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ABSTRACT

A significant amount of cashew nut testa is removed during
the processing of cashew kernels, resulting in many negative
environmental impacts. The objective of this study was to
valorize the cashew nut testa by enzymatic-assisted extraction of
polyphenol using a mixture of cellulase and pectinase. A central
composite design was employed to analyze the effects of extraction
temperature from 41.6°C to 58.4°C, extraction pH from pH 3.2 to
pH 4.8, and enzyme concentration from 0.03% to 0.37% (v/w) on
extraction efficiency. A second-order response surface model was
constructed to elucidate the effects of these independent variables
on the response values of total phenolic content (TPC) and free
radical scavenging activities [2,2-diphenyl-1-picrylhydrazyl
(DPPH) and 2,2"-azinobis-3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) assays]. Regression analysis results showed that 91%,
88%, and 92% variations of the response variables of TPC, DPPH
and ABTS scavenging activities can be explained by the models,
respectively. Under optimal conditions, the predicted value for
TPC was 164.26 (mg GAE/g DW), and the free radical scavenging
activities according to DPPH and ABTS assays were 936.52
(umol TE/g DW) and 1591.47 (umol TE/g DW), respectively.
The experimental results were consistent with the predicted
values, demonstrating the suitability of the quadratic model and
the success of the response surface method for optimizing the
polyphenol extraction from cashew nut testa by using the enzyme
mixture.
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1. Dit Vin bé

Hang nam, Viét Nam san xuat mot lugng 16n

TOM TAT

Mot lugng 16n vo lua hat diéu bi loai bo trong qua trinh ché bién
nhan hat diéu, gay nhiéu tac dong tiéu cuc dén moi truong. Muc
tiéu ctia nghién ctiu nay nham nang cao gia tri gia tang cho vo lua
hat diéu bang phuong phap chiét xuit dung dich giau polyphenol
v6i su ho trg ctia hon hgp enzyme cellulase va pectinase. Phuong
phéap quy hoach thuc nghiém kiéu thi nghiém phoi hgp c6 tam
dugc stt dung d€ bé tri nghién ctu nhiét do trich ly tit 41,6°C dén
58,4°C; pH trich ly tti pH 3,2 dén pH 4,8; nong d6 enzyme ti 0,03%
dén 0,37% (v/w). M6 hinh bé mét dap ting bac 2 dugc xay dung dé
phén tich tac dong ctia cac yéu t6 thi nghiém déi véi ham lugng
phenolic téng (TPC), hoat tinh khti géc tu do DPPH (2,2-diphenyl-
1-picrylhydrazyl) va ABTS (2,2'-azinobis-3-ethylbenzothiazoline-
6-sulfonic acid). Két qua phan tich hoi quy cho thdy 91%, 88% va
92% su bién thién dii liéu tuong ting ham muc tiéu TPC, kha nang
khti géc tu do DPPH va ABTS c6 thé dugc giai thich bdi cac mo
hinh. O diéu kién t6i vu, gia tri du doan ctia TPC 1a 164,26 (mg
GAE/g vat chat kho), ning kht goc tu do DPPH va ABTS lan lugt
14 936,52 (umol TE/g vat chat kho) va 1591,47 (umol TE/g vat chat
kho). Két qua thuc nghiém tuong dong véi cac gia tri du doan,
cho thdy tinh pht hgp clia moé hinh ciing nhu sy thanh cong ctua
phuong phap bé mat dap ting trong viéc t6i vu héa diéu kién trich
ly polyphenol tii vo lua hat diéu véi hon hgp enzyme.

day cho thay vo lua hat diéu chtta nhiéu hgp chat
phenolic c¢6 hoat tinh sinh hoc cao, bao gom
catechin, epicatechin, va epigallocatechin, nén

hat diéu (Anacadium occidentale L.) danh cho
tiéu thu trong nudc va xudt khau. Vo lua hat diéu
la 16p v6 mong mau do nau, bao pht bén ngoai
nhan hat, chiém 1 - 3% t6ng trong lugng hat diéu
(Sharma & ctv,, 2020), va thuong dugc loai bo
trong qua trinh ché bién. Hién tai, vd lua hat diéu
dugc stt dung cht yéu lam thic dn cho gia suc,
phan bén sinh hoc, chat dét hodc thai boé ra moi
truong (Hoang & ctv., 2022). Nghién ctiu trudc

c6 thé dugc ting dung trong ché bién thuc phdm
hodc thuc phdm chtic ning (Phan & ctv., 2024).
Vi vay, viéc nghién ctu tan dung phu phim vo
lua hat diéu, mot nguon nguyén liéu phong pha
va chi phi thdp, dé chiét xudt dich trich giau
cac hop chét polyphenol la m¢t huéng di day
tiém nang. Tuy nhién, cac phuong phap trich ly
truyén thong thong dung nhu chiét xuit Soxhlet

Tap chi Nong nghiép va Phdt trién 23(5)

www.jad.hcmuaf.edu.vn



74

Trudng Dai hoc Nong Lam TP. H6 Chi Minh

va ngam chiét thuong gap phai nhugc diém vé
thoi gian trich ly kéo dai cung v6i nguy co gay 6
nhiém moi truong do ro ri hoi dung moi.

