KHOA HOC CONG NGHE

UNG DUNG SONG SIEU AM BE NANG CAO HIEU SUAT
QUA TRINH THUY PHAN CO CHAT TRONG
SAN XUAT ETHANOL TU GAO

TOM TAT
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Trong nhitng nim gan day, séng siéu am da duoc quan tAm va tng dung rong rai trong nhiéu linh vuc khac
nhau nhu cong nghé sinh hoc, héa hoc va cong nghé thuc phdm. Trong nghién citu ndy, soéng siéu am duoc
stt dung dé xt Iy huyén phu bot gao trong qua trinh lén men dé san xuat ethanol tir gao. Hén hop huyén
phu bot gao duoc xit Iy siéu am trong khoang thoi gian tir 30 -150 gidy voi ba mitc cong suat khac nhau gom
150 w, 225 w, 300 w. Hiéu qua ctia qua trinh thuy phan co chat duoc danh gia thong qua hai ham muc tiéu la
hiéu suat thuy phan tinh bot gao va ham luong nito amin tw do (FAN) c6 trong dich thity phan tinh bot. Xt
ly siéu am trong thoi gian 120 gidy voi cong suat 300 w trudc khi hd hod, dich hoa lam ting hiéu sut thuy
phan tinh bot gao dén 16% va 10,2% ham luong FAN so v6i méau d6i ching (khong xtt 1y siéu am). Nhu vay,
két hop xtt Iy siéu am lam ting dang ké hiéu qua cho qua trinh dich héa, tir d6 co6 thé cai thién hiéu suit lén

men va gidm chi phi san xuat.

Tir khéa: Puong hoa, ethanol, gao, siéu am, thuy phan.

1. BAT VAN BE

Ethanol 1a mot trong nhitng san pham truyén
thong va lau doi nhat ctia nganh cong nghé 1én men.
Ngoai viéc duoc stt dung nhu 1a mot loai thuc pham
dé bd sung vao cac loai san phdm thuc phdm do6 uéng
c6 con dudi dang pha ché, ethanol con duoc st dung
rong rai trong cac nganh cong nghiép khac nhu hoa
my phiam, duoc phidm. DPac biét, hién nay ethanol
duoc xem nhu nguon nang luong xanh, sach, bén
vimg co6 thé thay thé cho cac ngudn niang luong hoa
thach khai thac tir thién nhién. C6 nhiéu phuong
phap dé san xuat ethanol, tuy nhién phuong phap
cht yéu la st dung vi sinh vat dé léen men tir cac
ngudn nguyén liéu giau carbohydrate. Khoang 80%
san luong bioethanol duoc san xuat & My va Brazil.

Trong cong nghé san xuat ethanol titr cac ngudn
nguyén liéu giau tinh bot, nguyén liéu duoc hé hoa,
dich hoa va duong hoa trudc khi sir dung vi sinh vat
dé chuyén hoa thanh ethanol thong qua qua trinh lén
men. Tuy nhién véi phuong phdp san xuat nay, co
chat tinh bot thuong khong duoc thuy phan triet dé,
ciing nhu st dung nhiéu ché phdm enzyme thay
phan, dan dén lang phi ngudén nguyén liéu, ning
luong, tir do lam tiang chi phi cho qua trinh san xuat.
Do do, dé khac phuc duoc nhitng nhuoc diém trén,
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c6 nhiéu phuong phap khac nhau da duoc cac nha
khoa hoc cong bé trong nhimng nam gan day nhu sit
dung song siéu am, chiéu xa, vi song dé xit ly nguyén
lieu nham hoé tro cho cac cong doan ho hda, dich héa
va duong hoa. Cac phuong phap xt Iy néu trén cé wu
diém 1a ting hiéu sudt thiy phan tinh bot, tiét kiem
nang lwong va chi phi san xuét.

