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V6 4u 1a ngudn cung cap ddi dao cac hop chat sinh hoc. Tuy nhién, lugng 16n vo bi loai bo, gdy tac
dong tiéu cuc dén moi truong. Mac du co tlem nang lon, diéu kién trich ly cac hop chat nay bang
phuong phap Soxhlet nhim t6i wu hiéu suat thu hoi (Y), ham luong phenolic tong s6 (TPC) va
flavonoid tong s6 (TFC) chua dugc cong bd dbi voi cac glong 4u duogc trong tai Viét Nam. Thiét ké
Central Composite Design dugc sir dung v6i 3 nhén to Khdi lugng nguyén liéu (50-100 g), thoi gian
trich ly (50-150 phut) va nong d¢ ethanol (70-90%). B& mat dap tng (RSM) cho thay sur tuong tac gitra
khdi lugng nguyén ligu, thoi gian va nong do ethanol tac dong dang ké dén cac dap tmg. Két qua toi wu
dong thoi cho thdy, Y, TPC va TFC lan luot dat 19,20+0,51%, 606,54+9,41 mg GAE/g va
129,01+0,76 mg QE/g tai diéu kién 88,3 g nguyén liéu, nong do ethanol 88,8% va 79,3 phit. Nghién
ctru gop phan nang cao gia tri sur dung cua nguén phy phim tr vo 4u, mo ra huéng ing dung thuc tién
to 16n trong san xuét thuyc phim chic nang tw nhién, phat trién kinh té tudn hoan tir phu phdm nong

nghiép va tao co s¢ khoa hoc cho cac nghién ciru tiép theo.

Tir khéa: Bé mdt dap g, cao chiét, flavonoid, polyphenol, trich ly Soxhlet, vé du.

1. BAT VAN DE

Cay 4u (Trapa natans) c6 ngudn goc tu khu
vuc chau A 6n doi va nhiét doi, phan b rong rii
tai cac qudc gia nhu Trung Qudc, An Do, Nhat
Ban, Thai Lan, Indonesia va Viét Nam [1]. O
Viét Nam, du dugc tréng nhidu & khu vue thudc
Pong bang séng Ctru Long nhu thanh phd Céan
Tho, cac tinh Vinh Long va Pong Thap, noi ¢
diéu kién sinh truong thich hop. Theo nhleu
nghlen ctru, cii 4u 12 ngudn thuc pham cung cip
gia tri dinh dudng kha cao nhu: Protein (4,40%),
chat xo (2,05%), chat béo (0,65%) va khoang
chat (Na, K, Ca, Mg, P va Fe), dic biét la tinh bot
chiém 49% tinh trén khéi lugng chéat kho [2, 3];
didu nay cho thy tlem nang trong che bién cac
san phdm tr ci 4u. Tuy nhién, vo 4u chiém
khoang 20% (w/w) khdi lwong cu [4], ddy dugc
xem 1a phu pham trong nganh céng nghiép ché
bién. Viéc t6n dong phu pham néng nghiép trong

qua trinh ché bién gay thiét hai dang ké cho nén
kinh té nong nghiép va dong thoi gay cac van dé
6 nhiém méi truong nhu bién d6i khi hau va phat
thai khi nha kinh... [5]. Trong khi d6, vé au la
ngudn cung cap cac hop chat co gia tri sinh hoc
dang ké.

Két qua nghién ciu cua Cravotto va cs
(2022) [6] ghi nhan ham luong cac hop chat
phenolic trong v6 ngoai va vo trong cua ci du dao
dong tr 2,7-52% (w/w), trong khi Ilugng
polysaccharide khoang 36% (w/w). Hon nira, k¥
thuat sic ky long ghép khdi phd hai lan t cuc
thoi gian bay (LC-QTOF-MS/MS) ghi nhén cao
chiét vo au c¢6 sy hién dién cta khoang 46 hop
chit phenolic va tannin, flavonoid, glycoside,
alkaloid, saponin, steroid; déng thoi, gallotannin
va ellagitannin 14 nhitng thanh phan ndi bat, mé
ra tiém ning st dung vo cii 4u trong nganh thyc
phim chirc niang [7]. Bén canh do, nghién ctru
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nhan dinh rang, cac hop chét trich ly tir vo 4u ¢ kha
nang cai thién tinh trang dai thao dudng type 2 & mo
hinh chudt nho tac dong 1én tuyén tuy va gan, thong
qua co ché didu hoa stress oxy hoa [8]. Diéu nay
khang dinh, v6 ct 4u 1a mot ngudn tai nguyén gia tri,
¢6 tiém nang khai thac va tmg dung cao. Mic du
tiém ning sinh hoc ctia vo du di duoc khang
dinh, nhung cac nghién ctru cha yéu chi ding lai
& viée dinh danh cu trac hodc danh gia hoat tinh
sinh hoc dya trén céac cao chiét.

