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TOM TAT

chp am hoa doi (Nepenthes mirabilis) la loai dwoc liéu voi hoat
tinh sinh hoc da dang, dac biét la tiém ning khdang oxy héa. Trong
nghién ciru nay, phirong phdp bé mdt ddp vmg (RSM) theo mé hinh
Box-Behnken (BBD) da dwge dp dung nham toi wu héa quy trinh
trich ly cao chiét gidu polyphenol va flavonoid co hoat tinh khang
oxy héa. Két qua nghlen cteu cho thay, quy trinh trich ly cao chiét
véi s hé tro clia séng siéu am bang dung moi ethanol sau hai lan
chiét da dat duoc hiéu qua 16i wu. Cu theé, ty lé dung moi/bot duwoc
lieu la 29,57 mL/g, no”‘ng do ethanol la 79,08%, nhiét do trich ly la
61,67°C va thoi gian trich ly la 29,49 phiit. Két qua thuwc nghiém
diwe6i voi diéu kién nay cho thdy, gia tri ICsg trung hoa goc tir do
DPPH la 24,12 £+ 0,89 ug/mL, ham luong polyphenol va flavonoid
lan lwot la 559,06 + 2,43 mgGAE/g cao chiét va 611,73 + 1,97
mgQE/g cao chiét.

Tir khéa: Flavonoid, khang oxy hoa, ndp am hoa déi, polyphenol,
toi uu hoa
ABSTRACT

Nepenthes mirabilis is a medicinal species with diverse biological
activities, particularly its antioxidant potential. In this study, the
Response Surface Methodology (RSM) using the Box-Behnken
Design (BBD) was applied to optimize the extraction process of
total polyphenol and flavonoid content associated with antioxidant
activity. Optimal extraction conditions were achieved after two
cycles, with a solvent-to-material ratio of 29.57 mL/g, an ethanol
concentration of 79.08%, an extraction temperature of 61.67 °C,
and an extraction time of 29.49 minutes. Under these conditions,
the extract exhibited DPPH free radical scavenging activity with
ICsg value of 24.12 £ 0.89 ug/mL, consistent with the polyphenol
and flavonoid contents of 559.06 + 2.43 mgGAE/g and 611.73
1.97 mgQE/g of extract, respectively.

Keywords:  Antioxidant, mirabilis,

optimization, polyphenol

flavonoid,  nepenthes
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1. GIOI THIEU

Trong nhitng nim gan day, stress oxy héa di dan
trd thanh mot trong nhitng nguyén nhan chinh gay
ra nhiéu bénh 1y man tinh, bao gdm cac bénh 1y tim
mach, tiéu dudng, ung thu va cac bénh ly than kinh.
Qua trmh nay xay ra khi c6 sy mit can bang giira
cac gbe tu do va cac chét chong oxy hoa trong co
thé, khién cac gdc tu do tan cong, pha hay cac té
bao, DNA va protein (Jomova et al., 2025). Diéu nay
khong chi gy ton thuong té biao ma con thuc day
qua trinh 130 hoéa va suy gidm chirc nang cua céc co
quan (Liguori et al., 2018). Két qua cac nghién ciru
gan day da chira rang, véi su gia tang 6 nhiém moi
truong, ché d¢ an uong khong lanh manh va cang
thang trong cudc song hién dai, nguy co gip phai
tinh trang stress oxy hoda ngay cang cao (Goshtasbi
etal., 2025; Vincenzo et al., 2023). Trudc thyc trang
nay, viéc tim kiém cac nguén duoc liéu ty nhién cé
kha nang chng oxy hoa manh di tré thanh mot xu
hudng dang chi y trong nghién ciru va ting dung y
hoc (Jomova et al., 2025; Kopustinskiene et al.,
2020). Nhitng duoc liéu ¢6 ngudn gbe tu nhién, dic
biét la tir cac loai thyc vét, dang ngay cang dugc
quan tim nhu mot giai phap tiém ning dé cai thién
stc khoe con ngudi mot cach xanh va sach (Aware
etal., 2022).

Nép 4m hoa ddi (Nepenthes mirabilis) 13 mot
loai dugc liéu ndi bat khong chi nhd vao kha ning
sinh truéng khac bi¢t ma con vi hoat tinh sinh hoa
da dang ctia no, dic biét 1a tiém ning khang oxy hoa
dang mong doi (Thanh et al., 2015; Thao et al.,
2016). Két qua cac nghién ctru da chi ra rang loai
nay chira nhiéu hoat chit sinh hoc, bao gém nhiéu
polyphenol va flavonoid, von ndi bat véi dic tinh
khang oxy hoa, gitip bao vé co thé khoi tac hai cua
cac goc tu do. Ngoai ra, loai nay cling chira nhiéu
hop chét ¢ tiém ning dugc 1y cao, c6 kha ning
khang viém, khang khuan va bao vé  bao (Thanh
et al., 2015; Thao et al., 2016). Tuy nhién, ham
luong cac nhém hop chat co hoat tinh nay trong
chiét xuat cia loai niap am hoa ddi, dic biét l1a

polyphenol va flavonoid lai chiu anh hudng 16n boi
nhiéu yéu t6, bao gom ngudn nguyén liéu, phuong
phap trich ly va diéu kién trich ly (Brglez et al.,
2016). Chinh vi vy, viéc xac dinh chinh xac cac yeu
tb nay tao co s¢ ving chéc cho cac nghién ctru tlep
theo vé tiém nang hoa dugc dang chi y cua loai nap
4m hoa doi.

