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TOM TAT:

Nghién ctru nay danh gia thanh phan hoa hoc cua dich chiét duge tir phwong phap trich xuét xanh
tir vo mang cut (Garcinia mangostana L.) bang phuong phap sic ky phuong phap LC-MS Q-ToF
va so sanh véi dich chiét thu dugce bang phuong phéap chiét suat dung méi théng thuong, dong thoi
tinh xanh cua cac phuong phap dugc danh gia bang cac cong cu Green Extraction Tree (GET),
AGREEprep va Sample Preparation Metric of Sustainability (SPMS). Két qua LC-MS Q-ToF cho
théy, dich chiét DES va ethanol déu chira nhiéu nhom hop chét c6 hoat tinh sinh hoc nhu phenolic,
polyphenol, flavonoid, coumarin, triterpenoid va mot s6 nhom chat khac. Két qua danh gia tinh xanh
cho thay, phuong phap DES dat diém cao hon theo ca 3 cong cu, véi GET 24/28, AGREEprep 0,69
va SPMS 7,58. Biéu nay cho thay, DES 1a hé dung méi c¢6 tiém ning thay thé dung méi hiru co truyén
thdng trong trich ly cac hop chét hoat tinh tir phu pham vo mang cut, gép phan nang cao gia tri phu
pham nong nghiép va dinh hudng phat trién cong nghé trich ly xanh, bén ving.

Tir khéa: vo ming cut, dung mdi eutectic sdu (DES), phu phdm ndéng nghiép, thanh phan héa hoc.

1. Pit van dé

Maing cut (Garcinia mangostana L.) 1a loai qua
nhiét d6i c6 gia tri kinh té cao, trong d6 phan vo
chiém 50% khdi lwong qua. Vo ming cut 1a ngudn
nguyén lidu giau hop chat chuyén héa thu cp,
dac biét la anthocyanin, polyphenol, flavonoid,
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xanthone, tannin, benzophenone va mot sé nhom
hop chit phenolic khac (Milan et al., 2022). Vi
vay, viéc tan dung vé mang cut khong chi gop ph?m
nang cao gia tri phu pham néng nghiép ma con phu
hop vé6i dinh hudng phat trién kinh té tudn hoan.
Céac phuong phép trich ly truyén théng bang
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dung méi hitu co con ton tai mot sé han ché nhu
tiéu tén dung moi, hiéu suit thu hoi chua cao
(Chemat et al., 2012). Trong bbi canh dé, phuong
phép trich ly xanh bang dung maéi eutectic sau ¢
tiém ning dé cai thién cac han ché trén. Bén canh
hiéu qua trich ly, mirc d¢ than thién moi truong
cta quy trinh ciing can duoc danh gia dinh luong
thong qua céac cong cu nhu Green Extraction Tree
(GET) (Fan et al., 2025), AGREEprep (Pena-
Pereira et al., 2022) va Sample Preparation Metric
of Sustainability (SPMS)(Gonzalez-Martin et al.,
2023). Cac cong cu nay cho phép danh gia murc
dd xanh cua quy trinh dya trén 10 ti€u chi, bao
gdm loai dung méi va thude thir, vat lidu st dung,
lugng miu va hoa chit tiéu thy, luong chit thai
phat sinh, mirc tiéu thy nang lugng, kha nang tu
dong hoéa, thong lwong mau, cdu hinh phan tich
sau chudn bi miu va mtc d6 an toan cho nguoi
thao téc.

Nghién curu nay dugc thyc hién nham khao sat
thanh phan cac hop chat co trong dich chiét vo
ming cut thu duoc bang phwong phép trich ly sir
dung dung méi eutectic sau va phuong phap trich
ly ethanol truyén théng thong qua k¥ thuat LC-MS
Q-ToF. Pong thoi, nghién ctru tién hanh danh gia
tinh xanh ctia cic phuwong phap trich ly bang cac
cong cu Green Extraction Tree, AGREEprep va
Sample Preparation Metric of Sustainability, tir d6
lam r tiém ning Gmg dung ctia phuong phap trich
xuét xanh tir v ming cut.