Trich ly 1a mot k¥ thuat quan trong dé thu
nhan cac hop chat c6 gia tri sinh hoc tir nguyén
liéu thyc vat. Hién nay, 6 rat nhidu phuong phap
da dugc ap dung bao gom Ngam dam, dun hoi
luu, trich ly soxhlet, hd trg siéu am, hd trg vi
song va chat long siéu toi han [9]. Trong do,
soxhlet 1a phuong phap duogc sit dung rong rai
nhit dé trich ly cac hop chét phenolic trong
nguyén lidu thuc vat, do tiét kiém dugc dung moi
va thoi gian, d& thuc hién, hiéu suét thu hoi cao
[10, 11]. Hon nita, soxhlet han ché duoc cac phan
hiy do qua trinh xtr 1y nhiét, v6i hé théng kin
dung méi dugc ngung tu va tudn hoan lién tuc,
han ché that thoat dung méi va dam bao hiéu qua
trich ly [12]. Bén canh d6, hi¢u suit thu hoi va
ham lugng cac hop chit c6 hoat tinh sinh hoc phu
thudc it nhiéu vao cac diéu kién trich ly nhu loai
va ndng d6 dung méi, ty 1¢ nguyén lidu/dung mai,
nhiét d6 va thoi gian trich ly [9]. Hon nita,
phuong phap dap tng bé mit (RSM) 1a cong cu
hiéu qua trong viéc toi uu hoa cac thong sd cong
nghé, giup giam sd luong thi nghiém, tiét kiém
chi phi va cong lao dong, ddng thoi xac dinh cac
diéu kién t6i wu dé dat dwoc gia tri dap tmg mong
mubn [13]. Trén co s& d6, nghién ciru nay dugc
thyc hién nham t6i wu hoa cac diéu kién trich ly
béng phuong phap Soxhlet thong qua phuong
phip bé mit dap ung (RSM). Muc tiéu cua
nghién ctru 1a xac dinh gia tri t6i wu cua hiéu suat
thu hdi, ham lugng polyphenol (TPC) va
flavonoid (TFC) tong s, tir d6 tao tién dé cong
ngh¢ ving chic dé ‘nang cao gid tri khai thac
ngudn phy pham voé 4u.

2. PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu

Vo 4u duoc thu gom tai xa Lép Vo, tinh
Déng Thap. Qua dugc thu hoach & do chin ky
thuat (30 ngay sau khi dau trai), day la giai doan

qua da phat trién trong d6i 6n dinh vé kich thudc
va hinh thai. Sau do, mau dugc dong goi trong
bao bi so cap béng tui polypropylene (PP) va bao
bi th cp bang thung carton ba 16p, roi dugc van
chuyén dén phong thi nghiém trong thoi gian
khong qua 24 gid. Vo 4u dugc rira sach bing
nude thuy cuc, loai bo tap chét, dé rdo va séy kho
& 50+2°C trong thiét bi sdy ddi luu (UMS500,
Memmert, Dirc) dén d6 4m dudi 10% [14]. Cudi
cung, mau duoc nghién bang thiét bi chuyén dung
(SHD 5112, Sunhouse, Trung Quoc) va rdy qua
lugi 1 mm dé thu bot dong nhat; bot dugce bao
quan 6 nhiét d6 -20+£2°C dé chuan bi cho qué
trinh trich ly tiép theo.

2.2. Quy trinh trich ly cao chiét tir v6 cii 4u

Qua trinh trich ly duoc thuc hién béng hé
thong soxhlet va duoc gia nhiét (DH.WHM12015,
DaiHan, Han Quéc). Bot vo 4u duge chua trong
tai loc vai khong dét va dit trong budng chiét.
Tién hanh trich ly v6i 700 ml dung méi ethanol -
nude, qua trinh hoa hoi va ngung tu s& thim thau
lién tuc qua 16p nguyén liéu. Cac diéu kién trich
ly dugc khao sat theo thiét ké thi nghiém bao
gom: Khdi lugng nguyén ligu (50-100 g), nong
dd ethanol (70-90%) va thoi gian trich ly (50-150
phut). Sau d6, dich chiét dugc loc dé loai bo cin
khong hoa tan, sau do dugc c6 quay chan khong
(VR 300, Yamato, Nhat Ban) nham loai bo phan
16n dung moéi ethanol - nuédc. Dich chiét co dic
tiép tuc duoc cap dong & nhiét do -20+2°C trong
24 gid va siy thing hoa (ModulyoD Freeze
Dryer, Thermo, Hoa K¥) trong 72 gio dé thu nhan
cao chiét dang bot c6 do am dudi 4%. Cao chiét
dugc bao quan trong lo thuy tinh mau hé phach,
day kin va luu giit & 4°C cho dén khi tién hanh
cac phan tich tiép theo.

2.3. B6 tri thi nghiém

Thiét ké hdén hop trung tim (Central
Composite Design - CCD) 1a mdt cong cu t6i uu
hoa ciia RSM dé khao sat tac dong cua cac bién
doc lap dén hiéu suit va hop chét sinh hoc cua
cao chiét vo cu Au. Theo do, 3 bién trich ly duogc
xem xét bao gom: Khéi lugng nguyén lidu, thoi
gian trich ly va ndng do ethanol da duoc khao sat
bang thi nghiém don (s liéu khong duoc trinh
bay) nhim xéac dinh pham vi va gia tri trung tim
clia cc nhan to (Bang 1).

Bang 1. Mitrc dd va gia tri twong ng ciia cac bién ddc lap
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A am ta Gid tri cia cac cap d0 ma hoa
Bién ddc lap o 1 0 1 o
A: Khoi lugng nguyén liéu (g) 32,9552 50 75 100 117,045
B: Thoi gian trich ly (phat) 15,9104 50 100 150 184,09
C: Nong do ethanol (%) 63,1821 70 80 90 96,8179
Dap ing

Y: Hiéu suat thu hoi (%)

Y,: Ham luong polyphenol tong (TPC, mg GAE/g)

Y;: Ham lugng flavonoid tong (TFC, mg QE/g)

Phén mém Design Expert 13.0.5 dugc su
dung d¢€ thict 14p md hinh toan hoc. Véi tong so

20 nghiém thuc, trong d6 cd 6 nghiém thuc trung
tam (Bang 2).

