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Téi wu hoéa quy trinh chiét xuat cao Dén gai (Amaranthus spinosus L.,
Amaranthaceae) hudng e ché enzym a-glucosidase
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Tom tat

Nghién ctru dugc thyc hién nham t6i wu héa quy trinh chiét xuat cao Dén gai
(Amaranthus spinosus L., Amaranthaceae) bang phuong phap chiét xuat hd tro siéu
am (UAE), huéng dén nang cao hiéu suat thu hoi va kha ning tc ché enzym a-
glucosidase. Thiét ké thi nghiém dugc xay dung theo mé hinh Box-Behnken véi ba
yéu t6 khao sat gdbm nong do ethanol (50-90 %), thoi gian siéu 4m (10-30 phut) va
nhiét d6 chiét (40-60 °C). Dt liéu dugc phén tich bang phwong phap bé mit dap ung
(RSM) trén phan mém Design-Expert 13. M6 hinh hdi quy bac hai cho thiy dung
mdi 12 yéu t6 anh huéng manh nhit dén ca hai bién dap tng, trong khi thoi gian va
nhiét d6 co tac dong thép hon. Piéu kién ti vu duoc xac dinh gém ethanol 65,43
%, nhiét do 60 °C va thoi gian siéu 4m 30 phat, véi ham lugng chét chiét du doan
10,21 % va murc tc ché o-glucosidase dy doan 27,12 %. Két qua thyc nghiém xac
nhan ham lugng chat chiét dat 10,64-12,91 %, cao hon gié tri du doan, chimg minh
tinh pht hop ctia mo hinh t&i wu hoa. Cao chiét téi wu thé hién hoat tinh tc ché a-
glucosidase voi mirc trc ché cao nhét 96,03 % tai 32 000 pg/mL va gia tri ICso 12 15
818,80 pg/mL. Nhitng két qua nay cho thdy Dén gai c6 tiém ning trong nghién ctru
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1. Pit van dé
Tang dudng huyét sau an (postprandial hyperglycaemia)
duge xac dinh 13 mot trong nhitng yéu t6 nguy co chinh
dan dén cac bién ching man tinh ciia bénh dai thao duong
type 2 (PTD-T2), bao gdm bénh 1y tim mach, suy than,
ton thuong than kinh ngoai bién va cac roi loan mach mau
nho. Theo Béo céo cua Lién doan Pai thdo dudng Qudc
té (International Diabetes Federation - IDF, 2024), hién
6 khoang 589 triéu ngudi trudng thanh (20-79 tudi) dang
sdng chung voi bénh dai thao dudng trén toan ciu, twong
duong 11,1 % dén sb trong nhom tudi ndy. Du bao dén
nam 2045, con sd nay cé thé vuot 700 tridu ngudi néu
khong c6 bién phéap can thiép higu qua [1]. Dong thoi, T6
chte Y té Thé giéi nhdn manh ring viée kiém soat duong
huyét sau an 1a mot trong nhitng chién lugc chi dao nham
phong ngira bién chirng mach mau & bénh nhan DTD-T2
[2].

Enzym a-glucosidase dong vai trd xuc tac trong qua trinh
thay phan lién ké&t a-1,4-glucosidic

cua cac
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oligosaccharid va disaccharid tai bo ban chai rudt non,
gitip giai phong glucose va hip thu vao mau. Do do, trc
ché hoat dong cua a-glucosidase 1a mot trong nhiing co
ché duoc sir dung trong kiém soat ting dudng huyét sau
an. Cac thudc téng hop nhu acarbose, miglitol va
voglibose da dugc ap dung trong lam sang, tuy nhién
thudng giy ra cac tac dung khong mong mudn nhu day
hoi, tiéu chay va kho dung nap kéo dai [3]. Diéu nay thuc
day nhu ciu nghién ctru cac hop chat co ngudn gbe tir
nhién véi kha niang wc ché a-glucosidase hiéu qua va an
toan hon.

Chi Amaranthus (ho Amaranthaceae) 1a nhom thyc vat
than thao phan bd rong rai tai vung nhiét d6i va cén nhiét
d6i. Trong d6, Amaranthus spinosus L. (Dén gai - DG) 1a
loai dugc sir dung pho bién trong y hoc dan gian tai Viét
Nam véi cac cong dung nhu lgi tiéu, ha duong huyét,
khang viém va chéng oxy hoa. Cac nghién ciru hoa hoc
da xéac dinh trong DG chira nhiéu hop chét sinh hoc nhur
flavonoid (quercetin, rutin), polyphenol, saponin va
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betacyanin [4]. Mot s6 cong trinh nghién ctru duoc thuc
hién trudc day d ghi nhan nhiing hoat chat tir DG c6 hiéu
qua khang khuan [5], khang viém, giam dau [6], chéng
cholesterol mau [7], chong oxy hoa va dic biét giy an
tugng voi kha niang ha duong huyét thong qua tc ché
enzym a-glucosidase [8].