C6 nhiéu nghién cttu tmg dung xtr ly siéu am
trong cong nghé san xuat ethanol. Cac nghién ctru
cho thdy rang séng siéu am c6 kha ning phan cat
mach tinh bot [1], phan cat mach cellulose [2], lam
giam kich thuéc hat tinh bot [3], gidi phong tinh bot
tu do khoi té€ bao nguyén liéu [4], tang hoat tinh cta
enzyme [5], tir d6 lam tang hiéu qua qua trinh thay
phan co chat.

Muc dich ctia nghién citu nay la khao sat tac
dong ctia song siéu am dén hiéu qua qua trinh thiay
phan co chat voi muc tiéu 12 nang cao hiéu sut thuy
phan tinh bot va ham luong nito amin tw do (FAN:
Free Amino Nitrogen) c6 trong dich thiy phéan, truéc
khi thuc hién qua trinh 1én men.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyen liéu

Gao. Nghién cttu nay, stt dung gao (tén khoa
hoc: Oryza sativa) Jasmine duoc san xuat va cung
cap boi Cong ty C6 phan Xuat nhap khau An Giang
(Angimex), thanh phé Long Xuyeén, tinh An Giang.
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Bot gao duoc nghién tir gao bang phuong phap kho
v6i kich thueoc trung binh 0,5 - 1 mm. Mau bot gao
duoc luu trong ti lanh & nhiét do 6°C trong suét qua
trinh nghién ctu.

Enzyme

Ché pham o-amylase (E.C 3.2.1.1) v6i tén thuong
mai la Termamyl 120L c¢6 nguon goc tir Bacillus
licheniformis, v6i hoat @0 duoc tinh theo don vi ciia
Novo Nordisk la 120 KNU/g. 1 KNU (Kilo Novo
alpha-amylase don vi) 1a s6 luong enzyme can thiét
dé thily phan hoan toan 5,26 g tinh bot trong mot gid
trong diéu kién pH 5,6 va nhiét do 37°C. Vi o-amylase
thuy phan lién két 1,4-a-glycoside nén san pham thuy
phan tinh bét la dextrin va oligosaccharide tan trong
nudc.

Ché phdm cong nghiép glucoamylase co tén
thuong mai la AMG tir Aspergillus niger (E.C 3.2.1.3)
voi hoat @0 duoc tinh theo don vi ctia Novo Nordisk
la 300 AGU/g. 1AGU (Novo amyloglucosidase don
vi) 1a lwong enzyme can thiét dé thily phan tinh bot
tao thanh 1 pmol maltose trong mot phut voi diéu
kién pH 4,3 va nhiét do 25°C.

Ché phdm enzyme Neutrase 0,5 L (hoat do 0,5 A
U/g) duoc thu nhan tir ching vi sinh vat Bacilus
subtilis, do Novozymes cung cip. 1AU (Anson Units)
1a lwong enzyme xtc tac can thiét dé tao thanh 1pmol
tyrosine tir casein voi diéu kién pH 7,5, nhiét do 37°C.
Day la mot loai protease c6 kha nang thuy phan
protein tao thanh peptid va nito amin tu do.

2.2. Phuong phap nghién ctru

Tron 30 gam bot gao v6i 90 gam nuoc dé xir ly
siéu am, chinh pH dung dich 6,0, sau d6 bd sung
thém 0,1% (v/w) ché phidm Termamyl 120 L vao
dung dich huyén phu. Qua trinh ho hoa va dich héa
duoc thuc hién ¢ 90 - 95°C trong 1 gio.

Sau khi két thuc qua trinh dich héa, ha nhiét do
dich chao xuéng 60 - 65°C, chinh pH dich chéo 5,0 va
thém vao 0,3% (v/w) ché phdm AMG va 0,05% (v/w)
ché phdm enzyme protease Neutrase 0,5 L. Qua trinh
duong hoa duoc thuc hién & 60 - 65°C trong 6 gio.

