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Chiét xuat va phuc héi triterpenoid tir Nit trinh tlr (Ligustrum lucidum
W. T. Aiton) bang dung moi eutectic sdu ky nwéc két ho'p nhwa hap phu

duwdi sw ho tro’ siéu am
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Tém tat

it van deé: S&r dung dung méi xanh dé chiét xuat hoat chat tir dwoc liéu dang [a xu huwéng clia quad trinh
chiét xuat bén virng. Muc tiéu: Nghién clru nay trinh bay quy trinh chiét xuit bén virng triterpenoid tir Nir
trinh t&r dwa trén sy két hop cla dung mdi eutectic sau ky nwéc va nhua hap phu, dwdi sw hd tro siéu am.
P6i twong va phuong phap nghién ctru: Dung méi eutectic sau ky nwédc dua trén menthol va lauric acid
duwoc sang loc ban dau. Cac diéu kién chiét xuat da duoc tdi wu hda bang phuong phap bé mat dap ¢ng.
Triterpenoid duoc phuc hoi tir dich chiét bang phwong phép chiét ran-16ng dua trén nhwa hap phu. Kha niang
tai st dung cla cac vat liéu ban dau dwoc danh gia. K&t qua: Lauric acid - valeric acid 1a hé dung mdi xanh
cho hiéu suat chiét xuat triterpenoid t6t nhat. & diéu kién t&i wu, hiéu suat chiét xuat triterpenoid dat 15,17
mg/g. Hat nhwa hap phu HPD-300 phuc hdi duoc 98,91% triterpenoid tir dich chiét va san phdm thu duwoc chira
chira 53,95% triterpenoid. Dung méi va hat nhya d3 dugc tdi sir dung thanh céng qua ba chu ky chiét xuat
va phuc hoi triterpenoid lién tuc. K&t luan: Cac k&t qua cla nghién clru déng gdp vao hiéu biét quy trinh chiét
xuat xanh triterpenoid tir N trinh t&r, nhdm hudéng t&i thay thé cdc dung moi hitu co ddc hai bang cac dung
moi xanh an toan va than thién.

Tir khéa: triterpenoid, Ni¥ trinh t, chiét xudt xanh, dung méi eutectic séu ky nudc.
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Abstract

Background: The application of green solvents in the extraction of bioactive compounds from medicinal
plants has become a prominent approach in the development of sustainable extraction processes. Objectives:
In this study, a sustainable extraction strategy for triterpenoids from Ligustrum lucidum is developed,
employing hydrophobic deep eutectic solvents in combination with macroporous resins under ultrasound-
assisted extraction. Materials and method: Hydrophobic deep eutectic solvents based on menthol and lauric
acid were initially screened. Extraction conditions were optimized using response surface methodology.
Triterpenoids were recovered from the extract using a solid—liquid extraction approach with macroporous
resins. The reusability of the initial materials was also evaluated. Results: The lauric acid—valeric acid exhibited
the highest extraction efficiency for triterpenoids. Under optimal conditions, the extraction yield reached
15.17 mg/g. The macroporous resin HPD-300 successfully recovered 98.91% of triterpenoids from the extract,
yielding a product containing 53.95% triterpenoids. Both the solvent and the resin were effectively reused
over three consecutive extraction and recovery cycles. Conclusion: These findings contribute to a better
understanding of green extraction processes for triterpenoids from Ligustrum lucidum, aiming to replace
hazardous organic solvents with safer and more environmentally friendly green solvents
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1. DAT VAN BE VA MUC TIEU

Chiét xuat hoat chat tlr dwoc liéu |a mét trong
nhitng buwdc quan trong trong qua trinh nghién ctru
va phat trién thuéc. Trong d4, viéc lwa chon dung méi
la yéu td quan trong nhat. Dung mai thich hop quyét
dinh dén hiéu qua, dé tinh khiét cling nhu gid tri (rng
dung cla sdn pham cudi cung. Tuy nhién, mét lwong
I&n dung méi hitu co ddc hai, cd ngubn gdc tir hda
thach va ddu mé dang dugc sir dung hang ndm trong
cac quy trinh chiét xuat d3 dat ra mét thach thirc I6n
d&i véi sy phat trién bén virng. Dling trwdc nhirng
yéu cau cap bach trén, viéc tim ki€ém va phat trién cac
dung méi xanh, an toan va hiéu qua dang ngay cang
duoc quan tam [1].

Dung moi eutectic sau (DESs) la mét nhém dung
mdi xanh dwoc phat trién trong nhirng nd3m gan day,
dugc hinh thanh tir chat cho lién két hydrogen (HBD)
va chat nhan lién két hydrogen (HBA) vd&i ti 1& xac
dinh, tao thanh hén hop cé diém néng chay thap hon
cac thanh phan riéng |é, mang tinh an toan, kha nang
phan huy sinh hoc, khéng chay né [2]. Trong d6, dung
moi eutectic sau ky nudc (HDESs), mot phan nhom
quan trong cla DESs, c6 khad nang chiét xuat chon

loc cac hoat chat ky nudc do cau tric chiva céc thanh
phan ky nudc nhu acid, alcohol, mudi ammonium
chira goc alkyl dai, menthol, thymol. HDESs dugc
gidi thiéu vao ndm 2015 va d3 cho thay hiéu qua
trong nhiéu &ng dung nhu xuc tac, dién hda, téng
hop héa hoc, dic biét gan day 13 trong linh vuc chiét
xuat [3, 4].

