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TOM TAT

Nham khai thic polyphenol ¢6 hoat tinh sinh hoc tir ld o rimg (Psidium
guajava L.), nghién ciru img dung chiét xudt long dp sudt cao (PLE) két “hop
phuong phap bé mdt ddp vmg (RSM) voi thiét ké tam xoay (CCD) dé t6i wu
héa dong thoi ham lwong polyphenol tong (TPC), hoat tinh DPPH va ikc ché
a-glucosidase (IC50). Ba yéu 16 khdo sat gom nong do ethanol (34,75-
65,25%), nhiét d¢ (64,75-95,25 °C) va thoi gian chiét (2,375-17,625 phiit).
Cdc mé hinh bdc hai cé y nghia thong ké (p < 0,0001), véi lack-of-fit khong
6 y nghia (p > 0,05). Diéu kién toi uu gom 49,03% ethanol, 79,58 °C va 9,21
phiit (ham mong muon 97,6%). Khi @6, TPC, DPPH va ICs thuc nghiém ldn
lwot dat 240,113 * 3,792 mg GAE/g chat kho, 408,831 + 8,425 mg TE/g chat
khéva 3,146+ 0,387 ug/mL. Phdn tich twong quan Pearson va phdn tich thanh
phan chinh (PCA) cho thdy TPC tirong quan thudn véi DPPH (r = 0,94) va
nghich v6i ICsy (r = —0,95). Két qud cho thdy tiém néng vmg dung PLE dé thu
nhdn polyphenol ¢6 hoat tinh sinh hoc tit lé 6i rimg.

Tir khéa: Chiét xudt long dp sudt cao, hoat tinh trung hoa goc tie do, hop
chdt phenolic, Id 6i rieng, phwong phdp bé mdt dap iing, tiem ning khdang
dai thao dwong

ABSTRACT

To recover bioactive polyphenols from wild guava (Psidium guajava L.) leaves,
this study employed pressurized liquid extraction (PLE) combined with response
surface methodology (RSM) using a central composite design (CCD) to
simultaneously optimize total phenolic content (TPC), DPPH radical-
scavenging activity, and o-glucosidase inhibitory activity (ICsq). The effects of
ethanol concentration (34.75-65.25%), extraction temperature (64.75-95.25
°C), and extraction time (2.375-17.625 min) were investigated. The quadratic
models were statistically significant (p < 0.0001), with nonsignificant lack-of-fit
(p > 0.05). The optimal extraction conditions were 49.03% ethanol, 79.58 °C,
and 9.21 min, with an overall desirability of 97.6%. Under these conditions, the
experimentally determined TPC, DPPH activity, and a-glucosidase inhibitory
1Cso were 240.113 + 3.792 mg GAE/g dry weight, 408.831 + 8.425 mg TE/g dry
weight, and 3.146 +0.387 ug/mL, respectively. Pearson correlation analysis and
principal component analysis (PCA) revealed a positive correlation between
TPC and DPPH activity (r = 0.94) and a negative correlation between TPC and
ICso (r = -0.95). These findings highlight the potential of PLE for recovering
bioactive polyphenols from wild guava leaves.

Keywords: Antidiabetic potential, phenolic compounds, pressurized liquid

extraction, Psidium guajava leaves, radical scavenging activity, response
surface methodology

173



Tap chi Khoa hoc Dai hoc Can Tho

1. GIOI THIEU

La 6i rimg (Psidium guajava L.), 1 nguyén liéu
dugc s dung trong y hoc dén gian cho nhiéu myc
dich khac nhau, bao gom diéu tri tiéu chay, cai thién
céc r6i loan da day va hd tro kiém soat dudng huyét
& nguoi mic bénh dai thdo dwong. Mot so nghién
clru gan day cho thay, 14 6i rimg giau cac hop chat
polyphenol, trong d6, cac thanh phan chinh gom
gallic acid, catechin, rutin, quercetin, apigenin,
quercitrin, vitexin va apigenin-7-O-D-
glucopyranoside (Nguyen et al., 2022; Nguyen et
al., 2023), ciing nhu cac hop chat chlorophyll va
carotentoids (Nguyen et al., 2023). Pdng thoi, cao
chiét 14 6i rimg thé hién hoat tinh khang oxy hoa va
hd tro 6n dinh dudong huyet tiém ning (Nguyen et
al., 2017). Piéu do cho thdy, day 1a ngudn nguyén
heu tu nhién c6 tiém ning ung dung trong hd trg
kiém soat duong huyét trong bénh dai thao duong.

Phwong phap chiét xuit co hd trg song siéu 4m
(UAE) da duogc ap dung trong cac nghién ctru trude
nham thu nhan cic hop chat nay tir 1a 6i rimg voi
hiéu suit tét va tinh than thién voi moi truong
(Dang et al., 2024). Tuy nhién, hiéu qua chiét van
phu thudc manh vao diéu kién va phuong phép chiét
xuat. Vi vdy, trong nghién ctru ndy, phuwong phap
chiét xudt long 4p sudt cao (Pressurized Liquid
Extraction - PLE) dugc lya chon dé tiép tuc khao
sat va toi wu hoa cac diéu kién chiét xuat xanh. PLE
cho phép tang cuong kha nang khuéch tan dung moi,
rt ngén thoi gian chiét va nang cao hiéu suét thu hdi
cac hop chat phenolic, qua d6 huéng t6i thu duoc
dich chiét 14 6i rimg giau hoat tinh chéng oxy hoa
va chéng dai thio duong (Chemat et al., 2020;
Lefebvre et al., 2021; Le et al., 2024).

