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Tém tit

Nhan bai:

Pé t6i wu hoa quy trinh chiét xuét polyphenol va trlterpenmd tir dugc lidu, phwong phap bé mat dép ung (Response
Surface Methodology, RSM) dugc sir dung rong réi nhim d4nh gia ddng thoi anh hudng cua nhiéu yéu t6 va tim ra didu kién
ti wu cho hé théng chiét. Nghién ciru thuc hién t6i wu héa quy trinh chiét xudt polyphenol, triterpenoid bing siéu am tir l4
cdy insulin (Costus pictus D. Don) trdng & Viét Nam. Thi nghiém dugc thiét ké theo mé hinh Box-Behnken, sir dung phuong
phép RSM, thu duogc diéu kién chiét xuat toi vu 1a dung moi ethanol 66% & nhiét do 80°C trong thoi gian 90 phut, ham lugng
polyphenol va triterpenoid thyc té thu dugc lan luot 1a 3,65 + 0,05 mg GAE/g va 2,17 + 0,04 mg OAE/g. Két qua nay ciing
phit hop véi du doan ctia mé hinh toan hoc da khing dinh tinh chinh xdc va khd néng img dung thuc tién coa quy trinh. Quy
trinh duoc tdi wu ciing gop phan dinh huéng nghién ciru tiép theo nhim mé rong va ning cip quy mé chiét siéu am dé didu
ché cao giau polyphenol va triterpenoid 1én mirc ban cong nghiép va cong nghiép .

Tir khéa: Cdy insulin; Costus pictus; Polyphenol; Triterpenoid; Bé mdt ddp timg; Box—Behnken (BBD).
Summary

Optimization of Ultrasonic Extraction Process for the Extraction of Polyphenols and Triterpenoids from Insulin
Leaves (Costus pictus D. Don) Grown in Vietnam Using the Response Surface Method

Response Surface Methodology (RSM) is widely utilized in optimizing the extraction of bioactive compounds from
medicinal plants to evaluate the simultaneous effects of multiple factors and determine the optimal operating conditions. This
study aimed to optimize the ultrasound-assisted extraction (UAE) process for recovering polyphenols and triterpenoids from
the insulin leaves (Costus pictus D. Don) cultivated in Vietnam. Based on RSM, a three-factor Box-Behnken design (BBD)
was applied with three independent variables: ethanol concentration (50-100%), extraction temperature (40-80°C), and
extraction time (30-90 min). The established optimal conditions were 66% ethanol, a temperature of 80°C, and a duration of
90 min. Under these conditions, the experimental yields of total polyphenols and triterpenoids were 3.65 + 0.05 mg GAE/g
and 2.17 + 0.04 mg OAE/g, respectively. These experimental results were in close agreement with the model-predicted
values, thereby validating the reliability and practical applicability of the extraction model. The optimized process provides a
solid foundation for further scale-up studies at semi-industrial and industrial levels.

Keywords: Costus pictus,; Polyphenol; Triterpenoid; Response Surface Method,; Box—Behnken (BBD).

1. Dat van de d6, nhom triterpenoid, bao gom ca cac saponin co

Cay insulin (Costus pictus D. Don) 1a loai thuc

vat thudc ho Costaceae. Day la cay than thao, 14 to,

mong nudc, cb ngudn gdc tir chau My nhung duoc
trong phd bién & An P va mot sb nudc Nam A
[1]. Cac khao sat hoa thuc vat cho thiy 1a C.
pictus chira nhidu nhém chét c¢6 hoat tinh sinh hoc,
nhu: polyphenol, flavonoid, triterpenoid, saponin,
steroid, alkaloid va tannin; day 14 cic thanh phan
chinh mang lai tic dung duogc 1y cua cay
[11.[2],[3],[4]. Pac biét, polyphenol c6 hoat tinh
chéng oxy hoa, qua d6 1am giam stress oxy hoa,
bao vé té bao beta tuy va gdp phan han ché tién
trién ctia ting duong huyét man tinh [1]. Bén canh

khung triterpen, dugc ghi nhan c6 tiém ning diéu
hoa chuyén hoa glucose va lipid, ddng thoi c6 thé
ho tro ting nhay cdm insulin, khang viém va cai
thién cac rdi loan chuyén hoa lién quan [3],[4].
Hién nay, C. pictus da dugc st dung nhu mot
nguén duoc liéu chira tri tiéu duong tai mot sb
bang caa An Do [5]. O Viét Nam, C. pictus gan
day ciing duoc trdng nhiéu va dang duoc quan
tam hon chinh nho tiém ning hd tro kiém soat dai
thao duong va cai thién cac rdi loan chuyén hoa
lién quan nay [2],[6]. Tuy nhién, chua c6 nhiéu
nghién ctru tap trung vao diéu kién chiét xuat
nhom hoat chét polyphenol va triterpenoid duoc
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thuc hién. Vi vay, nghién clru nay nham khéo sat
didu kién chiét siéu 4m va t6i wu hoa quy trinh
bang phuong phap bé mit dap ung (Response
Surface Methodology - RSM) dé huéng t6i diéu
ché cao giau polyphenol va triterpenoid bang
chiét siéu 4m & quy mé cao hon.

