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Optimization of total polyphenol extraction from Houttuynia
cordata Thunb. leaves was carried out using response surface
methodology (RSM) based on a Box-Behnken design, followed by
evaluation of the antioxidant activity of the obtained extract. The
optimal extraction conditions were 89.66% ethanol, a solvent-to-
material ratio of 53.50 mL/g, a temperature of 54.62°C, and an
extraction time of 4.39 h. The predicted total polyphenol content
(TPC) was 119.807 mg GAE/g extract, while experimental
validation yielded 118.373 £ 0.250 mg GAE/g extract. The
optimized extract exhibited antioxidant activity, with ICsg values of
113.73 £0.37 ug/mL for the DPPH assay and 21.39 + 0.11 ug/mL
for the ABTS™" assay. The close agreement between the predicted
and experimental TPC values confirms the reliability of the
optimization model and and supports its application for efficient
polyphenol extraction from Houttuynia cordata leaves.
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1. GIOI THIEU

Su mat can bang giita qua trinh hinh thanh cac
loai oxy phan (g va h¢ thong khang oxy hoa noi
sinh dugc xem 1a nguyén nhan chinh dan dén stress
oxy héa. Tinh trang nay din dén ton thuong mang
té bao, bién tinh protein va r6i loan vat chét di
truyén, gop phan thic ddy ldo héa va nhiéu bénh
man tinh. Do d6, polyphenol c6 ngudn gbc thuc vat
ngay cang dugc quan tAm nhd kha nang khang oxy
héa manh va tiém ning ng dung trong dugc pham,
thuc pham chirc nang va cham soc strc khoe cong
ddng (Jomova et al., 2023; Sikder et al., 2025).

Polyphenol 1a nhém chét chuyén héa thu cép
phan b rong rai trong thyc vat va gop phan tao nén
hoat tinh khang oxy hoéa. Nh¢ céu triic gidu nhom
hydroxyl phenolic, cac hgp chit nay c6 kha ning
cho electron hodc proton dé bat hoat céac géc tu do,
qua d6 gop phan han ché cic phan ng oxy hoa va
bao vé hé sinh hoc khoi ton thuong do stress oxy hoa
gy ra (Rudrapal et al., 2022; Sun et al., 2024).
Nhiéu cong trinh nghlen cuu da ghi nhan rang
polyphenol khong chi thé hién kha ning khéng oxy
héa manh ma con s& hitu nhidu hoat tinh sinh hoc
khac nhu khang viém, khang khuan va hd trg lam
giam nguy co méc cac bénh 1y man tinh (Park et al.,
2023). Chinh vi vay, viéc tim kiém va khai thac cac
nguon dugc liéu giau polyphenol ngay cang duge
quan tdm, nhdm phat trién cac san phdm ty nhién c6
gia tri ing dung trong linh vuc dwoc phim, thuc
phim va chiam séc sirc khoe.

Houttuynia  cordata  Thunb., thuéc ho
Saururaceae, 1a loai thyc vat than thao phan bd rong
¢ cac vung nhiét d6i va cén nhiét doi, bao gém Viét
Nam. Trong y hoc dén gian, cay diép ca tir lau da
duoc su dung nhu moét vi thuoc c6 tac dung thanh
nhiét, giai doc, tiéu viém, loi tiéu va hd tro diéu tri
nhiéu bénh 1y lién quan dén ho hép, tiéu hoa va da.
Két qua ciia cac nghién ciru hoa thuc vat cho thiy 14
ctia loai cdy nay chira nhidu nhom hop chét co hoat
tinh sinh hoc, bao gdm flavonoid, polyphenol,
alkaloid va cac thanh phan tinh dau. Trong d6, mot
s6 flavonoid dic trung nhu quercetin, quercitrin va
hyperin dugc ching minh c¢6 kha ning loai bo gdc
tu do hiéu qua, gop phan tao nén hoat tinh khang
oxy hoa cua dugc li¢u. Bén canh do, nhiéu bao céo
cling ghi nhan cao chiét 1a cay Diép ca co cac tac
dung sinh hoc dang cht y nhu khang khuén, khang
viém, khang oxy hoa va bao vé té bao, mé ra trién

vong Ung dung trong phat trlen duoc pham va thyc
phim chirc ning c6 ngudn gdc tu nhién (Li et al.,
2022; Charachit et al., 2022).
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Qua trinh trich ly polyphenol tir duge li€u chiu
tac dong ctia nhiéu diéu kién, trong d6 ndng d6 dung
moi, ty 1€ dung moéi/nguyén li¢u, nhiét do va thoi
gian 13 c4c théng sb quan trong. Viéc tdi wu hoa cac
diéu kién trich ly ¢ vai trd quan trong trong viéc
nang cao ham luong polyphenol va hoat tinh sinh
hoc cua cao chiét (Dai & Mumper, 2010). Hon nita,
viéc ing dung cac phuong phap thiét ké thi nghiém
hién dai, chéng han nhu Box-Behnken Design
(BBD) di tro thanh cong cu hiru hidu dé tdi vu hoa
quy trinh trich ly theo hudng khoa hoc va tiét kiém
tai nguyén. BBD khong chi giap khao sat twong tc
gilta cac bién s6 mot cach toan dién ma con rat ngan
s0 luong thi nghiém can thiét dé dat Kkét qua tdi wu
(Ferreira et al., 2007). Méc du viéc ung dung
phuong phap be mat dap ung (RSM) da dugc thuc
hién trong mot s6 nghién ctru dé t6i uu héa qué trinh
trich ly flavonoid tir 14 diép ca bang cac k¥ thuat nhu
siéu am (Nguyen et al., 2021; Nguyen et al., 2024)
hoic két hop dung moéi eutectic siu (DES) véi siéu
am (Wu et al., 2025) nhung cac nghién ctru nay chu
yéu huéng dén thu nhan flavonoid hodc cac hop chét
ddc hiéu. Trong khi d6, cac nghién ciru t6i uu héa
ham Ilugng polyphenol tong bang phwong phap
ngam dam st dung ethanol va danh gi4 hoat tinh
khang oxy héa cta cao chiét thu duoc duéi didu kién
t6i wu van con han ché. Do do, phuong phap RSM
theo thiét ké Box- Behnken da dugc Gmg dung trong
nghién ctru nay nham t6i uu hoa ddng thoi cac didu
kién trich ly polyphenol téng va danh gia hoat tinh
khang oxy hoa cua cao chiét diéu ché theo diéu kién
t6i uru.

