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Tém tat
Pat van dé: Cac dung mdi sdu eutectic siéu phan t&r (SUPRADES) cho thay tiém nang trong viéc chiét xuat
hoat chat tir dugc liéu.
Muc tiéu: Nghién ctu st dung SUPRADES dé chiét xuat rutin va quercetin tir Hoa hoe.
DPoi twong va phwong phap nghién cliru: Cdc SUPRADES khac nhau da duoc sang loc. Qué trinh chiét xuét
duoc t8i wu hda bang phuong phap bé mat dap ng. Hoat tinh chdng oxy hod dwa vao kha nang trc ché DPPH
clia cac dich chiét Hoa hoe duoc so sénh. Chi s6 xanh clia phuong phap duoc tinh todn.
K&t qua: SUPRADES bang cach két hop choline chloride/acetic acid va B-cyclodextrin Ia dung méi xanh tiém
ndng nhat. K&t qua hiéu suat rutin va quercetin thu dugc & diéu kién ti wu dat 35,21%, cao gap 2,16 lan so véi
methanol. Hoat tinh chdng oxy hda cla dich chiét dung méi xanh cao g&p 2,11 lan so vdi dich chiét methanol.
Chi s xanh clia phuwong phdp duoc dé xuat dat 0,79.
K&t ludn: Nhirng két qua nay gép phan thac day phét trién chién lugce chiét xuat xanh céc flavonoid tir Hoa
hoe, ddng thoi Iam ndi bat titm ndng cla SUPRADES nhu mét lya chon thay thé an toan, hiéu qua va bén
vitng v&i mai trvdong cho cac dung méi hitu co truyén théng
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Abstract

Background: Supramolecular deep eutectic solvents (SUPRADES) have recently emerged as promising green
solvents for the extraction of bioactive compounds from medicinal plants.
Objectives: This study aims to develop a green extraction strategy for isolating rutin and quercetin from
Sophora japonica using SUPRADES.
Materials and method: Various SUPRADES systems were screened and evaluated for their extraction
performance. The extraction conditions were optimized using response surface methodology. The antioxidant
activity of extracts was evaluated and compared based on their ability to scavenge DPPH radicals. The
antioxidant activities of the resulting extracts were assessed and compared. The greenness of the proposed
method was quantitatively evaluated using the AGREEprep metric.
Results: A SUPRADES composed of choline chloride/acetic acid and B-cyclodextrin was identified as the
most effective and environmentally friendly solvent. Under optimal conditions, the total extraction yield of
rutin and quercetin reached 35.21%, which was 2.16 times higher than that obtained with methanol. The
antioxidant capacity of the SUPRADES extract was 2.11 times greater than that of the methanolic extract.
The greenness score of the proposed method reached 0.79, indicating excellent environmental performance.
Conclusion: These findings contribute to the development of a green extraction approach for flavonoids
from Sophora japonica, and demonstrate the potential of SUPRADES as a safe, efficient, and eco-friendly
alternative to conventional organic solvents.
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1. DAT VAN BE VA MUC TIEU

Hoa hoe (Hinh 1A) con goi la hoe hoa, thudc ho
Fabaceae, la nu hoa chwa n& cta cay hoe (Sophora
japonica L.). Hoa hde dugc sir dung phé bién trong
y hoc c8 truyén Trung Quéc, Han Qudéc va Viét Nam.
Theo Péng y, Hoa hoe cé vi dang, tinh hoi han, quy
vao cac kinh can va dai trang, cé tac dung thanh nhiét

(A) (B)

lwong huyét, chi huyét va ha huyét ap. Trong thuc
hanh Idm sang, Hoa hoe thudng dugc st dung dé
diéu tri cdc chirng xuat huyét, cao huyét ap, tri va
bénh ly vé mach méu. Cac nghién ctru hién dai d3 xac
nhan rang Hoa hoe |a ngudn giau flavonoid tw nhién,
dac biét la rutin (RUT) va quercetin (QUE) (Hinh 1B),
hai hop chat cd hoat tinh sinh hoc néi bat [1,2].
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Hinh 1. Hoa hoe (A) va cau tric hda hoc cla rutin, quercetin (B)

RUT, mét glycoside cla QUE, c6 tac dung chéng
oxy héa manh, bao vé thanh mach, chéng viém va hd
tro ha huyét dp. Trong khi d6, QUE, dang aglycone
cla RUT, dugc biét dén vdi cac tac dung chdng oxy
hda, khang viém, khing ung thu va bao vé than
kinh. Cac thanh phan hoat tinh trong Hoa hoe phan
b6 chd yéu trong nu hoa, ham lugng RUT va QUE
c6 thé dao déng tir 12,4 — 32,1% va 0,1 — 12,7%
khéi lvgng khé tuy theo ngudn gbéc, diéu kién sinh
trwdng, thoi diém thu hai va phuong phap chiét
xuat. Ngoai ra, Hoa hoe con chira cac flavonoid khac
nhu isorhamnetin, genistein, kaempferol, cung cac
hop chat polysaccharide va alkaloid v&i ham Iwong
thap hon [3].

