac flavonoid glycoside,

1 4250 | [MH] Polyphenol dac biét 1a dan xuat ctia quercetin 133]
12 2389 | [MH] Phenolic C(i thé ?a axit p{lenollc gl}\ICOSl.de s.au khi (34]
mat duong (phan manh tir rutinoside)
13 2588 | [MH] Phenolic Céo the Ia: axit fjeruloquulmc hoac axit (35]
caffeic dan xuat
14 352,9 | [MH] Polyphenol | Cé thé 1a axit feruloylquinic [36]
659,9; f 1 R 1a . . - y
15 686.9: | [MH] Polyphenol C(? thé 1a flavonoid glycoside ning hoac 37]
oligomer polyphenol
709,2
16 7432 | [MH] Polyphenol Du doag co t{le la trimer hoac glycoside cuia (38]
quercetin hoac kaempferol
17 2751 | [MH]* Polyphenol Co the .la kaempferol fragment hoac axit 39]
phenolic glycoside

18 | 6490 [MH]* Polyphenol Flavonoid glycoside [40]

|1“hl”ﬂ“t‘|hﬂt|h ilhﬂ ‘\Jﬁ”.ll“lu yri M
@ ®
Hinh 6. Phd LC/MS ctia chiét xuat hoa chuéi hot ché do [M+H] (A) va [M+H]* (B)
Tir két qua phé LC/MS [M+H] (Hinh 6A) va va nhom chat thuoc nhém polyphenol va saponin,
[M+H]* (Hinh 6B), tién hanh du doan cac hop chat K€t qua duoc trinh bay ¢ bang 5.
Bang 5. D¢ doan hop chit trong phd LCMS ctia chiét xuit hoa chudi hot

STT | m/z | Chéd¢ion nll)lgrg(();r;{ ‘ Du doan hop chat thi?rllllﬁllgo
1 457,2 [MH] Saponin Axit oleanoic [41]
2 676,2 [MH] Polyphenol | 3,4,5- tricaffeoylquinic axit [24]
3 637,1 [MH] Saponin Ginsenoside F; [29]
4 1104,8 [MH] Saponin Didehydroginsenoside Rb, [29]
5 901,2 [MH] Saponin Chikusetsusaponin L [29]
6 960,5 [MH] Saponin Notogipsenosifie R;/R;/N/ 20-O- [29]
glucoginsenoside Rf
7 1046,7 [MH] Saponin Notoginsenoside O/P [29]
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g 452,2 [MH]" Polyphenol M}frlcet.ln-S-O-xyl thuoc nhoém Flavonol 1a [42]
mot loai flavonoid
. Myricetin-3-o-Galactoside, thugc nhom
) 4814 [MHI Polyphenol flavonol, 1a mo6t phan nhom cuaa flavonoid [42]
. 3,4’ ,5,7-tetramethylquercetin, thuoc nhom
10| 360.6 [MH] Polyphenol flavonol, 1a mot phan nhom cua flavonoid [42]

Két qua LC-MS cua dich chiét cta cu va hoa
chuéi hot cho thdy, sy hién dién ndi bat cta 2
nhom hoat chat sinh hoc chinh 1a polyphenol va
saponin. Cac polyphenol duoc phat hién bao gom
nhiéu flavonoid va axit phenolic nhu: Quercetin,
kaempferol glycoside, chlorogenic axit va
procyanidin. Dong thoi, nhiéu saponin c6 m/z cao
nhu:  Ginsenoside F1, notoginsenoside va
chikusetsusaponin ciing duoc ghi nhan. Ngoai ra,
s6 luong cac nhom chat polyphenol du doan duoc
tir két qua phé (Hinh 5, bang 4) nhiéu hon so véi
s6 luong nhom chat saponin. Diéu nay ciing tuong
quan voi ham luwong TPC trong c chudi cao hon
so voi TSC. Bén canh d6, ham luong TSC trong
hoa chudi cao hon so voi TPC va so6 luong va
cuong do cac peak du doan thuoc nhom saponin
ciing cao hon so v6i nhom polyphenol (Hinh 6,
bang 5).

4. KET LUAN

Nghién ctru da xac dinh duoc diéu kién thu
nhan chiét xuat giau saponin va polyphenol tir ci
va hoa ctia cay chuéi hot bang phuong phép trich
UAE. Hiéu qua pha vo thanh té bao thuc vat gitp
giai phong cac chat ra dung moi duoc thé hién qua
két qua chup SEM cua nguyeén liéu trudc va sau
trich ly. Két qua du doan tir phé LC/MS chiét xuat
chtta nhiéu peak ctia cac hop chat thuéc nhom
saponin va polyphenol, gép phan khang dinh hiéu
qua ctia qua trinh trich ly thu nhan chiét xuét giau
hoat chat tit cac bo phan ca va hoa chudi hot. Tuy
vay, can c6 nhitng nghién cttu vé phan doan, tinh
sach dé xac dinh céu tric cac hop chat chinh c6
trong cac phan doan, lam co s& cho cac nghién
ctru vé hoat tinh sinh hoc ciing nhu tng dung
trong céc loai san pham tot cho sttc khoe.
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STUDYING THE EFFECT OF ULTRASOULD ON THE EXTRACTION OF POLYPHENOL AND
SAPONIN FROM Musa balbisiana CORM AND INFLORESCENCE

Hoang Thi Ngoc Nhon', Luu Thi Quynh Hoa’,

Ngo Thi Huyen Trang, Le Thi Hong Anh!

'Ho Chi Minh city University of Industry and Trade
Abstract

Musa balbisiana corm and inflorescence contain lots of health-promoting active ingredients such
as saponins and polyphenols. This study aims to evaluate the effectiveness of ultrasound-assisted
extraction (UAE) on the efficiency on extraction to obtain polyphenol- and saponin-rich extracts
from corm and inflorescence of M. balbisiana, thereby optimizing the extraction process. The
results showed that UAE resulted in total polyphenol content (TPC) of 60.22 mgGAE/gdm
(corm) and 50.06 mg GAE/gdm (inflorescence), respectively and total saponin content (T'SC)
values of 51.11 mg/gdm (corm) and 54.12 mg/gdm (inflorescence). Under optimal conditions
with 30.07% ultrasonic amplitude for 15.30 min of ultrasonic time, TPC and TSC contents reached
62.11 mg GAE/gdm and 54.08 mg/gdm (corm) and 52.94 mg GAE/gdm and 56.60 mg/gdm
(inflorescence), respectively. The SEM results also showed that the effectiveness of ultrasound
waves changed the cell structure of the raw materials and supported the extraction process. In
addition, the liquid chromatography-mass spectrometry (LC/MS) results showed that the
extracts from M. balbisiana corm and inflorescence mainly contained two main groups of
biological compounds: polyphenols (such as quercetin, kaempferol glycoside, chlorogenic acid,
procyanidin) and saponins (such as ginsenoside F1, notoginsenoside, chikusetsusaponin). The
results also showed that corm was richer in polyphenols, while inflorescence had a higher

saponin content.

Keywords: Musa balbisiana, opimization, saponin, polyphenol, ultrasound.
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ANH HUONG CUA QUA TRINH NGAM VA NAY MAM
DEN HAM LUONG POLYPHENOL VA HOAT TiNH
CHONG 0XY HOA TRONG DICH CHIET HAT MAM

PDAU BEN XANH LONG (Vigna unguiculata)
Phan Thi Bé?, P6 Thi Bich Thuy® ", Vo Vian Qudc Bao?,
Nguyén Vin Dirc!, Tran Bio Khanh!, Nguyén Phan Ha Vi®

! Truong Pai hoc Nong Lam, Dai hoc Hué
“Truong Ky thuat va Cong nghé, Pai hoc Duy Tan

’Khoa Cong nghé Sinh hoc, Truong Pai hoc Quéc té, Pai hoc Quoc gia thanh pho Ho Chi Minh

*Email: dotbichthuy@duytan.edu.vn

TOM TAT

Pau den xanh long (Vigna unguiculata) 1a loai hat giau hop chat polyphenol va flavonoid c6 hoat
tinh chong oxy ho4a manh. Nghién cttu ndy nham danh gia anh hudéng ctia diéu kién ngam va nay
mam dén ham luong polyphenol, flavonoid va hoat tinh chong oxy hoa trong dich chiét hat dau
den ndy mam. Cac chi tieu duoc phan tich gom: Polyphenol téng s6 (TPC), flavonoid téng so
(TFC) va hoat tinh khtt goc te do (DPPH, ABTS). Két qua nghién ctru cho thay, diéu kién ngam &
35°C trong 6 gio giup hat dat ty 1é ndy mam cao nhat (96,3%). Trong giai doan ndy mam, nhiét do
va thoi gian 12 yéu t6 quyét dinh dén kha nang tich lily hop chat cé hoat tinh sinh hoc. Khi nay
mam & 25 - 30°C trong 48 - 72 gio, TPC tang 60,3%, TFC tang 154,5%, hoat tinh DPPH tang 203,5%
va ABTS tang 73,3% so v6i hat chua ndy mam (p < 0,05). T6i vu hoa theo moé hinh thiét ké thuc
nghiém xac dinh diéu kién t6i vu 1a 28,79°C trong 54,06 gio. Két qua nghién ctru cho thdy, cac chi
tiéu dat gia tri cuc dai voi do tuong thich cao gitta du doan va thuc nghiém. Két qua nghién cttu
khang dinh, qua trinh ngam va ndy mam la phuong phép sinh hoc hiéu qua nham nang cao gia tri
chiic nang ctia hat dau den, mo ra trién vong tng dung trong san xuat thuc phdm giau chat

chong oxy hoa tir nguyén liéu tu nhién.

Tu khoa: Hoat tinh chong oxy hod, ndy mam, polyphenol, Vigna unguiculata.