Mic di mot sé cong trinh trong nude di budc dau chimg
minh hoat tinh e ché a-glucosidase va kha niang chéng
oxy héa cua cao DG, song hién nay van con thiéu cac
nghién ciru c6 hé thong vé tdi wu héa quy trinh chiét xuat
- yéu té anh hudng tryc tiép dén hiéu suat thu hoi hoat
chat va duy tri hoat tinh sinh hoc. Viéc thiét 1ap quy trinh
chiét phu hop nham dat hiéu suit cao, 6n dinh ham lugng
hop chit phenolic va flavonoid, ddng thoi bao toan kha
ning ¢ ché enzym 13 yéu cdu can thiét dé ung dung
ngudn duoc liéu ndy trong san xut thuc pham chirc ning
va ché pham sinh hoc hd trg diéu hoa duong huyét.
Nghién ctru duoc thyc hién nham t8i wu hoa quy trinh
chiét xuét hd tro siéu am (Ultrasound-Assisted Extraction
— UAE) d6i vé6i nguyén liéu DG, sir dung mé hinh Box-
Behnken Design két hop Response Surface Methodology
(RSM) dé danh gia dong thoi ba yéu té chinh gdm ndng
d6 ethanol, thoi gian siéu am va nhiét do chiét. Muc tiéu
1a x4c dinh diéu kién chiét xuat t0i uu dé thu dugc cao
chiét c6 hiéu suét va hoat tinh wc ché a-glucosidase cao
nhit, qua d6 cung cip co sé khoa hoc cho phat trién san
pham dugc lidu va thuc pham chirc ning c6 ngudn goc tu
nhién.

2. Poi twong va phuwong phap nghién ciru

2.1. Nguyén liéu thyc vat

Mau DG (4dmaranthus spinosus L., ho Amaranthaceae)
duoc thu hai vao thang 5 nam 2025 tai huyén Thuén Bic,
tinh Ninh Thuén, Viét Nam (toa d6 11°36' N, 108°57" E).
Mau dugc rira sach, loai bo tap chét va phoi s?iy 650+2
°C cho dén khi dat d6 4m dudi 10 %. Sau d6, mau dugc
nghién bang cbi s, rdy qua ludi 355 um va bao quan
trong tii kin hiit am & 4 °C cho dén khi str dung.

Viéc dinh danh thuc vat duoc thuc hién tai BO mén Duoc
liéu, Khoa Duogc, Truong Pai hoc Nguyén Tét Thanh.
Mau déi chiéu (voucher specimen No. NTT-Aspin-0225)
duoc Iuu tai phong ti€u ban cua bo mon.

2.2. Hoa chit va thiét bi (Chemicals and instruments)
Céc hoa chat s dung co do tinh khiét phan tich (AR
grade) gom: ethanol (Merck, Germany), enzym a-
glucosidase tur Saccharomyces cerevisiae (Sigma-
Aldrich, USA), p-nitrophenyl-a-D-glucopyranoside
(pNPG, Sigma-Aldrich), acarbose (Bayer AG, Germany),

thubc thir Folin-Ciocalteu, Na.COs, NaNO, AlCL,
NaOH, acid gallic va quercetin (Sigma-Aldrich, USA).
Thiét bi chinh gom: bé siéu am Elma S180 (37 kHz, Elma
GmbH, Germany), may c6 quay chan khong Biichi R-300
(Switzerland), may quang phé UV-Vis Shimadzu UV-
1800 (Japan), ti siy Memmert UN110 va can phan tich
Sartorius Entris224-1S (Germany).
2.3. T6i wu héa chiét xuit hd tre siéu am (UAE
optimization)
2.3.1. Yéu t6 — bién s6
Ba yéu t6 khao sat: nhiét do chiét (40, 50 va 60) °C thoi
gian siéu am (10, 20 va 30) phuat, ndng d6 ethanol (50, 70
va 90) %. Hai bién dép Gmg: ham lwong chat chiét va kha
nang e ché a-glucosidase.
2.3.2. Xac dinh ham lwong chét chiét dwoc
Can 10,0 g bot dugc liéu, thém 100 mL ethanol (ty 1€
1:10, khéi lwong/thé tich), siéu am theo md hinh, loc gidy.
Dinh mirc 1én 100 mL, hat chinh xac 2 mL cho vao chén
sdy da can bi (mi), ¢o cach thity, sdy 105 °C/3 gio, lam
ngudi trong binh hut 4m dén khéi luvong khong ddi (m:)
Ham luong chat chiét dugc (%) tinh theo cong thirc:
H(%) = m2 —ml
10 o
2.3.3. Ly do lua chon khoang khao sat cho cac yéu to
chiét xuit
Khoang khao sét ctia ba yéu t6 (ndng do ethanol, thoi gian
siéu am va nhiét do chiét) duoc lua chon dua trén két qua

X 100 X do pha loang

khao sat so bd va tham khao cac nghién ctru trude vé chiét
xuét polyphenol bang phuong phap UAE.

Nong d6 ethanol (50-90 %) dwoc chon nhdm bao phi phd
phan cuc thich hop dé hoa tan polyphenol va flavonoid.
Ethanol dudi 50 % lam ting lwong nude, kéo theo nhiéu
tap chat tan, trong khi ethanol trén 90 % giam kha ning
hoa tan cac hop chit phenolic. Cac nghién ciru trén
Amaranthus va dugc li€u giau polyphenol thuong ghi
nhan khoang t6i wu 50-80 %.

Thoi gian siéu am (10-30 pht) dugc chon dua trén khao
sat so bo cho thdy thoi gian dudi 10 phut khong di pha
v& md thuc vat, con trén 30 phut khong lam tang hi¢u qua
chiét nhung c6 nguy co gy phan huy hoat chat nhay
nhiét.