Trong nhitng ndm gan day, nhiéu phuong phap
chiét xuat da duwoc ¢ng dung nham thu nhan RUT
va QUE tlr Hoa hoe, v&i muc tiéu nang cao hiéu
suat chiét va giam thiéu tdc dong moi trwdng. Cac
phuong phap truyén théng nhuw ngdm chiét hoac
dun héi lvu bang ethanol va dung dich kiém lodng
c6 thé thu dwoc RUT va QUE, tuy nhién thudng yéu
cau thoi gian dai va nhiét do6 cao, dé gay phan hay
hop chat. Cac ky thuat hién dai nhu chiét siéu am,
chiét vi séng, chiét hdng ngoai, chiét tdng ap va chiét
siéu téi han da dwoc chirng minh 1a hiéu qua hon
nho rat ngan thoi gian, cai thién dé chon loc va nang
cao hiéu suat chiét xuat. Gan day, mét s6 dung moi
xanh nhu chat I6ng ion, dung mdi siu eutectic (DES),
dang duwgc quan tdm nhu mot gidi phap thay thé
xanh cho dung méi hitu co truyén théng [1,3]. DU d3
c6 nhitng budc tién quan trong nhdm thay thé céc
dung méi hitu co ddc hai trong qua trinh chiét xuéat
cac thanh phan hoat tinh, tuy nhién chwa cé nghién
cru nao s dung SUPRADES dé chiét xuat RUT va
QUE tir Hoa hoe.
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Dung mdi sdu eutectic siéu phan t
(Supramolecular deep eutectic solvents-SUPRADES)
I3 mét nhanh mdi cla DES dwoc phat trién tir ndm
2020, nham nang cao hiéu qud va tinh chon loc trong
cadc quy trinh chiét tach xanh. SUPRADES thudng
duoc ciu tao tlr cac cyclodextrin, dong vai tro 13
chat nhan lién két hydrogen, két hop véi cic chat
cho lién két hydrogen cé ngudn géc sinh hoc nhu
DES, acid levulinic, acid lactic, cdc dung mdi gbc sinh
hoc (BioS). Nho sy két hgp gilra dac tinh ctia DES
va kha ndng hinh thanh phic bao cha cyclodextrin,
SUPRADES thé hién hiéu qua vuot trdi trong viéc
hoa tan va tuong tdc véi cac phan t&r muc tiéu thong
qua co ché két hop gitra mang ludi lién két hydrogen
va tuong tac chd khach khéng cong hoa tri. Bén
canh tinh than thién véi méi trudng, doc tinh thap
va kha ndng phan hdy sinh hoc, SUPRADES con cho
thdy kha nang &ng dung rdng rai trong chiét xuat
hop chat thién nhién, hap phu cac chat & nhiém hitu
co bay hoi, va phat trién vat liéu két dinh sinh hoc.
Nhitng dac tinh néi bat nay cho thady SUPRADES |3 hé
dung mdi day titm nang hudng dén cic &ng dung
trong héa hoc xanh va céng nghé bén virng [4,5].

Nghién ctru nay s&r dung SUPRADES dé chiét xuat
bén virng RUT va QUE tir Hoa hoe. Cac SUPRADES
khdc nhau d3 dugc sang loc ban dau, sau d6 phuong
phap bé mit dap &ng (RSM) d3 dwoc ap dung dé toi
uu héa quy trinh chiét xuat. Hoat tinh chdng oxy hda
cta dich chiét thu dwoc bang SUPRADES va dung
méi hitu co duwoc so sanh. Cudi cung, chi s6 xanh
cla nghién ciru d3 duwoc tinh todn dé danh gia day
dd tinh xanh cla quy trinh chiét xuat. Theo hiéu biét
tdt nhat clda chung téi, day la bdo cdo khoa hoc dau
tién trong viéc st dung SUPRADES dé chiét xuat RUT
va QUE tlr Hoa hoe.



2. DOl TUQNG VA PHUONG PHAP NGHIEN CU'U

2.1. Ddi twong va héa chat

Hoa hoe duwoc thu mua tai Thira Thién Hué vao
thang 8 ndm 2024. Sau dé mau duoc rlira sach, sdy
kho, xay thanh bdt va dugc déng nhat véi kich thudce
0,71 mm. M3u duoc bao quan trong diéu kién tranh
anh sang va thodng mat dé tién hanh cac thi nghiém.