2. P6i twong, phwong phap nghién ciru

2.1. Béi twong nghién ciru

Déi tugng nghién ctru 1a 14 cay insulin (Costus
pictus D. Don) dugc thu hai vao 05/2026 ¢ Thach
Thét, Ha Noi va duoc dinh danh bdi B mon
Thuc vat, Truong Pai hoc Dugc Ha Noi (Phiéu
giam dinh s§ 60/2025). L4 cay sau khi thu hai
duogc rira sach, thai nho, phoi khé (ham 4m 8,7 %)
va dugc bao quan trong tai hut chan khong.

2.2. Thiét bi, dung cu, hoa chd}, chat chudn

Chdt chudn: Acid gallic (GAE, C;HOs)
(Sigma-Aldrich; lot: 0000471083; 99,8%); acid
oleanolic (OAE, C3Hss03;) (VKNTTW; SKS:
E0124398; 97,3% (nguyén trang)).

Héa chdt, dung méi duge st dung phit hop cho
phan tich (PA), bao gdm: ethanol (Cong ty C
ph?m Hoéa Dugc Viét Nam), thudc thtr Folin &
Ciocalteu (Sigma - Aldrich), natri carbonat
(Scharlau), vanillin (Trung Qudc), acid acetic
bang (Scharlau), acid perchloric dic (Merck) va
nudc RO (VKNTTW).

Cdc thiét bi, dung cu di dugc hiéu chudn, dap
tmg yéu cau cua ISO/IEC 17025 va GLP, bao
gém: can phan tich (Mettler, d = 0,1 mg; Mettler,
d = 0,001 mg); May quang phd hip thu UV-Vis
(Shimadzu, UV-2600); may lic siéu 4m
Elmasonic S100H (150 W; 37 kHz); bé diéu
nhiét Memmert; micropipet va cac loai dung cu
thiy tinh chinh xac class A.

2.3. Phuong phap nghién curu

2.3.1. Phuong phép chiét xuét:

Can chinh xac khoang 1,0 g duogc liéu vao
binh dinh mirc 100 mL, chiét siéu am (150 W; 37
kHz) voi cac diéu kién chiét: ndng do ethanol,
thoi gian, nhiét do chiét duoc thiét ké theo mé
hinh Box—Behnken (BBD) véi 15 thi nghiém
(dugc md ta & Bang 2). Sau qua trinh chiét, tién
hanh loc bdé ba, thu dugc dung dich thir. Tién
hanh xac dinh ham lugng polyphenol toan phin

va triterpenoid toan phan theo mé ta phan 2.3.2
va 2.3.3.

2.3.2. Phuong phép dinh luong polyphenol
toan phan:

Dinh luong polyphenol toan phin st dung
phuong phap tao phitc v6i thuée thir Folin —
Ciocalteu va tién hanh do hap thu UV-VIS, so
sanh v6i chuan acid gallic [7].

Chuan bi déy cdc mau chudn: Can chinh xac
khoang 1,38 mg acid gallic (GAE) chuin vao
binh dinh mc 10 mL méau nau, thém nudc dé
hoa tan va dinh muc bang nudc. Hut chinh xac
5,0 mL dung dich trén vao binh dinh mirc 25 mL
mau nau, thém nudc vira da dén vach, lic déu
(dung dich c6 ndng do gallic acid khoang 0,025
mg/mL). Hut chinh xac lan luot 1,0 mL; 2,0 mL;
3,0 mL; 4,0 mL; 5,0 mL dung dich chuén vao cac
binh dinh muc 25 mL riéng biét mau nau, thém
vao mdi binh 2 mL thuée thir Folin — Ciocalteu
(TT), sau d6 thém lan luot 10 mL, 9 mL, 8 mL, 7
mL, 6 mL nuéc RO vao cac binh tuong ung,
thém dung dich natri carbonat 29% (TT) dén
vach, lic déu thu duoc cadc mau chuan.

Mau thie: duge chuan bi bang cach hut chinh
xéac 5,0 mL dich loc vao dng chiét thuy tinh, thdi
khi nito dén cén. Hoa tan lai toan bd lugng cin
sau khi ¢6 bang 12 mL nuéc RO viao binh dinh
mac 25 mL, thém 2 mL thuéc thir Folin —
Ciocalteu (TT), 1ic déu, dinh mic bing dung
dich Na:COs 29% (TT), lac déu.

Mau trdng duoc chuin bi twong tu mau thu,
nhung str dung 5,0 mL nude RO.

Tién hanh do quang & budc song 760 nm. Dya
vao d6 hap thy cua cac mau thir va diy cac mau
chudn, xay dung phwong trinh hdi quy tuyén tinh,
tinh tong lwong polyphenol theo mau kho kiét,
quy vé acid gallic (mg GAE/g).

2.3.3. Phuong phap dinh luwong triterpenoid
toan phan:

Dinh luong triterpenoid toan phan sir dung
phuong phép tao phan tmg véi thude thir vanillin
5 %/ acetic acid bang thanh phtrc duoc do bang
quang phé hap thu UV-VIS [8].