Nhiét do (40-60 °C) duoc lya chon vi polyphenol dé bi
phan hiy ¢ nhiét d6 cao. Nhiét d6 dudi 40 °C lam giam
téc do khuéch tan, con nhiét do trén 60 °C c6 thé gay bién
tinh hoat chét.

2.4. Thir nghi¢m trc ché a-glucosidase
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2.4.1. Chuén bi miu — dung dich dém
¢ Bbém phosphat pH = 6,8: hoa tan 2,72 g KH2POa vao 50
mL nudc khir ion; hoa tan 2,4 g NaOH vao 23,65 mL
nude khir ion; tron hai dung dich, thém nudc dén 200 mL,
diéu chinh pH = 6,8 bang HCI 10 %.
e MAu cao: pha loang trong dém pH = 6,8/DMSO 5 %,
tao day 2000-32000 pg/mL.
e Acarbose (chung duong): pha d¢¢m pH = 6,8/DMSO 5
% thanh day 15,625-500 pg/mL.
e a-glucosidase: 0,2 U/mL trong d&m pH = 6,8, bao quan
lanh.
¢ pNPG: 4 mM trong dém pH = 6,8, bao quén lanh.
2.4.2. Quy trinh thir nghiém [10]
e Tron 40 pL enzym (0,2 U/mL) + 40 uL mau/chuan &
ndng d6 khao sat; u 20 phut/37 °C.
e Thém 40 pL pNPG 4 mM; G 20 phit/37 °C.
o DUng phan tng bang 130 pL Na.COs 0,2 M.
« Do hap thu A & 405 nm.
Mirc d6 trc ché enzym a-glucosidase (%) dugc tinh theo
cong thtrc:

1) = (1
Trong do:
A: do hép thu dugc do tai budc song 405 nm
I (%): ty 1& (%) enzym a-glucosidase bi trc ché
Acontrol: &6 hap thu trung binh cua giéng chung (enzym
+ co chat + dung mdi, khéng c6 mau thu).
Asample: @6 hap thu trung binh cua giéng chira enzym +
co chat + miu cao DG.
Ablank: do hap thu trung binh cua giéng trang (co chat +
dung mdi, khong c6 enzym), ding dé hiéu chinh nén.
Dé dam bao tinh nhat quan va do nhay cia phép do, nong
do mau tht duoc thiét 1ap khac nhau ¢ hai giai doan

Asample —Ablank
Acontrol—Ablank

)><100

nghién ctru. Trong giai doan khao sat don yéu t6, nong do
mau thir 1 000 pg/mL duoc sir dung nhim quan sat xu
huéng anh hudng cua timg yéu té mét cach so bo. O giai
doan t6i wu hoa theo thiét ké Box-Behnken, ndng d6 mau
thir duoc tang 1én 2 000 pg/mL dé tang tin hiéu hip thu
va giam sai s6 dao dong khi danh gia hoat tinh trc ché
enzym. Viéc ap dung hai mirc ndng d6 khac nhau 1a phu
hop v6i muyc dich timg giai doan va khong anh hudong dén
tinh nhit quan cta két qua nghién ciru.

2.5. Thiét ké thi nghi¢ém (Box-Behnken design — BBD)
2.5.1. Chu tric thiét ké va mé hinh

Ba yéu té: thoi gian (Xi: 10/20/3) phit, nhiét do (Xo:
40/50/60) °C, ethanol (Xs: 50/70/90) %.

S thi nghiém theo BBD:
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N=2xkx(k-1)+c=2%x3x%x(3-1)+3=15
Gia tri tong ham luong cao chiét co hoat tinh trc ché
enzym a-glucosidase (Y), mé hinh toan dugc biéu dién
bang phuong trinh hdi quy béc hai [11, 12].
Y; = Bo + By Xy + BoXp + B3Xs + B XT + B2X3 +
B33 X3 + B12X1Xz + B13X1 X5 + Ba3X2 X3 [12]
2.5.2. Ma tran thi nghiém

Bang 1. Ma tran cac bién doc 1ap va cac muc

STT Bién Ky higu Mirc
1 Thaoi gian (phat) X1 10 20 30
2 Nhiét d6 (°C) X2 40 50 60
3 Ethanol (%) X3 50 70 90
Bang 2. Thiét ké 15 mo6 hinh BBD
Dung mbi Thai gian siéu A e o
STT (EtoH %) am(phary  Métde (°C)
1 50 10 50
2 90 10 50
3 50 30 50
4 90 30 50
5 50 20 40
6 20 20 40
7 50 20 60
8 90 20 60
9 70 10 40
10 70 30 40
11 70 10 60
12 70 30 60
13 70 20 50
14 70 20 50
15 70 20 50