Vé mat sinh hoc, thanh t€ bao vo lua hat
diéu dugc ciu tao bsi nhiéu polysaccharide nhu
cellulose, hemicellulose va pectin (Kaur & ctv,,
2023; Anoopkumar & ctv., 2024), tao ra mét cdu
truc ngan can sy giai phéng cac chat noi bao.
Céc hgp chat phenolic dugc bao vé bai cac chudi
polysaccharide nay thong qua cac lién két ki nudc
va lién két hydro. St dung hon hgp enzyme thay
phan carbohydrate nhu cellulase va pectinase
trong qua trinh trich ly da dugc chiing minh la
hiéu qua trong viéc pha v& cdu tric cta thanh
té bao, tao diéu kién thudn lgi cho qua trinh giai
phéng cac phan tii sinh hoc néi bao va tang cuong
hiéu sudt chiét xudt polyphenol (Gardossi & ctv.,
2010). Uu diém cta trich ly c6 stt dung enzyme la
tang toc do chiét xuat va giam lugng nang lugng
tiéu thu so véi cac phuong phap trich ly truyén
thong khong st dung enzyme (Puri & ctv,, 2012).

Trong nhiéu nghién ctu, phuong phap bé
mat dap ting dugc st dung d€ lam giam s6 lugng
thi nghiém can thiét, nhung dong thoi van dam
bao két qua cé y nghia théng ké (Zivkovi¢ & ctv.,
2018). Nhdm nang cao gia tri gia tang, gia tri st
dung cho vo lua hat diéu, nghién ctiu nay dugc
tién hanh nhim tao diéu kién tién dé sdn xuit
cac ché phdm dich trich giau hgp chat phenolic
c6 kha nang chdng oxy hoa cao. Muc tiéu ctia
nghién ctu la t6i uu hoéa qua trinh trich ly
polyphenol tii vo lua hat diéu st dung hén hop
enzyme cellulase va pectinase bang phuong phéap
bé mat dap tng.

2. Vat Liéu va Phuong Phap Nghién Ciu

Hoéa  chdt:  2,2-Diphenyl-1-picryhydrazyl
(DPPH) mua tu Alfa (Anh). 2,2-azinobis-3-
ethylbenzthiazoline-6-sulphonic acid (ABTS)
va gallic acid cung cdp bdi Biobasic (Canada).

6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox) dén tu Sigma-Aldrich
(Hoa ky). Folin-Ciocalteu do Merck (Ptic) cung
cép. Pectinex Ultra SP-L (pectinase > 3.800 PGU/
mL) va Celluclast 1,5 L (cellulases, 700 EGU/
mL) dén tu Novozymes (Pan Mach). Nudc cit
dugc tinh loc tit hé thong siéu loc Milli-Q cua
Millipore (Hoa ky). Tét ca cac hdéa chat khac déu
dat chuén phan tich.

Nguyén ligu: Vo lua hat diéu tho dugc cung
cép boi cong ty TNHH Kimmy Farm tai Thanh
ph6 H6 Chi Minh. Vo lua hat diéu sau d6 dugc
xt ly loai bo cac tap chét, bao gom vo cting, phan
nhén hat di€u con sét, canh kho, bui dat cét,...
Nguyén liéu vo lua sau xt ly dugc nghién bing
may xay kho, roi ray qua ray cé kich thude 16
0,5 mm. Sau do, bot vé lua dugc dong goi chan
khong trong cac tai PE, va bao quan lanh & nhiét
do - 4°C dé€ st dung cho céc thi nghiém tiép theo.

Cdch tién hanh: Mot lugng 1,00 £ 0,01 g bot
vo lua hat diéu ducgc cho vao binh erlen chita
nudc cat lam dung mdi trich ly. Dung dich dém
sodium acetate dugc st dung d€ di€éu chinh do
pH. Trudc khi thuc hién cac thi nghiém chinh,
mot loat cac thi nghiém so bo da dugc thuc hién
giup xac dinh di€u kién thi nghiém va pham vi
toi uu ctia cac tham s6 cin nghién ctiu. Enzyme
Celluclast 1,5 L va Pectinex Ultra SP-L duogc st
dung & ty 1€ 1:1 (v/v). Qua trinh trich ly enzyme
dién ra trong 60 phut va dugc thuc hién trong bé
6n dinh nhiét (Memmert, Dtic). Sau qua trinh
trich ly, hon hgp dugc dun néng & 90°C trong
5 phut dé€ bat hoat enzyme. Mau dugc ly tim
6 25°C trong 10 phut & toc do 5000 vong/phut
bang mdy ly tim Universal 320R (Hettich, Duc),
va phan dich ly tm phia trén dugc thu nhan dé
tién hanh cac budc phan tich tiép theo. Hiéu qua
trich ly polyphenol dugc xac dinh dua trén ham
lugng phenolic tong va kha nang chéng oxy hoa
dua trén kha nidng khti géc tu do DPPH va ABTS
cua dich trich.
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Phuong phap xac dinh ham lugng
phenolic tdng