Chudn bi déy cdc mau chudn: Can chinh xac
khoang 2,00 mg acid oleanolic chuin vao binh

188

Tap chi Dwoc ligu, tip 31, sé 3/2026



dinh marc 10 mL, hoa tan va dinh murc béng dung
dich ethanol 90% (TT). Hut chinh xac lan luot
0,5mL; 0,8 mL; 1,0 mL; 1,2 mL; 1,5 mL vao cac
binh dinh mrc 5 mL riéng biét, lam déy vira du
bang dung dich ethanol 90% (TT), lic déu. Hut
chinh xac 2,0 mL cac dung dich trén vao cac dng
chiét thuy tinh riéng biét, thdi khi nito dén cén.
Sau khi ¢b cin, dé ngudi vé nhiét d6 phong rdi
thém chinh xac 0,6 mL dung dich vanilin 5%/
acetic acid bang (TT) va 2,0 mL dung dich
perchloric acid ddc (TT). Tién hanh phan tng
bang cach dun cach thity & 60°C trong 15 phut.
Sau d6, dé ngudi vé nhiét do phong va bd sung
7,4 mL dung dich acetic acid bang (TT), lic déu.

Mau thie: duge chuan bi bang cach hat chinh
xac 1,0 mL dich loc vao 6ng chiét thuy tinh, thoi
khi nito dén can. Sau d6 thém chinh xac 0,6 mL
dung dich vanilin 5%/ acetic acid bang (TT) va
2,0 mL dung dich perchloric acid déic (TT), lic
déu. Tién hanh phan tng bang cach dun cach
thity & 60°C trong 15 phat. Sau d6, dé ngudi vé
nhiét d6 phong va bd sung 7,4 mL dung dich
acetic acid bang (TT), lic déu.

Mau trang dugc tién hanh twong ty mau thir,
nhung st dung 1,0 mL nudc RO.

Tién hanh do quang & budc song 550 nm. Dya
vao d6 hap thu cua cac miu thir va diy cac mau

chudn, xay dung phwong trinh hdi quy tuyén tinh,
tinh tong lwong triterpenoid theo mau kho kiét,
quy v& acid oleanolic (mg OAE/g).

2.3.4. Thiét ké thi nghiém t6i wu hoa (RSM-
BBD):

Thi nghiém thiét ké theo md hinh Box-
Behnken, sir dung RSM bang phan mém JMP Pro
17 cho ra 15 thi nghiém, trong d6 c¢é 3 thi nghiém
tai tdm v&i 3 bién doc 1ap: nhiét do chiét (X1),
ndéng do ethanol (X2) va thoi gian chiét (X3).
Mirc mi hoa cac yéu td dugc trinh bay trong
Béng 1.

Mo hinh toan hoc mé ta anh huong cua cac
bién doc 1ap d6i v6i ham muc tiéu c6 dang ham
da thirc bac hai c6 dang tong quat nhu sau:

Yi=b0+ biXI +b2X2 + b3X3 + bI11XI* +

b22X2? + b33X3?+ b12XIX2 + b13XIX3 +

b23X2X3

Phan tich ANOVA, R? va kiém tra Lack of Fit
duogc thuc hién br:ing phén mém JMP Pro 17 dé
danh gia d6 pht hop mé hinh. Diéu kién ti wu
dugc xac dinh dya trén ham ky vong nham tdi da
héa ddng thoi Y1 va Y2 trong pham vi thuc
nghiém.

Bang 1. Mirc ma hoa céc bién doc lap trong thiét ké Box-Behnken

Yéu té Pon vi M3 hoa Mikc thip (1) Mikc giira (0) Mikc cao (+1)
Nhiét do chiét °C X1 40 60 80
Noéng d6 EtOH % X2 50 75 100
Thoi gian chiét phit X3 30 60 90

Co sé lya chon bién cua bién doc 1ap (Bang 1)
dugc thiét 1ap dua trén nguyén 1y héa ly cua hé
dung moi, dac tinh ctia cdc nhom hoat chét, két
hop v6i cac dir lidu thyc nghiém da cong bd trén
cac di twong twong tu [9],[101,[11],[12],[131,[14];
nhim bao quat cic didu kién chiét xuat chira
diém t6i wu ma co thé bé qua bude sang loc don
yéu t6. Vé ndéng d6 dung moi, do ham muc tiéu
huéng téi viee chiét xudt dong thoi nhom
polyphenol (thich hgp dung moéi phan cuc

manh/trung binh) va triterpenoid (thich hop dung
mdi kém phan cyc hon), dai ndng d6 ethanol tir
50 — 100% duoc lya chon dé dam bao vung co
thé hoa tan cho ca hai nhom chat. Vé nhiét d6 (40
— 80°C), gidi han trén dugc thiét lap sat véi nhiét
d6 soi cua ethanol (~78,4°C) nham han ché sy
bay hoi b at gdy mt an toan va lam sai 1éch nong
d6 dung moi, dong thoi ngin ngira sy phan huy
boi  nhi€t (thermal degradation) cua cac
polyphenol, triterpenoid nhay cam; trong khi gioi
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han dudi (40°C) nhdm dam bao hé c6 du dong
nang khuéch tan. Di véi thoi gian chiét (30 — 90
phat), cac nghién ciru dong hoc cho thdy ning
lugng song si€u am kéo dai vugt qua 90 phut
thuong khong lam ting thém hiéu sut do hé da
bao hoa, ma ngugc lai co thé sinh nhiét cuc bd
lam pha huy cdu trac hoat cht va gy lang phi
nang lugng. Do d6, trong nghién ctu nay, hai
ham muc tiéu 1a ham Ilugng polyphenol va
triterpenoid toan phﬁn duoc lua chon dé tbi wu
quy trinh chiét xuét nén lua chon cac tham sb
diéu kién 1a nhiét do 40 — 80°C, thoi gian chiét tir
30 — 90 pht, str dung dung moéi chiét c6 ndng do
ethanol tir 50 — 100%.