Cdac chat chuan, bao gdbm rutin trihydrate (94 %,
HPLC, s616250249-75-3), quercetin (295%, HPLC, s6 16
117-39-5) duoc mua tai Sigma-Aldrich Co. (Missouri,
My). Cac hda chat bao gébm, beta-cyclodextrin (B-
CD), choline chlodride, ethylene glycol, propylene
glycol, glycerol, lactic acid, acetic acid, urea, gama-
valerolactone, ethyl lactate, pentane-1,2-diol,
hexane-1,2-diol, methanol, trifluoroacetic acid,
trolox, 2,2-diphenyl-1-picrylhydrazyl (DPPH) duoc
mua tai Macklin Inc. (Quang Chau, Trung Quéc),
Xilong Scientific (Quang Ddng, Trung Qudc) va Sigma-
Aldrich Co. (Missouri, My).

Qua trinh diéu ché SUPRADES duoc chudn bj
bang may khudy tir gia nhiét (Labnet, My). Chiét
xuat siéu &m duwoc thyc hién trong bé siéu am S 100

H (Elma, DBlrc) véi tan sé siéu dm 37 kHz, cdng suét
siéu &m hiéu dung 150 W. Phan téch dich chiét va b3
duoc liéu duoc thye hién bang may ty tam (Zhengii,
Trung Quéc). Pinh lwgng RUT va QUE duwoc thyc hién
bang HPLC pha dao (Agilent 1260 Infinity II, Agilent
Technologies, Hoa Ky). D& hap thu quang duoc do
bang may quang phé UV-VIS (Jasco V-730, Nhat Ban).
Chi s6 xanh dwoc tinh todn bang cong cu AGREEprep.

2.2. Chuan bi SUPRADES

Pautién, cdc DES clacholine chloride vdiethylene
glycol, propylene glycol, glycerol, lactic acid, acetic
acid, urea theo ti 18 mol cu thé dugc dun néng va
khuay déu lién tuc [6]. Cdc SUPRADES dugc chuin bi
bang cach thém B-CD (chat nhan lién két hydrogen)
V@i céc chat cho lién két hydrogen nhu DES, BioS, sau
dé duwoc b sung nwédc (Bang 1) va khudy trdn trong
vong 60 phut & 50°C dén khi thu dugc chat 1dng ddng
nhat va trong sudt [7]. Cdc SUPRADES duwoc bdo quan
trong cac lo kin t8i mau dé thyc hién cac thi nghiém
chiét xuat. Cac dung méi dugc sir dung lam dung
moi d6i chirng bao gdbm nudc, methanol 100% va
methanol 50%.

Bang 1. Thanh phan hda hoc clia cdc SUPRADES

STT DES/BioS Nong d6 B-CD (%) Ham lwgng nwéc (%)
SUPRADES 1 Choline chloride-ethylene glycol (1:2) 5 20
SUPRADES 2 Choline chloride-propylene glycol (1:2) 5 20
SUPRADES 3 Choline chloride-glycerol (1:2) 5 20
SUPRADES 4 Choline chloride-lactic acid (1:2) 5 20
SUPRADES 5 Choline chloride-acetic acid (1:2) 5 20
SUPRADES 6 Choline chloride-urea (1:2) 5 20
SUPRADES 7 Gama-valerolactone 5 20
SUPRADES 8 Ethyl lactate 5 20
SUPRADES 9 Pentane-1,2-diol 5 20
SUPRADES 10  Hexane-1,2-diol 5 20

2.3. Chiét xuat RUT va QUE

Qua trinh chiét xuat cho viéc lva chon SUPRADES
t6t nhat dwoc thue hién dudi sy ho tro siéu dm. Cac
diéu kién duogc dp dung cho tat cd cdc SUPRADES,
bao gbm: ti 1& 16ng-ran 13 20 mL/g, thoi gian chiét
xuat 1a 30 phut va nhiét d6 chiét xuat la 50°C. Sau
chiét xuat, dich chiét thu thap va ndng dé cla RUT,
QUE duoc dinh lwong bang HPLC.

2.4. Pinh lwvgng RUT va QUE

Noéng dé cla RUT va QUE trong cdc dung dich
mau dugc phan tich bang hé thdng HPLC pha dao.
Qua trinh phan tach duoc thue hién bang cot sic ky
Eclipse XBD-C18 (dwang kinh trong 4,6 x 250 mm,
kich thudc hat 5 um, Agilent Technologies, Hoa Ky),
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str dung pha déng chira methanol, dung dich acetic
acid 2%, acetonitrile (ty 1& twong (ng la 25: 60: 15,
v/v). T6c d6 dong va budc séng cuc dai hap phu lan
lwot 13 0,5 mL/phat va 257 nm [1].

