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TOM TAT

Nghién ctru thuc hién téi wu hoa quy trinh chiét xuat polyphenol tong (TPC) va flavonoid tong
(TEC) trong diéu ché cao 1a giang (Aganonerion polymorphum Pierre ex Spire). Thi nghiém dugc
thiét ké theo phuong phap bé mit dap ing (RSM) duya trén thiét ke Box-Behnken (BBD), ba bién
khao sat bao gom: Nong d6 ethanol (50 - 90%); ty 1¢ dung moi: mau (10: 1 - 20: 1, mL/g) va thoi
gian siéu am (5 - 15 phut), chi tiéu theo ddi ham lugng TPC (mg GAE/g CK) va TFC (mg QE/g
CK). Két qua cho thay, mo hinh 0 y nghia thong ké cao (Peqe < 0,0001), gia tri Lack-of-fit > 0,05
(Prpc =0, 069 Prc=0 219) he ) Xac dinh R?> 98% ¢ ca hai mo6 hinh, qua dé chiing t6 mo hinh
phu hop va 6n dinh. Cac yéu to tuyén tinh béc hai va tuong tac déu anh hudng dang ké dén hiéu
suét chiét, thé hién tinh phi tuyen va su ton tai diém cuc dai trong vung khéo sat. Diéu kién chiét
xuét t6i wru dugc xac dinh 1a ethanol 73%, ty 1¢ dung moi: mau 16: 1 (mL/ g) va thoi gian siéu &m
10,5 phut. Kiém chimg thye nghiém bang kiém dinh hai phia (1 # Ho) cho thay tinh chinh xdc cua
md hinh dy doan. Két qua trén 1 thong tin khoa hoc tin cdy nham phat trién quy trinh san xuat cao

gidu hop chat sinh hoc.

Twr khoa: Cao la giang, Box-Behnken, flavonoids, polyphenols, song siéu am.

1. DAT VAN BE

La giang (Aganonerion polymorphum Pierre
ex Spire) 1a cdy dugc li¢u thudoc ho Apocynaceae
[1], loai day leo phan bd rong & khu vuc Dong
Nam A nhu: Thai Lan, Campuchia, Lao va Viét
Nam [2]. Trong y hoc dan gian ¢ Viét Nam, 14
giang dugc st dung truyén théng nhu mot loai
rau hodc thudc. Cac nghién ctru héa hoc da cong
b cho thdy, 14 giang chita nhiéu nhom hop chat
sinh hoc quan trong nhu: Triterpenoid (dac biét
axit ursolic), alkaloid, steroid, glycosid tim,
saponin, coumarin va cac hop chat phenolic [3,
4]. Trong d6, hop chit phenolic va flavonoid 1a
hai nhém ndi bat, thuong duoc dinh lwong dudi
dang TPC va TFC, dong vai trd quan trong trong
hoat tinh chéng oxy hoa va thé hién hoat tinh
khang [5]. Trong nhimg nim gin day, viéc
nghién ciru va khai thac cac hop chét sinh hoc tir
thyc vat di tré thanh xu hudng noi bat trong linh
vuc duogc liéu va thuc phim chirc ning. TPC va
TFC 14 nhitng nhom hop chat quan trong, c6 hoat

tinh chéng oxy héa manh, gop phan ning cao gia
tri sinh hoc cua cac san pham chiét xut tir thuc
vat. Nhiéu nghién ctru da ching minh ring, hiéu
qua chiét xuat TPC va TFC phu thudc dang ké
vao cac yéu to cong nghé nhu ndng d6 dung moi
ethanol [6,7], ty 1& dung moi: Mau [8] va thoi
gian siéu am [9].

Phuong phap bé mat dap ung két hop véi mo
hinh thiét ké thi nghiém Box-Behnken di duoc
g dung rong rai nham tdi wu hoa qua trinh chiét
xuat hop chét sinh hoc [10, 1 1]. M6 hinh danh gia
dong thoi sy tuong tac phi tuyén gilra cac yéu t0
xéc dinh ving diéu kién t6i wu, dong thoi giam sb
luong thi nghiém can thiét so v6i cac phuong
phap truyén thdng [12]. Hién nay, cac nghién ciru
vé 14 giang chi dung lai & viéc mo ta thanh phan
hoéa hoc va hoat tinh sinh hoc [3, 4] ma chua co
cong bd vé toi wu hoa qua trinh chiét xuat TPC va
TFC trong diéu ché cao. Xu hudng nghién ctru
hién nay cho thay, viéc két hop siéu am hd tro véi
mod hinh Box-Behnken la phuong phap hiéu qua

60 NONG NGHIEP VA MOI TRUONG - KY 2 - THANG 4/2026



KHOA HOC & CONG NGHE

dé nang cao hiéu suét chlét xuit va phan tich su
tuong tac giita cac yéu to cong nghé [6, 8]. Do
do, nghién ctru nay la can thiét nham chuan hoa
quy trinh san xuat cao tir 14 giang, gop phan phat
trién ngudn nguyén liéu duoc lidu va thuc pham
chtrc nang co gia tri.