2.5.3. ANOVA va d¢ phu hgp mo hinh
Trong phan tich phuong sai (ANOVA), muc d6 phu hop
cia mo hinh dugc danh gia dwa vao phan tich su bién
thién trong tap di liéu. Cac thong sb duoc xem xét bao
gom: téng binh phuong toan by (SStot), téng binh
phuong ciia sai s6 (SSE), tong binh phuong cia do léch
chuin (SSres), tong binh phuong do sai 1éch phu hop
(SSlof), va trung binh binh phuong sai sé (MSE) (bang
3). Trong d6, binh phuong d6 1éch chuin duoc xac dinh
theo cong thuc:

di = (vij — 5)*
2.6. Xir Iy va phan tich s6 li¢u (Statistical analysis)
TAt ca céc thi nghiém dugc thuc hién it nhét ba 1an doc
1ap. Két qua dugc biéu dién dudi dang trung binh + do
1éch chuan (SD). Phan tich phuong sai mét yéu té (one-
way ANOVA) va kiém dinh Tukey HSD duoc thuc hién
bang phan mém IBM SPSS Statistics 25 (IBM Corp.,
USA). Khac biét dugc coi la c6 y nghia théng ké khi p <
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0,05 (Zar, 2014).
3. Két qua
3.1. Xac dinh cac yéu to va bién s
Ba yéu t6 dugc khao sat gdbm ndng d6 ethanol, thoi gian
siéu 4m va nhiét do chiét. Két qua trong Bang 3-5 cho
thdy ca ba yéu t6 déu anh huong dén hai bién dap tng,
nhung muc d6 tac dong khac nhau.

Bang 3. Két qua khao sat dung moi (ethanol %)

Thoi  Nhiét  Ham lugng Kha niing irc
Ethanol ; R Fe oyik £
(%) glan do chat chiet ché enzym a-
(phat)  (°C) dwgce (%)  glucosidase (%)
50 20 27 10,80 13,16
70 20 27 7,30 19,49
90 20 27 2,10 18,93

Nong d6 dung mdi 1a yéu t6 chi phdi manh nhat. Ethanol
50 % cho ham luong chat chiét cao nhét, trong khi ethanol
70 % lai tao ra hoat tinh trc ché a-glucosidase 16n hon.
Diéu nay phan anh tinh chon loc cta dung méi dbi véi
c4c nhom polyphenol va flavonoid, von 1a thanh phan
dong gdp chinh vao hoat tinh sinh hoc.

Bang 4. Két qua khao sat thoi gian (phut)

Thoi  Dung moi n Ham lugng Kha ning trc
. Nhiét £ <% A
gian (ethanol d0(° .C) chat chiét cheé enzym a-
(phat) %) : dwgc (%)  glucosidase (%)
10 70 27 7,75 17,98
20 70 27 7,89 19,05
30 70 27 9,05 22,79

Thoi gian siéu 4m cho thdy xu hudng ting twong ing véi
thoi gian xtr 1y. Thoi gian 30 phut tao ra ham luong chét
chiét va hoat tinh (rc ché cao hon hai muc con lai. Pidu
nay phu hop véi co ché pha v cdu tric té bao va ting
cuong kha ning giai phong hoat chit duéi tac dong cua
song siéu am.

Bang 5. Két qua khao sat nhiét do (°C)

Dung .. Ham Kha ning trc
Al an e Thoi P B
Nhiét do moi ian lwgng chat  ché enzym a-
(°C) (ethan (ghljt) chiét dwoc glucosidase
o) P (%) (%)
40 70 30 9,24 20,20
50 70 30 10,19 18,96
60 70 30 10,35 21,64

Nhiét d6 chiét anh hudng it hon so v&i dung moéi va thoi
gian, nhung van thé hién su khac biét gilra cac muc khao
sat. Nhiét d6 60 °C cho hoat tinh trc ché a-glucosidase
cao hon, cho théy su hd trg cua nhiét trong hoa tan
polyphenol nhay nhiét & mirc vira phai.

Két luan: tong hop cac két qua cho thdy ca ba yéu t6 (dung
mdi, thoi gian va nhiét do) déu anh hudng dén hai bién
dap ung, trong d6 dung méi 1a yéu td chi phdi manh nhat.
3.2. Thi nghiém theo 15 m6 hinh Design-Expert
Mudi 1im mé hinh dugc xdy dung theo thiét ké Box-
Behnken nham danh gia dong thoi anh hudng cta ba yéu
t6 chiét xuat dén ham lugng chat chiét va kha ning trc ché
a-glucosidase. Két qua thé hién tai Bang 6 cho thiy su
phan hoa ro rét gitra cac mod hinh thi nghiém.
O nhém mAu chaa ethanol 70 %, hoat tinh tc ché a-
glucosidase dat trén 20 %, cao hon déng ké so v&i ethanol
50 % va 90 %. Trong khi d0, ethanol 50 % va 70 % cho
ham lugng chét chiét cao hon ethanol 90 %, phan anh kha
nang hoa tan hoat chat giam khi nong d6 ethanol ting qua
cao. Anh huong cua thoi gian va nhiét do thé hién rd
nhung khong vuot trdi so véi dung moi. Piéu nay phu
hop véi két qua phéan tich ANOVA sau do, khi nong do
ethanol va thanh phan binh phuong cta bién dung moéi
(A?) dugc xéc dinh 1a yéu t6 quan trong nhit trong ca hai
bién dap ung.
Nhin chung, tap dit liéu tir 15 mo hinh cung cép co so day
du dé xay dung phuong trinh hdi quy bac hai va thuc hién
t6i wu hoéa bang phuong phap bé mit dap timg (RSM).
3.3. Phan tich dir liéu
Tir két qua thyc hién thi nghiém theo 15 mé hinh, tién
hanh nhép dir li¢u da thu thdp dugc vao Desgin-Expert,
cac dir lidu duoc phan mém phan tich va cho ra két qua
t6i wu hoa (Bang 7).
Bang 6. Két qua ham lugng chat chiét dugc (%) va hoat
tinh trc ché enzym a-glucosidase (%) 15 md hinh