2.5. T6i wu héa quy trinh chiét xuat

Qua trinh chiét xuat duogc t6i wu héa bang RSM,
trong d6 29 thi nghiém duoc thiét 1ap dya trén thiét
k& Box-Behnken (BBD). Cac yéu t6, bao gdbm ndng do
B-CD (2, 6, 10%), ti 1& 16ng-ran (20, 35, 50 mL/g), thoi
gian chiét xuat (10, 30, 50 phut), nhiét d6 chiét xuat
(30, 50, 70°C), twong *ng vdi cac mirc ma hoéa -1, 0,
+1, duoc lwa chon 13 bién doc 1ap. Hiéu suat chiét
xuat téng ctia RUT va QUE (T-RQ) |3 bién phu thudc.
Hiéu suat chiét RUT va QUE duoc tinh bing cong
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thie: ™, - QUE/’“MC isu100%; hiéu suat chiét T-RQ
duoc tinh bang cong there: ™ - . QUE/’“MC Iiéu'lOO%'

2.6. Hoat tinh chdng oxy héa

Kha néng chéng oxy hda clia mau thr dwoc dénh
gid thdong qua phuong phap trung hoa géc tu do DPPH.
D3u tién, dung dich mau duoc chudn bi bang cach
hoa tan mau thir trong methanol. Péng thoi, DPPH
dwoc hda tan trong methanol dé tao thanh dung dich
¢ néng dd 0,135 uM. Sau d6, 2 mL dung dich DPPH
duoc tron déu vdi 2 mL dung dich mau thir, hdn hop
duoc lac déu bang may vortex va U & nhiét d6 phong
trong vong 30 phut trong diéu kién khdng cd dnh sang.
D6 hap thu clia hén hop xac dinh & budc séng 517
nm. Methanol duoc st dung lam mau trang va Trolox
dugec sir dung 1am dadi chirng dwong [8].

2.7. Danh gia chi sd xanh

Tinh an toan va mc d6 than thién véi moi trwong
cla phuong phap chiét d3 dwoc danh gia thdng qua
cong cu AGREEprep. Pay la mot cong cu da duoc
st dung phd bién dé xac dinh diém s6 cla cac chi
s6 xanh (greenness index), tir d6 danh gia tinh bén
virng va hiéu qua cla quy trinh chuan bi mau [9].
Hé théng tiéu chi danh gia dugc phat trién dya trén
muoi nguyén tac cla quy trinh chudn bi mau xanh

35

(Green Sample Preparation — GSP). Mtrc do dap tng
clia moi tiéu chi duoc xac dinh theo thang do tir 0
dén 1, trong d6 0 biéu thi khong dap (ng va duoc
thé hién bang mau do va 1 |a dap &ng hoan toan, thé
hién bang mau xanh.

2.8. Phan tich dir liéu

Tat ca cac thi nghiém dwoc 13p lai it nhat ba lan.
Phan tich phwong sai ANOVA duorc thuc hién bang
phan mém IBM SPSS Statistics (phién ban 20.0, IBM
Corp., New York, Hoa Ky), sau dé LSD test duwgc ap
dung dé so sanh sy khac biét cé y nghia théng ké cua
cac gid tri trung binh & murc tin cdy 95% (p < 0,05).
Phan mém Design-Expert (phién ban 13.0, Stat-Ease
Inc., Minnesota, Hoa Ky) dugc dp dung dé xac dinh
cac théng sé cua t6i wu hda quy trinh chiét xuat.

3. KET QUA

3.1. Sang loc dung méi

Dau tién, kha nang chiét xuat cta cac SUPRADES
duoc so sanh dé lya chon SUPRADES t&i wu. Trong
thi nghiém sang loc dung mdi, cac diéu kién chiét
xuat dwoc dp dung nhat quan ddi vai tat ca cac dung
moi. Hiéu sut chiét xuat T-RQ dwoc s dung dé so
sanh kha nang chiét xuat gitta cdc SUPRADES.

*
=

—_ = NN W
(=} wn (=} o (=]
L 1 1 1

Hiéu suat chiét xuat (%)

Dung moi chiet xuat

BRUT OQUE HT-RQ

Hinh 2. Hiéu sut chiét xuat rutin va quercetin tir Hoa hoe bang SUPRADES, nuéc va methanol.
Chu thich: (*) Hiéu sudt chiét xudt téng rutin va quercetin ciia SUPRADES 5 khdc biét cé y nghia théng ké so vdi cdc

dung méi con lgi (p < 0,05).

Két qua duogc trinh bay & Hinh 2 cho thay hiéu
suat chiét xuat RUT, QUE va T-RQ clia cdc SUPRADES
[an lwot 1a 13,50 - 18,92%, 0,58 - 0,94% va 14,28 -
29,86%. Trong d6 SUPRADES 5 cho hiéu sudt chiét
xuat cac flavonoid nay tét nhat, [an luot dat 28,92%,
0,94% va 29,86% tuong rng lan luot véi vai RUT,
QUE va T-RQ. So sanh két qua thu duoc tlr dung moi
ddi chirng, hiéu suét chiét xuat cha nuéc [an lwot 13
6,32%, 0,62% va 6,94%; methanol 100% lan luot la
13,17%, 1,45% va 14,63%. Nhu vay, SUPRADES 5 cho
hiéu suat chiét xuat T-RQ gap 4,3 lan nudcva 2,0 an
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methanol 100%.

