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Tém tit:

Nghién civu so sanh trich ly hé tro nhiét (HAE), siéu am (UAE) va enzyme (EAE) trong thu nhdn polyphenol
va flavonoid tir Kim tién thao. HAE thich hop véi ethanol 60% (v/v), ty 1é nguyén liéu/dung méi 1:25 (g/mL),
60°C va 90 phit, cho TPC 126,57 + 0,59 mg GAE/g CK va TFC 59,21 + 0,91 mg QE/g CK. Tién xit Iy siéu
am ¢ bién dp 30% trong 9 phiit triée HAE cho gid tri cao nhat, lan heot la 153,23 0,27 mg GAE/g CK va
62,84 + 0,91 mg QE/g CK. EAE véi hén hop pectinase-cellulase 1:1, nong dg 0,6% trong 120 phiit dat TPC
129,40 = 1,06 mg GAE/g CK va TFC 57,03 = 0,42 mg QFE/g CK. So véi HAE, UAE lam tang TPC 21,1% va
TFC 6,1% (p < 0,05).

Tir kKhéa: kim tién thao, polyphenol, flavonoid, trich ly siéu ém, trich ly enzyme

Comparison of heat-, ultrasound-, and enzyme-assisted extraction of
polyphenols and flavonoids from Kim tien thao (Desmodium styracifolium
(Osbeck) Merr.)

Abstract:

This study compares heat-assisted extraction (HAE), ultrasound-assisted extraction (UAE), and enzyme-
assisted extraction (EAE) for recovering polyphenols and flavonoids from Kim tien thao. Suitable HAE
conditions were 60% ethanol, a 1:25 material-to-solvent ratio, 60°C, and 90 minutes, yielding 126.57 = 0.59
mg GAE/g DW and 59.21 + 0.91 mg QE/g DW. Ultrasound pretreatment at 30% amplitude for 9 minutes
before HAE produced the highest values, reaching 153.23 = 0.27 mg GAE/g DW and 62.84 £ 0.91 mg QFE/g
DW. EAE using a 1:1 pectinase—cellulase mixture at 0.6% for 120 minutes yielded 129.40 + 1.06 mg GAE/g
DW and 57.03 £ 0.42 mg QE/g DW. Compared with HAE, UAE increased TPC by 21.1% and TFC by 6.1%.
Keywords: Kim tien thao, polyphenols, flavonoids, ultrasound-assisted extraction, enzyme-assisted

extraction
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1. Pit van dé

Kim tién thao (Desmodium styracifolium (Osbeck) Merr.) 13 dugc lidu ho Fabaceae, chtra flavonoid,
axit phenolic va cac chit chuyén hoa thir cép c6 tiém ning Gng dung trong thuc pham bao vé sirc khoe
(Opryshko va cdng su, 2024). Viéc lya chon k¥ thuat trich ly phu hop giup tang thu hdi hoat chit va han
ché ton that trong qué trinh xtr 1y.

Hiéu qua trich ly phu thudc vao dung moi, ty 1€ nguyén li€éu/dung méi, nhiét dd, thoi gian va mic do pha
vO md. HAE tang hoa tan va khuéch tan nho nhiét. UAE tao xam thue Am va luc cit dé 1am suy yéu cAu trac
té bao theo Islam va cong su (2023) va Shen va cong su (2023). EAE str dung cellulase va pectinase dé thuy
phan polysaccharide thanh té bao trong didu kién twong déi nhe (Vardakas va cong su, 2024).

Do chua c6 nhidu nghién ciru so sanh truc tiép 3 phuong phap trén kim tién thao, nghién ctru nay khao sat
cac yéu td cong nghé, lya chon diéu kién thich hop theo TPC va TFC, sau d6 so sanh HAE, UAE va EAE.

2. Vit liéu va phuwong phap nghién ciru

2.1. Vit liéu nghién cuu

2.1.1. Nguyén li¢u

Kim tién thao duoc thu nhan tai Long An, loai tap, rira sach, cit doan 3-5 cm va sdy ¢ 60 °C dén do 4m
dudi 10%. Mau kho duge nghién, ray dong nhat va bao quan kin & 2-4 °C.