Phuong phép bo tri thi nghiém va quy trinh thay
phan duoc moé ta nhu s6 @6 khoi (Hinh 1). D€ khao
sat hieu qua xt ly siéu am, hé hop dung dich huyén
phtu nguyén lieu (I¢ 30 gam gao va 90 gam nudc)
duoc xtt ly siéu am twong tmg voi su thay déi cta cac
yéu to: nhiét do (30 -100°C), cong suat (150, 225, 300
w) va thoi gian (0 -120 giay). Thi nghiém xit ly siéu

am duoc bo tri theo kiéu luan phién tuan bién theo
thi tu 1an luot 12 nhiét do, cong suat va thoi gian.

Bét gao

Pha huyén phit

‘ Xtr Iy siéu am: nhiét do, cong suét, thai gian ‘

|

‘ Hé ho va dich hoa ‘

Burdng hoa
Protease
va thly phan protein
Dich thuy phan

Hinh 1. Phuong phap bé tri thi nghiém
va quy trinh thily phan

a-amylase

0

Glucoamylase

!

2.3. Phuong phap phan tich

Xdc dinh ham luong duong khir Phuong phap
nay dua trén phan (ng tao mau gitta duong khi voi
thuoc thtt 3,5-dinitrosalicylic acid (thuéc thit DNS).
Hop chat tao thanh c6 do hap thu manh nhat trong
khoang budc song 540 - 600 nm (Miler, 1959).

Xdc dinh ham Iluong nito amin tir do. Khi pH 16n
hon 4, cac goc nito amin te do sé phan tng voi
ninhydrin, tao phtic ¢c6 mau xanh tim. Po cuong do
phttc mau tao thanh trén may quang phé & budc song
570 nm.

Xdc dinh hinh dang, cdu tric hat tinh bot: Hinh
dang, cdu truc hat tinh bot duoc xac dinh thong qua
hinh anh tr phwong phap hién vi dién tt quét (SEM).

Xac dinh hiéu suat thuy phan tinh bot: Hiéu suat
phan tng thay phan tinh bot dugc tinh theo cong
thuc: 5 = %xl 00 (%)

2

Trong d6: C1: ham luong duong kh c6 trong
dich thiay phan, %; C2: ham luong tinh bot co trong
hén hop huyén phu bot gao, %; 0,9: hé s6 chuyén hoa
tir duong glucose thanh tinh bot.

2.4. Phuong phép xtt Iy s6 liéu

Mau thi nghiém duoc 14p lai 3 1an. S6 liéu duoc
phan tich phuong sai (ANOVA) dé so sanh su khac
biét gitta cac nghiém thic thong qua kiém dinh
TukeyHSD (p-value <0,05). Phan mém SPSS 22 duoc
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stt dung dé xtr ly s6 lieu thuc nghiém trong nghién
cltu nay.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh hudng ciia nhiét d6 dén hiéu qua xtt Iy
siéu am huyén phu bt gao

Anh huéng cta nhiét do dén hiéu sudt thuy phan
tinh bot gao va ham luong FAN Kkhi xit ly siéu am
duoc trinh bay & hinh 2. Két qua cho thay rang &
nhiét do x ly 30°C, hiéu suat thuy phan tang tir
82,3% (mau khong xtr ly) dén 86,5%, do tang 1a 4,2%.
Con khi tang nhiét do xtr ly siéu am tir 30°C dén
70°C, hiéu suét thuy phan tinh bot tiép tuc ting lén
deén 89,7%. Néu tiép tuc ting nhiét do xir ly lén cao
hon nira (90°C) thi hiéu suat thuy phan dat gia tri cao
nhat (92,2%), do tang hiéu suat thily phan so véi mau
doi chimg 1a 9,9%. Khi nhiét do xit ly siéu am tang
dén 100°C thi hieéu suat tang lén khong dang ké va
khong c6 su khac biét c6 nghia (p-value > 0,05).

