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NGHIEN CUU UNG DUNG ENZYME PE NANG CAO
HIEU SUAT TRiCH LY RESVERATROL TU DAY GAM

Nguyén Thi Hong Linh!, Nguyén Manh Dat’, D6 Thi Thiiy Lé?,
D6 Thi Thanh Huyén!, Biri Thi Hong Phwong!

Resveratrol 1a mot polyphenol ty nhién, né dugc tim théy trong rat nhiéu loai thuc vat
nhu: ¢dt khi cu, dau tam, lac, nho, lyu, dau tdy. Nhung resveratrol thuong mai la resver-
atrol dugc thu nhan chu yéu tir ¢t khi cu va nho. Day Gam gan day ciing dugc biét dén
1a ngudn duge liéu chira ham lugng resveratrol cao. Trong nghién ctru ny chung toi tién
hanh xac dinh nhiing yéu t6 anh huong téi hiéu suat trich ly resveratrol tir diy Gam ¢
viing Yén Bai bang phuwong phép str dung enzyme. Qua trinh trich ly str dung enzyme Cel-
lulast tr chung Asperglllus niger v&i nong do 0 2%(W/W) & nhiét do 50°C, trong thoi gian
60 phut pH = 5,5, ty 1& bd sung nguyén liéu/nudce: 1/5, te d6 khudy 150 vong/phit. Hiéu
sudt trich ly thu dugc ting tir 56,56% khong dung enzyme 1én 84,43% khi dung enzyme
Cellulast. Két qua nghién ctru cho thay sir dung enzyme Cellulast dé xir Iy ban dau s& lam
tang hiéu suét trich ly resveratrol tir diy Gam.

Tw khoa: Day Gam, resveratrol loi ich svwc khoe, enzyme cellulast, hiéu sudt trich ly.

IL. PAT VAN PE

Resveratrol da dugc chimg minh dem
lai nhiéu loi ich cho stc khoe, tot cho
ngudi bénh tiéu duong, hé tim mach, cé
tinh khang khuan cao, va dic biét lién
quan dén kha ning ha axit uric trong
mau rat tot cho bénh vé xwong khép.
Resveratrol 1a mét polyphenolic tu nhién
c6 hoat chét sinh hoc cao, duoc tim théy
trong rat nhiéu loai thuc vat (it nhat
khoang 72 loai) ma phan 1én cac loai
dugc st dung trong dong y va trong bira
an hang ngay nhu: ¢dt khi ci, dau tam,
lac, nho, lyu, dau tay [1]. Cac hop chat
c6 hoat tinh sinh hoc cao c6 trong thuc
vat thuong c6 ndng do rat nho vi vay néu
mubn thu hdi cic hop chét nay doi khi

chung ta phai str dung mot lugng 16n cac
dung méi hitu co dé tach chiét. Viéc st
dung luong 16n cac dung moi hiru co doi
hoi kéo theo thoi gian xur 1y dai va san
pham cubi cung thi ham luong ton du
ctia cac dung mdi ndy 1a rat 16n dan dén
lam giam chat luong san pham va con
anh huong dén sic khoe cta nguoi sir
dung. Piéu d6 cang chung t6 tim kiém ra
mot phuong phép trich ly thich hop hi¢u
qua va an toan dé khai thac cac hop chét
sinh hoc 13 rat quan trong. Trich ly cac
hop chét c6 hoat tinh sinh hoc tir thuc
vat bang phuong phap str dung enzyme
1a mot phuong phap thay thé 1y tLr()‘ng
nhit cho cic phuong phép trich ly bang
vat Iy hay hoa hoc khac truyén thong van
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dung. Trich ly bang enzyme 1a dya trén
cac dac tinh dac trung cla ting enzyme
dé xuc tac cac phan tmg v6i do chon loc,
dac hiéu cao sur dung trong diéu kién
phan tng khong doi hoi cac dung méi
phan tng phirc tap. O Viét Nam trich ly
resveratrol tir thyc vat néi chung va tu

day Gidm néi riéng bang phuong phép
enzyme la mot linh vyc rat moi doi véi
cac nha nghién curu. Trong bai bao nay,
chung t6i trinh bay cac két qua nghién
ctru lya chon cac diéu kién sir dung en-
zyme dé nang cao hiéu suat trich ly res-
veratrol tir ddy Gam.