2.1.2. Héa chdt va thiét bi

Ethanol 99,5% (Chemsol, Viét Nam), methanol 99,5% (Xilong, Trung Quéc), Folin-Ciocalteu, natri
carbonat, nhom clorua, axit gallic va quercetin dat cip phan tich. Pectinase va cellulase duoc ding cho
EAE. Siéu am duogc thuc hién bang dau do VC 505 (Sonics & Materials, Hoa Ky), khoang 20 kHz, ché
d6 xung 30 gidy bat va 10 gidy tat.

2.2. B tri thi nghi¢m

2.2.1. Trich ly hé tro nhiét

Bot mau 1,00 g dugc trich ly tinh trong bé diéu nhiét. Céc yéu td dugc khao sat tuln tu g(‘Sm loai dung
moi (nudc, methanol, ethanol), ethanol 40-80% (v/v), ty 1€ nguyén liéu/dung moi 1:10-1:30 (g/mL), nhiét
d6 40-80 °C va thoi gian 30-150 phit. O mdi budc, didu kién cho TPC va TEC cao duoc dung cho khao
sat tiép theo. Dich trich dugc lam ngudi va ly tam 5.000 vong/phut trong 10 phat. Mdi nghiém thirc lap
lai 3 1an.

2.2.2. Trich ly hé tro siéu am

Bot mau 1,00 g duoc phdi tron véi ethanol 60% (v/v) theo ty 18 1:25 (g/mL). Bién d6 dugc khao sat &
20-40% trong 6 phut, sau d6 thoi gian dwoc khao sat & 3-15 phut tai bién do da chon. MAu tiép tuc duoc trich
ly & 60 °C trong 90 phut, lam ngudi va ly tim 5.000 vong/phit trong 10 phat. M&i nghiém thirc lap lai 3 lan.

2.2.3. Trich ly hé tro enzyme

Bot miu 1,00 g duge phan tan trong ethanol 60% (v/v) theo ty 1 1:25 (g/mL). Pectinase, cellulase va
hén hop 1:1 dugc so sanh ¢ n(‘3ng dd 0,2% trong 30 phut. Hoén hop dugc chon dugc khao sat ¢ 0,2-1,0%,
sau d6 thoi gian xir Iy duoc khao sat & 30-150 phut tai ndng @6 phit hgp. Enzyme duoc bat hoat bang nhiét,
mau duoc ly tdm 5.000 vong/phit trong 10 phut. Mdi nghiém thirc 1ap lai 3 1an.

2.3. Phwong phdp phén tich va xi Iy sé liéu

TPC dugc x4c dinh biang phuong phap Folin-Ciocalteu & 765 nm va biéu thi bing mg GAE/g CK
(Raposo va cong sy, 2024). TEC dugc xac dinh bang phuong phap tao phirc AICI; & 510 nm va biéu thi
bing mg QE/g CK (Nicolescu va cong su, 2025). Cac miu duoc phan tich trong cing diéu kién.
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Két qua dugc trinh bay dudi dang trung binh + d6 1éch chuin. ANOVA moét yéu tb va kiém dinh Tukey
duoc thuc hién bﬁng Minitab 19, véi muc y nghia p < 0,05. Cac chir cai khac nhau trén cot cua cung chi
tiéu biéu thi khac biét c6 ¥ nghia thong ké.

3. Két qua va thao luan két qua nghién ctru

3.1. Anh hwéng ciia diéu kign trich ly hé tro nhigt
Pé xac dinh diéu kién nén cho qua trinh thu nhén polyphenol va flavonoid, anh huéng cua loai dung
moi, néng do ethanol, ty 1€ nguyén liéu/dung moi, nhiét do va thoi gian dugc téng hop trong Hinh 1.

