TNU Journal of Science and Technology 227(10): 47 - 55

OPTIMIZATION OF THE EXTRACTION PROCESS OF POLYPHENOLS AND
FLAVONOIDS FROM BREADFRUIT LEAVES (Artocarpus altilis)

Nguyen Thi Ai Lan?, Tran Chi Linh?"
Tra Vinh University, 2Can Tho University

ARTICLE INFO

ABSTRACT

Received: 28/4/2022
Revised: 14/6/2022
Published: 14/6/2022

KEYWORDS

Antioxidant
Artocarpus altilis
Box-Behnken
Flavonoids
Polyphenols

This study aims to optimize the extraction conditions of polyphenols and
flavonoids from breadfruit leaves. To achieve this, the Box-Behnken
design was implemented for the optimization itself. The influence of four
factors, including: raw material/ solvent ratio, ethanol concentration,
ultrasonic time and ultrasonic temperature on the extraction of
polyphenols and flavonoids were studied. As a result, the optimal
extraction conditions were extraction time of 15.98 min, extraction
temperature of 69°C, solid-to-solvent ratio of 1/30 (w/v) and ethanol
concentration of 69% for ultrasound-assisted extraction. Under these
conditions, the measured polyphenols and flavonoids were 227.38+1.27
mg/g GAE and 113.36+2.07 mg/g QE, respectively, which was in
agreement with the predicted value (TPC=228.46 mg/g GAE;
TFC=112.58 mg/g QE). Optimum extraction of breadfruit leaves has
good ability to neutralize free radicals 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ECs;=56.57+0.10 pg/mL) and 2,2-
diphenyl-1-picrylrylhydrazyl (ECs=68.85+0.53 ug/mL) and nitric oxide
(ECs0=77.2140.84 pg/mL).
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Nghién ctu ndy nhim muc dich toi wu hoa diéu kién chiét xuat
polyphenol va flavonoid tir 14 sa ké. Dé dat duoc didu nay, thiét ké
Box-Behnken di duoc sir dung dé téi wu héa quy trinh chlét Xuat
polyphenol va flavonoid tir 14 sa ké. Anh huéng cua bbn yéu to, bao
gom: ty 1é nguyeén li¢u/ dung moi, nong d6 ethanol, thoi gian va nhiét
d6 siéu am dén qua trinh chiét xuat polyphenol, flavonoid da dugc
thuc hién. Két qua cho thdy, diéu kién chiét xuit téi vu 1a & thoi gian
15,98 phdt, nhiét d6 69°C, ty I€ nguyén liéu dung/ dung moi 1/30
(w/v) va ndng d6 ethanol 69% véi su hd tro cua séng siéu &m. Trong
diéu kién nay, ham luong polyphenol (TPC), flavonoid (TFC) do
duoc lan luot 12 227,38+1,27 mg GAE/g cao chiét va 113,36+2,07
mg QE/g cao chiét, phi hop voi gia tri du doan (TPC=228,46 mg
GAE/g cao chiét; TFC=112,58 mg QE/g cao chiét). Cao t6i uu 14 sa
ké c6 kha ning trung hoa t6t céc goc ty do 2,2-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ECs0=56,57+0,10 pg/mL) va
2,2-diphenyl-1-picrylrylhydrazyl (EC5,=68,85+0,53 pg/mL) va nitric
oxide (ECs0=77,21+0,84 pg/mL).
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1. Gidi thigéu