Dé t6i wu kha nang trich ly cac hop chét c6 hoat
tinh sinh hoc duoc liéu, cac diéu kién trich ly dong
vai trd vo cung quan trong. Cac yéu td nhu dung
moi, nhiét d9, thoi gian trich ly va ty 1€ bot dugc ligu
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can duoc diéu chinh sao cho hiéu qua trich ly dat
mure t6i vu, nhdm thu duge cac hop chét sinh hoc ¢6
hoat tinh tiém nang. Trong d0, viéc 4p dung mo hinh
thiét ké thi nghiém nhu Box-Behnken Design
(BBD) da duoc chiing minh 1la mdt phuong phap
hiéu qua dé t6i wu héa quy trinh trich ly. Mo hinh
BBD gitp t6i thiéu hoa s lugng thi nghiém can thiét
ma van dam bao két qua dang tin cdy (Shao et al.,
2024). Trong nghién ciru nay, m6 hinh BBD dugc
ap dung két hop véi sy hd trg cia song siéu &m vao
viéc téi wu quy trinh trich ly cao chiét tir cdy nap Am
hoa d6i, mot loai cdy c6 tiém nang chng oxy héa
rit cao nhung chwa duoc khai thac nhiéu trong cac
nghién ctru hién tai. Viéc t6i wu hoa qué trinh trich
ly khong chi gitip ting cuong hiéu qua chiét xuat cac
hop chit sinh hoc c6 gia tri ma con nang cao kha
ning tmg dung cua loai ndy trong cac san phim
duoc liéu, my phém va thuc phém chirc nang.

2. PHUONG PHAP NGHIEN CUU
2.1. Héa chét

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 (Sigma-Aldrich, My).
Mot s6 hoa chét khac cta Xllong, Trung Qudc.

2.2. Thu hai va xir Iy miu

Cay ndp 4m hoa dbi tuoi dwoc thu hai vao thang
1 ndm 2023 tai dao Pha Quéc, An Giang, Viét Nam
va cdy da dugc dinh danh béi TS. Nguyén Thi Kim
Hué, B6 mon Sinh hoc, Khoa Khoa hoc Tu nhién,
Pai hoc Can Tho. Nguyén li¢u tuoi sau khi thu hai
dugc siy kho ¢ nhiét 46 55°C trong 48 gio (i sdy
IKA, 2450 W), sau d6 dugc nghién thanh bot (may
nghién bot da niang Xichu, 4500 W) va bao quan &
nhiét 46 dudi 4°C. D6 4m cua duoc lidu duge xéac
dinh theo phwong phap quy dinh trong Duoc dién
Viét Nam V (BO Y té, 2017), véi két qua do dugce 1a
8,08 + 0,39%.

2.3. Pinh hrgng polyphenol toan phin

Thudc thir Folin-Ciocalteu dwgc dung dé xac
dinh ham luong polyphenol téng. Cach tién hanh
nhu sau: 200 pL cao chiét (hodc gallic acid) dugc
pha v&i 200 pL nude cat va 200 pL thude thir Folin-
Ciocalteu, lic déu va 6n dinh trong 5 phit. Sau do,
200 pL dung dich Na,CO3 10% duogc thém vao, lic
déu va u & 40°C trong 30 phut. Do hap thy quang &
budc song 765 nm duge do bang may quang phd vi
phién BioTek Epoch (M¥). Ham lugng polyphenol
duoc tinh theo ham lugng twong duong gallic acid
(mgGAE/g) (Chandra et al., 2014).
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2.4. Dinh lugng flavonoid toan phin

Dua trén nguyén tic do mau phuc ciia AICI; voi
flavonoid, quy trinh thyc hién dugc xac dinh nhu
sau: 200 pL cao chiét (hodc quercetin) dugc thém
vao 200 puL nudc cit va 40 nL dung dich NaNO,
5%, lac déu va dé yén 5 phut. Tiép theo, 40 uL dung
dich AICI; 10% duoc thém vao, lic déu va dé yén
trong 6 phut. Sau d6, 400 pL dung dich NaOH 1 M
va 120 puL nuée ct duoc thém vao, lic déu. Viée do
do hap thu quang & budc song 510 nm dugce thuc
hién bang may quang phd vi phién BioTek Epoch
(M¥). Ham lugng flavonoid dugc tinh theo ham
luong twong duong quercetin (mgQE/g) (Chandra et
al., 2014)

2.5. Kha niing trung hoa goc tw do DPPH

Kha nang trung hoa gbc tw do DPPH dugc thuc
hién theo quy trinh sau: 0,1 mL dung dich DPPH
ndng do 3 x 103 M duoc tron v6i 0,1 mL dich chiét
& céc ndng do khac nhau va dé trong bong i trong
30 phat. Kha ning trung hoa gbc tw do DPPH dugc
xac dinh thong qua viéc theo ddi sy giam do hap thy
quang tai buge song 517 nm bang may quang phd vi
phién BioTek Epoch (My) (Hussen & Endalew,
2023).

2.6. Panh gia tac dong ciia cac yéu to don

Cao chiét ndp 4m hoa d6i dugc trich ly két hop
v6i song siéu am co tan sb 50 kHz, co tich hop bé
diéu nhiét (Lab Companion, UCP-10, 490 W). Khéi
luong bot dugc liéu dugce st dung 1a 1 gram. Dung
mdi trich ly dugc chon la ethanol, do tinh an toan va
phit hop véi xu hudng hoa hoc xanh. S§ 1an trich ly
dugc ¢b dinh 1a hai 1an. Cac yéu t6 don anh huong
dén qua trinh trich ly duoc khao sat lan luot theo thir
tu bao gdm ty 1¢ dung moi/bot duge lidu, nong do
dung moi, thoi gian va nhiét d trich ly. Viéc thu
nghiém khao sat ty 1¢ dung mdi/bdt dugc li¢u dugc
thuc hién & diéu kién nhu sau: néng d6 dung moi
100%, thoi gian trich ly 20 phuat va nhiét d6 trich ly
30°C, trong do, ty 1€ dung mo6i/bot dugce liéu dugce
diéu chinh dé xac dinh diéu kién t6i wu cta yéu t
nay. Diéu kién t6i wu nay duoc ap dung cho khao sat
yéu té don tiép theo. Dich sau khi chiét duoc loc va
c6 dac dudi ap suét 150 - 200 mbar, & nhiét d6 50°C,
bang hé thdng c¢6 quay chan khong Buchi R300 va
dong kho bang méay dong kho Fistek, model
BFD4.5/-50. Ham lugng polyphenol va flavonoid
trong cao trich ly dugc xac dinh, ddng thoi hoat tinh
khang oxy hoa ciing dugc danh gia thong qua kha
ning trung hoa goc tw do DPPH (Khang va
ctv., 2024).
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2.7. Thiét ké mé hinh Box-behnken