Hinh 1. Anh hwéng ciia logi dung méi (A), nong dé ethanol (B), ty Ié nguyén ligu/dung méi (C),
nhiét ¢ (D) va thoi gian (E) dén TPC va TFC.
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Cac diéu kién HAE anh hudng c6 y nghia ¢én TPC va TFC (Hinh 1). Trong 3 dung mdi, ethanol
cho két qua cao nhéat voi TPC 29,37 + 0,24 mg GAE/g CK va TFC 15,53 + 0,61 mg QE/g CK.
Methanol cho TPC gan tuong duong nhung TFC thap hon, con nude cho ca 2 chi tiéu thap nhét. Vi
vy, ethanol dugc chon cho cac khao sat tiép theo. Két qua lya chon dung moi phu hop véi nhan dinh
cua Bitwell va cong su (2023) vé vai tro caa do phén cuc trong thu nhan hop chét thuc vat.

Ethanol 60% (v/v) cho TPC 39,55 + 0,43 mg GAE/g CK va TFC 19,03 + 0,30 mg QE/g CK, cao
hon cac nong d6 con lai. Khi ting ty 1& nguyén liéu/dung moi, TPC va TFC ting dén ty 1& 1:25 (g/
mL), lan lugt dat 71,75 + 0,72 mg GAE/g CK va 34,14 + 0,91 mg QE/g CK. Tai ty 1&¢ 1:30 (g/mL),
TPC dat 70,91 + 0,71 mg GAE/g CK va TFC dat 33,27 + 0,87 mg QE/g CK. Ca 2 gia tri nay khong
khéc biét c6 y nghia so voi ty 18 1:25 v&i p > 0,05. Do d6, ty 1& 1:25 (g/mL) dugc chon dé giam luong
dung moi st dung.

Tang nhiét d9 tir 40 1én 6 °C lam TPC tang tir 66,88 £ 0,59 1én 111,39 £+ 0,83 mg GAE/g CK va
TFC tang tir 37,17 + 0,36 18n 53,52 + 0,96 mg QE/g CK. Khi nhiét d6 ting dén 70 va 80°C, ca TPC
va TFC déu giam. O 6 °C, thoi gian 90 phut cho TPC 126,57 + 0,59 mg GAE/g CK va TFC 59,21 +
0,91 mg QE/g CK. Kéo dai thoi gian dén 120 hodc 150 phut khong lam 2 chi tiéu ting thém. Vi vay,
diéu kién HAE duoc chon 1a ethanol 60% (v/v), ty 1& 1:25 (g/mL), 6 °C va 90 phut. Xu hudng dat gia
tri cao ¢ nhiét d0 trung binh cling dugc Adeyi va cong sy (2023) ghi nhén trén mdt nguyén li¢u thuc
vat khac.
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3.2. Anh hwéng ciia diéu ki¢n trich ly hé tro siéu Gm
Trén co s& diéu kién trich ly nhiét da lya chon, anh hudng cua bién do va thoi gian siéu am dén TPC
va TFC dugc trinh bay trong Hinh 2.

Hinh 2. Anh hwéng ciia bién dé (A) va thoi gian siéu ém (B) dén TPC va TFC.
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Bién d6 siéu 4m anh hudong rd dén TPC va TFC (Hinh 2). Khi bién d6 tang tir 20 1én 30%, TPC ting
va dat 124,21 + 0,59 mg GAE/g CK, con TFC dat 58,24 + 1,31 mg QE/g CK. Khi bién d¢ ting 1én 35 va
40%, ca TPC va TFC déu giam. Do do, bién d6 30% duogc chon dé khao sat thoi gian siéu am. Islam va
cong su (2023) va Shen va cong su (2023) cho thdy, ning lugng siéu 4m qua cao c6 thé gy gia nhiét cuc
b6 va thuc ddy oxy hoa, lam giam do 6n dinh caa mot s6 hop chit phenolic.

O bién d6 30%, thoi gian 9 phut cho TPC va TFC cao nhat, lan luot dat 153,23 + 0,27 mg GAE/g
CK va 62,84 + 0,91 mg QE/g CK. Khi kéo dai thoi gian dén 12 hodc 15 phut, 2 chi tiéu déu giam. Két
qua tang dén mot murc toi wru rdi giam ciing dugc Bin Mokaizh va cong su (2024) ghi nhan trong nghién
ctru UAE trén duoc liéu. Trong nghién ctru nay, UAE duoc sir dung nhu budc tién xir 1y trudc HAE
0 60 °C trong 90 phut. Vi vay, diéu kién UAE duoc chon la bién d6 30% trong 9 phut, sau do tiép tuc
trich ly nhiét.