2. VAT LIEU VA PHUDNG PHAP NGHIEN CUU

2.1. Vit liéu, hoa chit va thiét bi

Nguyén liéu: La giang dugc thu hai vao thang
4 nam 2025 ta1 xa GO Quao, tinh An Glang Sau
khi thu hai, miu dugc van chuyén vé phong thi
nghiém Truong Pai hoc Kién Giang, rira sach dé
rao nudc. La dugce sdy bang phuong phap nhiét
d6i Iuu & 55°C cho dén khi dat do 4m 9 = 1%.
M3u khé dugc nghién thanh bt min va bao quan
o0 -18°C, st dung lam nguyén liéu cho cac thi
nghiém.

Céc hoa chét sir dung gdom: Folin-Ciocalteu’s
phenol reagent (2N, Duc); Na,CO; (99,8%,
Xilong, Trung Qudc); AlC1;.6H,0 (98%, Xilong,
Trung Qudc); NaNO, (99%, Xilong, Trung
Qudc); NaOH (96%, Xilong, Trung Qudc);
ethanol (99,5%, Xilong, Trung Qudc); methanol
(99,5%, Xilong, Trung Qudc).

Thiét bi, dung cu: Tu say nhiét d6i luu (dung
tich 108 lit, UF110Memmert, Dirc); bé rira siéu
am (18 lit, Elma S180H, Puc); may ly tam
(Rotofix 32A, Hettich, Pirc); may quang phd UV-

vis (UV 1800, Shimadzu, Nhat Ban); can séiy am
(MS70, A&D, Nhat Ban); mdy c6 quay chan
khong (EV400, LabTech, Han Quéc).

2.2. Phuong phap nghién ciru

2.2.1. Bé tri thi nghiém

Can 20 g bot 1a giang cho vao binh tam giac
500 ml ¢6 nham c6 nat day. Cho ethanol vao binh
tam giac lic nhe cho miu ngdp trong dung méi,
dit binh tam gidc vao bé rtra siéu 4m tién hanh
danh song siéu 4m tan s6 37 kHz c¢6 dinh nhiét d6
55°C. Sau d6, mau duoc ly tam 6.000 vong trong
15 phat, dich chiét thu duoc dung thiét bi c6 quay
chan khéng quay & 4p suit 150 + 1 mbar, nhiét do
55°C, tbc d6 quay 200 rpm. Cao thu dugc tién
hanh phan tich céc chi tiéu theo doi.

Yéu t6 khao sat: Nong do ethanol trich ly 50 -
90%; ty 1& dung moi : mau 10: 1 - 20: 1 mL/g;
thoi gian si€u &m 5 - 15 phat. Chi tiéu theo doi
gom: Ham luong TPC (mg GAE/g CK) va TFC
(mg QE/g CK).

2.2.2. Thiét ké mé hinh héa thi nghiém

Str dung phuong phap bé mat dap ung thiét
ké theo md hinh Box-Behnken véi 3 yéu t6 doc
1ap bao gém: Nong do moi ethanol trich ly (X));
ty 1é dung moi: mau (X,), thoi gian siéu am (X3),
thi nghiém thyc hién & 3 muc do khao sat -1
(thdp); 0 (co s6); +1 (cao), pham vi va mirc do
cac bién duoc bd tri nhu trong bang 1.

Bang 1. Ma tran thue nghiém Box-Behnken véi 3 yéu to

Yéu td Pon vi Bién ma hoéa Mirc ma hoa
-1 0 +1
Nong d6 ethanol % X, 50 70 90
Dung méi : mau mL/g Xs 10:1 15:1 20:1
Thoi gian si€éu am Phut X3 5 10 15

Phin mém théng ké Statgraphic duoc st
dung phan tich va lya chon mo hinh phu hgp cho
cac dir liéu thu dugc. Muc do tuong thich ciia mo
hinh duoc kiém dinh va danh gia bang phuong
phap phan tich phuong sai ANOVA. Phuong
trinh hoi quy bac hai duoc x4y dung bang phan
mém Statgraphic. Phuong trinh hdi quy c6 dang:
Y = Bo + Br*Xy + B X + B3*X5 + Pt X *X +
B*Xp*Xy + Bi3*X3*X3  + Pp*X*Xy o+
Br3* X * X5 + Bas* X2 X3

Trong d6: Y 1a bién phu thudc; B, 1a hé sb hoi
quy tai tam; By, B2, B3 1a hé sO tuyén tinh; B, B2,

Bs 1a hé so binh phuong; B, Pis, Pos 1a hé sO
tuong tac; X, X, X3 la bién doc lap.