Bing 2. B6 tri thi nghi¢m theo md hinh CCD va két qua cic ham muc tiéu

Nghiém Nhan t0 Pép ung
thic | A(g) | B(pha) | C(%) | Y1(%) | Ya(ug GAE/mg) | Y (ug QE/mg)
1 75 15,9104 80 9,27 432.91+15,05 85,70+0,14
2 100 50 90 8,35 542,70+4,2 109,59+0,52
3 117,045 100 80 5,39 585,10£2,91 89,79+0,87
4 75 100 96,8179 7,83 386,42+9,69 57,73+0,89
5 75 100 80 18,96 552,38+8,43 118,75+0,00
6 100 150 70 4,58 474,46+4,66 41,27+0,14
7 50 150 70 10,70 297,51+13,42 68,25+0,57
8 75 100 80 18,99 551,74+22 41 127,29+0,14
9 100 50 70 6,93 512,78+11,34 75,68+2,11
10 75 100 80 18,67 574,13+13,61 119,2543,78
11 50 50 90 7,47 275,99+3,73 35,20+0,43
12 75 100 80 19,16 594,58+12,92 128,65+0,14
13 75 100 63,182 8,26 445,18+23,68 92,63+0,14
14 50 50 70 11,78 321,41£5,81 67,63+0,52
15 75 100 80 19,91 583,38+31,88 124,57+0,62
16 50 150 90 9,21 257,26+1541 26,41+0,14
17 100 150 90 5,25 355,20+6,27 33,84+0,14
18 75 184,09 80 7,24 409,02+30,77 37,06+0,38
19 75 100 80 1991 601,46+8,18 119,62+0,94
20 32,9552 100 80 9,38 195,48+6,8 48,32+0,38

Ghi chii: S6 liéu la gid tri trung binh = d¢ léch chuan cua 3 lan lap lai.

2.4. Phuwong phap phéan tich
2.4.1. Xac dinh hiéu sudt thu hoi cao chiét

Hiéu suit thu hdi cao chiét duoc xac dinh
theo nghién ctru cuia Huynh Thi Phuong Théao va
cs (2024) [15]:

x 100

3 Khai lu'c"xgcao chiet
%) =

H (0 (M

2.4.2. Xac dinh ham lwong polyphenol va
flavonoid tong soé trong cao chiét vé du

&hoi lreng mau kha

TPC dugc xac dinh theo phuong phap cua
Huynh Thi Phuong Thao va cs (2024) [15]. Theo
d6, 10 mg cao chiét dugc pha véi CH;0H 90% dé
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thu dwgc dung dich c6 nong d6 khoang 100
pg/mL. Tiép @6, hdn hop phan ting gébm 500 pL
dung dich cao chiét dugc tron véi 500 pL nudc
cat va 500 pL thudc thir Folin-Ciocalteu 1 N va
duoc lic déu dén khi dong nhit. Sau do, thém 500
uL Na,CO; 7,5% va u 30 phit ¢ 40°C trong bé
diéu nhiét. Tiép d6, hdn hop dugc do do hap thu
quang phdé & budc séng 765 nm bang may do
quang phé (BioTek Epoch Microplate
Spectrophotometer, Agilent, Hoa Ky). Mau
trang 1a mau sir dung tat ca cac thude thir, ngoai
trir dung dich chuan va dich chiét thuc vat,
dugc thay bang CH;0H 90% véi thé tich twong
mg. Pudng chuan axit gallic dugc xdy dung
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bang cach sit dung cic dung dich pha lodng
trong day nong do 0-100 trong CH;0H 90% tir
dung dich gbc acid gallic 100 pg/mL.

TFC dwoc xac dinh bang phwong phap so
mau AlCl; cua Huynh Thi Phuong Thao va cs
(2024) [15]. Theo do, 10 mg cao chiét duoc pha
véi CH30H 90% dé duoc dung dich co ndng do
khoang 100 pg/mL. Hon hop phan tmg gém 400
uL dung dich cao chiét pha trong 400 uL nudc cat
10i ldc déu. Sau d6, hdn hop phan tng dugc thém
vao 80 pL NaNO, 5%, dé yén 5 phut va tiép tuc
thém 80 uL AICI; 10%, lic déu. Hon hop phan
ung sau khi 0 trong 6 phut ¢ nhiét do phong,
tiép tuc thém 800 pL NaOH 1 M va 240 pL
nude cit, tién hanh do do hap thu quang phé &
budc song 510 nm bang thiét bi do quang phd
(BioTek Epoch Microplate Spectrophotometer,
Agilent, Hoa Ky). Miu tring 1a miu sir dung tat
cé cac thude thir, ngoai trir dung dich chuan va
dich chiét thuc vat, duoc thay bang CH;0OH
90% v&i thé tich tuong tmg. Pudng chuin
quercetin duoc xdy dung bang cach sir dung cac
dung dich pha loing trong diy ndng do 0-100
pg/mL trong CH;0H 90% tir dung dich gdc
quercetin 100 pg/mL.

Dua trén cac gia tri dé‘hép thu do duoc, TPC
va TFC dugc tinh toan bang cach su dung cac
phuong trinh dwong chuan theo cong thirc:

p — Cx XVxDF 2)

m

Trong do: P 1a TPC (ug GAE/mg) hoac TFC
(ug QE/mg); C, 1a nong d6 acid gallic/quercetin
x4c dinh tir duong chuan (pg/mL); n 1a d6 pha
loang cua mau thir; V 1a thé tich dich chiét; m 1a
khéi lugng méu (g).