1. BAT VAN BE

bau den xanh long (Vigna unguiculata) la
giong dau phd bién & mién Trung Viét Nam, giau
gia tri dinh dudng va chita nhiéu hop chat c6 hoat
tinh sinh hoc nhu: Polyphenol, flavonoid [1 - 7].
Ham luong polyphenol téng s6 trong giong dau
nay dao dong tir 15,20 - 19,99 mg GAE/g chat kho
[8]. Nay mam duoc xem la phuong phap sinh hoc
hiéu qua giup cai thién gia tri dinh duong va tang
ham luong cac hop chat cé hoat tinh sinh hoc [9].
Qua trinh nay kich hoat cac enzyme thiuy phan
nhu: Protease, amylase, cellulase..., thac didy su
chuyén hoéa va sinh téng hop polyphenol [10 - 12].
Ché do ngam va nay mam (thoi gian va nhiét do)
c6 anh huong dang ké dén hiéu qua ctia qua trinh
nay [12 - 14]. Hat dau nanh (Glycine max1.) sau 6
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ngdy ndy mam, ham luong polyphenol tang tir
548,0 léen 1.159,5 mg GAE/100 g chat kho [15].
Ham luong polyphenol lan luwot 1a 950 va 910
mg/100 g d6i vé6i mam dau nanh vang va xanh
dugc ndy mam & 21°C trong 6 ngay [16]. Ham
luong polyphenol cta giong dau nanh Trung Quoc
ZH13 khi duwoc ndy mam & nhiét do 30°C chi dat
khoang 35 mg/100 g [17]. Sau 6 ngay ndy mam
hat dau nanh, hoat tinh chéng oxy hoa duoc 6ng
bo 1a tang 188,03% so voi mau chua ndy mam. Hat
djulis (Chenopodium formosanum) khi duoc nay
mam & 25°C trong 48 gio cho thay hiéu qua vuot
troi vé viec taing ham luong TPC va kha nang kh
goc tu do DPPH [18]. Hon nira, cac giong dau
khac nhau dugc cong bo c6 ham luong polyphenol
téng s6 la khong giong nhau [19 - 20]. Nhu vay,
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ndy mam duoc tng dung nhu mot phuong phap
sinh hoc hiéu qua dé tao nguyén lieu thuc phdm
giau cac hop chat chong oxy hoa. Hiéu qua sinh
tong hop cac hop chat nay chiu anh huong boi
nhiét do, do 4m, thoi gian ndy mam va diac diém
giong. Chinh vi vay, nghién cttu anh hudng cta
qua trinh ngdm va ndy mam dén ham luong
polyphenol va hoat tinh chéng oxy hoa trong dich
chiét hat mam dau den xanh long (Vigna
unguiculata) 1a can thiét.

2. PHUONG PHAP NGHIEN CUU

2.1. Vat lieu

Hat dau den xanh long (Vigna unguiculata)
duoc thu hoach trén dia ban thanh pho Hué.

Hoa chat st dung trong nghién cttu: Thudc
thtt Folin — Ciocalteu; 2,2-diphenyl-1-picrylhydrazyl
(DPPH); 2,2-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) diammonium salt (ABTS); 6-
hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic
acid (Trolox); AICl,, gallic axit va catechin duogc
mua tir Sigma-Aldrich (Steinheim, D1ic).

2.2. Bo tri thi nghiém dé x4c dinh nhiét d va
thoi gian ngam thich hop

Hat dau den duoc ngam trong nuédc vo trung
tai 3 mutc nhiét 3o khac nhau: 25°C, 35°C va 45°C.
Mau hat duoc 14y dinh ky sau moi 2 gio va siy &
105°C cho dén khi khéi luong khong ddi, nham
xac dinh thily phan theo phuong phap khoi luong.
Céac mau hat c6 gia tri thiy phan trong khoang 40 -
50% duoc lua chon dé tién hanh thi nghiém nay
mam.

2.3. Panh gia ty 1é ndy mam sau ngam

Céac mau hat sau khi ngam dwoc ndy mam &
30°C trong 24 gio. Hat duoc trai déu trén khay
chtta 16p bong 4m vo trung, pht bang hai 16p gac,
gitt 4m bang cach phun suong va nham han ché su
boc hoi nuoc. Sau thoi gian ndy mam, ty 1é nay
mam duogc xac dinh. Tiéu chi ndy mam 1a quan sat
duoc phan ré mam bat dau nho ra khai vé hat [21].
Ty 1é ndy mam (%) duoc tinh theo cong thuc:

)X 100 @

Dua vao két qua ty 1é ndy mam dé xac dinh
nhiét do va thoi gian ngam phu hop.

L S6 hat nay mam
Tylenaymam (%) =| ——————
| Tong so hat
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2.4. B0 tri thi nghiém x4c dinh nhiét ¢ va thoi
gian ndy mam thich hop

Cac mau hat sau ngam & nhiét do va thoi gian
thich hop (két qua ctia muc 2.3 va 2.4) duoc nay
mam ¢ cac nhiét do tir 20-35°C. Mau duoc lay dinh
ky sau moi 12 gio, kéo dai dén 108 gio (duoc ky
hiéu tx GO, G12; G24; G36; G48; G60; G72; G84;
G96; G108) va duoc say thang hoa (freeze-dried).
Sau do, mau duoc nghién min (<1 mm) bang coi
st trong diéu kién kho va bao quan trong lo kin ¢ -
20°C cho dén khi xac dinh céc chi tieu (ham luong
polyphenol, flavonoid va hoat tinh chong oxy hod).

2.5. Xac dinh thuy phan

Mau thi nghiém da nghién (<1 mm) (6 g) (W,,
g)) duoc cho vao coc sdy va tién hanh sy & nhiét
do (105 - 106°C), trong 3 gio = 5 phut. Mau da siy
duoc lam nguoi trong binh hut 4m 20 phut ¢ nhiét
do phong va xac dinh lai khoi luong mau sau siy
(W,, g). Thuy phan cia mau (X%, w/w) duoc biéu
thi theo phan tram khoéi luong, dugc tinh theo
cong thic [22]:
Wl - W2
X = 22 x 100
W, 2
2.6. Chudn bi dich chiét tir hat mam dau den
xanh long

Mau hat mam dau den xanh long da nghién
min (5 g) duoc chiét voi ethanol 70% (50 mL) dudi
tac dong cua siéu am 40 kHz - 180 W (Jeken
TUC-65) & nhiét do 40°C trong 30 phut. Hon hop
sau chiét duoc ly tam & 10.000 vong/phut, 4°C
trong 10 phuat, dich néi duoc loc qua mang
Biologix 0,45 ym, c6 dac chan khong & 40°C, sau
do6 phan dich co dac duoc diéu chinh thé tich bang
ethanol 50% (v/v). Dich chiét duoc bao quan ¢ -
20°C cho dén khi phan tich ham luong polyphenol
tong s6 (TPC), flavonoid téng s6 (TFC) va hoat
tinh chong oxy héa bang cac phép tht DPPH va
ABTS. Toan bo quy trinh duoc lap lai 3 lan [23,
24].

2.7. Xac dinh ham heong polyphenol téng s6

Dich chiét chita polyphenol da pha loang & ti
le thich hop (200 pl) duoc cho vao 1,5 mL

polyphenol thuéc thtt Folin-Ciocalteu 0,2 N. Hon
hop duoc vortex, dé yén trong 5 phut va ti€p tuc
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tron déu voi 1,5 mL dung dich natri carbonat (75
g/L). Hon hop phéan tng dé ¢ diéu kién toi, nhiét
do phong trong 2 gio. Tiép dén, do hap thu duoc
do tai buéc séng 765 nm biang may quang phd
(Ultrospec 1100 pro, Amersham Biosciences, Hoa
Ky). Gallic axit duoc stt dung lam chat chudn va
két qua duoc biéu thi dusi dang miligam tuong
duong gallic axit trén modi gam chat kho (mg
GAE/gDW) [25].

2.8. Xac dinh ham heong flavonoid tdng s

Dich chiét da pha loang & nong do thich hop
(1 mL) duoc cho vao 0,3 mL NaNO, (5%). Sau 5
phut, hén hop duoc bd sung 0,3 mL AICL: (10%) va
sau do 1 phut, thém vao 2 mL NaOH 1 M. bo hép
thu quang hoc dugc do tai buéc séng 510 nm.
Catechin duoc stt dung lam chat chudn va két qua
ham luong flavonoid téng s6 duoc biéu thi dudi
dang miligam catechin twong duong trén moi gam
chat kho (mg CAE/g DW) [26].

2.9. X4ac dinh hoat tinh khir géc tir do DPPH

Dich chiét (200 puL) da pha loang & nong do
thich hop duoc bé sung 3,8 mL dung dich DPPH
nong do 60 pmol/L (trong methanol). Sau khi u
trong 60 phut & nhiét do6 phong va tranh anh sang,
do hap thu duoc do tai budc séng 515 nm bang
may quang phé. Méi tuong quan gitta nong do
Trolox va hoat tinh khit DPPH duoc stt dung dé
xay dung duong chuin. Hoat tinh khit goc tu do
DPPH duoc biéu thi duéi dang micromol Trolox
tuong duong trén moi gam chat kho (umol TE/g
DW) [27, 28].

2.10. X4c dinh hoat tinh khir géc tu do ABTS

Téc nhan phan tng ABTS* dugc chuan bi
bang cach tron dung dich ABTS 7 mmol/L véi
dung dich kali persulfat 2,45 mmol/Ltheo tilé 1: 1
(v/v). Hon hop duoc 0 trong béng toi & nhiét do
phong tir 12 — 16 gio trudc khi sit dung. Sau do,
dung dich ABTS" duoc pha loang bing methanol
va diéu chinh do hap thu vé 0,700 + 0,020 tai budc
song 734 nm. Tiép theo, mau chiét (100 pL) da pha
loang néng do thich hop dugc thém vao 3,0 mL
dung dich ABTS". Sau khi 1t trong 30 phut & nhiét
do6 phong trong diéu kién toi, do hap thu duoc do
tai 734 nm bang may quang phd. Méi tuong quan
gitta néng do Trolox va hoat tinh khir goc ABTS*
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duoc stt dung dé xay dung duong chudn. Két qua
duoc biéu thi dudi dang micromol Trolox tuong
duong trén moéi gam chat kho (umol TE/g DW)
[29].

2.11. Phuong phép t6i tu hoa bang quy hoach
thuc nghiém

Dua vao két qua phan 2.5 chon muc thap va
cao cua bién trong thiét ké thi nghiém t6i uu hoa
bang quy hoach thuc nghiém. Theo d6, c6 2 yéu to
dau vao lién tuc (nhiét do va thoi gian) va téi vu
héa 4 muc tiéu dau ra la TPC, TFC, DPPH va
ABTS. Ma tran quy hoach thuc nghiém duoc thiét
ké theo mo hinh thi nghiém trung tdm Central
Composite Design (CCD), chon face-centered
CCD (0=1).