Trén co s¢ do, nghién ciru tap trung tdi wu hoa
qua trinh trich ly polyphenol tong tir 14 diép ca bang
phuong phap bé mat dép tmg (RSM). Bén canh do,
hoat tinh khang oxy hoa cuia cao chiét tdi wu dugc
danh gia thong qua hai phép thir DPPH va ABTS".
Két qua nghién ctru 1a co so cho viée khai thac hiéu
qua ngudn polyphenol tir 14 diép c4, hudéng dén cac
g dung trong dugc pham va thue pham chire ning.

2. PHUONG PHAP NGHIEN CUU

2.1. Héa chit

Céc hoa chat va thudc thir chinh duoc st dung
trong nghién ctru bao gdm: ethanol (Chemsol, Viét
Nam), thudc thir Folin-Ciocalteu (Sigma-Aldrich,
My), gallic acid (Sigma-Aldrich, My), quercetin
(Sigma-Aldrich, My), DPPH va ABTS (Sigma-
Aldrich, My).

2.2. Thu hai va xir Iy miu

Mau 14 twoi cua cay diép ca (H. cordata) duge
thu thap tai Thanh ph Can Tho vao thang 10 nim
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2025. Viéc dinh danh méu diép ca duogc thuc hién
béi TS. Nguyén Thi Kim Hué, Khoa Sinh hoc,
Truong Khoa hoc Ty nhién, Dai hoc Can Tho. Sau
khi thu hai, nguyén liéu dugc rira sach, lam kho bfing
phuong phap sdy dbi luu ¢ 50°C trong 48 gio (hing
Memmert, Dirc), sau d6 duoc nghién min va bao
quan trong diéu kién lanh (nhiét d6 dudi 4°C) dé han
ché sy phan hiy hoat chat. Do ém cua duoc li€u
dugc xac dinh theo phuong phap sdy dén khdi luong
khong dm theo quy dinh cua Dugc dlen Viét Nam V
(BO Y té,2017). Két qua cho thay d6 am ctia mau 1a
9,89 + 0,09%.

2.3. Pinh lwgng polyphenol toan phin

Ham lugng polyphenol tong (TPC) duoc xac
dinh theo phuong phap Folin-Ciocalteu, tham khao
Chandra et al. (2014) va Ainsworth and Gillespie
(2007). Mau chiét hodc dung dich chuén gallic acid
(200 uL) dugc phdi tron véi 200 uL nude cat va 200
pL thudc thir Folin-Ciocalteu. Sau khi phan tmg
trong 5 phut, bd sung 200 pL dung dich Na,CO;3
10% va tiép tuc u & 40°C trong 30 phut. D hép thu
dugc ghi nhan tai budc song 765 nm bang may
quang phé UV-Vis. Ham lugng polyphenol tong
dugc xac dinh tir dwdng chuén gallic acid va biéu thi
dudi dang mg GAE/g cao chiét.

2.4. Kha niing trung hoa goc tw do DPPH

Hoat tinh khang oxy hoa cua cac cao chiét duoc
xéac dinh bang phép thir DPPH theo phuong phap
cua Hussen and Endalew (2023). Dung dich mau ¢
cac nong do khao sat dugc tron véi dung dich DPPH
(40 pL, 1000 pg/mL) theo ty 1€ 960:40 (v/v). Sau
khi u trong t0i ¢ nhiét d6 phong trong 30 phut, do
hép thu ciia hon hop phan Gmg dugc do tai bude song
517 nm bang may quang ph6é UV-Vis. Vitamin C
(ascorbic acid) duge st dung lam d6i chimg duong.
Hoat tinh khang oxy hoa dugc bleu thi bang gia tri
ICso, twong tmg v6i ndng d6 mau can thiét dé loai
bo 50% goc tu do DPPH.

2.5. Kha niing trung hoa goc tw do ABTS™

Hoat tinh khang oxy hoa cua cac cao chiét duoc
xac dinh bang phép thir ABTS theo Re et al. (1999)
va Thaipong et al. (2006). Goc tw do ABTS™ duoc
tao thanh tir phan ung gitta dung dich ABTS 7 mM
va K»S,05 2,45 mM, sau d6 u trong t6i tr 12-16 gio.
Trudce khi tién hanh thi nghiém, dung dich ABTS"*
dugc pha lodng dén do hap thu 0,70 + 0,02 tai 734
nm. Tiép theo, 100 pL miu chiét duoc b sung vao
1 mL dung dich ABTS"" va phan tng trong 6 phuat ¢
nhiét ¢ phong. D6 hip thu dugc ghi nhan tai budc
song 734 nm bang may quang phd UV-Vis. Trolox
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dugc str dung 1am d6i chimg duong. Hoat tinh khang
oxy hoa dugc biéu thi bang gié tri ICs, tuong ung
v6i ndng d6 mau can thiét dé loai bo 50% gbc tu do
ABTS™.