EtO  Thoi  Nhiét Hamlwong Ut ché a-
H gian do chit chiét glucosidas

(%) (phat)  (°C) (o) e (%)
50 10 50 10,02 11,09
90 10 50 2,66 17,74
50 30 50 9,88 13,79
90 30 50 3,34 11,16
50 20 40 10,77 12,66
90 20 40 3,09 16,48
50 20 60 9,20 15,96
90 20 60 2,67 14,34
70 10 40 8,52 26,06
70 30 40 8,21 24,82
70 10 60 7,22 27,11
70 30 60 10,24 27,89
70 20 50 7,97 23,78
70 20 50 8,63 25,07
70 20 50 8,82 29,75
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Bang 7. Phan tich md hinh t6i wu phtt hop cho 2 bién phu thude
Dang mé hinh Giatri P Sfu S(T ,thl?u phu hep R2 hi¢u chinh R2 dy doan
cua gia tri P
Ham luwgng chét chiét duge (%)
Tuyén tinh 0,0002 0,0819 0,7790 0,6589
Tuong tac 2 nhan tb 0,7006 0,0652 0,7430 0,3475
Béc 2 0,0075 0,2917 0,9555 0,7906 DPuoc dé xuat
Bac 3 0,2917 0,9771
Hoat tinh trc ché enzym-a glucosidase (%)
Tuyén tinh 0,9779 0,1367 -0,2509 -0,8805
Tuong tac 2 nhan tb 0,9351 0,0980 -0,6359 -3,0348
Béc 2 0,0006 0,9523 0,8981 0,8524 DPuoc dé xuat
Bac 3 0,9523 0,7788

Dua vao két qua trén ca hai bién phu thudc dugce dé xuat sit dung mo hinh bac 2 dé thuc hién toi wu hoa.

Phéan tich Anova cho mé hinh bac 2:
a. Ham luong chat chiét dugc (%)

Béang 8. Phan tich Anova cla bién phu thude: ham lugng chét chiét dugc (%)

Téng binh Bac tu Trung binh . .

phi(rng ao ' binh pghlrong GiatriF Gid tr P
M6 hinh 119,44 9 13,27 34,40 0,0006 C6 y nghia
A -Dung méi 98,77 1 98,77 256,05 <0,0001
B-Nhiét do 0,1963 1 0,1963 0,5088 0,5076
C-Thoi gian 1,32 1 1,32 3,42 0,1238
AB 0,3302 1 0,3302 0,8561 0,3973
AC 0,1682 1 0,1682 0,4361 0,5382
BC 2,76 1 2,76 7,15 0,0441
A2 15,63 1 15,63 40,51 0,0014
B2 0,0004 1 0,0004 0,0010 0,9759
c? 0,0136 1 0,0136 0,0353 0,8584
Sai s6 du 1,93 5 0,3858
Sai s6 thiéu phu hop 1,53 3 0,5108 2,58 0,2917 Khéng c6 ¥ nghia
Sai s6 thuan 0,3962 2 0,1981
Téng hiéu chinh 121,37 14

Phuong trinh hdi quy theo bién ma hoa:

Ham luong chét chiét duge (%) = + 8,48 - 3,51A -

Bang 9. Hé s6 R? ctia ham luwong chit chiét dugc (%)

H¢ s6 R? 0,9841 Hésd R2dwdoan  0,7906

0,1566B + 0,4059C + 0,2873AB + 0,2051AC +
0,8304BC - 2,06A% + 0,0103B> + 0,0607C>

MG hinh bac hai dugc d€ xuat vi:

H¢ s6 R? diéu chinh  0,9555 P9 chinh xic 15,8385

+ Gid tri P = 0,0006 (rat nho) nén mé hinh ¢ y nghia

thong ké.

+ Gié tri F ciia mo hinh = 34,40 ngy ¥ rang md hinh ¢

y nghia. Chi c6 0,06 % kha nang gia tri F 16n nhu vay co

thé xay ra do nhiéu.

+ Sai sb thiéu phu hop cta gia tri P = 0,2917 (> 0,05)

nén sai 1éch mé hinh khéng dang ké tir d6 cho thdy mo

hinh phu hop.
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Céc hé s6 R2 diéu chinh = 0,9555 va R? du doan = 0,7906
¢6 su khac biét < 0,2 nén md hinh c¢6 sy phan tich va du
doan hop 1y. Do chinh xac thich hgp thé hién ty 1¢ giita
“tin hiéu” va “nhidu” = 15,8385. Tin hiéu ndy > 4 nén két
luan dugc tin hiéu manh va mé hinh dang tin cay dugc
xem 1a pht hop. Tat ca cac bién déu thoa man yéu cau

nay.
Bang 10. Bang yéu t6 anh huong ham lugng chat chiét
duogc (%)
Yéu to Y nghia Gia tri P
A (Dung moi) C6 anh huéng rat 1on <0,0001
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Yéu tb Y nghia Gia tri P Ham luong chét chiét duoc (%) phu thudc chu yéu vao
PR ) PUR At A F Y SR
BC. (Tiong. Eac tAhUI Anh huong vira phai 0.0441 dung moi va ]‘:)lnh phuong dpng moi (A?).Yéu 0 thf)ﬂ gian
gian * nhiét do) q ' va nhiét do hau nhu khong anh hudéng, chi ¢6 yéu to tuong
A’ (Binh phuong dung  Anh huong phituyén ) 5 tic gitta thoi gian va nhiét 6 1a c6 dnh hudng vira phai.
mobi) lon b. Kha ning tc ché enzym a-glucosidase (%)

