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Nghién ciru nay nham d4nh gia anh huong cua cac phuong phap khac nhau nhu trich ly co hd tro
cla vi song, song siéu dm va enzyme dén thu nhan va t6i wu hoa qua trinh trich ly anthocyanin tur
gao nép than (Oryza rufipogon). Két qua cho thy, phuong phap siéu am dat hiéu qua cao nhit va
duogc lya chon dé t6i wu hoa bang thiét ké Box-Behnken két hop phuong phap bé mit dap tng.
Diéu kién tdi vu duoc xac dinh tai bién do siéu am 31,73%, thoi gian siéu am 6,97 phut va ty 1€
nguyén liéw/dung moi 1/21,62 (w/v), véi ham lu’qng anthocyanin dat 0,964 mg/g.; két qua kiém
ching thuc nghiém dat 0,945 + 0,028 mg/g, sai léch nho hon 5% so véi gla tri dy doan cua mé
hinh. Két qua nghién ctru khang dinh tiém nang umg dung cua phuong phap siéu am két hop t6i uu
hoa diéu kién trich ly aé néng cao hiéu suét trich ly anthocyanin tir gao nép than, gop phan dinh
hudng phat trién cac san pham thyc pham va dugc lidu c6 gia tri gia ting cao.

Tir khoa: Anthocyanin, enzyme, gao nép than, Oryza rufipogon, vi séng, siéu dm.

1. AT VAN BE

Anthocyanin 1a nhom hop chat polyphenol
thuoc ho flavonoid, ton tai phd blen trong thyuc
vat va chiu trach nhiém tao nén cac sic to do, tim
va xanh dic trung cta hoa, qua va mot s6 loai hat.
V& cu trac hoa hoc, anthocyanin 14 cac glycoside
ctia anthocyanidin, trong d6 phan aglycone quyét
dinh mau sic va phan duong anh hudng dén do
tan va do 6n dinh cta hop chét [1]. Tinh chit mau
sdc cua anthocyanin phu thuéc manh vao pH moi
truong, chuyén tir dang flavylium cation mau do
& pH thip sang dang base quinoidal mau xanh &
pH cao [2]. Ngoai vai tro tao mau tu nhién,
anthocyanin con dugc quan tdm rdng rai nho cac
hoat tinh sinh hoc quan trong nhu: Chéng oxy
hoéa, khang viém, bao vé tim mach va chéng ung
thu [3]. Chinh vi vdy, anthocyanin ngay cang
dugc xem 1a mot hop chat tiém ning thay thé chat
mau tong hop trong cong nghiép thuc pham va
dugc pham.

Gao nép than (Oryza rufipogon) 1a mot gidng
laa gidu hop chat phenolic, dic biét Ia
anthocyanin, v&i ham luong tip trung chu yéu &
16p v6 cam. Cac anthocyanin chinh trong gao nép
than bao gém cyanidin-3-glucoside va peonidin-
3-glucoside, dong vai tro quan trong trong hoat
tinh sinh hoc cua nguyén li€u. Bén canh do, gao
nép than con chira cac hop chat dinh dudng nhu

protein, chit xo va khoang chat, gop phan ning
cao gia tri dinh dudng va chuc nang [4, 5]. Cac
nghién clru trong nudc cling cho thdy, gao nep
than 1a ngudn anthocyanin ddi dao va c6 tiém
nang tmg dung cao trong thuc phim chtic ning va
chat mau tu nhién [6, 7].

Céc phuong phap trich ly anthocyanin truyén
thong nhu ngam tinh thuong bi han ché vé hiéu
sudt do kha niang khuéch tan thap va cau tric
vach té bao bén virng. Pé khic phuc, nhiéu ky
thuat trich ly hién dai da duoc phat trién nhu: Vi
song (MAE), siéu am (UAE) va enzyme (EAE)
[8]. Phuong phép vi song gitip gia ting toc do gia
nhiét va pha v& cdu tric té bao, tir d6 nang cao
hiéu suat trich ly [9]. Trong khi d6, siéu 4m tao ra
hién tugng cavitation gitp ting cudng tiép xuc
gitta dung moi va nguyén li¢u [10]. Ngoai ra,
enzyme nhu cellulase va pectinase c6 kha nang
phan giai thanh té bao, giai phong anthocyanin
hiéu qua hon. Viéc két hop cac phuong phap nay
da dugc chimg minh 13 ¢ thé cai thién déng ké
hiéu suét va chat luong dich chiét anthocyanin.
Ky thuat siéu am co vai tro tich cyc trong viéc
nang cao hi¢u suat chiét anthocyanin tir cam gao
cam nho khéa nang phé v& cau tric mo va rat ngan
thoi gian trich ly. Ham luong anthocyanin thu
duoc dat khoang 44 mg/100g. va co thé tdi wu
1én dén 46,3 mg/100g., cao hon dang ké so véi
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phuong phéap chiét truyén thong [6, 7]. Tuy nhién,
viéc khai thac hiéu qua ngudn -anthocyanin  tur
nguyén liGu nay van con han ché do anh huéng
clia cdu tric té bao va didu kién trich ly.