Cac diéu kién cu thé dugc ma hoa va dua vao
phin mém Design Expert 12.0. S6 nghiém thirc
xung quanh 1a 24 nghiém thirc. S6 nghiém thirc
trung tam 1dp lai 5 14n va dugc lya chon dya trén cac
két qua khao sat anh hudng cua cac yéu t6 don. Két
qud danh giad dya trén ham lugng polyphenol,
flavonoid va gi4 tri ICso ctia hoat dong trung hoa gdc
tuw do DPPH. Cac nghiém thuc trong mo hinh duogc
thuc hién véi 3 lan lap lai (Khang va ctv., 2024).

2.8. Phin tich thong ké dir li¢u

Tt ca céc thi nghiém dugc lap lai ba lan. Phuong
phap phan tich phuong sai mot chiéu (ANOVA)
trong phin mém Prism phién ban 9.0 (GraphPad
Software Inc., M¥) dugc st dung dé xir Iy thong ké.

3. KET QUA VA THAO LUAN
3.1. Tac dong cua ty 1¢ dung moi/bot dwoc
liéu

Ty 1€ dung moi/bot dugc li¢u c¢6 anh huong truc
tiép dén ca qua trinh trich ly cac hop chét
polyphenol, flavonoid va hoat tinh khang oxy hoa
clia cao chiét nap 4m hoa d6i. Cu thé, két qua cho
thdy sy bién dong rd rét trong ham luong
polyphenol, flavonoid, cling nhu gié tri ICso cua thir
nghiém trung hoa gbc tu do DPPH (Hinh 1A, Hinh
1B va Hinh 1C). Tai ty 1 dung m6i/bot dugc liéu
30:1 mL/g, ham lugng polyphenol va flavonoid dat
mirc cao nhat, lan lugt 1a 477,87 + 1,99 mgGAE/g
cao chiét va 497,49 + 0,92 mgQE/g cao chiét. Dong
thoi, két qua danh gia hoat tinh khang oxy hoa ciing
cho thay gia tri ICso = 35,96 + 0,47 pg/mL. Hién
tugng nay co thé duoc giai thich béi sy khac biét
giita ndng do chit tan va dung méi trong mot khdi
luong mau nhét dinh, tir d6 anh hudng dén qua trinh
chuyén hop chat tir pha ran vao pha 1ong dé dat duoc
trang thai can bang, lam ting ham lugng cac chét
duogc trich ly (Samuagam et al., 2013). Tuy nhién,
khi ty 1¢ dung moi/bdt duoc liéu duge ting 1én 40:1,
ham lugng polyphenol va flavonoid bat ddu giam
dan, dong thoi gia tri ICso ctia hoat tinh trung hoa
DPPH tang 1én, lam giam hoat tinh khang oxy hoa.
biéu nay cé thé do su chénh 1éch gitra cac hop chét
¢6 hoat tinh manh va yéu dugc trich ly khi thé tich
dung mdi ting. Cu thé, vdi ty 1& dung moi/bot dugce
lidu cao, dung moi khong chi hoa tan cac hop chat
¢6 hoat tinh manh ma con dé dang trich ly nhiing
hop chat c6 tac dung yéu, diéu nay co thé lam giam
di ndng do6 cua cac hop chét ¢ hiéu qua khang oxy
hoa cao. Két qua nay ciing tuong dong véi két qua
cua mot nghién ctu khac trén cay hoan ngoc do
(Strobilanthes schomburgkii), khi ti 1€ dung moi/bot
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duoc liéu va hoat tinh sinh hoc ti 1€ thuan vdi nhau
dén mot ti 1€ nhat dinh, sau d6 hoat tinh chiét xuat

giam dan (Khang va ctv., 2024). Vi vay, ty 1¢ dung
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Hinh 1. Tac dong cia cac yéu t6 don dén hiéu qua trich ly polyphenol va flavonoeid ¢ hoat tinh khang

oxy hoa tir loai nap am hoa doi

Ghi chit: Anh huomg ciia ti 1€ dung méi/bot dwoc lidu dén ham heong polyphenol (4), flavonoid (B) va hoat tinh trung hoa
géc tir do DPPH (C). Anh hieéng ciia néng @ dung méi dén ham heong polyphenol (D), flavonoid (E) va hoat tinh trung
hoa géc tiw do DPPH (F). Anh huéng ciia nhiét dé trich ly dén ham heong polyphenol (G), flavonoid (H) va hoat tinh trung
hoa géc twdo DPPH (I). Anh huong cua thoi gian trich Iy dén ham lwong polyphenol (K), flavonoid (L) va hoat tinh trung
hoa géc tr do DPPH (M). Céc két qua digc biéu thi dudi dang trung binh + SD (n = 3) v6i ****: p< 0,0001, ***: p <
0,001, **: p < 0,01, *: p < 0,05 cho thdy si khdc biét vé mdt thong ké so véi diéu kién t6i wu; ns: p > 0,05 cho thdy khong
¢6 s khdc biét vé y nghia théng ké.
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3.2. Tac djng ciia nong dp dung mai