2.1.  Panh gia tac dong ciia cic yéu t6 don

Dbi v6i mdi nghiém thirc, cao chiét 14 diép ca
dugc diéu ché tir 1 g bot duoc lidu bang phuong
phap ngdm dam v&i ethanol. Céc thi nghiém dugc
thuc hién doc lap va lap lai ba lan. Trude khi xay
dyng md hinh t6i wu héa bang phuong phap bé mit
dap tmg (RSM) theo thiét ké Box-Behnken, timg
thong so trich ly gdm ndng do ethanol, ty 1& dung
mdi/nguyén li€u, nhiét dg va thoi gian dugc khdo sat
riéng dé lya chon khoang gia tri phu hop. Dich chiét
sau khi loc dugc c6 dac dudi ap sudt giam & 50°C
béng thiét bi c6 quay chan khong dé thu nhan cao
chiét. Ham luong polyphenol tong (TPC) dugc lya
chon lam b1en dap Gmg dé danh gia anh huong cua
cac thong s6 trich ly va xay dung mé hinh t6i wu hoa
bang phwong phap bé mat dap ing (RSM). Sau khi
x4c dinh diéu kién trich ly to1 wu, hoat tinh khéang
oxy hoa cua cao chiét thu duge dugc danh gia bang
cac phép thir trung hoa gdc ty do DPPH va ABTS™.

Higu suat thu hoi cao chiét (%) = (Khoi lwong
cao chiét thu dugc/Khoi lugng dugce li€u ban dau) x
100%

2.6. Thiét ké thue nghi¢ém Box-Behnken

Céc bién thi nghiém duoc ma hoa va phan tich
bang phan mém Design-Expert 12.0 theo thiét ké
Box-Behnken. Thiét ké Box-Behnken gom tong
cong 29 nghiém thirc, trong d6 c6 24 nghiém thuc t6
hop va 5 nghiém thtc tai diém trung tim nham danh
gia do phu hgp va tinh 13p lai cia m6 hinh, dua trén
céc két qua thu duogc tir khao sat timg yéu té riéng 1&
trude d6. Ham lugng polyphenol tong (TPC) dugc
st dung lam chi ti€u danh gia hiéu qua trich ly va
lam bién d4p mg trong mé hinh t6i wu hoa. Sau khi
xac dinh diéu kién t6i wu, hoat tinh khang oxy hoa
clia cao chiét dwoc danh gia bang cac phép thir
DPPH va ABTS™". Mdi nghiém thirc dwoc tién hanh
lap lai ba lan d@é tang d¢ tin cdy va han ché sai sb
thue nghiém.

2.7. Phin tich thong ké dir li¢u

Su khac biét gitta cac nhom thi nghiém dugc xac
dinh bang phép phan tich phuong sai mot nhan t6
(One-way ANOVA). Cac khac biét co gia tri p <
0,05 dugc xem 1a ¢6 y nghia thong ké. Phan mém
Design Expert 12.0 dugc dung cho RSM-BBD.

3. KET QUA VA THAO LUAN
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3.1. Tac dong ciia ndng do dung mdi

Hiéu qua trich ly hoat chét tir thuc vét chiu anh
huong dang ké boi loai va ndng do dung moi. Su
thay ddi d6 phan cuc ciia dung méi ethanol lam thay
d6i kha nang hoa tan cac hgp chat muyc tiéu, qua do
anh huong dén hiéu suit thu nhan polyphenol
Trong nghién ctru nay, ham lugng polyphenol tong
tang theo ndng dd ethanol va dat gia tri cao nhat la
114,184 + 0,528 mg GAE/g cao chiét tai nong do
ethanol 90% (Hinh 1A). Piéu nay cho thiy rang,
trong truong hop cac hop chat kém phan cuc chiém
vu thé, nong do dung moi cao co thé cai thién dang
ké kha ning hoa tan va giai phong hoat chat khoi ma
tran thuc vat.

Két qua thu dwoc phu hop vé6i cac nghién ctru
true day, trong d6 ndng do ethanol dugc xac dinh
1a mot trong nhing yéu t& quan trong chi phdi hiéu
sudt thu nhan polyphenol tir nguyén liéu thuc vat.
Theo nghién ctru cua Do et al. (2014), khi khao sat
qua trinh trich ly hop chat phenolic tir Limnophila
aromatica, ham lugng polyphenol toan phan ting
theo ndng do ethanol va dat gia tri cao nhat ¢ khoang
100% ethanol, v6i ham lugng phenolic dat 40,5 mg
GAE/g cao chiét. Két qua nghién ciru cho théy su
khéc biét vé& do phéan cuc cua dung méi chi phéi kha
ning hoa tan ctia cac hop chét phenolic, tir d6 anh
huéng dén hiéu suét thu nhan polyphenol. Ngoai ra,
ethanol ndng do cao con hd tro pha v lién két giira
hoat chét va cdu triic thanh té bao thyc vat, tir 46 cdi
thién hiéu qua khuéch tan va giai phong hoat chét
vao dung moi. Trong khi d6, Thoo et al. (2010) ghi
nhan ndng d¢ ethanol tbi uu 1a 40% d6i véi qua trinh
trich ly polyphenol tr qua Morinda citrifolia. Su
khac biét nay c6 thé lién quan dén sy khac nhau vé
ngudn nguyén lidu thyc vat, thinh phan hoa hoc cua
mau nghién ctru va diéu kién trich ly dwoc sir dung.
Tuy nhién, ca hai nghién ciru déu cho thiy ndng do
ethanol 14 yéu t quan trong anh huong dén higu qua
thu hdi cac hop chét phenolic. Nhin chung, viéc lya
chon ndng d6 dung moi phii hop dong vai tro quyét
dinh trong qué trinh t5i wu hoa hi¢u suat trich ly
polyphenol tir nguyén li€u thuc vat (Azmir et al.,
2013; Dai & Mumper, 2010; Do et al., 2014; Thoo
etal., 2010).

