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TOM TAT

Hat bo (Persea americana M.), 1a phu pham tir qua trinh ché bién trai bo, chita nhiéu
polysaccharide, dic biét 1a tinh bot, protein va lipid. Nghién ctru thuc hién nham khéo sat anh hudng
cua ty 1& enzyme protease (1 - 3 U/mL cung v6i méu ddi chimg khong bo sung enzyme) va thoi gian
xu 1y enzyme (2 - 4 gio) dén higu suét thu hoi va chat lugng tinh bot hat bo theo phuong phap
nghién uét. Két qua cho thiy, qua trinh ngam trich dat hi¢u qua_ t6t khi xir Iy enzyme protease v6i ti
1€ 2 U/mL dich trich, trong thoi gian 3 gio' cho hiéu suét thu hoi tinh bot dat 49,50%. Tinh bot thu
dugc co do am 8,38%, ham lugng tinh bot 83,63% va protein 2,63%. Cac dac tinh vat ly bao gbm:
b sang (L*) 68,33, khéi lugng riéng bleu kién va khdi lugng riéng thuc lan lugt 1a 0,71 va 0,74
g/em?, chi s6 hip thu nudc 2,64 g/g, chi sé hoa tan trong nudc 6,94% va kha ning truong né 8,14%.
Két qua cho thiy, hat bo 1a nguén nguyén liéu tiém ning cho san xuét tinh bot v6i cac dac tinh phu

hop tGng dung trong cong nghiép thuc pham.

Tir khéa: Hat bo, nghién uét, protease, protein, tinh bét.

1. DAT VAN DE

Bo ¢6 tén khoa hoc Persea americana thudc
ho Lauraceae, 1a mdt trong nhitng loai trai cay co
gia tri dinh dudng cao, tot cho stc khoe vi rat
giau cac thanh phan nhu polysaccharide, dic biét
1a tinh bot, protein, lipid va khoang chat [1]. Theo
FAO (2024) [2], san lugng bo cia Viét Nam da
tang 20,63% trong vong 5 nam, tir 158.889 tin
vao nam 2020 18n 191.662 tin vao nim 2024. Hat
bo chiém 13 - 18% khdi lugng qua, 1a mot trong
nhimng phan khong an duoc va thuong bi loai bo
trong qué trinh ché bién qua bo, do d6 da tao ra
mot luong chit thai dang ké [3].

Tinh bot 1a mot trong nhitng polysaccharide
tu nhién quan trong nhét trong thuc pham. Tinh
bt cd trong cac loai thuc vat, la nguén nang
lugng tiéu thy va dy trit chinh, déng thoi cling
duoc tiéu thu nhiéu nhét trong ché d0 an cua con
nguoi. Trong cic hé thong thyc phdm, nhd vao
cac dac tinh 1y hoa, cAu truc... tinh bdt hat bo' ¢
thé duoc g dung dé san xuét chat 1am dic, chat
on dinh, chat nhii héa, chét tao gel, thuc phém
dong lanh va tinh bdt khang tiéu hoéa. Trong linh
vuc phi thuc phém, tinh bot hat bo dugc tng
dung trong qua trinh hoa déo cac vat liéu phan
huy sinh hoc, phét trién mang cho cc san pham

dung mot lan [4]. Bén canh cac nguf")n tinh bot
truyén thong nhu ngo, khoai tdy, laa mi va gao,
viéc khai thac hiéu qua nguén tinh bot tir cac loai
hat dugc coi 1a phu pham trong cong nghiép ché
bién dang ngay cang dugc quan tam nham gia
tang gia tri kinh t& va giam thiéu chét thai nong
nghiép [5].

Protein tao 16p mang bao quanh hat tinh bot
néu khong dugc loai bo hoan toan s€ lam giam d¢
trang va do tinh khiét cua tinh bot. Cac phuong
phap xu ly hoa hoc truyen thong nhim loai bo
protein thuong tiéu t6n nhidu hoa chat va co nguy
co gdy 6 nhiém moi truong. Protease 1a enzyme
¢6 kha ning thuy phan hon 90% cac lién két
peptide thanh cac amino axit [6]. Ung dung
enzyme protease phan giai protein dugc xem la
giai phap hiéu qua trong van dé moi truong bang
cach giam lugng chat thai, giup tang hiéu suat thu
hdi tinh bot, cai thién cdc tinh chat nhu: D¢ tinh
khiét, chi sb hép thu nudc, kha nang hoa tan, kha
nang truvong nd... [7]. Tuy nhién, hi€u qua cua
enzyme con phu thugce vao diéu kién xtr 1y nhu ty
1¢ enzyme va thoi gian tiép xuc voi co chat. Siur
dung enzyme & nong d6 qua thap hodc qua cao va
thoi gian qua ngan hay qua dai déu anh hudng
dén hiéu suat thu hoi [8]. Do do, nghién ctru anh
huong cua ty 1¢ enzyme va thoi gian xu ly
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enzyme protease trong qua trinh trich tinh bot tir
hat bo dén hiéu suat thu hoi, d6 tinh khiét va dac
tinh vat 1y cua tinh bot hat bo dugc thuc hién.

2. VAT LIEU VA PHUDNG PHAP NGHIEN CUU
2.1. Vit liéu nghién ciru

Ngudn nguyén liéu hat bo st dung tir giéng “Bo
khong tén”, dugc thu gom tai co s& tach thit qua bo
gia cong & thanh phd Can Tho, duoc van chuyén vé
phong thi nghiém dé thyc hién nghién ctru. Enzyme
protease co hoat d¢ 412.611 U/g, nhiét do t6i uu: 50 -
60°C, pH: 6 - 7 (Angle Yease Co., Ltd, Trung Quéc)
dugc stt dung cho nghién ctru.

