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TOM TAT:

Nghién ciru nhdm khao sat anh huéng cta don yéu td cong nghé dén qua trinh trich ly protein
tir cam gao da tach dau (DRB) gom: loai dung méi (nudc cét, ethanol 30%, ethanol 50% va ethanol
70%), ty 1€ cam gao da tach dau (DRB): dung moi (1:1, 1:4, 1:7, 1:10 va 1:13, w/v) va pH (5,0; 6,0;
7,0; 8,0; 9,0 va 10,0) dén hiéu suit thu hoi protein va chi s6 6n dinh nhii twong (ESI) cta protein thu
nhan duge. Két qua cho thay, nuéc cat 1a dung moi cho kha ning trich ly tot nhét, cho higu suat thu
hdi protein va chi s6 ESI 1an luot 1a 71,38% va 73,70; Ty 1€ cam gao da tach dau (DRB): nudc catla
1:10, cho hiéu sut thu hdi protein va chi sé ESI 1an luot 14 75,74% va 75,39; va pH 9,0 cho hiéu suét
thu hoi cao nhat (82,46%) va chi sé ESI dat 75,20. Cac két qua nay cung cép co s& khoa hoc quan
trong cho viéc t6i uu hoa da bién quy trinh trich ly protein tir cam gao da tach dau, dong thoi mé ra
huéng phat trién nguyén liéu protein thuc vat chat lugng cao tir ngudn phu pham nong nghiép doi
dao tai Viét Nam.

Tir khéa: cam gao da tach dau (DRB), d6 6n dinh nhii tuong, hiéu suit thu hoi, protein, trich ly.

1. Pit van dé

Lua gao (Oryza sativa L.) 1a mgt trong nhirng
cdy lwong thuc quan trong nhét trén thé giéi, cung
cAp ngudn carbohydrate chinh cho hon mét nira
dan sb toan ciu (FAO, 2023). Viét Nam 1a mot
trong nhitng qubc gia san xudt va xuat khau gao
hang ddu véi tong san luong laa nim 2025 dat
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khoang 43,5 tri¢u tan, trong d6 san luwgng gao
thuong pham chiém phan 16n (Téng cuc thong ké,
2026). Tir ngudn nguyén lidu lta gao ddi dao do,
qua trinh xay xat tao ra mot luong 16n phy pham,
trong d6 cam gao chiém ty trong dang ké khoang
12% tinh theo khéi lwong hat, tuong duong 68

triéu tdn cam gao thd modi nam trén toan cau
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(Spaggiari et al., 2021).

Cam gao khong chi don thuan 1a phu pham ma
con 1a mot ngudn nguyén lidu giau dinh dudng,
cung cap dang ké protein (14-16 %), lipid (12-
23%), chit xo khoang 11,5%, rat giau cac hop
chit c6 hoat tinh sinh hoc va chat chéng oxy
héa nhu y-oryzanol, vitamin E (tocopherols va
tocotrienols), phytosterols, cing cac khoang chat
thiét yéu nhu sét, phdt pho va magié... Tuy nhién,
phan 16n lwong cam nay van chi dugc st dung lam
thirc an chan nu6i (Gul et al., 2015; Chaisuwan &
Supawong, 2022).

Trong sb cc thanh phin dinh dudng ké trén,
protein cdm gao c6 gia tri dinh dudng cao, cung
cip nhiéu acid amin thiét yéu, dic biét 1a lysine
va threonine, déng thoi c6 kha ning giy di tng
thap hon so v&i protein tir ddu nanh hay gluten
lia mi (Prakash & Ramaswamy, 1996; Fabian &
Ju, 2011). Bén canh d0, protein cam gao thé hién
ddc tinh nhii hoa, tao bot va tao gel tét, mé ra tiém
ning Gng dung rong rii trong viéc phat trién cac hé
thuc phdm nhil twong, dd udng protein va nguyén
liéu thay thé thit c6 ngudn gdc thuc vat (Li et al.,
2025). Ngoai ra, cam gao con la ngudn phong phu
y-oryzanol va tocopherol, cac hop chit di duoc
chirng minh c6 hoat tinh chdng oxy héa dang ké,
g6p phan lam ting gia tri st dung ciia cam gao
trong thyc phdm chirc ning va cic san pham chim
soc suc khoe (Xu et al., 2001).

Qua trinh trich ly protein tir cAm gao tach dau
(defatted rice bran - DRB) chiu anh hudéng cua
nhiéu yéu t6 dong vai tro then chét dén ca hiéu
suat thu hoi 1an chét lugng chic ning ciia protein
thu dugc (Phongthai et al., 2016). Tuy nhién, cac
nghién ctru hién cé chu yéu tip trung vao mot
hodc hai yéu t6 riéng 1¢ hodc chwa danh gia dong
thoi tac dong cua cac yéu td clia qua trinh trich ly
dén hiéu sudt thu hdi va d6 on dinh nhil trong cua
protein tir cam gao. Muc tiéu cia nghién ciru nay
1a khao sat don yéu té anh huong cua (1) loai dung
moéi, (2) ty 18 DRB: dung méi va (3) pH dén hicu
sudt thu hdi protein va chi s d6 6n dinh nhii twong
(ESI) ctia protein tir cam gao, tir d6 xac lap diéu
kién trich ly phu hop lam co sé cho cac nghién curu
tdi wu hoa da bién tiép theo.