Két qua khao sat cho thdy ethanol 90% la diéu
kién thich hop va dugc sir dung trong céc thi nghiém
t6i wu hoa tiép theo.

3.2. Tac dong cia ty 1¢ dung moi/nguyén li€u

_ Sy thay doi ty 1¢ dung moi/nguyén liéu lam thay
d61 hiéu qua thu nhan polyphenol tir 1a diép ca (Hinh
1B). Gia tri TPC bién dong theo tung ty 1¢ khao sat
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va dat cuc dai tai ty 1€ dung mdi/nguyén liéu 50
mL/g, véi ham lugng 89,302 + 0,349 mg GAE/g cao
chiét. Hién tuong nay c6 thé dwoc 1y giai boi su gia
tang chénh léch nong d¢ giira cic hop chit hoa tan
trong nén nguyén lidu va dung moéi chiét, qua do
thiic ddy qué trinh truyén khdi va khuéch tan cac
hoat chét tir pha rdn sang pha 1ong cho dén khi hé
dat trang thai cAn bang, dan dén sy gia tang hiéu suét
trich ly cac hop chat polyphenol (Cacace & Mazza,
2003; Dai & Mumper, 2010). Sau khi dat gia tri cuc
dai ¢ ty 16 50 mL/g, ham lugng polyphenol tong
giam khi ty 1€ dung moéi/nguyén li¢u dugc tang 1€n
60 mL/g. Piéu nay co thé lién quan dén su pha lodng
hé chiét va su suy giam dong luc truyén khdi khi qua
trinh khuéch tan dan tién dén trang thal can bang.
Nhing két qua nay cho thay hiéu suét thu nhan cac
hop chit phenolic phu thudc dang ké vao ty 1¢ dung
moi/nguyén liéu dugc st dung.

Két qua thu dugc cho thiy ty 1€ dung
moi/nguyén lidu 1a mot trong nhitng thong sé quyét
dinh hiéu qua thu nhan polyphenol. Nhan dinh nay
phtt hop véi cac nghién ctru trude day. Cu thé, Liu
et al. (2024) bao cio rang ty 1& 50 mL/g két hop voi
ethanol 60% cho hiéu qua trich ly polyphenol cao
nhét tir bi nho bang ca phuong phép trich ly thong
thuong va hd tro siéu am. Tuong tu, Vuong et al.
(2011) ciing ghi nhan ty 1¢ dung modi/nguyén li¢u
anh huong dang ké dén kha ning thu nhan catechin
va polyphenol tir 14 tra xanh. Nhom tac gia ghi nhén
ty 1& nude/tra: 20/1 (mL/g) cho hiéu sudt chiét
catechin t&i wu. Céc tac gia cho rang viéc gia ting
luong dung moi giup ting kha nang hoa tan va
khuéch tan cac hop chéat phenolic vao méi truong
chiét; tuy nhién, khi vuot qua ty 1€ thich hop, hiéu
qua thu hoi ting khong dang ké do hé déan dat trang
thai can bang khuéch tan.

Céc két qua nay cho thdy ty 1& dung méi/nguyén
lidu 12 mot thong s quan trong can duge ti wu hoa
nhim nang cao hiéu qua thu hdi cac hop chét
phenolic tir nguyén liéu thuc vat. Can ct vao két qua
khao sat, ty 1¢ dung moi/nguyén liéu 50 mL/g dugc
chon lam diéu kién cho céc thi nghiém tdi uu hoa
tiép theo.

3.3. Tac dong cia nhiét do

Nhiét d6 1a mét trong nhimg yéu tb then chdt chi
phdi hiéu qua trich ly cac hop chét sinh hoc tir 14 cay
diép c4. Su gia ting nhiét d6 lam ting dong nang cua
cac phan tir dung moi, tir d6 thic day qua trinh hoa
tan va khuéch tan cac hoat chét ra khoi mé thuc vat.
Két qua thuc nghiém cho thdy, trong khoang nhiét
do tur 40°C dén 65°C, ham luong polyphenol toan
phﬁn cua cao chiét tang dén, dat cuc dai tai 55°C voi
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ham lugng polyphenol 1a 123,142 + 0,539 mg
GAE/g cao chiét (Hinh 1C). Tuy nhién, khi nhiét d¢
vuot qua 55°C, hoat tinh ¢6 xu hudng suy giam, cé
thé do su phén huy nhiét hoac bién tinh cua cac hop
chit phenolic khong bén (Dai & Mumper, 2010). Do
d6, 55°C duoc xem la murc nhiét t6i wu cho céc
nghién ciru tiép theo nhdm nang cao hiéu suit trich
ly hoat chét tir nguyén li¢u nay.
3.4. Tac dong ciia thoi gian chiét

Thoi gian trich ly 14 mot trong nhimng thong s6
quan trong anh huéng dén hiéu suit thu nhan
polyphenol tir nguyén lidu thyuc vat. Viéc tdi wu hoa
thoi gian khong chi tac dong dén ham luong va hoat
tinh cta cao chiét ma con anh hudng truc tiép dén
hiéu qua kinh té ciing nhu mirc tiéu thu ning luong
cua qua trinh trich ly. Trong nghién cuu hién tai,
hiéu qua trich ly ting dan khi kéo dai thoi gian 1 dén
4 gio, phan 4anh qua sy gia ting ca vé tong
polyphenol (127,299 + 0,485 mg GAE/g cao chiét)
(Hinh 1D).