2. Pi twgng va phwong phap nghién ciru

2.1. Nguyén liéu

Vé qua mang cut duogc thu ¢ chg dia phuong,
TP. Hd Chi Minh, duoc lam sach, loai bo tap chét,
cit nho, séy o nhiét do 40°C, nghién min, dong goi
trong t4i hat chan khong va bao quan lanh.

2.2. Bé tri thi nghiém

DPéi v6i phuong phap trich ly bing dung moi
eutectic sdu, hé dung méi DES dugc chuén bj tir
choline chloride, acid lactic va nudc theo ty 1€ mol
1:2:1. Hon hop dwgc khudy va gia nhiét (55-60°C
dén khi dong nhat. Bot vo ming cut dugc phdi
trén voi dung moéi DES theo ty 1€ nguyén li¢u/
dung moéi la 1:50. Qua trinh trich ly dugc thyuc

hién bang séng siéu 4m trong 15 phut véi bién do
si€u am 35%. Sau khi trich ly, hén hop loc dé loai
bo ba rén, thu duoc dich chiét DES.

DPéi véi phuong phap trich ly bang ethanol,
dung mdi ethanol 35% duoc chuén bj va diéu chinh
pH. Bot vo mang cut duge phdi tron voi dung moi
theo ty 1€ nguyén liéu/dung moi 1a 1:25. Qua trinh
trich ly dugc tién hanh bang séng siéu am trong
10 phut véi bién dd si€u am 30%. Sau khi trich ly,
hdn hop duoc loc dé loai bo phan ba ran, thu dugc
dich chiét ethanol (Cheok et al., 2013).

Dich chiét thu dugc tir 2 phwong phap duoc
sit dung dé phén tich bang LC-MS Q-ToF. Tinh
xanh ctia 2 phuong phép trich ly dugc danh gia
bing cac cong cu Green Extraction Tree (Fan et
al., 2025), AGREEprep (Pena-Pereira et al., 2022)
va Sample Preparation Metric of Sustainability
(Gonzéalez-Martin et al., 2023) nham so sanh mirc
d6 than thién moi trudng cua tung quy trinh.

2.3. Phwong phdp phdn tich

Thanh phan cac hop chit trong dich chiét vo
ming cut duoc xac dinh bang hé thong sic ky
l6ng siéu hiéu ning ghép khdi phd phéan giai cao
Acquity UPLC I-class Plus/Xevo G2-XS Q-ToF
(Waters Corp., Milford, Hoa Ky). Nhiét do cot
duoc duy tri ¢ 40°C, thé tich tiém mau 1a 5 pL
va tbc do dong 1a 0,4 mL/phat. Pha dong gdm
nudc chtra 0,1% acid formic (A) va acetonitrile
chtra 0,1% acid formic (B). Chuong trinh gradient
duoc thiét 1ap nhu sau: 5% B trong 0-2 phut, ting
tr 5-40% B trong 2-10 phut, tang tir 40-95% B
trong 10-20 phut, gitt 95% B trong 20-25 phut,
giam tur 95-10% B trong 25-26 phut va gitt 10%
B dén 30 phut.

Phan tich khdi phd duoc thyuc hién bang ngudn
jon héa phun dién tir & ché d6 ion duong (ESI+).
Thiét bi duwoc van hanh trong dai khéi luong m/z
100-1200 Da. Dién ap mao quan duogc dat & 3,0
kV, dién 4p hinh nén 40V, nhiét d6 ngudn 125°C
va nhiét d¢ tach solvat 350°C. Luu lugng khi hinh
non va khi tach solvat lan lugt 1a 50 L/h va 650
L/h. Qua trinh phan manh MS/MS dugc thuc hién
voi dai nang lugng va cham 10-40 eV.

Dit liéu sic ky va pho khéi duoc thu thap, xi
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1y bang phan mém MassLynx 4.1 (Waters Corp.,
Milford, Hoa Ky¥). Viéc dinh danh hop chit duoc
thyc hién bang phan mém UNIFI NPAS két hop
v6i cac thu vién phd san pham thién nhién va cac
co s¢ di liéu hoa hoc nhu ChemSpider, PubMed va
MassBank. Céac hop chét dugc nhan dién dya trén
cong thirc phén tr du doan, ion phan to [M+H]+,
thoi gian Iwu, phd phan manh MS/MS va dir liéu
tai liéu tham khao. Dé ting do tin cy cua két qua
dinh danh, cac tiéu chi gém sai s6 khdi lugng < +5
ppm, cudng do dap ung > 1000 counts, RMR <20
ppm va RMS < 15 ppm dugc ap dung.

