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ABSTRACT

This study was conducted to investigate the application of cellulase
enzyme in the extraction of flavonoids from Houttuynia cordata
Thumb leaves and optimize the extraction conditions. Independent
variables, including enzyme concentration (25 - 100 pg/mL), temper-
ature (30 - 50°C), time (30 - 120 min) and ratio of raw materials to
enzyme (1:15 - 1:30 g/mL), were investigated. Extraction conditions
of flavonoids were designed according to Central Composite Design
- Uniform Precision (CCD), a response surface methodology using a
software JMP Pro version 13. The results indicated that the optimal
extraction conditions were found to be enzyme concentration (78.0
pg/mL), temperature (41°C), time (90 min), and the ratio of
material to the enzyme (1:26 g/mL). Under such conditions, the
highest content of flavonoids (24.04 + 0.05 mg/g, dry matter) was
obtained and validated. It can be concluded that the flavonoids can
be optimally extracted under the optimal extraction conditions with
assistance of cellulase.
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TOM TAT

Muyc tidu ctia nghién cttu nay nhim st dung enzyme cellulase trong
qué trinh trich ly flavonoids tit 14 diép ca (Houttuynia cordata
Thumb) vA t6i wu héa cac yéu t6 dnh hudng dén higu suat trich ly.
Cac thong sb dudc khao sat bao gdm: ndng do enzyme (25 - 100
pg/mL), nhigt do (30 - 50°C), thoi gian (30 - 120 phuat) va ti 1é gitta
nguyén liu: enzyme (1:15 - 1:30 g/mL). Diéu kién trich ly flavonoids
dugc t6i wu didu véi thiét ké kiéu CCD (Central Composite Design)
bing phuong phap bé mat dap tng, st dung phan mém JMP Pro
13. Két qua nghién cttu da xac dinh duge didu kién téi wu trich ly
flavonoids tir 14 diép c4, bao gdm ndng do enzyme (78,0 ng/mL),
nhigt do (41°C), thoi gian (90 phuat) va ti 1@ nguyén lieu: enzyme
(1:26 g/mL). Véi diéu kién trich ly t6i vu nay, ham lugng flavonoid

Flavonoid
Phuong phap bé miat dap tng

*Tac gia lién hé

Vit Thuy Anh
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1. Dat Van Dé

Diép ca (Houttuynia cordata Thumb) 1a mot
loai caly thdo moc, c6 miii tanh ctlia ca duge trong
rat phd bién & Viet Nam va mot s nudc Chau
A. Hien nay, diép ca dugc trong lam rau gia vi
hodc ding lam vi thuéc quy cho nhidu bai thudc
dan gian chita bénh. Chiét xuat ti diép ca da
dugc chimg minh c6 tic dung chéng lai cac bénh
bao gdm ung thu, tiéu duong, cac bénh ngoai da
va hoi chiing ho hap cap tinh ning (Miyata &
ctv., 2010; Du & ctv., 2012; Kumar & ctv., 2014).
Ngoai ra, cac chiét xut tit diép ca ciing c6 kha
nang khang khudn va khang vi rat nhu sét xuét
huyét (Sekita & ctv., 2016; Li & ctv., 2017; Verma
& ctv., 2017). Theo cac két qui nghién cttu so bo
dugce cong bd gan day, trong 100 g rau diép ca c6
chtta nude (91,5%), protid (2,9%), glucid (2,7%),
lipid (0,5%), cellulose (1,8%), calci (0,3 mg), kali
(0,1 mg), tién vitamin A (1,26 mg), va vitamin C
(68 mg). Hon nita, diép cé 1a loai rau rat thudng

dat dugc 1a 24,04 + 0,05 mg/g, vat chat kho.

duge st dung trong khau phan an hing ngay va
rat ré tién. DA c6 nhidu nghién citu vé trich ly
cac hop chat sinh hoc tir cac loai thuye vat nhu
flavonoids (Meng & ctv., 2006), polyphenols (Li
& ctv., 2014), alkaloids (Wang & ctv., 2008), va
essential oil (Djihane & ctv., 2017). Vi thé, trich
ly cac hop chét sinh hoc tit cay diép ca 1a rat can
thiét v& hitu ich cho viéc st dung vio nhidu san
pham thitc pham chiic ning v duge pham.