Mic du dd c6 nhiéu nghién ctru vé trich ly
anthocyanin tir cic ngudn thuc vat khac nhau,
nhung viée t6i uu hoa qua trinh trich ly tr gao
nép than O. rufipogon van chua dugc nghién ctru
day du, dac biét trong viéc két hop céc cong nghé¢
hd trg hién dai. Cac yeu t6 anh huong dén trich ly
anthocyanin c6 hd trg cua vi song, song siéu am
va enzyme chua duoc so sanh dong thoi cling nhu
tim diéu kién toi wu trich ly. Do dé, nghién ctru
nay duoc thuc hién nham danh gia hiéu qua cua
cac phuong phép trich ly ciing nhu t6i wu hoa qua
trinh trich ly anthocyanin tir gao nép than, gop
phan nang cao hiéu suat thu nhan va 1am co s
cho céc ung dung trong céng nghiép thuc pham
va dugc pham.

2. DOl TUONG VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén vt li¢u

Gao nép than (O. rufipogon) st dung trong
nghién ctu nay dugc thu hoach tai phuong My
Xuyén, tinh Soc Trang (cil), nay 1a thanh ph6 Can
Tho, dugc canh tac theo tiéu chuin VietGAP. Hat
gao dugc lam sach, siy & khoang 50°C trong 2
gi0, sau d6 nghién min dé thu bot gao c6 do6 am <
10%. Mau bot duoc bao quan ¢ 4°C va dugc sir
dung cho toan bd thi nghiém.

Céc hoa chat str dung bao gom: Ethanol, HCI,
axit acetic, natri acetate va dung dich dém acetate
(pH 5,5). Hoa chit dugc cung cip bai Merck va
Sigma-Aldrich déu dat cAp do tinh khiét phan
tich. Enzyme cellulase (> 700 U/g) thu nhéan tur
nam Trichoderma reesei (Sigma-Aldrich).

2.2. Phwong phap nghién ciru

2.2.1. Anh hudng cia vi séng dén trich ly
anthocyanin tir gao nép than.

Anh huéng cua thoi gian va cong suat vi song
dén hiéu qua trich ly anthocyanin dugc khao sat
trong diéu kién kiém soat. Mau bot gao nép than
(1 g, tinh theo chat kho) duoc trich ly bang
ethanol 60% (v/v) véi ty 1¢ nguyén li€u/dung moi
1: 20 (w/v). Lo vi song (Faster Mov Smart) duoc
lam noéng trudc 45 gidy. Thoi gian vi song duoc
khao sat & cac murc 10 - 30 gidy theo ché do gian
doan (thoi gian buic xa la 5 giay, khoang cach

gifta cac lan birc xa 1a 10 gidy), trong khi céc
thong s6 khac duoc giit ¢d dinh theo diéu kién tdi
wu trude d6. Cong suat vi song dugce khao sat
trong khoang 140 - 700 W, sir dung thoi gian tdi
wu, voi ché d6 van hanh gian doan (thoi gian birc
xa 13 10 gidy, khoang céach giira cac lan buc xa 1a
10 gidy). Sau xu 1y, dich chiét duoc ly tam loai
can va xac dinh ham lwong anthocyanin tong
bang phuong phéap vi sai pH (mg/gq). Phuong
phap vi soéng dugc ghi nhan co6 kha nang tang
hidu suét trich ly cac hop chat phenolic do tang
cuong pha v& cau tric té bao va rat ngin thoi
gian chiét [9, 11].