Thi nghiém dugc thuc hién tai Phong thi
nghiém B mén Cong nghé thuc pham, Vién Cong
nghé Sinh hoc va Thyc pham Pai hoc Cén Tho.

2.2. B6 tri thi nghiém

Hat bo dugc thu gom tir co s& gia cong tach
thit qua bo ¢ thanh phé Can Tho. Lua chon
nhitng hat khong dap nat hodc hu hong, rira sach
dé loai bo tap chat va boc bo 16p vo lua bao
quanh hat.

Hat bo sau khi béc vo va rira sach duogce chia
thanh hai phan. Phan thir nhit dugc cat nho va
nghién min dé phan tich cac chi tiéu hoa hoc co
ban. Phan thir hai dugc cat thanh cac 1at mong (3
- 5 mm), sau do tiép tuc cat thanh miéng nho va
ngam trong nudce theo ty 1€ nguyén liéu : nudce la
1:2 @& xtr Iy enzyme. Thi nghiém dugc bd tri
ngiu nhién voi 2 nhan t 14 ty 18 enzyme protease
(thay d6i tir 1 - 3 U/mL, cach nhau 1 U/mL cing
v6éi miu dbi ching khong bd sung enzyme) va
thoi gian trich ly (tir 2 - 4 gio, cich nhau mdi gio)
v6i nhiét dd ngam trich 50°C. Nguyén liéu dugc
nghién va loc qua ray véi duong kinh 16 ray 0,25
mm. Phan dich loc duoc rira 3 1an va dé ling hon
hop dich loc 12 gid ¢ 4°C [9]. Loai bo phan nudc
phia trén va thu dugc tinh bot lang & day. Rira véi
nuée sach 3 1an dé loai bo tap chéat con sot sau
qua trinh loc. Sdy tinh bot ¢ 50°C dén khi d6 am
khoang < 10%. San pham duoc giir trong tui zip
trang nhom, on dinh trong 1 ngay dé phan tich
cac chi tiéu nhu: Hiéu sudt thu hoi tinh bot (%),
ham lugng tinh bot (%), ham lugng protein (%),
khéi lugng riéng biéu kién (g/cm’), khdi luong
riéng thuc (g/cm’), chi sb hép thu nude (g/g), chi
s6 hoa tan (%), kha ning truong né (g/g), mau
sac (L*).

2.3. Phwong phap phan tich
- Hiéu suat thu hoéi tinh bot H (%) =
Khoi lrongtinh bot trong san phim %100 (%)
Khai lveng inh bér rong nguyén lidu ban &5u

- Ham luong tinh bot: Xac dinh bang phuong
phap Lane - Eynon theo TCVN 10376:2014 [10].

- PO am (%): Xéc dinh theo TCVN
10788:2015 [11].

- Ham luong protein: Xéac dinh bang phuong
phap Kjeldahl, theo TCVN 8125:2015 [12].

- Khéi luong riéng biéu kién va khéi lugng
riéng thyc (g/em’): Xéac dinh theo phuong phap
duoc mo ta bdi Jan va cs (2019) [13]. Can mau
tinh bdt hat bo rot vao 6ng dong 100 mL c6 d6
chia 1 mL (1 cm.3 ), sau khi rot hét 20 g mau vao
6ng dong doc thé tich (V,). Sau d6 dap éng dong
tir 40 cao khoang 20 mm xudng 20 lan va ghi
nhan thé tich (V).

Khéi luong riéng biéu kién (g/cm?) = 20/V,
va khéi lugng riéng thuc (g/em?) = 20/V,.

- Chi s6 hép thu nuéc (WAI): Theo phuong
phap ctia Hatamian va cs (2020) [14].

Mau bot (W) dugc hoa véi nudc da khir ion
trong dng nghiém ly tam, khudy tron dé tao huyén
phu va gilt trong 2 gio, ly tdm 5.000 vong/phut
trong 15 phut. Nudc duge loai ra thu dugc trim
tich uét la W,. WAI duogc tinh theo cong thirc:

WAI(g/g) = % )

- Chi s6 hoa tan (WSI) va kha ning truong ng
(SP): Theo phuong phép cia Wei va cs (2023)
[15] co sira d6i. Can mau bot (W) phan tan véi
nudc cat trong dng nghiém ly tdm. Pun néng &
85°C trong 30 phat. Lam ngu6i va ly tam. Phéan
n6i phia trén dugc cho vao cbc da can trudc va
sdy dén khoi lugng khong doi, can khdi luong
(W2). Kh01 luong tram tich wét sau ly tam tach
phan n6i dugc can xac dinh (W3). Phan trim chét
ran hoa tan trong nudc (WSI) va kha nang truong
nor (SP) duoc tinh theo cong thuc sau: WSI (%) =

—= X100% SP (g/g) = —n-v—

- Do sang (thé hle;n qua gia tri L* ciia h¢ mau
L*, a*, b*): Xac dinh bang may do mau cam tay
Konica Minolta (model CR-20, Nhat Ban).