Tuy nhién, dé thu nhan va tng dung cac chat c6
hoat tinh sinh hoc, dic biét 13 flavonoids tit diép
cé4, mot van dé dat ra dé 1a lam sao dé tang cao
hiéu suat trich ly va thiét lap dugce didu kién trich
ly t6i wu. Trong s6 nhitng phuong phép thi trich ly
véi st phéi hop cia enzyme da dem lai nhiéu hiéu
qué cting nhu than thién véi moi truong (Vergara-
Barberan, 2015). Phuong phdp bé mat dap ting
(RSM, Response Surface Methodology) véi sy ho
trg clia cac phan mém xit 1y sb lisu da tré thanh
mot cong cu hitu ich gitp thyc hién nghién ctu
cidc qua trinh t6i wu héa da nhan t6, nhim tiét
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kiém thoi gian va chi phi (Myers & Montgomery,
2002).

Vi thé, nghién cttu ndy dudc thyc hién nhim
t6i wu hoa diéu kién trich ly flavonoids tir 1a diép
¢4 véi sy hd trg clia enzyme bang phuong phap
bé m#t dap ting.

2. Vat Liéu va Phuong Phap Nghién Cdu
2.1. Vat liéu
2.1.1. La diép ca

Nguyén lieu 14 diép ca, dudc mua & chg Dau
mbéi Tha Dic, Thanh phé Thi Dic, TP.HCM.
Nguyén lieu sau khi thu mua dugc van chuyén
nhanh vé phong thi nghiém (khong qua 1 gig) dé
tién hanh cac xtt 1y tiép theo. L& diép ca dudc rita
sach, lam kho & nhiét do phong. Sau dé, cdc mau
duge sdy kho & nhiet do 40°C dén khi do am dat
dugc 5 - 6%, nghién min v bdo quan trong bao
kin duge hit chan khong.

2.1.2. Héa chét

Cac hoa chat st dung trong phan tich bao gom
ethanol 96% (Trung Qudc), chat chuan Quercetin

(An Dd); enzyme cellulase (An Dg); CH3COOK
(Trung Qubc); va AlCl3 (Trung Qube).

2.2. B tri thi nghiém

2.2.1. Anh hudng ciia enzyme dén ham lugng
flavonoids

Déi v6i mau ngam va xit 1y enzyme: Can 3 g bot
diép ca cho vao Beaker 250 mL, sau d6 cho dung
dich enzyme cellulase vao bot diép ca véi nong do
100 pg/mL theo ti 1& 1/20 (w/v) trong 60 phut
& nhist do 40°C. Sau dé, tién hanh loc qua gidy
loc Whatman va tién hanh xac dinh ham lugng
flavonoids tong (TFC) ctia mau trich ly trong pha
nuée. Tiép dén, phan ba dugc trich ly tiép bing
dung moi ethanol 70% vdi tile 1/30 (w/v) trong
3 gio & nhiet do 60°C. Tién hanh loc va x4c dinh
TFC ctia mau trich ly trong pha cdn. Ham lugng
TFC tong la téng ham lugng ciia dich trich ly
trong nuéc va trong ethanol.

Déi véi miu khong xtt 1y enzyme: can 3 g bot
diép ca cho vao Beaker 250 mL, sau d6 cho dung
moi ethanol 70% vao dé trich ly trong thai gian
3 gid & nhiét do 60°C. Tién hanh loc va x4c dinh
TFC.