Géc tu do 1a phan tir c6 mot hoac nhiéu electron chwa ghép doi ¢ obitan 16p ngoai cung [1].
Nhiéu géc tu do ¢ dang oxy phan &ng (reactive oxygen species, ROS) va nito phan wng (reactive
nitrogen species, RNS) la mot phan khong thé thiéu cua cic qua trinh sinh Iy binh thuong trong
co thé con ngudi [2]. Tuy nhién, cac gdc tu do s& duoc san sinh quéa mirc khi co thé tiép xdc véi
birc xa, h6a chat doc hai, thudc 14, rwou bia va tiéu thy chat béo bi oxy héa [3]. Cac ROS va RNS
dugc san sinh qua muc ¢6 thé dan dén tén thuong oxy hoa ddi véi cac phan tir sinh hoc: lipid,
protein, DNA va mang té bao dén sy phat trién ciia cac bénh tim mach, ung thu, dai thao dudong,
tang huyét 4p va rdi loan thodi ha than kinh [4], [5]. Chat chdng oxy héa c6 kha ning loai bo cac
géc tu do co tiém ning rat I6n trong viéc cai thién cac bénh Iy do ROS va RNS gay [6]. Céc chat
chong oxy héa tong hop phd bién nhu: butylated hydoxytoluene, butylated hydoxyanisole va
propylgallate duogc sir dung nhiéu lai gay anh huong dén tudi tho va c6 nhiéu tac dung phu [7].
Chinh vi vay, ngay cang c6 nhiéu quan tdm dén viéc chiét xuat cac chat chuyen hoa thir cap tir
thyc vat, dé c6 dugc mot giai phap thay thé cac hop chat chong oxy héa tong hop nhung an toan,
hiéu qua va chi phi thap.

Céc hop chat chuyén hda thir cap tir thyc vét thuoc nhém polyphenol, flavonoid cé céc hoat
dong dugc ly quan trong, bao gom: chdng oxy hoa, chéng ung thu, wc ché enzyme va chng viém
[8]. Polyphenol va flavonoid c6 nhiéu dic diém sinh hda, hoat tinh sinh hoc khéc nhau, nhung
dic tinh dwoc mo ta tot nhat cua hau hét cac polyphenol, flavonoid Ia kha ning chong oxy hoa
[9]. Céc hop chat thudc nhom polyphenol va flavonoid da dwoc chietng minh 1a ¢6 su hién dién
trong cac chiét xuat tir cay sa ké (Artocarpus altilis) [10], [11]. Cac nghién ctru trude day cho
thy sa ké c6 tac dung chéng ung thu, bao vé tim mach, kiém soat huyét ap, bao vé gan va nhiéu
hoat tinh sinh hoc dang quy khac [7]. Céc hoat tinh sinh hoc ma cdy sa ké s httu dugc chung
minh la ¢c6 méi quan hé mat thiét véi ham luong polyphenol (TPC) va flavonoid (TFC) [12]. Tuy
nhién, nhitng nghién ctru dé t6i wu hoa diéu kién chiét xuat polyphenol va flavonoid tir 14 sa ké
(LSK) van con han ché. Do d6, nghién ctru nay di duoc thuc hién nhim tim ra didu kién chiét
xuit téi wu cao chiét giau polyphenol va flavonoid tir 14 sa ké. Nghién cau gép phan cung cip co
so khoa hoc cho viéc dinh hudng khai thac dugc liéu mot cach hiéu qua.

2. Vit liéu va phuwong phap nghién ciu
2.1. Vit ligu

Cay sa ké duoc thu lay 14 tai quan Binh Thay, thanh phé Can Tho dugc trinh bay trong Hinh
1. LSK duoc sir dung trong nghién ciu 1a nhitng 14 gia khé vira méi rung. Mau LSK dugc dinh
danh va luu trir tai phong thi nghiém Héa Sinh Lam Sang (Phong C11.105), bo mén Hoa Sinh,
KhoaY - Duqc, tmc‘yng Dai hoc Tra Vinh véi ma sb luu trix 1a: CT_Aal202001050011.

Hinh 1. Mdu ld sa ké dwoc sir dung trong nghién cizu
Ghi chd: A-Mgt nhanh sa ké, B-Mdt trén 14 sa ké gia khd vira mai rung; C-Mdt dudi 14 sa ké gia khd vira méi rung
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2.2. Phwong phdp nghién ciru
2.2.1. Xat ly nguyén liéu va xdc dinh dé am

LSK sau khi thu vé duoc rira sach, loai b phan sau bénh, cit nho va phoi khé trong bong ram.
Sau d6, LSK duoc xay nhuyén thanh bot va dem ray qua khay dé thu dugc hat bot duoc liéu co
kich thudc hat 1a 60 mesh. Bot duoc liéu LSK ¢6 d6 am 1a 4,75+0,11% duge xac dinh theo mé ta
trong Dugc Pién Viét Nam V [13]. Bot dugc lieu LSK dwoc bao quan trong tdi nhya PE, dit
trong hop nhua kin va luu trir & 4°C dé sir dung cho céc thi nghiém tiép theo.