B (Thoi gian) Khong c6 anh huong  0,5076 > 0,05
C (Nhiét do) Khong c6 anh huong  0,1238 > 0,05

Bang 11. Phén tich Anova ctia bién phuy thudc: hoat tinh trc ché enzym a-glucosidase (%)

Tong binh Bactw  Trung binh binh Gid tri F Gid tri P
phuong do phuong : :
Mo hinh 600,67 9 66,74 14,71 0,0043 C6 y nghia
A-Dung moi 4,83 1 4,83 1,07 0,3492
B-Nhiét Do 3,48 1 3,48 0,7673 0,4211
C-Thoi gian 2,36 1 2,36 0,5210 0,5028
AB 7,37 1 7,37 1,63 0,2583
AC 21,56 1 21,56 4,75 0,0811
BC 1,01 1 1,01 0,2232 0,6565
A2 548,07 1 548,07 120,84 0,0001
B2 2,62 1 2,62 0,5778 0,4815
C? 1,21 1 1,21 0,2660 0,6280
Sai 50 du 22,68 5 4,54
Sai s6 thiéu phu hop 2,98 3 0,9938 0,1009 0,9523 Khong c6 ¥ nghia
Sai s thuan 19,70 2 9,85
Tbng hiéu chinh 623,35 14

Phuong trinh hdi quy theo bién md hoa
Hoat tinh tc ché enzym a-glucosidase (%) = + 26,20 +
0,7774A + 0,6596B - 0,5435C - 1,36AB - 2,32AC +
0,5030BC - 12,18A%+ 0,8425B2 - 0,5716C?
Mo hinh bac hai dugce chon vi:
+ Gia tri P = 0,0043 (rat nhd) nén c6 ¥ nghia thong ké.
+ Gia tri F ctia m6 hinh = 14,71 ngu ¥ ring mé hinh c6
y nghia. Chi ¢6 0,43 % kha nang gia tri F 16n nhu vay cé
thé xay ra do nhidu.
+ Sai sb thiéu phu hop cua gia tri P = 0,9523 (> 0,05)
nén sai 1éch mé hinh khéng dang ké tir d6 cho thdy mo
hinh phu hop.

Bang 12. Hé s6 R? cua hoat tinh trc ché enzym a-

hi€u manh va mo hinh dang tin cay dugc xem la phu hop.
T4t ca cac bién déu thoa man yéu cau nay.

Phan tich phuong sai (ANOVA) cho thay mé hinh hdi quy
bac hai phi hop cho ca hai bién dap tmg (p <0,01). Trong
cac yéu t6 khao sat, néng do ethanol (A) va dac biét la
thanh phan binh phuong cta dung méi (A?) 1a cac yéu td
¢6 anh hudng manh nhét dén ham luong chét chiét va hoat
tinh trc ché a-glucosidase. Nguoc lai, thoi gian siéu am
(C) va nhiét do chiét (B) chi tao ra bién thién nho va
khong c6 y nghia thong ké (p > 0,05).

Anh huong ndi bat ciia A2 phan anh tinh phi tuyén trong
qua trinh hoa tan polyphenol. Su thay d6i ndng d6 ethanol
lam thay ddi d6 phan cuc dung méi theo dang parabol,

glucosidase (%) gitip polyphenol hoa tan t6t nhit & ving ndng do trung
i 5 56 R2 ian (khoang 60-70 %). O ndng do ethanol qua thap hoic
He s6 R? 09636~ TEsORMdw ooy sl ( S ‘) g 4 P08
: doan qua cao, kha nang hoa tan polyphenol gidm manh, dan
Hé s6 R? didu chinh ~ 0,8981 D chinh xdc  9,3631 dén su suy giam ca ham lugng chat chiét va hoat tinh trc

Céac hé sd R? diéu chinh va R? du doén ¢6 su khac biét <
0,2 nén mod hinh c6 sy phan tich va dy doan hop ly. Do
chinh xé4c thich hop thé hién ty 1¢ gitra “tin hi¢u” va

A1Y?

“nhidu” = 9,363 1. Tin hiéu nay > 4 nén két luan duoc tin

ché enzym. Do d6, su chi phdi ciia A2 1a phu hop voi dic
tinh hoa Iy cia hé thong.
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Bang 13. Bang yéu t6 anh hudong hoat tinh trc ché
enzym a-glucosidase (%)

Yéu to Y nghia Giatri P
A (Dung mbi) Khoéng c6 y nghia 0,3492
A? (Binh phfcmg C6 anh huong 0.0001
Dung moi) quan trong
B Khong c6 y nghia P (0,4211) > 0,1
C Khong c6 y nghia P (0,5028) > 0,1
Céc yéu to tuong tac  Khong co y nghia P>0,1

Tap chi Khoa hoc & Cong nghé, Vol 8, S2, Nam 2025

T mdé hinh hdi quy va phan tich ham mong doi
(desirability function), phan mém Design-Expert xac

dinh duoc cac dieu kién chiét to1 vu nhu sau.