2.2.2. Thi nghiém t6i wu héa diéu kién trich ly

Phuong phap bé mat dap ting dugc lua chon dé
t6i wu hoa dicéu kién trich ly flavonoids tit 14 diép
c4 duéi sy hd trg clia enzyme cellulase. Ba thong
sd quan trong ciia qué trinh trich ly dudc nghién
cttu bao gom: Nong do (X)), nhiet do (X1) vatile
dung moi/nguyen lieu (X;). Thi nghiem duge bd
tri theo kiéu CCD-Uniform Precision vi ma tran
thi nghiém dugc xay dyng bing phan mém JMP
13 Pro. Trong cac nghién cttu tham do, ching t6i
da xac dinh dugc gia tri bién ciia cAc nhan t6
trich ly nhu trinh bay trong Bang 1. Trong s 20
thi nghiém dugc tién hanh c6 6 thi nghiem & tam.
M5 hinh toan hoc mé ta anh hudng clia cac bién
doc lap déi véi bién phuy thudc c6 dang ham da
thitc bac hai c6 dang téng quat nhu sau:

Y = ap + a1 Xy 4+ a:Xo + a3X3 + anX§ +
a2 X3 + agsX3 + a12X1 X + 213X X3 + 223X X3

Trong d6: Y; dai dién cho bién phu thudc, 1
ham lugng flavonoids téng, ag 1a hing sb, aj, aj,
ajj 1an lugt 1a cac he sb bac 1, bac 2 va sy tuong
tac. X, Xj 1a mic do cta cac bién doc lap.

Bang 1. Ma tran bd tri thi nghiem ma héa cac
bién doc lap

Yéu t6 LS
Noéng do
(X1, pg/mL) 50 75 100
Nhiét do
(X, °C) 30 40 50
Ti 1&¢ dung modi/nguyen lieu
(X3, v/w) 20 25 30

2.3. Phuong phap phan tich

2.3.1. Xay dung dudng chuin Quercetin

Pha dung dich quercetin 100 pg/mL trong con
80%. Tit dung dich chuan quercetin 100 pg/mL
tiép tuc pha ra cic dung dich c6 ndng do lan lugt
1a 75, 50, 35, 25, 12,5 pg/mL. Ung vé6i mdi nong
d6 dung dich pha loang hat 0,5 mL cho vio 6ng
nghiém sau dé thém vao 1,5 mL ethanol 95%, 0,1
mL AICl3 10%, 0,1 mL CH3COOK 1 M va 2,8
mL nudc cit. Lic déu dé yen & nhiet do phong
30 phit. Do mau & buée séng 415 nm, mau trang
thyre hien tuong tu nhung thay AlCl3 bing nuéc
cat.

Tt két qua & Hinh 1 cho thiy trong khoang
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nong do khio sat, do hap thu ting tuyén tinh
theo gia tri cia ham lugng flavonoids & buGe song
cuc dai 415 nm. Tit d6 phuong trinh dudng chuan
flavonoids dugc xay dyng la y = 0,0597x - 0,0146,
véi hé sb tuong quan R? = 0,9994.

0.7 -
056 1
05 1
04 4

y=0.0597x - 0.0146
R*=099%4

D6 hip thu (Abs)

0.3 -
02 -
0.1 4
0.0
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.\'émg @6 Quercetine (ng/mlL)

Hinh 1. Dudng chuin flavonoids tinh theo tuong
duong quercetin.

2.3.2. Xac dinh ham lugng flavonoid téng (TFC)

Theo Chang & ctv. (2001) flavonoids téng
duge xac dinh theo phuong phap quang phd theo
nguyén tic: Flavonoids tao phtic mau vang véi
dung dich AlCl3. Cudng do mau ti 1é thuan véi
ham lugng flavonoids duge xac dinh 6 buée séng
415 nm. Quercetin duge ding lam chat chuan
tham chiéu. LAy 0,5 mL dich chiét rau diép da
dudc pha loang thich hgp cho vio 6ng nghiém sau
d6 them vao 1,5 mL ethanol 95%, 0,1 mL AlCl;
10%, 0,1 mL CH3COOK 1M va 2,8 mL nuéc cét.
Lic déu dé yen & nhiet do phong 30 phit. Do mau
G bude song 415 nm. TFC trong miu dugce tinh
nhu sau:

TFC:axVxn

x 1073 (mg/g, vck)

Trong do:

a: ham lugng flavonoid xac dinh tir dudng
chuan (pg/mL)