2.5. Phwong phap thu thap va xir Iy s6 liéu

Phan mém Design Expert (phién ban 13.0.5,
Stat-Ease, Inc., Hoa Ky) dugc st dung dé thiét
lap mo hinh toan hoc md ta sy thay ddi cua cac
ham muc ti€u theo gia tri thuc té cia cac nhan td
khao sat. Dir liéu dugc phan tich thong ké bang
phin mém théng ké Statgraphics Centurion
(phién ban 19.1, Statgraphics Technologies, Inc.,
Virginia). Su khac biét gilta cac gia tri thuc té va
gia tri dy doan trung binh duoc danh gia bang
kiém dinh t & mtc ¥ nghia 5%.

3. KET QUA VA THAO LUAN

3.1. T6i wu hoa déu kién trich ly dén hiéu
suit thu hdi cao chiét

3.1.1. M6 hinh toan hoc va ANOVA

Hiéu sudt thu hoi cao chiét tr nguyén liéu
thyc vat phu thuéc vao nhiéu yéu t6 nhu khdi
lwong nguyén liéu, thoi gian trich ly va diéu kién
trich ly. Két qua ANOVA (Bang 3) cho thay, mo
hinh bac hai c6 y nghia thong ké véi p-value =
0,0001 (p<0,0001), su khong phu hop khéng c6 y
nghia (p=0,0833>0,05) va hé s R hi¢u chinh
(Adjusted R?=97,88%, chtng t6 md hinh co thé
du doan chinh xac hiéu suét thu hdi & cac diéu
kién khac nhau [13].

Y, =19,24 - 1,52A - 0,6007B - 0,7637AB +
0,9862AC - 4,03A” - 3,62B” - 3,79C*(3)

Trong d6 : Y, 1 higu suét thu hoi; A, B va C
1a khéi luong nguyén lidu, thoi gian trich ly va
ndng do ethanol, tuong tmg.

Bang 3. Cac tham s6 ciia phwong trinh hdi quy

md ta sy thay déi ciia cAc ham muc tiéu

Nguon df | F-value p-value
Mo hinh 9 | 9848 | <0,0001
A 1 | 47,80 | <0,0001
B 1 7,46 0,0211
C 1 2,18 0,1706
AB 1 7,07 0,024"
AC 1 11,79 0,0064
BC 1 [ 08113 0,3889
A2 1 | 353,80 | <0,0001
B2 1 | 301,81 | <0,0001
C? 1 | 313,98 | <0,0001
Sai s0 du 10
Do khong phu hop | 5 3,83 0,0833
Sai sO thuan 5
Tong hiéu chinh | 19

Ghi chii: R® = 0,9888, hé s6 R’ hiéu chinh =
0,9788, hé s6 bién thién = 26,7027% va ty sé tin
hiéu trén nhiéu = 7,15. *: Khdc biét c6 ¥ nghia
thong ké (p<0,05); **: Khdc biét rit cé ¥ nghia
thong ké (p<0,0001).

Khdi lugng nguyén liéu (A) va thoi gian trich
ly (B) anh huéng dang ké dén hiéu sudt thu hoi
voi gia tri p-value lan luot 1a <0,0001 va 0,0211;
nguyén nhan c6 thé do sy thay d6i dién tich tiép
xtc gitra nguyén liéu va dung moéi, ddng thoi qua
trinh khuéch tan cac hop chét hoat tinh sinh hoc
phu thudc vao kha nang hoa tan ciia dung moi va
thoi gian tiép xtic trong qué trinh trich ly [9]. Két
qua nghién curu cua Cacace va Mazza (2003) [16]
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ghi nhan tuong tu, ty 1& dung mdi/chat ran anh
huong dang ké dén qua trinh trich ly. Trong do,
noéng do ethanol anh huéng khong dang ké dén
hiéu sudt thu hdi cao chiét (p>0,05). Tuy nhién,
nghién ctru cia Alara va cs (2018) [10] ghi nhan
rang, nong d6 ethanol anh huong dang ké den
hiéu suat thu hdi phenolic tir 14 cidy mat giu
(Vernonia amygdalina). Bén canh d6, sy twong tac
giita AB va AC anh huong dang ké dén higu suét
thu hoi cao chiét (p =0 024 va 0,0064, tuong (ng).
Céc hé sb bac hai (A%, B’ Cz) cho thay moi quan
hé phi tuyén gitra cac nhan t6 va ‘hicu suét thu hoi
(p<0 0001) Ddng thoi, cac hé s bac hai ciia A?,
B’ va C* déu 4m (phuong trinh 3), cho thy bé mat
dap tmg c6 dang parabol up va ton tai mot ving t6i
vu thay vi xu hudng ting tuyén tinh [17].