Trong qua trinh trich ly, ndng d6 dung moi doéng
vai trd quan trong trong viéc hoa tan cac hop chét co
hoat tinh sinh hoc; sy thay d6i ndng d6 dung méi c6
thé lam thay d6i mirc do trich ly cac hop chét nay.
O ndng d6 dung moi ethanol 80%, ham luwong
polyphenol va flavonoid dat muc cao nhat, 1an luot
1a 553,57 + 3,69 mgGAE/g cao chiét va 542,76 +
2,92 mgQE/g cao chiét. Pong thoi, két qua danh gia
hoat tinh khang oxy héa ciing cho thay gia trj ICso =
33,99+ 0,87 pg/mL (Hinh 1D, Hinh 1E va Hinh 1F).
Viéc ting ndng do dung moéi ethanol trong qué trinh
trich ly c6 thé thic day kha ning hoa tan cic hop
chat kém phén cyc, gitp cai thién hiéu qua trich ly
cac chat c6 tinh chat hoa hoc dic thi. Nguoc lai, khi
ndng do dung moi ethanol qua thap, kha nang hoa
tan bi han ché, dan dén viéc khong thé trich ly ti da
céc hop chét polyphenol va flavonoid c6 trong bot
dugc liéu. Didu nay lam giam hiéu qua trich ly,
khién ham luong cac hop chat co hoat tinh sinh hoc
cao khong dugc phén tan day du (Lee et al., 2024).
O mot nghién ctru khac trén cdy cdy nuc nac
(Oroxylum indicum L.), két qua twong tu vé kha
ning hoa tan cac hop chit ciing dugc ghi nhan, khi
noéng do ethanol 70% la tdi wu trong nghién ctru
(Anh va ctv., 2022). Do d6, nong d6 dung moi
ethanol 80% da dugc xac dinh 1a ty 1¢ t6i wu cho qua
trinh trich ly trong cac nghién ctru tiép theo, diéu nay
dam bao hiéu qua trich ly cao nhat ma khong lam
giam chit luong cta cac hop chat sinh hoc ¢6 gié tri.

3.3. Tac dong cia nhiét do

Nhiét do trich ly c6 anh huéng dang ké dén hoat
tinh ctia cao chiét ndp 4m hoa déi, chu yéu nho vao
viéc ting cuong kha ning khuéch tan, su chuyén
dong va va cham cua cac phan tr trong dung moi,
cling nhu kha ning hoa tan ciia cac hop chat khi
nhiét d¢ tang, dac biét 1a khi dugc hé trg boi song
siéu 4m. Hon nita, nhiét d6 cao ciing thic ddy qua
trinh ph4 v& mang té bao, tir d6 lam ting cudng kha
ning thdm thiu cia dung méi vao bén trong té bao.
Cu thé, khi nhiét d6 dugc nang tir 30°C 1én 50°C,
ham lugng polyphenol, flavonoid va hoat tinh cua
cao chiét ting dan (Hinh 1G, Hinh 1H va Hinh 1I).
Gia tri ICso dat mirc thdp nht tai nhiét d6 60°C véi
ICso = 28,45 £ 0,45 pg/mL, gid tri ham lugng
polyphenol, flavonoid lan luot 1a 561,87 + 1,68
mgGAE/g cao chiét va 612,75 + 0,37 mgQE/g cao
chiét. Tuy nhién, khi nhiét d6 tiép tuc tang 1én 70°C
va 80°C, hoat tinh lai c6 xu hudng giam dan, véi gia
tri ICso tang 1én, ham lugng polyphenol va flavonoid
giam. Hién tugng nay c6 thé giai thich boi sy phan
huy ctia cac hop chit ¢ hoat tinh tai nhiét d6 qua
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cao (ElGamal et al., 2023). O mot nghién ctru vé tdi
uu héa quy trinh chiét xuat 1a sa ké (drtocarpus
altilis), két qua cho thay nhiét d6 cao hon 70°C ciing
lam phan huy déang ké cac polyphenol va flavonoid
(Lan & Linh, 2022). Do d6, nhiét d6 60°C duogc
chon 1a diéu kién t6i wu dé khao sat cac yéu t6 tiép
theo trong qua trinh trich ly.
3.4. Tac dong ciia thoi gian chiét

Thoi gian 1a mot yéu t6 then chdt can dugc khao
sat trong qua trinh trich ly, béi né khong chi anh
hudng dén hiéu qua chiét xuét céc hop chat co hoat
tinh sinh hoc ma con gitp t6i wu hoa chi phi va nang
suat. K&t qua nghién ctru chi ra rang, khi thoi gian
trich ly duoc kéo dai tir 10 phat dén 30 phit, hoat
tinh khang oxy hoa tang dan, véi gia tri ICso dat mirc
t6t nhat 1a 26,36 + 0,23 pg/mL (Hinh 1K, Hinh 1L
va Hinh 1M), ham lugng polyphenol va flavonoid
lan luot 1a 559,45 + 2,60 mgGAE/g cao chiét va
620,78 + 2,43 mgQE/g cao chiét. Trong sudt giai
doan nay, qua trinh tuong tac giita pha ran va pha
16ng dién ra chi yéu nho vao sy khuéeh tan cac hop
chét tir bot duoc lidu vao dung moi, tién dén trang
thai can bang. Pay 1a giai doan chii yéu ma phan 16n
cac hop chét co hoat tinh dugc trich ly ra. Tuy nhién,
khi thoi gian trich ly tiép tuc dugc kéo dai, ham
luong cac hop chit trong dung dich ting 1én, didu
nay di lam thay doi ndng do cia dung dich thu
nghiém, din dén su giam sut hiéu qua hoat tinh. Cu
thé, khi thoi gian trich ly dugc kéo dai dén 50 phit,
su gia ting ham luong chét trich ly da khong con ty
1¢ thuén véi hoat tinh khang oxy hoa, ma thay vao
d6 gay ra sy giam dén cua hoat tinh. Mic khac, sau
thoi gian nay, ham lugng polyphenol, flavonoid va
hoat tinh khang oxy héa giam dang ké do thoi gian
tiép xtic v6i song siéu 4m kéo dai (Prawira-Atmaja
& Puangpraphant, 2025). Trong mdt nghién ciru
khac vé toi vu kha ning khang viém cua cao chiét,
khi thoi gian chiét dudi tic dong clia song siéu am
vuot qua 15 phut, cac hop chit c6 hoat tinh bét dau
giam dan (Khang va ctv., 2024). Ttr nhirng phan tich
trén, c6 the két ludn rang thoi gian 30 phit 1a khoang
thoi gian t6i wu cho qua trinh trich ly trong nghién
ctru ndy, mang lai hi¢u qua cao nhét trong viéc chiét
xuat cac hop chat c6 hoat tinh sinh hoc.