2. Vat liéu va phwong phap nghién ciru

2.1. Nguyén li¢u va héa chit

Cam gao tlr giéng lua IR50404 dwoc thu nhan
tor nha may xay xat Hai Ngon tai Df")ng béng song
Ctu Long trong vong 24 gid sau xay xat. Nguyén
lidu duge sdy & 60°C dén do am 8-10% nham G
ché hoat tinh lipase, sau do tach dau bﬁng ethanol
96% (1:5, w/v) & nhiét 3o 45-50°C trong thoi gian
60 phut dé thu cam gao da tich dau (defatted rice
bran - DRB).

2.2. Bé tri thi nghigm

Quy trinh trich ly protein: phén tin DRB vao
dung moi, khudy tir voi toe do 200 rpm trong 30
phut ¢ nhiét d6 phong (30 = 1 °C); sau d6 ly tdm
& 4.500 rpm trong 15 phat ¢ 4°C, dé thu dich ndi
chtra protein hoa tan. Gia tri pH dugc diéu chinh
trudc khi phan tan bang dung dich NaOH 1 M
hodc HCI 1 M va kiém tra bang may do pH cam
tay (HANNA HI98100).

Céc yéu t6 anh huong dén qua trinh trich ly
duoc khao sat nhu sau:

- Anh huodng cua loai dung méi: 4 loai dung
moi dugc khao sat gém nuéc cit, ethanol 30%,
ethanol 50% va ethanol 70% (v/v). Diéu kién ¢
dinh: ty 1€ DRB: dung méi = 1:7 (w/v) tai pH 6,5.

- Anh huéng cua ty 16 DRB:dung méi: Nam
muc ty 1€ (w/v) dugc khao sat: 1:1; 1:4; 1:7; 1:10
va 1:13. Piéu kién cb dinh: dung méi (tir két qua
thi nghi€m trén) tai pH 6,5.

- Anh huong ciia pH: Sau muc pH duge khao
sat: 5,0; 6,0; 7,0; 8,0; 9,0 va 10,0. Piéu kién cd
dinh: dung moéi va ty 1&¢ DRB: dung méi (tir két
qua thi nghiém trén).

Toan b thi nghiém dugc b6 tri theo kiéu hoan
toan ngau nhién, 1ap lai ba 1an doc lap.

2.3. Phwong phdp phdn tich

2.3.1. Xdc dinh ham lvong protein hoa tan

Ham lugng protein hoa tan (PDRB) trong dich
trich ly dugc xac dinh theo phuong phap Bradford
str dung thudc thir Coomassie Brilliant Blue G-250
(Kielkopf et al., 2020). Dung dich protein dugc
pha loang thich hop, tron véi thude thir Bradford
theo ty 1€ 1:5 (v/v), u ¢ nhiét do phong 20 phut va
do mat d6 quang (OD) & budc song 595 nm trén
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may quang phd UV-Vis (Shimadzu UV-1900).
Puong chuan Bovine serum albumin (BSA) duoc
x4y dung trong khoang ndng do 20-300 pg/mL.
Ham lugng protein hoa tan (%) dugc tinh theo
cong thuec:

CxVxF

I ETIE

Trong d6: C: Nong do protein tinh dugc tir
duong chuan (ug/mL); V: Tong thé tich dich chiét
(mL); F: Hé s6 pha loang (néu c6); m: Khdi lugng
mAu cam gao ban dau (g).

2.3.2. Hiéu sudt thu hoi protein

Hiéu suat thu hoi protein (protein recovery -
PR, %) dugc xac dinh theo phuong phap ctua Leal
et al. (2021) theo cong thuc:

H(%) = X 100

m X %X X 10
Trong d6: H: Hiéu sut thu hdi protein (%); C:
Ham lugng protein hoa tan trong dich trich ly (mg/
mL); V: Téng thé tich dich thu duoc sau khi loc/
ly tim (mL); m: Khdi lvong DRB dem di trich ly
(g).X: Ham luong protein téng cia DRB (%).

2.3.3. P on dinh nhii twong (ESI)

Chi s6 6n dinh nhii twong (ESI) duoc xac dinh
theo phuong phap Pearce & Kinsella (1978) co cai
tién. Dich protein dugc chuén hoa vé néng do 1%
(w/v) trong nuée, pH duogc didu chinh dén cac gia
tri tir 5,0-8,0. Sau d6 tron v6i dau dau nanh tinh
luyén va dugc dong nhit bang dau siéu 4m trong

1 phat. Mau nhii twong duoc liy ngay sau khi tao
nhii (t = 0 phut) va sau khi dé yén ¢ nhiét d6 phong
(t =30 phiit). Tai mbi thoi diém, 1ay 50 pL 16p nhii
twong ¢ day binh, hoa tan vao 5 mL SDS 0,1% va
do OD ¢ 500 nm. D6 6n dinh cua nhii twong (ESI)
duoc tinh nhu sau:
AgXT
AA

Trong do: A 1a do hép thu tai O phut; AA 1a sy
thay d6i hap thu tai 0 phut va 30 phut; T 1a thoi
gian si€u am.

2.4. Xur Iy 50 li¢u

Céc dir liéu thu dugc trong qué trinh nghién
cttu dugce tinh toan bang phan mém Microsoft
Excel 2016. Phan tich phuong sai (ANOVA) &
murc y nghia a = 0,05 va kiém dinh LSD dugc thuc
hién bang phan mém Statgraphics Centurion XV.