Su thay dai ap suat cuc bo trong hon hop huyén
phu bot gao khi xir Iy siéu am tao nén hién tuong no
bong bong, két qua 1a hinh thanh nén luc cat va goc
te do OHe pha vo cdu truc polymer tinh bot. Bén
canh d6 xtt ly siéu &m con lam ting kha nang ho hoa
do protein, chat xo va lipid tach khéi bé mat hat tinh
bot. Khi ting nhiét do xtt ly siéu am sé lam ting s
lwong bong bong ciing nhu lam giam d6 nhoét cha
huyén phu, gitip cho qua trinh né bong bong xay ra
manh liét hon [3, 6]. Khi ting nhiét d¢ xtt ly siéu am
sé lam tang s6 luong bong bong ciing nhu lam giam
do nhot ctia huyén phu, gitp cho qua trinh né bong
béng xay ra manh liét hon. Mat khac, khi nhiét do
tang dén 70°C lam cho tinh bot ho hoa nén séng siéu
am tac dong phan cat mach phan tir tinh bot sé hiéu
qua hon. Khi nhiét d¢ ting cao hon nira (90°C), kha
nang phan cat mach polymer ctia séng siéu am ting
cao, hiéu suat thuy phan tinh bot dat cuc dai. Boi vi
tai nhiét do nay, tinh bot da bat dau dich hoa va giai
phong ra cac phan tt & dang tu do, tinh bot ciing
duoc gidi phong khoi protein, chat xo va lipid, tao
diéu kién dé dang cho su tiép xuc ctia enzyme trong
giai doan xit ly tiép theo bdi enzyme alpha-amylase
[7, 8]. Pay la nguyén nhan lam ting hiéu suat thuy
phan & nhiét do cao.

Nhu da biét, nito amin tr do 12 san phdm ctia qua
trinh thty phan cac thanh phan c6 ban chat protein
trong nguyén liéu gao dudi tic dung clia enzyme
Neutrase thém vao trong qua trinh x ly dich chdo.
Trong hat tinh bot, protein thuong lién két voi cac

hop chat polysaccharide [4], va chat béo nén han ché
st di chuyén va tiép xuc clia enzym protease voi co
chat [9]. Siéu am c6 tinh chat phan cat khong chon
loc, pha vo té bao va nhing lien két tréen dé giai
phong protein ciing nhu lam thay d6i cau trac dai
phan tit, tao diéu kién dé dang cho enzyme protease
xdc tac phan tng thiy phan co chat. Vi vay, ham
lwong nito amin tu do tang khi xtr ly sieu am huyén
phu bot gao.
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Hinh 2. Anh huéng nhiét do dén hiéu qua xit Iy siéu
am (cong suit siéu am 30% amplitude, 225 w; thoi
gian 2 phat, Termamyl 0,1%v/w; AMG 0,3%v/w;
Neutrase 0,05%v/w)

3.2. Anh huéng ctia cong suit siéu am dén hiéu
qua xtr Iy huyén phi1 bot gao

Tién hanh xtt Iy mau & nhiét do 90°C voi thoi
gian 2 phut. Cong suat siéu am duoc thay déi theo 3
muc: 150 w, 225 w va 300 w. Két qua danh gia hiéu
qua xit ly siéu am sé duoc dua trén hai thong s6 khao
sat 1a hiéu suat thuy phan tinh bot va ham luong nito
amin ty do (Hinh 3).

Nhu da trinh bay, séng siéu am tac dung 1én hat
tinh bot theo co ché co, ly, nhiét va hoa hoc. Khi tang
cong suat cing dong nghia véi cuong do xit ly siéu
am tang. Do d6, cudng do luc phan cit va pha bung
cau truc hat tinh bot ciing hiéu qua hon [6]. Cé &
day chinh 1a nguyén nhan lam cho hiéu suat thiy
phan ting khi ting nang luong xtt ly siéu am. Két qua
nghién cttu ctia Samir Kumar Khanal va cs (2007) [6]
cho thdy ham luong duong khtt c6 trong dich thiy
phan mau tinh bot bap duoc xt ly siéu am & cong
suét 475 W cao hon nhiéu so v6i khi xtt ly siéu am &
cong suat 274 W.