Phuong phap bé mat dap ung (Response Surface
Methodology — RSM) dugc str dung rong rai dé thlet
ké, phan tich va du doan céac diéu kién chiét xuét t6i
vu, nho kha nang danh gia dong thoi sy tuong tac
giita cac bién, vuot tréi hon so véi phuong phép
khao sat timg yéu t6 riéng 1¢ (Koraqi et al., 2023).
Trong do, thiét k& tim xoay (Central Composite
Design — CCD) 1a mot cong cu thdng ké hi¢u qua
gitip xay dung mo hinh dy doan va 1am & mdi quan
hé giira cac yéu td anh huong dén qua trinh chiét.

Muc tiéu ciia nghién ctru nay 1a xac dinh ndng
d6 ethanol, nhiét do va thoi gian chiét xuat cac hop
chat polyphenol c6 hoat tinh chéng oxy hoa va kha
ning tc ché o-glucosidase tir 14 6i rimg (Psidium
guajava L.) bang phuong phap chiét xuit long ap
suat cao (PLE). Thong qua CCD, cac thong s0 bao
gdm ndng do ethanol, nhiét d6 va thoi gian chiét
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xuat dugc t6i wu hoa duya trén ham luong polyphenol
téng, hoat tinh chdng oxy hoa va kha ning tc ché a-
glucosidase.

2. PHUONG PHAP NGHIEN CUU

2.1. Vit li¢u va thiét bi nghién ciru

Folin - Ciocalteu, natri cacbonat, natri
bicacbonat, quercetin, gallic acid, Trolox, DPPH, p-
nitrophenyl-a-D-glucopyranoside, a-glucosidase va
methanol dugc mua tir Sigma-Aldrich (St. Louis,
MO, USA). Acetic acid, ethanol dugc cung cép boi
Xilong Scientific Co., Ltd (Guangdong, Trung
Qudc). Cac héa chét va thube thir khac dat tiéu
chuén phan tich, bao g6m NaNO;, AICl;, NaOH,
NazHPO4, NaH2PO4.2H20, CaClz, 3,5-
dinitrosalicylic acid (DNS), kali natri tartrat
(KNaC4H406-4H20).

L4 6i rung (Psidium guajava L) dugc thu hai 1a
14 6i gia (14 thir 3 tinh tir bap 14 tré xudng) tai rimg
huyén M’Drak, tinh Pk Lik vao thang 12 nim
2023. La 6i sau khi thu hai dugc lya chon nhitng 14
khong bi sau bénh va rira sach, dé rao va sy kho
trong bang tii siy ddi luu & 50 °C dén khi ham luong
d6 4m <9 % (Nguyen et al., 2022). Tiép theo, mau
kho dugc nghién thanh bot min bang may nghién,
bot nghién qua riy duong kinh 2 mm va dugc bao
quan trong hp kin & -20°C dén khi tién hanh céc thi
nghiém tiép theo.

2.2. Phuong phap nghién ctru

2.2.1. Chiét xudt long ap sudt cao (PLE)

Bot 1a 6i rimg 1,5 g va 10 g cat dugc can, nhoi
vao 6ng chiét cua thiét bi Speed Extractor Buchi-
E916. Ty 18 nguyén liéu/dung méi dugc cb dinh &
mirc 1/10 (g/mL). Pé dam bao hé dung méi dugc
duy tri hoan toan ¢ pha 16ng trong khoang nhiét do
khao sat (64,75 + 95,25°C), 4p suét hé thong dugc
van hanh c¢b dinh & 130 bar (Hirondart et al., 2020;
Visnjevec et al., 2024). Viéc ¢d dinh ap suét tinh
nham loai trir thong s6 nay khoi khong gian tdi uu
hoa, do dong hoc khuéch tan polyphenol trong pha
long khong chiu sy chi phdi ¢6 ¥ nghia boi sy bién
thién ap suat (Santos et al., 2012). Cac thong sé khao
sat dong gém nhiét 3o, néng d6 ethanol va thoi gian
chiét duoc thiét 1ap theo thiét ké bé mat dap ung tai
Bang 2. Dich chiét thu nhan dugc luu trit & -20°C
cho cac phan tich tiép theo.

2.2.2. Phdn tich cac chi tieu hoa hoc va hoat

tinh sinh hoc

~ Cac chi ti€u theo ddi: Ham luong polyphenol
tong so (TPC), hoat tinh trung hoa goc ty do DPPH
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va kha nang uc ché a-glucosidase cuia chiét xuét 14
0i rung.
2.2.3. Thiét ké thi nghiém

Thiét ké thi nghiém kiéu tim xoay (Central
Composite Design — CCD) bang phuong phap bé
mat dap ing (RSM) duoc st dung dé xay dung m6
hinh thyc nghiém véi ba yéu té va nam mtc: ndng
do ethanol (34,75 + 65,25% trong nudce cét), nhiét
do chlet xuét (64,75 + 95,25°C) va thoi gian chiét
xudt (2,375 + 17,625 phat) dugc xéac dinh tir cc thi
nghiém khéao sat don yéu t6. Tong s 20 nghiém
thirc dugc thyc hién theo Bang 2. Phin mém Théng
ké (Design Expert 12) dugc st dung dé thiét ké thuc
nghiém. Phuong trinh phan hdi bac hai toan hoc nhu
sau: 'Y = BO + leBXI + Zl kBuX + Z lk1
Y=t BiiXi Xj; trong do Y dai dién cho gia tri dap
img, bao gobm TPC, hoat tinh trung hoa goc tu do
DPPH, ciing nhu kha ning trc ché a-glucosidase. Bo
dai dién cho hé b chan ctia mo6 hinh, trong khi Bi,
Bii va Bij biu thi cac hé sb tuyén tinh, bac hai va
tuong tac, twong Gmg. Xi va Xj dai dién cho bién ma
hoa doc 1ap, voi k 1a s6 luong bién.