I1. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu:

- Day Gam ldy ti viing Luc Yén (Yén Bai).

- Céc enzyme: Cellulast, Viscozyme L, Pectinex Ultra Clear ctia hang Sigma (My)

Enzyme Xuit xir Hoat tinh pH  Nhiét dp
Cellulast Aspergillus niger >800U/g 45-6 45-60°C
Viscozyme L Aspergillus sp >100 FBGU/g 3-5 40-50°C
Pectinex Ultra Clear  Aspergillus aculeatus ~ >3300 PGNU/ml 3 -6,5 45-55°C

2.2.Phwong phap nghién ctru :

2.2.1.Phwong phap Hoéa sinh xac
dinh loai enzyme thich hgp cho qua
trinh trich ly resveratrol tir day Gim:

100g ddy Gim da duoc nghién nho
thanh nhitng manh c6 kich thudc (3mm
— 10mm), nhiét d6 50°C, dung méi nudc
ty 1€ 1:5 (g/ml), thoi gian 60 phut, sau
dé dung dung méi ethanol ty 1€ 1:12
(g/ml), thoi gian 120 phat, khudy 150
vong/phut. Thur nghiém kha nang trich
ly resveratrol v6i 3 loai ché phiam en-
zyme: Cellulast, Viscozyme L, Pectinex
Ultra Clear véi néng do 0,2% (w/w)
(theo quy trinh dy kién cua LI Meng-
qing va cs)[2].

Nham t6i wu hoa qua trinh trich ly res-
veratrol tir ddy Gam c6 str dung enzyme
v6i phuong phéap chiét dong (50- 250
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vong/phut) trong diéu kién nguyén liéu/
nuoc (1/3, 1/4, 1/5, 1/6, 1/7 (w/v, g/ml),
bd sung enzyme Cellulast nong do 0,1-
0,3% (w/w), nhiét do tir 40-70°C, thoi
gian trich ly 40- 80 phut. Loc thu dich
sau trich ly. C6 quay dudi dung moéi thu
dugc dich c6 thé tich 100 ml. Do ham
lugng resveratrol bang HPLC dé tinh
hiéu sudt trich ly.

2.2.2.Phwong phap lam giau ché
pham resveratrol tir day Gam.

Cao chiét thu dugc sau qua trinh co
quay loai dung moi cua dich chiét day
Gam véi con s& duge tién hanh b sung
thém dung moi etyl axetat voi ty 1€ cao
chiét/ethyl axetat =1/2(m/v) & nhiét do
60°C duoc khudy trong thoi gian 20
phut. Loc ¢6 dudi dung méi thu dugc
cao day Gam ham luong resveratrol cao.
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2.2.3.Phwong phap phéan tich Héa ly.

2.2.3.1.Phan tich dinh tinh resver-
atrol bang phuwong phip sic ky ban
mong TLC (Thin Layer Chromatog-
raphy

St dung ban méng sic ky Silica gel 60
F254. Dung moi chay séc ky toluen:eth-
yl acetate:acid acetic ty 1¢& 15:3:1 (v/v).
Hoa tan chat chudn resveratrol (Sigma,
99%), cao chiét thi nghiém thu duoc
bang dung mdi methanol sao cho nong
d6 chat chuan 1a 50pg/ml, nong do cua
cao chiét 1a 5 mg/ml. Ban mong duoc
quan sat dudi den UV 254 va so sanh voi
vét cua chat chuan.

2.2.3.2. Xac dinh ham lwgng res-
veratrol bing phuwong phap sic ky
16ng hi¢u niang cao (HPLC)

Chét chuén resveratrol (Sigma, 99%).
May sic ky long hiéu ning cao - PDA.
Cot sic ky C18. Pha dong: MeOH:H20
=90:10 (v/v), toc do dong F=1ml/phut.

= Higu sudt trich ly resveratrol (%)
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Detector UV-vis ¢ budc song 306 nm,
nhiét do cot: 35°C.