Triterpenoid 1a nhdm céc hop chat ty nhién ciu
thanh tlr sdu don vi isoprene va duoc chia thanh
nhiéu phan nhém khéc nhau, bao gébm triterpenoid
pentacyclic, tetracyclic, dammarane, cucurbitane.
Triterpenoid thé& hién nhiéu hoat tinh sinh hoc da
dang nhu chéng oxy hda, chéng viém, ha dudng
huyét, bdo vé gan, khang vi sinh vat, kha nang trc ché
t€ bao ung thu [5]. V&i nhitng déc tinh dugc ly tiém
nang, viéc khai thdc nhém hoat chat nay tir duogc liéu
c6 vai trd quan trong trong viéc phat trién cac san
pham duwoc phdm. Tuy nhién, dic tinh ky nwdc vén
c6 cla triterpenoid dan dén viéc chiét xuat chung tir
sinh khéi hién nay dang s& dung cac dung mdi hitu co
doc hai nhu methanol, hexane, toluene, chloroform
[6]. Chinh vi vay, can cé céc quy trinh t8i wu va hiéu
qua dé dam vao tinh bén virng.

Ursolic acid

Oleanolic acid

Hinh 1. N trinh t& (A) va ciu tric hda hoc cla oleanolic acid, ursolic acid (B)

N trinh t&r (Hinh 1A) 13 qua cla cdy N{t trinh
(Ligustrum lucidum W.T.Aiton), thuéc ho Oleaceae.
Cay N trinh phan bé réng rdi & Trung Qudc, Viét
Nam va cac nwdc Pong A. Trong y hoc ¢6 truyén, N
trinh t&r dwoc sir dung dé diéu tri chéng mat, dau
nhirc & eo va dau gbi, khi hu, U tai, bac téc sédm, s6t
do @m hu va thi lvc mo [7]. Cac nghién clru hién dai
xac nhan vai trd diéu hoa mién dich, chéng ung thu,
chéng viém, chdng oxy hda va chéng lodng xuong
cha N& trinh t&r [7]. Thanh phan héa hoc cla N
trinh t& da dang nhu flavonoid, phenolic acid, iridoid
glycoside, saponin va dic biét triterpenoid, néi bat
véi oleanolic acid (OA) va ursolic acid (UA) (Hinh
1B) duoc tim thdy ham lwong cao [7]. Ham lwong
OA va UA trong N trinh tl&r theo bdo cdo truwdc do
lan lwvot 13 6,3 va 9,8 mg/g [8]. Qua trinh chiét xuat
triterpenoid tr N trinh t&r hién nay chi yéu dya vao
cac dung mai hitu co [8] hoac dung mai siéu tédi han

[9]. DU d3 cé nhitng nd luwc nham phét trién cac quy
trinh bén virng, dién hinh nhw ng dung hé hai pha
dya trén DESs dé chiét xuat triterpenoid [10], song
cdc nghién clru day da tir chiét xuat, phuc hoi hoat
chat dén danh gid kha nang tai s dung dung moi
trong qua trinh chiét xuat triterpenoid tir Ni¥ trinh tl
van chua duoc nghién ctu.

Nghién ctru nay trinh bay mét phwong phép bén
vitng dé chiét xuat triterpenoid tir Nit trinh tlr. Cac
HDESs khac nhau dwa trén menthol va lauric acid da
duogc dénh gid va qud trinh chiét xuat dwoc t6i vu
héa bang phuong phap bé mit dap &ng (RSM). Sau
dé, triterpenoid dwoc phuc hdi tir dich chiét bang
phuong phap chiét ran-ldng (SLE) dua trén cac hat
nhuwa hap phu macroporous (MRs). Cudi cung, kha
nang tai st dung HDESs va MRs dugc danh gid qua
ba chu ky chiét xuat va phuc hdi lién tuc. Theo hiéu
biét t&t nhat cda ching t6i, day 1a bdo cdo khoa hoc
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toan dién va day dd dau tién trong viéc sir HDESs dé
chiét xuat va phuc héi triterpenoid tir Ni trinh tir.

2. DOI TUQNG VA PHUO'NG PHAP NGHIEN CU'U

2.1. Ddi twong va héa chat

N trinh t&r dwoc thu mua tai Thira Thién Hué. Sau
khi thu mau, dwoc liéu duoc rira sach, say kho & 50°C.
Mau duoc xay thanh b6t va dong nhat bang mét lwdi
0,71 mm. Bot duoc liéu dwgc bao quan & noi thoang
mat dé thyc hién cdc thi nghiém chiét xuat.

Cac chat chuin, bao gdbm OA chuin (> 95%,
HPLC, s6 16 117-39-5) va UA chuan (= 94%, HPLC, s6
16 207671-50-9) dwoc mua tai Macklin Inc. (Quang
Chéau, Trung Qudc). Cac héa chat, bao gbm acetic
acid, propionic acid, lactic acid, valeric acid, pyruvic
acid, octanoic acid, nonanoic acid, capric acid,
lauric acid, thymol, menthol, camphor, ethanol,
methanol, trifluoroacetic acid dugc mua tai Xilong
Scientific (Quang Do6ng, Trung Qudc) va Macklin
Inc. (Quang Chau, Trung Qudc). Cac MRs, bao gbm
HPD-300, HPD-400, DM-301, ADS-7, LSA-40, XAD-
8, D-101, AB-8, HP-20 c6 ngudn géc tir Supelco™

Analytical (Pennsylvania, Hoa Ky) va Zhengzhou
Fulong New Material Technology Co., Ltd. (Trinh
Chau, Trung Quéc).

Qua trinh chuén bj HDESs dwoc thyc hién bang
may khudy tir gia nhiét (Labnet, My). Qua trinh chiét
xuat duoc thuc hién bang bé siéu am (S 100 H, Elma,
Purc, tan sd siéu dm 37 kHz, cdng sudt siéu am hiéu
dung 150 W). May ly tdm (Zhengji, Trung Quéc) duoc
ap dung phan tach dich chiét ra khéi ba dugc liéu.
Nong do cla OA va UA duoc dinh lvong bang hé
théng sac ky 1dng hiéu ning cao (HPLC) (Agilent 1260
Infinity 1, Agilent Technologies, Hoa Ky). Cac dich
chiét dwoc co6 dic bang may co quay (R-300, Buchi
Labortechnik, Thuy Si).