3.1.2. Anh hwong diéu kién trich ly dén hiéu
suat thu hoi cao chiet

A B c
Hinh 1. Bé mit dap wng cho dnh hwong
cuia dieu kién trich ly dén hi¢u suat
thu nhén cao chiét

Bén canh d6, hé s6 ciia phuong trinh cho thiy
xu huéng anh hudng cta nhan 6 khao sat dén dap
{mg. Theo d6, phuong trinh (3) cho thdy, ca A va B
déu tac dong am dén hiéu suét thu hdi cao chiét;
nghia 1 khi ting A hodc B vuot qua ving tdi uu,
hiéu sut thu hdi cao chiét c6 xu hudng giam (Hinh
1). Tuy nhién, hé s tuong tic AB mang gia tri 4m
(-0,7637), cho thiy su két hop giita A va B lam
giam dap tng. Theo d6, hinh 1A cho thiy hiéu
sut thu hoi cao chiét ting dan khi dong thoi ting
khéi lugng nguyén lidu tir 50 g dén khoang 80 g
va thoi gian trich ly tir 50 phut dén khoang 100
phut, sau d6 giam khi hai yeu t6 nay tiép tuc ting.
Hién twong nay 1a do & giai doan dau, sy gia ting
khéi lwong nguyén lidu va thoi gian trich ly lam
tang kha nang tiép xuc giita dung moi va nguyén
liéu, tao diéu kién thuan lgi cho qué trinh khuéch
tan cac hop chat sinh hoc vao dung méi. Tuy
nhién, khi thoi gian trich ly kéo dai va lugng
nguyén liéu tiép tuc ting, toc d6 khuéch tan giam
dan do hé thdng tién gan dén trang thai can bang,
ddng thoi mot sb hop chat phenolic nhay nhiét c6
thé bi phan huy hodc oxy hoa, dan dén hiéu suat

thu hdi giam [18]. Twong tw, két qua nghién ciru
cta Sulaiman va cs (2017) [19] ghi nhén, hiéu suét
thu hoi phenolic tir cdy bim bip (Clinacanthus
nutans) giam khi thoi gian xt Iy dugc kéo dai trong
diéu kién gia nhiét.

Nguoc lai, phuong trinh (3) cho thiy su
tuong tac AC c6 hé s6 duong (+0,9862), phan anh
tac dong hiép dong gitra hai yéu t6 nay lam ting
hiéu suét thu hdi. Cu thé, hinh 1B cho thay hiéu
suat thu hoi tang khi néng do ethanol tang tur
khoang 70% dén 80-85% dong thoi khdi luong
nguyén liéu ting tir 50 g dén khoang 80 g. Tuy
nhién, ton tai diém cuc dai nén khi tiép tuc tang
nong do ethanol va khéi lugng nguyén liéu, hiéu
suat thu hdi ¢6 xu hudng giam. Diéu nay cho thay
su ton tai cua n?)ng dd ethanol t6i uu, tai do do
phan cyc cua dung mdi phu hop dé hoa tan cac
hop chit phenolic. Tuong ty, két qua nghién clru
cua Spigno va cs (2007) [20] ghi nhan, hi¢u suat
thu hoi giam khi nong do ethanol ting vuot gia tri
t61 wu. Hinh 1C cho thay, cac duong dong mirc co
dang gan tron va bé mat dap tmg twong ddi ddi
xung, ching t0 sy tuong tac gitta thoi gian trich
ly va nong d¢ ethanol khong c6 ¥ nghia thong ké
dbi v6i hiéu suat thu hdi, phu hop Vol két qua
phan tich ANOVA (Bang 3). Cac hé sé bac hai
A? (-4,03), B (-3,62) va C* (-3,79) déu am, phu
hop v6i bé miat dap tng dang 16m va sy xuét hién
cua diém cyc dai (Hinh 1). Dleu nay cho thay,
trong khoang khao sat, hai yeu t6 nay chu yéu anh
huong doc lap dén hiéu suét thu hdi. Theo dinh
luat khuéch tan thir hai ciia Fick, toc do khuéch tan
chit tan giam dan khi chénh léch ndng d6 giira
nguyén liéu va dung méi giam va hé thong tién toi
trang thai can bang sau mot khoang thoi gian nhat
dinh [21]. Viéc kéo dai thoi gian trich ly sau khi
dat trang thai can bang khong lam ting dang ké
hi¢u suét thu hoi.

3.2. Tbi wu héa diéu Kién trich ly dén TPC
trong cao chiét vé 4u

3.2.1. M6 hinh toan hoc va ANOVA

Két qua ANOVA cho thay, mé hinh bac hai
pht hop dé du doan TPC, véi gia tri p-value va
mirc 46 khong phii hop ciia moé hinh 1an Iuot 1a
<0,0001 va 0,0823 (Bang 4). Dong thoi, gia tri hé
s6 R hiéu chinh (Adjusted R?) =0,9358 gan bang
gia tri R? = 0,9662, cho thdy mo hinh giai thich
t6t su bién thién cua dap ung. Két qua nay twong
tur két qua nghién ctru cta Sulaiman va cs (2017)
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[19], khi t6i wu hoa qué trinh trich ly phenolic tir
cay bim bip (Clinacanthus nutans) dat R’= 0,9612
va p-value <0,0001. Cac yéu to6 A, B va C déu
anh huong dang ké dén TPC (p<0,05), trong d6
khdi luong nguyén lidu anh hudng rat dang ké
(p<0,0001) voi F = 132,13 (Bang 4). Nghién
curu cua Pinelo va cs (2005) [22] ghi nhén, ty 1€
dung moéi/chét ran anh huong dang ké dén kha
ning thu hdi polyphenol tir bd nho. Ngoai ra,
nghién ctru cua Dai va Mumper (2010) [23] cho
thay, ethanol & nong do 50-80% thudng cho
hiéu qua thu hdi polyphenolic cao hon ethanol
tuyét d6i do kha ning hoa tan tdt hon cac hop
chét phan cuyc va ban phan cyc. Tuy nhién, su
tuong tac gitta cac bién khao sat anh hudng
khong dang ké dén TPC cua cao chiét (p-value
ciia AB, AC va BC > 0,05). Két qua nghién ctru