III. KET QUA VA BAN LUAN

3.1.Nghién ctru lua chon enzyme
thich hop

Khi str dyng enzyme cho qua trinh
trich ly resveratrol tir diy Gam, mdi loai
enzyme c6 hoat d¢ khac nhau va thuong
tham gia xuc tdc cho mdt loai co chét
ndo d6. Véan dé dt ra la xc dinh duoc
enzyme thich hop dé hd trg qua trinh
pha huy thanh té bao ctia ddy Gim gitp
cho dung mai ethanol dé dang tiép xtic
v6i cac hoat chét trong day Gam, do do
qua trinh trich ly resveratrol dat hi¢u
suét cao nhat. Céc loai enzyme sir dung
trong nghién ctru nay bao gém: Cellu-
last, Viscozyme L, Pectinex Ultra Clear
dugc bd sung véi ty 18 0,2% so v6i khdi
luong ddy Gam kho. Tién hanh thi ng-
hiém duoc mo ta & muc 2.2.1.

C: Chét chuén resveratrol.
Mi: Enzyme Cellulase.

Moz: Enzyme Viscozyme L.
M;3: Enzyme Pectinex Ultra
Clear.

Hinh anh TLC cua 3 ché phdm
enzyme

Hinh 1:Biéu @6 minh hoa dnh hwéng ciia ché phim enzyme

Két qua thu dugc cho thiy hiéu suit
trich ly resveratrol cao nhat dat gia tri
84,43% khi st dung enzyme Cellulast,
cao hon nhiéu so véi mau d6i chung
khong str dung enzyme va cao hon 2

mau bd sung Viscozyme L, Pectinex
Ultra Clear. Piéu nay dugc gidi thich
nhu sau, trong thanh té bao cac loai
cdy noi chung va day Gam noi riéng
thi chira chi yéu cac thanh phan: cel-
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lulose, hemicellulose va pectin trong
d6 cellulose 14 thanh phan chiém cha
yéu. Cellulase thuy phan cellulose tu
nhién. Cellulase cit lién két p-1,4- glu-
cosid trong cellulose, pha v& khung té
bao, giup dung méi dé dang tiép xtic véi
nguyén liéu ddy Gam hd tro giai phong
hoat chat tot hon so véi 2 ché pham con
lai. Do vay, chiing t61 chon enzyme Cel-
lulase cho céc thi nghiém tiép theo.

3.2.Nghién ctru diéu kién thich hop
khi trich ly resveratrol cé st dung
enzyme.

3.2.1. Nghién ciru anh huéng cua
néng do enzyme dén hiéu suit trich
ly resveratrol.

Phan Gng enzyme la phan Gng thudn
nghich, phu thudc vao rat nhiéu yéu td,
trong d6 ndng do enzyme cé anh huong
dic biét t6i kha nang phan giai co chat
ctia enzyme. Khi nong do enzyme qua
16n (bdo hoa vdi ndng d6 co chat), néu
tiép tuc ting noéng do enzyme thi van
tbc phan tmg ting cham hoic khong

thay doi. Pé tim ra dugc néng do en-
zyme Cellulast thich hgp cho qua trinh
trich ly resveratrol tir ddy Gam 1a viéc
can thiét cho phép sir dung enzyme mot
céch hiéu qua ca vé mit kinh té 1an k¥
thuat. Tién hanh khao sat cac nong do
su dung enzyme: 0,1%, 0,15%, 0,2%,
0,25%, 0,3% (w/w) tuong ung voi hoat
do enzyme Cellulast (0,8; 1,2; 1,6; 2,0;
2,4 U/g). Tién hanh thi nghiém duoc mo
ta 6 muc 2.2.1.

Két qua trinh bay ¢ ndng d6 0,1% thi
hiéu suét trich ly resveratrol thu dugc la
rat thap 64,7%, tiép tuc ting ndng do 1én
0,15% thi hi¢u sudt trich ly tang lén la
72,66% va tang khong dang ké. Va hiéu
suit dat cao 86,7% khi néng do1a 0,2%.
Tuy nhién khi ndng d6 enzyme ting 1én
0,25%, 0,3% thi hiéu suét cling chi tang
hon & néng d6 0,2% khong nhiéu. Nhu
vay, xét vé mat chét lugng dich sau trich
ly va hiéu qua kinh té thi ching t6i chon
nong do 0,2% dé tién hanh cac thi ng-
hiém tiép theo. Két qua nay tring hop
v6i phat hién cua LI Meng-qing va cs [3].
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Hinh 2: Do thi miéu ti cdc yéu té anh hwéng dén higu sudt trich ly resveratrol bing

enzyme Cellulast
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3.2.2. Anh huwéng cia ti 1& nguyén
liéu/nuwée téi hiéu suit trich ly res-
veratrol.