2.2. Chuan bj HDESs

HDESs duoc dieu ché bang cach phdi tron HBA
v@i HBD & ti 18 mol cu thé (Bang 1), sau d6 dugc dun
néng va khudy déu lién tuc & nhiét d6 nhé hon 80°C
trong vong 2-4 gi& dén khi thu duwgc chat long déng
nhat va 6n dinh & nhiét d6 phong. Cac HDESs dugc
bdo quan trong lo kin trdnh dnh sdng dé chuan bj cho
cac thi nghiém chiét xuat [11].

Bang 1. Cac dung méi duoc sir dung trong thi nghiém sang loc dung méi

Loaidung mdéi  Dung moi Viét tat Ti & mol:mol
Hitu co truyén Methanol MeOH 50, 100%
théng Ethanol EtOH 50, 100%
Menthol-acetic acid Men-AA (1:1) 1:1
Menthol-lactic acid Men-LA (1:1) 1:1
Menthol-propionic acid Men-PrA (1:1) 1:1
Menthol-pyruvic acid Men-PA (1:1) 1:1
i Menthol-valeric acid Men-VA (1:1) 1:1
:Zii;::ua trén Menthol-octanoic acid Men-0A (1:1) 1:1
Menthol-nonanoic acid Men-NA (1:1) 1:1
Menthol-decanoic acid Men-DA(1:1) 1:1
Menthol-lauric acid Men-LaA (2:1) 2:1
Menthol-camphor Men-CP (1:1) 1:1
Menthol-thymol Men-TM (1:1) 1:1
Lauric acid-valeric acid LaA-VA (1:3) 1:3
HDESs dua trén Lauric acid-octanoic acid LaA-OA (1:3) 1:3
lauric acid Lauric acid-nonanoic acid LaA-NA (1:3) 1:3
Lauric acid-decanoic acid LaA-DA (1:3) 1:3

2.3. Chiét xuat OA va UA

Qua trinh sang loc dung méi dugc thyc hién dudi
su ho tro chiét xuat siéu am, vdi cac diéu kién duoc
ap dung cd dinh trén cac HDESs nhu sau: ti 1é 16dng-
ran 1a 20 mL/g, thoi gian chiét xuat 1a 30 phdt va
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nhiét do chiét xuat la 50°C. Sau d6, hon hop duoc ly
tam véi tdc d6 4000 vong/phut trong 5 phat dé loai
bd pha ran. Dich chiét dwoc thu thap, sau dé dwoc
pha lodng bang methanol va dinh lwvgng ndng dd OA
va UA bang HPLC.
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2.4. Pinh lwong OA va UA bing HPLC

Nong dd ctia OA va UA trong mau dwoc phan tich
bang hé théng HPLC pha ddo. Qud trinh phan tach
duoc thye hién bang cot Eclipse XBD-C18 (4,6 x 250
mm (5,0 um), Agilent Technologies). Pha déng bao
gdm methanol va dung dich TFA 0,1% vdi ti 1& thé tich
90/10. T6c d6 dong va budc song hap thu cye dai lan
Iwgt 13 0,6 mL/phut va 205 nm.

2.5. T8i wu héa quy trinh chiét xuat

DPau tién, thi nghiém anh hudng mot yéu t6 tai
mdt thoi diém (OFAT) dwoc thwe hién nham danh
gia su dnh hudng cla céc yéu td |1én hiéu suat chiét
xuat. Cac yéu t8 bao gdm, ti & mol HBD: HBA (1, 2,
3,4, 5, 6 mol/mol), ti lé 16ng-ran (10, 15, 20, 25, 30,
35 ml/g), thai gian chiét xuat (10, 20, 30, 40, 50, 60
phut), nhiét dé chiét xuat (30, 40, 50, 60, 70°C). Sau
dd, qud trinh chiét xudt dugc tdi wu hda hon nira
bang RSM duya trén thiét ké Box-Behnken (BBD) vdi
29 thi nghiém duwgc thuc hién. Trong RSM, ti 1é HBD:
HBA (1, 3, 5 mol/mol), ti 1& 1dng-ran (15, 25, 35 mL/g),
thoi gian chiét xuat (10, 30, 50 phat), nhiét d6 chiét
xuat (30, 50, 70°C) 1a bién déc lap twong e véi cac
murc m3 héa -1, 0, +1. Trong khi hiéu suat chiét xuat
triterpenoid 13 bién phu thudc.

2.6. Phuc hbi triterpenoid

Triterpenoid (OA va UA) tir dich chiét HDESs dwoc
phuc hoi bang phuong phap SLE dua trén MRs. Ban
dau, 10 g MRs dwoc déng vao cdt (10 mm x 25 cm) va
dugc tién x& ly [an lwot voi ethanol tuyét d6i, NaOH
5%, va HCl 5%, sau d6 rira bang nudc siéu tinh khiét
cho dén khi dat méi trudng trung tinh. Tiép theo, 2
mL dich chiét HDESs thu duoc & diéu kién t6i wu duoc
cho qua cét. Cot dya rira v&i ethanol 60% dé loai bd
HDESs. Cudi cuing, triterpenoid dugec rira giai khdi MRs
bang ethanol tuyét doi, sau dé dung moéi duoc loai
bd bang c6 quay chan khong dé thu dwoc san pham
giau triterpenoid. Hiéu sudt phuc héi va ham luvong
triterpenoid dugc s dung dé danh gia kha nang phuc
hoi ciia MRs. Hai thong s8 nay dugc tinh todn nhu sau:

m
Hiéu suit phuc hoi triterpenoid = m—l 100%
0

m
Ham lwong triterpenoid = m—l 100%
2

Trong d6, m_ va m_lan luot la khéi luwong
triterpenoid trudc phuc hoi va sau phuc hoi; m, la
kh&i lwong clia san pham giau triterpenoid.