2.2.2. Xac dinh anh huong cua Cac yéu té don va téi wu héa quy trinh chiét xuat polyphenol,
flavonoid tur bgr duoc liéu LSK

May siéu am gia nhiét (Derui DR-MH30, China) véi tan s6 40 kHz duoc st dung dé phat song
siéu &m hd tro chiét xuat polyphenol va flavonoid. Bot dugc liéu LSK dugc chiét xuat
polyphenol, flavonoid trong cac diéu kién: ty 1& nguyén liéu/ dung méi tir 1/10 dén 1/40 (w/v);
ethanol tir 40 dén 99,5% (v/v); nhiét d6 siéu am tir 30 dén 90°C; thoi gian siéu &m tir 5 dén 35
phat. Trong qué trinh khao sat anh hudng cua cac yéu té don: ethanol 90%, nhiét do 30°C, thoi
gian siéu &m 5 phat va ty 1é nguyén liéu/ dung méi 1a 1/10 (w/v) dugc ¢ dinh. Tién hanh loc dich
chiét c6 dudi dung méi thu lay cao chiét d& xac dinh TPC va TFC theo mé ta trong muc 2.2.3.
Sau khi tién hanh khao sat cac don nhéan t6, 03 yéu t6 c6 anh huong nhiéu dén TPC, TFC trong
cao LSK dugc chon dé xay dung quy trinh chiét xuat toi wu. Phuong phap dap ung bé mit theo
thiét ké Box-Behnken vai ba yéu t, ba cip do trong phan mém Design expert 11.0 duoc sir dung
dé thiét ké thi nghiém va danh gia mé hinh. Cac diéu kién chiét xuat toi wu s& duoc sir dung dé
diéu ché cao t6i wu va khao sat hoat tinh chéng oxy héa theo mé ta trong muc 2.2.4.

2.2.3. Phuwong phadp dinh lwong polyphenol va flavonoid

TPC trong cac cao LSK duoc xac dinh theo mé ta cua Patra va cong su (2020) [14]. TPC duoc
biéu thi bang mg gallic acid (GAE) trén 1 g cao chiét, dwa vao dudng chuan: y=0,0103x+0,1147
(R2=0,9991).

TFC trong cac cao LSK dugc xac dinh theo md ta cua Akanni va cong su (2014) [7]. TFC
dugc biéu thi bing mg quercetin (QE) trén 1 g cao chiét, dwa vao duong chuan:
y=0,0049x+0,0039 (R2=0,9978).

2.2.4. Khdo sét hogt tinh chong oxy héa cua cao téi wu LSK

Hiéu qua trung hoa géc tu do 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS™)
duoc thuc hién theo Khorasani va cong su (2015) [15]. Phan ang gom: 990 pL ABTS™* véi 10 pL
cao téi wvu LSK, trong 6 phut, 25°C. Do hap thu quang phd duoc xac dinh & budc séng 734 nm.

Hiéu qua trung hoa gdc tu do 2,2-diphenyl-1-picrylrylhydrazyl (DPPH) duoc thuc hién theo
Mensor va cong su (2001) [16]. Cao tdi vu LSK 960 pL duoc phan ung véi 40 uL DPPH (1000
pg/mL). Mau thtr duoc u téi, 30 phat & 25°C va do do hap thu quang phd ¢ budc séng 517 nm.

Hiéu qua trung hoa géc tu do nitric oxide (NO") dugc thuc hién theo Ebrahimzadeh va cong su
(2009) c6 diéu chinh [17]. Cao t6i wu LSK 1 mL dugc cho phan tng véi 1 mL natri nitroprusside
(5 mmol/L) trong 150 phdt & nhiét d6 phong. Sau d6, 0,5 mL thudc thir Griess duoc thém vao va
tién hanh do do hap thu quang phd & buéc séng 546 nm.

Vitamin C dugc str dung lam chit d6i chitng duong & ca 3 phuong phap chdng oxy hda. Hiéu
suit chdng oxy hoa va ndng do trung hoa 50% gdc tu do (half maximal effective concentration,
ECso) dugc xac dinh theo mé ta cua Khorasani va cong su (2015) [15].