Tt do, co6 tat ca 13 thi nghiéem (4 thi nghiém
theo thiét ké toan phan cho 2 yéu to (29): (-1,-1),
1,-1), (1,1, (1,1); 4 thi nghiéem diém truc:
(-0,0), (@,0 0,~a), (0,0) (0a=1) va 5 thi nghiém
trung tam (0,0) (Bang 4).

2.12. Phan tich thong ké

Thi nghiém duoc lap lai 3 1an. Cac so lieu duoc
phan tich phuong sai (ANOVA), phan mém
Minitab phién ban 20 véi kiém dinh Tukey (p <
0,05). Tat ca so lieu trinh bay trong cac bang &
phan két qua 1a gia tri trung binh ctia ba lan lap lai
cung voi do lech chuan (Standard Deviation, SD).

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. S thay ddi thuy phan hat d4u den xanh long
trong qua trinh ngdm & cac nhiét @ khac nhau

Két qua cho thay, thuy phan ctia hat dau den
xanh long tang dang ké theo thoi gian va nhiét do
ngam (Bang 1). Hat ngam & nhiét do cao héap thu
nude nhanh hon. O cung mot thoi diém, hat ngam
& nhiét do cao hap thu nudc nhanh hon. Sau 8 gio,
thity phan dat 47,81% & 25°C, 55,83% & 35°C va
63,42% & 45°C. Khi thty phan ctia hat dat trong
khoang 40 — 50% sé phu hop cho hat ndy mam
[30]. Bang 1 cho thdy, hat dat duoc muc thuy phan
thich hop la: (1) Mau 1: Hat duoc ngam & 25°C
trong 8 gio, (2) Mau 2: Hat duoc ngam ¢ 35°C
trong 6 gio, (3) Mau 3: Hat duoc ngam & 45°C
trong 4 gi¢. Cac mau (Mau 1, 2 va 3) duoc dung dé
khao sat ty lé ndy mam nhiam chon thoi gian va
nhiét d60 ngam phu hop.
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Bang 1. Anh hudng ctia nhiét do va thoi gian ngam dén thuy phan (%) ctia hat

o . " Nhiét 36 ngam (°C)
Thoi gian ngam (gio) o 2 e
2 12,96 + 0,23 16,57+ 0,36 29,065 + 0,32
4 18,76" + 0,07 32,37°+ 0,55 46,68 + 0,34
6 39,12¢+ 0,05 46,271+ 0,27 56,17" + 0,62
8 47,81°+ 0,66 55,83 + 0,66 63,42* + 0,55

Ghi chu: So'liéu trinh bay duoi dang trung binh + do léch chudn (n = 3). Céc chir cdi khdc nhau thé
hién sir khdc biét co y nghia thong ké giita cdc to0 hop xit Iy (p < 0,05), kiém dinh Tukey HSD sau

ANOVA hai nhan to.

3.2. Anh hudng ctia diéu kién ngam dén ti le
nay mam cta hat dau den xanh long

100 - .

80 -

60 -

Ti 18 ndy mam (%)

40 |

204

Hinh 1. Anh huéng ciia nhiét d6 va thoi gian ngam
dén ti 1& ndy mam

Ghi chu: Cic gid tri co chir cai khac nhau cho
thay suwr khdc biét cé y nghia thong ké (p < 0,05).
(Mau 1: Ngam ¢ 25°C, 8 gio; mau 2: Ngam o 35°C,
6 gio; mau 3: Ngam 0 45°C, 4 gio).

Cac mau hat lua chon & muc 3.1 duoc stt dung
dé khao sat ty 1é ndy mam. Hinh 1 cho thdy, mau 2
(ngam & 35°C trong 6 gio dat thay phan 46,27 +
0,27%) cho ty 1&¢ ndy mam cao nhat 96,3 + 0,04%.
Trong khi, mau 1 (ngam & 25°C, trong 8 gio thuy
phan dat 47,81 + 0,66%) c6 ty 1é ndy mam chi dat
89,43 + 0,46%. Tuong tu, mau 3 (ngam & 45°C trong
4 gid, thuy phan dat 46,68 = 0,34%) c6 ty lé nay
mam thap nhat 82,97 + 0,32%. Diéu nay c6 thé 1a
do nhiet d¢ thdp lam cham qua trinh hoat hoa
enzyme va trao déi chat, tir d6 1am tri hoan su nay
mam. Theo Szczerba va cs (2021), d6i voi 4 giong
dau nanh (Glycine max L.), tai 10°C, khong co
gidng nao nay mam sau 48 gio, trong khi nhiét do
ndy mam ting lén 25°C, hoat dong ctia enzyme
a-amylase da tang léen dang ké nén cai thién ro rét

vé ty 1é ndy mam [31]. Su suy gidm ty 1é ndy mam
trong diéu kién nhiét do qua cao (¢ 45°C) c6 thé
lien quan dén hién tuong thoat ly cac chat tan, pha
vo cau truc t€ bao hodc lam giam kha nang duy tri
moi truong ndi bao can thiét cho mam phat trién
[32].

Nhu vay, diéu kién thich hop dé ngam hat truéc
khi ndy mam 1a & 35°C trong khoang thoi gian 6 gio.

3.3. Anh hudng ctia nhiét d¢ va thoi gian nay
mam dén ham luwong polyphenol va flavonoid téng
s6 trong hat dau den xanh long

Nhiét do va thoi gian ndy mam anh huéng ro
rét dén ham luong TPC va TFC cta hat dau den
(Bang 2). O cung mot thoi gian, gia tri TPC va
TFC cao nhat dat duoc & 25°C va 30°C, khi ting
nhiét do len 35°C, ham luong cac hop chat nay co6
xu hudng gidm. Ca 2 chi tiéu nay ting dan theo
thoi gian ndy mam va dat cao nhat trong khoang
36 — 72 gio, sau do giam nhe. Tai 25°C sau 48 gio,
ham luwong TPC va TFC dat cuc dai lan luot la
17,63 = 0,22 (mg GAE/g DW) va 2,75+ 0,02 (mg
CAE/g DW), tang 60,3% va 154,5% so v6i hat chua
nay mam.

Két qua nghién cttu nay phu hop voi két qua
nghién ctu trén hat djulis (Chenopodium
formosanum) & Dai Loan [18], theo d6 hat duoc
nay mam & 25°C cho gia tri TPC cao hon so véi
30°C. Déng thoi, no ciing twong dong véi xu huéng
tang TPC trong qué trinh ndy mam & dau nanh
(Glycine max), dau xanh (Vigna radiata) va dau
den (Phaseolus vulgaris) [33]. Tuy nhién, miic
TPC trong hat dau den xanh long cao hon nhiéu,
c6 thé do dac diém giong dau den xanh long va
diéu kien sinh trudng khac biét.
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Nhin chung, TFC ctia hat ting dang ké trong
qua trinh ndy mam, tuy c6 su khac biét giita cac
loai dau. O' dau xanh, TFC dat 5,58 mg RE/g FW
(tinh theo khoi luwong tuoi) vao ngay thir nam, voi
toc do tang truong nhanh nhat vao ngay thu ba.
Trong khi do, dau den co toc do tang cham hon
nhung 6n dinh, dat dinh vao ngay tht tu voi mic
4,25 mg RE/g FW. TFC cta dau nanh tuong doi
thap hon, chi dat 2,81 mg RE/g FW vao ngay thtt 5
[33]. Nhiet do va thoi gian ndy mam thich hop cho
moi loai hat ciing khac nhau va co6 vai tro quyét
dinh trong viéc kich hoat qua trinh sinh téng hop
cac hop chat chong oxy hoa. Thoi gian 36 — 72 gio
va nhiét do 25 — 30°C 1a diéu kién ndy mam thich
hop dé TPC va TFC trong hat dau den xanh long
dat gia tri cao.

3.4. Anh hudng ciia nhiét do va thoi gian nay
méam dén hoat tinh chdng oxy hoa ctia hat dau den

Két qua phan tich kha nang chong oxy hoa
bang tht nghiém véi DPPH va ABTS (Bang 3),
chiu anh hudéng ro rét boi diéu kién ndy mam. Ca 2
chi tiéu nay c6 gia tri kha cao & nhiét do ndy mam
25°C va 30°C trong khoang thoi gian 48 — 72 gio,
sau do, suy giam khi kéo dai thoi gian ndy mam.

O 25°C sau 48 gio, hoat tinh DPPH va ABTS
lan luwot dat 34,48 pmolTE/g DW va 55,44
nmolTE/g DW, gap 203,5% va 73,3% so v6i hat
chua ndy mam. Hiéu qua nay c6 thé do qua trinh
giai phong cac hop chat polyphenol te do dudi tac
dong cua cac enzyme noi sinh duoc hoat hoa trong
giai doan dau ctia qua trinh ndy mam nhu esterase,
protease, amylase va cellulase [15]. Nghién ctu
tréen dau den va dau Ha Lan cho thdy, hoat tinh
chong oxy hoa tang ro rét trong 6 - 7 ngay nay
mam & 25°C [34]. Lu va cs (2024) ciing ghi nhan
hat djulis (Chenopodium formosanum) ndy mam &
25°C c6 gia tri DPPH cao nhat, nhung suy giam
khi ndy mam & 30°C [18].

Nguoc lai & 20°C, hoat tinh DPPH va ABTS
trong hat dau den xanh long chi ting nhe trong
suot qua trinh ndy mam, co thé do diéu kién nhiet
do thap khong du kich hoat enzyme. Muc suy
giam ro rét & 35°C, sau 108 gio, gia tri DPPH chi
con 8,5 ymolTE/g DW va ABTS giam con 29,5
nmolTE/g DW. Diéu nay c6 thé do stress nhiét
gay mat 6n dinh cac enzyme tham gia vao sinh
téng hop cac hop chat chong oxy hod, dong thoi
thuc ddy cac phan tmg oxy hoa nguoc [18]. Xu
huong ting hoat tinh chong oxy hoa theo thoi gian
nay mam da duoc ghi nhan trong nhiéu nghién
ciu. Theo Chen va cs (2016), trong hat ke
(Phalaris canariensis 1L.) thit nghiém véi DPPH
taing gap 7 - 10 lan sau 120 gid ndy mam [35].
Huang va cs (2014) da ghi nhan hoat tinh chong
oxy ho4 cao nhéat trong dau nanh va dau xanh dat
duogc sau 72 gior ndy mam. Diéu nay cho thay, giai
doan d4au ndy mam 1a thoi diém tich luy manh céac
hop chat chéng oxy hoa trong cay ho dau [36].
Ngoai ra, moéi twong quan gitta TPC, TFC va hoat
tinh chong oxy hoa ciing duoc thé hién ro. Diéu do
c6 nghia 1a khi TPC, TFC tang, hoat tinh chong
oxy hoa ciing tang theo. Nhiéu nghién ctru da chi
ra moéi tuong quan ty lé thuan giita TPC va hoat
tinh choéng oxy hoa. Trong hat ke, hé s6 tuong
quan nay dat téi r = 0,99 [35], trong hat djulis
(Chenopodium formosanum) lar = 0,98 [18]. Theo
Mbaiogaou va cs (2022), hé so xac dinh Rz > 0,97
gitta TPC va hoat tinh DPPH, cho thay TPC 1a yéu
to chinh chi phoi kha nang khtt goc tu do cua dau
den [37].