2.4. Phwong phap xir Iy s6 liéu

St dung phuong phdp phén tich phuong sai
(ANOVA) va phép kieém dinh LSD d¢ xac dinh su
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khac biét c6 ¥ nghia thong ké gilta cdc gia tri
trung binh cua cac nghiém thic bang bang phén
mém Microsoft Excel 2024. Két qua duoc trinh
béy dugi dgng gié‘ tri trung biph + d6 1éch chuan,
bi€u dién do thi bang phan mém Microsoft Excel
20%4. Cac nghiérp thirc dugce bo tri hoan toan
ngau nhién véi 3 lan 13p lai.
8. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Dac tinh héa ly co ban trong hat bo
i Xac dinh ,dz_'ic tinh héa 1y ctia nguyén liéu giﬁg
hiéu r6 hon cau tao hoéa hoc, gia tri dinh dué’pg (jé
c6 co ¢ thue hién phuong phap xur 1y va ché bién
thich hgp. Két qua vé déc tinh hoa 1y co ban cta
hat bo theo can ban uét dugc dugce trinh bay &
bang 1.
Bang 1. Pac tinh héa ly co ban cia hat bo

Thanh phz‘in Pon vi Gia tri :
hoéa hoc
D6 am % 63,32+ 0,99
Ham lugng tinh b6t % 1435+1,14
Ham luong protein % 3,79 £0,25
L* 79,58 £ 0,46

Ghi chii: *: S6 liéu la gid tri trung binh ciia 3
lan lap lai va do léch chudn, dwoc tinh trén can
ban uot.

Béang 1 cho théy, do 4m cua nguyén li€u hat
bo (63,32%), tuong tu két qua nghién ctru cia
Martins va cs (2022) [16] 1a 63,37%. Ham lugng
tinh bot trong hat bo c¢6 gia tri twong ddi cao
(14,35%), 1a ngudn nguyén lidu tiém ning cho
qua trinh trich tinh bot. Két qua nay trong khoang
cong bd ciia Wang va cs (2010) [3] 14 13 - 18%.
Ham lugng protein (3,79%) trong nguyén liu &
muc tuong ddi cao, do d6 dé thu nhan tinh bot hat
bo ¢co chét lugng tot, can ap dung cac bién phap
thich hop nham loai bo thanh phan nay. Hat bo ¢
gia tri d¢ sang L* dat mtrc cao (79,58), phan anh
d6 sang cao dang ké ciia nguyén liéu ban dau.

3.2. Anh huéng ciia ty 1¢ va thoi gian xir Iy
enzyme protease trong qua trinh ngam trich
dén hiéu suét thu hoi tinh bt va chét luwgng
tinh bot hat bo

3.2.1 Anh hwéng dén hiéu sudt thu hoi tinh
bot va do sang cua tinh bot hat bo

Tinh bdt hat bo ¢6 dd 4m trong khoang 7,86 -
9,38% (Bang 2), vi qua trinh siy két thic khi do

am tinh bot < 10% nén cac mau déu trong gisi
han yéu cu vé& d0 am cua tinh bot (£ 13%). Gia
tri ndy phu hop véi két qua nghién clru cua
Maryam va cs (2016) [17] 1a 9,2%. B¢ a am 1a mot
yéu to quan trong anh huong truc tiép dén chat
luong, d0 on dinh, kha ning bao quan cua tinh
bot. DO am thap gitip cho san pham dé bao quan
tranh duoc cac tdc nhan anh hudng dén chét
lwong tinh bot thanh phdm (vi sinh vat, phan tmg
héa hoc...).

Hiéu suét thu hoi tinh bot 1a mot chi tiéu quan
trong trong danh gia hiéu qua cua qua trinh trich
tinh bot. Két qua & bang 2 cho thdy, hiéu suit thu
hoi tinh bot dao dong kha rong, tr 27,24 -
49,50%. Nghién clru cua Martins va cs (2017)
[18] cong b hiéu sudt thu hoi tinh bot hat bo 1a
42,2%; nghién ctru khac cho két qua thap hon la
23,15% [17] va 24,2% [19], trong khi hi¢u suét
thu hoi tinh bot hat mit khi st dung enzyme
protease trong qué trinh ngam trich dat 57,02%
[20]. Thoi gian xur ly enzyme va ty 1¢ enzyme déu
anh huong dang ké dén hiéu suit thu h01 tinh bot.
Khi ting ty 1¢ enzyme protease hiéu suat thu hoi
tinh bt c6 xu hudng ting va mic do anh hudéng
nay phu thudc nhiéu vao thoi gian xir 1y bang
enzyme. Khi xir Iy enzyme trong thoi gian ngan
(2 gi6) voi ty 1€ enzyme tang tir 1 - 2 U/mL cung
v6i mau ddi ching, hiéu sut thu hoi tinh bot thap
(27,24 - 29,58%) va khac biét khong c6 y nghia
thong ké. Chi khi ty 1& enzyme sir dung 3 U/mL
hiéu sudt thu hdi tinh bot méi ting khac biét so
v6i khong st dung enzyme. Do thoi gian dé
enzyme thiy phan hoan toan protein bao quanh
va lién két voi cac hat tinh bot khong du nén sé&
han ché su giai phong tinh bot trong qua trinh
trich, din dén ning suat thu hoi thip [21]. Thoi
gian ngam dai hon (3 - 4 gid), cung véi ty 1€
enzyme ting lam gia ting dang ké hiéu suit thu
hoi tinh bot. Sir dung ty 1é enzyme 2 - 3 U/mL va
ngam trong 3 - 4 giod, hiéu sudt thu hoi tinh bot
dat cao nhit, céc nghi¢m thirc nay khac biét
khong co ¥ nghia thong ké. Khi thoi gian ngdm
trich kéo dai, qué trinh tiép xtc gitta enzyme va
co chit duoc 1au hon, enzyme protease c6 du thoi
gian thuy phan mang ludi protein, tao diéu kién
thuan lgi cho viéc gidi phong cac hat tinh bét,
giup qua trinh trich protein trong nguyén li€u
duoc triét dé, san phém tinh bdt thu dugc cang
nhiéu. Tuy nhién, néu thoi gian ngam trich qua
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dai (4 gio) c6 thé s& dan dén su phan tan tinh bot
tdt hon vao nudc dan dén thit thoat trong qua

trinh tach nudc nén hiéu suit thu hdi tinh bot
giam [22].