Ty 1€ nguyén li¢u/nudc anh hudng
dén kha ning phén tin enzyme vio co
chat. Néu lugng nude ban dau dua vao
qua it s& khong du dé enzyme tiép xuc
v6i co chat, néu qua nhiéu s& gay ton
kém nang luong cho qua trinh trich ly
va thu hoi resveratrol. Hon nita vi res-
veratrol khong tan hodc tan rt it trong
nudc nén xu ly enzyme chi la moi
truong tién dé dé pha v& thanh té bao
glup cho qua trinh trich ly dung ethanol
tiép theo. Néu sir dung luong dung moi
qua 16n s& dan t6i nong do con trong
khéi dich ctia qua trinh trich ly thap,
diéu d6 lam kha ning trich ly resver-
atrol cudi cing thap. Do viy, viéc tim
ra ty 1€ nguyén li¢u/nude thich hop la
rat quan trong, gop phan 1am tang hiéu
suét trich ly resveratrol trong diy Gam.
Céc ty 1€ nguyén li¢u/dung moi dugc
khao sét lan luot 1a: 1/3, 1/4, 1/5, 1/6,
1/7 (w/v, g/ml).

Ttr két qua cho thay hiéu suét trich ly
resveratrol ting dan theo ty 1& nguyén
liéu/nudc. Trong d6 ¢ ty 1€ 1/5 cho hi¢u
suit cao nhit diéu nay duoc giai thich
la do voi ty 1€ nguyén liéu/nudc nay
phu hop cho qué trinh thuy phan thanh
té bao cua enzyme Cellulase duoc triét
dé, sau d6 bd sung ethanol 96% véi
ty 16 1/12 (g/ml) dé trich ly tiép sé tao
chung thanh dung méi ethanol c6 ndng
do khoang (67 + 1%) trich ly resvera-
trol s& tot hon. Vi ty 18: 1/6, 1/7 ta thay
hiéu suét trich ly lai giam 14 vi v&i ham
lwong nudc bd sung vao nhiéu thi 1am
cho ndng d6 enzyme lodng di va hoat
luc cua enzyme s& giam. Hon nita bd
sung nudc nhiéu ciing lai lam giam bét

di nong do con trong khéi dung moi
trich ly sau nay do vay kha nang trich
ly resveratrol s& kém hon, dan t6i hiéu
suit trich ly cudi cung khong cao.

3.2.3. Anh huéng ciia nhigt d9 téi
hiéu suit trich ly resveratrol.

Trang thai can bang (hoa tan) va tdc
d6 truyén khéi (hé sb khuéch tan) c6 thé
anh hudng bdi nhiét do trich ly. Xu ly
nhiét lam tang kha nang hoa tan va khu-
éch tan cua cac hop chat, giam d6 nhét
dung méi, ting kha ning truyén khdi
va xam nhap cua dung méi vao trong
té bao. Nghién ciru cho thay cac hop
chat phenolic dé bi bién tinh & nhiét do
16n hon 50°C[4]. Pong thoi, nhiét do
cling anh hudng dén tdc do phan tng
clia enzyme. Van toc phan tng do en-
zyme xuc tac ting theo chiéu ting cua
nhiét do trong gio1 han nhat dinh, khi
vuot qua gidi han nay thi van toc phan
ung dugc xuc tac bdi enzyme s€ giam.
V61 nhitng qué trinh trich ly c6 s dung
enzyme va dung moi thi phai lya chon
nhiét d6 sao cho vira chon dugc nhiét
d6 ma ¢ d6 enzyme c6 thé hoat dong
tdi wu nhét lai vira v6i hop tinh chét
cua dung moéi dugc lya chon dé trich ly.
Duya vao dac tinh cua enzyme Cellulast
dugc st dung va dua vao dac tinh cua
dung méi dung dé trich ly 1a ethanol
nén cac muc nhiét do duoc khao sat:
45°C, 50°C, 55°C, 60°C,70°C. Két qua
cho thdy hiéu suat trich ly resveratrol
dat gia tri cao nhat ¢ nhiét d6 50°C 1a
83,83%. Nhiét do cao hon khong lam
tang ham lugng cua resveratrol duogc
trich ly ma con lam giam dan do &
nhiét do cao nay enzyme bi bat hoat.
Véi muc dich nang cao hiéu suét trich
ly resveratrol tir diy Gam chtng t6i lya
chon nhiét do trich ly 1a 50°C.
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3.2.4. Anh huéng ciia thoi gian téi
hi€¢u suat trich ly resveratrol.

