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TOI UU HOA QUY TRINH CHIET XUAT POLYPHENOL VA FLAVONOID

TU LA HONG BANG PHUONG PHAP XU LY ENZYM KET HQP CHIET NUOC
Lé Minh Khwong, Lé Hoang Vii, Huynh Hong Nha Uyén, Nguyén Thi To Uyén, Trin Thi Hoai Linh,
Trinh Thi Diép*
Truong Dai hoc Pa Lat
*Email: dieptt@dlu.edu.vn
09/7/2026 Chﬁ'lp nhén dang: 03/8/2026
Tém tit

Nghién ctru nhim xay dyng va t6i uu hoa quy trinh chiét xudt polyphenol va flavonoid tir la hong (Diospyros kaki Thunb.)
béng nudc két hop xtr Iy nguyén liéu véi enzym Viscozyme L. Qua trinh tbi wu hoa dugc thuc hién bing phuong phap bé mat dap
{ng (RSM). Piéu kién téi vu gdm xir ly voi Viscozyme L 0,05% (w/w) & 39°C trong 2 gidr 48 phiit va chiét & pH 10,2, 94°C trong
30 phut. Thi nghiém kiém chimg thu dugc ham lugng polyphenol toan phan dat 2,75 g GAE/100 g chat khé va flavonoid toan
phan dat 2,99 g QE/100 g chat kho, phi hop véi gia tri dw doan cia mé hinh. Quy trinh c6 tiém ning tmg dung & quy mé pilot.

Tir khéa: Diospyros kaki; Polyphenol; Flavonoid; Viscozyme L; Chiét xudt bang nudc; Phirong phdp bé mdt ddp tmg.

Summary
Optimization of the Extraction Process of Polyphenols and Flavonoids from Persimmon Leaves (Diospyros kaki Thunb.)
by Enzyme Pretreatment Combined with Alkaline Aqueous Extraction

An enzyme-assisted aqueous extraction process for polyphenols and flavonoids from persimmon (Diospyros kaki Thunb.)
leaves was optimized using Response Surface Methodology. The optimal pretreatment conditions were 0.05% (w/w) Viscozyme
L, 39°C, and 2 h 48 min, followed by extraction at pH 10.2, 94°C, for 30 min. Under these conditions, the extract contained 2.75
g GAE/100 g dry weight of total polyphenols and 2.99 g QE/100 g dry weight of total flavonoids. The experimental values were
consistent with the model predictions, demonstrating the validity of the optimization. The developed process offers a simple,
environmentally friendly strategy for producing polyphenol- and flavonoid-rich extracts from persimmon leaves with potential for
pilot-scale application.

Keywords: Diospyros kaki; Polyphenols; Flavonoids; Viscozyme L; Aqueous extraction; Response surface methodology

Nhan bai:

1. Pt van dé

Hong (Diospyros kaki Thunb.) thudc chi
Diospyros, ho Ebenaceae, 1a loai cdy an qua duogc
trong phd bién tai cac ving on déi va can nhiét déi
DPong A. Bén canh gia tri kinh té cta qua, 1a hong
tur lau da duoc st dung lam duoc li¢u trong y hoc
cb truyén cia Trung Qudc, Han Qudc va Nhat Ban
nhd chira nhiéu hop chit co6 hoat tinh sinh hoc
[1],[2]. Thanh phan hoa hoc ciia 14 hong bao gém
cac hop chat phenolic (flavonoid, acid phenolic,
tannin, stilben, lignan va coumarin), terpenoid va
polysaccharid [1],[2],[3],[4], trong do6, polyphenol
va flavonoid 14 hai nhém hop chat duoc quan tim
nhiéu nhit do c6 ham luong cao va déng vai tro
quan trong trong cac hoat tinh chdng oxy hoéa,
chéng viém, bao vé than kinh va hd trg phong ngira
mot s6 bénh man tinh [1],[2],[4],[5].[61,[7].[8L[9]-
Hiéu qua chiét xuat cac hop chét polyphenol va
flavonoid phu thudc dang ké vao phuong phap
chiét va diéu kién xir Iy nguyén liéu. Nhiéu nghién
ctru da t6i wu hoa qua trinh chiét cac hop chat nay
tir 14 hong bang cach khao sat anh hudong cua dung
mdi, nhiét do, thoi gian chiét hodc phuong phéap
sy nguyén li¢u [10],[11]. Tuy nhién, ciac nghién