ciua Liyana-Pathirana va Shahidi (2005) [24]
cho thiy, khi téi wu hoa qua trinh trich ly
phenolic tir lua mi, cac yéu td riéng 1¢ anh
huéng dang ké dén TPC, trong khi tuong tac
gitra mot s6 cdp bién khong co ¥ nghia théng ké
(p>0,05). Trong d6, md hinh van ton tai moi
quan hé phi tuyén tinh va ving gia tri téi wu
cho qua trinh trich ly TPC Véri gia tri p-value
cta cac hé sé bac hai (A%, B* va C?) déu nho
hon 0,0001 (Bang 4 va phuong trinh (4)). biéu
nay cho thay ton tai mot ving t6i wu thay vi xu
huéng ting tuyén tinh [17].

Y, = 576,9 + 101,65A — 22,6B —
69,81A% — 58,96B* — 60,79C> (4)

Trong d6: Y, 1a TPC; A, B va C 1a khéi
luong nguyén lidu, thoi gian trich ly va ndng do
ethanol, twong Gng.

22,9C —

Bang 4. Céc tham s6 ciia phwong trinh hdi quy mé ta sy thay déi ciia cic ham muc tiéu

Ngudn TPC TFC
df F-value p-value df F-value p-value
M0 hinh 9 31,78 <0,0001%* 9 47,65 <0,0001"
A 1 132,13 <0,0001%* 1 23,05 0,0007"
B 1 6,53 0,0286* 1 52,47 <0,0001"
C 1 5,14 0,0468* 1 14,86 0,0032°
AB 1 3,93 0,0756 1 23,26 0,0007"
AC 1 0,0016 0,9691 1 22,70 0,0008"
BC 1 2,43 0,1503 1 5,76 0,0373"
A2 1 65,76 <0,0001%* 1 111,22 <0,0001°"
B2 1 46,92 <0,0001%** 1 142,18 <0,0001"
C? 1 49 87 <0,0001%** 1 89,23 <0,0001"
Sai s du 10 10
Do khong phi hop 5 3,86 0,0823 5 4,80 0,0551
Sai s6 thuan 5 5
Tong hiéu chinh 19 19

Ghi chii: Véi TPC (R* = 0,9662, hé s6 R’ hiéu chinh = 0,9358, hé s6 bién thién = 7,3036% va ty s6

tin hiéu trén nhiéu = 15,9426) va TFC (R* =

0,9772, hé s6 R hiéu chinh = 0,9567, hé sé bién thién =

9,3% va ty s6 tin hiéu trén nhiém = 19,1448). *: Khdc biét c6 y nghia thong ké (p<0,05); **: Khdc

biét ¢é y nghia thong ké (p<0,0001).

3.2.2. Anh hudng diéu kién trich ly dén TPC

Phuong trinh hoi quy (4) ghi nhan hé s6 A
(+101,65) duong, cho thiy viéc ting khdi lwong
nguyén liéu gop phan lam ting TPC; trong khi
do, cac hé sb B (-22,6) va C (-22.,9) am, TPC c¢6
xu huéng giam khi thoi gian trich ly va nong do
ethanol ting vuot ving t6i wu. Hinh 2A cho thay,
TPC c¢6 xu hudng ting khi khdi lwong nguyén
liéu tang tir 50 g dén khoang 80 g va thoi gian
trich ly tang dén khoang 100 phuat, sau d6 giam

khi hai yéu t5 tiép tuc ting. Nguyén nhan, & giai
doan dau qua trinh khuéch tan cac hop chat
phenolic tir nguyén liéu vao dung moi dién ra
thuan lgi hon. Tuy nhién, khi thoi gian trich ly
kéo dai, mot phan cac hop chat phenolic c6 thé bi
oxy hoa hoac phan hiy dudi tdc dong cua nhiét,
lam giam ham lugng TPC. Két qua nay twong tu
két qua nghién ciru cua Dahmoune va cs (2015)
[25], trong d6 TPC tang dén gia tri cuc dai rdi
giam khi kéo dai thoi gian trich ly.
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(¢

Hinh 2. B& m3t dép éng cho 4nh huéng ciia
dieu kién trich ly dén TPC

Hinh 2B cho thiy, TPC ting khi nong do6
ethanol ting dén khoang 80-85% va khdi luong
nguyén liéu ting dén khoang 80 g, sau do giam
khi hai yéu t6 tiép tuc tang [25]. Nguyén nhan la
néng d96 ethanol trung binh tao diéu kién thuén loi
cho qua trinh hoa tan cac hop chat phenolic, trong
khi noéng do ethanol qua cao 1am giam do phéan
cuc cua dung moi, tir 6 lIam giam kha nang hoa
tan cac hop chit nay. Xu huéng nay phu hop voi
két qua nghién ctru cua Pinelo va cs (2005) [22].
O hinh 2C, TPC chi thay d6i nhe khi dong thoi
thay d6i thoi gian trich ly va ndng do ethanol.
Theo dinh luat khuéch tan thr hai coa Fick, toc
d6 khuéch tan chit tan giam dan khi hé thong tién
dén trang thai can bang, vi vy viéc kéo dai thoi
gian trich ly khong lam ting déng ké luong
phenolic thu dugc [21]. Két qua phan tich
ANOVA (Bang 4) cho thay, cac tuong tic giira
khéi luong nguyén liéu va thoi gian trich ly (AB),
khdi Iugng nguyén liéu va nong do ethanol (AC),
cling nhu thoi gian trich ly va néng d6 ethanol
(BO) déu khong c6 y nghia thong ké (p>0,05).
Diéu nay cho thay, sy thay (1‘01 cua TPC chu yéu
chiu anh huong cua timg yéu t6 riéng 1¢ hon 1a sy
tuong tac giira cac yéu tb khao sat.