2.2.3. Phuong phap phan tich TPC va TFC

Polyphenol tong dugc xac dinh bang phuong
phap Folin-Ciocalteu [3]. Gia tri mét d0 quang
dugc do tai budc song 765 nm bang quang pho
UV-vis. Ham luong polyphenol c6 trong mau
duoc tinh theo ham lugng gallic axit (GAE) theo
phuong trinh dudng chuan hinh 1.

Flavonoid tong dugc xac dinh bang phuong
phap phan mg tao mau vo1 AlCl; [4]. Gia tri mét
dd quang dugc do tai budc song 510 nm bang
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quang phé UV-vis. Ham lugng flavonoid cé trong
mau dugc tinh theo ham lugng quercetin (QE)
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3. KET QUA NGHIEN CUU VA THAO LUAN

M6 hinh BBD thudéc nhém RSM duoc lua
chon nhiam khao sat anh hudng ddng thoi cia
nhiéu yéu t6 (X) dén cac bién dap tng (Y). Mo
hinh danh gia tic dong riéng 1é cua ting yéu td
dén cac bién dap ung, xac dinh twong tac hai
chiéu va ba chiéu giita cac yéu t6 va xay dung
phuong trinh hdi quy bac hai dé mo phong bé
mit dap ung, tir d6 toi wu hoa dap tng cho qua

theo phuong trinh duong chuan hinh 2.
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Hinh 2. D6 thi dwong chuin quercetin

trinh trich ly TPC va TFC trong diéu ché cao
14 giang.

3.1. Phwong trinh hoi quy

M6 hinh BBD duoc xdy dung voi ba yéu th
lién tuc: Nong do ethanol (50 - 90%); ty 1& dung
moi : mau (10: 1 - 20: 1 mL/g) va thoi gian siéu
am (5 - 15 phat). Thiét ké gdom 17 nghiém thc,
trong d6 ¢ 5 1an lap lai tai diém trung tim. Béang
2 trinh bay két qua ham luong TPC va TFC trong
cao la giang.

Bang 2. Ham luwgng TPC, TFC theo m6 hinh BBD

‘Xl Xz X3 Yl Y2
STT Ii?}?a%l Sf Dung méi : Mau Thoi gian TPC TFC
(%) (mL/g) siéu am (phut) | (mg GAE/g CK) (mg QE/g CK)
1 70 10: 1 5 23,776 18,280
2 70 15:1 10 51,990 21,484
3 90 15:1 5 26,334 18,639
4 70 15:1 10 53,264 21,721
5 90 15:1 15 44,639 17,036
6 50 20: 1 10 28,679 16,946
7 50 15:1 15 26,164 18,390
8 70 10: 1 15 41,807 18,080
9 70 15:1 10 56,096 21,166
10 70 20: 1 15 32,690 20,209
11 90 10: 1 10 30,883 17,284
12 70 15:1 10 55,570 21,577
13 70 20: 1 5 37,853 18,725
14 70 15:1 10 54,771 21,204
15 90 20: 1 10 42,940 20,000
16 50 10: 1 10 27,103 17,511
17 50 15:1 5 24,969 16,088

Két qua phan tich thong ké ANOVA (Bang
3) cho thay, mé hinh thi nghiém duoc xdy dung
c6 y nghia thong ké rit cao véi gia tri P-Value
cia mo hinh (Model) < 0,0001. Piéu nay khang

dinh rang, mo6 hinh phu hop dé du doan va tdi wu

hoa qua trinh trich ly TPC va TFC tu 14 giang.
DPdi v6i ham lugong TPC, cac yéu t6 bac mot