2.2.2. Anh huong cua siéu am dén trich ly
anthocyanin tir gap nép than

Anh huong cua cac thong sb siéu am dén
hiéu qua trich ly anthocyanin dugc khéo sat thong
qua ba yéu td chinh bao gém: Bién do, thoi gian
siéu 4m va ty 1& nguyén liéu/dung moi. Trong tit
ca cac thi nghiém, mau (3 g) duoc trich ly bang
ethanol 60% (v/v) & pH = 2, sau d6 @ trong bé 6n
nhiét (55°C, 50 phut) trong diéu kién tranh anh
sang va ly tim dé loai bo can. Cu thé, bién do
siéu am dugc khao sat trong khoang 20 - 40%
(cong sudt tdi da cua thiét bi siéu am dau do,
Sonics VCX 750) véi thot gian xur 1y 6 phat va ty
1¢ nguyén liéu/dung méi 1: 15 (w/v). Tiép theo,
thoi gian si€u am dugc khao sat tir 2 - 10 phat tai
bién do t6i wu thu dugc tir thi nghiém trude. Cudi
cung, ty 1€ nguyén li¢u/dung moi dugc khao sat
trong khoang 1: 10 - 1: 30 (w/v) dudi cac diéu
kién siéu am t6i wu. Ham luong anthocyanin tong
duoc xac dinh bang phuong phép vi sai pH va
biéu thi theo mg/g chit khé (mg/gy). Phuong
phép siéu am dugc chung minh c6 kha ning tang
hidu sudt trich ly hop chat phenolic nhd hién
tugng cavitation, giup pha v& ciu tric t& bao va
ting cudng khuéch tan chat tan [11, 12].

2.2.3. Anh hwong ciia enzyme cellulase dén
trich ly anthocyanin tir gao nép than

Qua trinh trich ly anthocyanin c6 hd tro
enzyme (EAE) dugc tién hanh nham khao sat anh
huoéng cta nong do cellulase va thoi gian u
enzyme dén ham luong anthocyanin thu hoi. Mau
(2 g, tinh theo chat kho) duoc phdi trén véi
cellulase & cac muc 0,2 - 1,0% (w/w), bd sung
dém acetate pH 5,5 theo ty I¢ 1: 25 (w/v) vau &
45°C; thoi gian @ duge ¢ dinh & 60 phat khi
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khao sat néng dd enzyme; nguoc lai, né)ng do
enzyme dugc gitt & mic tdi uu tir thi nghiém
trudce khi khao sat thoi gian u (30 - 150 phut). Sau
giai doan tién xur ly enzyme, b6 sung ethanol 96%
theo ty 1& 1: 10 (w/v), diéu chinh pH = 2 dé dat
néng d6 dung moéi xap xi 60% ethanol, sau d6
tiép tuc 1 & 55°C trong 50 phut trong diéu kién
tranh anh sang; dich chiét dugc ly tam loai ba
trude khi phan tich. Him lwong anthocyanin tong
dugc dinh luong bang phuong phap vi sai pH va
biéu thi theo mg/gy. Cach tiép can, dung
cellulase dugc lya chon do enzyme thuy phén

thanh té bao, hd tro giai phong chat mau va ting
khuéch tan chat tan, tor do co thé cai thién hiéu
suat thu hoi anthocyanin so véi trich ly dung moi
don thuan [13, 14].

2.24. Toéi uu hoa qua
anthocyanin tir gao nép than

trinh trich ly

Qua trinh tdi wu héa dua trén thiét ké Box-
Behnken véi ba yéu t6 bién doc lap 1a bién do
siéu am (X, %), thoi gian si€u am (X,, phut), ti 1¢
nguyén li¢u/dung moéi (X3, w/v). Thyc hién ma
hoa cac muc yéu td trén (Bang 1).

Bang 1. Ma héa cac mirc yeu td anh hwong dén qua trinh trich ly anthocyanln

Murc cac yéu t6
Céc yéu t6 anh huong 1 0 1
Bién d6 si€u am (X, %) 20 30 40
Thoi gian si€u am (X, phut) 2 6 10
Ty 1€ nguyén liéu/dung moi (X3, w/v) 1/10 1/20 1/30