3.5. Két qua thiét ké mé hinh Box-behnken

Duya trén cac yéu td tac dong dén qué trinh trich
ly cac hop chit polyphenol va flavonoid c6 hoat tinh
khang oxy hoa tir bot dugc lidu cdy nap 4m hoa doi
¢6 hd tro song sidu 4m bang phuong phap bé mit
dap ung da duoc ap dung theo md hinh Box-
Behnken, véi bon yéu t6 A, B, C va D tuong ting
v6i cac yéu t: ty 16 dung moi/bot duge lidu, ndng
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d6 ethanol, nhiét d6 trich ly va thoi gian trich ly. Cac
gié tri ctia bon yéu t6 nay dugc chon sao cho chung
dao dong quanh diém trung tam_ ¢b dinh cua timg
yéu t6 don, mi hoa vao phan mém Design Expert
12.0 theo cic mirc muc thép, trung binh va cao
(Bang 1), tir d6 quy trinh t6i wu hoa qua trinh trich
ly duoc da xay dung (Anh va ctv., 2022; Khang va
ctv., 2024). M6 hinh nghién ctru nay dugc thiét ké
v6i ba nhom dap tmg bé mit doc 1ap, bao gdm: ham
luong polyphenol (mé hinh ky hi¢u la TPC),
flavonoid (m6 hinh ky hiéu la TFC) va hoat tinh
khang oxy héa dua trén phuong phép trung hoa gc
tur do DPPH (m6 hinh ky hiéu la ICso). Sau do, anh
hudng cua cac yéu td don duge xac dinh dong thoi
trén ca ba mo hinh nay va dwa ra diéu kién dé ca ba
mo hinh dat két qua toi vu nhat.

Két qua thuc nghiém thu dugc tir cac nghiém
thirc dugc dé xudt boi phan mém Design Expert
12.0, bao gdm 5 nghiém thirc trung tim va 24
nghiém thirc xung quanh (cac nghiém thirc nay dugc
chia thanh 3 nhom 1dp lai ba lan thanh 87 nghiém
thirc doc 1ap dé tranh sai s6 do cac yéu t6 ngoai lai)
(Khang va ctv., 2024). Cu thé, ham luong
polyphenol, flavonoid thap nhat 1a 453,46 + 2,08
mgGAE/g cao chiét va 404,27 + 1,10 mgQE/g cao
chiét, song song d6 gia tri ICso cao nhét dugc ghi
nhén 13 35,26 £ 0,95 pg/mL. Pic biét, ham lugng
polyphenol, flavonoid cao nhét va gia tri ICsy cua
hoat tinh trung hoa gdc ty do DPPH dat mirc thap
tap trung chi yéu & 5 nghiém thuc trung tam, véi
cac didu kién A: 30 mL/g, B: 80%, C: 60°C, D: 30
phut. Sy khac biét gitra cac nghiém thiric nay va cac
nghiém thirc con lai thé hién o rét ¥ nghia thong ké
(p <0,05).

Bang 1. Gia tri ma héa cac diéu Kién ciia cac yéu
t6 vao phin mém Design Expert 12.0.

Yéu Mikc thAp Mikc trung binh Mikc cao
td =D 0 D
A 20 30 40
B 70 80 90
C 50 60 70
D 20 30 40

Phan mém Design Expert 12.0 da cung cAp két
qua phén tich ANOVA va duoc st dung dé danh gia
md hinh t6i wu hoa nhu trinh bay trong Bang 2. Mirc
d6 khong phu hop véi gid tri p-value ciia Lack of fit
120,1163 (TPC), 0,8064 (TFC), 0,4297 (ICs0) cua ca
ba md hinh dy doan khong coy nghla thng ké (p >
0,05), diéu nay chi ra rang sai s6 ciia mo hinh 1a
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khong dang ké (Anh va ctv., 2022). Hé s6 xac dinh
R?=0,9952 (TPC), 0,9703 (TFC),0,9675  (ICso)
ctia mé hinh du doéan cao hon 0,95, diéu nay chung
minh sy phu hop cao ctia mé hinh voi dit liéu thuc
nghiém va kha nang du doan manh mé ciing dugc
chi ra qua Predicted R? gan voi Adjusted R? (Bang
3) (Pyne & Paria, 2022). Gia tri Lack of fit véi p >
0,05 va R*> 0,8 khé'ing dinh ré“lng mo hinh ¢6 tinh
ung dung thuc té ot va y nghia thuc nghiém cao,
ddng thoi cung ¢ do tin cdy ciia phuong trinh hoi
quy tuyén tinh trong viéc du doan ham luong TPC,
TFC va gié tri ICso cia hoat ddng trung hoa géc tu
do DPPH (Khang va ctv., 2024) . Miac khac, cdc md
hinh ¢6 F-value 16n va p-value < 0,0001, diéu nay
chimg t6 mo hinh c6 sy tuong quan tot voi phén tich
phuong sai va co ¥ nghia thong ké 16 rét (Yén va
ctv., 2022).