3. Két qua, ban luin

3.1. Thiét ké thi nghiém va két qua thurc nghiém

Ma trin Box-Behnken va két qua thuc nghiém
dugc trinh bay trong Bang 2. Ham Ilugng
triterpenoid (Y1) dao dong tir 1,17 dén 2,26 mg
OAE/g, trong khi ham luong polyphenol (Y2)
dao dong tr 0,67 dén 3,68 mg GAE/g. Bién d6
dao dong rong cia ca hai ham muc tiéu cho thiy
cac yéu td khao sat (cac bién doc 1ap) co6 anh
huong dang ké. Piém dang chi y 1a thi nghiém
14 (X1 = 80°C, X2 = 75%, X3 = 90 phut) cho
ham lugng triterpenoid cao nhit (2,26 mg
OAE/g), trong khi thi nghiém 6 (X1 = 60°C, X2
= 50%, X3 = 90 phut) cho ham luong polyphenol
cao nhét (3,68 mg GAE/g). Ba thi nghiém tai tim
(thi nghiém 7, 8, 9) cho két qua lap lai tot (Y1:
1,81-1,92 mg OAE/g; Y2: 2,09-2,50 mg GAE/g),
dam bao d9 6n dinh ctia quy trinh thyc nghiém.

Bang 2. Ma tran thuc nghiém Box-Behnken ba yéu t ctia quy trinh chiét xuat

Cic bién doc 1ap Cac ham muc tiéu
STT B:ﬁg g:':g ¢ X1- X2- X3 - Y1 - Ham lugng Y2 - Ham lwong
Nhiétdo — EtOH  Thoigian  yop00eonoid (mg OAE/g) Polyphenol (mg GAE/g)
0 (%) (phut)
1 -0 40 50 60 1,17 2,55
2 -0- 40 75 30 1,76 1,54
3 0+ 40 75 90 1,80 2,28
4 —+0 40 100 60 1,44 0,89
5 0-- 60 50 30 1,25 2,61
6 0+ 60 50 90 1,33 3,68
7 000 60 75 60 1,90 2,09
8 000 60 75 60 1,81 2,50
9 000 60 75 60 1,92 2,26
10 0+- 60 100 30 1,65 0,67
11 0++ 60 100 90 1,59 0,74
12 +-0 80 50 60 1,56 3,49
13 +0- 80 75 30 1,96 2,37
14 +0+ 80 75 90 2,26 3,39
15 ++0 80 100 60 1,62 0,93
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3.2. Phén tich mé hinh hoi quy

nghiém BBD sir dung phan mém JMP Pro 17. Két

Mb hinh héi quy bac hai duoc xdy dung bang  qua danh gid mé hinh dugc téng hop trong Bang 3.

phuong phap binh phuong t6i thiéu tr 15 thi

Bing 3. Két qua phan tich théng ké mé hinh hdi quy BBD

Théng sb Y1 (Ham luwgng Triterpenoid) Y2 (Ham luwgng Polyphenol)
R? 0,9716 0,9782
R? hiéu chinh 0,9205 0,9389
F-value (M6 hinh) 19,02 2491
p-value (M6 hinh) 0,0024 0,0012
F-value (Lack of Fit) 2,66 1,71
p-value (Lack of Fit) 0,2848 0,3897

Két qua phan tich ANOVA cho thiy ca hai
phuong trinh hdi quy déu ¢ ¥ nghia thong ké véi
p-value 1an luot 1a 0,0024 (Y1) va 0,0012 (Y2),
nho hon nhiéu so voi ngudng 0,05. Hé sb R? =
0,9716 (Y1) va R = 0,9782 (Y2) va hé sb R2
hi¢u chinh twong ung la 0,9205 (Y1) va 0,9389
(Y2), chiig t6 md hinh c6 kha ning dy doan tbt
dir li€u thyc nghiém. Ngoai ra, sy khong phu hop
(Lack of Fit) cia mo hinh c6 gia tri p-value cho 2
ham muc tiéu lan luot 1 0,2848 (Y1) va 0,3897
(Y2), déu 16n hon 0,05, chimg td md hinh phu
hop véi sb liéu thuc nghiém. Cac két qua nay
tuong dong v4i nhitng nghién ciru t6i wu hoa

bang RSM-BBD trén cic dugc lidu tuong tu
[15],[16].
Phuong trinh hdi quy béc hai biéu dién bing
bién ma hoa thu duge nhu sau:
Y1 =18767 + 0,1538X1 + 0,1238X2 + 0,0450X3 +