(X;: Nong d6 ethanol, X,: Ty 1& dung méi :
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mau, X5: Thoi gian siéu am) c6 P-Value < 0,05,
cho thiy ca ba yéu t6 tuyén tinh dong gop dang
ké vao mo hinh. Trong do, nong dd ethanol (X;)
c6 anh huéng manh nhat, 13 yéu t6 quyét dinh
kha nang hoa tan polyphenol. Thoi gian si€u am
(X3) gitr vai tro quan trong trong viéc pha v&
cdu tric té bao, giai phong polyphenol, trong
khi ty 1& dung méi : mau (X,) anh huong dén
kha nang khuéch tan va hoa tan hop chét
phenolic. Cac yeu to bac hai (X;Xi, X2X2,
X3X3) ¢o P-Value rat nho, chimg minh moi
quan hé phi tuyén tinh giita cac bién va TPC,
nghia l1a hi¢u qua trich ly dat cuc dai & mot
khoang t6i uu thay vi ting tuyén tinh. Cac yéu
to twong tac (X, Xz, XXz, X2X3) ¢ P-Value <
0,05, cho thiy qua trinh trich ly TPC trong la
giang c6 sy tdc dong cua da yeu t6 va phu thudc
vao sy phdi hop giira cac yéu tb tuong tac. Déi
v6éi ham luong TFC, cac yéu té bac mot X1,
X, X3) €6 P-Value < 0,05, chimg minh cac yéu
td anh huong dang ké den kha nédng trich ly
flavonoid. Trong do, nong do ethanol (X, P-
Value = 0,004) va ty 1¢ dung méi: Mau (X,, P-
Value = 0,002) c6 anh hudong manh nhat, quyét
dinh kha ning hoa tan va khuéch tan hop chat
flavonoid. Thoi gian siéu am (X3, P-Value =
0,043) anh huong nhung mirc do thap hon, cho
thay hiéu qua siéu am phu thuéc vao su phdi
hop v6i dung méi. Cac yéu t6 bac hai (XX,
XoXo, X3X3) c6 P-Value rat nhod, qua do khang
dinh mdi quan hé phi tuyén tinh cua cac yéu tb
nay. Cac tuong tac (X;X,, X;X3, X2X3) déu co
P-Value < 0,05, chimg minh su két hop giita

cac yéu t6 c6 anh huong déng ké dén hiéu qua
chiét xuat TFC.

Két qua phan tich ANOVA (Bang 3) thé hién
dd tin cay va chinh xac cia mé hinh thong qua
cac gia tri Lack-of-fit (TPC, P-Value = 0,069 >
0,05; TFC, P-Value = 0,219 > 0,05), chirng minh
md hinh khong co sai léch dang ké qua do phan
anh t6t mdi quan hé giira cac bién doc lap (ndng
do ethanol, ty 1€ dung moi: Mau, thoi gian siéu
am) va bién phuy thudc (TPC va TFC); gia tri R? >
95% (TPC, R? = 99,293%; TFC, R? = 98,875%),
cho thdy mo hinh giai thich gan nhu toan bo bién
thién cia dir liéu, trong khi Adjusted R? (TPC,
Adjusted R? = 98,385%; TFC, Adjusted R’
97,430%) c6 su chénh léch nhoé (<2%) so voi R?,
khang dinh mé hinh 6n dinh.

Bén canh céc chi sb truyén théng nhu R2, R?
diéu chinh va Lack-of-fit, viéc danh gia thém
Adequate Precision (AP) va Coefficient of
Variation (CV) chimg minh thém vé do tin cay
ctia md hinh. Két qua cho thiy, AP cua TPC va
TEC lan luot dat 58,1 va 90,1, déu vuot xa
ngudng chap nhén 4, chimg minh kha néng phén
biét nhidu rit cao. Pong thoi, CV cua TPC
(1,69%) va TFC (1,11%) déu thap hon nhiéu so
véi ngudng 10%, phan anh dit liéu 6n dinh va mo
hinh ¢6 d6 chinh xac cao. Nhu viy, su két hop
gitra cac chi sd truyén thong va cac chi sd b trg
nay khang dinh ring, mdé hinh Box-Behnken
khong chi phi hop vé mit toan hoc ma con cé
kha ning du doan 6n dinh, ning cao gia tri ing
dung thuc tién va hoc thuat cua nghién ciru.