3.2. T6i wu héa quy trinh chiét xuat

Anh huéng clia ham lugng nudc trong SUPRADES
duwoc danh gid & cac nong dd khac nhau (10, 20, 30,
40, 50%). K&t qua cho thdy khi néng dd nudc trong
SUPRADES tang tir 10% I&n 20% thi hiéu suit chiét
xuat T-RQ téng tir 20,43% |én 29,91%; tiép tuc ting
ndng dé nuwdc 1én 50% thi hiéu suat chiét xuat giam
con 10,33%. Nhu vay, SUPRADES chira 20% nudrc sé
cho hiéu suat chiét xuat téi vu.



Bang 2. K&t qua hiéu sut chiét xuat RUT va QUE tir Hoa hoe bing SUPRADES lién quan dén BBD

Hiéu suat chiét xuat (%)

STT A B C D
RUT QUE T-RQ
1 10 35 10 50 18,33 0,76 19,09
2 6 50 30 70 24,45 1,10 25,55
3 2 35 30 30 21,05 0,83 21,87
4 10 35 30 70 20,93 0,94 21,87
5 35 30 50 29,87 0,92 30,79
6 6 20 30 70 31,85 1,12 32,97
7 10 20 30 50 25,82 0,96 26,78
8 10 35 30 30 24,82 1,16 25,98
9 2 20 30 50 30,32 1,03 31,35
10 2 35 30 70 31,20 1,06 32,26
11 2 35 50 50 20,02 0,77 20,79
12 6 35 30 50 27,83 1,01 28,84
13 6 20 50 50 26,95 0,99 27,93
14 6 35 50 70 26,93 1,02 27,95
15 6 35 50 30 19,34 0,81 20,15
16 6 50 30 30 26,07 0,95 27,02
17 6 35 30 50 28,03 0,94 28,97
18 10 35 50 50 18,20 0,68 18,87
19 6 50 50 50 20,83 1,00 21,83
20 6 20 10 50 27,40 0,97 28,37
21 2 35 10 50 20,31 0,77 21,08
22 2 50 30 50 21,49 0,99 22,48
23 6 35 10 30 23,47 0,95 24,41
24 6 35 30 50 28,14 1,00 29,14
25 6 20 30 30 29,57 0,98 30,55
26 6 50 10 50 20,36 0,94 21,30
27 6 35 30 50 27,95 0,92 28,86
28 6 35 10 70 22,46 0,90 23,36
29 10 50 30 50 22,11 1,02 23,13

Chu thich: A: nbng d6 8-CD (%), B: ti 16 16ng-rdn (mL/g), C: thoi gian chiét xudt (phut); D: nhiét d6 chiét xudt (°C); RUT:

rutin; QUE: quercetin; T-RQ: téng rutin va quercetin.

Anh hudng cia cac yéu t6, bao gdbm ndng do
B-CD (A), ti 1& 16ng-ran (B), thai gian chiét xuat (C) va
nhiét do chiét xuat (D) dén hiéu suat chiét xuat RUT
va QUE duoc t6i wu hda bang RSM. Bang 2 trinh bay
két qua clia céc thi nghiém trong BBD va Bang 3 trinh
bay két qua phan tich théng ké cla qué trinh téi wu
hoa. Gia tri Fisher F-test va gid tri khong tuong thich
(lack of fit) ca mé hinh lan lwot 1a 41,67 (p < 0,0001)

va 0,4368 (>0,05) cho thdy md hinh t6i wu hda duoc
thiét 14p cd y nghia thong ké cao va su khéng tuong
thich khéng dang ké. Tat ca cac gia tri R? thu duoc
tlr mé hinh déu I&n hon 0,8, cho thdy su phlu hop
chéc ché gitra két qua thuc nghiém va du doan. Cac
bién (A, B, D), cdp tuong tac (AB, AD, CD), gid tri bac
hai (A2, C?) a&nh hudng dang ké dén hiéu suat chiét
xudt véi gia tri p < 0,05. Anh hudng cda cac yéu t8

HUE JOURNAL OF MEDICINE AND PHARMACY ISSN 3030-4318; eISSN: 3030-4326 183 I



dén hiéu suat chiét xuat tang lan lwot theo thir ty:
ti 1& 1dng-ran, ndng dd B-CD, nhiét do chiét xuat va
thoi gian chiét xuat; duoc thé hién thong qua cac gid
tri p lan lwot 1a < 0,0001, 0,0005, 0,0006 va 0,9780.
Phuong trinh hdi quy md td sy phu thudc cla hiéu
suat chiét xuat T-RQ vao cac bién doc 1ap nhv sau:

y 9,78515 + 4.08387A 0,311097B +

0,464506C + 0,350254D + 0,021735AB +0,000237AC
- 0,045321AD + 0,000799BC - 0,003251BD +
0,005536CD-0,239993A%+0,001653B%—0,012852C?
—0,000724D>.