3.3. T6i wu héa diéu kién trich ly dén TFC
trong cao chiét vé au

3.3.1. M6 hinh toan hoc va ANOVA

Két qua ANOVA cho thiy, mé hinh bac hai
c6 y nghia thong ké véi p-value <0,0001, su
khong phu hop khong c6 y nghia (p = 0,1003 >
0,05) va hé s6 R? hiéu chinh = 96,79%, cho thiy
mé hinh ¢6 thé du doan chinh xac TFC & céac diéu
kién khac nhau [13]. Bang 4 cho thdy, khdi luong
nguyén liéu, thoi gian trich ly va ndng do ethanol
déu anh huong dang ké dén TFC véi gia tri p-
value <0,0001. Tuy nhién, B 12 nhan t tac dong
16n nhit dén TFC (F-value = 52,47). Gia tri F-
value ctia nhan to cang 16n thi nhan t6 d6 quan
trong nhat [26]. Bén canh do, su tuong tac giita
AB, AC va BC ciing anh huong dang ké dén TEC

(p-value = 0,0007, p-value <0,0008 va p-value =
0,0373, twong tng). Cac hé sb bac hai (A%, B?
C?) cho thiy mbi quan hé phi tuyén giita cac nhan
t6 va TEC (p<0,0001). Twong tw nhu TPC, TFC
cling ton tai mot ving tdi wu thay vi xu hudng
tang tuyén tinh [17]. Hon nita, cac hé s6 bac hai
A? (-20,77), B? (-23,48) va C* (-18,60) déu am,
cho thay dang bé miat dap Gng 16m va sy xuét
hién cua diém cuc dai (Hinh 3).
Y;=12328+9,71A - 14,65B -7,8C - 12,75AB +
12,59AC - 6,34BC - 20,77A% - 23 48B° - 18,6C° (5)
Trong d6: Y3 1a TFC va A, B va C la khdi
lwong nguyén liéu, thoi gian trich ly va ndng do
ethanol, tuong Gng.
3.3.2. Anh huong diéu kién trich ly dén TFC
Tuong tu TPC, phuong trinh hdi quy (5) cb
hé sb A (+9,71) duong, cho thiy viéc ting khdi
luong nguyén liéu gop phan lam tang TFC; trong
khi, cac hé s6 B (-14,65) va C (-7,80) am, TFC co
xu huéng giam khi thoi gian trich ly va nong do
ethanol ting vuot ving téi wu. Hon nita, cac hé s6
trong tic AB (-12,75) va BC (-6,34) am, phan
anh sy két hop giita cac yéu t6 nay lam giam TFC
va ngugc lai & AC (+12,59). Theo do, hinh 3A
cho thdy, TFC ting tir khoang 60 ug QE/mg Ién
gan 120 ug QE/mg cao chiét khi dong thoi tang
khoi lwong nguyén liu tir 50 g dén khoang 80 g
va thoi gian trich ly tir 50 phat dén khoang 100-
110 phat. Tuy nhién, khi hai yéu t6 nay tiép tuc
tang, TFC giam c6 xu huong giam (70-80 pg
QE/mg cao chiét). Didu nay cho thay, viéc ting
khéi lwong nguyén liéu va thoi gian trich ly trong
giai doan dau gitp ting kha ning khuéch tan, tuy
nhién khi thoi gian gia nhiét kéo dai dan dén mot
phan hgp chit bi oxy héa hodc phan huy [26].
Hinh 3B cho thay, TFC ting tir khoang 50 pg
QE/mg lén khoang 125 pg QE/mg cao chiét khi
nong do ethanol ting tir 70% dén khoang 80-82%
va khéi luong nguyén lidu ting tr 50 g dén
khoang 80 g. Tuy nhién, khi nong do ethanol va
kh01 lwong nguyén liéu tiép tuc tang, TFC giam
Xuong con khoang 80-90 ug QE/mg cao chiét.
Dleu nay phan anh sy ton tai ciia ndng do ethanol
t6i wu, tai d6 do phan cuc cua dung moi phu hop
dé hoa tan cac hop chat flavonoid. Khi ndng do
ethanol qua cao, kha ning hoa tan cac hop chat
flavonoid giam, dan dén TFC giam. Két qua nay
tuong dong véi két qua nghién ctiru cia Alara va
cs (2018) [10].
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A B @
Hinh 3. Bé mit dap Gng cho dnh hwéng cia
diéu kién trich ly dén TFC

Hinh 3C cho théy, TFC dat gia tri cao nhét,
khoang 115-120 pg QE/mg cao chiét, tai thoi
gian trich ly khoang 90-110 phit va nong do
ethanol khoang 75-80%. Khi thoi gian trich ly
kéo dai dén 130-150 phat két hop voi nong do
ethanol trén 85%, TFC giam xudng khoang 70-80
g QE/mg cao chiét. Diéu nay co thé do thoi gian
gia nhiét kéo dai lam mot phan flavonoid bi phan
huy hoic oxy hoa [27]. Két qua phén tich
ANOVA (Bang 4) cling xac nhan rang, cac tuong
tac AB, AC va BC déu co y nghia thong ké
(p<0.05), chimg t6 TFC chiu anh hudng khong
chi bai timg yéu to riéng 1é¢ ma con bdi su twong
tac gilta cac yéu t6 khao sat.