V: tong thé tich dich chiét (mL)

n: hé s6 pha loing

m: khdi lugng mau (g)
2.4. X1¥ li s lidu

Céac thi nghiem duge 1ap lai 3 1an. Két qua trinh
bay la gi4 tri trung binh + do léch chuan. Dit
lieu duge kiém tra bang phan mém Statgraphics
Centurion XVI (Statgraphics Technologies, Inc.,

Virginia, USA). Phan tich phuong sai (ANOVA)
va chénh lech it ¢6 § nghia nhat (LSD) dugce thue
hién so sanh gia tri trung binh 6 mic 0,05. S6
lieu t6i wu dugc thiét ké va phan tich bang phan
mém JMP Pro version 13.

3. Két Qua va Thao Luan

3.1. Anh huéng ctia enzyme dén ham lugng
flavonoids

Két qua thi nghiém anh hudéng clia enzyme cel-
lulase dén ham lugng TFC duge thé hién ¢ Hinh
2. Két qua x1t Iy thoéng ké cho thiy mau bot diép
cé khi trich ly flavonoid c¢6 st dung enzyme cel-
lulase tang dang ké so v6i mau khong c6 sy hd
trg ctia enzyme (P < 0,05). Cu thé, ham lugng
TFC dat duge khoang 10,68 (mg/g, vck) d6i véi
mau c6 sy hd tr¢g cliia enzyme cellulase, trong
khi ham lugng nay ctia mau khong c6 sy hd trg
ctia enzyme (méau doi chiing) chi dat khodng 65%
(6,98 mg/g, vck). Hay néi cach khac, ham lugng
flavonoid trong mau c6 xit 1y enzyme cao gap 1,53
lan so mau trich ly khong sit dung enzyme. Nhu
vay, st dung enzyme da hé trg tich cyc dén dén
higu suat trich ly flavonoids tir 14 diép ca, va dugc
st dung cho céac nghién ctu tiép theo.

a

3
» 10 A
o
Py
b
=
P
g 4
L
=

bl

0

Co enzyme Mau d6i chimg

Hinh 2. Anh huéng clia enzyme ham lugng
flavonoids thu dugc trong dich trich ly. TFC: Ham
luong flavonoid tdng.

3.2. Anh huéng ciia thsi gian x& ly enzyme

Dura vio két qua xit Iy thdng ké vi Hinh 3 cho
thady 4nh hudng clia thoi gian xit 1y enzyme dén
ham lugng TFC tdng c6 ¥ nghia vé mit théng
ke (P < 0,05). Khi ting thoi gian xi 1§ enzyme
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tit 30 phit dén 90 phit thi ham lugng TFC téng
tang tir 20,39 (mg/g, vck) dén 22,32 (mg/g, vek).
Cu thé, ham lugng TFC tong cao nhat 13 22,32
(mg/g, vck) khi thoi gian thuy phan 90 phiat va
thap nhat la 20,39 (mg/g, vck) trong 30 phit.
Tuy nhién, khi tang thoi gian lén dén 120 phit
thi higu suat thu hoi TFC téng c6 khuynh huéng
gidm. Vi sau khi x@ Iy enzyme doi héi phai can
mot khodng thoi gian nhat dinh dé enzyme tién
hanh phan cét cellulose & thanh té bao thuc vat,
tao diéu kién cho dung méi dé dang khuéch tan
va hoa tan cac chit, sau d6 khuéch tan ra beén
ngoai gép phan lam tang hiéu suit trich ly, sau dé
thi ham lugng TFC t6ng khong ting nita. Dong
thoi, thoi gian kéo dai sé hoa tan cic chat khong
mong mudn lam anh hudng dén qua trinh trich ly
(Hahn & ctv., 2012; Hoang & Le, 2020). Do vay,
thaoi gian thuy phan thich hgp 1a 90 phit va duge
c6 dinh cho céc thi nghiém tiép theo.