0,0304X12 — 0,4596X2 + 0,0379X32
— 0,0525X1X2 + 0,0650X1X3 — 0,0350X2X3
(1)
Y2 =2,2833 + 0,3650X1 — 1,1375X2 + 0,3625X3 +
0,0758X12 — 0,3942X22 + 0,0358X32
- 0,2250X1X2 + 0,0700X1X3 — 0,2500X2X3
2
Trong d6 bién ma héa: X1 = (Nhiét d — 60)/20; X2 =
(Néng d6 EtOH — 75)/25; X3 = (Thoi gian — 60)/30

Bang 4. Phan tich ¥ nghia théng ké cac hé sé hdi quy ciia mé hinh RSM-BBD

S6 hang : Y1 — Triterpenoid (mg OAE/g) ' Y2 - Polyphenol (mg GAE/g)
) H¢ so SS F H¢ so SS F p

Ha sb tu do (b0) 1,8767 - - <0,0001 2,2833 - - <0,0001
X1 0,1538 0,1891 27,57 0,0033 0,3650 1,0658 17,61 0,0085
X2 0,1238 0,1225 17,87 0,0083 —-1,1375 10,3512 171,06 <0,0001
X3 0,0450 0,0162 2,36 0,1849 0,3625 1,0512 17,37 0,0088
X1? 0,0304 0,0034 0,50 0,5119 0,0758 0,0212 0,35 0,5794
X2? —0,4596 0,7799 113,72 0,0001 —0,3942 0,5737 9,48 0,0275
X32 0,0379 0,0053 0,77 0,4193 0,0358 0,0047 0,08 0,7908
X1X2 —0,0525 0,0110 1,61 0,2607 —-0,2250 0,2025 3,35 0,1269
X1X3 0,0650 0,0169 2,47 0,1773 0,0700 0,0196 0,32 0,5939
X2X3 —0,0350 0,0049 0,71 0,4365 —-0,2500 0,2500 4,13 0,0978

Ghi chii: mdi s6 hang cé bdc tr do df = 1, do d6 MS = SS. Phan dur (sai s6): SS = 0,0343 (Y1) va 0,3026 (Y2), df = 5.

Phan tich ¥ nghia thong ké cdc hé s6 hoi quy
(Bing 4) cho thdy: d6i voi Y1 (triterpenoid), cac
hé sb co y nghia théng ké (p < 0,05) 1a X1 (p =
0,0033), X2 (p = 0,0083) va X22 (p = 0,0001). Bbi
v6i Y2 (polyphenol), cac hé sb c6 ¥ nghia théng
ké gdbm X1 (p = 0,0085), X2 (p < 0,0001), X3 (p =

0,0088) va X22 (p = 0,0275). Két qua nay cho thay
nong do ethanol (X2) 14 yéu t6 c6 anh huong phi
tuyén manh nhat va c6 y nghia thong ké ddi voi ca
hai ham muc tiéu. Nhiét d6 chiét (X1) anh huéng
tuyén tinh c6 y nghia théng ké dén ca Y1 va Y2,
trong khi thoi gian chiét (X3) chi c6 y nghia thong
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ké dbi v6i Y2 nhung khong ¢ ¥ nghia thong ké

d6i voi Y1 (p = 0,1849).
3.3. Anh huong cua cac yéu to qua do thi bé

mdt dap ung

Pred Formula Y1-Triterpencid

pred Formula Y1-Triterpenoid
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Db thi b& mat dap tng 3D biéu dién su phu

thudc
polyphenol Vo1 tu’ng cap yéu to anh hudng
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Hinh 2. D4 thi bé mat dép tng 3D cho Y2-Polyphenol: (d) anh hudng X1 va X2; (e) X1 va X3

(f) X2 va X3

Do véi ham heong triterpenoid (Y1): Phan tich
d6 thi bé mit dap Gmg cho thiy nhiét do chiét (X1)
¢ tac dong ty 18 thuin va 16 rét dén Y1. Khi
nhiét do tang tr 40°C lén 80°C, ham lugng
triterpenoid thu dugc gia ting dang ké. Didu nay
hoan toan phui hgp véi co ché ciia phuong phap
chiét siéu 4m: nhiét dd cao lam giam d¢ nhat cla
dung méi, ting dong nang phan tir, két hop véi

hién tuong xam thuc (cavitation) giip pha vo&
manh mé cu tric thanh t€ bao thuc vat. Nhe do,
cac hop chit kém phan cuc nhu triterpenoid d&
dang khuéch tan va giai phong vao hé dung moi
[16]. V& yéu t& ndng do ethanol (X2), sy anh