Quy trinh tdi uu hoa diéu kién trich ly
anthocyanin tir gao nép than dugc thyc hién bang
phuong phap trich ly cho hiéu qua cao nhat da
sang loc (hS trg vi song, siéu am hodc hd tro
enzyme), stt dung thiét ké dap ung bé mit Box—
Behnken (BBD) [15]. M6 hinh hoi quy bac hai

duoc xdy dung theo dang tong quat
Trong d6: Y ham luong anthocyanin

(mg/gek); by 1a hang so b; 1a hé sb anh huong
tuyén tinh cua cac yeu t6 Xi; bjjla hé sO tuong tac
gitta cac yéu t; by 13 hé s6 anh huong bac hai
(hiéu tng cong). Tir cac két qua phan tich phuong
sai (ANOVA), mo hinh dugc danh gia dua trén
cac thong s6 théng ké nhu: Hé sb twong quan R2,
h¢ so twong quan hiéu chinh (R?,;), gia tri p (p-
value) ctia md hinh, kiém dinh d6 phu hop (Lack
of Fit) va biéu d0 bé mit dap ung (Response
Surface). Hé s6 R? cang gan 1 cho thidy muc do
phu hop cua mo hinh véi dir liéu thuc nghiém
cang cao, R? hiéu chinh phan anh mtc do giai
thich bién phu thudc da duoc hiéu chinh theo sb
lugng bién doc lap, giup danh gia moé hinh mot
céch chinh xac hon va tranh hi¢n tugng qué khép.
Gia tri p nho hon 0,05 cho thdy mé hinh c6 ¥
nghia thong ké & mirc tin cay 95% [16].

2.3. Xac dinh ham luwgng anthocyanin

Ham luong anthocyanin tong (mg/gek) dugce
xac dinh bang phuong phap vi sai pH. Do hap thy
cta dich chiét anthocyanin dugc do bang quang

pho UV - Vis tai budc song 520 nm. Ham lugng
anthocyanin dugc tinh theo don vi tuong duong
cyanidin-3-glucoside dua trén cong thirc sau [17]:
AXDFxMWXxV

eXL Xm

Trong do: A 13 (A imax- A4700) pri=1 - (Ajmax- A
i700) pH = 4,5, DF 13 hé sb pha loang; L la chiéu dai
cuvet (1 cm); MW 1a khéi lwong phan tir cia
cyanidin 3-glucoside, MW = 449,2 g/mol; V la thé
tich dung dich mau sau pha lodng (mL); £ 1a hé s6
hép thu mol (Lmol™.cm™), £ = 26.900 L.mol™.cm™;
m 14 khéi lugng mau (g)

Ham lwong anthocyanin (mg/g) =

2.4. Phwong phap xir Iy so liéu

Céc thi nghiém dugc tién hanh lap lai 3 1an.
S6 liéu thi nghiém duoc xir 1y bang phén mém
Microsoft Excel 2019 va phuong phap théng ké
ANOVA dugc xur ly boi phan mém Minitab
2019 va t6i wu hoa dugce xir Iy boi phan mém
JMP Pro 17.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Anh huwéng vi séng dén trich ly
anthocyanin tir gao nép than

Cong suat va thoi gian vi song 13 hai thong sb
quan trong anh hudng truc tiép dén hiéu qua trich
ly anthocyanin, do chi ph01 dong thoi qua trinh
truyén nhiét va pha v& ciu tric t& bao. Két qua
khao sat & hinh 1 cho thiy, khi cong sut vi song
taing tr 140 W 1én 280 W, ham luong
anthocyanin ting dang ké tir 7,54 £ 0,17 lén
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10,12 £ 0,22 mg/g chung to dugc réng su gia
tang nang luong vi song da thiic day qua trinh
khuéch tan va giai phong anthocyanin khoi ma
tran té bao. Tuy nhién, khi tiép tuc ting cong suat
1én 420 - 560 W, ham luong anthocyanin giam ro
rét. Hién twong nay co thé duoc giai thich do
cuong do vi song cao lam tang nhanh nhiét d¢ he,

mic du ban dau giup ting hiéu suit trich ly,
12 -

a
b
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Thei gian visong (giay)
(a)

o
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L
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Ham lwgng anthocyanin
(o] N Ry (0] [++]
L

nhung dong thoi ciing thuc ddy qua trinh phan
hty nhiét cta anthocyanin — mot hop chéat nhay
cam vdéi nhiét, dac bi€t do sy hién dién cua cac
nhom glycoside trong cdu trac phan tir [18]. Két
qua ndy phu hop véi két qua nghién ciu cua
N.Pap va cs (2013), khi diéu kién vi song trung
binh cho hiéu suat thu hdi anthocyanin cao nhat
tor qua mam x6i1 den [19].