D6i v6i nhimng qua trlnh xu ly co st
dung enzyme thi yéu to thcn gian cling
1a mot trong nhing yéu t6 duoc quan
tam dén vi thoi gian dai s& lam giam
kha nang chiu nhi¢t cia enzyme. Ngay
cd khi enzyme hoat dong & cac diéu
kién toi wu thi ciing chi thé hién hoat
d6 cao trong mot khoang thoi gian nhat
dinh. Vuot qua thoi glan nay thi hoat
I cua enzyme bi yéu dan va co thé bi
v6 hoat. Thoi gian anh huong dén ham
luong resveratrol va hiéu suat trich
ly cac hoat chat. Néu thoi gian trich
ly ngén, lugng cac hoat chat sinh hoc
khong trich ly hoan toan dan dén ham
hrorng resveratrol thu duoc thép, nhung
ncu thoi gian qua dai céc hoat chat s&
bi oxy hoa, chit luong va sb lugng cac
hoat chit s& giam. Dé tién hanh tim ra
khoang thoi gian xu ly enzyme thich
hop nhét chung t6i tién hanh khao sat
tur 40, 50, 60, 70, 80 phut.

Két qua thu duoc cho thdy trong
khoang thoi gian tir 40 - 60 phut thi
hiéu suét thu nhan resveratrol tang dan
dat cao nhit ¢ thoi gian 60 phit, sau
d6 ¢6 chiéu hudng giam dan. Do vay
chtng t6i lya chon thoi gian 60 phut dé
tién hanh cho céc thi nghiém tiép theo.

3.2.5. Anh huéng cia pH téi hiéu
sudt trich ly resveratrol.

pH moéi truong c6 anh huéng dén
muc do ion hoa cuia co chat va dén
d6 bén cua protein enzyme. Protein
enzyme co tinh chat ludng tinh. Cac
nhom axit hodc kiém cua enzyme déu
¢ kha ning ion hoa. Khi thay déi pH
cua moi truong phan ung, cic nhém
nay sé& lién két voi H+ hodc OH- do d6
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muc ion hoa ciia nhom axit hodc kiém
trong phan tr enzyme sé& bi thay doi.
Néu nhom dé déng vai trod 1a trung tim
hoat dong cuia enzyme thi sy tao thanh
lién két gifta enzyme-co chat sé& bi tic
ché, vi vy anh h—uong toi qua trinh
thuy phan. pH dung moéi 12 mot trong
nhirng yéu t6 anh huong dén phan tGng
ctia enzyme, mdi enzyme chi hoat dong
nhat dinh ¢ pH xac dinh goi 1a pH hoat
dong toi wu ctia enzyme. pH t6i uu cua
Cellulast & khoang 4.5-6. Ngoai ra, res-
veratrol thuoc nhom phenol - 1a nhiing
chét chéng oxy héa manh nén dé oxy
héa ¢ pH cao [5], & pH thap c6 thé tc
ché qua trinh oxy hoa cac hop chat
polyphenol va ham lugng thu dugc cao
hon. Vi vay dé nghién ctru x4c dinh
do pH thich hop cho qua trinh trich ly
resveratrol tir diy Gam, ching t6i tién
hanh thyc hién qua trich ly voi cac dich
trich ly & pH khac nhau lan luot 1a: 4,0;
5;5,5; 6,0; 7,0.

Khi tién hanh thay d6i pH cta moi
truong tir 4,0 d&én 7,0 két qua cho thay
hiéu suat ting dan va dat cao nhat & pH
5,5 vi day 1a pH t6i uvu dé cho enzyme
cellulase hoat dong, hi¢u sudt giam dan
khi pH ting dén 7, do ¢ pH nay méi
truong kiém 1am wc ché hoat dong cua
enzyme cellulase. Do vay chung t6i lua
chon pH cho thi nghiém la & pH=5,5.