Xu hudng trong ty cling dd dugc ghi nhan trong
nhiéu nghién ctru trén cac loai thyc vat khac. Cacace
and Mazza (2003) ghi nhan rang viéc gia ting thoi
gian trich ly gitip cai thién déng ké hiédu suét thu hoi
hop chét phenolic tir qua berry nghlen do tang cuong
qua trinh khuéch tan va truyén khéi gitta nguyén lidu
va dung moi. Tuong tu, Dai and Mumper (2010)
ciing cho thiy thoi gian tiép xuc kéo dai giita dung
mdi va nén thuc vat gop phén nang cao kha nang hoa
tan va gidi phong cac hop chat polyphenol. Diéu nay
cho thdy co ché gia tang téng polyphenol theo thoi
gian trich ly ¢ cay dlep ¢4 c6 thé chiu anh huong boi
quy luat truyén khdi trong tw nhu & nhiéu nguyén
liéu thuc vat giau phenolic khéc. Tuy nhién, viéc kéo
dai thoi gian trich ly vuogt qua muc t6i uru khong phai
lic nao cling lam tang hi¢u qua thu hdi polyphenol.
Mot sb nghién ctru cho thiy thoi gian trich ly kéo
dai co thé lam giam do 6n dinh cua cac hop chat
phenolic do xdy ra qua trinh oxy hoéa hoac phan huy
trong moi truong chiét, tir d6 1am giam ham luong
polyphenol va hoat tinh khang oxy hoa ciia cao chiét
(Naczk & Shahidi, 2006). Xu hudéng tuong tu da
duogc Spigno et al. (2007) ghi nhéan trong nghién ctru
trén ba nho, trong do thoi gian trich ly dugc xac dinh
1a yéu t6 anh huong déng ké dén ham luong hop chét
phenolic va hoat tinh khang oxy hoa ciia dich chiét.
Nghién ctru nay ghi nhan hién tugng suy giam hop
chat phenolic do phan huy nhiét khi thoi gian chiét
vuot qua 20 gio, khi thoi gian trich ly qua dai c6 thé
dan dén sy phan hiy hodc oxy hoa cic hop chat
phenolic, tir d6 1am gidam ham lugng polyphenol va
hoat tinh khang oxy héa ciia cao chiét.
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Viéc tong hop tir cac két qua trén gitip xac dinh
rang thoi gian 4 gio 1a phu hop dé t6i uwu héa hiéu
qua thu nhan ham lugng polyphenol tong tir 14 cay
diép ca trong nghién ciru nay.

3.5. Két qua thiét ké mé hinh Box-Behnken

Két qua khao sat su anh huéng cua timg yéu t6
don 1¢ cho thiy nong d6 dung méi (A), ti 1& dung
moi/nguyén liéu (B), nhiét do (C) va thoi gian chiét
(D) déu co tic dong dang ké dén ham luong
polyphenol téng (TPC). Dya trén két qua khao sat
ban dau, bon thong sd nay dugc lya chon dé xdy
dyng mé hinh t&i wu hoa theo thiét ké Box-Behnken.
Bang 1 téng hop gia tri TPC du doan tir mo hinh va
két qua xac nhan bang thuc nghiém. Gia tri TPC cao
nhét dat duoc tai diéu kién: ndng do ethanol 90%, ti
1¢ dung mm/nguyen liéu 50/1 (mL/g), nhiét d 55°C
trong thoi gian 4 gio. Cac g1a tri t01 uu don yéu t6
dugc xac dinh khi cac yéu t6 khac ¢b dinh; trong mo
hinh da bién, sy tuong tac giita cac yéu t6 lam thay
ddi diém tdi wu toan cuc.

Duya trén di lidu thu dugc, phan mém Design
Expert 12.0 dugc str dung dé tbi wu hoa cac diéu kién
chiét nham thu dugc ham lugng TPC cao nhat. Két
qua phan tich h01 quy cho thiy mé hinh béc hai sau
day mo ta mdi quan hé gitra cac yéu t6 mot cach
t6t nhat:

TPC = 118,398 — 2,568A + 5,024B - 0,971C +
4,314D — 0,960AB - 2,456AC + 5,074AD -
5,248BC + 6,294BD + 1,890CD — 15,417A% —
9,579B% - 15,323C? - 15,573D?

Phuong trinh trén cho thidy ham lugng
polyphenol phu thuoc khong chi vao tac dong rleng
1¢ cua timg yéu td, ma con bi anh huong dang ké boi
cac tuong tac doi va tac dong phi tuyén tinh ctia cac
yéu t6. Cac hé sb binh phuong mang y nghia thong
ké cao, phan anh sy ton tai ctia cac diém ti uu hodc
cuc tri trong quy trinh chiét - day 1a co s& quan trong
dé t6i wu hoa hidu suat trich ly. Két qua tuong tu
cling dugc ghi nhan & hai mo hinh con lai, khi c6 su
phu thudc vao cac yéu té don 1¢, trong tac doi va
binh phuong.