3.3. Anh hwéng ciia diéu kign trich ly hé tro enzyme

Anh hudng cua loai enzyme, ndng d6 va thoi gian xtr Iy ¢én TPC va TEC dugc trinh bay trong Hinh 3.

Hinh 3. Anh hwéng ciia logi enzyme (A), nong dé enzyme (B)
va thoi gian xir Iy (C) dén TPC va TFC
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Loai enzyme anh huéng c6 ¥ nghia d¢én TPC va TFC (Hinh 3). Hon hop pectinase-cellulase theo ty 1¢
1:1 cho két qua cao hon pectinase hodc cellulase riéng 1. TPC va TFC cuia hdn hop lan luot dat 88,19 +
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0,94 mg GAE/g CK va 34,82 + 0,99 mg QE/g CK. Vi vy, hon hop pectinase-cellulase duoc chon cho cac
khao sat tiép theo. Két qua nay phu hop véi nghién ciru ctia Vardakas va cong su (2024), trong d6 hdn hop
enzyme cho kha ning thu hdi hop chét hoat tinh cao hon timg ché pham riéng 1¢é.

Khi n6ng do hén hop enzyme tang tu 0,2 Ién 0,6%, TPC tang tur 88,35 + 0,72 1én 117,29 + 0,59 mg
GAE/g CK va TFC tang tir 34,75+ 0,91 1én 42,74 + 1,11 mg QE/g CK. Nong d6 0,8% va 1,0% khong 1am
TPC ting thém. TFC giam khi nong d6 enzyme tang dén 1,0%. Do d6, ndng do 0,6% dugc chon dé khao
sat thoi gian xtr 1y.

Thoi gian xu ly 120 phat cho TPC 129,40 + 1,06 mg GAE/g CK va TFC 57,03 + 0,42 mg QE/g CK.
Kéo dai dén 150 phut khéng lam TPC hodc TFC ting c6 y nghia. Diéu kién EAE dugc chon 13 hdn hop
pectinase-cellulase theo ty 18 1:1, ndng do 0,6% va thoi gian 120 phut. So voi HAE, EAE lam TPC ting

2,2% nhung TFC giam 3,7%. Hinh 4. So sinh TPC va TFC ciia HAE, UAE va EAE

3.4. So sanh cdac phwong phap trich ly
TPC va TFC thu duoc tai diéu kién
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tang 21,1% va TFC tang 6,1% (p < 0,05). v
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dong. HAE ting hoa tan va khuéch tan
nho nhiét, UAE tao xam thuc va luc cat dé pha vo mo, con EAE thuy phan chon loc pectin va cellulose.
Hiéu qua cua tung k¥ thuat con phu thudc nguyén li¢u, dung méi, enzyme va trinh tu xur ly (Pham Van
Hung va cong su, 2020). Vi diéu kién van hanh chua hoan toan tvong dwong, két qua chi phan anh hiéu
qua tuong ddi trong pham vi khao sat. Theo do, tién xtr 1y siéu am pht hop hon véi Kim tién théo trong
nghién ctru nay.

4. Két luan

Trong 3 phwong phép tao ra kha ning thu hoi polyphenol va flavonoid khac nhau tir Kim tién thao. Diéu
kién HAE thich hop la ethanol 60% (v/v), ty 1€ nguyén li¢u/dung moi 1:25 (g/mL), 60°C va 90 phut. TPC
va TFC twong tng dat 126,57 + 0,59 mg GAE/g CK va 59,21 + 0,91 mg QE/g CK. Tién xir 1y siéu 4m &
bién d6 30% trong 9 phut trudc HAE cho két qua cao nhét véi TPC 153,23 + 0,27 mg GAE/g CK va TFC
62,84 + 0,91 mg QE/g CK. EAE thich hop v6i hdn hop pectinase-cellulase theo ty 18 1:1, ndng d6 0,6%
trong 120 phut. TPC va TFC cia EAE lan luot dat 129,40 + 1,06 mg GAE/g CK va 57,03 £ 0,42 mg QE/g
CK. So véi HAE, UAE lam ting dang ké ca TPC va TFC. Két qua cho théy, tién xu 1y siéu 4m 13 phuong
phap phu hop nhat trong pham vi khao sat. Nghién ctru tiép theo can dinh danh cac hop chat chinh, danh
gia hoat tinh sinh hoc, d6 6n dinh, nhu cau ning lugng va kha ning mé rong quy mo m