Phuong trinh hdi quy c¢6 dang ham béc hai ctia
ham luong polyphenol (mé hinh TPC), phu thude
vao cac yéu t6 doc 1ap nhu ty 1& dung moi/bot duoc
liéu, nong do ethanol, nhiét do va thoi gian trich ly;
ddng thoi, ham lugng polyphenol con chiu sy tac
dong cuia cac tuong tac giita cac yéu to nhu ty 18
dung moi/bot dugc liéu vdi nhiét dg, ty 1€ dung
moi/bdt duge liéu voi nhiét do trich ly va ndng do
ethanol véi nhiét do trich ly (p-value < 0,0001). Két
qua gan nhu twong ddng ciing dugc ghi nhan &
phwong trinh hdi quy ¢6 dang ham béc hai hoat tinh
khang oxy héa dua trén phuong phép trung hoa gbc
tu do DPPH (mo hinh ky hi¢u 1a ICsp). Tuy nhién, &
phuong trinh hdi quy c6 dang ham béc hai cia ham
luong flavonoid (m6 hinh TPC), khéng phu thude
vao cac yéu td doc lap ma chi chiu su tac dong cua
céc tuong tac giita cac yéu td nhu ty 1& dung moi/bot
dugc liéu voi thoi gian, nhiét do voi thoi gian trich
ly (p-value < 0,0001). Bén canh do, cac h¢ so binh
phuong cua cac yéu tb clng the hién y ngh1a théng
ké cao, cho thay rang cac yéu td nay c6 thé tao ra tac
dong phi tuyén tinh d6i voi két qua trich ly. Diéu
nay c6 nghia 1a mdi quan hé giira cac yéu té va két
qua khong phai lc nao cling theo dang tuyén tinh,
ma c6 thé xuét hién cac diém téi uu hodc cuc tri.
Hlen tugng nay dong vai trd quan trong trong viéc
t6i wu hoa quy trinh trich ly, vi nd khong chi giap
hiéu rd anh huong riéng biét cla timg yéu t6 ma con
lam rd cac vai trd cla cac yéu t6 nay khi chung
tuong tac v6i nhau. Két qua mot nghién ctru khac
trén cay hong sim (Rhodomryrtus tomentosa) ciing
ghi nhan két qua twong tac phirc tap ciia cac yéu to
don dén quy trinh chiét polyphenol (Yén va
ctv., 2022).
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Bang 2. Phan tich ANOVA cia cac yéu t6 dua trén két qua thue nghiém trén mé hinh Box-Behnken béi

phin mém Design Expert 12.0.

Source F-value p-value
TPC TFC ICso TPC TFC ICso
Model 1.040,37 163,56 149,00 <0,0001  <0,0001  <0,0001
A-Ti 1€ dung m6i/bot dugce licu 34,31 0,3777 134,40 <0,0001 0,5408 <0,0001
B-Ndng d6 ethanol 145,21 0,0043 300,44 <0,0001 0,9478 <0,0001
C-Nhiét do 331,34 3,77 284,58 <0,0001 0,0563 <0,0001
D-Thoi gian 201,81 6,36 68,39 <0,0001 0,0139 <0,0001
AB 35,43 7,63 20,85 <0,0001 0,0073 <0,0001
AC 185,91 0,2433 60,19 <0,0001 0,6234 <0,0001
AD 0,3039 80,28 1,25 0,5832 <0,0001 0,2668
BC 535,73 10,00 129,48 <0,0001 0,0023 <0,0001
BD 3,62 2,38 116,59 0,0611 0,1275 <0,0001
CD 1,30 177,73 15,08 0,2587 <0,0001 0,0002
A? 4.910,50 788,69 140,87 <0,0001  <0,0001  <0,0001
B? 4.758,05 1.064,51 860,85 <0,0001  <0,0001  <0,0001
C? 5.443,19 849,12 0,1850 <0,0001  <0,0001 0,6685
D? 5.391,93 323,99 40,02 <0,0001  <0,0001  <0,0001
Lack of Fit 1,87 0,7157 1,14 0,1163 0,8064 0,4297

Phuong phéap phén tich hoi quy dbi véi cac sb
liéu thyc nghiém duoc thyc hién thong qua phé“m
mém Design Expert 12.0, v6i 87 nghiém thirc dugc
xdy dyng dya trén mo hinh Box-Behnken. Két qua
thu dugc tr mo hinh da thic bac hai dy doan cac gia
tri toi wu véi mdi quan hé gitra cac yéu t6 khao sat
duoc mo ta nhu sau:

TPC = 562,10 +2,57A - 5,28B + 7,98C +
6,22D - 4,52AB - 10,35AC + 0,4183AD - 17,56BC
- 1,44BD - 0,86CD - 41,76A2 - 41,10B2 - 43,96C2 -

43,76D2.

TFC=614,77 + 1,36A + 0,15B +4,31C +
5,60D +10,62AB - 1,90AC +34,44AD - 12,15BC
+5,93BD - 51,24CD - 84,77A? - 98,48B” -
87,95C? - 54,33D?.

ICs0=26,00 + 1,18A + 1,77B - 1,72C + 0,84D
+0,81AB - 1,37AC - 0,20AD - 2,01BC - 1,91BD +
0,69CD + 1,65A% + 4,07B? - 0,06C* + 0,88D?.