Bang 2. Hiéu suit thu hdi va d¢ sang cia tinh bdt hat bo

Tlh}'loéfzu}llrrln)éu pi)}t/efse D6 am (%) Hicu sué:[ th(}l hoi tinh Do sang (L*)
(gid) (U/mL) bot (%)

0 9,04+ 0,16 27,24 + 0,708 57,93 + 1,56°

5 1 8,53 + 0,25 28,03 + 1,90¢ 57,67 + 0,76
2 8,54 + 0,48 29,58 + 1,90 59,23 +0,71%

3 8,35+ 0,41 31,66 + 1,30 60,00 + 1,32°

0 7,88+ 0,14 42,76 + 1,90° 58,43 + 1,33

3 1 9,03 + 0,50 44,99 + 0,90 60,10 = 0,44°
2 8,38 +£0,19 49,11 + 1,40° 60,40 + 1,23°

3 7,86 + 0,09 49,50 + 1,00° 66,47 + 0,78

0 8,39+ 0,22 33,77 + 1,60° 58,43 + 1,33

A 1 8,36+ 0,28 38,38 + 1,70 58,70 £ 2,19
2 8,46 £ 0,11 46,85 + 1,50% 60,43 + 0,84°

3 9,38+ 0,12 48,82 +2,30° 68,33 + 1,12

Ghi chu: Cdac gia tri trung binh co chir cai di kem a, b, ¢ khac nhau trong cung mot cot thé hién sw

khdc biét ¢é y nghia thong ké (p < 0,05).

Sy gia tang ty 1¢ enzyme c6 xu hudng lam gia
tang hiéu sut thu hoi tinh bot. Su gia ting nay co
thé 1a do kha ning tuong tac 16n giita co chit voi
ty 1€ enzyme cao. Tang ty 1¢ enzyme s€ ting hiéu
qua trong qua trinh phan huy mé va cai thién viéc
giai phong tinh bot [23]. Tuy nhién, két qua &
bang 2 cho thiy, khi ting ty 1é enzyme protease
tir 2 1én 3 U/mL voi tit ca cac mirc thoi gian xir
1y, hiéu sudt thu hdi tinh bot khac biét khong co ¥
nghia thong ké. Piéu nay c6 thé do ¢ giai doan
dau cia qua trinh thity phan, khi ndng do co chét
con nhiéu, van toc phan Gng ty 1& thuan vai ty 1&
enzyme. Vé sau, luong co chét trong mdi trudong
giam nén khi tiép tuc tang ty 1& enzyme thi vén
tdc phan ung tang khong dang ké. Theo Nguyen
Trong Can va cs (1998) [24], trong didu klen
ndng do co chit thich hop van toc phan Gng tuyén
tinh véi ty 1€ enzyme.

Chi tiéu d6 sang la mot trong nhitng tiéu chi
quan trong trong d4nh gia cht lugng tinh bot sau
qua trinh trich. Gié tri do sang (L*) cua tinh bot
hat bo ting theo thoi gian xtr 1y enzyme & tt ca
cac nghiém thire. Két qua ¢ bang 2 cho thy, do
sang L* dao dong trong khoang 57,93 - 68,33.
Trong cung mot thoi gian ngadm trich, khi tang ty

1€ enzyme tr 0 - 2 U/mL, gia tri L* khac biét
khong c6 y nghia thong ké. Xir 1y bang enzyme
véi ty 1€ 3 U/mL, gia tri L* dat muc cao nhét khi
ngam trich trong thoi gian 3 va 4 gio, cao khac
biét c6 ¥ nghia théng ké so vé6i cac nghiém thirc
con lai. Enzyme protease thiy phén protein bam
trén bé mat hat tinh bot, giam phirc hop protein -
phenolic han ché dugc phan tmg héa nau do
polyphenol oxidase gay t6i mau, dan dén do sang
(L*) cao hon. San pham tinh bot dugc coi 1a c6
chit luong cao khi do tring sang ciia san phdm
cang cao [25]. V&i két qua gia tri L* cia tinh bot
hat bo 66,47 - 68,33, c6 thé thdy do sang cua tinh
bot hat bo dat trung binh. Két qua nay thip hon
so voi két qua nghién ctru ciia Rivera-Gonzalez
va cs (2019) [26], cho théy gia tri d0 sang L* 1a
70,21. Sy khéc biét nay c6 thé 1a do phuong phap
xtr 1y nguyén liéu, phuong phap trich, giéng, do
chin cua bo. Ngoai ra, theo Dabas va cs (2011)
[27], hat bo khi dugc nghién trong trong khong
khi hoac trong nudc s€ hinh thanh mau cam, hién
tugng nay 1a do hop chét phenolic trong hat bo bi
oxy hoéa nhanh chong véi tac dung xtic tac cia
enzyme polyphenol oxidase va chuyén sang mau
cam hoac dd, chinh vi vy ma tinh bot hat bo sau
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khi trich ¢6 mau sam hon so véi nguyén li€u hat

bo ban dau (L* = 79,58 + 0,46).
3.2.2 Anh huong dén ham lwong tinh bot va
ham luwong protein

100 - 2210 Blgiy W

b0 -

ITam lwong tinh bot (%)
2
=1

Ty 1¢ enzyme (U/ml.)