Ham lugng phenolic téng (TPC) dugc xac
dinh bang phuong phap Folin-Ciocalteu nhu da
dugc mo ta bdi Phan & ctv. (2022) véi mot sb
diéu chinh nho. Cu thé, mot thé tich 0,1 mL chiét
xudt tii vo lua hat diéu dugc cho phan tng véi
1,8 mL dung dich Folin-Ciocalteu 10%. Dung
dich dugc lic déu r6i u trong 5 phut. Sau do,
thém vao 1,2 mL dung dich natri cacbonat 15%
va 6,9 mL nudc cat. Sau 1 gio 1 & nhiét do phong
trong diéu kién bong t6i, d6 hdp thu dugc do &
budc séng 735 nm sti dung may quang phd UV-
VIS Jenway 7305 (Bibby Scientific, Anh qudc).
Dung dich gallic acid & cac nong do khac nhau
dugc sti dung d€ dung duong chuén, va nudc cat
dugc st dung lam mau d6i ching. Thi nghiém
dugc thuc hién ba l4n va két qua dugc biéu thi
dudi dang miligram duong lugng gallic acid
(GAE) trén mot gram mau tinh trén vat chat kho
(mg GAE/g VCK).

Phuong phap xac dinh kha nang khi goc
tu do DPPH

Kha nang khti géc tu do DPPH ctia chiét xuat
vo lua hat diéu dugc thuc hién theo phuong phap
ctia Phan & ctv. (2022). Mot thé tich 0,1 mL chiét
xudt vo lua hat diéu dugc tron 1an véi 0,9 mL
ethanol va 4,0 mL dung dich DPPH 0,1 mM. Sau
khi lac nhe, hon hgp dugc t & nhiét d6 phong
trong 30 phuat trong bong t6i. Mau sic hinh
thanh dugc xac dinh bang cach do do hap thu tai
517 nm st dung may quang ph6 UV-Vis Jenway
7305. Mot mau d6i chiing bang nudc cit dugc
sti dung, va dudng chuidn dugc xay dung véi cac

nong do Trolox khac nhau. Két qua dugc biéu thi
duéi dang micromole duong lugng Trolox (TE)
trén moi gram mau theo vat chat kho (umol TE/g
VCK).

Phuong phap xac dinh kha nang khi goc
tu do ABTS

Kha néng khu goc tu do ABTS ctia chiét xuat
vo lua hat diéu dugc thuc hién theo phuong phap
mo ta béi Nguyen & Phan (2023) v6i mot s6 hiéu
chinh. Cu thé, mét lugng 0,1 mL chiét xuit vo lua
hat diéu dugc tron véi 3,0 mL dung dich ABTS
va 0,9 mL ethanol. Hon hop dugc lic nhe vau &
nhiét do phong trong 15 phut & diéu kién bong
toi. Xac dinh do hép thu quang ctia dung dich
mau tai budc soéng 734 nm st dung mdy quang
phé Jenway 7305. Cac nong do Trolox khac
nhau dugc st dung d€ dung dudng chudn, va
nudc cit duge st dung lam mau déi ching. Thi
nghiém dugc ldp lai ba lan va két qua dugc biéu
thi theo hoat tinh khti g6¢ tu do ABTS tinh bang
micromole duong lugng Trolox (TE) trén mdi
gram mau theo vat chat kho (umol TE/g VCK).

T6i wu qud trinh trich ly:

Phuong phép quy hoach thuc nghiém kiéu
thi nghiém phoi hgp c6 tam (central composite
design - CCD) dugc st dung dé€ bo tri thi nghiém
toi uu hoéa qua trinh trich ly. S6 liéu dugc xt ly
bang phan mém JMP 10. M6i quan hé gitia cac
yéu t6 khdo st va ham muc tiéu dugc thé hién
dudi dang bé mat dap ting. Cac yéu td trong thi
nghiém nay 1a nhiét d¢ trich ly (X,), pH trich ly
(X2), noéng do enzyme (X;) theo 5 muic dugc thé
hién cu thé trong Bang 1.
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Bang 1. Cac mtic ctia yéu t6 trong thi nghiém t6i uu hoa

Miic va ma hda mtic ctia bién

Bién thuc Bl;%?a DPon vi a . 0 " A
(-1.682)  (-1) (0) (+1) (+1.682)
Nhiét d6 X, oC 41,6 45 50 55 58,4
pH X, 3. 3,5 4,0 45 4.8
Noéng do X, % (v/w) 0,03 0,1 0,2 0,3 0,37
enzyme

Phuong trinh héi quy dugc xay dung dé€ xac dinh anh hudng ctia 3 yéu t6 Xi, Xz, X5 dén ham muc
tiéu (chi tiéu theo d6i) la mdt da thiic bac hai c6 dang nhu Phuong trinh 1.
Y = ao + 31X1+ 32X2 + a3X3 + 312X1 X2 + 3.13X1 X3 + a23X2X3 + 311X12 + 322X22 + ass X32 (1)

Chi tiéu theo déi la ham lugng phenolic tong
Y: (mg GAE/g VCK), hoat tinh kht goc tu do
DPPH Y, (umol TE/g VCK), hoat tinh khtt goc
tu do ABTS Y; (umol TE/g VCK).