Bing 3. Hé s6 xac dinh ciia cic md hinh héi quy

TPC TFC ICso
R?2 0,9952  0,9703  0,9675
Adjusted R? 0,9943  0,9644  0,9610
Predicted R? 0,9929  0,9545  0,9499

Mo hinh bé mit dap tmg (RSM) 1a mot phuong
phap thong ké manh mé duoc sir dung dé tdi uu hoa
quy trinh trich ly (Veza et al., 2023). Cac biéu do
duong quanh (contour plot) va biéu dd bé mat 3
chiéu (3D surface plot) trong RSM 1a cong cu tryc
quan gitip danh gia mdi quan hé giita cac yéu td va
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két qua trich ly (Yén va ctv., 2022). Cu thé, cac biéu
d6 contour thé hién mdi quan h¢ giira hai yéu to dau
vao va két qua trich ly. Bleu d6 nay gitp xac dinh
diém t6i wu cua céac yeu t6 dé dat dwoc muyc tiéu toi
da. Pong thoi, cac bleu d6 bé mat 3 chiéu 3D

surface plot) cung cép cai nhin sdu sic hon vé su
tuong tac ba chiéu giita ba yéu té va két qua trich ly.
Nhirng bé mat ¢6 giao dong 16n trong cac biéu dd
nay cho thay sy trong tac gilta cac yéu t6, gitp nhan
dién cac diéu kién t6i wu cho qua trinh trich ly.

Mau sic trén bé mit biéu d6 bé mat 3 chiéu (3D
surface plot) co sy chuyén ddi cho thay sy gia ting
gia tri cia truc Z (dai dién cho cac muyc tiéu t6i wu
nhu ham lugng polyphenol, flavonoid va kha nang
trung hoa gbe tw do DPPH). Cu thé, trong Hinh 2,
su bién d6i ham lwong polyphenol dugc thé hién rd
qua sy thay d6i mau sic ciia bé mat dap tmg, tir vang
sang hong va cudi cing chuyén sang xanh duong khi
ham luong polyphenol tang dan. Tuong tu, trong
Hinh 3, mau sic cua bé mat dap ting chuyén tir hdng
sang do va sau do6 sang vang khi ham luong
flavonoid tang. D6i voi Hinh 4, sy thay doi mau sic
bé mit dap tmg tir vang sang d6 va cudi ciing 1a tim
cho thay gi4 tri ICsy thdp nhét, thé hién hiéu qua
trung hoa goc tu do DPPH tdi wu nhit trong quéa
trinh trich ly.

C6 thé théy, su thay dbi cac yéu tb don c6 tac
dong phi tuyén tinh dén ket qua trich ly, vdi cac
diém tdi wu hodc cyc tri xuat hién trong khong gian
thiét ké. Dleu nay cung cép co so khoa hoc dé ti uu
hoa cac yéu to dau vao trong mo hinh, tir 46 nang
cao hiéu qua trich ly. Thém nira, két qua ciing cho
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thdy phwong phap chiét xuit c6 hd trg song siéu am viée t6i wu hoa cac thong sb nay c6 thé lam tang hiéu
thé hién sy phu thudc phuic tap va rd rét hon gitia suat chiét flavonoid va polyphenol, ciing nhu cai
cac thong so. Cac biéu do bé mit ciing chi ra rang thién kha nang trung hoa goc tw do DPPH.

TPC (mgGAE/g) - TPC (MgGAE/g)

TPC (mgGAE/g)

“ 2 2 30 3 “o ) 7 0 8
X: A Tilg dung moi/bot dudc ligu (mL/g) X: B: Nong do ethanol (%)
¥: D: Thof gian (phut) ¥:C: Nhigt 46 (*C)

2 0 3
X: A: Tilé dung moi/bot duc lieu (ml/g)
Y:B: Nong do ethanol (%)

TPC (mgGAE/g)
TRC (mgGAE/g)

5
ACTi1é dung méifbdt duoe lidu (mL/g)

I

TPC (MgGAE/g)

60 K 25 0 3
X: C: Nhigt do (*C) X: A: Tilé dung moi/bot dudc liu (mL/g)

X: B: Nong do ethanol (%)
Y: C: Nhiét do (°C)

¥:D: Thes gian (phit) Y: D: Thesi gian (phat)

TPC (mGAE/g)
TPC (mgGAE/g)
TPC (mgGAE/G)

D:Thé gian (phit)

p ~ . o8
O

&
55

8:Nng d ethanol (%) B o
, C: Nhigt d (‘) 50

8: Nong do ethanol (%)

Hinh 2. Mé hinh bé mit dap wng (RSM) ciia quy trinh trich ly polyphenol tir loai nip Am hoa déi
Ghi chii: Biéu dé contour (4) va 3D surface plot (D) ciia ti ¢ dung méi/bét diege liéu tirong tdc véi nong dg ethanol. Biéu
@6 contour (B) va 3D surface plot (E) ciia ti 1é dung méi/bot duwoc liéu twong tac véi thoi gian trich ly. Biéu dé contour
(C) va 3D surface plot (F) ciia nong dg ethanol tieong tac véi nhiét dg trich ly. Biéu dé contour (G) va 3D surface plot (K)
clia nong d¢ ethanol tiwong tdc voi thoi gian trich ly. Biéu dé contour (H) va 3D surface plot (L) ciia nhiét dé trich ly twong
tae véi thoi gian trich ly. Biéu dé contour (I) va 3D surface plot (M) ciia ti 1¢ dung méi/bét duwge lidu twong tdc voi nhiét
do trich ly.
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B C
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C: Nhige d6 (C)
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 Nhiét 66 (°C)