12 4
10

a
b b
- | I I
140 280 420 560 700

Cong suat vi séng (W)

(b)

(mg/gCK)

Ham Ivgng anthocyanin
o N (0] [04]

Hinh 1. Anh huéng ciia cong suit (a) va thai gian (b) vi song dén qua trinh trich ly anthocyanin

Bén canh do, thoi gian vi song cling thé hién
anh huong tuong tu dén hiéu suat trich ly. Khi
thoi gian tang tor 10 - 15 gidy, ham lugng
anthocyanin tang tr 5,16 + 0,25 1én 7,14 £+ 0,09
mg/ge; tuy nhién, khi kéo dai thoi gian xt 1y dén
20 - 30 gidy, ham lugng anthocyanin ¢ xu huéng
giam. Piéu nay cho thay, viéc kéo dai thoi gian vi
song vuot ngudng téi uu dan dén tich Ity nhiét
qua mirc trong hé, 1am ting ap suit ndi bao va
gay pha hity ciu triic t& biao mot cach khong kiém
soat, dong thoi thuc day sy thoai hoa cac hop chit
nhay nhiét nhu anthocyanin. Ngoai ra, su gia tang
hing s6 dién moi ctia dung moi dudi tac dong vi
song cing lam gia tang tuong tic nang luong,
g6p phan gay phan huy hop chat muc tiéu trude
khi duoc thu nhan hoan toan [19]. Do dé, viée tdi
wu ddng thoi cong suat va thoi gian vi song 1a can
thiét nham dat hidu qua trich ly cao nhat trong khi
van duy tri dugc tinh 6n dinh cia anthocyanin.

3.2. Anh huéng song siéu am dén trich ly
anthocyanin tir gao nép than

1.0

a
b

be

/

= =

Ham hrong anthocyanin (mg/g)

.

=

o
.

%
.

S
R
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K¥ thuat si€u am dugc xem 1a mdt phuong
phap hiéu qua trong trich ly cac hop chat tu nhién
tr nguyén liéu thuc vat nho kha nang ting cuong
hién twong xam thyc (cavitation), pha v& ciu trac
té bao va thiic day qua trinh khuéch tan chét tan.
Két qua & hinh 2 cho thdy, cc thong s ki thuat
nhu bién do si€u am, thoi gian xu 1y va ty 1€
nguyén liéu/dung méi c6 anh huong dang ké dén
hiéu sudt thu hoi anthocyanin. Cu thé, khi ting
bién d6 siéu am tr 20% 1én 30%, ham lugng
anthocyanin ting va dat gia tri cao nhat tai 30%
(0,854 + 0,018 mg/gy); tuy nhién, khi tiép tuc
tang 1én 40%, ham luong giam xudng 0,732 +
0,017 mg/gcx. Diéu nay c6 thé giai thich, do ¢
mirc bién do t6i uu, hidu tmg xam thyc gitp pha
v& thanh t& bao hidu qua va ting cuong truyén
khéi, trong khi bién d6 qua cao 1am gia ting nhiét
d6 va ap suat cuc bo, din dén su suy thodi
anthocyanin [20, 21].

e

///
.

.

v

30 4

Bién 46 siéudm (%)

A

6

Thoi gian siéu dm (phat)

B

& 115 1:20

Ti & nguyén liéu:dung méi (w/v)

C

Hinh 2. Anh hwéng ciia bién dd siéu 4m (A), thoi gian si€u am (B), ti 1€ nguyén li€u/dung méi (C)
dén qua trinh trich ly anthocyanin
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Tuong tu, thoi gian siéu am cling anh huodng
16 rét dén hiéu suét trich ly. Khi tang thoi gian tir
2 1én 6 phut, ham lugng anthocyanin tang tir
0,746 + 0,029 1én 0,866 + 0,020 mg/gc, nhung
giam xubng 0,815 = 0,010 mg/gy khi kéo dai dén
8 phut. Két qua nay cho thay, thoi gian xtr 1y qua
dai c6 thé gay phan hay cac hop chit nhay nhiét
nhu anthocyanin, lam giam hiéu qua thu hoi [22].
Xu huéng nay phu hop véi cac két qua nghién
clru trude day, trong d6 thoi gian siéu am tdi wu
thudng nam trong khoang 5 - 6 phat ddi véi cac
nguyén li¢u giau anthocyanin [23, 24].