3.4. T6i wu héa da muc tiéu

Két qua du doan tir cac phuong trinh (3), (4),
(5) cho théy, diéu kién dé hiéu suét thu nhan, TPC
va TFC cua cao chiét dat cuc dai khi v6 4u dugc
trich ly & 80,27 g trong 88,83 phut, v6i nong do
ethanol 79,27% (Bang 5). Tai do, gia tri Y, Y, va
Y; dy doan lan luwot dat 18,72%, 5992 ug
GAE/mg va 127,28 pg QE/mg. Khi ap dung trong
diéu kién thyc té (A = 80,3 g, B = 88,8 phut va C
=79,3%), két qua cho thiy cac dap tmg Yy, Y, va
Y; lan luot dat 19,240,51%, 606,54+9.41 ng
GAE/mg va 129,01+0,76 ng QE/mg, trong dong
voi gid tri dy doan cia mo hinh va dugc ching
minh thong qua kiém dinh t-test (p>0,05). Két qua
nay cho thiy, qua trinh t3i wu hoa giup ning cao
hiéu sudt thu nhan va ham luong hop chét c6 hoat
tinh sinh hoc so v&i cac nghién ctru st dung didu
kién trich ly thong thuong khong t6i wu. Cu thé,
nghién ctru cia Alara va cs (2018) [10], khi trich ly
1a cay mat giu (Vernonia amygdalina) bang
phuong phap soxhlet thong thudong chi ghi nhan
TPC dat khoang 41,82 mg GAE/g va TFC dat 7,31
mg QE/g trong diéu kién ethanol thich hop. Trong
do, gia tri TPC va TFC cao hon, cho thdy viéc timg
dung mo hinh bac hai trong RSM c6 thé cai thién
dang ké hiéu qua trich ly va kha nang du doan
chinh xac cac dap rng cua qua trinh.

Béng S. Gia tri du dodn va thuec té ctia cic muc
tiéu & dieu kién toi wu

Muc tidu Giatridu | Giatrithuc | Gia
’ doan (u;) te (1) tri p
Y1 (%) 18,72 19,20+0,51 | 0,24
Y2 (pg
GAE/mg) 599,2 606,54+9,41 | 0,31
Y3 (pg
QE/mg) 127,28 129,01+0,76 | 0,06

Ghi chu: H, = u; - ug—O H=u;-u, #0; gia
tri p dwoc kiém dinh bang kiém dinh t (p>0,05).

4. KET LUAN

V6 4u 1a ngudn nguyén liéu tu nhién giau hop
chit sinh hoc, c¢6 tiém nang ung dung. Nghién
ctru cho théy, qué trinh trich ly phu thudc vao
nhiéu yéu t6 nhu khéi luong nguyén liéu, thoi
gian trich ly va nong d6 dung méi. Cac yéu td nay
anh huong truc tiép dén kha niang khuéch tan, hoa
tan va thu nhan cac hop chit hoat tinh sinh hoc.
Qu4 trinh trich ly cao chiét bang phuong phap
soxhlet két hop phan tich t6i wu hoa di xay dung
duge mo hinh hdi quy bac hai co y nghia thng
ké cao va phu hgp voi dir li¢u thyc nghiém. Vo 4u
duoc trich ly ¢ 80,3 g nguyén li¢u trong dung moi
ethanol & nong do 79,3% va dugc trich ly trong
88,8 phut, dat hiéu suat thu hdi cao chiét 19,20%,
dong thoi TPC va TFC trong cao chiét duy tri &
murc cao (606,54 mg GAE/g va 129,01 mg QE/g).
Viéc t6i vu hoa ddng thoi cac yéu té da g0p phan
nang cao kha ning thu nhan cac hop chat ¢ hoat
tinh chdng oxy hoa tir ngudn phy phim néng
nghi€p nay.
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OPTIMIZATION OF POLYPHENOL AND FLAVONOID EXTRACTION CONDITIONS
FROM WATER CALTROP PEEL USING RESPONSE SURFACE METHODOLOGY
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Abstract

Water caltrop peel is an abundant source of bioactive compounds. However, a large amount of the peel
is discarded, resulting in negative environmental impacts. Despite its considerable potential, the
Soxhlet extraction conditions for optimizing extraction yield (Y), total phenolic content (TPC), and
total flavonoid content (TFC) have not yet been reported for water caltrop cultivars grown in Vietnam.
A Central Composite Design (CCD) was employed with three independent variables: Material mass
(50-100 g), extraction time (50-150 min) and ethanol concentration (70-90%). RSM analysis revealed
that the interactions among material mass, extraction time and ethanol concentration significantly
affected the response variables. Simultaneous optimization indicated that the optimal extraction
conditions were 88.3 g of material, 88.8% ethanol concentration and an extraction time of 79.3 min,
under which the extraction yield, TPC and TFC reached 19.20+0.51%, 606.54+9.41 mg GAE/g and
129.01+£0.76 mg QE/g, respectively. These findings contribute to enhancing the value and utilization of
water caltrop peel by-product, opening up opportunities for its practical application in the production
of natural functional foods and providing a scientific basis for future research.

Keywords: Response surface methodology, extract, flavonoids, polyphenols, Soxhlet extraction, water

caltrop peel.
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