ESI =

3. Két qua va thao luan

3.1. Anh hwéng ciia logi dung méi dén mét sé
chi tiéu tir qua trinh trich ly protein

Két qua trinh bay trong Bang 1 cho thay, loai
dung moi c6 anh hudng ro rét va khac biét co y
nghia thong ké (p < 0,05) dén ca ba ham muc tiéu
duoc khao sat. Nude cat cho ham lugng protein
hoa tan cao nhat (14,98 £ 0,41 mg/mL), hi¢u suét
thu hoi dat 71,38 + 2,42% va chi s6 ESI dat 73,70
+ 1,36. Khi ndong do ethanol trong dung méi ting
dan tir 30% dén 70%, ca 3 chi tiéu ham lugng
protein hoa tan, hiéu suét thu hoi va chi sb ESI
déu giam va khac biét co6 ¥ nghia thong ké (p <

Bang 1. Anh hudng cua loai dung mdi dén mét sd chi tiéu tir qua trinh trich ly protein

Dung moi Ham lwong protein (mg/mL) Hiéu suét thu héi (%) Chi sé ESI

Nwéc cét 14,98 + 0,41a 71,38 £ 2,42a 73,70 £ 1,36a
Ethanol 30% 11,52 £ 0,61b 54,89 + 3,14b 68,69 + 1,12b
Ethanol 50% 9,97 £+ 0,49¢ 47,54 £ 2,16¢ 66,35 + 1,48¢c
Ethanol 70% 8,27 + 0,40d 39,43 + 2,03d 63,98 + 1,19d

Ghi chii: Trong ciing mot cét, cac gid tri mang chit cdi khdc nhau thé hién sw khdc biét c¢é ¥ nghia thong ké theo kiém

dinh LSD (p < 0,05).

428 | 86 17/2026



HOA HOC - CONG NGHIEP - THUC PHAM

0,05), trong d6 (ethanol 70%) cho gia tri thap nhat
voi protein hoa tan chi dat 8,27 £ 0,40 mg/mL,
hiéu suét thu hoi dat 39,43 + 2,03% va chi s6 ESI
dat 63,98 + 1,19.

Két qua ham lugng protein duoc trich ly bang
nude cat cho két qua tot nhat do phan protein chu
dao cua DRB. Phéin doan protein cam gao chua yéu
bao gdm albumin (tan trong nuéc), globulin (tan
trong dung dich mudi lodng), glutelin (tan trong
kiém/acid) va prolamin (tan trong ethanol), trong
d6 albumin va glutelin chiém ty trong 16n trén tong
lugng protein trong khi prolamin chi chiém duéi
5% (Amagliani et al., 2017). Viéc st dung dung
moi nudc cit tao ra moi truong c6 hing s dién
moi cao, tbi uu hoa cac twong tac tinh dién va lién
két hydro giira phan tor nuéc voi cac gbec amino
acid wa nudc trén bé mat protein, giup phan doan
albumin dé dang hoa tan (Zhou & Pang, 2018).
Bén canh d6, qua trinh tach dau lam giam tuong
tac gita protein va lipid, dong thoi lam tang kha
ning tiép xuc giita dung mdi va cac nhoém amino
acid phan cuc trén bé mat protein. Nudc vdi do
phan cuc cao c6 kha ning hinh thanh lién két
hydro va tuong tac tinh dién véi cac nhom chirc wa
nude, qua d6 thiic diy sy hoa tan cia cac protein
hoa tan trong nudc va mot phan protein lién két
long 1éo v&i ma tran cam gao (Cho et al., 2022).

Khi ndng d6 ethanol ting tir 30% lén 70%,
ham luong protein hoa tan giam dang ké. Hién
twong nay chu yéu xuit phat tir sy suy giam do
phan cyc cia moi truong dung moi, lam giam kha
ning hydrat hoa cic nhém phan cuc trén bé mit
protein. Ethanol canh tranh véi nudc trong viéc
twong tac véi protein, dan dén su suy giam lép
hydrat héa bao quanh phan tu, tir d6 thic day
tuong tac protein - protein, ddc biét 1a cac tuong
tac ky nudc, va 1am ting xu hudng két tu protein.
O ndng d6 ethanol cao, su thay d6i mdi truong
dung méi con co thé giy bién ddi cau tric bac
3 va bac 4 cua protein, lam giam d6 tan va kha
ning khuéch tan cta protein vao pha long (Feng
et al., 2021). Két qua nay phu hop véi dic tinh
hoa tan cta protein cam gao, trong d6 cac phan
doan albumin va globulin c6 xu hudng hoa tan tot

hon trong moéi truong giau nudc, trong khi sy gia
tang ham luong ethanol lam gidm kha nang hoa
tan ctiia cac phan doan nay (Adebiyi et al., 2009;
Amagliani et al., 2017).

Két qua nay ciing dong thoi giai thich cho hién
tuong sut gidm chi s6 ESI khi ¢6 sy xuit hién cua
alcohol. Viéc tiép xuc vaéi ethanol (dac biét & n@)ng
do cao tir 50% - 70%) pha v& cac lién két hydro
ndi phan tir va tuong tac hydrophobic, lam boc 16
cac gdc amino acid ki nudc mot cach mat kiém
soat, dan dén hién tugng protein bi cudn gap sai
léch hodc két tu lai voi nhau (Feng et al., 2021).
Khi protein bi két ty, kha ning di chuyén, hap phu
nhanh 1én bé mat lién pha diu/nudc con lai sau
qua trinh tach diu va kha ning tao mang co hoc
bao vé cac giot dau bi suy giam nghiém trong,
khién hé nhii trong d& xay ra hién tuong tach 1op,
lam giam chi s ESI (Yoshikawa et al., 2012). Do
d6, protein trich ly bang nudc gitr duoc ciu trac tu
nhién t8t hon, dam béo su can béng ua nudc - ua
béo tdi wu dé duy tri d6 bén cho hé nhii tuong.