ctru chu yéu tap trung vao viéc t6i uvu hoa riéng 1é
cc diéu kién chiét ¢ quy mo phong thi nghiém.
Viée két hop xu 1y nguyén li¢u bang enzym nhim
phé v& cau trac thanh té bao dé nang cao hiéu qua
chiét, dong thoi t6i uu hoa toan by quy trinh chiét
nuée kiém hudng t6i kha ning mo rong & quy mod
pilot, van con it dugc nghién ctru ddi véi 14 hong.
Trong khi d6, phuong phap chiét bang kiém da
gitp thu hdi tir 20-27% polyphenol tir vé cdy van
sam [12], déng thoi didu ché dugc cac hop chat
phtic phenolic s¢ hitu hoat tinh sinh hoc gia tri nhu
khang HIV, chdng viém va chdng oxy hoa tir 14 cay
Sasa [13]. Tinh kha thi trong Gng dung cong nghiép
dugc khang dinh qua viéc trién khai thanh cong &
quy mé 16n véi quy trinh chiét kiém-tia acid cho
rutin dat hiéu sudt cing do tinh khiét cao [14].

Lam Pong 1a ving trong hong 16n cua Viét Nam
v6i san luong qua cao hing nim. Trong qua trinh
thu hoach, 14 héng hau nhu chua dugc khai thac
mic du day 1a ngudn sinh khéi doi dao va giau cac
hop chét c6 gia tri sinh hoc. Viéc xdy dung quy
trinh chiét xuét str dung nudce két hop xur ly enzym
khong chi gép phin tin dung ngudn phu phiam
néng nghi¢p ma con phu hop véi xu hudng phat
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trién cac quy trinh cong nghé xanh, an toan va than
thién véi moéi truong. Nghién ciru nay ung dung
ché phidm da enzym Viscozyme L (phic hop
cellulase, hemicellulase, xylanase va pectinase) dé
pha v& cau trac thanh té bao va giai phong cac hop
chat phenolic lién két. Bing viéc ing dung phuong
phap bé mat dap tng (RSM), cac diéu kién tién xir
Iy Viscozyme L va chiét xuét bang nuoc da duogc
t6i wu hoa huéng téi thu hoi t6i da ham luong
polyphenol va flavonoid, tao co s& cho viéc hoan
thién va mo rong quy trinh & quy mo pilot.

2. P6i twong va phwong phap nghién ciu

2.1. Péi twong nghién ciiu

Dbi twong nghién ctru 13 14 hdng (Diospyros kaki
Thunb.) thu vao 31/10/2023 tai vuon hong Tram
Hanh, Pa Lat, Lam Déng va dugc TS. Luong Van
Diing, Trung tam nghién ctru da dang sinh hoc va
Bién d6i khi hau, Truong DPai hoc Pa Lat giam
dinh tén khoa hoc. Mau 14 tuoi sau khi thu vé duoc
sdy kho trong ti sdy & 60°C dén do am < 8%. Mau
duogc xay bang may xay VN - 2000Y va rdy qua hé
thng rdy tiéu chudn thu dwoc bdt min co kich
thude hat trong khoang 0,25-0,50 mm. MAu nghién
ciru duoc luu tai Khoa Hoéa hoc va Moi truong,
Truong Pai hoc Pa Lat.

2.2. Phuong phap nghién cuu

a) Pinh hrong polyphenol va flavonoid tong sé

Ham luong polyphenol toan phin (Total
Polyphenol Content - TPC) va flavonoid toan phan
(Total Flavonoid Content - TFC) duoc xac dinh
truc tiép trén cac dich chiét thu duogc tir cac thi
nghiém xir Iy enzym va chiét nudc.

TPC dugc xac dinh bang phuong phap do mau
dung thude thir Folin-Ciocalteu (Merck), ddi chiéu
v6i chat chuan acid gallic (dang monohydrat, do
tinh khiét 98,0%, HiMedia Labs, India) theo
Singleton va cs. [15]. Dung dich chuan acid gallic
(10-100 pg/mL) duogc sir dung dé xay dung duong
chuin. Mdi dung dich chuén hodc mau tht (1,0 mL)
dugc phan Gng voi 5,0 mL thuc thtr Folin—
Ciocalteu 10%; sau 3—8 phiit b6 sung 4,0 mL dung
dich NaxCO3 7,5%, u ¢ nhiét d0 phong trong 45
phit va do do hap thy quang tai 751 nm trén may
quang pho (UV-Vis-750-Jasco 2019). Két qua
duoc biéu thi dudi dang g dwong lugng acid gallic
(Gallic Acid Equivalent — GAE) trén 100 g nguyén
liéu 14 hong kho tuyét ddi (g GAE/100 g DW).