2.2.5. Xir Iy va phan tich sé ligu

Cac §6 liéu trong khdo sit don yéu té dugc trinh bay dudi dang MEANSEM va xtr 1y bang
phan mém Minitab 16.0 kiém dinh ANOVA-Tukey’s. Bi¢u do dugc v& bang phan mém Microsof
excel 2013. So liéu va biéu do trong mo hinh toi vu duogc xu ly bang phan mém Design expert 11.0.
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3. Két qua va ban luan
3.1. Anh hwoéng ciia cac yéu té dom dén qua trinh chiét xudt polyphenol va flavonoid tir LSK

TPC va TEC dugc chiing minh 12 rat thap khi sir dung don dung mai 1a ethanol hodc nudc dé
chiét xuat [18]. Su két hop giira ethanol va nudc véi ty Ié thich hop s& tao didu kién chiét xuat
hiéu qua polyphenol va flavonoid [19]. Trong HIRA2A su két hop giita ethanol va nuéc & cac ty
I& khac nhau anh huong dang ké dén TPC va TFC. Cu thé, TPC va TFC tang lién tuc tir nong do
ethanol 40% (TPC=72,81+0,99 mg GAE/g cao chiét; TFC=49,86+2,44 mg QE/g cao chiét) dén
70% (TPC=117,99+0,75 mg GAE/g cao chiét; TFC=97,11+5,09 mg QE/g cao chiét) va bat dau
giam & 80% (TPC=104,80+0,65 mg GAE/g cao chiét; TFC=71,85+4,89 mg QE/g cao chiét). Do
d6, ndng d6 ethanol tir 60 dén 80% duoc chon dé dura vao thiét ké Box-Behnken.
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120 120 —
20 100 20 100
g E
2 80 = 80
E 60 E 60
10 40
20 20
0 0 L NI
40 50 60 70 80 90 99.5 30 40 350 60 70 80 90
A Nong d§ ethanol (%, v/v) B Nhiét dj (°C)
140 120 _ - -
120 ] 100 B §
100 E‘ 30
80 1)
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60 =
40
40
20 20
o L4 0 G . 52 N 52 T 1 2 T
5 10 15 20 25 30 35 D 01:10 01:15 01:20 01:25 01:30 01:35 01:40
C Thoi gian (phut) Ty 1¢ nguyén li¢u/ dung méi (w/v)
@ Polyphenol (mg GAE/g cao chiét) ©Flavonoid (mg QE/g cao chiét)

) Hinh 2. Ham luong polyphenol va flavonoid trong cao LSK )
Ghi chi: A: Anh huong cua nong do ethanol den TPC va TFC; B: Anh hwong cua nhiét dé siéu am den
TPC va TFC; C: Anh huong cua thoi gian siéu am dén TPC va TFC; D: Anh huong cua ty I¢ nguyén ligu/
dung méi den TPCva TFC

Nghién ciru coa Hossain va cong su (2011) cho thay, nhiét do 1a yéu t chi phéi trong qué
trinh chiét xuat polyphenol va flavonoid [20]. G Hinh 2B, TPC va TFC ting khi dwoc chiét ¢ nhiét
d6 30°C (TPC=97,65+0,61 mg GAE/g cao chiét; TFC=61,98+2,35 mg QE/g cao chiét) dén 70°C
(TPC=119,66+1,32 mg GAE/g cao chiét; TFC=99,54+2,35 mg QE/g cao chiét) va bat dau giam &
80°C. Do d6, pham vi nhiét do siéu am tir 60°C dén 80°C da duoc chon vao thiét ké Box-Behnken.
Sy gia ting nhiét d6 cua dung mdi 1am giam do nhét cua méi truong chiét xuat, gidp dung mdi
tham nhap vao cac hat bot duoc liéu va 1am ting hiéu suat chiét suat [18]. Tuy nhién, nhiét do ting
qua cao cd thé dan dén su phan huy hoic bién chat caa polyphenol va flavonoid [21].