2.2.4. Xir Iy 56 liéu

Phan tich duoc thuc hién & ba lan 1ap lai va céac
két qua thuc nghiém dugc ldy gia tri trung binh véi
d6 1éch chudn tuong tng cua ching. Két qua t6i vu
hoa chiét xuat dugc danh gia bang phan mém thong
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ké (Design Expert 12, Stat-Ease Inc., Minneapolis,
USA). Dit li¢u thuc nghiém phu hgp véi mo hinh da
thirc bac hai va cac hé s hdi quy. Y nghia cia mé
hinh toan hoc dugc xé4c thuc bang phan tich phuong
sai (ANOVA), cho phép xéc dinh cac hé sb hdi quy
tuyén tinh, bac hai va tuong tac cho mdi phan héi. Y
nghia thong ké cua tat ca cac hang da thirc duoc danh
gia bang cach tinh toan gia tri F & x4c suét (gia tri P)
1a 0,05. Piém t6i wu dugc xac dinh thong qua tng
dung v6i muc tiéu toi da hoa tat ca cac phan hoi. Phan
tich thanh phan chinh (PCA) dugc thuc hién bang
phan mém Origin 2025b va v& bang phan mém R.

Bang 1. Chi tiéu va phuwong phap phan tich
Chi tiéu

Phwong phap phén tich
Phuong phéap so mau vdi gallic
acid lam chat chuan, thuoc thur

TPC (mg Folin-Ciocalteu nhu chat oxy

GAE/g ck) hoa, xac dinh mau tai budc
song 765 nm (Nguyen et al.,

2022)
DPPH (mg P%luongAphap Xac fhnh hoat
TE/g ck) tinh chong oxy héa DPPH
(Nguyen et al., 2022)
Hoat t}nh e Phuong phap xac dinh hoat
ché a- P X .
. tinh {rc ché a-glucosidase
glucosidase

(ICso, pg/mL) (Nguyen et al., 2022)

Bang 2. So' dd b tri thi nghiém mi héa cac bién doc 1ap theo thiét ké RSM - CCD

Bién thue

Bién ma hoa

STT Nong d Nhiét 49, X,

Thoi gian, X3

Ethanol, X, (%) (°C) (phiit) Ui U2 Us

1 40 70 5 -1 -1 -1
2 60 70 5 +1 -1 -1
3 40 90 5 -1 +1 -1
4 60 90 5 +1 +1 -1
5 40 70 15 -1 -1 +1
6 60 70 15 +1 -1 +1
7 40 90 15 -1 +1 +1
8 60 90 15 +1 +1 +1
9% 34,75 80 10 -a 0 0
10* 65,25 80 10 +a 0 0
11* 50 64,75 10 0 -a 0
12% 50 95,25 10 0 +a 0
13* 50 80 2,375 0 0 -a
14* 50 80 17,625 0 0 +a
15¢ 50 80 10 0 0 0
16° 50 80 10 0 0 0
17¢ 50 80 10 0 0 0
18 50 80 10 0 0 0
19¢ 50 80 10 0 0 0
20° 50 80 10 0 0 0
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Bang 3. Diéu kién thi nghi¢m cho thiét ké RSM - CCD va két qua vé TPC, hoat tinh chéng oxy hoa
DPPH va trc ché a-glucosidase ctia chiét xuat 14 0i rirng

Cac mure khao sat

Cac muc tiéu

Stt 1;‘;1‘;%131" Nhigt 39, Thoi gian, TPC, Y, DPPH, Y, glu‘cr;sgl‘zs‘:' v
) 0, 2 2+ 43

X, (%) X, (°O) X3 (phut) (mg GAE/g ck) (mg TE/mg ck) (ICs0, ng/mL)

1 40 70 5 197,295+ 1,477  311229+7.467 4,662+ 0,065
2 60 70 5 191,800 + 1293  293.564+2.496 4,675+ 0,058
3 40 90 5 197,498 + 1,309  331372+9.564 4,680+ 0,026
4 60 90 5 202,063+ 1,791 319,186+ 5429 4,609 + 0,062
5 40 70 15 190,159+ 3,058 338,158+ 12,798  5.400+ 0,071
6 60 70 15 180,789+ 2279  310.634+5509  5482+0,103
7 40 90 15 176,768 £ 3,394  289.697+4.759 6,043 +0,108
8 60 90 15 179,599 + 4262 263,402+3,072 6,098 + 0,074
9% 3475 80 10 209,076 2,600 365,701 £3391 4,248+ 0,061
10+ 6525 80 10 202,043 2,861  344478+5574 4,196+ 0,030
11% 50 64,75 10 205,644 £3,695 335,793+ 10,683 4313 +0,064
12% 50 9525 10 207,571 +£2,832  300.648+4392  4.856+0,073
13% 50 80 2,375 204,190 £ 5,669 304,634+ 12,918 4,742+ 0,044
14% 50 80 17,625 175,383 +£2,591  282.611+13,039 6,336+ 0,049
15¢ 50 80 10 242,768 £ 1,939 414,981 +1939  3.276+0,084
16¢ 50 80 10 243224+3,061 413.899+6418  3,298+0,031
17¢ 50 80 10 241,160 £2,757  424,105+5564  3,319+0,150
18¢ 50 80 10 243,198 + 1,567 414,757+ 12,795  3,331+0,051
19¢ 50 80 10 241,489 +£2373 415224+6896  3,298+0,106
20° 50 80 10 243301 4,565 423,014+8591 3,329+ 0,059