3.3. Anh huwéng ciia néng d6 xiit ly

Hinh 4 trinh bay sy thay déi ctia ham lugng
TFC tong khi thay ddi nong do enzyme xit 1y,
tir nong do 25 dén 100 pg/mL. Két qui cho
thay nong do enzyme anh huéng dén ham luong
flavonoids téng va c6 ¥ nghia vé mat théng ke
(P < 0,05). Khi tang nong do enzyme cellulase
tit 25 dén 75 pg/mL thi ham lugng TFC tdng
tang tir 19,38 dén 21,25 (mg/g, vck), nhung khi
tdng nong enzyme dén 100 pg/mL thi ham lugng
TFC ting khong dang ké. Hay néi cach khac, khi
tang nong do enzyme thi ham lugng TFC tang,
tuy nhién khi ting ndng do enzyme dén mot miic
nhét dinh thi ham lugng TFC khong ting nita va
¢6 khuynh huéng tiém can ngang. Nguyén nhan
13 do co chét trong miu nén hiéu suit phan cit
giam, dan dén hieu suét trich ly tang khong dang
ké (Puri & ctv., 2012). Vi thé, khoang nong do
enzyme thich hgp cho trich ly flavonoids téng tit
14 diép c4 l1a tit 50 dén 100 pg/mL va duge tién
hanh t6i wu cho thi nghiém tiép theo.

3.4. Anh hudng cta nhiét do xit Iy

Dua vao két qud Hinh 5 cho thdy anh huéng
clia nhiét d6 dén ham lugng TFC toan phan thu
dugc 1a ¢6 ¥ nghia (P < 0,05). Khi tang nhiét do
tr 30°C dén 40°C, ham lugng TFC ting tir 20,71
dén 21,54 (mg/g, vck), khi ting nhigt do t6i 50°C
thi ham lugng TFC tang khong dang ké (P >
0,05). Nguyén nhan la vi enzyme la mot phan ti
sinh hoc c¢6 ban chat 1a protein, do dé nhiét dé c6

anh hudéng rat 16n dén hoat dong xic tac chuyén
hoéa co chat ciia enzyme; néu nhigt do khong du
cao, trung tam hoat dong clia enzyme sé khong
thé hoat dong dudc tét nhit vd kha niang phan
cat mach cellulose khong dat higu qua cao. Ngoai
ra, néu nhiét d6 cao sé pha hity cau triic bac 4 clia
enzyme gay bat hoat va lam méat hoat tinh xic tac
cua enzyme. Do enzyme c6 mot khodng nhiét do
hoat dong t6i wu nhat dinh, thong thudng & nhiet
do qué thap (dusi 30°C), hoat lyc ciia enzyme
13 thap. Vi vay, trong cac thi nghiém t6i wu tiép
theo khoang nhiét do thich hgp cho hoat dong cta
enzyme dudc lia chon 14 30 dén 50°C dé danh gia
sy tuong tac véi cac yéu t6 khac.

3.5. Anh hudng cuaa ti 1€ nguyén liéu va dung
moi

Két qua Hinh 6 cho thiy ti lé nguyén lieu
va dung moi c6 anh hudng c6 ¥ nghia théng ké
dén ham lugng TFC téng trong dich trich ly (P
< 0,05). Khi tang ti le tang ti 1:15 dén 1:30
(w/v) thi ham lugng TFC tang tir 20,67 dén 23,71
(mg/g, vck). Ti lé nguyén lieu v dung moi tang
thi ham lugng TFC tong tang, nhung tit ti 1e 1:25
trd di thi ham lugng TFC tang khong dang ké (P
> 0,05) va c¢6 khuynh huéng tiém can ngang. Béi
vi, khi ti lé thé tich dung dich enzyme cellulase
tang thi dién tich bé mit tiép xic gitta enzyme
va cd chat cang 16n, khi ti 1& qua thap thi en-
zyme khong du tiép xic va tuong téc v6i co chat
lam gidm kha ning phan cit mach cellulase giam
(Truong & ctv., 2015). Khi ti lé thé tich qua cao,
thi co chit va enzyme bi pha lodng, 1am giam kha
ning thuy phan ctia enzyme, dan dén TFC thu
dugc thap. Tu két qua nay, ti lé enzyme thich hop
cho thi nghiém t6i wu ho4 tiép theo 1a 1:20 dén
1:30 (w/v).