2.7. Tai ch& HDESs va MRs

PG véi qud trinh tai ché HDESs, dich cbn cla
HDESs rira giai tir cdt dwoc cd quay chan khdng dé
loai bd ethanol, thu dwoc HDESs tai ché. HDESs tai
ché sau d6 duoc sir dung 1am dung moi chiét xuat
trong diéu kién t6i wu véi duogc liéu méi. Db voi
qud trinh tai ch€ MRs, cdt dwoc tai ché bang cach

ngadm lan luot véi 5% NaOH va 5% HCl, sau d6 rira
bang nwéc siéu tinh khiét dén mai trwong trung tinh.
Sau khi tdi ché, cac cot chira MRs duoc sir dung dé
phuc hdi triterpenoid tir dich chiét HDESs. Kha nang
tdi ché€ clia HDESs va MRs dugc dénh gid qua ba chu
ki chiét xuat va phuc hoi lién tuc bang cach st dung
HDESs va MRs tai ché. B&n thdng s6, bao gdm hiéu
sudt chiét xuat, hiéu suat phuc hai triterpenoid, hiéu
suat phuc hoi HDESs, ham lugng triterpenoid dugc
theo d&i can than trong mdi chu ki d& danh gia tiem
nang tai st dung HDESs va MRs.

2.8. Phan tich di¥ liéu

Tat ca cac két qua thi nghiém dugc bdo cdo dudi
dang gid tri trung binh kém theo dd léch chuan cla ba
[an 13p lai. Phan tich phuong sai (ANOVA) duoc thyc
hién bang IBM SPSS Statistics 20, sau dé ap dung Least
Significant Difference (LSD) test dé xac dinh su khac
biét cé y nghia théng k& & mirc tin cady 95% (p < 0,05).
Cac diéu kién t6i vu cho qud trinh chiét xuit trong
RSM duoc xac dinh bang phan mém Design-Expert
(phién ban 13.0, Stat-Ease Inc., Minnesota, Hoa Ky).

3. KET QUA

3.1. Sang loc dung moi

Trong nghién ciru nay, HDESs duoc lya chon lam
dung méi chiét xuat triterpenoid dua trén co s& do
phan cyc thap clia HDESs dé& dang cdi thién do tan cla
triterpenoid, tir d6 nang cao hiéu suat chiét xuat [12].
Chinh vi vay, 11 HDES dya trén menthol va 4 HDESs
dwa trén lauric acid d3 duoc thiét 1ap, song song véi
do cac dung méi hitu co truyén théng methanol va
ethanol dugc lya chon lam dung méi d6i chirng. Céc
diéu kién chiét xuat trong thi nghiém sang loc dung
mdi dugc dp dung nhat quan nhu sau: ti 1& [dng-ran
(20 mL/g), thoi gian chiét xuat 13 30 phut va nhiét do
chiét xuat 1a 50°C. Hiéu sut chiét xuit téng cla hai
triterpenoid OA va UA (T-OU) duoc sir dung dé so
sanh kha nang chiét xuat gitra cdc dung mai.

K&t qua hiéu suit chiét xuat duoc trinh bay &
Hinh 2. Nhin chung, HDESs dua trén menthol cho
hiéu suat chiét xuat tir OA tir 5,64 - 9,89 mg/g, UA
tlr 1,16 - 2,59 mg/g, T-OU tir 6,86 - 11,69 mg/g. Cac
k&t qua twong &ng nay quan sat dwoc trén HDESs
dua trén lauric acid 1an lwot 13 8,16 - 10,35 mg/g,
1,62 -2,90 mg/g, 9,79 - 13,25 mg/g. Trong do, lauric
acid - valeric acid (LaA-VA) 1a HDESs cho hiéu suat
chiét triterpenoid 1&n nhat, véi hiéu suat chiét OA,
UA va T-BOU lan luot 13 10,35 mg/g, 2,90 mg/g va
13,25 mg/g. So sanh vai két qua tdt nhat thu duoc
tlr dung moi hitu co (MeOH) [an lwot |a 8,95 mg/g,
2,56 mg/g va 11,51 mg/g. Nhu vay, LaA-VA duoc
Iwa chon cho qua trinh t8i wu hda tiép theo.
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Hinh 2. Hiéu su3t chiét xuat triterpenoid tir Nit trinh tir bdng HDESs va dung méi hitu co
Chu thich: (*) Hiéu sudt chiét xudt T-OU cua LaA-VA khdc biét cé y nghia théng ké
so vai cdc dung méi con lai (p < 0,05)

3.2. T6i wu héa quy trinh chiét xuat

Dau tién, thi nghiém OFAT duoc tién hanh dé
danh gid su anh huwdng cla cac yéu td 1én hiéu suat
chiét xuat va két qud duoc trinh bay & Hinh 3. Déi
véi anh huédng cda ti 1& mol valeric acid va lauric
acid (Hinh 3A), khi tang ti 1é mol tir 1 1&n 3 mol/
mol thi hiéu suat chiét xuat T-OU tang tir 11,98 1én
13,45 mg/g (p < 0,05), ti€p tuc tang ti 1é mol tir 3 1én
6 thi hiéu suat chiét xuat gidm tir 13,45 xuéng 11,36
mg/g. Hinh 3B mé ta sy dnh hwdng cla ti l1é |dng-
ran dén hiéu suat chiét xuat, k&t qua cho thay hiéu
suat chiét xuat T-OU tang tir 10,47 1én 13,77 mg/g

(A)

15

1 2 3 4 3 6
T 1é mol valeric acid va lauric acid (mol/mal)

(C

S’

15 a a

it xudt (mg/g)