Qua két qua nghién ciru cho thdy, loai dung
moi sir dung co anh huong rat 16n dén hiéu qua
trich ly va tinh chat chirc ning cia protein tir cim
gao. Viéc bd sung ethanol vao dung méi (tir 30%
dén 70%) mang lai tac dong tiéu cuc dong thoi 1én
tat ca cac chi tiéu phan tich do cac hiéu ung bién
tinh héa 1y. Do d6, dung mdi nudc cat duge lya
chon dé thyuc hién cho cac thi nghiém tiép theo.

3.2. Anh hwong ciia ty 1é DRB: nwéc cit dén
m@t so chi tiéu tiv qud trinh trich ly protein

Bang 2 trinh bay két qua anh hudng cua ty 18
DRB: nudc cat (w/v) dén céc chi tiéu trich ly. Him
lugng protein hoa tan thé hién xu huéng nghich
chiéu rd rét v6i luong dung moi: giam tir 24,40 +
0,62 mg/mL (ty 1¢ 1:1) xudng 9,38 £ 0,15 mg/mL
(ty 1€ 1:13). Nguoc lai, hiéu suat thu hoi protein
tang tu 16,64 £ 0,40% (ty 1¢ 1:1) 1én 83,29 +
1,10% (ty 1€ 1:13).

Xu huéng nay phan anh rd nguyén 1y khuéch
tan chat tan theo dinh luat Fick (Cacace & Mazza,
2003). Khi ty 1¢ dung moéi tang, gradien nong do
gilta pha nguyén liéu va pha dung moéi 16n hon,
thuc ddy qua trinh khuéch tan protein ra ngoai triét
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Bang 2. Anh hudng cua ty 1& DRB: nuéc cat dén mét s& chi tiéu tir qua trinh trich ly protein

Ty 1é (wiv) Ham lwong protein (mg/mL) Hiéu suét thu héi (%) Chi s6 ESI
1:1 24,40 £ 0,62a 16,64 + 0,40a 61,34 £+ 1,18a
14 19,47 £ 0,88b 53,09 + 2,55b 67,16 + 1,01b
1.7 14,71 £ 0,27¢c 70,29 + 1,20c 73,79 £ 1,02¢
1:10 11,12 £ 0,55d 75,74 + 3,72d 75,39 + 1,84c
1:13 9,38 £ 0,15e 83,29 + 1,10e 70,70 £ 0,67d

Ghi chii: Trong ciing mot cét, cdc gid tri mang chit cdi khéac nhau thé hién sw khdc biét c6 y nghia thong ké theo kiém

dinh LSD (p < 0,05).

dé hon. Tuy nhién, protein bi pha loing lam giam
néng do trong dich trich ly (Akter et al., 2020;
Lynaa et al., 2023).

Két qua phan tich thong ké con cho thdy, ty
1¢ DRB: nudc cit anh huéng dang ké dén higu
suat thu hoi protein (p < 0,05), ty 1¢ thuan véi
lugng dung méi sir dung, dat thap nhit & ty 1¢ 1:1
(16,64%) va cao nhat & ty 18 1:13 (83,29%). Diéu
nay dugc 1y giai bdi dong hoc qua trinh trich ly
ran-1ong, khi lwong dung méi 16n, gradien ndng
do gitta bé mat hat cam va pha long dugc duy
tri & muc cao trong sudt qua trinh, tao luyc thac
day khuéch tan manh giup hoa hét dé cac phan
tr protein ndm siu trong cdu trac polymer cua
cam (Chan et al., 2014; Hobbi et al., 2021). Két
qua nay tuong dong véi nghién ctru cua Cao et al.
(2010) vé trich ly protein hoa tan tir gao lit nay
mam, trong d6 ty 1& chit rin: nudc cit 1a 1:10 &
pH 8,5 cho hié¢u suét thu hoi cao nhat. Mac du & ty
1¢ 1:13 cho hiéu suat thu hdi cao nhat, ham lwong
protein hoa tan tuong g lai thip nhat, phan anh
r0 hién tugng pha lodng khi tdng lugng dung moi
(Akter et al., 2020).

Khi xét dén sy bién dong cua chi s ESI theo
ty 18 dung mdi co thé duoc giai thich dya trén ban
chét va trang thai cua cac phan doan protein duoc
giai phong & cac diéu kién trich ly khac nhau. O
cac muc ty 1€ 1:1 va 1:4, mat d6 phan tu protein
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cao tao diéu kién thuén loi cho tuong tac protein-
protein trong pha lién tuc trude khi chung kip di
chuyén va dinh vi tai bé& mat lién pha dau-nuéc;
hién tuong két tu nay lam giam dang ké kha ning
bao boc giot diu va din dén hé nhii kém bén
(Baune et al., 2021; Ji et al., 2025).