Phan tich ANOVA ctia mé hinh t6i uru hoa (Bang
2) cho thdy mé hinh hdi quy dugc xay dung c6 do
phu hop cao véi dir li¢u thyc nghiém. Gia tri Lack
of Fit khong cé y nghia thong ké (p > 0,05), trong
khi hé s6 x4c dinh dat R? = 0,9707; chimg t6 md hinh
giai thich tot sw bién thién cua ham luong
polyphenol tong. Pdng thoi, gia tri F = 165,51 cing
v6i p < 0,0001 xac nhan phwong trinh hdi quy ¢6 ¥
nghia thong ké va kha ning du doén t6t trong pham
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vi khao sat. Két qua ANOVA cho thiy cac tuong tac
AC, AD, BC, BD va CD déu c6 ¥ nghia thong ké (p
<0,05), chung t6 hiéu qua trich ly polyphenol khong
chi phuy thudc vao timg yéu t6 riéng 1é ma con chiu
anh huong boi sy phdi hop giita cac yéu td khao sat.
bic biét, twong tac gitta ty 1¢ dung moi/nguyén li¢u
va thoi gian trich ly (BD) c¢6 anh huéng manh nhat
trong cac tuong tac doi, cho thiy viéc gia ting thoi
gian trich ly chi thuc sy phat huy hi¢u qua khi lugng
dung mdi phu hop. Ngugc lai, sy tuong tac gitta
ndng do ethanol va ty 1& dung modi/nguyén lidu (AB)
khong c¢é y nghia thong ké (p > 0,05), cho thiy hai
yéu t6 nay chu yéu tac dong doc 1ap trong pham vi
khao sat.

Céc biéu dd bé mat dap tng ba chiéu (3D) duoc
str dung dé mo ta anh hudng twong tic giita cac
thong so trich ly den ham luong polyphenol tong
(Hinh 2). Trong mdi biéu dd, hai théng s6 dugc gilr
& murc trung tdm (mirc 0), trong khi hai thong s6 con
lai duoc thay dbi trong pham vi khao sat.

Trong cac nghién ctru t6i wu hoa quy trinh,
phuong phap bé mit dap ung (Response Surface
Methodology, RSM) dugc ap dung rong rai nho kha
ning mo ta dong thoi anh huong cia cac thong sd
va tuong tac giita chung ddi voi bién dap ung, tir d6
xéc dinh diéu kién téi wu ciia qua trinh (Myers et al.,
2016). Viéc st dung phan mém Design Expert dé
phan tich va mo6 phong cac thi nghiém cho phép xac
dinh mo6 hinh phii hop va du bao két qua trich ly
chinh xac. Trong nghién curu nay, néng dd ethanol,
ty 1€ dung moi/nguyén li€u, nhiét do va thoi gian
trich ly dugc lya chon lam cac bién ddc lap trong mo
hinh RSM d¢é ti uu h6a ham lugng polyphenol tong.
Céc biéu do bé mit 3 chiéu (3D surface plots) la
cong cu tryc quan hitu ich trong mo hinh bé mit dap
mg, cho phep danh gia anh hudng tuong tac gitra
cac yéu t6 khao sat va xac dinh ving diéu kién t6i
wru ctia qua trinh trich ly (Bezerra et al., 2008). Biéu
dd 3D duoc sir dung dé minh hoa anh hudng tuong
tac gitra timg cap thong sd trich ly d6i véi ham lugng
polyphenol tong. P cong cua bé mit va cac dudng
ddng muc phan anh cuong do tuong tac gitra cac
thong s6, dong thoi hd tro xac dinh ving diéu kién
ti wu ciia qua trinh trich ly.

Céc biéu @6 bé mat dap ing cho thdy anh huong
cua cac thong s trich ly dén ham luong polyphenol
tong khong tuén theo quan hé tuyen tinh ma xuét
hién ving t&i vu trong pham vi thiét ké thi nghiém.
Diéu nay cho thay mo hinh RSM c6 kha ning mé ta
6t mbi quan hé gitra cac thong sé va bién dap ung,
ddng thoi hd trg xac dinh diéu kién trich ly
thich hop.
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Ham ky vong duoc xac dinh trén co s& phuong
trinh hdi quy thu duge tir mé hinh RSM (Hinh 3).
Phuong trinh nay duoc thiét 1ap tir cac nghiém thirc
cta thiét ké Box-Behnken va mé ta anh huéng cua
ting thong sd trich ly cling nhu cac tuong tac gitra
chung dbi véi ham luong polyphenol téng. Két qua
t6i wu hoa bang phan mém Design-Expert xac dinh
didu kién trich ly thich hop dé thu nhan cao chiét
giau polyphenol tir 1a diép c4 gdm: ndng do ethanol
89,66%, ty 1¢ dung mdi/nguyén li¢u 53,50 mL/g,
nhiét d9 54,62°C va thoi gian trich ly 4,39 gi¢. Theo
mo hinh RSM, ham lugng polyphenol téng (TPC)
dy doan dat 119,807 mg GAE/g cao chiét. Thuc
nghiém kiém chimg cho gia tri TPC la 118,373 +
0,250 mg GAE/g cao chiét va khong khac biét c6 y
nghia thong ké so véi gia tri du doan (p > 0,05). Su
tvong dong giita gia tri du doan va thyc nghiém
khang dinh mé hinh c¢6 d6 phu hop cao va kha ning
du doan dang tin cay. Két qua kiém chimg cho thy
ham luong polyphenol téng dat 118,373 + 0,250 mg
GAE/g cao chiét, twong tng voi hiéu suét thu hoi
cao chiét 1a 18,5%. Diéu nay cho thay quy trinh tdi
uu khong chi nang cao ham lugng polyphenol trong
cao chiét ma con bao dam kha ning thu hdi cao chlet
& muc phtt hgp cho cac nghién ctru va tmg dung tiép
theo. Sy tuong ddng gitra gia tri du doan va thuc
nghiém khang dinh tinh pht hop ctia mé hinh t6i uu
hoa, dong thoi cho thiy kha ning tng dung cia mé
hinh trong viéc t6i uu hoéa qua trinh thu nhan
polyphenol tir 14 diép ca.