Nhu vay, diéu kién ndy mam thich hop dé tang
hoat tinh chong oxy hoa trong hat dau den 1a 25°C
- 30°C trong 48 - 72 gio. Do d6, pham vi nhiét do va
thoi gian nay duoc chon mic cao va thap cho thiét
ké thuc nghiém t6i vu hoa voi 4 muc tiéu 1a TPC,
TFC, kha nang chong oxy hoa theo DPPH va
ABTS & phan tiép theo.

Béng 2. Anh hueong ctia nhiét @6 va thoi gian 1én ham leong TPC va TFC
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Mau Ham luong TPC (mg GAE/g DW) Ham luong TFC (mg CAE/g DW)
200C | 25°C | 30°C | 35°C 200C | 25°C | 30°C | 35°C
Hat chua 11,00° + 0,05 1,09+ 0,01
nay mam
GO 10,12° £ 0,07 0,93°+ 0,02
0,477 = . 12,047+ | 1353 | 0,69 | 1,16+ ] 129"+
Gl2 001 |PAUE0221 75 0.12 0.01 004 |80 E003) 75,
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-~ 0517+ | 144D+ | 15,63°% | 1574% % [ 088%% | 192" | 1.99%% | 1.02"%
0.15 0,27 0,29 0,07 0,02 0.02 0.02 0,02
08371 | 16,19 % | 17.00% % | 17.03°% | 0859 % | 2,14+ . 20971
G36 0.08 0,05 0.06 0,09 0.01 002 |2V E002] Th04
Gas 11,31+ | 17,63+ | 17,26™+ | 16,98+ | 1,61'+ | 2,75+ | 2,70+ | 2219+
0.18 0,22 0,08 0.13 0.02 0.02 0.02 0.00
172" | 1759°% | 1717 % | 1694%% | 162 | 277+ N 221 %
G60 0,44 0.04 0,02 0,02 0.01 003 |22 0021 75 5
12,637+ | 17,36+ | 17,03+ | 16,88+ | 1,61'+ | 2,76"+ b 1,857+
G72 0.06 0.09 0.08 0.09 0.01 001 |204 0011 50,
-~ .64 [ 17197 % | 1647%% | 16247 % | 171 | 2.67°% | 226+ | 1834
0,09 0.17 0.17 0.28 0,02 0.03 0.02 0.01
12,86'+ | 1630+ | 1491'= | 1337+ | 18I'+ | 251°+ . 1,66 +
G96 0.01 0,09 0.01 0.04 0,03 005 |23 0011 75 03
1286 | 15.84% % | 1437+ | 12.65% | 180+ | 2.04°% . 161~
G108 0.19 0.13 0.13 0.13 0.05 003 |87 E002) 50

Ghi chit. So6'liéu trinh bay duoi dang trung binh + do léch chudn (n = 3). Cédc chir cdi khdc nhau thé
hién sur khdc biét co y nghia thong ké giita cdc to hop xit Iy (p < 0,05), kiém dinh Tukey HSD sau
ANOVA hai nhan to.

Béng 3. Anh hudng ciia nhiét d¢ va thoi gian lén hoat tinh chéng oxy hoa ABTS va DPPH

Mau Gia tri hoat tinh chéng oxy hoa ABTS Gi4 tri hoat tinh chong oxy hoa DPPH
(umolITE/g DW) (umolTE/g DW)
20°C 25°C 30°C 35°C 20°C 25°C 30°C 35°C
Hat chua 31,99 £ 0,13 11,36"+ 0,04
nay mam
GO 28.,60" + 0,43 9,07% £ 0,05

G2 2893 + | 39398+ | 4047+ | 42,18+ | 9,06"+ 14,23°+ | 1504"+ | 1848™+
0,31 0,61 1,23 0,61 0,10 0,12 0,17 0,11

G4 32,00%+ | 47,12"+ | 48,718+ | 49,77%+ | 9,15+ | 24,00'+ | 25,08+ | 27,03" +
0,22 0,19 0,43 0,24 0,10 0,33 0,12 0,49

G36 3226°+ | 53,29+ | 52,04+ | 49,99+ | 9.14%+ | 26,74+ | 2636'+ | 28,88'+
0,35 0,71 0,21 0,20 0,02 0,18 0,34 0,59

648 35,00"+ | 55.44*+ | 53,83°+ | 51,36%+ | 9,73°+ 34,48+ | 33,00°+ | 30,12°+
0,87 0,65 0,28 0,32 0,03 0,05 0,08 0,16

G60 3725+ | 53,55°+ | 5328™+ | 51,25% £ | 11,817+ | 3386 + | 32,79+ | 2933+
0,66 0,51 0,51 0,11 0,13 0,30 0,00 0,08

a7 38,59™+ |[52,53%0+ | 51,98+ | 47,12"+ | 11,62 %+ | 33,92°+ | 32,26%+ | 27,728+
0,75 0,34 0,24 0,27 0,03 0,28 0,14 0,37

G84 28U+ | 49,145+ | 5121% + | 3984+ | 12,177+ | 32,81+ | 31,819+ | 27,308 +
0,14 0,16 0,13 0,13 0,19 0,24 0,10 0,37

G96 4337+ | 4501'+ | 43,559+ | 30,60°9+ | 12,52+ | 3045+ | 29,04"+ | 13,77°+
0,55 0,50 0,43 0,42 0,23 0,25 0,24 0,14

G108 4279+ | 4344+ | 4248+ | 2946+ | 12,577+ | 27,608+ | 2531+ | 851'+
0,18 0,39 0,48 0,13 0,14 0,09 0,12 0,13

Ghi chit. S6'liéu trinh bay duoi dang trung binh + do léch chudn (n = 3). Cédc chir cdi khdc nhau thé
hién sw khdc biét co y nghia thong ké gitta cdc to hop xit Iy (p < 0,05), kiém dinh Tukey HSD sau
ANOVA hai nhan to.
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3.5. Két qua t6i tu hoa ché do ndy mam

Dé t6i vu hoa ché do ndy mam, hai yéu t6 dau
vao la nhiét do va thoi gian duwgc chon trong

khoang 20 - 35°C va 24 - 72 gio> (Bang 4). Viéc thiét
lap ma tran thuc nghiém duwoc trinh bay & phan
2.11.

Bang 4. Ma tran quy hoach thuc nghiém va két qua thi nghiém

TT Yéu t6 anh hudng Két qua dau ra
Ma hoéa Gia tri thuc TPC TFC DPPH ABTS
X | X Nhiét @ nay | Thoi gian nay | (Y,) (Y, (Ys) (Y,
mam (°C) mam (gio)
1 -1 0 20,0 48 11,31 1,61 9,73 35,00
2 0 1 27,5 24 15,01 1,96 24,49 48,12
3 -1 1 20,0 24 9,51 0,88 9,15 32,00
4 1 1 35,0 24 15,74 1,92 27,03 49,77
5 1 0 35,0 48 16,98 2,21 30,12 51,36
6 0 0 27,5 48 17,42 2,73 33,75 54,44
7 0 1 27,5 72 17,30 2,74 33,09 52,13
8 -1 1 20,0 72 12,63 1,61 11,62 38,59
9 0 0 27,5 48 17,41 2,71 33,75 54,50
10 1 1 35,0 72 16,88 1,85 27,72 47,12
11 0 0 27,5 48 17,45 2,71 33,78 54,37
12 0 0 27,5 48 17,39 2,70 33,69 53,90
13 0 0 27,5 48 17,37 2,72 33,72 54,20

Ghi chii: Ma héa (X1, X 2) twong ting véi hai yéu té dau vao: X1 — nhiét @6 nay mam (°C), X » — thoi gian

ndy mam (gio), véi ba mire md héa —1, 0 va +1.

Tt két qua dau ra cta 13 thi nghiém (Bang 4),
phuong trinh héi quy ctia cac ham muc tiéu sau
khi loai bé nhitng hé s6 c6 gia tri p > 0,05 duoc
thiét 1ap voi R? twong tmg va két qua to6i wu hoa
(Bang 5). Bang 5 cho thay: (1) Tat ca cac mo hinh
déu 1a mo hinh bac hai, cho phép moé ta moi quan
hé phi tuyén tinh giita cac yéu t6 va két qua. (2)
Cac hé so R?rat cao cho tat ca cac mo hinh (trén
97%) cho thay cac mo hinh nay rat dang tin cay
trong viéc du doan cac chi s6 TPC, TFC, DPPH va

ABTS dua trén nhiét do va thoi gian ndy mam. (3)
Su hién dién ctia cac hé s6 bac hai X/ X, am
trong tat ca cac phuong trinh cho thdy rang tat ca
cac ham muc tiéu déu c6 mot diém cuc dai (t6i wu)
trong khoang nghién cttu, khong phai 1a moi quan
hé tuyén tinh don thuan. (4) Su c6 mat ctaa hé so
tuong tac (X;*X,) trong cac phuong trinh TPC,
TFC va ABTS cho thdy riang anh hudng cta mot
yéu to lén két qua phu thudc vao mirc do cta yéu
to con lai.