Bing 3. Két qua phan tich thong ké va phuwong sai (ANOVA)
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TPC TFC
ALk 2 . A Trung Téng |Bac| Trung
Nguon bién | Tong binh | Bac |2 | 1o (6 F | Giatri P| binh | tw |binh binh | Ty s6 F |Gid tri P
thién phuong |tu do
phuong phuong| do | phuong
M6 hinh 2466,800 | 9 | 274,089 | 505,691 |<0,0001|51,213| 9 | 5,690 |173,201 |<0,0001
XI:Nénng
ethanol 179,371 1 | 179,371 | 189,110 [<0,0001| 2,024 | 1 | 2,024 | 35,200 | 0,004
Xs: Durlg moi :
mau 43213 1 43213 | 45,560 | 0,003 | 2,791 | 1 | 2,791 | 48,540 | 0,002
X3: Thoi gian
siéu am 130,961 1 | 130,961 | 138,070 [<0,0001| 0,492 | 1 0,492 8,550 | 0,043
XX, 804,292 1 | 804,292 | 847,950 [<0,0001|24,055| 1 | 24,055 |418,390 |<0,0001
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XX, 27,463 1 | 27,463 | 28,950 | 0,006 | 2,691 | 1 | 2,691 | 46,810 | 0,002
X, X, 73,188 1 | 73,188 | 77,160 | 0,001 | 3,812 | 1 | 3,812 | 66,310 | 0,001
X,X, 448,081 1 | 448,081 [ 472,400 |<0,0001| 5,141 | 1 | 5,141 | 89,410 | 0,001
X5 X;3 134,490 | 1 | 134,490 | 141,790 |<0,0001| 0,709 | 1 | 0,709 | 12,330 | 0,025
X3X; 625,742 1 | 625,742 659,710 [<0,0001| 9,498 | 1 | 9,498 |165,200 |<0,0001

Sai s6 do md

hinh khong phit| 15,305 3 5,102 | 5,380 | 0,069 | 0,397 | 3 | 0,132 | 2,300 | 0,219
hop

Sai 6 thuan 3,794 4 0,949 0,230 | 4 | 0,057

Téng (hiéu
chinh) 2702,510 | 16 | 168,907 55,781 |16 | 3,486
Phan du 19,099 7 0,542 0,627 | 7 | 0,033

He s R dinh 99,293% 98,875%

Hé sb ?céc dinh

R? (diéu chinh 98,385% 97,430%

theo bac ty do)

Sai 50 chuan 0,974 0,240

ctua udc lugng

Phuong trinh h01 quy da bién (1) va (2) duoc
x4y dung nhiam tdi vu héa bién thién cta ham
lugng TPC va TFC anh hudng boi cac diéu kién
chiét (X, Xy, X3), tir 6 dy doan duoc ham luong
TPC, TEC khi thay doi cac diéu kién chiét trong
pham vi mé hinh khao sat ma khong can chay thi
nghiém mdi.

Y, = -263,349 + 4,25331*X,; + 13,3292*X, +
11,0466%X5 -0,0345524*X,* + 0,0262025*X,*X,
+0,042775*X,*X3 - 0,412639%X, -
0,23194*X,*X; - 0,487629%X5° (1)

Y, = -23,5252 + 0,836307*X,; + 0,70149*X, +
1,68191*X5 -0,0059755%X > + 0,0082025*X;*X,
- 0,0097625%X* X5 - 0,044198*X,> +
0,01684*X,*X; - 0,060078*X5> )

Trong d6: Y, 1a ham lugng TPC (mg GAE/g
CK); Y; 1a ham luong TFC (mg QE/g CK); X la
néng do ethanol (%); X, 1a dung modi : mau
(mL/g); X3 la thoi gian si€u am (phut).

Phan tich hé s6 hdi quy phuong trinh (1) cho
thiy, mo6 hinh bac hai mé ta hop 1y anh huéng
ctia ba yéu t6 1én ham luong TPC. Cac hé sb
tuyén tinh duong (B; = 4,25331; B, = 13,3292; B3

64

= 11,0466) cho thiy ting X, X,, X3 lam ting
TPC ¢ vung cuc b, trong do X, va X3 c6 anh
huéng manh hon X;. Cac hé sb bac hai am (By;= -
0,03455; Ba=-0,412639; B33= -0,487629) chi ra
tinh phi tuyén va sy bdo hoa hiéu qua chiét.
Tuong tac duong nhe gitta X; va X, (Bio=
0,02620) va gitra X; va X3 (Bi13= 0,042775) cho
thiy su cong hudong khi ting dong thoi nong do
ethanol voi ty 1€ dung moi hoac thoi gian siéu
am, trong khi tuong tac am gitra X, va X; (Bs= -
0,23194) thé hién tang dong X, va X3 ¢6 thé giam
lugng TPC trong cao chiét. Két qua cho thay,
mubn toi uu hoa didu kién chiét can can bang
gitra cac yéu to khao sat, uu tién khao sat cac yéu
t0 X va X3 dé xac dinh duoc diéu kién chiét xuat
ham Iuong TPC cuc dai.