3.6. Két qua hoat tinh khang oxy héa

Hoat tinh khang oxy hoa cta cao chiét 14 cay
diép c4 duoc danh gia bang hai phuong phap phd
bién 1a DPPH va ABTS™, qua d6 x4c dinh kha ning
trung hoa cac gdc tw do ctia mau chiét. Dua trén dir
liéu thé hién ¢ Bang 3, ca hai phép thu déu cho thay
cao chiét toi wu tir 14 diép c4 c6 tiém nang khang oxy
hoa dang ké, voi gia tri ICso lan luot 1a 113,73
pg/mL (DPPH) va 21,39 ug/mL (ABTS’ ). Mac du
hoat tinh nay thap hon cac chat dbi ching chuén nhu
ascorbic acid va trolox - von 1 cac chit chéng oxy
hoéa tinh khiét c6 hiéu lyc manh - nhung cao chiét
van cho thay kha ning loai bo gbc tu do dang ké.
Hoat tinh khang oxy héa ghi nhan duoc nhiéu kha
ning c6 lién quan dén ham lugng polyphenol hién
dién trong cao chiét. Ngoai ra, hoat tinh theo ABTS
manh hon DPPH c¢6 thé do ABTS déanh gi4 duoc ca
chat khang oxy héa than nudc va than lipid, trong
khi DPPH chu yéu phan anh kha niang cho proton
trong moi truong hiru co.

Kha nang trung hoa cac gbe tur do DPPH va
ABTS'" cta cao chiét 1a diép ca cho thay day la
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ngudn giau cac hop chat c6 hoat tinh khang oxy héa.
Nhén dinh nay phu hop véi bao cdo ciia Charachit
et al. (2022), khi phan doan ethyl acetate giau
polyphenol tir 14 diép ca ciing thé hién hoat tinh
khang oxy hoa déng ké vai gia tri ICso lan luot 1a
21,7 £ 1,4 pg/mL (DPPH) va 4,5 = 0,3 pg/mL
(ABTS™). Hoat tinh khang oxy héa cao hon trong
nghién ctru ctia Charachit et al. (2022) co thé lién
quan dén viéc sir dung phan doan ethyl acetate giau
céc hop chat flavonoid nhu hyperoside va quercitrin,
trong khi nghién ctru hién tai sir dung cao chiét
ethanol tong. Mic dii cudng d6 hoat tinh khac nhau
nhung cac két qua déu cho thay 1a diép ca la ngudn
hop chat polyphenol c6 tiém ning tng dung trong
linh vuc dugc phdm hay thuc phim chic nang.

Bang 1. Két qua khio sat ham lwgng TPC

Tdp 62, S6 CB: Khoa hoc ty nhién Dong bang séng Ciru Long (2026): 113-124

Trudc xu hudng phat trién cac chat khang oxy
hoa tir ngudn tu nhién, nhidu nghién ciru di khang
dinh tiém ning mg dung ciia thyc vat trong linh vuc
duoc pham va cham soc sirc khoe. Cac chat khang
oxy hoa ty nhién dugc danh gia c6 do an toan cao,
ddng thoi gop phan bao vé té bao trudc stress oxy
hoa théng qua co ché trung hoa gbc tr do va ting
cuong hé théng chdng oxy hoéa noi sinh (Lourengo
et al., 2019). Céac két qua trén cho thiy cao chiét 1a
diép ca 1a ngudn nguyén liéu giau polyphenol, c¢6
kha ning duoc ing dung trong phat trién cac san
pham khang oxy hoa c6 ngudn gdc tu nhién.

Cic bién doc lap

TPC (mg GAE/g cao chiét)

Nghiém P A Ti l¢ dung Al an N
thire N0l01g do moi/nguyén Nh:(;t do Thm. gtan Thuwe nghiém Du doan
(/0) liéll (mL/g) ( C) (glO’)
1 84 40/1 55 4 86,043 + 0,370k 89,986
2 84 60/1 55 4 103,340 + 0,563¢ 101,954
3 96 40/1 55 4 83,169 + 0,209+ 86,769
4 96 60/1 55 4 96,628 + 0,5574 94,898
5 90 50/1 50 2 85,479 + 1,896k 86,050
6 90 50/1 60 2 77,094 £ 1,209™ 80,327
7 90 50/1 50 6 91,916 £0,317% 90,897
8 90 50/1 60 6 91,092 + 0,646 92,735
9 90 40/1 55 2 92,119 £ 0,634 90,203
10 90 60/1 55 2 85,885 £ 0,0721k 87,663
11 90 40/1 55 6 88,561 + 1,459¢hi 86,242
12 90 60/1 55 6 107,503 £ 0,654° 108,878
13 84 50/1 50 4 90,750 £ 0,965%" 88,741
14 96 50/1 50 4 86,676 + 0,1401 88,517
15 84 50/1 60 4 94,094 + 0,8349f 91,711
16 96 50/1 60 4 80,195 +0,861'™ 81,662
17 90 40/1 50 4 84,705 + 2,805 84,195
18 90 60/1 50 4 103,613 + 1,145¢ 104,739
19 90 40/1 60 4 95,547 £ 0,543% 92,749
20 90 60/1 60 4 93,463 & (0,337%f 92,301
21 84 50/1 55 2 90,815 +2,632f¢ 90,737
22 96 50/1 55 2 79,038 +£0,717™ 75,452
23 84 50/1 55 6 87,303 + 0,546 89,216
24 96 50/1 55 6 95,821 £ 0,7534 94,228
25 90 50/1 55 4 117,406 + 1,554* 118,398
26 90 50/1 55 4 118,479 + 1,051 118,398
27 90 50/1 55 4 119,809 + 0,571 118,398
28 90 50/1 55 4 116,615+ 0,891 118,398
29 90 50/1 55 4 119,679 +0,716* 118,398