3. Két Qua va Thao Luin
3.1. Danh gia két qua mo hinh

Phuong phap bé mét dap ting stii dung cac
ky thuat toan hoc va thong ké dé€ t6i uu héa cac
thong s6 thuc nghiém trong khi giam thiéu s6
don vi thi nghiém cén thiét nhung van dat hiéu
qua cao. Bang 2 thé hién két qua danh gia 17
nghiém thtc theo mé hinh bé mat dap ting déi
v6i cac chi tiéu theo doi la ham lugng phenolic
tong TPC, kha ning khi goc tu do DPPH va
ABTS cua dich trich.

Trong s6 cac nghiém thic, ham lugng
phenolic tong cta dich trich giao dong tu 139,56
(mg GAE/g VCK) dén 165,48 (mg GAE/g VCK).
Trong khi dich trich c6 hoat tinh kht géc tu do
DPPH giao dong trong tii 688,85 (umol TE/g
VCK) dén 947,93 (umol TE/g VCK); va doi
v6i ABTS thi giao dong trong khoang 1004,42
(umol TE/g VCK) va 1604,9 (umol TE/g VCK).
Su tuong thich ctia két qua thi nghiém doi véi
mo hinh bac 2 (theo Phuong trinh 1) dugc
danh gia bang phén tich phuong sai (ANOVA)
sti dung phép thti kiém dinh Fisher (F-test), va
dugc thé hién trong Bang 3. Bén canh d6, Hinh
1 dugc st dung d€ thé hién sy tuong quan gitia
cac gia tri du doan (Predicted) va két qua thuc
nghiém (Actual) ctia céc chi tiéu theo doi trong
17 nghiém thtic cua thiét ké thi nghiém bé mat
dap ting da thuc hién.
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Bang 2. Két qua thuc nghiém theo mo hinh bé mat dap ting
Gia tri thuc ctia yéu t6 Y,, TPC Y,, DPPH Y,, ABTS
STT Ma hoa Nhiét B 0 (mg GAE/g (umol TE/g (umol TE/g
do (-1) (0) VCK) VCK) VCK)
1 00a 50,0 4,0 0,03 139,56 688,85 1004,42
2 a00 41,6 4,0 0,20 154,55 793,93 134591
3 0a0 50,0 3,2 0,20 155,39 791,58 1308,86
4 —+ 45,0 3,5 0,30 156,15 792,18 1423,86
5 000 50,0 4,0 0,20 165,48 925,52 1597,24
6 00A 50,0 4,0 0,37 146,1 688,93 1302,2
7 +++ 55,0 4,5 0,30 155,7 843,71 1398,31
8 000 50,0 4,0 0,20 164,54 926,25 1604,9
9 —++ 45,0 4,5 0,30 163,25 895,67 1312,2
10 ++— 55,0 4,5 0,10 148,71 749,26 1242,1
11 - 45,0 3,5 0,10 149,4 755,45 1366,34
12 A00 58,4 4,0 0,20 150,52 719,41 1333,88
13 0A0 50,0 4,8 0,20 152,22 779,69 1394,99
14 —+- 45,0 4,5 0,10 146,62 726,63 1324,29
15 +—= 55,0 3,5 0,10 148,64 712,74 1202,19
16 000 50,0 4,0 0,20 161,24 947,93 1562,23
17 +—+ 55,0 3,5 0,30 149,47 716,08 1314,7

*TPC: totalphenolic content; DPPH: 2,2-diphenyl- 1-picrylhydrazyl; ABTS: 2,2 "-azinobis-3-ethylbenzothiazoline-
6-sulfonic acid.
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Bang 3. Két qua phéan tich ANOVA d6i v6i phuong trinh béc 2 t6i uu cac thong s6 trich ly

TPC (R* = 0,9050)

DPPH (R? = 0,8782)

DPPH (R? = 0,8782)

Nguén
DF SS MS F P DF SS MS F P DF SS MS F P
Model 9 745,07 82,79 7,41 0,0075 9 105160,48 11684,5 5,61 0,0166 9 313296,08 34810,7 8,72 0,0047
Lack of fit 5 68,25 13,65 2,75 0,2876 5 14265,34 2853,07 17,60 0,0546 5 26935,97 5387,19 10,41 0,0900
Pure error 2 9,92 4,96 2 324,25 162,13 2 1035,04 517,52

*TPC: totalphenoliccontent; DPPH: 2,2-diphenyl-1-picrylhydrazyl; ABTS: 2,2"-azinobis-3-ethylbenzothiazoline-
6-sulfonic acid; DF: Bdc tu do; SS: Tong binh phuong; MS: Trung binh binh phuong; F: Gid tri thong ké F.