Trong dé: y la hiéu suat chiét xuat T-RQ (%), A |a
nong do B-CD (%), B la ti 1& 1dng-ran (mL/g), C 1a thoi
gian chiét xuat (phuat) va D 13 nhiét d6 chiét xuat (°C).

Bang 3. K&t qua phan tich phuong sai ANOVA cla qua trinh chiét xuat RUT
va QUE tir Hoa hoe bing SUPRADES

Trung binh

Ngudn (Source) T(iﬁ?nbg;l;::;;:)g w0 ?;f) binh phuong (?3;:::) @'35&5
: (Mean Square)
'(V'N?OT;ZS 482,48 14 34,46 41,67  <0,0001 significant
A 16,62 1 16,62 20,10 0,0005
B 111,85 1 111,85 13523  <0,0001
C 0,0007 1 0,0007 0,0008  0,9780
D 16,28 1 16,28 19,68 0,0006
AB 6,80 1 6,80 8,23 0,0124
AC 0,0014 1 0,0014 0,0017  0,9673
AD 52,58 1 52,58 63,57  <0,0001
BC 0,2301 1 0,2301 02782  0,6062
BD 3,80 1 3,80 4,60 0,0500
cD 19,62 1 19,62 23,72 0,0002
A2 95,64 1 95,64 115,64  <0,0001
B2 0,8974 1 0,8974 1,09 0,3152
c 171,41 1 171,41 207,25  <0,0001
D> 0,5440 1 0,5440 06577  0,4310
(Rz‘;g:al) 11,58 14 0,8271
Khong phu hop 8,83 10 0,8826 1,28 0,4368 not
(Lack of Fit) ! ! ! ! significant
o asa s
Cor Total 494,06 28
R?=0,9766 R? adj = 0,9531 R? pred = 0,8884

Chu thich: A: nbng dé 8-CD (%), B: ti I Idng-rdn (mL/g),

Bé mat dap trng mo td anh hwéng clia cac bién doc
|4p dén hiéu suat chiét xuat, cling nhu twong tac déng
thoi gitra cac bién déc 1ap dugc trinh bay & Hinh 3. Cac
bé mat ddp &ng cé d6 nghiéng khac nhau cho thay su
anh hudng khic nhau dén hiéu suat chiét xuat. Diéu
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C: thoi gian chiét xudt (phut); D: nhiét dé chiét xudt (°C).

kién t8i wu cho qud trinh chiét xuat duoc xac dinh bao
gdm: noéng do B-CD la 3,88%, ti lé Idng-ran 13 23,03
mL/g, thoi gian chiét xuat |a 32,62 phut va nhiét d6
chiét xuat 1a 66°C. Hiéu suat chiét xuat thu duwoc trong
diéu kién t6i vu dat 35,21 + 0,02%.
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Hinh 3. B& méit dap (ng clia qud trinh chiét xuat RUT va QUE tir Hoa hoe bing SUPRADES

3.3. Panh gia hoat tinh chéng oxy héa

Trong nghién ctru nay, SUPRADES d3 cho thay tiém
nang trong qua trinh chiét xuat RUT va QUE tir Hoa
hoe. Hoat tinh chéng oxy hda théng qua trc ché DPPH
clia dich chiét thu duoc tir Hoa hoe khi chiét bang
SUPRADES va methanol dugc so sanh (Hinh 4B). Kha
nang chang oxy héa cla dich chiét duorc biéu thi bing
miligam twong dwong Trolox trén mdi gam trong lwong
kho cta duoc lidu (mg TE/g DW). K&t qua cho thay,

A),,
30 4
.,‘é
=
2 20
9
2
@ 0 J
= 10
04 | , o
Methanol SUPRADES

Dung méi chiét xuat

BRUT OQUE BT-RQ

trong diéu kién t6i wu, kha ndng chéng oxy hda cla
dich chiét Hoa hoe thu dwoc khi chiét bang SUPRADES
cao hon vdi khi chiét bang methanol, twong tng lan
lwot 14 527,55 va 250,57 mg TE/g DW. K&t qua nay
duorc gidi thich do SUPRADES d3 tang cwdng hiéu suat
chiét RUT va QUE tir Hoa hoe, lam tdng ndng dé cua
céc flavonoid nay trong dich chiét. Ngoai ra, kha nang
chdng oxy héa manh mé clia RUT va QUE d3 déng gép
ch( y&u vao hoat tinh chung cla dich chiét thu duwoc.