(@)

Két qua thong ké anh hudng cua ty 1¢ enzyme
protease va thoi gian xu ly enzyme trong qua
trinh trich ly dén ham luong tinh bt va protein
duoc trinh bay ¢ hinh 1.

7 -
@2 i B3 oiy By

a

]

6 -

Ham leong protein (%)

Ty 1¢ enzyme (U'/ml. )

(b)

Hinh 1. Anh huéng ciia ty 1é enzyme protease va thoi gian xir Iy enzyme trong qua trinh
trich ly dén ham luwgng tinh bt (a) va ham lugng protein (b)

Ghi chii: Cdc chir cdi di kém a, b, ¢ khdc nhau trén cdc cot thé hién sw khdc biét c6 y nghia thong

ké (p < 0,05).

Ham Iugng tinh bdt 1a mot chi ti€u quan
trong anh huong dén hidu qua va chét luong cta
qua trinh ngam trich tinh bdt. Nghién ctu cia
Mezo-Villanueva va Serna-Saldivar (2004) [21]
nhan dinh, viéc bd sung protease lam tang dang
ké ham lugng tinh bot. Hinh la cho théy, ham
lugng tinh bdt c6 xu huodng ting theo ty 1€
enzyme cung voi thoi gian ngdm trich va dao
dong trong khoang tir 70,22 - 83,63%, thap hon
so voi két qua nghién ctru ciia Maryam va cs
(2016) [17] 1a 85,3%. Thoi gian ngam 2 va 3
gi0, voi ty 1€ enzyme 1 U/mL, ham luong tinh
bot khac biét khong c6 ¥ nghia thong ké so véi
mau khong sit dung enzyme (0 U/mL). Tuy
nhién, khi tang thoi gian 1€n 4 gio (véi ty 1€
enzyme 1 U/mL) c6 su gia ting khac biét vé
ham luong tinh bot so véi mau khong st dung
enzyme. Ham lugng tinh bdt ting c6 y nghia
théng ké khi sir dung enzyme ¢ mirc 2 U/mL,
nhung khi tang lén 3 U/mL, su khac bi¢t nay
khong c6 y nghia thong ké ¢ cac khoang thoi
gian ngam trich so v4i mirc 2 U/mL.

Thoi gian trich tang tir 2 1én 3 gid, ham lugng
tinh bot ting c6 ¥ nghia thong ké. Tuy nhién, khi
kéo dai thoi gian trich ly dén 4 gio, ham luong
tinh bdt ting khong cd y nghia Uung cac ty I¢
enzyme st dung so v6i thoi diém 3 gio. Nguyén
nhan c6 thé do thoi gian ngam trich dai, phan 16n

tinh bot lién két v6i protein trong nguyén lidu da
dugc giai phong, enzyme khong con da co chat
dé tiép tuc phan tng, din dén toc d6 phan tng
giam dan va khong con cai thién duoc lugng tinh
bét trich ly ngay ca khi tang ty 1€ enzyme. Ham
luong tinh bot cao nhat khi ngam trich trong 3 gio
v6i ty 18 protease 2 U/mL. Két qua nay cho thay,
viée tiép tuc kéo dai thoi gian xir 1y hodc ting ty
1& enzyme trén muc nay khong cai thién dang ké
ham lugng tinh bdt. Viéc kéo dai thoi gian ngdm
trich rat can thiét dé tao ra san phém c6 do tinh
khiét cao, tuy nhién thoi gian qua dai ciing khong
tao ra lugng tinh bot nhiéu hon nhung lai tiéu tdn
nhiéu thoi gian [28].

Loai bd protein khoi cac hat tinh bdt 1 mot
budc quan trong trong vi¢c nghién ctu cac dac
tinh cua tinh bot vi nd anh hudng truc tiép dén
hiéu suét thu hoi, d6 tinh khiét, mau sic va chic
nang cua tinh bot. St dung enzyme protease la
mot phuong phap hiéu qua trong viéc nang cao
hiéu sut thu hdi tinh bot va lam giam ham luong
protein lién két véi tinh bot [29]. Theo két qua
thu dugc (Hinh 1b), ham lugng protein cta tinh
bot dao dong tr 2,63 - 5,83%. Nghién ctu sur
dung protease trong trich tinh bot hat mit lam
giam ham luong protein xudng con 2,38% [20].
C6 thé thay, khi ting dan thoi gian ngam trich két
hop véi ting dan ty 1& enzyme thi lwong protein
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dugc giai phong nhiéu hon. Trong cung thoi gian
ngam trich, ham luong protein trong thanh phim
giam khac biét c6 y nghia thong ké khi tang ty 1¢
enzyme tir 1 - 2 U/mL, nhung lai giam khéng c6
¥ nghia thong ké khi ting ty 1& enzyme 1én dén 3
U/mL. Vi thoi gian xtr 1y 2 - 3 gio, khi tang ty 1¢
enzyme ham lugng protein trong tinh bt thanh
pham giam khéac biét c6 ¥ nghia théng ké. Tuy
nhién, tang thoi gian xtr ly tur 3 1&n 4 gio, voi ty 1€
enzyme 2 va 3 U/mL, ham lugng protein khong
gidm ntta. Enzyme protease xuc tdc phan ung
thuy phan cac lién két peptid trong phan tu
protein, tir 46 pha v& ciu trac protein bao quanh
hat tinh bdt. Khi bi phan gidi, protein khong con
kha ning bam giir trén bé mat tinh bot nén dé
dang bi rua tréi trong cac budc rua tiép theo.
Thot gian xu ly enzyme ngan qua trinh phan giai
protein chua dién ra triét dé nén hiéu qua trich ly
tinh bot con thap. Enzyme hoat dong hiéu qua
hon khi tlep xuc tot v6i bé mat protein; néu
protem nam trong chu tric mod phuc tap, enzyme
can thoi gian dé khuéch tan va tiép can vi tri gan
két. Két qua cho thiy, véi ty 1¢ enzyme protease 2