TFC dugc xac dinh bing phu’orng phap tao phuc
v6i AICl; dbi chiéu voi chat chuan quercetin (46
tinh khiét 97%, cong ty TNHH Cong nghé sinh hoc

Nam Kinh, Trung Quéc) theo quy trinh cia Chang
va cs. [16]. Dung dich chuin quercetin (50—1000
ng/mL) duoc sir dung dé xay dung duong chuin.
Mdi dung dich chuan hodc mau thir (1,0 mL) lin
luot duge bo sung 0,3 mL NaNO, 10%, sau 5 phut
thém 0,3 mL AICl; 10%, sau 6 phit bd sung 2,0
mL NaOH 1 M, dinh mtrc dén 10 mL b?ing nudc
cat va do do hip thu quang tai 510 nm. Két qua
dugc biéu thi duéi dang g dwong luong quercetin
(Quercetin Equivalent — QE) trén 100 g nguyén
lidu 14 hong khé tuyét dbi (g QE/100 g DW). Mbi
phép phén tich duoc thuc hién ba lan.

b) Khao sat diéu kién xir Iy nguyén liéu bang
enzym va chiét xudt & pH kiém

Anh huéng cua viée xt 1y trudc nguyén lidu
bang enzym Viscozyme L (Sigma — Aldrich) va
cac diéu kién chiét xuat dén ham lugng polyphenol
va flavonoid trong dich chiét dugc khao sat theo
phuong phép thay ddi timg yéu t6. Mdi thi nghiém
str dung 2,00 g bot 14 hdng véi 20 mL nuée, chiét &
90°C. Thi nghiém tham do viéc xr 1y trudc nguyén
liéu voi Viscozyme L (0,1 mL, 40°C, 2 gio) dugc
thuc hién song song v&i mau 14 khong xir Iy enzym.
Qua trinh xur ly Viscozyme L dugc thyc hién & pH
tu nhién cua hon hop 14 hong trong nude (pH 5,3 -
5.4), day ciing 1a khoang pH tbi wu cho hoat tinh
xuc tdc cua Viscozyme L (pH 4,5 - 5,5) theo
khuyén cao cua nha san Xuét.

Céc yéu t6 khao sat so bo diéu kién chiét kiém
gém pH dung méi (7-12) va thoi gian chiét (30—
120 phut). pH cia dung méi nudc duge didu chinh
dén céc gia tri khao sat bang dung dich NaOH 1M.
Gia trj pH duoc kiém soat va do chinh x4c bing
thiét bi do pH dé ban (pH 720 WTW, Dirc). Sau
khi chiét, dich chiét dugc loc va x4c dinh TPC va
TFC theo phuong phap néu & Muc 2.2.a.

¢) Toi wu héa diéu kién xir Iy nguyén liéu b&ng enzym

Qu4 trinh t6i wu hoa cac diéu kién chibt xuit
duoc thiét ké va phan tich béng RSM dua trén ma
tran thyc nghiém Box-Behnken theo Myers va cs.
[17], str dung phan mém Design-Expert 12. Ba yéu
t6 khao sat gom ty 1¢ enzym (0,01-0,10%), nhiét
dou (3(%50°C) va thoi gian U (24 gio) (Bang 1).
Sau khi két thuc thoi gian o xur Iy enzym, hdn hop
dugc chuyén ngay sang giai doan chiét nudc 0
90°C. Nhiét do cao nay vira dong vai tro chiét xuét
vira thuc hién bat hoat hoan toan ché phérn
Viscozyme L. Gia tri TPC va TFC cuia dich chiét
duoc str dung lam cac bién dap tmg dé xay dung
md hinh hdi quy va x4c dinh diéu kién xtr 1y t&i uu.
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Bing 1. Cic mirc khao sét trong thiét ké tdi uu hoa qua trinh xir Iy bang Viscozyme L.