10 20 30 10 50 60
Thoi gian chiét xudt (phit)

khi tdng ti 1& ldng-ran tir 10 |&n 25 mL/g (p < 0,05),
trong khi hiéu suat chiét xuat tang khong dang ké
& ti 18 16ng-rin 16n hon (p > 0,05). Anh hudng cua
thoi gian chiét xuat va nhiét do chiét xuat dwoc mod
td twong rng trong cac Hinh 3C va 3D. Hiéu sujt
chiét xuat T-OU tang dan khi kéo dai thoi gian chiét
xuat va dat cwe dai (14,18 mg/g) tai 30 phut, sau d6
thay d&i khong dang ké (p > 0,05). Twong ty nhu
vay, hiéu suat chiét xuat T-OU tadng dan khi nhiét do
chiét xuit tang tir 30 1&n 50°C, tiép tuc ting nhiét
dd thi hiéu suit chiét xuat thay déi khéng dang ké
(p > 0,05).
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Hinh 3. Anh huédng cda ti 1& mol valeric acid va lauric acid (A), ti 1& 16ng-ran (B), thoi gian chiét xuat (C)
va nhiét d6 chiét xuat (D) Ién hiéu suat chiét xuat T-OU tir Nit trinh t& bang HDESs
Chdu thich: trong cuing yéu t6 dnh hwdng, cdc chi¥ cdi khdc nhau biéu thj sw khdc biét ¢é y nghia théng ké
(p < 0,05).
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D& thay rd hon anh huwdng cla céc yéu t6 dén qud
trinh chiét xuat cling nhu tdc déng dong thoi gitra
cac yéu td 1én hiéu suat chiét xuat triterpenoid, qua
trinh chiét xuat duoc t6i wu hda hon nita bang RSM.
Két qua 29 thi nghiém theo BBD dugc trinh bay &
Bang 2 va két qua phan tich ANOVA cua qua trinh téi
uwu hoa duoc trinh bay & Bang 3. Gia tri cia mo hinh
Fisher F-test la 39,79 (p < 0,0001) ch&ng td6 mé hinh
thi nghiém dugec thiét 1ap vai y nghia théng ké cao.
Hon nita, gia tri khong twong thich (lack of fit) cta
mé hinh 13 0,4387 (> 0,05) cho thay khdng tuong
thich khéng dang k& so vdi sai s& thuan. Sy phu
hop chac ché gitra du doan va thuc nghiém duoc

xac nhan dua vao cac giad tri R? déu Ién hon 0,88.
Phuwong trinh hdi quy thé hién sy phu thudc cla hiéu
suat chiét xuat vao cac bién doc l1ap duwoc trinh bay
dudi day:

y = 294915 - 0,095258A + 0,066188B -
0,016319C-0,002599D + 0,002495AB + 0,001173AC
— 0,000308AD + 0,000154BC - 0,000282BD +
0,000127CD +0,004129A%-0,000873B2+0,000045C?
+0,000088D>.

Trong dé: y |a hiéu suat chiét xuat T-OU (mg/g), A
Ia ti 1&é mol valeric acid va lauric acid (mol/mol), B la ti
|& 1dng-ran (mL/g), C 1a thoi gian chiét xuat (phut) va
D la nhiét d6 chiét xuat (°C).

Bang 2. K&t qua BBD lién quan dén hiéu suat chiét xuat triterpenoid bang HDESs

Hiéu suat chiét xuat (mg/g)

STT A B C D
OA UA T-OU
1 3 35 30 70 11,62 2,75 14,36
2 3 25 30 50 10,21 2,93 13,14
3 1 35 30 50 11,41 2,51 13,92
4 3 25 30 50 10,29 2,91 13,20
5 1 15 30 50 9,21 2,38 11,60
6 1 25 30 70 11,01 2,82 13,83
7 3 25 30 50 10,69 3,02 13,71
8 3 35 30 30 11,32 3,37 14,69
9 3 15 50 50 8,80 2,39 11,19
10 3 15 30 70 9,21 2,81 12,02
11 1 25 10 50 10,71 2,70 13,41
12 3 25 30 50 10,57 2,66 13,22
13 5 15 30 50 8,68 2,41 11,09
14 5 25 30 70 10,77 3,24 14,01
15 3 15 30 30 8,49 2,30 10,79
16 5 25 10 50 10,57 2,66 13,22
17 1 25 50 50 10,30 2,88 13,18
18 1 25 30 30 10,93 2,35 13,29
19 3 35 10 50 11,47 2,71 14,17
20 3 35 50 50 11,58 2,71 14,29
21 5 35 30 50 11,74 3,12 14,86
22 3 25 50 70 11,87 2,69 14,56
23 3 25 10 70 10,79 3,04 13,82
24 3 25 10 30 11,14 2,52 13,65
25 3 15 10 50 9,63 2,29 11,92
26 3 25 30 50 10,39 2,98 13,37
27 3 25 50 30 9,96 2,92 12,88
28 5 25 50 50 11,65 2,73 14,38
29 5 25 30 30 11,14 2,69 13,83

Chu thich: A: ti 1é mol valeric acid va lauric acid (mol/mol), B: ti 1é Idng-rdn (mL/g), C: thoi gian chiét xudt
(phut); D: nhiét d6 chiét xudt (°C); OA: oleanolic acid; UA: ursolic acid; T-OU: téng oleanolic acid va ursolic acid.
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Bang 3. K&t qua phan tich phuong sai ANOVA clia qud trinh chiét xuét triterpenoid