Hinh 3. Mé hinh bé mit dap vng (RSM) ciia quy trinh trich ly flavonoid tir loai nip 4m hoa déi
Ghi chii: Biéu do contour (4) va 3D surface plot (D) ciia ti ¢ dung méi/bét dirge lidu tirong tdc véi nong dg ethanol. Biéu
dé contour (B) va 3D surface plot (E) ciia ti 16 dung méi/bét dwoce lidu twong tac véi nhiét dg trich ly. Biéu dé contour (C)
va 3D surface plot (F) cua ti 16 dung méi/bot duge liéu tuwong tdc voi thoi gian trich ly. Biéu do contour (G) va 3D surface
plot (K) ciia ndng d¢ ethanol twong tdac véi nhiét @g trich ly. Biéu dé contour (H) va 3D surface plot (L) ciia néng dg
ethanol tiong tac voi théi gian trich ly. Biéu dé contour (I) va 3D surface plot (M) ciia nhiét dg trich ly twong téc voi thoi

gian trich ly.
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Hinh 4. Mé hinh bé mit dap vng (RSM) ciia quy trinh trich ly cao chiét c6 kha ning trung hoa goc tu
do DPPH tir loai nip 4m hoa déi

Ghi chii: Biéu dé contour (A) va 3D surface plot (D) ciia ti 16 dung méi/bét diege liéu tirong tdc véi nong dg ethanol. Biéu

dé contour (B) va 3D surface plot (E) ciia ti 16 dung méi/bét dirge liéu twong tdc véi nhiét do trich Iy. Biéu dé contour (C)

va 3D surface plot (F) cua ti 16 dung méi/bot duge liéu tuwong tdc voi thoi gian trich ly. Biéu do contour (G) va 3D surface

plot (K) ciia nong d¢ ethanol twong tac véi nhiét dg trich ly. Biéu do contour (H) va 3D surface plot (L) cia nong dg

ethanol tuong téc véi thoi gian trich ly. Biéu do contour (I) va 3D surface plot (M) ciia nhiét do trich ly twong téc véi thoi

gian trich ly.
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ATi I8 dung méi/bét dugc liéu = 29.5721

50 70

C:Nhiét dé = 61.6721
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IC50 = 25.5259
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70 90

B:Néng dé ethanol = 79.0793

20 40

D:Thdi gian = 29.4945

,..-—."‘7

403.53 636.77

TFC = 612.321

Desirability = 0.901
Solution 1 out of 1

Hinh 5. Him ky vong trong mé hinh bé mit dap g

Ham ky vong duoc xay dung dua trén cac h¢ )
hdi quy trong m hinh b& mat dap tmg. M6 hinh nay
dua trén cac nghiém thic thyc nghiém, véi cac hé
sO xac dinh d6 anh hudng cua timg yéu td va su
tuong tac gitta chiing (Hinh 5). Dua trén cac két qua
tir phan mém Design Expert, phu’ong an ti uu cho
qué trinh trich ly cao chiét giau polyphenol va
flavonoid c6 hoat tinh khang oxy héa tir loai nap 4m
hoa do6i dugc xac dinh nhu sau: ty 1€ dung moi/bot
duoc ligu 1a29,57 mL/g, néng d0 ethanol 1a 79,08%,
nhiét do trich ly 1a 61,67°C va thoi gian trich ly 1a
29,49 phut. Voi nhing diéu kién nay, gia tri ICso
trung hoa géc tu do DPPH dy doan 1a 25,53 pg/mL,
ham luong polyphenol va flavonoid lan luot 1a
562,06 mgGAE/g cao chiét va 612,32 mgQE/g cao
chiét. Két qua thuc nghiém cho thay gia tri ICso
trung hoa géc tu do DPPH 1a 24,12 + 0,89 pg/mL,
ham luong polyphenol va flavonoid lan luot 1a
559,06 + 2,43 mgGAE/g cao chiét va 611,73 + 1,97
mgQE/g cao chiét (két qua dugc biéu thi dudi dang
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trung binh = SD (n = 3) véi p > 0,05 cho thay khong
su khac biét vé& mit thong ké so v6i két qua du doan
cua mo6 hinh). Bén canh do, viéc véi mot nghién ctiru
khac trén loai nay cho thay khi phuong phap ngdm
dam, mot phuong phap truyen thong trong trich ly
dugc lidu duge dung dé chiét xuat cao chiét, ham
lugng polyphenol va flavonoid 1an lugt 14 538,20 +
8,05 mgGAE/g cao chiét va 367,08 + 7,22 mgQE/g
cao chiét, thap hon dang ké so véi cao chiét sau qua
trinh t6i wu hoa (Thanh va ctv., 2025). Diéu nay c6
thé cho thdy quy trinh trich ly tdi wu dwoc dé xuat
khong chi ¢6 hiéu qua cao hon ma con ¢6 tiém ning
mg dung quy md cong nghiép, gitp tiét kiém chi
phi, giam thoi gian trich ly va nang cao hi¢u qua
san Xuat.

4. KET LUAN

Nip 4m hoa d6i (Nepenthes mirabilis) 1a loai
dgqc liéu véi hoat tinh sinh hoa da dang, dac biét 1a
tiém nang khang oxy hoa. Trong nghién ctru nay,
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phuong phap t6i rru hoa bé mat dap ung (RSM) theo
thiét ké Box-Behnken di dugc tmg dung nham tdi
wu quy trinh trich ly cao chiét giau polyphenol va
flavonoid co hoat tinh khang oxy hoa. Két qua cho
thdy quy trinh trich ly hai 1an bang ethanol ¢6 h trg
siéu am cho hiéu suét chiét xuat t6i wu véi cac didu
kién chiét: ty 1& dung moi/bot duge lidu 1a 29,57
mL/g, ndng do ethanol 1a 79,08%, nhiét do trich ly
la 61,67°C va thoi gian trich ly 1a 29,49 phuat. Véi
nhitng diéu kién nay, gi4 tri ICs trung hoa gbc tw do
DPPH dy doén 1a 25,53 pg/mL, ham luong
polyphenol va flavonoid lan luot 1a 562,06
mgGAE/g cao chiét va 612,32 mgQE/g cao chiét.
Két qua thyc nghiém dudi véi diéu kién nay cho
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