Chit thich: Dit lidu dwoc biéu thi dudi dang trung binh = SD (n = 3); Thi nghiém 1-8: Cdc diém thi nghiém cia

thiét ké toan phan * Diém truc; c: Piém trung tam; TPC: tong ham lwong phenolic; GAE: twong dwong gallic acid;
ICso: Nong dp mdu can thiét dé irc ché 50% hoat tinh ciia enzyme o-glucosidase; ck: chit khé

3. KET QUA VA THAO LUAN
3.1. 3.1. Mé hinh héa va phan tich thong ké
qua trinh chiét xuit polyphenol bing

phwong phiap RSM - CCD

Thiét ké tim xoay (CCD) trong khudn kho RSM
dugc sir dung dé mo hinh hoa anh huong ddng thoi
ctia ndng d6 ethanol (X;: 34,75 + 65,25%), nhiét do
chiét (X»: 64,75 + 95,25°C) va thoi gian chiét (Xs:
2,375 = 17,625 phut) dén ba ham muc tiéu: Ham
lugng polypenol tong sb (TPC, mg GAE/g ck), hoat
tinh trung hoa gbc tw do DPPH (DPPH, mg TE/g ck)
va kha ning trc ché a-glucosidase (ICso, pg/mL).
Céc nghiém thuc (20 diém) cho thdy ham muc tiéu
bién thién rong: TPC 175,383 + 2,591 dén 243,301
+ 4,565 mg GAE/g ck; DPPH 263,402 + 3,072 dén
424,105 £ 5,564 mg TE/g ck va gia tri ICso 3,276 +
0,084 dén 6,336 + 0,049 pg/mL, phan anh mirc nhay
cao cua qua trinh PLE véi diéu kién vén hanh, phu
hop véi cac nghién ctru PLE trén nguyén liéu giau
polyphenol khac nhu ba nho, 14 tra xanh va 14 mudp

176

déng (Pereira et al., 2019; Le et al., 2024; Rocha et
al., 2025).

Phan tich phuong sai (ANOVA) xac nhan mo
hinh béc hai c6 ¥ nghia théng ké cho ca ba ham muc
tiéu (p < 0,0001), dong thoi lack-of-fit khong co y
nghia (p > 0,05), cho thidy mé hinh phu hop véi dir
liéu thyc nghiém. Cac chi s R? cao va CV thép cho
thidy do chinh xac va tinh lap lai tét: TPC R2 =
0,9978; CV = 0,77%; Adeq Precision = 57,1967;
DPPH R?=0,9891; CV = 2,25%; Adeq Precision =
28,5949; ICso R? = 0,9995; CV = 0,67%; Adeq
Precision = 142,9699 (Bang 5), cho thiy mé hinh c6
d6 chinh x4c va kha nang dy bao tét, dap Gmg cac
tidu chi danh gia mo hinh RSM da dugc khuyén nghi
trong nghién ctru t6i wu hoa chiét xuét cac hop chét
tr thyc vat (Montgomery, 2017; Sarker & Nahar,
2024). Pang cha y, R? dy doan phu hop véi R2 diéu
chinh (d9 chénh léch nho hon 0,2), ciing ¢6 kha ning
str dung md hinh dy doan ti wu cho thuc té.

Bén canh d0, cac biéu dd chin doan md hinh
(Hinh 1) phan anh chi ti€t va toan dién dd tin cay
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ctia phuong trinh hdi quy. Biéu d6 xac suat chuin
ctia phan du (Normal Plot of Residuals) (Hinh 1a,
1d, 1g) cho thay cac diém dir liéu phan bd bam sat
duong thing, xac nhan sai sb tuan theo phan phdi
chuin. Pong thoi, biéu dd phan du theo gia tri du
doan (Residuals vs. Predicted) (Hinh 1b, le, 1h) thé
hién sy phan tan hoan toan ng?iu nhién, khong tao
thanh quy luat hinh hoc cu thé (hinh phéu hay duong
cong), minh chiing cho thdy phuong sai cua sai s 1a
dong nhét va doc lap. Bén canh d6, biéu d6 Box-Cox

Normal Plot of Residuals

Residuals vs. Predicted

Tdp 62, S6 5B (2026): 173-184

(Hinh Ic, 1f, 1i) chi ra gi4 trj A (lambda) luén nam
trong khoang tin cdy 95%. Piéu nay khang dinh dit
liéu gdc khong yéu cau thyc hién phép bién ddi toan
hoc (data transformation). Sy hdi tu cia ba yéu tb
chan doan hinh hoc nay, két hop véi gia tri R?pre dat
muc cao, minh chung cho mo hinh toan hoc viing
chic, khéng dinh nang lyc dy bao chinh xac cua
phuong trinh héi quy va loai trir hoan toan rui ro xay
ra hién tuong overfitting.

Box-Cox Plot for Power Transforms
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Bang 4. Phan tich phwong sai cho cac bién dc 14p nghién ciru trong chiét xuit 1a i rirng theo cac