hudng dién ra theo xu hudng phi tuyén véi hé s6
bac hai mang gia tri &m lon (b22 = —0,4596), tao
nén bé mit dap tmg dang 16i voi dinh cuc dai
nam trong khoang ndng d6 75-80%. Cu thé, &
ndng do ethanol thap, do hoa tan cua triterpenoid
bi gidi han; nguoc lai, khi n(‘Sng dd ethanol qua
cao (>85 %), luong nudc trong hé dung moi giam
di s€ lam giam muc d6 truong nd cua té bao thuc
vat, ddng thoi 1am suy giam hiéu qua cia qua
trinh xam thyc, din dén giam hiéu suat chiét [17].
Poi véi ham lwong polyphenol (Y2): Nong do
ethanol (X2) 1a yéu t6 chi phdi manh mé nhét, thé
hién qua hé s6 b2 = —1,1375 (X2) va b22 =
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—0,3942 (X2?) déu mang gia tri am 16n. Sy gia
tang nong do ethanol tir 50% 1én 100% lam ham
lwong polyphenol sut giam lién tuc. Két qua nay
phan anh r6 didc tinh phan cuc ciia nhom
polyphenol: dung méi c6 ndéng do ethanol thap
(tuwong duong 50%) s& hiru d§ phan cyc phu hop
nhét, tao diéu kién t6i wu dé hoa tan cac hop chat
ua nudc [7],[18]. Bén canh dd, nhiét do (X1) va
thoi gian chiét (X3) déu co tac dong lam ting Y2
c6 ¥ nghia thong ké (véi hé sb twong tmg la
0,3650 va 0,3625). Dac biét, sy tuong tac gitra
nong do ethanol va thoi gian chiét (X2xX3, b23

= —0,2500) chi ra rang: khi chiét bang hé dung
mdi ¢o nong d6 ethanol thap, viéc kéo dai thoi
gian chiét s& tao diéu kién dé cac hoat chét
khuéch tan triét dé, tir d6 gia ting dang ké ham
lugng polyphenol thu dugc.

3.4. Piéu kién chiét xudt t6i wu

Tbi wu hoa timg bién du ra riéng 1é trong
pham vi thuc nghiém dugc thyc hién biang
phuong phap dao ham va g101 han Vung (bounded
optimization). Két qua didu kién t6i wu duoc tong
hop trong Bang 5.

Bang 5. Diéu kién chiét xuat t&i wu du doan cho ting bién dau ra tir mé hinh RSM-BBD

A ad X1-Nhiét do K o X3-Thoi gian P . 3
Bien dau ra ©C) X2-EtOH (%) (phiit) Gia tri duy doan Ky vong
Y1 (Triterpenoid) 80 75,55 90 2,21 mg OAE/g 0,97
Y2 (Polyphenol) 80 50 90 4,41 mg GAE/g 0,99

Diéu kién t5i wu cho Y1 1a nhigt do 80°C,
ethanol 75,55%, thoi gian 90 phut, véi ham lugng
triterpenoid du doan 2,21 mg OAE/g. Trong khi
d6, diéu kién t5i uu cho Y2 la nhiét do 80°C,
ethanol 50 %, thoi gian 90 phut, voi ham lugng
polyphenol du doan 4,41 mg GAE/g. Diém chung
cia hai diéu kién t3i wu 14 nhiét do 80°C va thoi
gian 90 phut, trong khi diém khéc biét 1a ndng do
ethanol: 75,55% cho triterpenoid va 50% cho
polyphenol. Su khac biét nay phan anh ban chat
héa hoc khic nhau gitta hai nhom chét:
triterpenoid 13 nhom kém phén cuc hon nén cin

ethanol néng d6 cao hon dé hoa tan, con
polyphenol la nhém phan cuc, ua dung moi 6 ti 1€
nudc cao hon [17],[18].

Duya trén cac phuong trinh hdi quy md ta anh
hudng cia cac thong sé qua trinh chiét (bién dau
vao) Ién ham luong triterpenoid va polyphenol
(bién dau ra), bai toan tbi uu hoa thyc hién t6i wu
hoa ham ky vong chung nhim tim ra cac diéu
kién chiét xudt giap bién dau ra dat gia tri cuc dai.
Cac diéu kién chiét xuat t6i uu va két qua mo
hinh du doan dugc trinh bay chi tiét tai Bang 6.

Bang 6. Didu kién chiét xuat t5i vu dy doan tir mé hinh RSM-BBD

X1-Nhi¢td9 ~ X2-EtOH = X3-Thoi gian LERMITETE Ham lurgng ‘
(°C) (%) (phut) triterpenoid (mg polyphenol Ky vong
OAE/g) (mg GAE/g)
80 66,47 90 2.14 3,70 0.97

Theo két qua cia mé hinh, diéu kién téi uu
cho qua trinh chiét siéu a4m polyphenol va
triterpenoid tir 1a cdy insulin dugc xé&c dinh la
ndng do ethanol xap xi 66,47% & nhiét d6 80°C
trong 90 phiit thu dugc ham luong triterpenoid la

2,14 mg OAE/g va polyphenol 1a 3,70 mg GAE/g.

Diéu kién tdi wu nay 1a két qua ciia sy phdi hop
gitra hiéu ung xam thyc vét ly va ddng hoc hoa
tan. Tac dong ciia séng siéu 1am phd v& cu tric
véach té bao 14 cdy insulin, tao diéu kién cho dung
moi tham nhdp sau vao ndi bao. H¢ dung moi

ethanol 66,47% dong vai tro 1a ty 18 tdi wu hoa da
muc tiéu nhd cin bang hing sé dién moéi; trong
d6 nuéc thic day qua trinh thim thau va truong
né cu tric polymer thuc vat, con ethanol hoa tan
d6ng thoi nhom polyphenol (phéan cuc trung binh)
va triterpenoid (phan cuc kém). Méc thoi gian 90
phut 12 dong hoc can thiét dé hé thong hoan thanh
pha khuéch tan ndéi mac cham, gitp giai phong
cac cdu trac triterpenoid hodc saponin lién két
sdu trong nén miu thyuc vat. Hiéu suat tdng tuyén
tinh dén 90 phut ciing chimg minh c4c hoat chat