Véi ty 1€ 1:7 va 1:10, ham lugng va cAu trac
céc protein hoa tan dat dugc sy can bang hop 1y
giira ty 1& gdc wa du/ua nudc tiép xuc bé mit, tao
diéu kién dé protein tich tu nhanh tai bé mat lién
pha va hinh thanh mang co hoc bén viing xung
quanh céc giot dau, chéng lai sy hop giot (Lam
& Nickerson, 2013). Ty 1€ 1:13, viéc trich ly kéo
theo cac phan doan protein c6 khdi luong phén tir
thap va cac hop chit phi-protein, cic phan tir nay
thiéu linh dong bé mit hoic c6 ciu truc khong phu
hop dé tao mang nhil twong lién tuc va bén ving,
ddng thoi 1am lodng cac phan doan protein ¢ hoat
tinh nhii hoa cao khién chi s6 ESI sut giam (Lynaa
et al., 2023; Zhu et al., 2023).

Do vy, nham can bang giita hiéu suat thu hoi
protein va chét lugng chirc ning cua protein (chi s6
ESI), ty 16 DRB: nuédc cat 1a 1:10 (w/v) duoc chon
1a diéu kién t6i wu cho cac thi nghiém tiép theo.
Tai ty 1& nay, hiéu suat thu hoi protein dat 75,74%
- cao hon so véi ty 1€ 1:7 (70,29%) - trong khi
chi s6 ESI dat 75,39, khong khac biét c6 y nghia
thong ké (p > 0,05) so voi ty 1& 1: 7 (73,79). Viéc
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tiép tuc ting ty 1¢ DRB: nudc cat 1én ty 1& 1:13 thi
cho hiéu suét thu hdi protein cao hon (83,29%)
nhung lam giam dang ké chi sé ESI (70,70) dan
dén 1am ting chi phi dung moi va khong kinh té
trong san xuat.

3.3. Anh hwong ciia pH dén mét sé chi tiéu tiv
qud trinh trich ly protein

Két qua trinh bay trong Bang 3 cho thay, pH
cia moi truong trich ly 1 yéu té c6 anh hudng
manh va c6 y nghia thong ké (p < 0,05) dén ca ba
chi tiéu. Khi pH tang tu 5,0 lén 9,0, ham luong
protein hoa tan tang lién tuc tir 9,65 = 0,30 mg/mL
1én 17,24 + 0,38 mg/mL, hiéu suat thu hdi tir 46,11
+ 1,40% 1én 82,46 + 1,64%, va ESI tr 63,12 + 0,79
lén 75,20 + 1,19. Tuy nhién, khi tang lén pH 10,
ca ba chi tiéu ham lugng protein hoa tan, hig¢u Suét
thu hoi va chi s6 ESI déu giam, véi protein hoa tan
giam xubng 14,62 + 0,32 mg/mL, hiéu suit 69,91
+ 1,34% va chi s6 ESI 72,78 + 0,68.

Hién tugng ham lugng protein hoa tan ting
dan theo pH c6 thé dugc giai thich boi dic tinh
dién tich va kha ndng hoa tan cta protein cdm
gao, trong d6 glutelin va albumin 1a hai phan doan
cht yéu (Amagliani et al., 2017). Diém dang dién
(isoelectric point - pI) clia protein cAm gao nim
trong khoang pH 4,0-5,0 (Wang et al., 2014). Khi
pH ciia dich trich ly dich chuyén ra xa pl, cac phan

tlr protein mang dién tich 4m nhiéu hon, lam gia
ting luyc ddy tinh dién gitta cdc phan tir va giam
tuong tac protein-protein, tir d6 thiic ddy sy phan
tan cua protein trong pha dung moi (Grossmann &
McClements, 2023). Dong thoi, moi truong kiém
c6 thé pha v& cac lién két hydro va mot phan lién
két disulfide, 1am gidn cdu tric khong gian cua
protein va giai phong hiéu qua hon céc tiéu phan
protein tir nén DRB vao dich trich ly (Long et al.,
2025). Tuy nhién, khi pH ting qua cao, protein
c6 thé bi bién tinh manh, 1am suy gidm cAu tric
bac cao, thuc déy két tu va do d6 lam giam kha
nang hoa tan (Cao et al., 2010; Grossmann &
McClements, 2023). Bén canh d6, diéu kién kiém
qua manh con c6 thé giy bién ddéi mot sb acid
amin nhay cam va lam giam chat luong protein
thu nhan (Zhang et al., 2018).

Hiéu suit thu hoi protein bién thién cung xu
huéng voi @6 hoa tan, do trong mdi truong kiém
thich hop, khong chi cac protein vén dé hoa tan
nhu albumin ma ca glutelin, phan doan chiém ty 1€
16n trong protein cam gao va c6 kha ning hoa tan
trong dung dich kiém lodng, ciing dugc giai phong
va thu nhan hi¢u qua hon (Modupalli et al., 2024).
Diéu nay 1y giai sy gia tang rd rét ciia hiéu suat thu
hdi & céc nghiém thirc kiém trung binh dén kiém
manh. Tuy nhién, & pH qué cao, mac du hi¢u suét

Bang 3. Anh hudng cta pH dén mét sé chi tiéu tir qua trinh trich ly protein

pH Ham lwong protein (mg/mL) Hiéu suat thu hoi (%) ESI

5 9,65 + 0,30a 46,11 £ 1,40a 63,12 £ 0,79a
6 11,71 £ 0,34b 55,99 + 1,59b 65,07 £ 1,17b
7 13,58 £ 0,50¢c 64,85 + 2,44¢c 67,15+ 0,62¢c
8 15,64 + 0,41d 74,87 £1,71d 70,74 £ 1,48d
9 17,24 + 0,38e 82,46 + 1,64e 75,20 + 1,20e
10 14,62 £ 0,32f 69,91 + 1,34f 72,78 + 0,68f

Ghi chii: Trong ciing mét cot, cdc gid tri mang chit cdi khdc nhau thé hién su khdc biét ¢6 Y nghia thong ké theo kiém

dinh LSD (p < 0,05).
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c6 thé ting trong mot gidi han nhét dinh, protein
thu duoc c6 nguy co bi bién tinh sau, xuit hién
phan ng sam mau hodc hinh thanh cac hop chat
khoéng mong mudén nhu lysinoalanine, tir d6 lam
suy giam chit luong san pham cubi cing (Zhang
et al., 2018; Jayaprakash et al., 2022).