Bang 5. Phuong trinh héi quy va két qua t6i tu héa

NONG NGHIEP VA MOI TRUONG - THANG 9/2025

Ham Gia tr1A,(.:1_rc dai (nholet d9 naY. Két qua thi
. N 5 mam t0i uu (28,79°C) va thoi N 2
muc Phuong trinh hoi quy R . A e nghiém kiém
. gian nay mam toi uu (54,06 )
tiéu . ching
gio))
Y, =-40,55 + 3,305 X; + 0,2657 X, -
TPC 0,05116 X,;*- 0,001507 X,? - 99,41% 17,87 (mg GAE/g DW) 17,92+ 0,13
0,002750 X, *X,
Y, =-12,490 + 0,8723 X, + 0,0997 X,
TFC -0,01413 X,2- 0,000616 X,2 - 98,40% 2,77 (mg CAE/g DW) 2,75+ 0,02
0,001111 X, *X,
— - 2 -
DPPH Y;=-179.8 +0102£22X)1( 20’2 121X, 97,27% 34,68 (umolTE/g DW) 34,81+ 0,37
’ 2
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Y, =-133,7+11,075 X, + 0,872 X, -
0,1729 X,*- 0,00483 X,* -
0,01283 X,*X,

ABTS

98,57%

54,88 (umolITE/g DW) 55,01 + 0,30

Bang 5 cho thay, nhiét d6 ndy mam toi wu va
thoi gian ndy mam t6i wu 1a 28,79°C va 54,06 gio.
Tai nhiét do va thoi gian ndy mam t6i wu gia tri cuc
dai cua ham t6i vu 1a TPC: 17,87 mg GAE/g DW,
TFC:2,77 mg CAE/g DW, DPPH: 34,68
pmolTE/g DW va ABTS: 54,88 umolTE/g DW.

So sanh két qua toi vu theo du doan cia mo
hinh v6i két qua thi nghiém kiém chimg cho thay,
cac gia tri nay kha gan nhau (Bang 5). Diéu nay
ching té rang cac phuong trinh hdi quy da xay

dung c6 kha ning du doan chinh xac cac gia tri toi
uu va cac diéu kién toi vu tim duoc 1a dang tin cay
nén cung cap co so vimg chac cho viéc ap dung
cac diéu kién nay trong thuc té dé dat duoc hiéu
qua mong mudn.

Dé thé hien mot cach truc quan vé két qua toi
wu hoa, cac bé mat dap tng, biéu do 3D cho thdy,
moi quan hé gitra hai yéu t6 dau vao (truc Xva'Y) va
moOt dap tmg dau ra (truc Z), twong tng voi cac
phuong trinh hdi quy bang 5 duoc trinh bay & hinh 2.

. A - N
Chi tiéu Bé mat dap ung Puong dong muc
| .
B
o
|5
l :
TPC
TFC
« 10
10 - 15
IRty 20
M ozo0- 25
] 25
TFC
TFC ,
L]
W oo- s
15 - 20
20 - 25
M-
M 30
]
DPPH
DPPH
20
T AETS
€« 3%
ELE ]
M- s
M- ox
En Wso- 55
[ ] 55
ABTS * Lo
%
ABTS } \
a0 @
} :
El o X N
20 =
5
X 0 EH el 20 2 4 % W 0 R M
X1

Hinh 2. Biéu d6 bé mat dap tng, dudng dong mic thé hién truc quan vé két qua tdi uu héa
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4. KET LUAN

Nghién cttu da ching minh rang diéu kién
ngam va ndy mam anh hudéng ro rét dén ham
luong polyphenol, flavonoid va hoat tinh chong
oxy hoa cta hat dau den xanh long. Qua trinh
ngam ¢& nhiét do 35°C trong 6 gio giup hat dat do
thily phan ly twong cho nay mam, trong khi giai
doan ndy mam & 25 - 30°C trong 48 - 72 gio 1a diéu
kién toi vu dé gia tang tich luy hop chat co hoat
tinh sinh hoc. Phan tich t6i uu hoa cho thay diéu
kieén toi vu dat duoc tai 28,79°C va 54,06 gio, voi
cac chi tieu TPC, TFC, DPPH va ABTS déu dat
muc cao nhat, khang dinh tinh hiéu qua va do tin
cay cta mo hinh du doan.

Nhitng két qua nay khong chi gép phan lam
sang to co ché sinh hoa trong qua trinh ndy mam
ctia hat dau den, ma con dit nén mong cho viéc
ung dung trong ché bién cac san pham thuc phdm
chttc nang tu nhién, huong dén gia tri dinh duong
cao va an toan cho sttc khoe nguoi tiéu dung.
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EFFECTS OF SOAKING AND GERMINATION ON POLYPHENOL CONTENT AND ANTIOXIDANT
ACTIVITY IN BLACK BEAN ( Vigna unguiculata) SEEDS

Phan Thi Be', Do Thi Bich Thuy? Vo Van Quoc Bao',
Nguyen Van Duc!, Tran Bao Khanh!, Nguyen Phan Ha Vi®

! University of Agriculture and Forestry, Hue University, Hue, Vietnam

?Faculty of Environmental and Natural Sciences, Duy Tan University, Da Nang, Vietnam
School of Biotechnology, International University - Vietnam National University Ho Chi Minh city
Abstract

The green-kernel black bean (Vigna unguiculata) is rich in polyphenols and flavonoids, which
exhibit strong antioxidant activity. This study examined how soaking and germination affect the
accumulation of total phenolic content (TPC), total flavonoid content (TFC), and free radical
scavenging activity in seed extracts. Antioxidant capacity was assessed using DPPH and ABTS
assays. Soaking at 35°C for 6 hours resulted in the highest germination rate (96.3%). Germination
at 25 - 30°C for 48 - 72 hours significantly increased TPC (60.3%), TFC (154.5%), DPPH activity
(203.5%), and ABTS activity (73.3%) compared to ungerminated seeds (p < 0.05). Response
surface methodology identified 28.79°C for 54.06 hours as the optimal condition. Under this
condition, all biological parameters reached their highest values, with strong agreement between
predicted and observed results. These findings suggest that soaking and germination are
effective bioprocesses for enhancing the functional and antioxidant properties of V. unguiculata
seeds. This supports their potential use in developing functional foods enriched with natural

antioxidants.

Keywords.: Antioxidant activity, germination, polyphenols, Vigna unguiculata.

Ngay nhan bai: 16/6/2025

Ngay chuyén phan bién: 8/7/2025
Ngay thong qua phan bién: 25/7/2025
Ngay duyét dang: 5/8/2025

NONG NGHIEP VA MOI TRUONG - THANG 9/2025

207



KHOA HOC & CONG NGHE

ANH HUOGNG CUA PHUONG PHAP SAY LEN TiNH CHAT
HOA LY, THANH PHAN GINSENOSIDE VA HOAT TiNH
SINH HOC CUA DICH CHIET LA SAM NGOC LINH

Nguyén Thi Thity Dung', L& C4m Thi', Nguyén Qudc Duy’, Tran Thi Tuong Vi,
Huynh Qudc Trung?, Liwong Trong Khoa?, Nguyén Duy Lam!, Nguyén Thi Van Linh*"
' Khoa Khoa hoc Ung dung va Cong nghé, Truong Pai hoc Neuyén T4t Thanh

? Cong ty Co phan Sam Viét Nam VINAPANAX
* Email- ntvlinh@ntt edu.vn

TOM TAT

Sam Ngoc Linh (Panax vietnamensis Ha et Grushv.) 1a mot loai cay thudc quy dac hitu ctia Viet
Nam, voi 14 chtta cac hop chat co hoat tinh sinh hoc nhu ginsenoside c6 tiém nang diéu tri ung
thu. Nghién cttu nay duoc thuc hién nham danh gia tac dong ctia cac phuong phap say khac
nhau, cu thé 1a sdy khong khi nong (HAD), sdy thang hoa (FD) va sdy hé tro hong ngoai (IRD)
léen ham luong phenolic va saponin téng, hoat tinh chéng oxy hoa (DPPH, ABTS, FRAP) va thanh
phan ginsenoside cta dich chiét tir 14 sam Ngoc Linh. Két qua cho thay, phuong phap HAD thu
duoc dich chiét 14 sam Ngoc Linh c6 ham luong phenolic téng cao nhat (264,9 mg GAE/L), trong
khi FD lai cho thdy, ham luong saponin tong (1.690,8 mg GE/L) cao hon dang ké so voéi hai
phuong phap con lai (1.504,7 - 1.539,5 mg GE/L). C6 thé nhan thay, sy twong quan lan luot gitta
ham luwong phenolic va saponin v6i hoat tinh chong oxy hoéa FRAP va DPPH/ABTS ctia dich chiét
14 sam Ngoc Linh voéi hoat tinh FRAP cao nhat cia mau HAD (362,6 mg TE/L) va hoat tinh kht
goc tu do DPPH/ABTS cao nhit cia mau FD (116,3 va 542,2 mg TE/L). Vé thanh phan
ginsenoside, ginsenoside Re, Rc, Rb2 va Rd 1a cac ginsenoside chinh c6 mat trong dich chiét 14
sam Ngoc Linh. Ngoai ra, mau FD c6 ham luong ginsenoside cao hon vuot troi (540,0 mg/L) so
v6i hai mau con lai (103,4 - 118,0 mg/L), dac biét 1a Re (217,9 mg/L), Rb2 (255,5 mg/L) va Rd
(45,7 mg/L). Nhitng phat hién nay cung cap cac kién thitc quan trong cho viéc phat trién cac quy

trinh ché bién chuidn héa nham t6i da hoa gia tri duoc tinh ctia loai sam dac hiru ctia Viét Nam.

Tie khéa: Hoat tinh sinh hoc, I4 sam Ngoc Linh, phuong phap séy, thanh phan ginsenoside.

1. BAT VAN BE

Sam Ngoc Linh (Panax vietnamensis Ha et
Grushv), mot loai cay thudc dac hiru va rat duoc ua
chuong cua Viét Nam, ndi tiéng voi thanh phan
phong phu cac hop chat hoat tinh sinh hoc, dac
biét la saponin, flavonoid va axit phenolic, gop
phan tao nén dac tinh chong oxy hoa dang ké cta
no [1, 2]. Cac chat chong oxy hoa nay dong vai tro
quan trong trong viéc giam thiéu stress oxy hoa
bang cach trung hoa cac gdoc tu do, tir d6 mang lai
loi ich sttc khoe tiém nang tir tac dung chong viém
dén chong ung thu [3]. Viec bdo quan cac hop
chat hoat tinh sinh hoc kém bén nay rat quan
trong trong qua trinh ché bién sau thu hoach, vi
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tinh 6n dinh cta ching c6 thé rat dé bi anh huéng
boi cac yéu to moi truong.