408 | S 23/2026



HOA HOG - CONG NGHE THUC PHAM

TAI LIEU THAM KHAO:

Adeyi, O., Adeyi, A. J., Oke, E. O., Okolo, B. I, Olalere, O. A., Taiwo, A. E., Aremu, O. S., Qwebani-Ogunleye,
T., Maphosa, Y., & Ogunsola, A. D. (2023). Heat-assisted extraction of phenolic-rich bioactive antioxidants from
Enantia chlorantha stem bark: Multi-objective optimization, integrated process techno-economics and profitability risk
assessment. SN Applied Sciences, 5, 153. https://doi.org/10.1007/s42452-023-05372-1.

Bitwell, C., Indra, S. S., Luke, C., & Kakoma, M. K. (2023). A review of modern and conventional extraction
techniques and their applications for extracting phytochemicals from plants. Scientific African, 19, e01585. https://doi.
org/10.1016/j.sciaf.2023.e01585.

Islam, M., Malakar, S., Rao, M. V., Kumar, N., & Sahu, J. K. (2023). Recent advancement in ultrasound-assisted novel
technologies for the extraction of bioactive compounds from herbal plants: A review. Food Science and Biotechnology,
32(13), 1763-1782. https://doi.org/10.1007/s10068-023-01346-6.

Nicolescu, A., Bunea, C. 1., & Mocan, A. (2025). Total flavonoid content revised: An overview of past, present, and
future determinations in phytochemical analysis. Analytical Biochemistry, 700, 115794. https://doi.org/10.1016/j.
ab.2025.115794.

Opryshko, V., Prokhach, A., Akimov, O., Riabushko, M., Kostenko, H., Kostenko, V., Mishchenko, A., Solovyova,
N., & Kostenko, V. (2024). Desmodium styracifolium: Botanical and ethnopharmacological insights, phytochemical
investigations, and prospects in pharmacology and pharmacotherapy. Heliyon, 10(3), €25058. https://doi.org/10.1016/j.
heliyon.2024.e25058.

Pham Van Hung, Nguyen Hai Yen Nhi, Ling Yu Ting, & Nguyen Thi Lan Phi. (2020). Chemical composition and
biological activities of extracts from pomelo peel by-products under enzyme and ultrasound-assisted extractions.
Journal of Chemistry, 2020, Article 1043251. https://doi.org/10.1155/2020/1043251.

Raposo, F., Borja, R., & Gutiérrez-Gonzalez, J. A. (2024). A comprehensive and critical review of the unstandardized
Folin-Ciocalteu assay to determine the total content of polyphenols: The conundrum of the experimental factors and
method validation. Talanta, 272, 125771. https://doi.org/10.1016/j.talanta.2024.125771.

Shen, L., Pang, S., Zhong, M., Sun, Y., Qayum, A., Liu, Y., Rashid, A., Xu, B., Liang, Q., Ma, H., & Ren, X. (2023).
A comprehensive review of ultrasonic assisted extraction (UAE) for bioactive components: Principles, advantages,
equipment, and combined technologies. Ultrasonics Sonochemistry, 101, 106646. https://doi.org/10.1016/].
ultsonch.2023.106646.

Vardakas, A., Kechagias, A., Penov, N., & Giannakas, A. E. (2024). Optimization of enzymatic assisted extraction of
bioactive compounds from Olea europaea leaves. Biomass, 4(3), 647-657. https://doi.org/10.3390/biomass4030035.

Google Scholar B crossret | 409