Do 6n dinh nhii twong cua protein tir DRB phu
thudc chit ch& vao cdu tric bé mit, d6 linh dong
phén tir va can bang wa nudc-ua diu cua protein.
Trong diéu kién kiém thich hop, cAu tric bac cao
cua protein bi gian md viura phai, lam 10 ra céc
ving ky nuéc von bi che khuat trong phan ti,
qua d6 ting kha nang hap phu 1én bé mat giot dau
(Zhang et al., 2022). Khi tham gia nhii hoa, cac
vung ky nudc nay huéng vé pha dau, trong khi cac
nhom wa nudc va mang di¢n tich &m quay ra pha
nude, gop phan hinh thanh 16p mang lién dién bén
vitng bao quanh giot diu (He et al., 2011). Sy gia
tang luc day tinh dién giita cac giot dau gitp han
ché két ty, ndi kem va tach 16p, tir 46 nang cao chi
s6 ESI (Zhang et al.,2022). C6 thé két luan, pH
1a mot trong nhitng yéu té anh hudng quan trong
nhat dén ca hiéu qua trich ly 1dn tinh chat chirc
nang cua protein DRB.

Trong nghién ctru nay, vi vay véi pH 9,0 duogc
xem la diéu kién pht hop nhét vi vira cho hiéu sudt

TAI LIEU THAM KHAO:

thu hoi cao vira duy tri tét kha ning nhii hoa cua
protein (Modupalli et al., 2024).

Dua trén két qua phan tich, pH 9,0 dugc chon
1a diéu kién t6i wu vé tong thé: cho hiéu suit thu
hoi protein cao nhat (82,46%) va chi s6 ESI dat
cao nhat (75,20), déng thoi tranh dugc cac phan
g phan hity va bién tinh protein xay ra & pH qua
cao.

4. Két ludn

Nghién ciru nay di tién hanh khao sat anh
hudng cia loai dung moi, ty 1€ DRB: dung méi va
pH dén hiéu suit thu hoi protein va do 6n dinh nhii
twong (chi sé ESI) cua protein trich ly protein tir
cam gao da tach dau (DRB). Két qua di xac dinh
dugc cac diéu kién trich ly t6i wu nhu st dung
dung moi nudc cét cho hiéu suét thu hoi 71,38%
va chi s6 ESI dat 73,70; ty 16 DRB: nudc cit 1a
1:10 (w/v) cho hiéu suét thu hdi dat 75,74% va chi
s6 ESI dat 75,39; va tai pH 9,0 cho hiéu suét thu
hoi dat 82,46% va chi s6 ESI dat 75,20. Quy trinh
trich ly duoc xay dung st dung dung moéi an toan
(nudc), khong c6 hoa chat doc hai, chi phi thap va
¢6 kha nang thu hoi protein véi hiéu suit cao cing
chét lugng nhii hoa t6t, phii hop cho dinh hudng
san xuét thanh phan protein thuc vat tir phu pham
nganh lua gaom

Adebiyi, A. P., Adebiyi, A. O., Hasegawa, Y., Ogawa, T., & Muramoto, K. (2009). Isolation and characterization
of protein fractions from deoiled rice bran. European Food Research and Technology, 228(3), 391-401. https://doi.
org/10.1007/s00217-008-0945-4

Akter, D., Begum, R., Rahman, M. N., Talukder, N., & Alam, M. J. (2020). Optimization of extraction process parameters
for rice bran protein concentrate and its utilization in high-protein biscuit formulation. Current Research in Nutrition
and Food Science, 8(2). https://doi.org/10.12944/CRNFSJ.8.2.25

Amagliani, L., O'Regan, J., Kelly, A. L., & O'Mahony, J. A. (2017). Composition and protein profile analysis of rice
protein ingredients. Journal of Food Composition and Analysis, 59, 18-26. https://doi.org/10.1016/j.jfca.2016.12.026

Baune, M. C., Schroeder, S., Witte, F., Heinz, V., Bindrich, U., Weiss, J., & Terjung, N. (2021). Analysis of protein-
network formation of different vegetable proteins during emulsification to produce solid fat substitutes. Journal of Food
Measurement & Characterization, 15(3). https://doi.org/10.1007/s11694-020-00767-9.

Cacace, J. E., & Mazza, G. (2003). Mass transfer process during extraction of phenolic compounds from milled berries.
Journal of Food Engineering, 59(4), 379-389. https://doi.org/10.1016/S0260-8774(02)00497-1

Cao, X., Li, C., Wen, H., & Gu, Z. (2010). Extraction technique and characteristics of soluble protein in germinated

432 | 88 17/2026



HOA HOC - CONG NGHIEP - THUC PHAM

brown rice. International Journal of Food Properties, 13(4), 810-820. https://doi.org/10.1080/10942910902895200.