Say 1a mot cong doan quan trong trong qua
trinh san xuat chiét xuat thao duoc, chi yéu nham
muc dich giam do 4m dé ngan ngtra su phat trién
ctia vi khuan va su suy gidm chat luong do
enzyme, kéo dai thoi han stt dung va tao diéu kién
thuan loi cho cac qua trinh chiét xuat tiép theo [4].
Tuy nhién, viéc lua chon phuong phap siy anh
huong dang ké dén kha nang luu gitt va hoat tinh
sinh hoc ctia cac hop chat khong bén nhiét.

Say khong khi nong 1a mot ky thuat thuong
duoc st dung rong rai c6 ban chat dua vao su
truyén nhiet doi leu do vat lieu tiép xuc véi nhiét
do cao va thoi gian sdy kéo dai, do d6 c6 kha nang
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dan dén su phan hiy cac chat chong oxy hoa nhay
cam voi nhiét [5]. Say hong ngoai 1a mot giai phap
thay thé st dung btc xa dién tir dé truyén nhiét
truc tiép va hiéu qua hon, c6 kha nang giam thoi
gian sdy va bao quan nhiéu hop chat hoat tinh hon
so voi sdy khong khi nong [6]. Nguoc lai, siy
thang hoa la mot qua trinh tach nuéc & nhiét do
thap co lién quan dén qua trinh thang hoa cta
nuoc da trong diéu kién chan khong nén giam
thiéu s phan huy nhiét va bao toan tinh toan ven
vé cau trac va sinh héa cta cac vat lieu nhay cam
v6i nhiét [7].

Vi gia tri kinh té€ va duoc tinh ctia sAm Ngoc
Linh, viec hiéu biét toan dién vé co ché, trong do
cac phuong phéap sdy riéng biét ndy anh hudng
dén dic tinh chong oxy hoda ctia chiét xuat 1a 1a
diéu can thiét dé t6i wu hoa cac quy trinh ché bién
nham t6i da hoa viéc gitr lai cac hoéa chat thuc vat
c6 loi va @am bao hiéu qua ctia cac san pham c6
nguodn goc tir thuc vat. Cac phuong phap sy sau
thu hoach anh huéng dang ké dén viéc luu gitr va
chuyén d6i cac hop chat nay; tuy nhién, viéc danh
gi4 co hé thong cac tac dong ctia qua trinh say doi
voi dich chiét 14 sam Ngoc Linh van con han ché.
Do d6, nghién ctru nay duoc thuc hién nham danh
gi4 hiéu qua cta cac phuong phéap say khac nhau
bao gém say doi luu, sdy hong ngoai va siy thang
hoa lén kha nang chéng oxy hoéa va thanh phan
ginsenoside cta dich chiét tir 14 sam Ngoc Linh.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu

L4 sam Ngoc Linh 6 nam tudi duoc thu hoach
& huyeén Nam Tra My, tinh Quang Nam. Thudc thir
Folin-Ciocalteu, 2,2- diphenyl - 1 -picrylhydrazyl
(DPPH), 2,2’ - azino - bis(3 - ethylbenzothiazoline -
6 - sulfonic axit) (ABTS), 2,4,6 - tris(2-pyridyl) - s -
triazine (TPTZ), axit gallic, Trolox, chuin
ginsenoside (Rg1, Re, Rf, Rb1, Rc, Rb2, Rd, Rg3 va
Mr2) duoc mua tir Sigma - Aldrich (Singapore).
Céc hoa chat khac st dung trong nghién cttu déu
dat chuén phan tich.

2.2. Quy trinh sdy 14 sam Ngoc Linh

Sau khi thu nhan, 14 sam Ngoc Linh dugc sdy
bang ba phuong phap khac nhau bao gdm siy doi
luru, sdy thing hoa va sdy hong ngoai nham danh
gia anh hudéng cua ching dén chat luong dich
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chiét dua trén quy trinh xt Iy mau tham khao béi
Nhu - Trang va cs (2022) [8]. Doi vdi sdy dai luu, 1a
duoc trai thanh 16p mong 5 mm trén cac khay va
sdy & nhiet do 60°C trong 4 gid, st dung thiét bj
say GE60 (Spring Green Evolution, Thai Lan). Doi
voi sdy hong ngoai, 14 ciing duoc siy 16p mong
trong diéu kién tuong tu sy doi luu va co su ho tro
ctia héng ngoai & cong suat 3 kW, st dung thiét bi
say hong ngoai 0001 (E - mart, Viet Nam). Cudi
cung, la duoc sdy thing hoa & - 60°C stt dung thiét
bi say thang hoa Alpha 1 - 2 LDplus (Martin Christ
Gefriertrocknungsanlagen GmbH, Diic) cho dén
khi dat duoc khoi luong khong doi. La kho thu
nhan duoc nghién min va bao quan dong ¢ - 20°C
cho t6i khi phan tich.

2.3. Quy trinh thu nhan dich chiét 14 sam
Ngoc Linh

Qua trinh chiét xuat cac hop chat tir 14 sam
Ngoc Linh duoc thuc hién bang phuong phap chiét
ran 16ng trong diéu kién kiém soat chat ché nham
toi wu hoa hiéu suat thu hoi va bao toan hoat tinh
sinh hoc dua trén quy trinh duoc dé xuat boi Nhu-
Trang va cs (2023) [9]. Cu thé, nguyen liéu 14 duoc
chiét voi dung moi ethanol 70% (v/v) theo ti lé
nguyén liéu/dung moi 1a 1: 10 (g/mL). Hoén hop
nay sau do duoc gia nhiét va duy tri & nhiét do
60°C trong khoang thoi gian 30 phut. Cudi cung,
dich chiét duoc thu nhan bang cach ly tam & 7.000
vong/phut trong 10 phut, st dung thiét bi ly tam
toc do cao TG16 (Changsha Yingtai Instrument
Co., Ltd., Trung Quoc). Dich chiét ciing duoc bao
quan dong & 20°C cho t6i khi phan tich.

2.4. Phurong phap phan tich
2.4.1. Ham lrong phenolic tong

Ham luwong phenolic téng dugc do bang
phuong phap Folin-Ciocalteu voi mot so stta doi
[10]. Dau tién, dich phan tich pha loang (0,6 mL)
duoc tron voi 1,5 mL thudc thit Folin-Ciocalteu
(pha loang 10 14an). Sau khi u 5 phut & nhiét do
phong, 1,2 mL dung dich Na,CO, 7,5% dugc thém
vao va hon hop duoc 4 trong bong toi 30 phuat. Do
hap thu ctia hon hop duoc do & 765 nm bang may
do quang ph6 UV2.600 (Shimazdu, Kyoto, Nhat
Ban). Ham luong phenolic téng duoc tinh toan dua
trén duong chuén axit gallic va duoc biéu thi bang

209



KHOA HOC & CONG NGHE

mg duong luong axit gallic trong 1 L dich (mg
GAE/L).

2.4.2. Ham lirong saponin tong

Ham luong saponin tong s6 duoc xac dinh
bang phuong phap quang phé st dung thudc thir
p-anisaldehyde [11]. Cu thé, 100 pL dich phan tich
duoc chuyén vao 6ng nghiém cé nap day voi 100
pL dung dich p-anisaldehyde 50% pha trong
methanol (v/v) va 2 mL dung dich sulfuric 50%
(v/v). Sau budc nay, dung dich duogc dun nong
ngay lap tic & 60°C trong 20 phut. Cuéi cung, phan
ung tao mau duogc dimg lai bang cach chuyén 6ng
nghiém c6 nap day vao bon nuoc da trong 10 phut.
Po hap thu cta dung dich phan tmg duoc do &
budc séng 600 nm. Ham luong saponin téng duoc
tinh toan dua trén duong chudn ginsenoside va
duoc biéu thi bing mg duwong luong ginsenoside
trong 1 L dich (mg GE/L).

2.4.3. Hoat tinh khir goc twr do DPPH

Hoat tinh khtr goc tw do DPPH duoc danh gia
dua trén quy trinh duoc mo ta bdi Nguyen va cs
(2022) v6i mot vai thay d6i nho [10]. D€ tién hanh
do hoat tinh DPPH, dich chiét mau duoc chuédn bi
& cac nong @6 khac nhau. Sau do, 0,2 mL dich
phan tich duoc tron voi 2,8 mL dung dich thudc
thtt DPPH duogc hiéu chinh vé do hap thu 1,1 &
budc song 515 nm. Hon hop phan ting sau do duoc
u trong diéu kién toi & nhiet do phong trong 30
phut dé dam bao phan tng xay ra hoan toan. Sau
thoi gian 0, do hap thu cta timg mau duoc do &
buéc song 515 nm bing may quang phé UV-Vis.
Hoat tinh chong oxy héa DPPH duoc tinh toan dua
trén duong chudn Trolox va duoc biéu thi bang mg
duong luwong Trolox trong 1 L dich (mg TE/L).

2.4.4. Hoat tinh khir goc tir do ABTS

Hoat tinh chong oxy hoa ABTS duoc xac dinh
theo phuwong phap duwoc moé ta Nguyen va cs
(2022) v6i mot vai thay d6i nho [10]. D€ tién hanh
do hoat tinh ABTS, dich chiét mau dwoc chuén bi
& cac nong d6 khac nhau. Sau do, 0,2 mL dich
phan tich duoc tron voi 2,8 mL dung dich thudc
tht ABTS duoc hiéu chinh vé @ hap thu 1,1 &
budc song 734 nm. Hon hop phan ting sau do duoc
u trong diéu kién toi & nhiet do phong trong 30
phut dé dam bao phan tmg xay ra hoan toan. Sau
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thoi gian 0, d6 hap thu cta timg mau duoc do &
buéc song 734 nm biang mdy quang phé UV-Vis.
Hoat tinh chong oxy hoa ABTS duoc tinh toan dua
trén duong chuédn Trolox va duoc biéu thi bang mg
duong luong Trolox trong 1 L dich (mg TE/L).