Két qua phan tich ANOVA cho thay phuong
trinh héi quy bac hai phu hgp di liéu thuc
nghiém v6i hé s6 tuong quan R* cao. Theo
Wang & ctv. (2019), mét md hinh dugce cho la
pht hop véi cac gia tri thuc nghiém khi gia tri
ctia hé s6 xdc dinh tuong quan R* it nhit phai
dat 0,75. Trong nghién ctiu nay véi R? lan lugt
la 0,91; 0,88 va 0,92 cho thiy c6 91%; 88% va
92% su bién thién di liéu tuong ting ham muc
tiéu TPC, va kha nang khtt géc tu do DPPH va
ABTS dugc giai thich béi cac mo6 hinh (Myers &

Montgomery, 2002). Hon ntia, két qua phan tich
ANOVA cho théy rang cac phuong trinh hoi quy
c6 y nghia théng ké cao véi P < 0,01, dong thoi
su khong phu hgp (Lack of fit) déu khong thé
hién c6 y nghia thong ké (P > 0,05) trong ca ba
mo hinh. Diéu nay khang dinh ring cdc m6 hinh
hai quy bac hai dugc lya chon c6 da do chinh xac
dé€ du doan tac dong cua cac yéu t6 thi nghiém,
bao gom nhiét do, pH va nong do enzyme, doi
v6i ham lugng phenolic tong cling nhu kha ning
khti goc tu do DPPH va ABTS cua dich trich.

170

165 |
160 -
155
150 4 .-
145
140
135

Y1 Actu

—T T T T T
135 140 145 150 155 160 165 170

Y1 Predicted P=0.007
RSq=0.91 RMSE=3.341

950 1700 -
900 ~ 1600 o
850 - 1500

E 800 2 1400 o

N i e < 13004 i

> i >
750 1200 |
700 1100 -

650 T - T T T T 1000 T - T T T T T
650 700 750 800 850 900 950 1000 1200 13001400 1500 1600
Y2 Predicted P=0.016 Y3 Predicted P=0.004
RSq=0.88 RMSE=45.65 RSq=0.92 RMSE=63.21

Hinh 1. Biéu d6 tuong quan gia tri thuc nghiém (Actual) va du doan (Predicted) d6i véi chi tiéu theo
d6i ham lugng phenolic tong - TPC (Y;), kha nang khtt g6c DPPH (2,2-diphenyl-1-picrylhydrazyl)
(Y>), kha ndng khti goc ABTS (2,2"-azinobis-3-ethylbenzothiazoline-6-sulfonic acid) (Y3).
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3.2. Phan tich bé mat dap ng véi ham lugng
phenolic tong

Bang 4 thé hién tac dong cu thé cua cac tham
s6 chiét xudt nhu nhiét d6 (X,), pH (X;) va ndng
do6 enzyme (X;) dén qua trinh trich ly polyphenol
ti vo lua hat diéu thé hién qua chi tiéu theo doi

la ham lugng phenolic téng TPC (Y,), hoat tinh
khu goc ty do DPPH (Y,) va ABTS (Y3;). Tinh
quan trong ctia moi hé s6 trong Phuong trinh 1
déi véi tiing chi tiéu theo doi duge xac dinh biang
gid tri p. Gid tri p cang nhd, thi hé s6 tuong ting
cang quan trong.

Bang 4. Cac hé s6 hoi quy ctia phuong trinh bac hai va cac gia tri p tuong ting véi cac chi tiéu theo doi

TPC (Y,) DPPH (Y,) ABTS (Y;)
Thongs6  p¢ 56 hoi » Hé s6 héi b Hé s8 hoi p
quy quy quy
Hing 6 163,536 <0,0001* 930,544 <0,0001*  1584,264 < 0,0001*
Bac1
X -1,441 0,1551 -20,024 0,1491 -21,207 0,2550
X, 0,387 0,6813 16,0230 0,2357 8,396 0,6386
X; 3,090 0,0112* 22,238 0,1149 59,674 0,0101*
Tuong tac
XX, 0,248 0,8400 11,185 0,5107 34,654 0,1649
X,.Xs -1,945 0,1437 -13,498 0,4306 27,911 0,2519
X, Xs 2,005 0,1335 27,928 0,1272 -3,239 0,8889
Béc hai
X, -3,218 0,0144* -53,161 0,0058* -74,469 0,0055*
X,? -2,769 0,0272% -42.920 0,0160* -70,216 0,0074%
X52 -6,649 0,0003* -77,124 0,0008* -140,437 0,0001*

Ghi chii: * thé hién sy khdc biét c6 y nghia théng ké (P < 0,05); TPC: total phenolic content; DPPH: 2,2-diphenyl-
I-picrylhydrazyl; ABTS: 2,2"-azinobis-3-ethylbenzothiazoline-6-sulfonic acid.
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Két qua cho thdy trong ba gia tri bac mot
chi ¢6 yéu t6 ndng dé enzyme anh hudng c6 y
nghia dén ham muc tiéu Y, (P < 0,05). Cac cdp
tuong tac anh hudng khong c6 y nghia dén ham
muc tiéu Y,. Céc gia tri bac hai cua nhiét do, pH
va nong do enzyme déu anh hudng cé y nghia
dén ham muc tiéu.