Chaisuwan, B., & Supawong, S. (2022). Physicochemical and antioxidative characteristics of rice bran protein extracted
using subcritical water as a pretreatment and stability in a functional drink model during storage. Biocatalysis and
Agricultural Biotechnology, 44, 102466. https://doi.org/10.1016/j.bcab.2022.102466

Chan, C. H., Yusoff, R., & Ngoh, G. C. (2014). Modeling and kinetics study of conventional and assisted batch solvent
extraction. Chemical Engineering Research and Design, 92(6), 1169—1186. https://doi.org/10.1016/j.cherd.2013.10.001

Cho, S.-J., Lee, S.-D., & Han, S.-W. (2022). Functional Properties of Rice Bran Proteins Extracted from Low-Heat-
Treated Defatted Rice Bran. Molecules, 27(21), 7212. https://doi.org/10.3390/molecules27217212

Fabian, C., & Ju, Y. H. (2011). A review on rice bran protein: Its properties and extraction methods. Critical Reviews in
Food Science and Nutrition, 51(9), 816—827. https://doi.org/10.1080/10408398.2010.482678

FAO (2023). Rice Market Monitor. Food and Agriculture Organization of the United Nations.

Feng, Y., Ma, X., Kong, B., Chen, Q., & Liu, Q. (2021). Ethanol-induced changes in structural, morphological, and
functional properties of whey protein isolates: Influence of ethanol concentration. Food Hydrocolloids, 111, 106379.
https://doi.org/10.1016/j.foodhyd.2020.106379

Grossmann, L., & McClements, D. J. (2023). Current insights into protein solubility: A review of its importance for
alternative proteins. Food Hydrocolloids, 137, 108416. https://doi.org/10.1016/j.foodhyd.2022.108416

Gul, K., Yousuf, B., Singh, A. K., Singh, P., & Wani, A. A. (2015). Rice bran: Nutritional values and its emerging
potential for development of functional food — A review. Bioactive Carbohydrates and Dietary Fibre, 6(1), 24-30.
https://doi.org/10.1016/j.bcdf.2015.06.002

He, W., Tan, Y., Tian, Z., Chen, L., Hu, F., & Wu, W. (2011). Food protein-stabilized nanoemulsions as potential
delivery systems for poorly water-soluble drugs: preparation, in vitro characterization, and pharmacokinetics in rats.
International journal of nanomedicine, 6, 521-533. https://doi.org/10.2147/IIN.S17282

Hobbi, P., Okoro, O. V., Delporte, C., Alimoradi, H., Podstawczyk, D., Nie, L., Bernaerts, V., Katrien, & Shavandi,
A. (2021). Kinetic modelling of the solid—liquid extraction process of polyphenolic compounds from apple pomace:
Influence of solvent composition and temperature. Bioresources and Bioprocessing, 8(1), 114. https://doi.org/10.1186/
s40643-021-00465-4

Jayaprakash, G., Bains, A., Chawla, P., Fogarasi, M., & Fogarasi, S. (2022). A Narrative Review on Rice Proteins:
Current Scenario and Food Industrial Application. Polymers, 14(15), 3003. https://doi.org/10.3390/polym14153003

Ji, L., Sagis, L. M. C., Scholten, E., & Yang, J. (2025). Lubrication by plant-based emulsions: Linking oil-water protein-
stabilized interfacial mechanical properties to oil droplet lubrication properties. Current research in food science, 12,
101270. https://doi.org/10.1016/j.crfs.2025.101270

Kielkopf, C. L., Bauer, W., & Urbatsch, 1. L. (2020). Bradford Assay for Determining Protein Concentration. Cold
Spring Harbor protocols, 2020(4), 102269. https://doi.org/10.1101/pdb.prot102269

Lam, R. S., & Nickerson, M. T. (2013). Food proteins: a review on their emulsifying properties using a structure-
function approach. Food chemistry, 141(2), 975-984. https://doi.org/10.1016/j.foodchem.2013.04.038

Leal, F. H. P. N,, Senna, C. D. A., Kupski, L., Mendes, G. D. R. L., & Badiale-Furlong, E. (2021). Enzymatic and
extrusion pretreatments of defatted rice bran to improve functional properties of protein concentrates. International
Journal of Food Science and Technology, 56(11), 5445-5451. https://doi.org/10.1111/ijfs. 15017

Li, H., Zhang, W., Lin, L., Wu, X., & Wu, W. (2025). Structural characteristics and emulsion stability of rice bran
protein-chitosan complex: Effects of protein oxidation and ultrasonic treatment. Food Chemistry, 490, 145143. https://
doi.org/10.1016/j.foodchem.2025.145143

$6 17/2026 | 433



TAP CHi CONG THUGNG

Long, R., Huang, Y., Dabbour, M., Mintah, B. K., Pan, J., Wu, M., Zhang, S., Qin, Z., He, R., & Ma, H. (2025). Physical
Processing-Assisted pH Shifting for Food Protein Modification: A Comprehensive Review. Foods (Basel, Switzerland),
14(13), 2360. https://doi.org/10.3390/foods 14132360

Lynaa, F. K. S., Md Sarip, M. S., Saidi, S. A., Mohd Nawi, M. A. H., & Sotowa, K. I. (2023). Preparation of rice bran
protein solutions using a water-based extraction process. Journal of Chemical Engineering of Japan, 56(1), 2205889.
https://doi.org/10.1080/00219592.2023.2205889