Ham luong nito amin ty do ting khi ting cong
suat xtr ly sieu am (Hinh 3). Xt Iy mau & muc cong
suat cao nhat (300 w) lam tang ham luong nito amin
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te do thém 10,2% so v6i mau khong xtr ly. Diéu nay
c6 thé ly giai boi bé mat tiép xtc gitta phan ti protein
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c6 trong bot gao voi enzyme Neutrase thiy phan
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Hinh 3. Anh huéng ciia cong sudt dén hiéu qua xt 1y siéu 4m (nhiét do xit 1y siéu 4m 90°C; thoi gian 2 phut,
Termamyl 0,1%v/w; AMG 0,3%v/w; Neutrase, 0,05%v/w)

3.3. Anh hudng ciia thoi gian siéu 4m dén hiéu
qua xiz ly huyén phu bét gao
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Hinh 4. Anh huéng cia thoi gian dén hiéu qua
xtt Iy siéu am (nhiét d6 xit ly siéu am 90°C;
cong suat 300 w, Termamyl 0,1%v/w;
AMG 0,3%v/w; Neutrase, 0,05%v/w)

Anh hudng ctia thoi gian dén qué trinh x@ ly
huyén phu bot gao duoc trinh bay & hinh 4. Két qua
cho thay 120 giay (2 phut) 1a thoi gian can thiét dé
cho qua trinh xit Iy hon hop huyén phu bot gao dat
hiéu sudt thay phan tinh bot 16n nhat (tang tir 82,3%
lén dén 95,4%). Khi ti€p tuc tang thoi gian xtt ly hon
nita, hiéu suét thay déi khong dang ké va khong c6
nghia theo phan tich ANOVA. Két qua nay ching to
rang xtr ly siéu am huyén phu bot gao c6 tac dung
tich cuc dén qua trinh ho hoéa va duong hoa tinh bot.
Nhu vay, can phai c6 mot khoang thoi gian can thiét
da dé song siéu am tac dong dén co chat, pha bung

hat tinh bot, giai phong va lam giam kich thuéc hat
tinh bot, pha vo lién két gitra tinh bot véi protein va
chat béo, gitip 10 ra nhitng vi tri tiép xdc gitta enzyme
va co chat. T d6 tao diéu kién cho phan tng thuy
phan tinh bot tiép theo dién ra nhanh va triét dé hon.

Két qua nghién cttu cho thidy ham luong nito
amin tu do dat gia tri cuc dai (359,5 mg/L) chi sau 90
giay xir ly, c6 nghia 1a taing thém 10,1% so v6i mau
khong xtr ly (326,4 mg/L). Trong khi d6, néu thoi
gian xir Iy kéo dai hon 90 gidy, ham luong nito amin
tu do thay ddi khong c6 y nghia vé mat xtt ly thong
ke. Nhu vay chi can khoang thoi gian 90 gidy 1a c6
thé giai phong protein lién két voi cac hop chat khac
trong gao (tinh bot va chat béo), ciing nhu phan cat
va lam thay déi c4u truc dai phan tit cia protein.

3.4. Anh huéng ctia xit Iy siéu am dén cfu trac
hién vi hon hop huyén phu bot gao

Tién hanh chup hién vi dién t& quét (SEM:
Scanning Electron Micrograph) hon hop huyén phu
bot gao (Hinh 5). Déi voi mau doi ching (mau khong
xtt ly sieu am) (Hinh 5A), cho thay céc té€ bao bot gao
hau nhu hoan toan khong bi anh hudéng, cac hat tinh
bot van con nam trong mang té bao. Véi mau huyén
phu bot gao duwoc xit ly siéu am 120 giay (Hinh 5B),
cho thdy phan 16n hat tinh bét thoat ra khéi té bao.
Hat tinh bot bi bé gy va vo thanh nhitng manh c6
kich thuéc nhé hon. O hinh 5 ciing cho thdy cac hop
chat dai phan tr bi tach ra khoi té bao hat gao. Nhu
vay, dudi tac dung ctia séng siéu am, ciu truc té bao