Phuong trinh hoéi quy theo ma (coded) ba
yéu t6 (X, X, X5) cia ham muc tiéu theo ham
lugng phenolic téng (Y,) d6i v6i mo hinh t6i uu
da chon c6 dang nhu Phuong trinh 2.

Y. = 163,536 + 3,090X; - 3,218X,> - 2,769X,” - 6,649X5> (2)

Két qua phén tich Pareto (Hinh 2) ciing da
khéng dinh néng do enzyme (X;) 12 yéu t6 quan
trong nhit anh hudng dén ham lugng phenolic
tong cua dich trich, tiép dén la nhiét d6 trich ly
va sau cung la pH c6 it anh huéng nhat.

Chiéu hudng tic dong ctia cac yéu t6 khao
sat dén ham lugng phenolic téng dugc thé hién
& Hinh 3. Céc yéu t6 khao sat déu anh hudng
dén ham lugng phenolic tong theo duong cong.
Nhu dugc thé hién trong phuong trinh hoi quy
Phuong trinh 2, ca ba yéu t6 khao sat déu anh
hudng 6 ham béc hai.

Orthog
Term Estimate
X3*X3 -5.414766
X3(0.1,0.3 2.769501
X2*X3 1.375419
X1*X3 -1.334259
X1(45,55) -1.291436
X1*X1 -0.936957
X2*X2 -0.685973
X2(3.5,4.5 0.347097
X1*X2 0.169784

Hinh 2. Mtc d6 anh hudng cta 3 yéu t6 khao sat do trich ly (X1), pH trich ly (X2) va nong do
enzyme (Xs) dén chi tiéu ham lugng phenolic tong.

O Hinh 3 cho thdy khi nhiét do ting lén gin
khoang 50°C, ham lugng phenolic tong cua dich
trich cling ting theo va dat muc cao nhét. Su
bién d6i ctia ham lugng phenolic tong theo nhiét
dd c6 thé dugce giai thich la do d6 hoa tan cta
cac hgp chét phenolic chiét xuét tang theo nhiét
do (Cacace & Mazza, 2022). Ngoai ra, nhiét do
tang gitp giam do nhét cta dung moi lam ting
qua trinh truyén khéi nén ting hiéu qua trich ly
polyphenol (Dai & Mumper, 2010). Tuy nhién

khi nhiét do ti€p tuc tang cao thi ham lugng
phenolic téng trich ly bi giam. T6c¢ d¢ trich ly chi
tang dén mot giéi han nhiét do nhat dinh trong
khoang nhiét ¢ t6i uu. Khi nhiét do tang cao qua
muc sé lam giam kha nang xudc tac ciia enzyme va
tham chi gay bat hoat enzyme. Ngoai ra khi tang
nhiét do trich ly, cac hgp chat phenolic trong
nguyén liéu c6 kha nang bi phan huy do cac phan
ung thuy phan, oxy hoéa néi tai va polymer héa
(Ferndndez de Simén & ctv., 1990).
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Hinh 3. . Chiéu huéng tac dong cta yéu t6 khao sat nhiét do trich ly (X1), pH trich ly (Xz2) va
noéng do enzyme (Xs) dén chi tiéu theo do6i ham lugng phenolic tong (Y1), hoat tinh khu goc tu
do DPPH (2,2-diphenyl-1-picrylhydrazyl) (Y2) va ABTS (2,2"-azinobis-3-ethylbenzothiazoline-6-
sulfonic acid) (Ys).

Theo Munde & ctv. (2017), mdi loai enzyme
sé c6 mot khoang pH t6i uu nhét dinh. Néu pH
trich ly nam ngoai khoang t6i uu sé c6 thé lam
cho enzyme bi bién tinh, dan dén enzyme it
tuong tac véi co chat, tii do lam giam hiéu suét
trich ly. Cdc enzyme Pectinex Ultra SP-L and
Celluclast 1,5 L c6 khoang pH hoat dong t6i uu
kha tuong dong nhau (Lim & ctv., 2024). Hinh 3
cho théy, néu pH trich ly taing dén pH 4 thi ham
lugng polyphenol trong dich trich dat cao nhat,
va sau muc nay sé giam dan khi pH tiép tuc tang.
Két qua nay phu hgp véi nghién ctiu ctia Tran &
ctv. (2021) trong viéc két hgp enzyme cellulase
va pectinase d€ tang kha nang trich ly cac hop
chat polyphenol tti vo va thit qua ca phé.