Ngudn (Source) TOME Binh phurong D bic b:;:“pgh':r";:g GidtiF  Gidtrip
(Sum of Squares) tw do (df) (Mean Square) (F-value) (p-value)
M2 hinh 0,6550 14 0,0468 39,79  <0,0001 significant
(Model)
A 0,0066 1 0,0066 5,61 0,0328
B 0,5072 1 0,5072 431,27  <0,0001
c 0,0001 1 0,0001 0,0466  0,8321
D 0,0197 1 0,0197 16,75  0,0011
AB 0,0100 1 0,0100 8,47 0,0114
AC 0,0088 1 0,0088 7,49 0,0161
AD 0,0006 1 0,0006 0,5146  0,4849
BC 0,0038 1 0,0038 3,23 0,0938
BD 0,0127 1 0,0127 10,81  0,0054
cD 0,0104 1 0,0104 8,84 0,0101
A2 0,0018 1 0,0018 1,50 0,2402
B2 0,0494 1 0,0494 42,03  <0,0001
c 0,0021 1 0,0021 1,76 0,2057
D? 0,0080 1 0,0080 6,79 0,0208
$6 du (Residual) 0,0165 14 0,0012
KQiSiﬂ;igfp 0,0125 10 0,0013 1,28 0,4387  not significant
?SL: E?fr'; 0,0039 4 0,0010
Cor Total 0,6715 28
R2=0,9755 R? adj = 0,9510 R? pred = 0,8833

Biéu d6 bé mat dap ng (Hinh 4) biéu dién sy
tuwong tac gilra cdc bién déc lap, cling nhuv anh
hwdng déng thoi cda cac bién doc 1ap 1én hiéu suat
chiét xuat. Cac bé mat cé d6 nghiéng khac nhau s&
anh huwdng dén hiéu suat chiét xuat khic nhau, phan
nay s& dugc lam rd & phan ban ludn. Tir dit liéu cla
qué trinh t8i wu hoa theo RSM, cac diéu kién tdi vu
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duoc xac dinh nhu sau: ti & mol valeric acid va lauric
acid 13 5 mol/mol, ti [& 1dng-ran 13 35 mL/g, thoi gian
chiét xuat 1a 42 phat va nhiét d6 chiét xuat la 35°C. Hiéu
suat chiét T-OU trong diéu kién t8i wu duoc xac dinh
14 15,17 + 0,06 mg/g. Su khac biét gitra két qua thuc
nghiém va két qua du doan khéng cd y nghia théng ké
(p >0,05).
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Hinh 4. Biéu do bé méat dap trng cla qua trinh chiét xuat triterpenoid tir Nit trinh tir bang HDESs

3.3. Phuc hbi triterpenoid tir dich chiét HDESs

Phuong phdp SLE dya trén cadc MRs duwgc ap dung
dé phuc hoi triterpenoid (OA va UA) tir dich chiét
HDESs cla N{t trinh tlr. Cdc MRs v&i cac ciu tric hda
hoc va d6 phan cuc khac nhau duoc dp dung, bao
gdbm HPD-300, HPD-400, DM-301, ADS-7, LSA-40,
XAD-8, D-101, AB-8 va HP-20. Hai théng s&: hiéu suat
phuc héi triterpenoid, ham lugng triterpenoid dwoc
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sir dung dé danh gia hiéu qua cla cac MRs. Nhu két
qua dugc trinh bay & Hinh 5A, hiéu suat phuc hoi
triterpenoid dat tir 44,17 dén 98,91%. Xét ham lugng
triterpenoid, cac sdn pham thu dwoc chira 10,51 dén
53,95% triterpenoid. Trong d6, HPD-300 |a MRs tiém
nang nhat, d3 phuc hdi dwoc 98,91% triterpenoid tir
dich chiét HDESs, thu dugc san phdm chira 53,95%
triterpenoid.
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Hinh 5. Kha ndng phuc hoi triterpenoid tir dich chiét HDESs bang cac MRs khac nhau (A) va kha ning tai st
dung HDESs va MRs theo ba chu ky chiét xuat va phuc hai triterpenoid lién tuc (B)
Chu thich: trong cting mét loai biéu d6, cdc chif cdi khdc nhau biéu thj s khdc biét cd y nghia théng ké
(p < 0,05)
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3.4. Tai sir dung HDESs va MRs

Trong cac qua trinh chiét xuat, viéc thu hoi va tai
str dung cac vat liéu ban d4au 1a hai diéu kién can thiét
dé hudng tdi sy phat trién bén virng. Trong nghién
cu nay, HDESs cho thay tiém ning dé chiét xuat
triterpenoid, ngoai ra MRs d3 dwoc ap dung dé phuc
héi triterpenoid tir dich chiét thu dugc. Xa hon nira,
khad nang tdi ché cia HDESs va MRs d3 dugc theo
d&i can than qua ba chu ki chiét xuat va phuc hoi
lién tuc, dwoc danh gid qua bdn théng sé chinh: hiéu
sudt chiét xuat, hiéu suat phuc héi triterpenoid, hiéu
suat phuc h6i HDESs va ham lugng triterpenoid. Nhu
két qua duwoc minh hoa trong Hinh 5B, sy 6n dinh
cla cac di liéu d3 dwoc quan sat. Cu thé, LaA-VA
va HPD-300 tai sinh @3 mang lai hiéu suat chiét xuat
T-OU tlr 15,27 dén 15,55 mg/g, hiéu suat phuc hoi
triterpenoid tir 98,25 dén 99,15%, hiéu suat phuc hoi
HDESs tir 94,17 dén 94,83%, ham lugng triterpenoid
tlr 51,92 dén 53,60%.