3. Két qua va théo luan

3.1. Pdnh gid thanh phén cdc hop chit trong
dich chiét DES

Phan tich LC-MS/QTOF dugc thuc hién nham
xac dinh thanh phan cac hop chét c6 trong dich
chiét thu duoc bang phuong phap trich ly sit dung
dung méi eutectic sdu DES (Hinh 1).

Két qua sic ky @6 TIC & Hinh 1a cho thay dich
chiét DES c¢6 thanh phan hoa hoc véi tin hiéu peak
xuat hién trong khoang thoi gian luu tir khoang 7
dén 26 phut. Cac peak c6 cuong do cao tap trung
nhiéu ¢ ving thoi gian lwu 9-20 phit. Téng cong
150 chat da duoc phat hién trong dich chiét vo
ming cut bang dung moi DES. Déi véi dich chiét
bang phwong phap chiét dung méi ethanol 127
chét da duoc phat hién.

Trong sic ky 1ong hiéu ning cao sir dung cot
pha dao, cac hop chét c6 thoi gian luu ngin hon
thuong c6 xu hudng phén cuc hon, cac hop chat &
thoi gian luu dai hon c6 tinh ban phan cuc hoac ky

nude cao hon. Tir két qua phan tich LC-MS/QTOF
cho thay dich chiét DES tir vo ming cut chira
nhiéu hop chét ¢6 hoat tinh sinh hoc. Trong do,
15 hop chét chinh thudc cac nhém nhu phenolic,
polyphenol, flavonoid, coumarin, triterpenoid,
lipid va anthranoid.

Két qua & Bang 1 cho thay, dich chiét DES va
ethanol déu thu nhan dugc nhiéu nhom hop chit co
hoat tinh sinh hoc, bao gdm phenolic, polyphenol,
flavonoid, coumarin va triterpenoid. Mot sb hop
chit xuat hién & ca 2 phuong phap nhu 6-A4ldehydo-
isoophiopogonone B, Decursitin C, Sanggenon H,
(+)-Praeruptorin E, Gedunin, Procyanidin Bl
va Cniforin/Cinfiorin B. Tuy nhién, tht tu xuét
hién va ty 1& dién tich peak cua cac hop chat nay
co su khac biét ro rét gitra 2 hé dung moéi. Trong
dich chiét DES, 6-Aldehydo-isoophiopogonone
B chiém ty 1& cao nhit vé&i 8,53%, tiép theo la
Decursitin C 7,21% va D-Catechin 5,66%. Trong
khi d6, & dich chiét ethanol, Procyanidin Bl la
hop chit c6 ty 1€ cao nhét v&i 7,97%, tiép theo 1a
Sanggenon H 6,36%, Interiorin C 5,30%, Cniforin
B 5,02% va Decursitin C 5,00%. Diéu nay cho
thay loai dung méi va diéu kién trich ly anh huong
dang ké dén kha ning hoa tan, khuéch tan va thu
nhan cac nhoém hop chat trong nén mau vé ming
cut.

Trong 15 chit chinh thu duoc tir dich chiét
DES, 6-Aldehydo- isoophiopogonone B dugc xac
dinh c6 ham lugng cao nhat. bay la hop chat thude
nhém phenolic, ¢6 ciu trac gidu vong thom va
nhoém chtrc oxy hoéa. Wang va cong su da nghién

Hinh 1: Sdc ky dé TIC cua dich chiét vé mdng cut bdng dung méi DES (a) va dung méi
truyén théng (ethanol) (b)
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Bang 1. Thanh phdn 15 hop chét chinh trong dich chiét DES va ethanol vé méng cut dudc xdc dinh
béng LC-MS/QTOF