Nhu thé hién trong Hinh 2C, TPC (121,88+2,08 mg GAE/g cao chlet) va TFC (101,18+6,47
mg QE/g cao chiét) dat cao nhét sau 15 phut danh siéu 4m va bit diu giam dang ké sau do
(p<0,05). Két qua nay cd thé duoc giai thich 1a do polyphenol, flavonoid trong hat bot duoc liéu
phdng thich ra ngoai hoa tan trong dung méi nhanh trong thoi gian ngan, tuy nhién khi kéo dai
thoi gian siéu am 1am cho cac hop chét polyphenol, flavonoid bi phan hity va tao nhii twong dan
dén giam ham luong [22], [23]. Thoi gian siéu am tir 10 dén 20 phat da dugc chon cho thiét ké
Box-Behnken.

Két qua vé anh huong cua ty 1é nguyén ligu/ dung moi dén TPC va TFC duoc trinh bay trong
Hinh 2D. TPC va TFC tang lién tuc tir ty Ié€ nguyén liéu/ dung modi la 1/10 (wiv,

http://jst.tnu.edu.vn 50 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(10): 47 - 55

TPC=101,27+3,12 mg GAE/g cao chiét=; TFC=60,45+1,41 mg QE/g cao chiét) dén 1/30 (w/v,
TPC=115,99+0,68 mg GAE/g cao chiét; TFC=83,67+2,21 mg QE/g cao chlét) va sau d6 ting
khac biét khong c6 y nghia vé mat thong ké (p>0,05). Nguyén nhan cd thé 1a do & ty 1é nguyén
licu 1a 1/30 thi ham luong cac chat chiét xuat da dat dén do bdo hoa [21]. Do dé, ty 1& nguyén
liéu/ dung méi 1a 1/30 da dugc chon dé sir dung trong cac khao sét tiép theo.

3.2. Téi wu héa quy trinh chiét xudt polyphenol va flavonoid tar LSK
TPC va TFC chiét xuit duogc tir bot duoc liéu LSK chiu anh huéng dang ké boi nong do
ethanol (60-80%, Vv/v), nhiét d6 siéu am (60-80°C) va thoi gian siéu &m (10-20 phat) nén dugc
chon dua vao thiét ké Box-Behnken. Ngoai ra, ty 1& nguyén liéu/ dung méi 1a 1/30 duoc ¢ dinh
trong qua trinh téi wu. Trong 17 nghiém thic cua thiét ké Box-Behnken, TPC va TEC thu dugc
cao nhat ¢ 5 nghiém thuc trung tdm (tir nghiém thic 13 dén 17, Bang 1).
Bang 1. Ma trdn thuc nghiém Box-Behnken ba yéu té cia LSK

Nghiém Céc bién déc lap Ham lugng polyphenol Ham lugng flavonoid

thirc A (%, vIv) B (°C) C (phut) (mg GAE/g cao chiét) (mg QE/g cao chiét)
1 60 60 15 124,85%+1,94 60,45M9+2 27
2 80 60 15 131,33%+2 24 65,21°7+6,27
3 60 80 15 108,67%+2,97 53,379+1,84
4 80 80 15 86,679+1,12 43,317+2 48
5 60 70 10 146,21°¢1,94 72,83°+1,70
6 80 70 10 139,09%4+2,24 69,70%+1,18
7 60 70 20 174,69°+2,97 87,52°+1,70
8 80 70 20 166,28"+2,97 83,17°+1,89
9 70 60 10 125,50°+4,04 62,63%+3,70
10 70 80 10 86,029+3,88 42,76"+3,30
11 70 60 20 143,62°+4,48 70,79%9+1,43
12 70 80 20 122,278+£2,24 61,27¢f9+2 45
13 70 70 15 226,47%+2 97 112,428+2,05
14 70 70 15 224,52°+7,35 112,29%+6,38
15 70 70 15 226,47°£2,97 111,74%+1,43
16 70 70 15 227,77%+£1,94 111,06%+0,41
17 70 70 15 226,47%+2,24 110,24%+2,16

Ghi chi: A-Nong dé ethanol (%, viv); B-Nhiér dg (°C); C-Thoi gian siéu am (phat). CAc gia tri c6 mau tw
theo sau trong cing mét cét giong nhau khdc biét khdng ¢ y nghia ¢ mitc 5%.