nghiém thirc

TPC, Y, DPPH, Y, ICso, Y3
Source Sum of Sum of F- p- Sum of p-
F-value p-value F-value
Squares Squares value value Squares value
< <
Mm?el 11602,41 493,06 <0,0001 54768,83 101,08 0.0001 19,07 232522 0.0001
X1-Nong 8,599E-
do 26,17 10,01 0,0101 1064,29 17,68 0,0018 ’ 08 0,0001 0,9924
ethanol.
X,-Nhiét <
d6 chiét 0,1094 0,0418 0,8420 847,16 14,07 0,0038 0,3284 360,49 0.0001
X3_ Thf’;l 875,97 335,03 <0,0001 598,95 9,95  0,0103 3,68 4043,64 =
gian chiét 0,0001
XX, 61,94 23,69 0,0007 5,62 0,0934 10,7662  0,0015 1,69 0,2223
X1 X5 3,93 1,50 0,2481 71,82 1,19  0,3003  0,0047 5,17 0,0463
< <
X, X5 78,42 29,99 0,0003 2501,37 41,55 0,0001 0,2135 234,37 0,0001
2 < <
Xi 2640,46  1009,90 <0,0001 5976,50 99,27 0,0001 1,66 1824,53 0,0001
2 < <
X3 2490,36 952,49 <0,0001 1675522 27831 0,0001 3,25 3564,41 0.0001
2 < <
X35 5430,07 2076,84 <0,0001 26969,90 44798 0,0001 9,93 10899,30 0.0001
Residual 26,15 602,03 0,0091
Lack of
Fit 21,61 4,76 0,0560 496,14 4,69 0,0577  0,0068 2,94 0,1306
Pure Error 4,54 105,89 0,0023
Cor Total 11628,56 55370,86 19,08

Ghi chii: TPC: téng hdam lwong phenolic; Gid trip < 0,05 chi ra cac hang mé hinh cd y nghia; Gia tri p cua Lack of Fit
> 0,05 ngu y Lack of Fit khéng y nghia so vé6i 16i thuan tiy. Lack of Fit khong y nghia la tot

V& muc d6 anh hudng cua cac yéu t (dya trén
F-value) cho cho thdy, thoi gian chiét (X3) 1a bién
chi phéi manh dbi véi TPC va dac biét ddi voi ICs,
trong khi nong do ethanol (X;) thé hién anh huong
tuyén tinh ndi bat hon dbi véi DPPH. Két qua nay
phul hgp véi ban chét cia PLE la ting cuong kha
niang truyén khéi gitp giai phong hop chét
polyphenol nhanh, nhung néu kéo dai thoi gian, sir
dung nhiét do cao co thé lam suy giam mét phan cac
hop chit nhay nhiét din dén lam giam hoat tinh sinh
hoc.

3.2. Anh huéng ciia cic thong sb chiét xuit

biang PLE 1én TPC, hoat tinh trung hoa
gbc tu do DPPH va kha ning vrc ché a-
glucosidase

(1) Nong do ethanol (X;): Ty 1¢ ethanol - nuge
v6i nong do phu hop duoc ghi nhan 1a lya chon t6i
uu cho chiét xut polyphenol do tao ra d6 phéan cuc
phut hop v6i phd hop chat polyphenol da dang trong
nguyén li¢u thuc vat (Chemat et al., 2020; Lefebvre
et al., 2021). Ving t6i vu nim trong khoang tir 49 +

178

50% ethanol trong nghién ciru nay thé hién xu
huong phi tuyén déc trung, da duoc cong b trong
nhiéu nghién ciru vé PLE va toi uru RSM khéc, trong
d6 nong do ethanol qua thdp han ché hoa tan
flavonoid kém phan cyc, trong khi nong d¢ ethanol
qua cao lam gidm kha nang trich ly céc polyphenol
ua nudc (Pereira et al., 2019; Rocha et al., 2025). Do
do, su suy giam TPC, DPPH va su gia tang gia tri
ICs tai cac mirc ethanol bién 1a hé qué ciia mat can
bang d6 phan cyc cta dung méi va hop chit.

(ii) Nhiét d6 chiét (X;): Nhiét d6 1a yéu t6 quan
trong thiic ddy dong hoc truyén khdi trong PLE
thong qua viéc giam d6 nhot dung méi va tang kha
nang khuéch tan cua hop chat muc tiéu. Tuy nhién,
céc nghién clru tong quan vé PLE di chi ra rang
nhiét do cao ciing 1a yéu t6 giéi han, do c6 thé gay
oxy hoa hodc phan hiy cac hop chat polyphenol
nhay nhiét (Lefebvre et al., 2021). Xu huéng TPC
va DPPH tang trong khoang nhiét d6 trung binh, sau
d6 giam khi nhiét do tién gan bién cao trong nghién
clru ndy, 14 hoan toan phut hop véi cac cong bd trude
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d6 trén nhiéu ngudn thyc vat giau polyphenol khac
nhau (Pereira et al., 2019; Le et al., 2024).

(iii) Thoi gian chiét (X3): Thoi gian chiét xuat
thé hién anh huéng manh nhét dén TPC va dic biét
dén gia tri ICso, nhu phan anh qua gia tri F cao trong
bang phan tich phuong sai (Bang 4). Piéu nay phu
hop v6i ban chét ciia PLE, trong d6 thoi gian ngén
du dé dat can bang truyén khéi nho tac dong két hop
ctia nhiét va ap suat, trong khi kéo dai thoi gian chiét
¢6 thé 1am tang tiép xuc nhiét va thic déy cac phan
mg thoai hoa hodc ddng chiét cac céu tur khong

TPC (mgGAE/g)
TPC (maGAE/q)

(@)

8: Nhigt o (oC)
8
C: This gian (Phat)
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mong mudn, lam suy giam hoat tinh sinh hoc
(Chemat et al., 2020; Lefebvre et al., 2021).

Céac tuong tac gilra néng d0 ethanol, nhiét @0 va
thoi gian (Hinh 2 - 4) cho thdy ving dap tmg t6i vu
tap trung tai cac mirc trung gian, trong khi cac to hop
bién tao ra tac dong cong hudng bat loi 1én d6 6n
dinh cua polyphenol. Xu hudng nay da dugc ghi
nhan trong cac nghién ctru t6i wu hoa chiét xuit bang
RSM, noi céc diéu kién trung gian thuong mang lai
hiéu suét chiét va hoat tinh sinh hoc cao nhét (Sarker
& Nahar, 2024).