(B)

600

th
=3
(=}

.
=
(=}

[
=
(=]

Kha nang chéng oxi hoa (mg TE/g DW)
= Z ;
o o

o

Methanol SUPRADES
Dung méi chiét xuat

Hinh 4. So sdnh hiéu suat chiét xuat (A) va hoat tinh chdng oxy hda (B) clia qua trinh chiét xuit RUT va
QUE tlr Hoa hoe bang methanol va SUPRADES
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3.4. Danh gia chi sd xanh ctia phwong phap

Chi s6 xanh cla phuong phap chiét xuat da duogc
danh gid bang céng cu AGREEprep, mdt cdng cu
chuyén dung nham dinh lwgng mic d6 than thién
V@i mdi trudng va tinh an toan trong qua trinh chuin
bi mau. Chi s6 nay duoc xay dung dya trén 10 tiéu
chi dai dién cho cac nguyén tac cot I8i clia chuan bj
mau xanh, bao gdm loai dung méi, vat liéu va thudc
th&r dwoc sir dung; lwong chat thai phat sinh; mic
tiéu thu ndng lwgng; nang suat x& ly mau; cling nhuw
kich thwdc mau. Viéc lwong héa dong thoi cac yéu
td nay cho phép danh giad toan dién tic déng moi

A

Hinh 5: So sanh chi s6 xanh clia qué trinh chiét xudt RUT va QUE tir Hoa hoe bang SUPRADES (A) va
methanol (B)

4. BAN LUAN

Hiéu suat chiét xuit cia mot hé dung mdi phu
thudc vao nhiéu yéu t6 nhuw dé phan cwc, dd nhdt,
cling nhu kha nang hinh thanh céc twong tac phi céng
hda tri véi hop chat muc tiéu. Cac lién két hydrogen,
tuong tac van der Waals va tuong tac gitta dung moi
vGi ma tran thuc vat dong vai tro then chét trong viéc
giai phdng va hoa tan céc hoat chat sinh hoc tir duoc
liéu [6]. Trong nghién clru nay, hé SUPRADES duoc
thiét ké tir choline chloride/acetic acid két hop vdi
B-CD d3 cho thay hiéu qua vuot trdi trong viéc chiét
xudt RUT va QUE tir Hoa hoe.

K&t qua so sanh hiéu suat chiét xudt RUT va QUE
tir Hoa hoe bang SUPRADES va methanol cho thay hé
dung mdi SUPRADES mang lai hiéu suat chiét T-RQ
cao gap 2,16 lan so vdi methanol trong cung diéu
kién t6i wu (Hinh 4A). Hiéu qua nay cé thé duoc ly
giai bdi sy két hgp déng thoi cda nhiéu dang tuong
tac phan tl&r trong hé SUPRADES. Cu thé, B-CD déng
vai trd nhuw mot tac nhan bao gn siéu phan tl (host),
c6 khad nang hinh thanh phirc bao vai cac phan ti
flavonoid nhuw RUT va QUE (guest), t&r d6 lam tang
dd tan, giam hién tuwong két tu va 6n dinh ciu truc
clUa hop chat trong moi trudng chiét. Dong thoi, hé
DES nén choline chloride/acetic acid c¢6 kha nang
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truwong va hiéu qua thyc tién cla quy trinh, tir d6
xac dinh nhitng khia canh can cdi thién nham ting
cudng tinh bén vitng. Mbi tiéu chi duwoc cham theo
thang diém tir 0 d&n 1, vdi diém s6 cao hon thé hién
murc d6 “xanh” cao hon. Két qua dugc minh hoa truc
quan bang hé théng ma mau, trong d6 mau xanh 13
biéu thi sy t6i wu, trong khi mau dé phan anh nhirng
han ché can dwoc cai thién [9]. Chi s6 xanh trong
quy trinh chiét xuat RUT va QUE tir Hoa hoe bang
SUPRADES va methanol dwgc danh gid va so sanh, cé
gia trj [an lwot 13 0,79 ddi véi SUPRADES va 0,56 ddi
v&i methanol (Hinh 5).

B

hinh thanh mang luéi lién két hydrogen manh vdi
nhém hydroxyl ctia flavonoid, hd tro qua trinh hoa
tan va khuéch tan. Ngoai ra, sy hién dién dong thoi
cla cac thanh phan phan cuc va kém phan cuc trong
SUPRADES gdp phan cai thién kha nang twong thich
V@i cd mdi trwdng té€ bao va ciu truc lipid—protein
cla thanh t& bao thuc vat, tdng cudng khd ndng
thdm thau qua thanh t&€ bao thuc vat va gidi phdng
hoat chat [4,5].