3.6. Tbi wu héa cac diéu kién trich ly

Tit cac thi nghiém don & phia trén, cac diéu
kién trich ly v6i sy hd trg enzyme cellulase, bao
gdm nodng do, nhiet do va ti 1é nguyen liéu: dung
moi, duge chon cho nghién ctu téi wu didu kién
trich ly sao cho ham lugng TFC thu dudc la cao
nhit. Cac khodng thich hop clia cic yéu té nay
dudc trinh bay 6 Bang 1. Thi nghiém t6i vu dugc
thiét ké theo kiéu CCD béang phuong phap RSM
va két qud ham lugng TFC trong dich trich ly
khi thyc hién cac thi nghiém t6i wu dudc trinh
bay qua Bang 2. Két qua phan tich phuong sai
(ANOVA) da xac dinh duge mo hinh da thic bac
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Hinh 3. Anh huéng ctia thai gian dén ham lugng flavonoid téng (TFC) toan phan.
Cac gia tri trung binh c6 ky tu khac nhau thé hién sy khac biét c6 ¥ nghia théng ké & miic do tin cay 95%.
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Néng d6 enzyme (pg/mL)

Hinh 4. Anh huéng ctia néng do enzyme Cellulase dén ham lugng flavonoid téng (TFC) toan phan.
Cac gia tri trung binh c6 ky tu khac nhau thé hién sy khac biét c¢6 ¥ nghia théng ké & miic do tin cay 95%.

2 ¢6 thé sit dung dé mo ta cac s6 lieu thuce nghiem
v6i he s6 R? cao (0,96). Cac gia tri dy doan tuong
db6i phi1 hop véi cac gia tri thye nghieém thu duge
tur thiét ké RSM (Bang 2). Ngoai ra, két qua xit

Iy ANOVA cho thdy mo hinh hdi quy bac 2 c6
¥ nghia théng ke (P < 0,001). Do d6, c6 thé két
luan mo6 hinh thu duge c6 thé sit dung dé mo ta
anh huéng ciia cac diéu kién trich ly (ndng do,
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Hinh 5. Anh hudng ctia nhiét do dén ham lugng flavonoid téng (TFC) toan phan.
Céc gia tri trung binh c6 ky tu khac nhau thé hién sy khac biét c¢6 ¥ nghia théng ké & mic do tin cay 95%.
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-
[=T1]
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Hinh 6. Anh hudng ciia ti lé nguyen ligu/dung méi dén ham lugng flavonoid téng (TFC) toan phan.
Céc gia tri trung binh c6 ky tu khac nhau thé hién sy khac biét c¢6 ¥ nghia théng ké & mic do tin cay 95%.

nhiét do va ti 1é nguyeén liéu so véi dung moi) dén
ham lugng flavonoids tdng trong dich trich ly.

Y nghia clia céc he sé clia mo hinh da thic bac
hai duge xac dinh bing cach sit dung ti 16 t (t

ratio) va gia tri P (muc y nghia) va dugc liét ke
trong Bang 3. Gia tri ti 1é t 16n hon va gia tri P
nho hon cho thay &nh huéng dang ké hon dén cac
bién tuong ting (Amin & Anggoro, 2004). Theo
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Bang 2. Ham lugng flavonoid tdng (TFC) theo thuc nghiém va dit doan tit mé hinh thiét ké

P o a Nong do Nhiet do Ti le Ham lugng TFC (mg/g, vck)
Thi nghiem (X4, pg/mL) (X3, °C) (X3, w/v) Thuc nghiém Dy doan
1 75 40 30 22,89 23,06
2 75 40 20 92,19 99,58
3 50 50 30 21,18 20,85
4 75 40 25 93,67 93,54
5 75 40 25 23,74 23,54
6 75 50 25 21,98 92,73
7 50 40 25 22,01 92,19
8 50 50 20 21,03 21,03
9 100 50 20 20,60 20,17
10 75 40 25 23,86 23,54
11 100 30 30 21,65 21,51
12 75 30 25 99,47 99,97
13 75 40 25 23,72 23,54
14 100 40 25 22,27 22,65
15 75 40 25 93,70 93,54
16 100 50 30 21,48 21,48
17 50 30 20 20,22 20,08
18 75 40 25 23,68 23,54
19 50 30 30 19,45 19,74
20 100 30 20 20,16 20,35