TPC (mgGAE/q)

(e)

C:Tha gian (Phit)

A

“© s 50

A:Nong dg Ethanol (6V/V)

(b)

] 7 0 8 %

B:Nhigt do (o)

A:Nong do Ethanol (V)

Hinh 2. Biéu db bé miit (a, ¢, e) va dwong d(“)ng mure (b, d, f) minh hoa tac dong tuong tac cia n("ing do

A

ethanol va nhiét d chiét xuit (a & b), ndng dd ethanol va thoi gian chiét xuit (c & d), nhiét dd chiét
xuét va thoi gian chiét xuit (e & f) dén TPC cia chiét xuét 1a i rirng

DPPH (mg TE/mg DW)
DPPH (mg TE/mg DW)

OO St
‘s‘:s:‘\\\
&

77552090 S

é“f‘i‘:‘:‘:‘ﬁiﬁ“‘“
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“‘0“:‘2

»»““\\\
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DPPH (mg TE/mg DW)

DPPH (mg TE/mg DW) DPPH (mg TE/mg DW)
—

8 Nhiét do (00)
C: Thai gian (Phat)
C: Thas gian (Phat)

A:Nong do Ethanol (%V/V)
A:Nong do Ethanol (%V/V) B: Nhiét d6 (o€)

(b) (d ®
Hinh 3. Biéu dé bé mit (a,c,e)va dlr(‘rng‘d(“)ng myiic (b, d, f) minh hoa tac d(f)l}g twong tic cia n("ing (jl(f)
ethanol va nhiét do chiet xuat (a & b), nong do ethanol va thoi gian chiet xuat (¢ & d), nhiét do chiet
xuét va thoi gian chiét xuit (e & f) dén hoat tinh trung hoa géc tw do DPPH ciia chiét xuit 14 6i rirng

BRSO
SR .
e

SRS

SSRSSKERE
RSSISIREXST
X ‘

1C50 a-glucosidase (ug/mb)
1C50 - glucosidase (ug/mL)
1C50 a-glucosidase (ug/mL)

A:Nang 6 Ethanol (%V/V)

1C50 a-glucosidase (ug/ml) 15
=

C: Thas gian (Phat)

8: Nhiét do (oC)
C: Thi gian (Phit)

A:Nong 6 Ethanol (%V/V) A:Nong d6 Ethanol (%V/V) B: Nhigt d6 (C)

(b) (d ®
Hinh 4. Biéu d6 bé mit (a, c, e) va dwong dong mirc (b, d, f) minh hoa tac dong twong tac ciia ndong d
ethanol va nhiét d9 chiét xuit (a & b), ndng dd ethanol va thoi gian chiét xuét (¢ & d), nhiét do chiét
xuét va thoi gian chiét xuit (e & f) dén kha ning e ché a-glucosidase (ICso) ciia chiét xudt 14 6i rirng

, . . N\ e - + Nt . N\ e X 1x
Tuong téc giita céc bién (Hinh 2 - 4): Cac dd thi &0 dai hode ethanol cao + thoi gian dai) dé lam suy
bd mat va duone do tc cho thay vime d4p G giam dap ng do cong huong bat loi 1én d6 6n dinh
¢ Mmal va duong cong muc cho thay vung dap ung cua hgp chat polyphenol. Cac mo ta nay phu hop véi

to:c nh‘a}t thuorngl pam 9 mue t}’gng glan cua etha{l()l quan sat thyc nghiém rang dicu kién trung tam cho
va thoi gian chiét, két hop véi nhiét do trung binh X A PO
, L7 n AR .. TPC va DPPH cao va gia tri ICso thap, con diém
kha; trong khi cac td hgp bién (nhiét d cao + thoi A . A
truc, bién ¢6 xu hudng kém hon.
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Bing 5. Cac thong s6 chin dodn thong ké ciia phwong trinh hdi quy dbi véi cac bién dap ing

Phuong trinh R? R%y R:. CV% Prtgii(ilon
Y, = 242,409 —1,438X; — 0,093X,
—8,321X;
+2,783X, X,
—0,701X, X5
—3,131X,X;
—15,626X2
—15,175X2
—22,408X2
Y, = 416,213 —9,172X; — 8,183X,
— 6,881X;
+ 0,838X, X,
—2,996X,X;
—17,683X,X;
—23,508X2
—39,362X2
—49,939X2
3,309 — 0,00008X; + 0,161X,
+ 0,540X;
—0,014X, X,
+ 0,024X, X5
+0,163X,X;
+ 0,392X?
+ 0,548X7
+ 0,958X2
Ghi chu: TPC: Ham luong polyphenol tévn‘g; Radj: Hé 56 xdc dinh diéu chinh; Rpre: He 6 xdc dinh dy dodn. Chénh
léch giita Rpre va R’adj 6 cac m6 hinh déu < 0,2; cho thay do twong thich cao. Chi so Adeq Precision (1y I¢ tin
hiéu/nhiéu) déu lon hon 4, dam bao mé hinh co du d¢ tin cdy dé dw doan

TPC 0,9978 0,9957 10,9854 0,77 57,1967

DPPH 0,9891 09793 0,9331 2,25 28,5949

oy
I

(x_
glucosidase
(ICs0)

0,9995 10,9991 0,9971 0,67  142,9699

Bang 6. Gia tri thuc nghi€ém va gia tri du dodn ciia cic bién phan hoi tai diéu kién chiét xuat toi uun