2.4.5. Hoat tinh khu sit FRAP

Hoat tinh khir sit FRAP duoc thuc hién theo
phuong phap ctia Nguyen va cs (2022) voi mot so
thay déi nho [10]. Thuéc thit FRAP duoc chuén bi
bang cach tron dung dich dém acetate (0,3 M & pH
3,6), dung dich TPTZ (10 mM) pha trong HCI 40
mM va dung dich FeCl; (20 mM) theo tilée 10: 1: 1
vé thé tich. Sau do, dich phan tich (0,2 mL) duoc
phan tng voi 2,8 mL dung dich thuoc thit FRAP.
Hon hop phan tmg sau d6 duoc 1 trong diéu kién
toi & nhiét do phong trong 30 phut dé dam bao
phan tng xay ra hoan toan. Sau thoi gian 1, do hap
thu ctia ttmg mau duoc do & budc song 593 nm
bang may quang phé UV-Vis. Hoat tinh chéng oxy
héa FRAP duoc tinh toan dua trén duong chuin
Trolox va duogc biéu thi bang mg duong luong
Trolox trong 1 L dich (mg TE/L).

2.4.6, Thanh phan ginsenoside

Thanh phan ginsenoside duoc dinh liong theo
phuong phap duoc mo ta bai Nguyen va cs (2025)
[12] stt dung hé thong sac ky 1ong Shimadzu LC-
40D (Shimadzu, Kyoto, Nhat Ban) két hop voi cot
phenyl (250 mm x 4,6 mm; 5,0 um), dau do UV
SPD-20 A va bom LC-40D. Bot duoc chiét xuat
bang methanol va siéu am & 45°C trong 15 phut
trudc khi duoc loc qua mang PTFE 0,45 pm. Pha
dong bao gom nuoc (dung moi A) va acetonitril
(dung méi B) voi gradient rira giai sau: 80% A
trong 5 phut, 77% A trong 5 - 20 phut, 70% A trong
20 - 25 phut, 60% A trong 25 - 32 phat, 50% A trong
32 - 38 phat, 15% A trong 38 - 52 phut va 80% A
trong 52 - 61 phut. Toc do dong chay duoc co dinh
o muirc 1 mL/phut va nhiét do cot duoc duy tri &
35°C. Phan tich khoi phé (MS) duwoc thuc hién
bang phuong phap ion hoa phun dién (ESI) & ca
ché do duong (3,5 kV) va ché do am (- 2,5 kV) voi
pham vi MS tir 100 - 1.500. Mot s6 thong s6 khac
duoc thiét 1ap nhu sau: Khi shealth 40 L/phut, khi
phu tro 12 L/phut, khi quét 1 L/phut, nhiét do 6ng
truyén ion 333°C va nhiét do may hoa hoi 317°C.
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Buoc song UV diung dé phat hién hop chat 1a 203
nm va thé tich tiem la 10 pL. Cac chuén
ginsenoside bao gom: Rgl, Re, Rf, Rb1, Rc, Rb2,
Rd, Rg3 va Mr2.

2.5. Phuong phap xtt ly thong ke

Dit liéu thuc nghiém duoc phan tich bang
phan mém R version 4.4.2 stt dung nhitng ky thuat
thong ké co ban. Ngoai ra, phan tich phuong sai
mot nhan t6 duoc 4p dung dé xac dinh su khac
nhau gitta cac phuong phéap siy va kiém dinh
Tukey duoc ap dung dé xac dinh su khac biét co y
nghia gitra cac gia tri trung binh & mitc y nghia 5%.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh hudng ctia phuong phép sdy lén ham
lrgng phenolic va saponin

Anh hudng cta phuong phép sdy lén ham
luong phenolic va saponin cta dich chiét 14 sam
Ngoc Linh duoc trinh bay & hinh 1 cho thay, cac
phuong phép sy c6 tac dong khac nhau lén viéc
luu gitr ham lwong cac hop chat sinh hoc hoat tinh
trong 14 sam Ngoc Linh & mau tuoi ban dau. Dai
v6i ham luong phenolic téng, phuong phap siy doi
luu thé hién hiéu qua bao vé tot hon voi 264,86 mg
GAE/L, cao hon 18,6% so voi sdy thang hoa
(223,30 mg GAE/L) va 9,1% so voi sdy hong ngoai
(242,76 mg GAE/L). Su gia ting nay co thé duoc
giai thich, béi qua trinh siy tao diéu kién thuan loi
cho viéc pha vo cau truc té bao, gidi phong cac hop
chat phenolic lién két va c6 thé kich hoat mot so
phan tng do enzyme xuc tac dé€ tao ra cac hop
chat phenolic moi [13].

Nguoc lai, ham luong saponin téng thé hién
xu huong hoan toan trai nguogc, voi phuong phap
say thang hoa cho két qua cao nhat (1.690,8 mg
GE/L), cao hon 9,8% so voi say déi lvu (1.539,5 mg
GE/LD) va 12,4% so voi siy hong ngoai (1.504,7 mg
GE/L). DPiéu nay phu hop voi dic tinh nhay cam
nhiét ctia cic saponin, dic biét 1a ginsenoside,
trong d6 qua trinh thang hoa & nhiét do va ap suat
thap gitp ngan chan su phan hiay nhiét va chuyén
d6i cau trac ctia cac hop chat nay [14]. Cac nghién
ctru ciing da chung minh rang, sdy hong ngoai c6
thé lam ting dang ké hoat dong chong oxy hoa
cta la nhan sam bang cach pha vo cac phenolic ¢
khoi luong phan tir 1on dé giai phong chat chong
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oxy hoa cé kich thuéc phan tt nhé hon [15, 16].
biéu nay cho thay, cac diéu kién xit ly nhiét cé thé
thuc ddy su chuyén déi hodc hinh thanh cac hop
chat phenolic nhung dong thoi c6 thé gay tén that
mot phan saponin do su phan hiy nhiét, trong khi
diéu kién nhe nhang cua sdy thing hoa luu gitr
duoc tinh toan ven cau tric cta cac saponin phuc
tap.

Say khong khi nong mac du thuong duoc st
dung, c6 xu huéng dan dén thoi gian sy dai hon
va tiéu thu nhiéu nang luong hon so véi céac
phuong phap sdy hong ngoai. N6 ciing dan dén
nhiing thay d6i mau sac dang ké hon va kha nang
phan huay céac hop chat hoat tinh sinh hoc, chang
han nhu saponin va polyphenol, von rat quan trong
do6i voi hoat dong chong oxy hoa [17]. Sdy hong
ngoai da duoc chimg minh 1a tiét kiém nang luong
hon va hiéu qua hon trong viéc bdo quan chat
luong ctia nhan sam, bao gom lam gidm thoi gian
sdy va tang cuong kha nang gitr lai polyphenol va
ginsenoside, von rat quan trong doi voi diac tinh
chong oxy hoa [18]. Mat khac, sdy thiang hoa duoc
biét dén voi kha niang bao toan tinh toan ven vé
mat cau truc va cac hop chat hoat tinh sinh hoc
cta vat lieu thuc vat nho quy trinh & nhiet do thap.
Phuong phap nay dac biét hiéu qua trong viéc duy
tri kha nang chong oxy hoa ctia cac loai thao moc,
vi n6 giam thiéu sy phan hiy nhiét cia cac hop
chat nhay cam [19, 20].
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Hinh 1. Anh hudng ctia phuong phép sdy lén ham
luong phenolic (mg GAE/L) va saponin (mg
GE/L) cta dich chiét 14 sim Ngoc Linh

Chui thich: Mau twoi la mau doi ching khong
say.
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3.2. Anh hudng ctia phuong phép sdy lén hoat
tinh chdng oxy héa

Tac dong cua cac phuong phap sdy khac nhau
dén dic tinh chong oxy hoa ctia chiét xuat 14 sam
Ngoc Linh duoc trinh bay trong hinh 2. Két qua
cho thay, su khac biét dang ké gitta cac phuong
phéap sy, voi méi phuong phap thé hién uwu thé
riéng biét doi voi cac co ché chong oxy hoa khac
nhau. Doi voi hoat tinh khit goc te do DPPH,
phuong phap sdy hong ngoai va siy doi luu thé
hién hiéu qua cao nhat (126,8 - 129,0 mg TE/L),
cao hon 11,3% so voi sdy thang hoa (115,9 mg
TE/L). Tuy nhién, xu huéng nay hoan toan nguogc
chiéu d6i voi hoat tinh ABTS, trong do sdy thang
hoa cho két qua vuot troi voi 542,2 mg TE/L, cao
hon 29,6% so voi sdy hong ngoai (441,1 mg TE/L)
va 23,0% so voi sdy doi luu (4184 mg TE/L).
Trong khi d6, hoat tinh FRAP lai thé hién xu
hudng khac biet, voi sdy doi luu dat gia tri cao nhat
(362,6 mg TE/L), cao hon so véi sdy thiang hoa va
sdy hong ngoai (326,5 - 336,3 mg TE/L). Su phan
hoa nay c6 thé duoc gidi thich boi cac co ché tac
dong khac nhau cta timg phuong phap say lén cau
trac va hoat tinh ctia cac hop chat chong oxy hoa.
Say thang hoa, voi diéu kién nhiét do va ap suat
thap, c6 thé bao ton t6i wu cac hop chat co kha
nang tuong tac voi cation ABTSe+, trong khi cac
phuong phap siy nhiét co thé tao diéu kién thuan
loi cho su chuyén déi hoac hinh thanh cac hop
chat phenolic c6 hoat tinh khit ion Fe3+ va goc tu
do DPPH. Két qua nay cho thdy, viéc lua chon
phuong phép sdy can duoc can nhac dua trén muc
tieu tng dung cu thé va loai hoat tinh chong oxy
hoéa mong muén toi wu hoa.