Modupalli, N., Galib, R. M., Sen, R., Lafontaine, S., & Rahman, M. M. (2024). Improving yield, functional properties,
and aroma profile of rice bran protein through innovative extraction and precipitation methods. Journal of Cereal
Science, 120, 104033. https://doi.org/10.1016/].jcs.2024.104033

Pearce, K. N., & Kinsella, J. E. (1978). Emulsifying properties of proteins: evaluation of a turbidimetric technique.
Journal of agricultural and food chemistry, 26(3), 716-723. https://doi.org/10.1021/jf60217a041

Phongthai, S., Lim, S. T., & Rawdkuen, S. (2016). Optimization of microwave-assisted extraction of rice bran protein
and its hydrolysate properties. Journal of Cereal Science, 70, 146—154. https://doi.org/10.1016/j.j¢s.2016.06.001

Prakash, J., & Ramaswamy, H. S. (1996). Rice bran proteins: Properties and food uses. Critical Reviews in Food
Science and Nutrition, 36(6), 537-552. https://doi.org/10.1080/10408399609527738

Spaggiari, M., Dall'Asta, C., Galaverna, G., & del Castillo Bilbao, M. D. (2021). Rice bran by-product: From valorization
strategies to nutritional perspectives. Foods, 10(1), 85. https://doi.org/10.3390/foods10010085

Téng cuc Thong ké. (2026). Bao cao tinh hinh kinh té - xa hoi quy IV va ndm 2025. Tong cuc Théng ké. https:/www.
nso.gov.vn/bai-top/2026/01/bao-cao-tinh-hinh-kinh-te-xa-hoi-quy-iv-va-nam-2025/

Wang, C., Li, D., Xu, F., Hao, T., & Zhang, M. (2014). Comparison of two methods for the extraction of fractionated
rice bran protein. Journal of Chemistry, 2014(1), 546345. https://doi.org/10.1155/2014/546345

Xu, Z., Hua, N., & Godber, J. S. (2001). Antioxidant activity of tocopherols, tocotrienols, and gamma-oryzanol
components from rice bran against cholesterol oxidation accelerated by 2,2'-azobis(2-methylpropionamidine)
dihydrochloride. Journal of agricultural and food chemistry, 49(4), 2077-2081. https://doi.org/10.1021/jf0012852

Yoshikawa, H., Hirano, A., Arakawa, T., & Shiraki, K. (2012). Mechanistic insights into protein precipitation by alcohol.
International journal of biological macromolecules, 50(3), 865-871. https://doi.org/10.1016/j.ijbiomac.2011.11.005

Zhang, M., Fan, L., Liu, Y., Huang, S., & Li, J. (2022). Effects of proteins on emulsion stability: The role of proteins at
the oil-water interface. Food chemistry, 397, 133726. https://doi.org/10.1016/j.foodchem.2022.133726

Zhang, Z., Wang, Y., Dai, C., He, R., & Ma, H. (2018). Alkali extraction of rice residue protein isolates: Effects of alkali
treatment conditions on lysinoalanine formation and structural characterization of lysinoalanine-containing protein.
Food chemistry, 261, 176—183. https://doi.org/10.1016/j.foodchem.2018.04.027

Zhou, H. X., & Pang, X. (2018). Electrostatic Interactions in Protein Structure, Folding, Binding, and Condensation.
Chemical reviews, 118(4), 1691-1741. https://doi.org/10.1021/acs.chemrev.7b00305

Zhu, Y., Hong, N., Zhao, L., Liu, S., Zhang, J., Li, M., Ma, Y., Liang, D., & Zhao, G. (2023). Effect of Molecular Weight
on the Structural and Emulsifying Characteristics of Bovine Bone Protein Hydrolysate. Foods, 12(24), 4515. https://
doi.org/10.3390/foods 12244515

Ngay nhan bai: 15/4/2026
Ngay phan bién danh gia va sira chira: 28/4/2026
Ngay chap nhin dang bai: 18/5/2026

434 | 86 17/2026



HOA HOC - CONG NGHIEP - THUC PHAM

EFFECTS OF EXTRACTION FACTORS ON PROTEIN
RECOVERY YIELD AND EMULSION STABILITY INDEX OF
PROTEIN FROM DEFATTED RICE BRAN

© NGUYEN VAN GlI'
® VUONG BAO THY'
© NGUYEN NGOC aul'
® TRAN NGOC DIEP!
® DANG XUAN DAO!
® TRAN HUU THANH HUY!'
® BUI THE VINH'*

'Graduate School, Cuu Long University
*Corresponding author: btvinhvnm@yahoo.com.vn

ABSTRACT:

Defatted rice bran (DRB) is a nutritionally rich agricultural by-product containing significant
protein and bioactive compounds but remains underutilized. This study investigates the effects of
single factors on protein extraction from DRB, including solvent type (distilled water, 30%, 50%,
and 70% ethanol), solid-to-solvent ratio (1:1 to 1:13, w/v), and pH (5.0 - 10.0), on protein recovery
yield and emulsion stability index (ESI). The results show that distilled water provides the best
extraction performance, with protein recovery and ESI values of 71.38% and 73.70, respectively.
The optimal ratio (1:10) increases recovery to 75.74% and ESI to 75.39, while pH 9.0 yields the
highest recovery (82.46%) and ESI of 75.20. These findings provide a scientific basis for optimizing
protein extraction from DRB and support the development of high-quality plant-based protein
ingredients from agricultural by-products in Vietnam.

Keywords: defatted rice bran, emulsion stability, recovery yield, protein, extraction
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