Tuong tu nhu vay, phuong trinh (2), cac hé
s6 tuyén tinh duong (B;= 0,836307; o= 0,70149;
3= 1,68191) cho thiy ting cuc bod timg yéu tb
déu lam ting ham lugng TFC, trong d6 X3 ¢ anh
hudng tuyén tinh manh nhat. Cac hé sd bac hai
am  (B11=-0,0059755; P=-0,044198; B33=-
0,060078) biéu thi tinh phi tuyén va sy bdo hoa
clia qua trinh chiét, hé sb bac hai 16n hon theo trj
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tuyét dbi o gia tri X, va X3 cho thay hai yéu t6
nay dé dat bao hoa hon X;. Tuong tac gilra cac
bién 1am ndi bat tinh phéi hop giita cac yéu to X,
va Xj; X; va X3 c¢6 hi€u ung cong hudng nhe
(B12= 0,0082025; B3= 0,01684), trong khi cip X;
va X3 biéu hién twong tac giam (Bi3= -0,0097625)
ham luwong TFC, nghia 13 t6i wu hoa phai can
bang dong thoi nhiéu yéu td tac dong ma khong
thé dya trén cac tac dong riéng 1¢

3.2. Cac yéu td chiét xuit anh huéng dén
TPC, TFC trong qua trinh diéu ché cao chiét
la giang

Do thi bé mit dap tng trong mé hinh BBD
dugc xay dung tir phuong trinh hf)i quy da bién.
Do thi mo ta quan h¢ gitra cac yéu t6 dau vao Xy,
Xs, X3) va bién dap ung (Y) theo ting cap yéu t6
tuong tac v6i nhau trong khi yéu t6 con lai dugc
¢ dinh.

3.2.1. Céc yéu to chiét xudt anh huong dén
ham luwong TPC

Céac cap yéu to X anh huong dén ham luong
TPC trong qua trinh diéu ché cao 14 giang duoc
thé hién qua d6 thi bé mat dap ung (Hinh 3). Cu
the nhu sau, d6 thi hinh 3a, twong tac giita TPC,
nong do ethanol (X)) va ty 1¢ dung moi : mau
(Xy) trong diéu kién cb dinh thoi gian siéu am,
két qua TPC dat gi tri t6i uu khi ethanol tang tir
50% 1én khoang 70 - 80% két hop véi ty 1¢é dung

TPC (mgGAE/g CK)
TPC (mg GAE/g CK)

mdi : miu 15: 1 - 20: 1 mL/g, qua d6 thiy dugc
vai tro ciia dung moi ethanol trong vi¢c hoa tan
hiéu qua hop chat phenolic, dong thoi ty 1¢ dung
modi cao tao gradient néng d6 manh, thuac déy
khuéch tan va giai phong chat tan tir mo thuc vat
[9]; do thi hinh 3b, twong tac gitra TPC, ndng do
ethanol (X,) va thoi gian siéu &m (X3) trong diéu
kién ¢6 dinh ty 1& dung méi: mau, két qua TPC
tang khi ethanol dat 70 - 80% két hop voi thoi
gian siéu 4m 5 - 10 phat. Didu nay phan anh vai
trd kép cua ethanol & ndng do thich hop giup hoa
tan hiéu qua polyphenol, trong khi d6 siéu am hd
trg pha v& cdu trac té bao, ting cuong giai phong
cac hop chét sinh hoc [13]. Tuy nhién, khi thoi
gian siéu am kéo dai qua 15 phut, hiéu qua trich
ly c6 xu hudng giam nhe do hién tugng phan huy
hodc bién ddi ciu trac polyphenol [6]; d6 thi hinh
3c, twong tac giita TPC, ty 1&¢ dung mdi: mau (X,)
va thoi gian siéu am (X3) trong diéu kién ¢ dinh
néng do ethanol, két qué cho théy, TPC dat cuc
dai khi ty 1¢ dung moi : mau cao (15: 1 - 20: 1
mL/g), két hop véi thoi gian siéu 4m vira phai (10
- 12 phat). Ty 1& dung méi 16n tao gradient ndng
d6 manh, thac day khuéch tan va hoa tan
polyphenol, trong khi si€éu am & mirc vira phai
giip pha vd mo thuc vat, giai phong TPC ma
khong gay phan huy [7, 8]. Tuy nhién, thoi gian
siéu am kéo dai lam hi¢u qua trich ly gidm nhe
kha nang chiét xuat TPC [13, 14] .