Ky hiéu Yéu t6 khio sit Pon vi Miic -1 Miic 0 Mikc +1
A Ty 1¢ enzym % 0,01 0,05 0,10
B Nhiét d6 1 °C 30 40 50
C Thoi gian 1 h 2 3 4

d) Toi wu héa diéu kién chiét meée

Sau khi xac dinh dugc diéu kién xir Iy enzym toi
uu, qua trinh chiét nude duoc tdi wu bé'mg RSM véi
ba yéu t& gdm pH dung mdi (7—11), nhiét do chiét
(75-95 °C) va thoi gian chiét (30-90 phut) (Bang
2). Cac thi nghiém duogc thyc hién trén nguyén li€u

dd xir Iy enzym theo diéu kién téi wu. Piéu kién
chiét & nhiét d6 cao dong thoi dong vai tro bét hoat
enzym. Gia tri TPC va TFC cuia dich chiét dugc sir
dung 1am bién dap tmg dé xay dung m6 hinh, xac
dinh diéu kién chiét t6i wu va kiém ching mé hinh
bang cac thi nghi¢m xac nhan.

Bing 2. Cac mirc khao sat trong thiét ké t6i uu hoa qua trinh chiét nuée.

Ky hiéu Yéu t6 khio sit Pon vi Miic -1 Miic 0 Miic +1
A pH — 7 9 11
B Nhiét do chiét °C 75 85 95
C Thoi gian chiét phut 30 60 90
e) Xir Iy 56 liéu Phuong phap phan tich d4 dwoc tham dinh d6 tin

Céc sO litu dugc biéu dién dudi dang gia tri
trung binh £ d¢ 1éch chuén cua ba lan lap. Phan
tich phuong sai (ANOVA), xdy dung md hinh hoi
quy va tdi uu hoa cac diéu kién xur 1y enzyme ciing
nhu chiét nudc duoc thyc hién bang phin mém
Design-Expert 12. Céc s6 liéu dugc tong hop va xir
1y bang Microsoft Excel.

3. Két qua va Ban luin

3.1. Thim dinh phwong phdp dinh heong

polyphenol va flavonoid
Abs Pudng chuin acid gallic
15
R
&
1 X2
)
@
R J
0.5 ..-' y=0.0108x + 0.0738
K R2=0.9995
[ 4
0
0 50 100 150
C (ng/ml)
A

cay:

Pinh lugng TPC (theo acid gallic): Khoang
tuyén tinh 10-100 pg/mL (R2 = 0,9995); do lap lai
¢6 do léch chudn twong dbi RSD < 3,1%; d6 thu
hoi dat 97,2 - 102,1%.

Dinh lugng TFC (theo quercetin): Khoang tuyén
tinh 50-1000 pg/mL (Rz = 0,9942); d6 lap lai co
RSD < 3,8%; d6 thu hoi dat 96,5 - 101,4%.

Abs Duong chuin quercetin
1
0.8 —
=
0.6 o
.
0.4 e 3 y=10.0005x +0.2003
*® R?=0.9942
0.2
0
0 500 1000 1500
C (ng/ml)

B

Hinh 1. D6 thi phuong trinh dudng chuin acid gallic (A) va quercetin (B)

3.2. Khdo sat dzeu kién xi Iy nguyén liéu bang
enzym va chiét xuat & pH kiém

Két qua khao sat anh huéng cua xu ly nguyén
lidu bang Viscozyme L va pH cua nuge chiét dén
TPC va TFC trong dich chiét duoc trinh bay &
Hinh 2 va Hinh 3.

Déi v6i TPC (Hinh 2), xir 1y nguyén lidu bang
Viscozyme L trudc khi chiét 1am ting ham luong
polyphenol trong dich chiét va rit ngin thoi gian
dat gia tri cuc dai. Cu thé, gia tri TPC cao nhat tang

tir 2,41 GAE/100 g chat khé ¢ mau khong xir ly
enzym 1én 2,63 g GAE/100 g chat khé ¢ miu co xir
Iy enzym, ddng thoi thoi gian dat gia tri cyc dai
giam tir 120 xubng 60 phut. Két qua nay c6 thé
duoc giai thich do Viscozyme L chita hdn hop cic
enzym phén giai thanh té bao thyuc vat (cellulase,
hemicellulase va PB-glucanase), glup pha v& cau
trac thanh té bao, tao diéu kién giai phong cac hop
chit phenolic lién két va tang kha nang khuéch tan
ctia ching vao dung méi chiét.