Tap chi Dwoc ligu, tdp 31, sé 3/2026

193




muc tiéu c6 do bén nhiét va bén co hoc cao,
khong bi phan hiy béi siéu am & 80°C trong sudt
qué trinh khao sat. Tuy nhién, diéu kién nay can
dugc xac minh bang thuc nghiém dé kiém chung
gia tri du doan. Viéc kiém chung bi“mg thuc
nghiém la budc thiét yéu dé xac nhan d9 tin cdy
cia mo hinh RSM trong diéu kién chiét cu thé
ctia d6i tugng nghién ciru.

bang cha v, diéu kién toi wu xéac dinh duoc
nam tai giéi han trén cta ving khao sat d6i véi
nhiét 6 (80°C) va thoi gian (90 phat). Phan tich
dap ung bé mit cho thdy ham muc tiéu van con
xu hudng ting theo hai yéu td nay trong pham vi
khao sat, nghia la cuc dai thuc su clia qua trinh
c6 thé nam ngoai ving di khao sat; trong khi do,
dbi voi ndng do ethanol, hé s bac hai (X22) co y
nghia théng ké vé&i ca hai bién dau ra cho thiy
mo hinh da xac dinh dugc cuyc tri ndi vung cia
yéu t& nay. Viéc nhiét do va thoi gian dat toi wu
tai bién phan 4nh ban chit ciia chiét siéu am,
trong d6 nhiét dd va thoi gian cao hon (trong gigi
han an toan nhiét ctia hoat chat) thuong lam ting
hiéu suét chiét nho giam d0 nhdt dung moi va
taing cuong hién twong xam thuc. Tuy nhién,

nhiét d6 qua cao (>80°C) c¢6 thé giy phan hiy
nhiét cac hoat chit polyphenol va triterpenoid,
con thoi gian qua dai lam téng chi phi nang luong,
kho kiém soat nhiét 6 ma mirc ting hiéu suét
khong dang ké, do do, cic nghién ctru thudng
khong chiét suat bang siéu 4m trong thoi gian quéa
dai. Vi vay, trong nghién ctru tiép theo, ¢ thé
trén quy mo pilot, ngoai viéc khao sat ty 1€ duogc
liéu/dung moéi, nhém nghién ciru du kién mo rong
vung khao sat nhiét do va thoi gian nhim xac
dinh chinh x4c hon diém cuc dai, d(‘Bng thoi can
nhéc gidi han cong nghé va do bén nhiét cua hoat
chét.

3.5. Két qua kiém chitng bang thire nghiém

Tién hanh 13p lai 3 1an quy trinh chiét xuat c&
mau 1 g 14 cady C. pictus tai diéu kién t6i uu
turong Gng cho timg bién dau ra va ddng thoi ca
hai bién d4u ra nhu da trinh bay trong Bang 5 va
Bang 6. Ham luong triterpenoid va polyphenol
twong ung v4i moi thyc nghiém duge xac dinh va
thu két qua. Két qua thuc nghiém kiém chimg va
két qua dy doan tir phan mém duoc trinh bay
trong Bang 7.

Bang 7. Két qua thuc nghiém kiém chimg mé hinh t5i wu hoa diéu kién chiét xuat polyphenol va triterpenoid

tir 14 cdy C. pictus bing phuong phép chiét sidu 4m

Téi wu don bién Té6i wu da bién
Kiém chirng diéu kién
toi uu Ham lwgng TTC Ham luwong TPC Ham luwgng TTC Ham luwgng TPC
(mg OAE/g) (mg GAE/g) (mg OAE/g) (mg GAE/g)

Lan 1 2,28 4,52 2,14 3,64
Lin2 2,23 4,43 2,21 3,61
Lin 3 2,24 4,46 2,16 3,70
Trung binh 2,25 4,47 2,17 3,65
RSD (%) 1,18 1,03 1,66 1,26
Gia tri du doan 2,21 4,41 2,14 3,70

Do chinh xéac (%) 98,19 98,64 98,60 98,65
p-value 0,120 0,152 0,286 0,200

Do 1éch chuin twong dbi (RSD) giira 3 lan
thyc nghiém doc lap tai mdi didu kién ti uu déu
rat thip (RSD < 2%; dao dong trong khoang 1,03

— 1,66%), cho thiy quy trinh chiét siéu am
polyphenol va triterpenoid tir 14 cdy insulin c6 d6
lap lai va do dn dinh cao.
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Str dung phép kiém T-Test dé so sanh céac két
quéa thuc nghiém voi két qua du doan cta ting
bién sd, két qua nhu sau:

Poi véi mé hinh t6i wu don bién: Ham luong
triterpenoid cho gia tri p = 0,120 > 0,05. Nén
khong co6 su khac nhau gitra cac gia tri thuc
nghiém voéi gia tri dy doan. Ham lugng
polyphenol c6 p = 0,152 > 0,05. Nén khong cé su
khac nhau gitia cac gia tri thuc nghiém véi gia tri
du doan.