Ngoai ra két qua con cho thdy ham lugng
phenolic téng ting khi ting dan noéng do hon
hgp enzyme dén mic khoang 0,2%. Tuy nhién
khi ti€p tuc tang néng do enzyme ham lugng
phenolic tong sé giam. Két qua nay c6 xu huéng

tuong dong véi nghién ctiu trich ly phenolic tu
ba nho ctia Drevelegka & Goula (2020), nguyén
nhan cé théla do su gidng nhau gitia ban chét cta
nguyén liéu va enzyme. Cac nghién ctiu truéc
day ciing cho thdy rang van t0c phan ting ting
lén khi nong do enzyme ting nhung khi nong
dd enzyme bao hoa véi ndng do co chét, van téc
phén ting khong thay ddi hodc khong tang thém
khi tiép tuc ting néng do enzyme (Nguyen &
ctv,, 2011).

3.3. Phén tich bé mdt dap tng véi hoat tinh
chong oxy héa

Anh huéng ctia cic yéu t6 thi nghiém dén
hoat tinh chéng oxy héa thong qua danh gia hoat
tinh khtt géc tu do dugc thé hién trong Bang 4 va
Hinh 4. Tl mtc y nghia ctia cac hé s6 hoi quy,
Phuong trinh 3 va 4 dugc thiét 1ap thé hién mdc
d6 anh hudng va sy tuong tac ctia ctia cac yéu to
khao sat (X1, Xz va Xs) dén hoat tinh khtt goc tu
do DPPH (Y2) va ABTS (Ys).

Y, =930,544 - 53,161X,* - 42,92X,* - 77,124X,” (3)
Y; = 1584,264 + 59,674X; — 74,469X,> - 70,216X,°~ 140,437X,> (4)
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Dai voi yéu to bac 1 kha nidng khu goc tu do
ABTS chiju anh hudng boi yéu t6 ndong do enzyme
(P < 0,05) v6i su tuong tac duong, nghia la khi
gia tang nong do enzyme sé tang hoat tinh chdng
oxy hoa tang. Su tuong tic gitia yéu t6 khong
6 tac dong cd y nghia dén kha nang chong oxy

héa. Bac hai ctia ca ba yéu t6 déu c6 anh hudng y
nghia dén ham muc tiéu (P < 0,05). Cac yéu t6 &
bac hai nay tuong quan véi hoat tinh chéng oxy
hoéa theo chiéu ngugc, tic khi c6 sy tang ctia cac
yéu t6 nay thi hoat tinh khi goc tu do DPPH va
ABTS sé giam va ngudgc lai.

Orthog
Term Estimate
X3*X3 -62.80518
X1*X1 -22.57345
X3(0.1,0.3 19.93137
X2*X3 19.15811
X1(45,55)  -17.94756
X2*X2 -17.16387
X2(3.5,4.5 14.36131
X1*X3 -9.25921
X1*X2 7.67285

Orthog
Term Estimate
X3*X3 -114.3628
X3(0.1,0.3 53.4852
X2*X2 -24.4882
X1*X2 23.7723
X1*X1 -23.1388
X1*X3 19.1470
X1(45,55) -19.0078
X2(3.5,4.5 7.5253
X2*X3 -2.2218

(A)

(B)

Hinh 4. Mtc d6 anh hudng cua 3 yéu t6 khao sat do trich ly (X,), pH trich ly (X;) va nong do
enzyme (X;) dén chi tiéu hoat tinh khti goc tu do DPPH (2,2-diphenyl-1-picrylhydrazyl) (A) va
ABTS (2,2'-azinobis-3-ethylbenzothiazoline-6-sulfonic acid) (B).

Chiéu hudng tac dong ctia cac yéu t6 khao
sat dén hoat tinh khti goc tu do DPPH va ABTS
dugc thé hién trong Hinh 3. Cac anh hudng nay
déu thé hién theo dudng cong, tuong thich véi
phuong trinh héi quy bac hai. Khi nhiét d¢ tang
lén 50°C thi kha nang kht goc tu do DPPH va
ABTS ctia dich trich ciing tang va dat dat mtc
cao nhat. Tuy nhién, khi ting nhiét d¢ trich ly
tang vugt qua 50°C thi hoat tinh chong oxy héa
bat ddu xu huéng giam. Diéu nay dugc ly giai 1a
do hoat tinh chdng oxy héa phu thudc vao do
tang giam ham lugng hgp chét phenolic theo
nhiét do. Bén canh dé hoat tinh ctia cdc hgp chét
phenolic rat nhay cam véi nhiét d¢ cao (Nguyen
& Phan, 2023).