Pidu kién chiét xuit t6i uu Gi tri trung binh
Bién dap tng Nong d)  Nhiét do chiét Thoi gian chiét Gid tri du dosn O tri thue
Ethanol % (v/v)  xuat (°C) xuat (phit) fUE nghiém
TPC (mg GAE/g ck) 49,03 79,58 9,21 243,113+ 1,617 240,113 +3,792
DPPH (mg TE/g ck) 49,03 79,58 9,21 416,824+ 7,759 408,831+ 8,425
a-glucosidase (ICs, 49,03 79,58 9,21 3,247+0,030 3,146+ 0,387

pg/mlL)

Chit thich: Dit lidu dwoc biéu thi dudi dang trung binh £ dg léch chudn (SD) (n = 3). TPC: tong ham lirong polyphenol
téng. Gid tri ham mong muon (desirability) = 97,6 %

3.3. T6iwu héa da muc tiéu va xac thue thue 97,6%. Két qua nghién ctru cho thay ving tdi wu cia

nghiém qua trinh chiét xuét long ap suat cao (PLE) cac hop
chét polyphenol tir 14 i rung dat dugc tai néng do
ethanol trung gian (49 + 50%), nhiét d¢ khoang 80°C
va thoi gian chiét xut trong khoang 9 = 10 phut. Xu
huéng nay phii hop véi nhiéu nghién ciru da cong bd
vé chiét xuat polyphenol bang PLE va cac ki thuat
chiét xut c6 ting cuong khac, trong d6 dung moi
ethanol - nudc & ndong do trung gian thuong mang lai
hiéu qua thu hdi cao nhét do tao dugc su can béng vé
d6 phan cyc, kha nang thAm u6t ma tran thue vat va

T4i wu hoa ddng thoi ba ham muc tidu (t6i da hoa
TPC va DPPH, tbi thiéu hoa ICso) cho diéu kién PLE
t6i uu: ndng do ethanol 49,03%, nhiét do chiét
79,58°C va thoi gian chiét 9,21 phut. Tai diéu kién
nay, gid tri ham muc tiéu dat dugc 14n luot 1a TPC
240,113 + 3,792 mg GAE/g ck, DPPH 408,831 +
8,425 mg TE/g ck va gia tri ICso 3,146 + 0,387
pg/mL, véi gid tri ham mong mubn (desirability) =
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d6 hoa tan cua phd hop chit polyphenol da dang
(Pereira et al., 2019; Chemat et al., 2020). Khi néng
d6 ethanol qué thap, kha ning hoa tan cac flavonoid
va polyphenol it phan cyc bi han ché, trong khi néng
do ethanol qua cao lam giam tinh hoa tan cta cac
polyphenol ua nudce, din dén sy suy giam tong ham
luong polyphenol va hoat tinh sinh hoc.

Két qua xac thuc thuc nghiém véi sai 1éch nho
hon 5% so véi gié tri du doan kh:fmg dinh d9 tin cay
clia mo hinh, twong ty nhu cac nghién ciru PLE tdi
uu hoa polyphenol tir ba nho va 14 tra xanh da duogc
cong bd (Pereira et al., 2019; Le et al., 2024). Gia tri
ICso dat 3,146 = 0, 387 ng/mL phan anh chinh xac
hoat tinh cao cta ngudn gen 14 6i rimg (Psidium
guajava L. ) thu hai tai Tay Nguyén. So véi cac cong
b trudc day trén cing ngudn nguyén liéu (N guyen
et al., 2022; Dang et al., 2024), ngudng trc ché nay
hoan toa‘m tuwong thich Vél thé hién sy vuot troi so voi
dbi chung duong acarbose (ICso~ 127 pg/mL). Su
gia tang hoat luc nay 1a do sy pha vo triét dé cau trac
vi mé cua vach té bao va tang cuong dong lyc truyén
khdi dudi diéu kién ap suét cao ctia hé thong PLE
(Mustafa & Turner, 2011; Chemat et al., 2020;
Visnjevec et al., 2024); vi vay, thuc diy su giai
phong t6i da cac hop chat polyphenol. Duéi goc do
hoa sinh, cac hop chét polyphenol trong 14 i da
dugc ghi nhan chira mt d6 nhom hydroxyl cao, c6
ai Iyc lién két tryc tiép voi cac gde amino acid tai
trung tam hoat dong cua a-glucosidase, tao ra hi¢u
tng (rc ché hiép ddng va dic hiéu vuot troi (Wang
etal., 2010; Kumar et al., 2021; Diaz-de-Cerio et al.,
2023). Bén canh nhiing gia tri sinh hoc ndi bat, két
qua téi uu hoéa con minh chimg cho thiy PLE thé
hién tinh wu viét vé hiéu suat cong nghé chiét xuét.
Tai diéu kién t6i wu, TPC dat 240,113 mg GAE/g
(v6i thoi gian chiét xuat 9,21 phut), trong khi
phuong phap chiét xuat h trg siéu am (UAE) thuc
hién trén cung ddi tugng nguyén li¢u, TPC dat
152,954 mg GAE/g trong 10 phuat) (Dang et al.,

*kl

1,095

()
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2024). Ngoai ra, viéc van hanh trong hé théng khép
kin ty dong khong chi ngdn chan hoan toan sy hao
hut dung mo6i do héa hoi ¢ nhiét d6 cao, ma con dam
bao tinh ddng nhét giita cac mé chiét. Nhing dic
tinh nay khéc phuc triét & diém yéu cta cac k¥ thuat
chlét hé truyén thdng, tao tién dé vimg chic dé nang
cap quy mo (scale-up) Ién mirc d6 cong nghiép, qua
d6 khang dinh tinh dot pha cia quy trinh.