300

Tap chi Dwoc ligu, tip 31, s6 4/2026



o

o S R VU N P R

TPC (gGAE/100g)

— 10
—]
—12
— 1t 1
enzyme

— chong X 1
enzyme

30 60 90 120

Thei gian (phut)

Hinh 2. Anh huéng cua diéu kién xu 1y nguyén li¢u
bang enzym va pH cia nudc chict dén TPC

Dbi voi TEC (Hinh 3), xu Iy bang Viscozyme L
khong lam thay (101 dang ké ham luong flavonoid
trong dich chlet Diéu nay cho thay flavonoid trong
14 hong co thé it bi gii han boi ciu trac thanh e
bao hodc c6 thé do enzyme Viscozyme L (chu yéu
phan g1a1 cellulose/hemlcellulose) chua cit hiéu
qua céc lién két dac ‘thu cta flavonoid, hodc nhiét
dou enzyme chua tbi wu riéng cho nhom nay, do
d6 hi¢u qua cua qua trinh tién xur 1y bang enzyme
d6i v6i nhoém hop chat nay khong 10 rét.

Khi sur dung nudc c6 pH klem (8-12), ham
luorng TPC va TFC trong dich chlet déu cao hon so
v6i khi chiét & pH trung tinh, dong thoi thoi gian
dat gia tri cyc dai c6 xu hudng ngin hon. Mbi
truong kiém co thé lam ting d6 hoa tan cua cac hop

TFC (2QE/100g)

_pH

Thari gian (phir)

Hinh 3. Anh hu¢ng cua diéu kién xir 1y nguyén ligu
bang enzym va pH cia nudc chict dén TFC
chét phenolic thong qua qué trinh ion hoa nhom
hydroxyl phenollc va thue day su pha v& mot phan
lién két gitra cac hop chét phenolic véi thanh phan
ctia thanh té bao, tir 46 nang cao kha niang khuéch
tan vao dung moi.

T cac két qua trén, xr ly nguyén li¢u bang
Vlscozyrne L va dleu chinh pH dung mdi chiét
dugc xac dinh 1a hai yeu t6 c6 anh hu(rng dang ké
dén qua trinh chiét xuat polyphenol va flavonoid ttr
14 hong, vi Vay duoc lya chon dé khao sat va t6i uru
hoa trong cac thi nghiém tiép theo bang phuong
phap dap tmg bé mit.

3.3. Toi wu héa diéu kién xir Iy nguyén liéu bang
Viscozyme L

Bang 3. Ma trén thi nghiém Box—Behnken va cac gia tri dap tng
dung dé t6i uu hoa diéu kién xur Iy nguyén liéu bing Viscozyme L

A: Ty I€ enzyme B: Nhiét do e e o TPC TFC
STT y(%) ¥ (OC') : C: Thoi gian 1 (gio) (2 GAE/100 g) (2 QE/100 g)
1 0,01 30 3 2,49 + 0,08 1,95 £0,07
2 0,01 40 2 2,61+0,10 1,64 £0,07
3 0,01 40 4 2,45 + 0,09 1,70 £ 0,08
4 0,01 50 3 2,44 + 0,06 1,42 +0,06
5 0,05 30 2 2,39+0,11 2,09 + 0,06
6 0,05 30 4 2,30 £ 0,03 1,96 £ 0,07
7 0,05 40 3 2,64 0,05 1,54 +£0,08
8 0,05 40 3 2,53+0,07 1,60 +£ 0,07
9 0,05 40 3 2,42 +0,10 1,90 £ 0,07
10 0,05 50 2 2,52 +0,06 1,96 £ 0,06
11 0,05 50 4 2,30+ 0,09 2,21 +0,07
12 0,10 30 3 2,38 +0,05 1,95 £ 0,06
13 0,10 40 2 2,38 +£0,08 1,31 £0,05
14 0,10 40 4 2,03+0,07 1,40 £ 0,05
15 0,10 50 3 2,32+0,10 1,56 £ 0,08