4. BAN LUAN

Hiéu suat chiét xuit cda mdt dung méi bi anh
hwéng bai nhiéu yéu té nhw d6 phan cuc cha dung
moi, @6 nhdt cda dung mdi. Ngoai ra, céc lién két va
tuong tac nhu lién két hydrogen, tuwong tac van der
Waals gitta dung méi va hoat chat, gitta dung méi va
dugec liéu déng vai trd quan trong ddi véi qua trinh
chiét xuat [11]. Trong nghién ctru nay, cdc HDESs cla
menthol va lauric acid d3 dwoc si dung dé chiét
Xuét triterpenoid tir N trinh tlr. C6 thé thay rang,
nhiéu HDESs nhuv Men-AA, Men-LA, Men-PrA, Men-
VA, Men-0OA, Men-CP, LaA-VA, LaA-OA, LaA-NA, cho
hiéu suat chiét xuat I&n hon hodc tuwong duwong so
v@i methanol va ethanol. Piéu nay ciing cé tuong tac
ki nuéc gitra HDESs va triterpepnoid anh hudng dang
k& dén hiéu suat chiét xuat. Cac phat hién nay phu
hop véi cac béo cao trwdc day cho rang cac HDESs
da chiét xuat tét cac triterpenoid nhu ursolic acid,
oleanolic acid, betulinic acid tir cdc ngudn duwoc liéu
khac nhau [13-15]. Ngoai ra, d6 dai chudi carbon
trong thanh phan HDESs ciling anh huwdng dang ké
dén hiéu suat chiét xuat. Cu thé, cung mot HBA,
cac HDESs chira thanh phan HBD véi chudi carbon
ngan hodc trung binh nhu acetic acid, lactic acid,
propionic acid, valeric acid quan sat thay hiéu suét
chiét xuat 1&n hon so véi HBD cé chubi carbon dai
nhv nonanoic acid, decanoic acid, camphor, thymol.
Khi tdng do dai chudi carbon qua mdrc s& gay ra sy
khéng tuong thich vé d6 phan cuc cta dung mdi va
hop chét dich, ddng thoi lam tang dd nhét cda dung
mdi, nhitng diéu nay s& anh huwdng tiéu cuc dén qud
trinh chiét xuat.

DaGi v&i qua trinh t6i wu hda, viéc tang ti 1é valeric
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acid va lauric acid tr 1 1én 3 mol/mol cé thé d3 diéu
chinh d6 phan cywc cia HDESs phlu hgp vai OA va UA,
do d6 lam gia tang hiéu suat chiét xut. Tuy nhién,
khi thanh phan lauric acid trong HDESs qua Ién s&
lam tang d6 nhdt cta dung moi, do dé lam giam sy
truyén khai va giam hiéu suat chiét xuat [5]. Khi ti &
|dng-ran ting thi hiéu suat chiét xuat ting (Hinh 3B),
bai vi sy gia tdng thé tich dung mdi d3 ting cudong
chénh léch gradient néng d6, do dé cai thién qua
trinh khuéch tan cla hoat chat, diéu nay cé loi cho
qua trinh chiét xuat. Tuy nhién, thé tich dung moi
quéd murc khong chi gay lang phi dung moi ma con
tdng cuwdng qud trinh chiét xuat cac tap chat, lam
giam chat lwong cla sdn pham thu dwoc [5]. DSi vdi
thoi gian chiét xuat va nhiét dd chiét xuat, quy luat
chung r& rang cho hai yéu té nay 13 hiéu suat chiét
xuat tang dan theo thoi gian va nhiét d6. Céc phan
tl sinh hoc thuong cd kich thudc phan t&r nhd nén
nhanh chdng duwoc chiét ra khdi sinh khdi, viéc gia
tadng thoi gian chiét xudt khong nhitng anh hudng
dén hiéu qua kinh t& ma con ting cudng qué trinh
chiét xuat tap chat chuyén hda so cap cd kich thudc
I&n. Nhiét do cao lam gidm d6 nhat cha dung moi,
tang cwong khd ndng hoa tan clda hoat chat, do dé
cai thién hiéu suat chiét xuat. Tuy nhién, nhiét d6 qua
cao c6 thé lam suy giam hay bién tinh ciu tric hoa
hoc cla céc hoat chat. Chinh vi vay, thi gian va nhiét
dd chiét xuat phu hop la yéu td quan trong trong
chiét xuat [11]. Qua trinh t&i wu hda bang RSM cho
thay, cac bién doc 1ap (A, B, D), cap twong tac (AB, AC,
BD, CD), bién bac hai (B?, D?) anh huwéng dang ké dén
hiéu suat chiét xuat. Twong tac déng thai clia cdc yéu
t6 dén hiéu suat chiét xuat dwoc thé hién & Hinh 4.
Cu thé&, Hinh 4A mb ta tuong tac dong thoi cla ti &
|dng-ran va ti lé valeric acid-lauric acid dé&n hiéu suat
chiét xuat triterpenoid tir NIt trinh tl, cho thay hiéu
suat chiét xuat tdng manh khi tdng déng thoi ca ti
|& 16ng-ran va ti | valeric acid-lauric acid. Quy luat
twong tu cling dwoc quan sat déi vai cap tuong tac
thoi gian chiét xut va ti 1é 16ng-ran (Hinh 4D), nhiét
d6 chiét xuat va ti 1& 1dng-ran (Hinh 4E). Trong khi dé,
hiéu suat chiét xuat tang nhe khi tdng nhiét do chiét
xuat va ti & valeric acid-lauric acid (Hinh 4C). Ngoai
ra, hiéu suat chiét xuat gidam nhe sau dé tang dan
khi tdng d6ng thoi cac cdp tuong tac thoi gian chiét
xuat va ti 1& valeric acid-lauric acid (Hinh 4B), thd
gian chiét xuat va nhiét do chiét xuat (Hinh 4F). Tuy
nhién, mdrc d6 dnh hudng két hop cla cac cdp twong
tac 1én hiéu suit chiét xuit la khac nhau, nhv duoc
chira bdi cac gia tri p clia cac cap twong tac (Bang 3).