Dich chiét DES Dich chiét ethanol
1T - 2 a
. . , - .| Tilé . . . - | Tile
Tén Cong thirc| Phan loai (%) Tén Codng thirc | Phan loai (%)
1 [p-Aldehydo- C19H1606 Phenolic | 8,53 |Procyanidin B1 C30H26012 Polyphenol | 7.97
isoophiopogonone B
2 |Decursitin C C24H2607 |Coumarin 7,21 |Sanggenon H C20H1806 |Flavonoid | 6.36
3 |D-Catechin C15H1406 |Polyphenol | 5,66 |Interiorin C C24H2608 |Coumarin | 5.30
4 |Sanggenon H C20H1806 |Flavonoid 4,29 |Cniforin B C23H2607 |Coumarin | 5.02
5 |(+)-Praeruptorin E C24H2807 |Coumarin 4,03 |Decursitin C C24H2607 |Coumarin | 5.00
6 |Gedunin C28H3407 [Triterpenoid | 3,85 |(+)-Praeruptorin E C24H2807 |Coumarin | 4.63
7 [ 12-Dihydroxy-1o- C19H3604 [Lipid 3,69 (8-C-Prenylkaempfero| C20H1806 |Flavonoid | 4.03
nonadecenoic acid
8 |Cinfiorin B C23H2607 |Coumarin 3,51 |Gedunin C28H3407 |Triterpenoid| 4.00
9 [Linolein C57H9806 [Lipid 2,85 |Benzothiazole C7H5NS |Others 2.89
10 |Procyanidin B1 C30H26012Polyphenol | 2,85 |0-A10€AYA0-1S00phIO-1 4014606 Phenolic | 2.48
lpogonone B
11 Munjistin C15H806 |Anthranoid | 2,78 |Kushenol G C25H2808 [Flavonoid | 2.20
12 |Procyanidin C-1 C45H38018Polyphenol | 2,50 [2-Amino-benzoic acid| C7TH7NO2 [Others 1.50
13 |Carthamidin C15H1206 |Flavonoid 2,22 \Sesaminone C20H1807 |Lignan 1.32
(3R,4S)-3,4-
14 ,7-Dimethyltectorigenin |C18H1606 [Flavonoid | 1,02 [TVArOX-3-(3:4% | 01005906 LLignan | 1.23
dimethoxybenzyl)-7-
methoxy-chroman
8-(A2-Isopentenyl)-
15 15,7,3' 4"-tetrahydroxy- C20H1806 |Flavonoid 1,71 |Procyanidin A2 C30H24012 [Polyphenol | 1.11
flavone

cru ré Ophiopogon japonicus va dinh danh nhom
phenolic bing HPLC-DAD/LC-MS/MS va cho
thay nhém hop chit nay c6 hoat tinh chdng oxy
hoa véi dich chiét thue vat (Wang et al., 2017). Do
d06, 6-Aldehydo-isoophiopogonone B trong dich
chiét DES tir v6 ming cut c6 kha niang thu nhan

mot s6 hop chat phic tap va tiém nang sinh hoc
cua dich chiét thuc vat.

Nhom D-Catechin,
Procyanidin Bl va Procyanidin C-1, ¢6 nhiéu

polyphenol gdm

nhom hydroxyl trén vong thom, c6 kha nang cho
electron hodc nguyén tir hydro dé trung hoa cc gbc
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tu do. Pdi véi D-Catechin, Munteanu va cong sy
(2022) 1a mot hop chat chdng oxy héa (Munteanu
& Apetrei, 2022). Vi hop chat catechin va
procyanidin 13 cac thanh phan phenolic quan
trong trong vé mang cut, trong dé procyanidin Bl
c6 trong mau vé mang cut va catechin chiém ty
1¢ 16n trong nhém flavanol (Lai et al., 2024). Tu
nghién ctru cho théy, dich chiét DES di thu nhan
dugc nhitng hop chat polyphenol dic trung cia vo
mang cut, déc biét la catechin va procyanidin.

Nhém  flavonoid gdm  Sanggenon H,
8-(42-
Isopentenyl)-5,7,3",4"-tetrahydroxy-flavone,
Kushenol G. flavonoid 12 nhém hop chat cé phd
hoat tinh sinh hoc bao gédm chdong oxy hoa, khang
viém, khang khuédn, bao vé tim mach va diéu hoa
mién dich (Hao et al., 2024). Ddi véi carthamidin,
hoat tinh cta carthamidin béng hé DPPH va hé
oxy héa methyl linoleate, cho thiy carthamidin c6
kha nang bt gbc tu do va e ché qua trinh oxy hoa
lipid (Miyake et al., 2003).