V6i xu hudng tuong tu, khi pH tang thi hoat
tinh kht goc tu do DPPH va ABTS ciing ting
va dat gia tri 16n nhat tai pH 4. Sau mtc pH nay
hoat tinh chong oxy hoa giam dan. Két qua ciing
cho thay hoat tinh chéng oxy hoa theo DPPH
va ABTS ting lén mtic cao nhit & ving nong
do enzyme 0,2%. Theo Munde & ctv. (2017) khi
tang nong do enzyme dén mic do nhét dinh thi

sé bao hoa v6i nong do co chat trong mai trudng,
ttt d6 lugng san phdm tao thanh sé khong thay
d6i hodc giam xudng do anh hudng ctia tic nhan
oxy hoa trong moi truong trich ly. Phan & ctv.
(2018) da bao céo rang chat phenolic 1a yéu t6
chinh gép phén tao nén kha nang chéng oxy hdéa
ctia nguyén liéu thuc vat.

3.4. T6i vu héa qua trinh trich ly

Trén co s6 mo hinh bac 2 da xay dung dugc,
két qua t6i uu hoa theo ham lugng phenolic tong
dat dugc tai cac diéu kién t6i vu nhiét d6 48,5°C,
pH 4,1 va néng do enzyme 0,23% (v/w) la 164,26
(mg GAE/g VCK). Trong khi dé hoat tinh khu
goc tu do DPPH cua dich trich polyphenol theo
mod hinh téi vu 1a 936,52 (umol TE/g VCK) dat
dugc tai cac diéu kién nhiét do 49,1°C, pH 4,1
va nong do enzyme 0,22% (v/w). Va tai cac diéu
kién t6i uu nhiét do 49,5°C, pH trich ly 4,0 va
nong do enzyme 0,22% (v/w) thi hoat tinh kht
gbc tu do ABTS cua dich trich udc tinh dat dugc
cao nhat la 1591,47 (umol TE/g VCK).
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Bang 5. Cac thong s6 t6i uu ctia qua trinh trich ly polyphenol tii vo lua hat diéu theo mo hinh t6i uu va

thuc nghiém
Yéu t6 khao sat Chi tiéu theo doi
Nhiét do Néng dé TPC DPPH ABTS
0) pH enzyme (mg GAE/g (umol TE/g (umol TE/g
(v/w) VCK) VCK) VCK)
Gié tri du 48,5 4,1 0,23 164,26
doan 936,52
49,1 41 0,22
49,5 40 0,22 1591,47
Gid tri thyic 49,0 40 0,22 16503 + 1,17 898,63 +25,56  1597,24 + 22,5
nghiém
Saiso 0,47 % 4,05 % 0,36 %
tuong doi

*TPC:totalphenoliccontent; DPPH: 2,2-diphenyl-1-picrylhydrazyl; ABTS: 2,2 -azinobis-3-ethylbenzothiazoline-

6-sulfonic acid

Tu két qud dy doan cua moéd hinh, thuc
hién kiém chiing thuc té véi cac thong s6 trich
ly dugc tinh chon phu hgp. Két qua thé hién
nhu trong Bang 5. C6 thé két ludn ring ham
lugng phenolic tong TPC, hoat tinh khti géc
tu do DPPH va hoat tinh khtt géc tu do ABTS
thu dugc ti thuc nghiém khac biét khong c6 y
nghia véi két qua ly thuyét tinh toan tii mo hinh
(chénh léch khong qua 5%). biéu d6 cho thay
mo hinh bé mat ddp ing dugc xay dung c6 tinh
chinh xdc cao va c6 thé st dung d€ mo6 phong
két qua cua qua trinh trich ly vo lya hat diéu.

Loi Cam Doan

Chung t6i cam doan bai bao do nhém tac gia
thuc hién va khong c6 bt ky mau thuan gitia cac
tac gid
Loi Cam On

Nghién ctiu dugc tai trg bdi Bo Gido Duc &

bao Tao trong khudn khé dé tai ma s6 B2022 -
NLS - 02

4. Két Luan

Phuong phap quy hoach thuc nghiém bé mat
dap tng da dugc st dung thanh cong d€ t6i uu
héa qua trinh trich ly polyphenol ti vo lua hat
diéu c6 sy hod trg ctia hon hop hai loai enzyme
la cellulase va pectinase. Diéu kién trich ly t6i uu
dugc xac dinh tai nhiét do 49°C, pH 4, nong do
enzyme 0,2% (v/w). O diéu kién t6i vu hda, cic
gia tri thuc nghiém tuong thich véi cac gia tri
dugc du doan ti mo hinh bac hai. Dich trich vo
lua hat diéu dat dugc ham lugng phenolic téng &
muc 165,03 (mg GAE/g VCK), hoat tinh kht goc
tu do DPPH la 898,63 (umol TE/g VCK) va hoat
tinh khtt goc tu do ABTS la 1597,24 (umol TE/g
VCK). Két qua nghién ctiu cta dé tai la co s¢ dé
phét trién cic ché phdm giau polyphenol nhim
nang cao gia trj gia tang cho cac nguyén liéu phu
phé phim tu thuc vat.
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