U/mL va thoi gian xtt 1y 3 gio, ham lugng protein
dat muc thip nhit. Néu kéo dai thoi gian xur 1y
lén 4 gio, kha ning xay ra hién twong thiéu co
chat hodc giam hoat tinh enzyme do bién tinh
hodc trc ché nguoc co thé lam giam hiéu qua xir
ly. Khi con thira co chat, ty 18 enzyme tang thi
van téc phan Uung tang, nhung khi nong d6 co
chat giam xudng mirc thap, van toc phan tUng
khong tang thém khi taing nong do [28].

3.2.2. Anh ‘huong dén khoi lwong riéng biéu
kién (KLR biéu kién), khoi lwong riéng thuc
(KLR thuc)

Khdi lugng riéng phan anh thé tich tuong dbi
cta vat liéu dong goi, danh gia duge do x6p san
pham, do d6 anh huong dén thiét ké ciia bao bi va
loai vat liéu dong goi can thiét [28]. Chi tiéu khdi
luong 1a thong s quan trong lién quan dén cau
trac va thanh phan cua tinh bot thanh pham. Anh
huéng cta ty 1€ va thoi gian xir ly enzyme
protease trong qué trinh trich ly dén KLR biéu
kién va KLR thyc duoc trinh bay ¢ bang 3.

Bang 3. Anh hwéng dén khdi lwong riéng biéu kién va khoi lwong riéng thue ciia tinh bot hat bo
T:Ile yfflllae“(;‘g;y Ty égﬁ’rﬁ‘;“e KLR biéu kién (g/em’®) | KLR thuc (g/em?’)
0 0,53+ 0,01 0,54 + 0,028
2 1 0,51+ 0,012 0,53 £0,01°
2 0,69 +0,01° 0,72 +0,01%
3 0,71 £ 0,03° 0,74 £ 0,03°
0 0,58 +0,01% 0,59 + 0,03%"
3 1 0,59 +0,01° 0,62 + 0,02%
2 0,61 + 0,02 0,63 = 0,04
3 0,63 + 0,03 0,68 = 0,03°
0 0,53 + 0,02 0,55+ 0,03
4 1 0,55+ 0,03 0,58 + 0,04
2 0,59 + 0,03° 0,60 + 0,02%
3 0,65 = 0,02° 0,68 + 0,04™

Ghi chu: Cac gia tri trung binh co chir cdi di kem a, b, ¢ khdac nhau trong cung mot cot thé hién su

khdc biét c6 y nghia thong ké (p < 0,05).

KLR biéu kién cua tinh bot hat bo c6 xu
hudng tiang khi tang ty 1€ enzyme, dao dong trong
khoang tir 0,51 - 0,71 g/cm3, cao hon so vd1 KLR
biéu kién ciia tinh bot hat mit (0,50 g/cm’) trong
nghién ctu trich tinh bot st dung protease [20].
Mau khong st dung ezyme (0 U/mL), KLR biéu
kién tang o rét sau 3 glo ngam, trong khi tai cac
thoi diém 2 va 4 gio két qua khong ghi nhan sy
khac biét c6 ¥ nghia théng ké. Khi sir dung

enzyme & mic 1 U/mL, KLR biéu kién tiang c6 ¥
nghia trong khoang thoi gian ngam tur 2 - 3 gio;
tuy nhién, khi kéo dai thoi gian dén 4 gio, gia tri
nay giam dang ké. Ddi vai cac ty 1¢ enzyme 2 va
3 U/mL, KLR biéu kién da c6 su khac biét co y
nghia théng ké ngay tai thoi diém 2 gio. Khi tlep
tuc tang thoi gian ngam 1én 3 va 4 gio, KLR biéu
kién c6 xu huéng giam va khong con sy khac biét
c6 ¥ nghia thong ké giira hai khoang thoi gian
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nay. Trong cung thoi gian trich ly, véi ty 1€
enzyme thap (0 - 1 U/mL) KLR biéu kién khac
biét khong c6 y nghia théng ké. Khi ting ty 1&
enzyme 1én tir 2 - 3 U/mL, KLR biéu kién ting
khac biét c6 y nghia. Vi thoi gian ngdm 4 gio,
su dung ty 1€ enzyme 2 - 3 U/mL anh hudng dang
ké dén KLR biéu kién.