Hiéu qud phuc hoi triterpenoid phu thudc chd
yéu vao twong tac gitta dung méi va hoat chat, hoat
chat va MRs, dung mdi va MRs. Trong d6, cic dac
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tinh ly héa nhu d6 phan cuc, kich thudc hat, dwong
kinh 16 trung binh ctia MRs anh hudng tryc tiép dén
hiéu suat phuc héi [11]. Trong nghién clru nay, cac
MRs kém phan cyc nhu HPD-300, HP-20, HPD-400
cho hiéu suat phuc hdi triterpenoid t6t nhat (Idn hon
90%), trong khi d6 MRs phan cwc nhw ADS-7 mang lai
hiéu suat phuc hoi khdng dang ké (44,17%). Sw khéc
biét nay cé thé 1a do quy luat “like dissolves like”,
nghia 13 cdc chat kém phan cuc nhu triterpenoid
nhanh chéng dugc hadp phu bdi cdc MRs kém phéan
cwc [16]. Dung méi rira gidi anh hudng dang ké dén
hiéu suat phuc hoi va ham lugng triterpenoid trong
san pham thu duoc. O day, viéc rira giai HDESs khong
thé phuc hoi bang nuwéc vi dic tinh ky nudc vén cé
cGia nhdm dung moi nay. Do d6, ethanol 60% da duoc
Iwa chon lam dung maéi rira gidi HDESs. Néng dd cla
ethanol rira gidi HDESs d3 dwoc lwa chon dé dam bao
tai d6 ethanol cé kha ndng hoa tan tot nhat dai voi
HDESs va kém nhat d6i véi triterpenoid. Xa hon nita,
cadc MRs va HDESs da cho thay kha ndng tai ché qua ba
chu ky chiét xuat va phuc hoi lién tuc, diéu nay cing
6 tinh kha thi ctia quy trinh trong &ng dung thuc tién
va huéng t&i phat trién quy trinh chiét xut bén virng.
Mac du viéc s&r dung NaOH, HCl va ethanol trong qua
trinh phuc hdi va tai ché cé thé gay ra nhitng méi lo
ngai, nhung day 1a quy trinh phuc héi hiéu qua nhat
tai thoi diém hién tai . Trong b8i canh nay, qud trinh
phuc hoéi va téi ché nén duoc coi 1a khia canh quan
trong cho cac nghién clru trong tuong lai.

Téng quan Mot s6 tai liéu lién quan dén viéc chiét
xuatxanh triterpenoid tir sinh khéi, Nuno va cdng sy da
sir dung HDESs clia menthol-thymol (1:2) d€ chiét xuat
triterpenic acid tir Eucalyptus globulus [14].Cac DESs
bao gdbm choline chloride-malic acid (1:1) va choline
chloride-lactic acid (1:3) d3 chirng t6 hiéu suat chiét
xuat vuot troi cho triterpen saponin tir Aralia elata var.
mandshurica [17]. Lei va cac cdng sy da chirng minh
rang choline chloride- levulinic acid 13 dung méi tiém
ndng dé chiét xuat triterpenoid tir 1& Celtis sinensis
[18]. Hon nita, 1-butyl-3-methylimidazolium bromide
da dwoc sty dung dé chiét xuat triterpenoid tir Inonotus
obliquus [19]. Hay nghién ctru trudc day cta ching toi
bao cdo rang dung mdi goc sinh hoc (pentane-1,2-diol

va hexane-1,2-diol) la cdc dung méi xanh tiém nang
dé chiét xuat betulinic acid tir Tetracera scandens
[11]. Twong tu, DESs cta choline chloride-lactic acid
hiéu qua khi chiét xuat triterpenoid tir Diospyros
kaki [5]. Trong nghién ctru nay, mdt quy trinh bén
virng dua trén sy két hop gitta HDESs va MRs, cling
su ho tro siéu am da dwoc phat trién thanh cong dé
chiét xuat triterpenoid tir Nt trinh tlr. Tuy nhién, cic
nghién cru sdu hon, chang han nhu danh gia hoat
tinh sinh hoc cla triterpenoid thu duwgc cling nhw
lam sang té cac co ché chi phdi qua trinh chiét xuét,
can duoc thye hién nhdm hoan thién birc tranh t6ng
thé va cung cap co s& khoa hoc vitrng chic cho viéc
rng dung két qua nghién ctru vao thyc tién.

5. KET LUAN

Nghién clru ndy d3 phat trién mot quy trinh bén
vitng dé chiét xuat va phuc hoi triterpenoid tir N
trinh tlr, trong d6 HDESs cla LaA-Val |a dung moi
tiém nang nhat. Didu kién chiét xuat dwoc xac dinh
theo RSM bao gém: ti |& valeric acid va lauric acid la
5 mol/mol, ti 1& Idng-ran 1a 35 mL/g, thoi gian chiét
xudt 1a 42 phdat va nhiét do chiét xuat 1a 35°C. Hiéu
suat chiét T-OU dat 15,17 mg/g. HPD-300 la MRs
c6 kha ndng phuc hoi triterpenoid t6t nhat tir dich
chiét HDESs cla Nt trinh tir. Hiéu suat phuc hoéi dat
98,91% va ham lugng triterpenoid dat 53,95%. Ca
HDESs va MRs da duoc tai sit dung thanh céng cho
muc dich chiét xuat va phuc hdi qua ba chu ki lién
tuc. Nhitng két qud dat dugc trong nghién clru nay
gop phan cung cap nhirng kién thirc hiéu biét vé viéc
sir dung dung méi xanh dé chiét xuat triterpenoid tir
N trinh t, tir d6 tao tién dé cho cac nghién clru xa
hon nita d& hoan thién quy trinh toan dién va & quy
mo |&n hon trong tuong lai.

L& cdm on: Cong trinh duoc thuc hién vdi sy hd
tro kinh phi cda Bai hoc Hué (Mé sé: DHH2023-04-
203) va Nhém nghién ctru manh Dai hoc Hué (Mé sé
NCM.DHH.2023.01). Lé Trong Nhén duorc tai tro boi
Chwong trinh hoc béng dao tao thac si, tién s7 trong
nwdc cua Quy PSi mdi sdng tao Vingroup (VINIF), mé
s6 VINIF.2024.75.062.
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