Ghi chii: Cdc gid tri ¢6 cdc chik cdi theo sau trong ciing mét cét khdc nhau thi sé khdc biét co Y nghia théng ké 5%.
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Hinh 1. Ham lwgng polyphenol ly trich tir diép c4 & cac diéu ki¢n khio sat don yéu t6
Ghi chi: A-Anh huéng ciia n5ng ¢ ethanol dén ham lwong polyphenol; B-Anh huéng cua ty ¢ dung moi/nguyén liéu
den ham luong polyphenol; C-Anh hwdng ciia nhiét do dén ham lwong polyphenol; D-Anh hudng cua thoi gian dén ham
luong polyphenol tong.
Bang 2. Phan tich ANOVA cia cac yéu t6 dya trén két qua thuc nghiém

Sum of

Source df MeanSquare F-value p-value
Squares
Block 9,26 2 4,63
Model 13.404,46 14 957,46 165,51 <0,0001
A - ndng dd 237,45 1 237,45 41,05 <0,0001
B - 1¢ dung 908,68 1 908,68 157,08 <0,0001
moi/nguyén liéu
C - nhiét dp 33,96 1 33,96 5,87 0,0180
D - thoi gian 669,90 1 669,90 115,80 <0,0001
AB 11,05 1 11,05 1,91 0,1713
AC 72,39 1 72,39 12,51 <0,0001
AD 308,94 1 308,94 53,40 <0,0001
BC 330,51 1 330,51 57,13 0,0007
BD 475,38 1 475,38 82,18 <0,0001
CD 42,88 1 42,88 7,41 0,0082
A? 4.625,20 1 4.625,20 799,53 <0,0001
B? 1.785,47 1 1.785,47 308,64 <0,0001
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Source Sum of df MeanSquare F-value p-value
Squares

C? 4.569,02 1 4.569,02 789,82 <0,0001

D? 4.718,98 1 4.718,98 815,74 <0,0001
Residual 404,94 70 5,98

Lack of Fit 371,34 58 6,40 2,29 0,0586
Pure Error 33,60 12 2,80

Cor Total 13.818,66 86 R?=0,9707 R2,4 = 0,9648 R%pe = 0,9532
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Hinh 2. Mé hinh bé mit dap vng (RSM) ciia quy trinh trich ly polyphenol tir 14 cay Diép ca

Ghi chii: Biéu dé 3D surface plot ciia (4): néng‘dé dung méi fiong tdc véi ty 1é dung méimguyén liéu; (B): nong d¢
dung méi twong tac voi nhiét do trich ly, (C): nong do dung méi twong tdc voi thoi gian trich ly, (D): ty 1é dung
moi/nguyén liéu tiong tac voi nhiét do trich ly, (E): ty Ié dung méi/nguyén liéu twong tac vdi thoi gian trich ly, (F): nhiét

do twong tdac voi thoi gian trich ly.
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84 96
ANBng g5 = B9,661615
@
50 60
C:Nhiét 35 = 54 623006
76,034 1204891
TRC =118, 80661
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BTy I& dung méi/nguyén liéu = 53494932

DiThéigian = 43901176

Desirability = 0,985
Solution 1 out of 1

Hinh 3. Ham ky vong trong mé hinh bé mit dap g

Bing 3. Két qua hoat tinh khang oxy héa ciia cac
cao chiet tir 14 cy diép ca

. IC50 (ng/mL)
Cao chiét DPPH ABTS
Cao chiéttdiwu 113,73+0,37  21,39+0,11

Doi chirng

duong
Vitamin C 4,60 £+ 0,06

Trolox 3,17+0,02
4. KET LUAN

Cay diép c4 1a ngudn duoc liéu c6 nhiéu hoat
tinh sinh hoc déng chu ¥, trong d6 kha nang khang
oxy hoa la mdt dac tinh ndi bat. Trong nghién ciru
ndy, phuong phip bé mit dap ung (Response
Surface Methodology, RSM) két hop vai thiét ké
Box-Behnken dugc ap dung nham ti wu hoéa qua
trinh trich ly polyphenol tir 1a diép ca. Két qua xac
dinh diéu kién trich ly t&i wu gdm ndng do ethanol
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89,66%, ty 1¢ dung moi/nguyén li¢u 53,50 mL/g,
nhiét do 54,62°C va thoi gian 4,39 gio. O diéu kién
nay, ham lugng polyphenol tong (TPC) dy doan dat
119,807 mg GAE/g cao chiét. Két qua thyc nghiém
trong diéu kién nay cho thdy ham lugng polyphenol
1 118,373 + 0,250 mg GAE/g cao chiét va hiéu suét
diéu ché cao chiét dat 18,5%. Cao chiét t6i uu co
hoat tinh khang oxy héa v&i gia tri ICsp lan luot 1a
113,73 pg/mL (DPPH) va 21,39 pg/mL (ABTS™).
Két qua xac nhan mo hinh t6i wu hoa c6 kha ning
du doan tét va cho thiy tiém ning khai thac cao chiét
la diép ca giau _polyphenol. Tuy nhién, nghién ciru
van con mot sd han ché, bao gbm viéc chua dinh
danh céac hop chat hoat tinh cu thé va hoat tinh khéang
oxy hoa méi chi dugc danh gia 6 muc in vitro. Do
d6, cac nghién ciru tiép theo can tap trung xac dinh
thanh phan héa hoc chu yéu bang céac ky thuat phan
tich hién dai nhu HPLC/UPLC va danh gia tac dung
trén cac mo hinh sinh hoc phu hop.
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