Bén canh hiéu suat chiét xuat cao, hé dung mdi
SUPRADES con thé hién wu thé rd rét vé mat hoat
tinh sinh hoc. K&t qua so sdnh kha nang chéng oxy
héa théng qua phuong phap DPPH gitra dich chiét
tir Hoa hoe thu duoc bidng SUPRADES va methanol
(Hinh 4B) cho thay gia tri hoat tinh chéng oxy hda
ctadich chiét SUPRADES dat 527,55 mg TE/g DW, cao
gap dbéi so vai dich chiét methanol (250,57 mg TE/g
DW). Sy khdc biét dang ké nay coé thé duoc ly giai
bdi khd nang chiét xuat vuot trdi cila SUPRADES d6i
V@i cac hop chat flavonoid nhu RUT va QUE, nhirng
chat d3 dugc chirng minh cé kha nang trung hoa goc
ty do manh. Bén canh do, hé dung méi SUPRADES
vdi cau tric siéu phan tlr gitp ting cuwdng do tan, 6n
dinh cac hop chat hoat tinh trong moi trwdng chiét
va dong thoi han ché sy phan hdy oxy hda trong qua



trinh xt ly, tir d6 gép phan bdo toan va nang cao hoat
tinh chdng oxy hda cta dich chiét. Két qua nay cho
thay SUPRADES khéng chi la mét dung mdi chiét xuat
hiéu qua ma con cd tiém ning &ng dung thuc tién
trong viéc thu nhan cac dich chiét giau hoat tinh sinh
hoc [4,5].

Két qua danh gid chi s xanh bang coéng cu
AGREEprep cho thdy phuong phap chiét xuat st dung
SUPRADES dat gid tri 0,79, cao hon dang ké so vdi gia
tri 0,56 clia phuwong phap s dung methanol (Hinh 5).
Diéu nay phan 4nh tinh than thién v&i méi trudng va
murc do an toan cao hon cta hé dung moi SUPRADES
trong toan b6 qua trinh chuan bi mau. Sy khac biét vé
chi s8 xanh giira hai hé dung méi ch( yéu dén tir viéc
SUPRADES duwoc cau tao tir cac thanh phan cé ngudn
g6c sinh hoc, khéng bay hoi, it doc hai va cé kha nang
phan hdy sinh hoc cao, trong khi methanol 1a mét
dung moéi hitu co dé bay hoi, doc tinh cao va cé nguy
co anh hudng dén strc khoe ngudi van hanh cling nhu
mdi trwdng. Viéc dat chi sd xanh cao hon cling cé tinh
bén virng clia quy trinh, cho thdy tiém ning mé rong
trng dung SUPRADES trong céc quy trinh chiét xuat
xanh, an toan va hiéu qua, phu hop véi dinh hudng
phéat trién cla nganh céng nghiép duoc liéu va thyc
pham chirc ning theo nguyén tic hdéa hoc xanh.

Tom lai, mdt quy trinh bén vitng bang cach st
dung SUPRADES d3 duogc phét trién dé chiét xuat
RUT va QUE tir Hoa hé. Méac du nghién clru budc dau
cho thdy hiéu qua rd rét, song cdc nghién clru sau
hon can duoc tién hanh, chang han nhu phuc hoi
RUT va QUE tir dich chiét, xac dinh twong tac giira
SUPRADES va hoat chat d€ |am r& co ché chi phéi qua
trinh chiét xuat, diéu nay s& cung cap co s& khoa hoc
toan dién cho nhirng budc tién ti€p theo & quy méd
I&n hon trong chiét xuat.

5. KET LUAN

Nghién ciru @3 chirng minh tiém nang (ng dung
SUPRADES trong chiét xuat cac hop chéat flavonoid tir
duwoc liéu Hoa hoe. H& SUPRADES duwgc ciu tao tw
choline chloride/acetic acid va B-CD khong chi cho
hiéu suat chiét xuat RUT va QUE cao hon déng ké so
v@i methanol (tdng 2,16 lan), ma con cho thay hoat
tinh chéng oxy hda vuwot trdi (cao hon 2,11 [an). Pong
thoi, chi s6 xanh clia quy trinh chiét bang SUPRADES
dat gia tri 0,79, phan dnh mirc d6 than thién vdi moi
trudng va tinh bén virng cao cla phuwong phap. Cac
két qua thu dwoc gép phan khang dinh SUPRADES Ia
hé dung m6i xanh hiéu qud, an toan va cé thé thay
thé cdc dung mdi hitu co truyén théng trong chiét
xuat hgp chat tu nhién, qua d6 mé& ra trién vong (ng
dung trong linh vuc thyc phdm chirc ndng, duoc
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pham c6 ngudn gdc thyc vat va cac san pham cham
sdc strc khde theo huéng phat trién bén virng.

Loi cédm on: Nghién ctru duoc s hé tro cla dé
tai khoa hoc cdp Trudng Bai hoc Y - Durgc, Pai hoc
Hué, méd sé: 16/24. Céng trinh duoc thuc hién vdi sy
hé tro kinh phi Nhém nghién ciru manh Dai hoc Hué
(Mé s6 NCM.DHH.2023.01).
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