KLR thyc cua tinh bt hat bo c¢6 xu hudng
ting khac biét c6 ¥ nghia thong ké theo ty 1&
enzyme st dung, dao dong tir 0,53 - 0,74 g/em’,
tuong ty nhu KLR thyc cta tinh bdt hat mit 1a
0,60 g/cm’® [20]. Vi ty 1& enzyme 0 - 1 U/mL,
trong cung thoi gian trich ly, gia tri KLR thyc cla
tinh bot thay doi khong c6 y nghia. KLR thyc ctia
tinh bot tang khac biét c6 ¥ nghia théng ké khi sir
dung ty I¢ enzyme 2 va 3 U/mL trong thoi gian
trich ly 3 va 4 gio.

Xu huéng ting giam cua KLR biéu kién va
KLR thyc anh hudng bédi kich thuéc, hinh dang,
su phan b do 4m, ham lugng tap chit va do tinh
khiét ciia hat tinh bot [30]. Enzyme protease thiy
phan protein bao xung quanh hodc lién két voi
tinh bdt, lam thay ddi kich thudce, hinh dang hat

tinh bot, anh hudng dén do rong, cu trac bén
trong va mat do hat, do d6 lam thay ddi khdi
luong riéng biéu kién va khdi luong riéng that
cua hat. Ngoai ra, d§ am anh huong dén su sap
xép va kha ning hit nudc, tir d6 tac dong dén
khdi lwong riéng thuc va biu kién.

3.2.3. Anh hweong dén WAL WSI va SP cia
tinh bot hat bo

Chi s hap thy nuéc (WATI), kha ning hoa tan
(WSI) va kha nang truong nd (SP) la nhiing
théng s6 quan trong phan 4nh tinh chat chirc ning
cta tinh bot. WAI thé hién mirc do hydrat héa va
gilt nudc cua hat tinh bdt trong diéu kién nhét
dinh. WSI biéu thi ty 1¢ phan trim chét ran trong
tinh bot c6 thé hoa tan vao nuédc sau khi xir 1y
nhiét, phan 4nh muc d6 bién doi cdu tric, kha
ning tmg dung tinh bot trong ché bién. SP phan
anh kha nang hat tinh bot hép thu nudc va nd ra
khi dugc gia nhiét trong méi truong nudc. Két
qua théng ké anh hudng cia ty 1& enzyme
protease va thoi gian xir 1y enzyme dén WAL,
WSI va SP cuia tinh bt hat bo dugc trinh bay
trong bang 4.

Bing 4. Chi s6 hip thu nwéc, kha ning hoa tan va khi ning trwong né ciia tinh bgt hat bo

T:Iley%;aen(zgy Ty ;%}’;fgase WAI (g/g) | WSI(%) SP (g/g)
0 2,44 £ 0,13 | 584 £025°| 8,14+025
5 1 2,55+0,10° | 5,88 +0,06° | 8,09+ 0,06
2 2,52 +0,04 | 5,90 +0,30° | 8,08 +0,29°
3 2,39+0,07° | 6,41 +£0,16° | 7,58 +0,16°
0 2,49 +0,12% | 6,45+0,05° | 7,54 +0,05°
3 1 2,57+0,26° [6,60+0,27%| 7,38 +0,27°
2 2,64 +0,19* 16,70+ 0,19 | 7,29 +0,19"
3 2,54+ 023" 6,73 0,23 | 7,26 +0,23"
0 228+0,14° | 6,87 +£0,34% | 7,12 +0,34°
4 1 2,50+ 0,21 | 6,82 +£0,06° | 7,17 +0,06°
2 2,52 +£0.23% | 6,90+ 028" | 7,09 +0,28°
3 2,45+0,12° | 6,94 +0,08" | 7,05+ 0,08°

Ghi chu: Cdc gid tri trung binh co6 chir cai di kem a, b, ¢ khac nhau trong cung mot cot thé hién sw

khdc biét ¢é y nghia thong ké (p < 0,05).

Két qua & bang 4 cho thay, WAI cuia tinh bot
hat bo dao dong tir 2,28 - 2,64 g/g, gﬁn nhu khac
biét khong c6 y nghia thong ké giita cic nghiém
thtre, chi trir nghiém thire ngam trong 4 gi¢ khong
st dung enzyme thip khac biét so v&i xir 1y
emzyme 1 - 2 U/mL trong 3 gio. Diéu nay c6 thé
do khong sir dung enzyme tinh bot thu hoi khong
nhiéu lai kéo dai qua trinh ngdm nén céc thanh

phan tinh bdt d& hip thu nudc bi tich ra theo
nudce trong qua trinh rira. WAI trong nghién ctru
niy gan véi két qua nghién ciu cia De Dios-
Avila va cs (2022) [31], theo d6 WAI cua tinh bot
hat bo gidng Hass trong khoang 3,66 - 5,54 g/g.
Ty 1é va cdu triic ciia amylose va amylopectin anh
huong dang ké dén WAI cua tinh bot, hai
polymer nay quyét dinh mirc do truong nd, lién

60 NONG NGHIEP VA MOI TRUONG - KY 2 - THANG 7/2026



KHOA HOC & CONG NGHE

két nudce va clu trac ndi tai cla tinh bot. Enzyme
protease chu yéu thity phan protein lién két bao
quanh hat tinh bot, nén han ché tac dong truc tiép
Ién amylose-amylopectin; tuy vdy, viéc loai bo
protein c6 thé 1am thay ddi cu trac bé mit hat va
anh hudng gian tiép dén WAL

WAL cua tinh bot hat bo c6 xu hudng ting
theo thoi gian ngdm, dao dong trong khoang 5,84
- 6,94% (Bang 4). WSI cua tinh bt hat bo trong
nghién ciru nay cao hon khéng qua nhiéu so véi
két qua nghién ctu cta Carrefio Flérez va cs
(2025) [4], theo d6 WSI ciia tinh bot hat bo giéng
Hass la 3,69%. Trong cung thoi gian ngam, ty 1¢
enzyme khong anh huéng dang ké dén WSI cua
tinh bot thanh phdm. Thoi gian ngam tir 2 - 3 gio
va st dung cung ty I¢ enzyme, WSI cua tinh bot
ting c6 y nghia thong ke, tiép tuc kép dai thoi
gian ngdm dén 4 gid, WSI khong khac biét so véi
ngam trong 3 gio. Dudi tac dong thiy phan cia
enzyme protease, cic thanh phan hoa tan trong
tinh bdt tang 1én do sy pha v& cAu truc hat, dan
dén WSI tang.