Két qua phan tich phuong sai (ANOVA) va cac
chi s6 dénh gid mirc 6 pht hop ctia mé hinh dugc
trinh bay trong Bang 4. Di voi mé hinh dy doan
TPC, h¢ s xac dinh dat R? = 0,9860, hé sé xac
dinh hiéu chinh (Adjusted R? = 0,9607) va gia tri
Adeq Precision = 21,79, ching t6 md hinh m6 ta
t6t moi quan hé giita cac yéu té khao sat va bién

dap tmg. Hé s bién thién (CV = 1,24%) thp cho
thay d6 chinh xac va d¢ lap lai cua cac Kkét qua thyc
nghiém cao. D6i voi mo hinh dy doan TFC, gia tri
R2 = 0,9302 va Adjusted R? = 0,8046 cho thdy mo
hinh c6 kha ning giai thich phan 16n bién thién cia
di liéu, mac du kha nang du doan con han ché do
gié tri Predicted R? thép.
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Bing 4. Cic hé sb thong ké danh gia sy pht hop ciia m6 hinh t6i wru héa diéu kién xir 1y trude nguyén liéu bang Viscozyme L

Phan tich ANOVA TPC Phan tich ANOVA TFC

Std. Dev. 0,03 0,0727
Mean 2,41 1,84
CV. % 1,24 3,95

R? 0,9860 0,9302

Adjusted R? 0,9607 0,8046

Predicted R? 0,8126 0,6092

Adeq Precision 21,7934 7,6947

Sau khi phan tich ANOVA, phuong trinh hoi
quy cua polyphenol va flavonoid c6 dang ham béc
2, phan mém ciing d4 dua ra dugc phuong trinh hoi
quy thé hién mdi lién hé giita cac dai luong nhu
sau:

Y polyphenol 2,62 — 0,0463A + 0,0125B -
0,1088C — 0,0275AB — 0,085AC — 0,0075BC —
0,1467A%—0,0992B%- 0,1467C?

Y flavonoid = 2,08 — 0,0075A — 0,0725B — 0,0025C
— 0,02AB — 0,105AC — 0,015BC — 0,2408A% —
0,1158B*- 0,0858C?

Polyphenol téng (%)

i

Flavonoid 16ng (%)

| S5 ¥

= SRR

R RN § B IRIIR
BT T

12004 :,,':‘04 3 B 0%

Céc bé mit dap ung ba chiéu (Hinh 4) cho thiy
ty 16 enzym, nhiét d6 u va thoi gian @ déu anh
hudng dén ham luong polyphenol va flavonoid thu
dugc trong dich chiét. Khi ting ty 1 enzym tir 0,01
lén khoang 0,05%, ham lugng polyphenol trong
dich chiét ting rd rét do quéa trinh thiy phan cac
polysaccharid cta thanh té bao giup giai phong cac
hop chat phenolic lién két. Tuy nhién, khi tiép tuc
tang ty 1€ enzym 1én 0,10%, gia tri TPC c6 xu
hudéng giam nhe, co thé do hién tugng bao hoa co
chit hodc sy phan huy mot phan cac hop chit
phenolic trong diéu kién xir Iy kéo dai.

Polyphenol téng (%)

e
SRR

oid 16ng (%)

o

Hinh 4. B& mit dap tung t6i uu hoa diéu kién xir Iy nguyén liéu truée bing Viscozyme L

Nhi€t do va thoi gian xtr 1y cling anh hudng
dang k& dén hi€u qua cua qua trinh tién xtr ly bang
enzym. Nhi¢t d§ thap lam giam hoat tinh xtc tac
cua enzym, trong khi nhiét 40 qua cao c6 thé lam
giam d9 bén cta enzym va anh huong dén hi¢u qua
thuy phén. Tuong ty, thoi gian xur Iy qua ngan chua
du dé pha v& cau truc thanh t€ bao, con thoi gian
qua dai khong lam tang dang ké lugng hop chat
dugc gidi phong va c6 thé lam gia tang qua trinh
oxy hoa cac hgp chat phenolic.

Iéi vu hoa ddng thoi cac bién'dép ung bang
phan mém Design-Expert 12 cho thiy diéu kién xir
ly nguyén li¢u thich hop la ty 1€ Viscozyme L
0,05% (w/w), nhiét 4o 0 39 °C va thoi gian G 2 gio
48 phut. Cac di€u kién nay duoc lya chon d€ thuc
hién cac thi nghiém t6i wu hoéa qua trinh chiét nude
o giai doan tiép theo.