Nhém  coumarin  gdm  Decursitin ~ C,
(+)-Praeruptorin E, Cinfiorin B Interiorin C, E
1a nhom hop chit phd bién trong thyc vat. day
12 nhoém hop chéat phd bién trong thuc vat. Céc
coumarin tu nhién c6 nhiéu hoat tinh chéng oxy
hoa, khang viém, khang khuan va tiém ning bao
vé hé& tim mach. Theo Stefanachi va cong su
(2016), nhom coumarin va cac din xuét thuong
dugc nghién ciru nhidu vé dic tinh chdng oxy hoa
va khang viém, mot sb coumarin c6 thé trc ché
céc chat trung gian viém hodc anh hudng dén cac
duodng tin hiéu mién dich. (Stefanachi et al., 2018)

Nhom triterpenoid c6 gedunin, 1a mot limonoid
thuéc nhom triterpenoid, thudng duoc tim thay
trong mot s loai thuc vat ho Meliaceae. Theo
Braga va cong su (2020), gedunin 1a hop chat c6
phd hoat tinh sinh hoc kha rong, bao gdm khang
khuén, khang nam, chéng sbt rét, khang viém,
chbng di (mg, chdng ung thu va bao vé than kinh
(Braga et al., 2020). Vi vay, trong nghién curu nay,
gedunin cho thay dich chiét DES c6 kha ning thu
nhén thém mét sé hop chét triterpenoid/limonoid
bén canh nhom polyphenol va flavonoid.

Carthamidin, 4',7-Dimethyltectorigenin,
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Nhom lipid trong dich chiét DES gdém
9,12-Dihydroxy-15-nonadecenoic acid va
Linolein. Nghién ctru cho thiy, hé¢ DES khong chi
thu nhan cac hop chat phan cuc nhu polyphenol
va flavonoid, ma con co thé kéo theo mot phan
cac hop chat ky nudc hodc ban phan cuc trong
nén mau vo mang cut. Trong d6, Linolein 1a mdt
triacylglycerol cé lién quan dén acid linoleic.
(Chen et al., 2022)

Nhém anthranoid trong dich chiét DES gém
Munjistin 13 mot dan xuat anthraquinone ty nhién.
Céc anthraquinone 1a nhom hop chét co khung
quinone, thuong dugc tim théy trong dugc li€u va
chdéng oxy héa, khang viém, khang khuan va bao
vé té bao. (Nam et al., 2017)

Nhin chung, két qua dinh danh 15 hop chét
chinh cho thay dich chiét DES tir v6 ming cut c6
thanh phz‘in hoa hoc da dang, trong do ndi bat 1a
cac nhom polyphenol, flavonoid va coumarin.

Nhom lignan trong dich chiét ethanol gém
Sesaminone va (3R,4S)-3,4-Dihydroxy-3-(3',4'-
dimethoxybenzyl)-7-methoxy-chroman. Theo
Rodriguez-Garcia va cong su (2020), cac lignan
tu nhién 1a nhom hop chit c6 ngu(“)n géc thyuc vat
dong vai tro quan trong trong co ché chong oxy
hoa manh m& va bao vé té bao (Hano et al., 2021).
Nghién ctru cho thay, hé dung méi ethanol khong
chi thu nhan cac hop chat phan cyc ma con co
thé kéo theo mot phan cac hop chat ban phan cuc
trong nén mau vo mang cuyt.

Nhom cac hop chit khic trong dich chiét
ethanol c6 Benzothiazole va 2-Amino-benzoic
acid. Benzothiazole 1a hgp chat di vong chta luu
huynh va nito, trong khi 2-Amino-benzoic acid 1a
mot dan xuit vong thom. Két qua nay cho thay, hé
dung méi phan cuc nhu ethanol c6 thé kéo theo
cac hop chét co trong lugng phan tir nho chira di
vong trong nén mau vé ming cut.