?Cac thi nghiéem dugc thuyc hién ngau nhién .

két qua Bang 3, c6 thé thay ring yéu td c6 anh
hudéng 16n nhat dén ham lugng TFC 1a hé sb bac
2 ctia X; (nong do) va X, (nhiet do), ké dén la
he s6 bac 2 ctia X3 (ti 16 nguyen ligu so véi dung
moi) va he s6 tuong tac ciia Xy va X3. Khi xét he
s6 bac 1 clia phuong trinh hdi quy thi cac yéu t
khéo sat khong &nh huéng dang ké dén ham lugng
TFC. Khong c6 sy tuong tac c6 ¥ nghia théng ké
gitta yéu t6 ndng do va nhiét do, va nhiet do va
tile (P > 0,05).

Dé xéac dinh mitc t6i wu clia cac yéu té doc lap
dén TFC toéng, cac do thi bé mit 3D va dudng
dong miic 2D da duge thé hien ¢ Hinh 7 (a, b,
¢). D6 thi bé mit dap tng cho thay mdi quan he
gitta cac yéu td doc lap va flavonoids, trong khi
dudng dong mic gitp hinh dung hinh dang cia
bé mit dap tng. Do d6, dya vao cac do thi gitp
ich trong viéc danh gia sy phut hgp ctia moé hinh
(Bag & Boyaci, 2007).

Hinh 7a cho thiy anh hudng clia ndng do va
nhiét do dén ham lugng TFC trong dich trich ly.
Nhin chung, 6 nhigt do ¢ dinh (40°C), khi tang
nong do enzyme xit Iy thi ham luong flavonoids
tang va dat cuc dai  nong do khoang 78 ng/mL.
Sau d6 gidm dan khi ting ndong do enzyme xit ly.
O nong do enzyme xit 1y khong ddi (70 pg/mL),

Bang 3. He s6 hdi quy va ti 1& t (t ratio)
clia phuong trinh t6i wu dy doan ham lugng
flavonoid téng (TFC)

Hé s6 hoi quy® t ratio
ag 23,543 < 0,0001***
Bac 1

al 0,228 0,1051

ag 0,231 0,1007
as 0,245 0,0846
Bac 2

all - 1,126 0,0010**

ago - 1,042 0,0016**

ass - 0,723 0,0141*
Tuong tac

aig - 0,284 0,075

ais 0,37 0,0257*

a3 0,04 0,7931
R2 0,96

*P < 0,05, **P < 0,01, ***P < 0,001.

®ag 1a hing sb, ai, aii, aij 1an lugt 1& cac hé s6 hdi
quy bac 1, 2 va tuong tuong trong phuong trinh bac
2.

ham lugng flavonoids téng tang khi nhiet do xit 1y
tang va dat cyc dai & nhiét do 41°C, sau do6 giam
dan khi tiép tuc tang nhiét do x@ ly. Khuynh
huéng nay cting tuong tu nhu thi nghiém so bo
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Hinh 7. Bé miat dap tng 3D va dudng ddng mic 2D biéu dién anh hudng ciia cic yéu t6 (ndng do, Xi;
nhigt do, X2 va ti 1&g, X3) dén ham lugng flavonoid téng (TFC).

trude d6 (Muc 3.3 va 3.4). Két qua Béang 3, cho
thay khong c6 su tuong tac c6 ¥ nghia théng ke
gitta nong do va nhiet do xi Iy (P > 0,05).