3.4. Téi wu héa diéu kién chiét polyphenol va
flavonoid
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Bing 5. Ma trén thi nghiém Box—Behnken va cac gia trj dap tmg dung dé t6i wu hoa diéu kién chiét polyphenol va flavonoid

STT A:pH B: Nhi¢t d9 chiét | C: Thoi gian chiét TPC TFC
(°C) (phiit) (2 GAE/100 g) (2 QE/100 g)
1 7 75 60 1,26 +0,05 0,59 + 0,03
2 7 94 60 1,90 £ 0,08 2,79 0,11
3 7 85 30 1,90 + 0,09 1,25 0,07
4 7 85 90 1,98 +0,10 1,98 £0,10
5 9 75 30 1,75 + 0,06 0,43 +£0,02
6 9 75 90 1,73 £0,08 0,69 + 0,03
7 9 85 60 2,26 +0,07 1,31 £0,05
8 9 85 60 2,33+0,08 1,38 0,06
9 9 85 60 2,30+0,11 1,24 +0,05
10 9 94 30 2,73 40,10 3,04+0,10
11 9 94 90 2,52 40,09 3,09+0,11
12 11 75 60 1,55+0,08 0,62 + 0,03
13 11 85 30 2,02+0,10 1,31 £0,08
14 11 85 90 2,49 + 0,07 0,66 + 0,04
15 11 94 60 2,62+0,10 2,66 £0,11

Két qua phan tich ANOVA cho thiy pH dung
moi, nhiét do chiét va thoi gian chiét déu anh

huong dén ham luong TPC va TFC trong dich chiét.

Cac md hinh hoi quy béac hai thu duoc ¢ hé s6 x4c
dinh cao, véi R? = 0,9787 ddi véi TPC va R? =
0,9792 d6i véi TFC (Bang 6). Gia tri Adeq

Precision lan luot dat 16,31 va 14,28, 16n hon 4,
cho thdy mé hinh c6 tin hiéu phu hop dé mé ta qua
trinh va sir dung trong toi wu hoa. Hé sb bién thién
(CV) ciia hai mé hinh lan luot 1 4,90% va 14,81%,
phan anh d6 lap lai chip nhan duoc cua cac két qua
thuc nghiém.

Bang 6. Cic hé sb thong ké danh gia sy phi hop ctia mé hinh t5i wu hoa diéu kién chiét

Phén tich ANOVA TPC Phan tich ANOVA TFC

Std. Dev. 0,1029 0,2275
Mean 2,1 1,54
CV.% 4,9 14,81

R? 0,9787 0,9792

Adjusted R? 0,9404 0,9418

Predicted R? 0,6731 0,6782

Adeq Precision 16,3100 14,2813

Sau khi phan tich ANOVA, phuong trinh héi
quy cua polyphenol va flavonoid c6 dang ham béc
2, phan mém ciing di dua ra dugc phuong trinh hdi
quy thé hién mdi lién hé gilia cac dai lugng nhu
sau:

Ypolyphenot = 2,2967 + 0,2275A + 0,435B +
0,0175C + 0,1075AB + 0,0525AC — 0,0475BC —
0,2521A%-0,2121B? + 0,0979C?

Y flavonoid = 1,31 — 0,17A + 1,16B + 0,0488C —
0,04AB — 0,345AC — 0,0525BC — 0,0787A% +
0,4338B2 + 0,0687C?

Céc bé mat dap ung (Hinh 5) cho thdy su turong
tac giita cac yéu to khao sat anh huong dang ké dén
qué trinh chiét. Trong pham vi nghién ciru, viéc
taing pH va nhiét do chiét 1am ting ham luong
polyphenol va flavonoid trong dich chiét dén mot
gia tri t6i wu; sau d6 xu hudng ting khong con rd
rét hodc giam nhe. Thoi gian chiét c6 anh hudng
nhé hon so v6i pH va nhiét do, cho théy kéo dai

thoi gian chiét khong mang lai hiéu qua twong tng.
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Hinh 5. B& mit dap Gng t6i uru hoa didu kién chiét polyphenol va flavonoid

T6i wu hoa dong thoi hai bién dap ung bang
phin mém Design-Expert 12 xac dinh diéu kién
chiét thich hop 1a pH 10,2, nhiét d6 94 °C va thoi
gian chiét 30 phut. Piéu kién nay duoc lya chon dé
kiém chting bang thuc nghiém.