Gia tri SP cua tinh bot hat bo c6 xu hudng
giam theo thoi gian trich kéo dai va dao dong
trong khoang tir 7,05 - 8,14%. Két qua nay phu
hop voi két qua nghién ctru cia De Dios-Avila va
cs (2022) [31], theo d6 SP cua tinh bot hat bo
gidng Hass duoc xac dinh khi xtr Iy nhiét & 70 -
80°C dao dong trong khoang 8,18 - 8,48 g/g.
Trong cung thoi gian ngam trich, ty 16 enzyme hau
nhu khong tao sy khac biét c6 ¥ nghia thong ké vé
SP giita cac nghiém thirc. Khi sir dung cung ty 1&
enzyme, kéo dai thoi gian trich ly tir 2 - 3 gio lam
SP ciia san phim giam co y nghia thong ké. Tuy
nhién, khi tiép tuc kéo dai thoi gian dén 4 gio, gia
trj SP khong thay ddi co ¥ nghia thong ké.

Enzyme protease thuy phan protein bao
quanh hoic lién két v6i hat tinh bot, tao peptide
va axit amin nho hon, lam WSI tang. Trong giai
doan dau, khi thoi gian va ty 1& enzyme ting, qua
trinh thity phan dién ra manh m&, sy can trd tinh
bot voi nudc giam, tinh bot ting kha ning tiép
xuc voi nudc nén c6 kha nang hoa tan cao hon.
Thoi gian ngdm dai hoac ty 1€ enzyme cao gidi
phong qua nhiéu chat hoa tan lam thay déi moi
trudng keo, tinh bt hit nude kém hon. Ngoai ra,
khi kéo dai thoi gian thuy phan qua mac enzyme
phan rd mot phan tinh bot, lam giam kich thudc
hat va kha nang truong nd. Theo Zhang va cs

(2021) [32], céc yéu t6 nhu: Gidng, nhiét df, kich
thudc hat tinh bot, phuong phap chiét xuét c6 anh
huong dén kha nang truong nd cia tinh bét.

4. KET LUAN

St dung enzyme protease trong qua trinh
ngam trich ly mang lai hiéu qua dang ké trong viéc
lam tang hiéu suét thu hdi tinh bot cling nhu do
tinh sach cuda tinh bdt hat bo. Khi str dung enzyme
protease véi ty 18 2 U/mL dé ngam trich tinh bot
trong thoi gian 3 gio ¢ nhiét dd thich hop cua
enzyme 1a 50°C cho hiéu suat thu hdi tinh bot cao,
v6i ham luong tinh bot dat 83,63%, ham lugng
protein giam thip dang ké chi con 2,63% (so voi
ham lugng protein trong nguyén liéu ban dau
3,79% theo can ban udt, twong Ung véi 10,33%
tinh theo can ban kho, qua trinh xtr ly da lam giam
khoang 75% luong protein trong hat bo).

Véi do am tinh bot 8,38%, thanh pham thu
duoc co thé con mot sb tap chét chua tach hét nhu
cellulose, lipid... nén c6 thé can thém nghién ctru
két hop xir Iy v6i enzyme cellulase dé ting do
tinh sach cua tinh bot.

Tinh bot hat bo ¢6 tiém ning sir dung trong
cac san pham thyc pham phu hop véi dic tinh
chirc ning vé kha nang hap thy nudc, kha ning
hoa tan va dg truong no.
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APPLICATION OF PROTEASE ENZYME IN STARCH EXTRACTION FROM AVOCADO
SEEDS (Persea americana Mill.)

Duong Thi Phuong Lien', Vo Le An Phungl, Vo Thi Dieu’, Duong Kim Thanh'
Institute of Food and Biotechnology, Can Tho University
Abstract

Avocado seeds (Persea americana M.), a byproduct of avocado fruit processing, contain abundant
polysaccharides, including starch, proteins and lipids. This study investigated the effect of protease
enzyme concentration (1-3 U/mL and an enzyme-free control sample) and enzyme treatment time (2-4
hours) on the recovery efficiency and quality of avocado seed starch using the wet milling method.
The results showed that the extraction process was effective when the extract was treated with
protease at a concentration of 2 U/mL for 3 hours, achieving a starch recovery efficiency of 49.50%.
The obtained starch had a moisture content of 8.38%, a starch content of 83.63% and a protein content
of 2.63%. Physical properties include brightness (L*) is 68.33, bulk density and tapped density are
0.71 and 0.74 g/cm? respectively, water absorption index is 2.64 g/g, water solubility index is 6.94%
and swelling capacity is 8.14%. The results showed that avocado seeds are a potential raw material for
starch production with properties suitable for application in the food industry.

Keywords: Avocado seed, protease, protein, starch, wet milling.
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