3.3. Ddanh gid tinh xanh cia phwong phdp

Trong nghién ctu nay, tinh xanh cua céc
phuong phap trich ly duoc dénh gia bang 3 cong cu
gdm Green Extraction Tree (GET), AGREEprep
va Sample preparation metric of sustainability
(SPMS).
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Bdng 2. Cac cdng cu ddanh gia tinh xanh cua phuong phdap trich ly: a- Green Extraction Tree
(GET), b- AGREEprep va c- Sample preparation metric of sustainability (SPMS)

Phwong phap | Cong cu danh gia tinh xanh
trich ly GET | AGREEprep SPMS
DE S 2 4;2 8 ﬁ Extractant
. 0.69 | . E 7.58 m
L-___ Energy & Waste Procedure
Truyén thfmg 17/28 ﬁ iu:]
b
e ,//_:// —
0 : 0.5 . = B [ 5.47}
\ 4 ?-_ . /
: ‘l>\v Ei & Waste

Két qua tai Bang 2 cho thay, phuong phap trich
ly st dung dung moi am sau (DES) dat diém s6
cao hon ethanol truyén théng. Theo AGREEprep,
diém sd tong thé lan luot 1a DES (0,69) > Ethanol
truyén thong (0,46). DES cho thay tinh xanh vuot
trdi nho sit dung NADES nhu choline chloride va
acid lactic c6 kha nang phan huy sinh hoc cao,
ddc tinh thap, 4p sudt hoi thap va tinh khong chay
nd. Két hop hd trg siéu am (UAE) gitp rit ngan
thoi gian xtr Iy xudng con 15 phat va giam tiéu thy
nang lugng. Trong khi d6, phuong phap ethanol
truyén thong c6 tinh xanh thdp nhat do st dung
lugng 16n dung méi hitu co, thoi gian chiét dai va
hiéu suét thu hoi anthocyanin thap.

4. Két luan

Nghién ciru cho thdy, vo ming cut 1a ngudn
phu pham giau hop chit hoat tinh sinh hoc, duoc
khai thac hiéu qua bang cac phuong phap trich
ly xanh. Két qua LC-MS/QTOF xéac dinh duoc

150 hop chit trong dich chiét DES, gém céc
nhém phenolic, polyphenol, flavonoid, coumarin,
triterpenoid, lipid va anthranoid; trong do6 cac hop
chit chinh 6-Aldehydo-isoophiopogonone B 1a
8,53%, Decursitin C 1a 7,21% va D-Catechin 1a
5,66%.

Déi v6i dich chiét ethanol, ghi nhan 15 hop
chét chinh, néi bat 1a Procyanidin BI 1a 7,97%,
Sanggenon H 1a 6,36%, Interiorin C la 5,30%,
Cniforin B 1a 5,02% va Decursitin C 1a 5,00%.
Vé danh gia tinh xanh, phuong phap DES cho két
qua cao nhat voi GET 24/28, AGREEprep 0,69 va
SPMS 7,58, cao hon ATPE (22/28; 0,66; 6,74) va
phuong phap ethanol truyén théng (17/28; 0,50;
5,47).

Nhu vay, DES 1a phuong phap trich ly c6 tinh
xanh vuot trdi, c6 kha nang thu nhan da dang hop
chét sinh hoc tir vo ming cut, dong thoi nang cao
gia tri phu pham ndng nghiép.
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Loi cam on:
Bai viét dwoc thuwe hién trong khuon kho cua dé tai nghién ciru khoa hoc ciia sinh vién ma so 229/
HD-DCT ngay 01/07/2025 ciia Trwong Dai hoc Cong Thuwong Thanh pho Ho Chi Minh.
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ABSTRACT:

Mangosteen peel (Garcinia mangostana L.), an agricultural by-product, is rich in bioactive
compounds. This study evaluates the chemical composition of extracts obtained from mangosteen peel
using a green extraction method with deep eutectic solvents (DES), analyzed by LC-MS Q-ToF, and
compares them with conventional ethanol extracts. The environmental performance of the methods
was assessed using Green Extraction Tree (GET), AGREEprep, and Sample Preparation Metric of
Sustainability (SPMS). Results show that both DES and ethanol extracts contain various bioactive
compound groups such as phenolics, polyphenols, flavonoids, coumarins, and triterpenoids. The
DES method achieved higher green scores (GET 24/28, AGREEprep 0.69, SPMS 7.58), indicating its
strong potential as a sustainable alternative to conventional organic solvents for extracting bioactive
compounds from mangosteen peel.
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