Bén canh do, ty 1& nguyén liéu/dung moéi
cling la yeu t6 quan trong anh huong dén qua
trinh khuéch tan. Khi tang ty 1& tir 1/10 1én 1/25
(w/v), ham luong anthocyanin tang tu 0,727 +
0,021 1én 0,934 + 0,019 mg/g., sau d6 giam nhe
khi tang 1én 1/30 (w/v). Hién twong ndy co thé
duoc giai thich boi su gia ting chénh 1éch ndng
do gitra pha ran va dung méi gitp thuc day qua
trinh khuéch tan; tuy nhién, khi luong dung moi
qua 16n, dich chiét bi pha lodng, 1am giam hiéu
qua thu hoi. Nhu vay, diéu kién siéu am t6i uu dé
trich ly anthocyanin trong nghién ctru nay la bién
do 30%, thoi gian 6 phat va ty I&€ nguyén
liéu/dung méi 1/25 (w/v), v6i ham lugng
anthocyanin dat 0,934 + 0,019 mg/gy. Céc diéu
kién nay dam bao can bang gitta hiéu qua pha vo
cdu trac t& bao va han ché sy suy thoai cua
anthocyanin, qua d6 nang cao hiéu suat trich ly va
duy tri chat luong dich chiét.

3.3. Anh huéng enzyme dén trich ly
anthocyanin tir gao nép than

Viéc str dung enzyme hd tro trong qua trinh
trich ly da tré nén pho bién nho kha ning xuc tac
sinh hoc hiéu qua, gitp pha v& ciu trac thanh té
bao thue vat va giai phong cac hop chat muyc tiéu.
Két qua anh hudng ciia ndong d6 enzyme va thoi
gian @ dén qua trinh trich ly anthocyanin tir gao
nép than dugc thé hién ¢ hinh 3.

Viéc st dung enzyme trong trich ly
anthocyanin dugc chirng minh 1a mot phuong
phap hiéu qua nho kha nang xuc tac sinh hoc gitp
pha v& céu trac thanh té bao va giai phong cac
hop chat ndi bao, tir d6 nang cao hiéu suét thu hoi
va chat luong dich chiét. Két qua ¢ hinh 3 cho
thiy nong do enzyme cellulase c6 anh huong
déng ké dén ham luong anthocyanin. Cu thé, khi

néng dd enzyme tang tor 0,2% lén 0,8%, ham
luong anthocyanin ting va dat gia tri cao nhat tai
0,8% (0,539 = 0,007 mg/gy); tuy nhién, khi tiép
tuc tang lén 1%, su gia tang khong con c6 y nghia
(0,541 + 0,012 mg/g.). Piéu nay c6 thé giai thich
do khi dat dén ngudng bdo hoa co chét, toc do
phan tmg enzyme khong tiép tuc ting, trong khi
lugng enzyme du thira co thé 1am thay d6i céu
tric md va kéo theo sy giai phong cac hop chat
khong mong mudn, anh huéng dén do tinh khiét
ctia dich chiét [25]. Két qua nay tuwong dong voi
cac két qua nghién ctru trudc, mac du noéng do
enzyme t6i wu c6 thé thay ddi tuy theo nguyén
liéu va loai enzyme su dung [26, 27].
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Bén canh d¢, thoi gian U enzyme ciing 13 yéu
t6 quan trong anh huong dén hiéu qua trich ly.
Khi ting thoi gian @ tir 30 dén 120 phuat, ham
luong anthocyanin ting dang ké va dat cuc dai tai
120 phut (0,657 + 0,014 mg/gq); tuy nhién, khi
kéo dai dén 150 phat, ham luong giam xudng con
0,568 £ 0,013 mg/ge. Xu hudéng nay phan anh
dic diém dong hoc cua phan tmg enzyme, trong
d6 can mot khoang thoi gian du dai dé enzyme
tiép xuc va thity phan céu tric thanh té bao. Tuy
nhién, thoi gian xtr Iy kéo dai ¢6 thé dan dén su
suy giam hoat tinh enzyme, gia tang qua trinh oxy
hoa va phan hiy thir cap cta anthocyanin, lam
giam hiéu suét thu hoi [28]. Két qua nay phu hop
voi cac két qua nghién ctru trude day, trong do
thoi gian xtr Iy enzyme t6i uu thudng nam trong
khoang 1-2 gido tuy thudéc vao hé enzyme va
nguyén liéu [29, 30]. Tir két qua cho thdy, diéu
kién t6i wu cho qua trinh trich ly anthocyanin c6
hd tro enzyme 1a ndng do cellulase 0,8% két hop
v6i thoi gian 0 120 phut. Cac diéu kién nay dam
bao hiéu qua pha v& cau tric té bao, tdi da hoa
kha niang giai phong anthocyanin dong thoi han
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che su suy thoai hop chat, ‘qua d6 néng cao hi¢u
sut va chat luong dich chiét.

dat hi¢u qua cao nhat. Vi thé, tién hanh tdi wu hoa
dicu kién trich ly anthocyanin c6 ho trg siéu am

nham nang cao hiéu sut trich ly anthocyanin tir
gao nép than va s dung phan mém JMP Pro 17
v6i phuong phap bé mat dap tmg (RSM) thiét ké
theo m6 hinh Box Behnken thu dugc 15 thuc
nghiém v6i ham muyc ti€u la ham luong
anthocyanin (mg/g.) (Bang 2).