Péi v6éi mé hinh t6i wu da bién: Ham luong
triterpenoid c6 gia tri p = 0,286 > 0,05. Nén khong
¢6 su khac nhau gitra cac gia tri thuc nghiém vai
gid tri du doan. Ham lugng polyphenol co tri gia tri
p = 0,200 > 0,05. Nén khong c6 sy khac nhau gitra
cac gia tri thyc nghiém véi gia tri du doan.

Nhu vdy, md hinh ¢ kha ning du doan tét véi
d6 chinh xac gitra gia tri du doan va gia tri thuc
nghiém déu dat > 98,0%.

So sanh véi cac nghién ciru dd cong bd cho
thiy két qua thu duoc 1a phu hop. Nguyén Dao
Thanh Huong va cs. (2022) khi khao sat chiét
xudt 1a C. pictus trong tai Viét Nam ciing ghi
nhan dung moi ethanol néng do trung binh — thap
cho hiéu qua thu hdi polyphenol cao nhat [2],
tuong doéng voi xu hudéng ham luong polyphenol
giam khi ting ndng d6 ethanol quan sat duoc
trong nghién ctu nay. Tuy triterpenoid chua
duge cong bd vé quy trinh chiét xuét tir 14 cay
insulin, nhung khoang nhiét do va thoi gian t6i
wu (80°C, 90 phut) ciing ndm trong mién di dugc
bdo cdo cho chiét siéu 4m polyphenol va
triterpenoid  tur nhiéu duwoc lidu  khéc
[91,[10],[11],[12],[13],[14]. P$ phu hgp cao cla
mo hinh (R? > 0,97; Lack of Fit khong c6 y nghia
thong ké) tuong dong véi cac nghién ctru tdi uu
hoa bing RSM-BBD trén Eclipta prostrata va
mot s6 duoc lidu khac [15],[16]. Tuy nhién, do
khac biét vé& ngudn gbc dugc liéu, phuong phap
dinh luong va don vi biéu thi ham luong, viéc so

sanh truc tiép gia tri tuyét dbi giita cac nghién
ctru can duoc thuc hién than trong.

Mic du, dd nghién ctru tdi wu quy trinh chiét
xuit 2 nhom hoat chat polyphenol va triterpenoid,
nhung nghién ctru hién tai mai dung lai & quy mo6
phong thi nghiém. Trong qua trinh nay, nghién
ctru chi tip trung vao ky thuat chiét siéu 4m, mot
ky thut chiét xuat hién dai, v6i thoi gian chiét
ngan va dan pho bién & quy mo phong thi nghiém
cling nhu quy mo ban cong nghi€p. Bén canh do,
dung méi dugc sir dung voi ty 1& cao hon nhiéu
so voi duogc lidu (100/1) nén chi thuc hién chiét
siéu am 1 1an. Yéu t6 ty 1& duoc liéu/dung moi s&
dugc khao sat khi nang cap quy md cong nghiép
voi thiét bi duge su dung c6 cong suét 16n hon
(nhu thiét bi chiét siéu am 200 L, c6 cong suit
900 W), co thé ting ty 18 dugc liéu/dung moi.
Hon nita, dung méi dugc st dung 1a ethanol, than
thién, an toan, phu hop cho muc dich nghién cou
phuc vu cho san xuidt diéu ché cao giau
polyphenol va triterpenoid. Viéc ¢ dinh ty 1¢
dung méi/dugc li€u & mirc cao (100/1) trong
nghién ctru ndy nham bao dam dugc lidu dugc
ngdp hoan toan va hién tugng xam thyc si€u am
din ra déng déu & quy md 1 g/mé, 1a didu kién
thuong gap & quy mo phong thi nghiém; ty 1€ nay
s& duogc ti wu giam vé& murc kha thi vé kinh té khi
nang cap 1én thiét bi cong suat 16n.

4. Két luan

Nghién ctru da 4p dung thiét ké BBD két hop
v6i ki thuat chiét xut siéu am dé t6i wu héa quy
trinh chiét polyphenol va triterpenoid tir 14 cay
insulin (Costus pictus D. Don) duoc trdng tai
Thach Thét, Ha Noi. Céac diéu kién t5i wu duoc
xac dinh la: dung méi ethanol 66%, nhiét do
80°C va thoi gian chiét xuat 90 phut. Véi didu
kién nay, ham luong polyphenol va triterpenoid
thu duoc thuc t& lan luot dat 3,65 + 0,05 mg
GAE/g va 2,17 + 0,04 mg OAE/g, c6 su phu hop
rét tot véi gia tri dy doan tr md hinh toan hoc. Sy
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twrong ddng cao nay khing dinh do tin cdy va tinh 200 L/mé va cac quy mé cong nghiép tiép theo.
kha thi ctia m6 hinh t6i vu. Viéc nang cip quy md s& tap trung vao viéc danh

Két qua budc dau nay cung cip co sé khoa gia ty 1& duoc liéu/dung méi, tinh én dinh cua
hoc ban dau, 1am nén tang quan trong cho viéc quy trinh va chit lugng san pham trén thiét bi
nghién ctru mé rong quy moé chiét xuat 1én mic  pilot 16n.
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