TPC (mg GAE/g CK)

Hinh 3. Bé miit dap ung cic yéu té znh hwong dén ham lwong TPC trong cao chiét I
giang. a: Twong quan giira ndng dd ethanol va ty 1¢ dung moi (thoi gian siéu Am 10 phut);
b: Twong quan giira nong dd ethanol va thoi gian siéu am (ty 1é dung méi 15: 1 mL/g); ¢

Twong quan giira ty 1€ dung moi va thoi gian siéu Am (nong do ethanol 70%)

3.2.2. Cdc yéu to chiét xudt anh hwéng dén
ham luwong TFC

Céc cdp yéu t6 X anh huong dén ham luong
TFC trong qué trinh diéu ché cao chiét 14 giang
duoc thé hién qua db thi bé mat dap Gng (Hinh 4).
Cuy thé nhu sau, d6 thi hinh 4a, twong tic giita
TFC, ndng d6 ethanol (X;) va ty 1& dung moi:

Mau (X») trong diéu kién cd dinh thoi gian siéu
am, két qua TFC dat cuc dai khi ethanol ¢ nong
d6 70 - 80% két hop voi ty 1& dung méi : mau 15:
1 - 20: 1 mL/g, két qua nay phu hop véi két qua
nghién cuu cua Chavez-Gonzilez va cs (2020)
[15] vé vai tro ciia ethanol va ty 1& dung méi
trong chiét xuit flavonoid,; dd thi hinh 4b va 4c

NONG NGHIEP VA MOI TRUONG - KY 2 - THANG 4/2026 65



KHOA HOC & CONG NGHE

cho thdy, thoi gian siéu 4m & muc vira phai gitp
pha v& mé thuc vat, giai phong hop chét sinh hoc,
khi thoi gian si€u am kéo dai hon 15 phut, hi¢u
sudt trich ly giam do hién twong phan huy hodc
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bién ddi cau trac flavonoid [13]. Két qua nay phu
hop vé6i két qua nghién ciru ciia Guo va cs (2024)
[16] vé tdi wu hoa chiét xut flavonoid co hd tro
siéu am.
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Hinh 4. Bé mit dap wng cac yéu t6 anh hwéng dén ham lwong TFC trong cao chiét 1a
giang. a: Twong quan giira ndng dj ethanol va ty 1¢ dung méi (thoi gian siéu 4m 10
phiit); b: Twong quan giira nong dé ethanol va thoi gian siéu Am (ty 1€ dung mdi 15: 1
mL/g); ¢: Twong quan giira ty 1¢ dung mai va thoi gian si¢u am (ndng dd ethanol 70%)

3.3. To6i wu héa bé mit dap Gng

Két qua mo hinh BBD cho théy, gia tri TPC
t6i uvu duoc dy doan khoang 57,499 mg GAE/g
CK khi cac yéu t6 duoc dit & mirc nong do
ethanol 74,16%, ty 1& dung moi : mau 15,44: 1 va
thoi gian si€u am 10,91 phut. Tuong ty nhu vay,
gia tri TFC t6i wu dugc du doan khoang 21,577
mg QE/g CK tai diéu kién ndéng d6 ethanol
72,92%, ty 1€ dung moi: mau 16,68: 1 va thoi
gian siéu am 10,41 phut. Ca TPC va TFC c6 céac
mirc yéu tb tic dong tdi wu nim & gan muirc khao
sat co sd, cho théy diém cuc dai nam trong pham
vi thiét ké thiét ké thi nghiém ban dau. Viéc cac
mire t6i vu ndm & gitta khoang khao sat cho thiy
moi quan hé giita timg yéu to khao sat va bién
twong tic co6 dang khéng tuyén tinh (c6 thanh
phan bac hai), tirc 1a t6n tai mot diém can bang
gitra kha nang hoa tan va kha nang phén huy hoac
bdo hoa cua hop chit mong muon trich ly [12].
Tir két qua ctia mo hinh BBD, tlen hanh t6i wu
héa dap Gmg nham xac dinh cac yéu t6 dau vao
(X;: Nong do mdi ethanol trich ly; X,: Ty 1¢ dung
moi : miu, X3: Thoi gian siéu 4m) sao cho bién
dau ra (Y1: TPC; Y2: TFC) dat gia tri t6i da. Két
qua t6i wu hoa dap tmg thu dugc gia tri
desirability = 0,974, v6i diéu kién toi wu nhu sau:
Nong do ethanol 73.217%, ty 1¢ dung mdi : mau
15,999: 1 mL/g, thoi gian siéu am 10,543 phut,
cho ham lugng TPC = 57,324 mg GAE/g CK va
TFC = 21,551 mg QE/g CK. Tuy nhién, dé phu
hop véi mo hinh thyc nghiém, di tién hanh hiéu
chinh lai diéu kién t6i wu nhu sau: Nong do
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ethanol 73%; ty 1€ dung moi :
thoi gian siéu am 10,5 phut.