Bang 14. Cac md hinh t6i vu hoa

STT Dung moi Nhiét Thaoi gian Hénj lwong chat  Hoat tinh trc ché enzym Miic d(f)’
(ethanol %)  d9 (°C) (phut) chiét dworc (%) a-glucosidase (%0) mong muon
1 65,43 60,00 30,00 10,21 27,12 0,885 Puoc chon
2 65,58 60,00 30,00 10,19 27,14 0,885
3 65,28 60,00 29,99 10,23 27,10 0,885
4 65,84 60,00 30,00 10,17 27,17 0,885
5 65,37 60,00 29,90 10,20 27,12 0,885
6 66,09 60,00 30,00 10,14 27,19 0,885
7 64,58 60,00 30,00 10,29 26,98 0,884
8 65,31 59,91 30,00 10,22 27,07 0,884
9 64,87 59,66 30,00 10,25 26,93 0,880
10 65,44 59,19 30,00 10,16 26,87 0,875
11 65,07 60,00 25,82 9,71 27,22 0,867
12 69,20 40,00 10,00 9,28 26,66 0,828
13 69,05 40,00 10,00 9,31 26,62 0,828
14 69,52 40,00 10,00 9,22 26,74 0,828
15 68,89 40,00 10,00 9,34 26,57 0,828
16 69,24 40,00 10,10 9,27 26,67 0,828
17 69,29 40,00 10,20 9,26 26,69 0,828
18 68,85 40,00 10,22 9,34 26,57 0,827
19 70,00 40,00 10,00 9,13 26,86 0,827
20 69,51 40,00 10,40 9,20 26,75 0,827
21 69,05 40,11 10,00 9,30 26,60 0,827
22 67,75 40,00 10,00 9,55 26,20 0,825
23 70,08 40,00 10,90 9,06 26,88 0,825
24 68,52 40,00 13,02 9,25 26,49 0,821
25 71,50 40,00 10,00 8,82 27,12 0,820

Do cac két qua chay Design-Expert cho két qua dung moi
0 khoang gitra, chi c6 thoi gian va nhiét do tuy ¢ ti€ém can
mirc trén nhung theo phan tich ciia Design-Expert 2 yéu
t6 nay anh huong khong dang ké, nén khong can mé rong
khoang chay t&i wu. Vay nén mau cao chiét ti wu s& co
thong sb nhu sau:

+ Dung mdi (ethanol %): 65,425

+ Nhiét do (°C): 60

+ Thoi gian (phat): 30

+ Ham luong chat chiét dugc (%): 10,210 (du kién)

@ Pai hoc Nguyén TAt Thanh

+ Hoat tinh &rc ché enzym a-glucosidase (%): 27,116 (du

kién)

+ Mirc d6 mong mudn (desirability): 0,885

3.4. Thi nghiém thir hoat tinh wc ché enzym a-

glucosidase theo di€¢u kién chiét cao toi uu

3.4.1. Ham hrong chit chiét dwoc ciia miu cao tdi uvu
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Bang 15. Ham lugng chét chiét dugc (%) theo diéu kién
chiét toi wu

Dung on L Ham Do
. moi Nhlgt T_hm — Tr‘ung léch
Mau do gian £, oz binh P
(ethanol (°C)  (phat) chat chiét chuan
%) A0 dwoe (%) (%)
1 65 60 30 10,64
2 65 60 30 11,05 11,53 1,21
3 65 60 30 12,91

Nhan xét: ham lugng chat chiét dugc ciia mau cao DG
cho thay két qua t6t, co su twong duong va vugt mong doi
vai tinh toan dy tinh ciia Design-expert. (Bang 15)
3.4.2. Hoat tinh e ché enzym a-glucosidase ciia miu
cao chiét toi wu
Hoat tinh trc ché hoat dong enzym a-glucosidase & cao
DG voi acarbose 1a ching duong dugc trinh bay bén dudi
(Bang 16) v6i ndng d6 enzym a-glucosidase thir nghiém
=0,2 U/mL.

Bang 16. Hoat tinh {rc ché a-glucosidase cua cao chiét

va acarbose

~ Nong do x Nong do
Mau (ug/mL) 1 (%) Mau (ug/mL) 1 (%)
32000 96,03 500 63,22
Cao Dén 16000 5541 250 55,36
gai 8 000 24,69  Acarbose 125 33,84
4000 13,05 62,5 30,12
2000 8,07 31,25 23,00

Acarbose

70.00

60.00

50.00
y = 13,824In(x) - 24,982
R2=09418

40.00

30.00

20.00

10.00

Hoat tinh ttc ché enzym (%)

0.00

0.00 100.00 200.00 300.00 400.00 500.00 600.00

Nong 6 acarbose (ug/ml)

Hinh 1. Phuong trinh hdi quy hoat tinh rc ché enzym
a-glucosidase cua acarbose
Két qua ghi nhin cho thiy I (%) cua ching duong
acarbose ty 1& thuan véi nong do 1 (%) tang dan khi
nong do tang), diéu d6 khang dinh riang hoat tinh tc
ché enzym a-glucosidase phu thudc vao nong do cua
cao. Kha ning tc ché enzym a-glucosidase cao nhat
ctia cao DG 12 96,03 % & ndng do 32 000 pg/mL con
v6i chimg duong 1a 62,22 % & nong do 500 pg/mL.

Dua vao phin trim hoat tinh trc ché enzym va ndng do
mau thtr nghiém, xay dung phuong trinh duong cong
logarithmic cho chimg duong acarbose va dudng thang
¢6 dang y = ax + b cho mau cao tdi wu dugc trinh bay
& (Hinh 1 va Hinh 2).