NONG NGHIEP VA PHAT TRIEN NONG THON - KY 1 - THANG 11/2022 63



KHOA HOC CONG NGHE

bot gao bi pha vo, giai phong hat tinh bot ra khoi
mang té bao ciing nhu cac hop chat khac (chat xo,
protein), lam giam kich thudc hat tinh bot. Két qua la
tao diéu kién thuan loi cho phan tng thily phan co
chat (tinh bot va protein) c6 trong nguyeén liéu gao.

WO 8.0mm

10pm

(A)

Mot s6 két qua chup hién vi ciia cac tac gia khac
ciing ching minh rang song siéu am lam bién ddi
cdu truc té bao va bé gay hat tinh bot. Kich thudc hat
tinh bot bap giam ro rét, cau truc té bao bot bap bi
pha bung [7], cac hat tinh bot san thoat ra khoi té
bao [3], protein thoat khoéi bé mit cac hat tinh bot
gao sau khi xtt ly siéu am [8].

i R

ICT-VAST S SEM = X 0 18 10gem

(B)

Hinh 5. Hién vi dién tit quét huyén phit bt gao va ciu trdc hat tinh bot: (A) mau khéong xit ly; (B) mau xit ly
siéu am (120 giay, 300 w), Neutrase, 0,05%v/w)

4. KET LUAN

Ung dung xt Iy siéu am bot gao trong thoi gian
120 giay voi cong suat 300 w & nhiét do 90°C trudc
khi thuc hién qua trinh hé ho4, dich hoa dwéi su xuc
tac enzyme lam tang ro6 rét hiéu suat thuy phan tinh
bot gao va ham luong nito amin tu do (16% va 10,2%,
tuwong ung). Nhu vay, két hop xtt ly siéu am lam ting
dang ké hiéu qua cho qua trinh dich hda, tir d6 co
thé cai thién hiéu suét lén men va giam dang ké chi
phi san xudt so véi phuong phap truyén thong. Ung
dung siéu am dé ho tro cho qua trinh thay phan cac
hop chat cao phan tir trong qué trinh san xuat thuc
phdm htra hen nhiéu trién vong trong tuong lai. Tuy
nhién nghién cttu can duoc khao sat voi thiét bi sieu
am hién dai véi cong suat lon hon dé c6 co s& ap
dung vao trong thuc té san xuat.
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APPLICATION OF SONICATION TO IMPROVE THE HYDROLYSIS OF SUBSTRATES
IN ETHANOL PRODUCTION

Dinh Huu Dong!*, Huynh Thai Nguyen®
1Ho Chi Minh city University of Food Industry
" Email: dongdh@hufi.edu.vn

Summary

In recent years, the application of ultrasound technology in various areas as biotechnology, chemistry as
well as food process has widely attracted attentions from more and more researchers. In this study,
ultrasonic was applied to treat the suspension of rice flour in ethanol production. The rice flour slurry was
treated from 30 to 150 seconds at the three different powers (150 w, 225 w and 300 w). The yield of
substract hydrolysis was controled by the starch hydrolysis yield and free amino nitrogen (FAN)
concentration. The results indicated that optimal conditions were the time of 120 seconds and the power of
300 w before liquefaction and saccharification. In comparison with traditionally treatment (nonsonication),
ultrasonic treatment increased hydrolysis yield 16% and FAN concentration 10.2%. The integration of
ultrasound into a rice-based ethanol plant may significantly improve the overall ethanol yield and reduce the

cost of ethanol production.

Keywords. Ethanol, hydrolysis, rice, saccharification, sonication, ultrasound.
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