3.4. Phan tich twong quan va thanh phin
chinh giita tong ham lwgng polyphenol
(TPC) va hoat tinh sinh hoc

Ma tran twrong quan Pearson cho thiy TPC twong
quan duong manh v6i DPPH (r = 0,94; p <0,0001),
diéu nay cho thay cac hop chét polyphenol 14 6i ring
dong vai tro chu dao trong hoat tinh chéng oxy héa
ctia dich chiét. Pong thoi, TPC tuong quan 4m manh
voi ICsp cia a-glucosidase (r = -0,95; p < 0,0001),
cho théy khi ham lugng polyphenol tang, hi¢u luc
{rc ché a-glucosidase tang (ICso gidm) (Hinh 5). Bén
canh do, hoat tinh trung hoa gdc ty do DPPH ciing
thé hién mdi twong quan nghich chit ché véi gia tri
ICsp cta a-glucosidase (r =-0,91; p < 0,0001). Méi
trong quan nay la minh ching cho thiy cic mau
dich chiét 14 6i ring c6 hoat tinh chdng oxy hoa cang
cao thi kha ning wc ché enzyme phan gidi
carbohydrate cang manh. Xu huéng dong bién vé
mit hoat tinh sinh hoc nay hoan toan thong nhat voi
két qua nghién ctru trude day trén ddi tuong 14 6i
rung duoc thu hai tai Tdy Nguyén (Nguyen et al.,
2022). Cac diém trén khang dinh vai tro kép cua cac
hop chét co tinh khir trong viée vira kiém soat stress
oxy héa vira hd tro ha duodng huyét. Cac két qua
nghién ctru twong ty trén 14 6i va cac ngudn thuc vat
giau polyphenol khac khiang dinh flavonoid va acid
phenolic dugc xem 1a cac tac nhan chinh chiu trach
nhiém cho hoat tinh chéng oxy hoa va tc ché
enzyme ti€u hoa carbohydrate (Wang et al., 2010;
Kumar et al., 2021; Nguyen et al., 2022; Diaz-de-
Cerio et al., 2023).

PCA - Biplot

Groups
Axial_A_High
Axial_A_Low
Axial_B_High
Avial_B_Low
Axial_C_High
Axial_C_Low

Dim2 (2.9%)

0
Dim (95.7%)

(b)

Hinh 5. Ma trian twong quan Pearson va phan tich thanh phin chinh (PCA) danh gia m(")i'lién hé giira
cac thong so chiét xuat da dang va hoat tinh sinh hgc thé hién béi chiét xuat 14 oi
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Viéc phan tich PCA bd tro cho Pearson khi cho
thdy Dim1 giai thich 95,7 % va Dim2 giai thich 2,9
% bién thién, tong cong 98,6 % phuong sai dir liéu.
Trén khong gian PCA, cac bién TPC va DPPH ciing
huéng (twong quan duong), trong khi gia tri ICs
nam theo hudng d01 nghich (twong quan 4m), qua d6
tryc quan hoa mdi quan hé giau polyphenol dan dén
chong oxy hoa cao va tic ché o- glucosidase manh.
Déng thoi, viéc cac nghiém thirc tai diéu kién trung
tam tap trung gan vung dap ing t6i wu cho thay cac
diéu kién chiét xuat trung gian 1a phu hop nhat dé
thu nhan dong thoi ham lwong polyphenol cao véi
hoat tinh sinh hoc manh. Két qua PCA trong nghién
clru nay dong vai tro hd tro dién giai va cung ¢ v
nghia sinh hoc ciia két qua RSM, tuong tu cach tiép
can da dugc 4p dung trong cac nghién ctru t6i uu hoa
chiét xuat polyphenol va hoat tinh sinh hoc khéac
(Dang et al., 2024; Le et al., 2024).

Céc két qua mo hinh hoa, t81 uu hoa va xac thuc
cho thay PLE két hop RSM - CCD 1a huéng tiép can
hiéu qua dé tao dich chiét 14 6i rimg giau polyphenol
¢6 hoat tinh chéng oxy héa va tic ché a-glucosidase
in vitro.

4. KET LUAN
'Nghién ctru da t6i wu hoa hidu qua qua trinh chiét
xuat cac hop chat polyphenol c6 hoat tinh chong oxy
héa va e ché a-glucosidase tir 14 61 rung (Psidium
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guajava L.) bang phuong phap chiét xuit long ap
suét cao (PLE) két hop véi phuong phap bé mat dap
tmg (RSM). M6 hinh hdi quy béc hai dugc xay dung
tir thiét ké tam xoay (CCD) cho d0 tin cdy cao, cho
phép du doan dong thoi ham lugng polyphenol tong,
hoat tinh chéng oxy hoa va kha nang tc che 0-
glucosidase cua chiét xuat. Diéu kién chiét xuit toi
wu duoc xac dinh 1 ndng do ethanol 49,03%, nhiét
d6 79,58°C va thoi gian 9,21 phut, tai d6 chiét xuat
thu dugc ham lugng polyphenol cao cung hoat tinh
sinh hoc manh; cac phan tich tuong quan Pearson va
phan tich thanh phan chinh (PCA) cho thay
polyphenol 12 nhom hop chét chinh quyét dinh cac
hoat tinh nay. Céc nghién ctru tiép theo can tap trung
vao mé rong quy mo quy trinh PLE & mirc pilot,
danh gia tinh 6n dinh ciia chiét xuat theo mua vy va
ving sinh théi, ciing nhu x4c dinh cu thé cac hop
chat polyphenol va phenolic acid chinh bang cac ky
thut phan tich hién dai (LC-MS) nham lam r& mbi
lién hé gitra thanh phan héa hoc va hiéu qua sinh
hoc, tir d6 hd trg qua trinh chuyén giao va mg dung
trong thyc té.
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