Cao Dén gai

120.00

100.00 vy =0.003x +2.5436

R*>=10.9935

80.00

60.00

40.00

20.00

Hoat tinh ttc ché enzym (%)

0.00
0.00 5000.00 10000.00 15000.00 20000.00 25000.00 30000.00 35000.00

Néng d6 cao Dén gai (ug/ml)

Hinh 2. Phuong trinh hoi quy hoat tinh trc ché enzym
a-glucosidase cao DG
Xac dinh gia tri ICsp bang cach thay y = 50 vao timg
phuong trinh ta c6 két qua (Hinh 3):
Acarbose: y = 13,824In(x) - 24,982, x = 226,80 (ug/mL)
Cao DG: y =0,003x + 2,5436, x = 15818,80 (ug/mL)

15818.80

16000.00

14000.00

-
12000.00
E
8D 10000.00
Z
~ 800000
]
O s000.00
4000.00
226.80
0.00
Acarbose Cao Dén gai

Hinh 3. Két qua ICso ctia chimg dwong va mau thir
Tir két qua nay cho thiy cao DG c6 gia tri ICsp =
15818,80 pg/mL so vai chitng duong acarbose ICso =
226,80 pg/mL c6 hoat tinh trc ché enzym a-
glucosidase yéu hon.

4. Ban luian

Két qua khao sat ba yéu t& chiét xudt gdm ndng do
ethanol, thoi gian siéu 4m va nhiét do cho thay ca ba yéu
t6 déu anh huong dang ké dén hiéu suat thu hdi va hoat
tinh trc ché a-glucosidase cia cao DG. Dung méi 1a yéu
t6 chi phdi manh nhét, pht hop véi dic tinh hoa tan cia
nhom polyphenol va flavonoid, cac hop chit duoc xem 1a
thanh ph?m chinh tao nén hoat tinh sinh hoc cua
Amaranthus spinosus. Xu huéng t6i vu hoa & ving ndng
d6 ethanol trung binh (khoang 60-70 %) ciing tuong dong
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v6i két qua cua Girija et al. (2011), trong d6 chiét
polyphenol tir Amaranthus spp. bang dung méi ethanol
60-70 % cho ham lugng hoat chét cao nhat. Sharma et al.
(2021) khi danh gié hoat tinh khang enzym ti€u hoa cua
cac loai Amaranthus ciing ghi nhan rang dung moi
ethanol 50-70 % tao ra dich chiét c6 hoat tinh trc ché a-
glucosidase n6i bat hon so véi cac dung méi phan cuc
manh hoic yéu hon.

Vé hoat tinh sinh hoc, cao chiét tdi wu thé hién kha nang
{rc ché a-glucosidase phu thudc lidu, dat mirc tre ché cao
nhat 96,03 % tai 32 000 ug/mL. Gi4 trj ICso xac dinh 1a
15 818,80 pg/mL cao hon dang ké so vdi acarbose
(226,80 png/mL) nhung phu hop véi dac tinh cua cao tho
tu nhién. Pong thoi, xét dén sy khac biét vé phuong phap
chiét, bo phan sir dung ctia cay va ham luong polyphenol,
gié tri ICso ctia nghién ctru nay hoan toan phit hop va nam
trong khoang dao dong di duoc béo céo trong nhiéu cong
b trong va ngoai nudc.

Mic di ICso ctia cao DG con twong ddi cao, diéu nay phan
anh dac diém hoa tan hon hop nhiéu chét ty nhién trong
cao thd, trong d6 chi mot phan nho 1a cac hop chét c6 hoat
tinh manh. Tuy nhién, gia tri nay van cé y nghia thyc tién
& giai doan nghién ciru tién cong thirc, boi: (i) dich chiét
tho thudng 14 nguyén lidu dau vao dé tién hanh phan doan
va tinh sach; (ii) nhiéu hop chat polyphenol/flavonoid
trong Amaranthus spinosus da dugc chirng minh so hiru
hoat tinh trc ché enzym manh hon khi & dang phan doan
gidu hoat chat va (iii) mirc trc ché >90 % tai ndng do cao
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Abstract This study aimed to optimize the extraction of Amaranthus spinosus L. (Amaranthaceae) using ultrasound-
assisted extraction (UAE) to improve both extraction yield and a-glucosidase inhibitory activity. A Box-Behnken design
was employed to investigate the effects of ethanol concentration (50-90 %), ultrasound duration (10-30 min), and
extraction temperature (40-60 °C). Response surface methodology (RSM) was used to analyze the experimental data.
The quadratic model identified ethanol concentration as the most influential factor for both responses, whereas extraction
time and temperature had comparatively weaker effects. The optimal extraction conditions were determined as 65.43 %
ethanol, 60 °C, and 30 minutes of ultrasound treatment. Under these conditions, the model predicted an extraction yield
0f 10.21 % and an a-glucosidase inhibition level of 27.12 %. Experimental validation showed yields ranging from 10.64
% to 12.91 %, confirming the reliability of the optimization model. The optimized extract exhibited a maximum a-
glucosidase inhibition of 96.03 % at 32 000 pg/mL, with an ICso value of 15 818.80 ug/mL. These findings demonstrate
the potential of A. spinosus as a natural source for developing plant-based products that support postprandial blood
glucose regulation.

Keywords Amaranthus spinosus; o-glucosidase; ultrasound-assisted extraction (UAE); Box-Behnken design;
optimization
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