3.2.6. Anh hwéng ciia téc do khuiy
t6i hiéu suit trich ly resveratrol.

Toc d6 khudy ciing 1a mot trong
nhitng yéu t6 quan trong anh hudng
dén qua trinh trich ly resveratrol tir day
Gam. Qua trinh khudy tron s& lam ting
kha ning tiép xuc giita enzyme va co
chat din dén 1am tang kha nang hoa tan
resveratrol vao ethanol. Do vy dé xéac
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dinh téc do khudy thich hop cho qua
trinh xur 1y cac tdc do duoc khao sat:
50, 100, 150, 200, 250 v/ph.

Qua két qua thu duoc cho thiy tdc do
khudy tron nguyén liéu khac nhau co
anh hudng khac nhau t6i hiéu suat thu
nhan resveratrol. Xét vé mat kinh té, dé
tai chon téc do khudy 150 vong/phut
cho céc thi nghiém tiép theo véi hiéu
sut trich ly dat 83,3%, phu hop vdi két
qué Lin va cs [3].

3.3.D4nh gia chat lugng ché pham
resveratrol tir diy Gim

Dich trich ly resveratrol trong diy Gam
sau khi duogc trich ly phuong phéap en-
zyme két hop voéi ethanol s& duoc tién
hanh tinh ché bang cach st dung dung
moi ethyl axetat. Ham luong resvera-
trol duoc phan tich bang phuong phap
HPLC. Sic ky d6 dugc thé hién ¢ hinh 3.
Két qua thu dugc cho thdy ché pham res-
veratrol tir diy Gam ¢ dang bot di duoc
lam giau, ham lugng resveratrol dat dugc
trong ché pham kho > 16%.

mAU
306nm, 4nm (1.00)

1/1.452

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

sveratra

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

R

U f T U f t f t t
0.0 0.5 1.0 15 2.0 2.5 3.0 3.5 4.0 4.5  min

Hinh 3: Pic chay HPLC ciia A: resveratrol chuin, B:Dich trich ly bang ethanol
C: Dich trich ly biang enzyme Cellulast + ethanol, D: Ché phim khé giau resveratrol

IV. KET LUAN

Két qua nghién ctru cho thay qua trinh
két hop st dung enzyme cellulast dé xur
1y nguyén liéu va sau d6 dung ethanol
dé trich ly resveratrol tir diy Gim s&
cho hiéu suét cao hon so vé6i nhitng quy
trinh chi ding mdi dung moi ethanol dé
trich ly. Enzyme cellulast dugc str dung

& ndng do 0,2% (w/w), nhiét do 500C,
trong thoi gian 60 phut, pH = 5,5, ty 1€
bd sung nguyén lidu/nudc:1/5, toe do
khudy150 vong/phut. Hidu suat trich ly
duogc tang tr 56,56% 1én 84,43%. Nhu
vay su dung enzyme Cellulast trong
qué trinh xir Iy ban dau s& 1am tang hiéu
suét trich ly resveratrol tir diy Gam.
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Summary

APPLYING ENZYME TECHNOLOGY TO IMPROVE RESVERATROL EX-
TRACTION EFFICIENCY FROM GENETUM MONTANUM

Resveratrol is a polyphenol compound with strong biological activity and can be
found in a wide variety of plant species, including polygomum cuspidatum, mulberry,
peanut, grapes, pomegranate and strawberry. Commercially, resveratrol is largely ex-
tracted from polygomum cuspidatum roots and grapes. With high resveratrol content
in its roots and trunk, Genetum montanum can also be considered as an alternative
source to extract resveratrol. In this research, we studied which factors determine the
efficiency of extracting resveratrol from Yen Bai Genetum montanum while applying
enzymatic methods. The extraction process made use a commercially available enzyme
called Cellulast from Aspergillus niger (sigma), under the following condition: cellu-
last concentration at 0.2 % (w/w), 50°C, 60 minutes reaction time, pH at 5.5, Genetum
montanum - to - water ratio at 1g per Sml and at 150 rpm. This process yields a resvera-
trol extraction efficiency rate of 84.43 %; a significant increase from 56.56% compared
to other non-enzyme methods. As a result, the study concluded that the efficiency of the
resveratrol extraction process from Genetum montanum can be improved by applying
cellulast enzyme.

Keywords: Genetum montanum, resveratrol, Cellulast enzyme, extraction efficiency.
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