Tién hanh kiém chimg lai diéu kién tbi wu,
thi nghiém duoc thyc hién 3 1an lip lai (n = 3)
theo céc yéu t6 t6i wu ma mo hinh du doan,
ham lwong TPC va TFC thuc nghiém 1an luot 1a
57,207 + 0,089 mg GAE/g CK va 21,310 +
0,191 mg QE/g CK, gia tri nay duoc xem la
tuong 601 cao, phan anh hi€u qua cua quy trinh
chiét xuat t6i uu bang song siéu am. So sanh
vol cac loai thugc ho Apocynaceae da dugc
cong bd nhu 14 giang c6 TPC dao dong 41,2 -
49,8 mg GAE/g CK va TFC 15,6 - 18,9 mg
QE/g CK [17], hay 1a giang dat TPC 38,5 - 45,7
mg GAE/g CK va TFC 14,2 - 17,5 mg QE/g CK
[18]. Nhu vdy, 14 giang thé hién ham luong
TPC va TFC vuot trdi hon so véi nhiéu loai
cung ho. Bénh canh d6, tir két qua TPC va TFC
thue nghiém, viée kiém dinh hai phia (1 # po)
dugc tién hanh nham so sanh giita két qua thuc
nghiém va mé hinh du doan. Gia tri théng ké
tinh toan théng ké tinh toan cho thdy, |frpc| =
2,285 va |lTFC| = 2,182 deu nho hon l(()()j 2) =
4,303. Trén co s& d6 két luan, khong cé sy ton
tai khac biét c6 y nghia théng ké gitta két qua
thuc nghiém va moé hinh dy doan. Diéu nay
khing dinh su twong dong giita gid tri thuc
nghiém va mo hinh dy doan, dong thoi ching
minh tinh chinh xac va gia tri iing dung ctia moé
hinh trong viéc du doan diéu kién téi wu dé thu
nhan ham luong TPC va TFC trong pham vi
nghién cuu.

mau 16: 1 mL/g;
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4. KET LUAN

Nghién ctru da chung minh tinh phu hgp va
do tin cay cao cua mo hinh Box—Behnken trong
t6i wu hoa cac yéu to chiét xuat nham néng cao
hiéu suit thu hodi polyphenol tong (TPC) va
flavonoid tong (TFC) tir 14 giang. M6 hinh hoi
quy da bién cho thay kha ning dy doan chinh xéac
gitra 1y thuyét va thuc nghiém, khang dinh gia tri
ung dung cua phuong phap RSM trong nghién
ctu chiét xudt hop chat sinh hoc. Két qua nay
khang dinh tiém ning cua 14 giang nhu ngudn
nguyén liéu giau hop chit sinh hoc, dong thoi
cung cap nén tang khoa hoc dang tin cdy cho viéc
chuan hoéa va mé rong quy trinh san xuat. Trong
tuong lai, viéc danh gia hoat tinh sinh hoc cua
cao chiét toi wu va nghién ctru tng dung & quy
mo coéng nghiép s& 1a huéng di quan trong nham
khai thac gié tri cuia nguén dugc liéu ban dia nay.
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OPTIMIZATION OF THE EXTRACTION PROCESS FOR Aganonerion polymorphum
Pierre ex Spire LEAF EXTRACT USING THE BOX-BEHNKEN DESIGN

Phu Thi Thanh Khietl, Truong Thi Tu Tranl, Tran Viet Quyenl,

Kong Narin', Le Thai Anh Thu®

'Food and Health Science Department, Kien Giang University

’Technique and technology department, Dong Thap Community College
Abstract

This study aimed to optimize the extraction process of total polyphenols (TPC) and total flavonoids
(TFC) from Aganonerion polymorphum Pierre ex Spire leaves. The experiment was designed using
response surface methodology (RSM) based on a Box—Behnken design (BBD), with three
independent variables: ethanol concentration (50 - 90%), solvent-to-sample ratio (10: 1 - 20: 1,
mL/g) and ultrasonic time (5 - 15 min). The response variables were TPC (mg GAE/g DW) and
TFC (mg QE/g DW). The developed models showed high statistical significance (Pmodel <

0.0001), with non-significant lack of fit (PTPC =

0.069; PTFC = 0.219) and high coefficients of

determination (R*> > 98% for both models), confirming their reliability and stability. Linear,
quadratic, and interaction effects significantly influenced extraction efficiency, indicating
nonlinearity and the presence of maxima within the studied range. The optimal extraction
conditions were determined as 73% ethanol, solvent-to-sample ratio of 16: 1 (mL/g) and ultrasonic
time of 10.5 min. Experimental validation using two-tailed tests (i # ) confirmed the accuracy of
the predicted models. These findings provide robust scientific evidence for developing an efficient
process to produce extracts enriched with bioactive compounds.

Keywords: Aganonerion polymorphum,
ultrasound-assisted extraction.
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