Ngoai ra, méi twong quan phtrc tap va co tinh
chon loc gitta ham lwong phenolic, saponin va cac
loai hoat tinh chong oxy hoa khac nhau trong dich
chiét 14 sam Ngoc Linh ciing duogc phan tich. Hoat
tinh FRAP cho thdy, moi twong quan thuan ro rét
v6i ham luong phenolic tong, trong d6 mau say doi
luru c6 ham luong phenolic cao nhat tuong tng voi
hoat tinh FRAP cao nhat. Diéu nay cho thay, hop
chat phenolic dong vai tro cht dao trong viéc khir
ion Fe3 thanh Fe? co ché phan tmg chinh cta
phuong phap FRAP [21]. Nguoc lai, hoat tinh
ABTS thé hién méi tvong quan manh mé véi ham
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luong saponin tong, dac biét ro nét & mau siy
thang hoa v6i ham luong saponin cao nhét, tuong
ung voi hoat tinh ABTS vuot tréi. Diéu nay goi y
rang cac ginsenoside va saponin khac trong 14 sim
Ngoc Linh c¢6 kha ning tuong tac hiéu qua voi
cation ABTSe+ thong qua co ché chuyén electron
don. Trong khi d6, hoat tinh DPPH thé hién xu
huong twong quan voi ham luong phenolic nhung
khong ro rang nhu FRAP, v6i mau sdy hong ngoai
va d6i luu co6 hoat tinh DPPH cao va tuong duong
nhau (128,97 va 126,78 mg TE/L), mac du ham
luong phenolic khac biét dang ké. Su phan biet
nay cho thay, hoat tinh DPPH c6 thé chiu anh
hudng boi ca hai nhom hop chat phenolic va
saponin, tao nén hiéu tng hiép dong trong viéc
khtt goc tu do DPPHe. Nhitng phat hién nay
khéang dinh tAm quan trong cua viéc danh gia da
chiéu hoat tinh chong oxy héa dé hiéu ro vai tro
ctia ting nhom hop chat c6 hoat tinh sinh hoc
trong dich chiét 14 sam Ngoc Linh.
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Hinh 2. Anh huéng ctia phuong phép sdy 1én hoat
tinh chéng oxy h6a DPPH, ABTS va FRAP (mg
TE/L) ctia dich chiét 14 sam Ngoc Linh

Chui thich: Mau tuoi Ia mau doi ching khong
say.

3.3. Anh hudng ctia phuong phép sdy lén
thanh phan ginsenoside

Két qua phan tich dinh lwong cac ginsenoside
trong hinh 3 cho thdy, phuong phap siy co6 anh
huong dang ké dén ham luong cac hop chat co
hoat tinh sinh hoc nay trong dich chiét 14 sam
Ngoc Linh. C6 thé nhan thdy rang, phuong phap
say thang hoa thé hién kha nang bao vé nhom hop
chat ginsenoside vuot troi so vdi cac phuong phap
nhiét khac, voi tong ham luong ginsenoside dat
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540,0 mg/L so v6i hai phuong phap con lai (103,4 -
118,0 mg/L). Diéu nay c6 thé duoc giai thich boi
qua trinh thing hoa dién ra & nhiét do va ap suat
thap, gitp ngin chan su phan hay nhiét cua cac
ginsenoside dong thoi tao diéu kién thuan loi cho
viéc giadi phong cac hop chat nay tir té bao thuc vat
[19, 20]. Nguoc lai, phuong phap say doi luu va
hong ngoai hiéu qua bao vé ginsenoside thap hon
dang ké, cho thay su mat mat do tac dong cua
nhiét do cao trong qua trinh siy cé su tham gia
ctia nhiét. Dac biét, ginsenoside Rb1 thé hién do
nhay cam cao voi nhiét do, véi ham luong trong
cac mau say nhiét chi tang 2,4 - 2,7 1an so v6i mau
tuoi, trong khi mau sdy thiang hoa tang 8,5 lan.

Mot diém dang chu y 1a su khac biét trong su
phan b6 ginsenoside giita cac phuong phap siy.
Ginsenoside Re va Rgl cho thdy xu huong ting
cao hon trong cac mau siy hong ngoai (24,60 va
1,92 mg/L) so v6i say doi lueu (20,30 va 0,85
mg/L), goi y rang co ché truyén nhiét truc tiép cta
hong ngoai c6 thé tao diéu kién thuan loi hon cho
viéc bao ton mot so ginsenoside nhat dinh. Tuy
nhién, phuong phap sdy thang hoa van thé hién wu
thé vuot troi trong viéc bao ton téng ham luong
ginsenoside, khing dinh tAm quan trong cta viéc
kiém soat nhiét do trong qua trinh ché bién duoc
liéu shm Ngoc Linh.

Ginsenosides 1a cac hop chat thuc vat chinh
trong nhan sam thudéc nhom saponin steroid da
duoc chimg minh 1a mang lai nhiéu loi ich duoc ly,
bao gém tac dung chong ung thu, chong viém va
bao vé than kinh [22]. Nhom hop chat nay bao
gom: Ginsenoside Rb1, Rd, Re va Rgl la nhimng
hop chat duoc xac dinh dong gop dang ké vao loi
ich stic khoe lién quan dén viéc tieu thu nhan sam
[23]. Sam Ngoc Linh noéi riéng da thu hut su chu y
vi dac tinh ginsenoside doc ddo ctia nd, bao gdm
su hién dién dang cha y ctia majonoside Mr2, mot
hop chat duoc cho 1a c6 hiéu qua tang cuong [24].
Nhiéu nghién ctru cho thay, phuong phéap sy anh
huéng dang ké dén ham luong va kha nang luu git
ginsenoside; trong do sdy thang hoa va siy chan
khong gitr lai lugng ginsenoside twong ti nhau va
hiéu qua hon say khong khi nong [18, 25]. Két qua
nghién cttu ctia Guo va cs (2022) nhan manh rang,
malonyl - ginsenosides, von nhay cam voi nhiét,
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duoc bao quan tot khi ché bién bang ky thuat
thang hoa chan khong, dan dén ham luong cac
hop chat hoat tinh sinh hoc cao hon [26]. Hon nixa,
say thang hoa giup bao quan cac ginsenosides cu
thé va ho tro tinh 6n dinh lau dai, khién phuong
phap nay tré thanh lwa chon hang dau trong ché
bién c4c san phdm nhan sam [27]. Tuy nhién, chua
c6 nhiéu nghién ctu danh gia vé thanh phan hoéa
hoc va su bién déi ctia thanh phan ginsenoside cua
14 sam Ngoc Linh, mét duoc liéu c6 tiém nang bén
canh ct sam von duoc biét dén tir lau voi duoc tinh
noi troi.

" 300
Mr2 03 08 1,2 31

Rg3 03 13 04 04 F 240

Rgl 0.2 06 09 19

- 180
Re 33 18,2 203 246

Rd 6,9 45,7 12,9 9.2
~ 120

Re 15,3 217,0 39,9 322

Rb2 19,2 2555 422 31,9 [ 60

Rb1 0,1 0,9 03 03

—Lo

La tuoi Théng hoa Doi lua Hong ngoai

Hinh 3. Anh hudng ctia phuong phép sdy 1én thanh
phan ginsenoside (mg/L) ctia dich chiét 14 sam
Ngoc Linh

Chui thich: Mau twoi 13 mau doi ching khong
say.

4. KET LUAN

Nghién ctru nay da chimg minh rang, phuong
phap say c6 anh huong quyét dinh dén chat luong
va hoat tinh sinh hoc cta dich chiét 14 sam Ngoc
Linh. Két qua cho thay, say thang hoa thé hién wu
thé vuot troi trong viéc bao tén cac hop chat
ginsenoside quy, voi tong ham luong ginsenoside
cao gap 4 - 5 1an so voi cac phuong phap say nhiét
truyén thong, dong thoi duy tri hoat tinh chong
oxy hoa cao thong qua co ché khit goc tu do
DPPH va ABTS. Mic du sdy khong khi néng cho
thdy kha nang bao ton phenolic téng va hoat tinh
FRAP t6i vu, nhung siy thang hoa van la phuong
phap duoc khuyén nghi cho viéc ché bién 14 sam
Ngoc Linh nhim toi da hoa gia tri duoc liéu thong
qua viéc bao ton cac ginsenoside sinh hoc hoat
tinh cao. Nhitng phat hién nay dong gop quan
trong vao viéc thiét 1ap quy trinh san xuat tiéu
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chuan cho nganh cong nghiép dugc phdm ti
nguon tai nguyén sam dac hitu quy cua Viét Nam,
déng thoi mé ra huéng nghién cttu sau hon vé toi
uu hoa cac thong s6 ky thuat trong qua trinh sy
thing hoa dé nang cao hiéu qua kinh té cta
phuong phap nay.
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EFFECTS OF DRYING METHODS ON PHYSICOCHEMICAL PROPERTIES, GINSENOSIDE
PROFILES AND BIOACTIVITIES OF EXTRACTS FROM NGOC LINH GINSENG LEAVES

Nguyen Thi Thuy Dung’, Le Cam Thi !, Nguyen Quoc Duy %, Tran Thi Tuong Vi',
Huynh Quoc Trung?, Luong Trong Khoa %, Nguyen Duy Lam!, Nguyen Thi Van Linh!
! Faculty of Applied Science and Technology (FAST), Nguyen Tat Thanh University
? VINAPANAX Company

Abstract

Ngoc Linh ginseng (Panax vietnamensis Ha et Grushv.) is a valuable medicinal plant endemic to
Vietnam, with leaves containing bioactive ginsenosides that possess therapeutic potential. This
study investigated the effects of different drying methods, namely, hot air drying (HAD), freeze
drying (FD) and infrared-assisted drying (IRD), on total phenolic and saponin contents,
antioxidant activity (DPPH, ABTS and FRAP assays) and ginsenoside profiles of extracts from
Ngoc Linh ginseng leaves. The results showed that HAD resulted in extracts with the highest
total phenolic content (264.9 mg GAE/L) while FD sample demonstrated a markedly elevated
total saponin concentration (1690.8 mg GE/L) compared to the other samples (1504.7 - 1539.5 mg
GE/L). Apparently, a correlation was observed between the phenolic and saponin content with
the FRAP and DPPH/ABTS antioxidant activities of Ngoc Linh ginseng leaf extract, the HAD
sample exhibiting the highest FRAP activity (362.6 mg TE/L) and the FD sample demonstrating
the highest DPPH/ABTS free radical scavenging activity (116.3 and 542.2 mg TE/L). Regarding
the ginsenoside profile, Re, Rc, Rb2 and Rd were the predominant ginsenosides present in the
Ngoc Linh ginseng leaf extract. In addition, the FD sample had a significantly higher ginsenoside
content (540.0 mg/L) compared to the other two samples (103.4 - 118.0 mg/L), particularly Rc
(2179 mg/L), Rb2 (255.5 mg/L) and Rd (45.7 mg/L). These findings provide crucial guidance for
developing standardized processing protocols to maximize the therapeutic value of this endemic
Vietnamese ginseng species.

Keywords: Bioactivity, drying method, ginsenoside profile, Ngoc Linh ginseng leaf.
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