Két qua Hinh 7b cho thay, ham lugng TFC
tang lén khi nhiet do xi Iy tang lén va dat cuc
dai 6 41°C khi ti 1é gitta nguyén liéu va dung moi
¢6 dinh ¢ miic 1:25 (w/v). O nhiet do xit 1y ¢6
dinh n&do do6, ham lugng TFC dat cyc dai khi nhiét
do xtt 1y 1a 41°C. Ngoai ra, két qua xit Iy théng
ké cho thiy khong c6 sy tuong téc gitta nhiét do
xtt 1y va ti 1é gitta nguyeén ligu va dung moi (P >
0,05).

Két qua xit ly thong ke (Bang 3) va Hinh 7c
cho thiy c6 sy tuong tac gitta nong do enzyme
xtt Iy va ti 1é gita nguyeén lieu v dung moi (P <
0,05). Khuynh huéng anh hudng hudng ctia nong
do va ti 1é cling tuong tu nhu Hinh 7a va 7c.

Muyc tiéu clia nghién cttu ndy nhim xac dinh
céc diéu kién trich ly t6i wu, do d6 phuong phap
t6i vu hod da dugc thyc hién bing phan mém
JMP. Két qua md hinh téi uwu la ham lugng
flavonoids t6ng thu dugc cao nhat trong dich trich
ly. Két qua Hinh 8 cho thay gia tri Iy thuyét toi
wu ciia ham lugng flavonoids tong (23,59 mg/g,
vek) dat duge trong diéu kien trich ly t6i wu la
nong do 78 ng/mL, nhiet do 41°C va ti ¢ nguyen
lieu so v6i dung moi 1a 1:26 (w/v).

Hon nita, viéc so sanh gita cac gia tri dap tng
duge du doan va do ludng 1 mot cach dé thiét
lap muc do chinh xac ctia md hinh moé td qua
trinh trich ly dugc nghién cttu. Do d6, mot thi
nghiém (v6i ba lan lip lai) da duge thyc hién &
cac diéu kien t6i vu. Két qua théng ké cho thiy
khong c6 khéac biet dang ké gitta gia tri du doan
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Hinh 8. M6 hinh dy doan ham lugng flavonoid téng (TFC) 1a mot ham clia ndng d6, nhigt do va ti 1g gita

nguyén liéu va dung moi.

va do ludng ctia ham lugng TFC téng. Ham lugng
flavonoids téng ctia thi nghiém tham tra dat 24,04
+ 0,05 (mg/g, vck). Diéu nay co6 thé thay ham
lugng TFC do duge phu hgp véi cac gia tri duge
dur doan bing m6 hinh hdi quy bac 2. Nhu vay, c¢6
thé sit dung phuong trinh bac hai dé du doan ham
lugng flavonoids téng trong cac diéu kien trich ly
t6i wu. Hay néi cach khac, phuong phap tdi wu
héa bé mit dap tng doéi véi cac didu kién trich ly
flavonoids tir 14 diép cé c6 gia tri thyc tién.

4. Két Luan

Qua trinh trich ly flavonoids tit 1a diép ca co
hiéu qué khi sit dung enzyme cellulase trong thoi
gian 90 phut. Nghién cttu da xay dung duge mo
hinh todn hoc m6 ti dnh hudng clia cic yéu tb
trich ly (ndng do enzyme, nhiét do va ti e nguyéen
lieu/dung moi) dén ham lugng flavonoids tir 14
diép ca. Cac gia tri t6i wu dé chiét tir la diép
ca nhu sau: nong do enzyme 78 pg/mL, nhiet do
41°C va ti 1é nguyén liéu : enzyme 1a 1:26 g/mL.
Tai didu kién trich ly t6i wu, ham lugng flavonoids
thu duge 1a 24,04 mg/g vat chat kho. T két
qua nay cé thé khang dinh tiém ning st dung
la diép ca nhu mo6t nguodn chiét xuit flavonoids
tu nhién véi hiéu suat cao dé nang cao kha ning

ting dung trong linh vitc thyic pham chitc nang va
dugc pham.
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Nhém téc gid tuyén bd khong c6 bat ky mau
thuin nao gitta cac tac gia.
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