Thi nghiém xéc nhan tai diéu kién t&i wu cho két
qua TPC va TFC phu hgp voéi gia tri du doan cua

mo hinh, véi d6 lap lai tot (RSD < 5%) (Bang 7).
Két qua nay ching t6 mé hinh t6i wu hoa ¢ do tin
cdy va quy trinh dé xuat c6 thé duoc sir dung lam
co s6 cho viéc xdy dung quy trinh chiét nudc
polyphenol va flavonoid tir 14 hdng & quy mé 16n
hon.

Bang 7. Két qua chiét polyphenol va flavonoid theo diéu kién ti wru

TPC (g GAE/100 g) TFC (g QE/100 g)
M6 hinh du doan Thuc nghiém M6 hinh du doan Thuc nghiém
2,75+ 0,06 2,99 + 0,09
2,726 RSD=2,17% 3,025 RSD =2,93%

Két qua nghién ctru cho thdy xir Iy nguyén liéu
bang Viscozyme L (0,05%; 39 °C; 2 gio 48 phiit)
két hop chiét nuéc & pH 10,2, 94 °C trong 30 phit
da nang cao ham lugng polyphenol va flavonoid
trong dich chiét. Két qua nay phu hop véi nghién
ctru ciia Hossain va cs. (2018), trong d6 nhiét do va
thoi gian chiét dugc xac dinh 1a nhimng yéu t6 quan
trong anh huong dén kha ning chiét cic hop chat
phenolic tir 14 hong [11]. Tuy nhién, khac véi
nghién ciru trude chi tdi wu hoa diéu kién chiét,
nghién ctu nay tich hop thém budc xu 1y nguyén
liu bang Viscozyme L trude khi chiét nugc. Ché
phim enzyme da hoat tinh nay c¢6 kha ning thuy
phan cac polysaccharid ciia thanh té bao, tao diéu
kién giai phong cac hop chét phenolic, tir d6 ning
cao hiéu qua chiét. Quy trinh sir dung nudc lam

dung moi két hop xir Iy enzym 1a giai phap than
thién voi méi truong, co tiém ning mé rong & quy
mb pilot nham khai thac hiéu qua ngudn phu pham
14 hdng. Tuy nhién, ciing can lwu ¥ qua trinh chiét
xuat & pH kiém (pH 10,2) doi hoi viéc kiém soat
chit ch@ thoi gian chiét ngan (30 phut) dé tranh rai
ro oxy hoa hodc bién ddi cau triic ciia cac monomer
flavonoid. Hon nira, méc du phuong phap do quang
UV-Vis cung cdp cong cu sang loc hiéu qua cho
qué trinh t6i wu hoa dién rong, viéc nghién ctru ing
dung quy trinh nay & quy mo 16n can két hop phan
tich sic ky long hiéu niang cao (HPLC-DAD) dé
dinh lwong chinh xac timg chat marker (nhu
quercetin, kaempferol glycosid) va danh gia toan
dién d6 bén cAu tric cta hoat chat sau chiét kiém.
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4. Két luan

Nghién ctru dd xdy dung va téi wu hoa thanh
cong quy trinh chiét xudt cac hop chét polyphenol
va flavonoid tir 14 hong (Diospyros kaki Thunb.)
bang nuéc két hop xir Iy nguyén lidu véi enzym
Viscozyme L. Két qua khao sat cho thay xir ly
nguyén liéu bang Viscozyme L va diéu chinh pH
dung méi chiét déu gop phan ning cao kha ning
thu nhan cac hop chit polyphenol va flavonoid so
v6i chiét bang nude ¢ dicu kién thong thuong.

Bing phuong phap dap tung bé mit, diéu kién xur
1y nguyén lidu t6i uu duge xac dinh 1a Viscozyme
L 0,05% (w/w), nhiét d6 39 °C va thoi gian u 2 gio
48 phat. Trén co s& do, diéu kién chiét nudce tbi wu
duoc xac dinh 1a pH 10,2, nhiét d¢ 94 °C va thoi
gian chiét 30 phut. Két qua kiém chung thuc
nghiém phu hop voi gia tri du doan ciia mé hinh,
khang dinh d9 tin cdy ctia qua trinh t&i wu hoa.

Loi cam on: Nhom tac gia xin chdn thanh cam on su
tai tro’ kinh phi cua Truong Dai hoc Pa Lat cho nghién

cuu nay.
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