3.4. T6i wu héa trich ly anthocyanin tir gao
nép than

Sau khi khao sat trén hai phuong phap trich
ly anthocyanin tir gao nép than 1a trich ly c6 hd
tro vi song, siéu am va trich ly c6 hd trg enzyme
cho thiy phuong phap trich ly ¢6 hd tro siéu 4m

Bang 2. Thiét ké thue nghiém va két qua

Thi nghiém X, X, X3 Y (mg/ge)
1 -1 -1 0 0,756
5 3 T 0 0.782
3 T q 0 0.803
3 1 | 0 0.915
5 0 -1 -1 0,778
6 0 -1 +1 0,876
7 0 +1 -1 0,893
8 0 +1 +1 0,837
9 -1 0 -1 0,735
10 +1 0 -1 0,784
11 -1 0 +1 0,822
12 +1 0 +1 0,874
13 0 0 0 0,952
14 0 0 0 0,941
15 0 0 0 0,971

Phan tich phuong sai duoc ding dé danh gia  anh huong tuyén tinh, binh phuong cua cac bién
mirc d6 pht hop ctia mé hinh. Két qua phan tich  ddc 1ap, su twong tac cia cac bién va cic hé sb
ANOVA bing phan mém JMP Pro 17 cho thidy sy hdi quy duoc thé hién & bang 3.

Bang 3. Két qua phan tich phwong sai clia phwong trinh hdi qu

Nguon DF T6n binh phuong | Trung binh binh phwong P-value
M6 hinh 9 0,07597552 0,008442
Sai s6 5 0,00399942 0,000800 0,0092*
Tong hiéu chinh 14 0,07997493
Do khong phu hop 3 0,00353875 0,001180 5,1212
cua mo6 hinh
Sai s6 thuan 2 0,00046067 0,000230 0,1677
Tong sai s6 5 0,00399942
Bing 4. Gia tri wéc lwong cac hé so6 hdi quy ciia méd hinh du doan ham lwgng anthocyanin
Ngudn DF Ton binh phuong | Trung binh binh phuong P-value
M4 hinh 9 0,07597552 0,008442
Sai s 5 0,00399942 0,000800 0,0092*
Tong hi¢u chinh 14 0,07997493
Do khong phu 3 0,00353875 0,001180 5,1212
hop ctia m6 hinh
Sai s0 thuan 2 0,00046067 0,000230 0,1677
Tong sai sO 5 0,00399942

Két qua & bang 4 cho thay cac yéu tb tuyén
tinh gém bién do siéu am (X;), thoi gian siéu 4am
(X») va ty 1& nguyén liéu/dung moi (X3) déu co
anh huong c6 y nghia dén ham luong

Do véy, phén tich ¥ nghia cac hé s6 hoi quy
tim phuong trinh hoi quy c6 dang nhu sau:

¥ = 0955 + 035K, +00278, +0027K; - 00398:¥; - 00928, - 00498, - 059K,
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anthocyanin (p < 0,05). Nguoc lai, cac tuong tac
XX, va X, X3 khong c6 ¥ nghia thong ké (p >
0,05) va duogc loai khoi mo hinh. Hé s twong tac
X,X5 va cac hé $b bac hai (X2, X%, X3?) déu co v
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Phan tich phuong sai (ANOVA) duogc st
dung nham danh gia mirc d6 phu hop ciia mo
hinh hdi quy béc hai trong thiét ké Box -
Behnken. Két qua cho thiy, mé hinh ¢ ¥ nghia
théng ké vé6i gia tri p nho hon 0,05, dong thoi hé
s6 x4c dinh R*= 0,95 ching t6 95% su bién thién
ciia ham luong anthocyanin dugc giai thich boi
mo hinh, dap tGng yéu cau vé do phu hop theo
Guan va Yao (2008) [31]. Kiém dinh Lack-of-Fit
khong c6 ¥y nghia (p = 5,1212 > 0,05), cho thay
khong co su sai khac dang ké giita gia tri du doan
va thuyc nghiém, khéng dinh tinh phu hop va do
tin cay cua mo hinh.

Tir mé hinh héi quy thu dugc, diéu kién i uu
duoc xac dinh vai bién do siéu am 31,73%, thoi
gian siéu am 6,97 phut va ty 1é nguyén li¢u/dung
moi 1/21,62 (w/v), tai @6 ham lugng anthocyanin
dat gia tri cuc dai 0,964 mg/gq. Két qua mo phong
bé mit dap ung (Hinh 4) cho thy ca ba yéu t6 déu
anh huong dang ké dén qua trinh trich ly. Cu thé,
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s gia tang bién do siéu am lam tang hiéu ng
cavitation, thic ddy pha v& thanh t& bao va ting
kha néng khuéch tan; trong khi do, ty 1¢ dung mo1
16n hon gilp tang gradient noéng do, tir do nang
cao hiéu suét trich ly [32]. Tuy nhién, khi cac yéu
t6 ndy vuot qua ngudng t6i wu hodc két hop ¢ mirc
cao, hién tugng phan huy anthocyanin va trang
thai can bang khuéch tan xay ra, din dén giam
hiéu suét thu hoi [33]. Két qua kiém chimg thuc
nghiém tai diéu kién tdi wu cho thdy ham luong
anthocyanin dat 0,945 + 0,028 mg/gy, sai léch
1,97% so voi gia tri du doan (0,964 mg/gq) (Hinh
5), nhé hon 5%. Piéu niy chimg t6 md hinh h01
quy c6 do chinh x4c cao va kha nang du doan tét,
pht hop cho viéc t6i uu hoa qua trinh trich ly
anthocyanin tir gao nép than.

4. KET LUAN

Nghién ctru di ching minh ring phuong
phép trich ly c¢6 hd tro siéu am la hiéu qua hon
trong viéc thu nhan anthocyanin tir gao nép than
s0 vOi cac phuong phap vi song va enzyme. Cac
yéu t6 cong nghé nhu: Bién d6 siéu 4m, thoi gian
xu ly va ty 1& nguyén li¢u/dung moi déu c6 anh
huong dang ké dén hiéu suat trich ly. Théng qua
thiét ké Box - Behnken va mo hinh bé mat dap
tmg, diéu kién t6i wu da duoc xac dinh voi ham
luong anthocyanin dat 0,964 mg/g.. Két qua
kiém chimg thuc nghiém cho thay do sai 1éch (<
5%), khang dinh d6 tin cdy va kha ning du doan
cua moO hinh. Nhin chung, vi¢c tdi wu hoa cac
thong sb siéu am khong chi gitip nang cao hiéu
sut trich ly ma con gop phan duy tri tinh 6n dinh
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ctia anthocyanin. Két qua nghién ctru gép phan
cung cép co s¢ khoa hoc cho viéc dinh hudng lya
chon phuong phéap trich ly anthocyanin tr gao
nép than, 1am tién dé cho cac nghién ctru tiép theo
hudng t6i phat trién san pham c6 gia tri gia ting.
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OPTIMIZATION OF ANTHOCYANIN EXTRACTION FROM BLACK GLUTINOUS RICE
(Oryza rufipogon)
Le Thi Hong Anh', Nguyen Le Tram', Hoang Thi Ngoc Nhon'
"Ho Chi Minh City University of Industry and Trade
Abstract

This study aimed to evaluate the effects of different extraction techniques, including microwave-
assisted extraction (MAE), ultrasound-assisted extraction (UAE), and enzyme-assisted extraction
(EAE), on the recovery and optimization of anthocyanins from black glutinous rice (Oryza
rufipogon). The results indicated that UAE achieved the highest efficiency and was therefore
selected for further optimization using a Box-Behnken design combined with response surface
methodology. The optimal conditions were determined as ultrasound amplitude of 31.73%,
extraction time of 6.97 min, and solid-to-solvent ratio of 1/21.62 (w/v), under which the
anthocyanin content reached 0.964 mg/g dry weight. Experimental validation yielded 0.945 + 0.028
mg/g dry weight, with a deviation of less than 5% from the predicted value. These findings confirm
the potential of UAE combined with statistical optimization in enhancing anthocyanin recovery
from black glutinous rice, contributing to the development of high-value food and pharmaceutical

products.

Keywords: Anthocyanin, enzyme, black glutinous rice, Oryza rufipogon, microwave, ultrasound.
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