Dya vao gi4 tri thyc nghiém trong Bang 1, nghién ctru da ap dung phuong phap phan tich hdi
quy cac s6 liéu thuc nghiém, thu dwoc mé hinh da thirc bac hai du doan TPC va TFC nhu sau:

Y polyphenol = -5786,155 + 58,06412 x A + 107,57587 x B + 34,837 x C - 0,0712 x A x B -
0,00645 x A x C +0,09065 x B x C - 0,381225 x A2-0,753375 x B2 - 1,266 x C2.

Y Flavonoid = -2855,25625 + 28,441 x A + 53,52287 x B + 15,85575 x C - 0,03705 x A x B -
0,0061 x Ax C+0,05175 x B x C - 0,185112 x A? - 0,374537 x B2 - 0,58935 x C2.

Trong dé, A la yéu té néng dg ethanol; B 14 yéu to nhiér dé; C 1a yéu té thoi gian siéu am.

Phén tich ANOVA d3 duoc thyc hién dé danh gia tac dong cua cac yéu té don, sy tuong tac
giira cac yéu té va mac do phu hop cia md hinh du doan véi thuc nghiém trinh bay trong Bang 2.
Két qua cho thiy, nong do ethanol, nhiét do va thoi gian siéu am déu c6 sy twong tac voi nhau
(p<0,05) va anh huéng dén TPC, TFC. Sy khong phu hop (Lack of fit, Ppoiypnenoi=0,9822,
Pfiavonoid=0,7856) cua md hinh du doan khong c6 ¥ nghia théng ké (p>0,05), h¢ s6 twong quan
(R2polyphenoi=0,9999; RZfavon0ia=0,9996) ciia md hinh dy doan >0,8. Hé sb bién dong (CV) cua TPC
va TFC lan luot 12 0,57% va 0,99%, gi4 tri CV tuong d6i thip (CV<10%) cho thiy mo hinh phan
hoi c6 do tin cay tot. Nghién ciu cua Lai va cong su (2014) [22], Tomaz va cong su (2016) [23]
va Cui va cong su (2019) [24] da ching minh gia tri Lack of fit voi p>0,05, R%>0,8 va CV<10%
thi mé hinh du doan c6 tinh 4p dung va thuc nghiém rat cao. Gia tri Lack of fit, R?, CV trong md
hinh thiét ké chiét xuat polyphenol, flavonoid LSK déu phu hop véi cac nghién ciru twong tu.

http://jst.tnu.edu.vn 51 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology

227(10): 47 - 55

Bang 2. Phan tich cac hé sé nrong quan cia cée yéu té dén TPC va TFC chiét xuat tir LSK

. Phan tich ANOVA polyphenol Phan tich ANOVA flavonoid
Nguan Sum of Df Mean F-value p-value Sum of Df Mean F-value p-value
squares square squares square
Model 4124764 9 4583,07 5709,19 <0,0001 993036 9 1103,37 1843,62 <0,0001
A 120,51 1 120,51 150,12 <0,0001 20,42 1 20,42 34,11 00006
B 1850,45 1 1850,45 2305,13 <0,0001 425,88 1 425,88 711,60 <0,0001
C 1513,60 1 1513,60 188551  <0,0001 375,79 1 375,79 627,91 <0,0001
AB 202,78 1 202,78 252,60 <0,0001 54,91 1 54,91 91,75 <0,0001
AC 0,4160 1 0,4160 0,5182 0,4949 0,3721 1 0,3721 0,6217 0,4563
BC 82,17 1 82,17 102,37 <0,0001 26,78 1 26,78 44,75 0,0003
A? 6119,26 1 6119,26 7622,84 <0,0001 144281 1 144281 2410,78 <0,0001
B2 23897,85 1 23897,85 29769,84 <0,0001 5906,46 1 5906,46  9869,06 <0,0001
c2 4217,78 1 4217,78 5254,14 <0,0001 914,04 1 914,04 1527,26 <0,0001
Residual 5,62 7 0,8028 4,19 7 0,5985
Lack of Fit 0,2113 3 0,0704 0,0521 0,9822 0,8926 3 0,2975 0,3610 0,7856
Pure Error 5,41 4 1,35 3,30 4 0,8242
Cor Total 41253,26 16 993455 16

Ghi cha: A 1a yéu té nong do ethanol; B 1a yéu té nhiér do siéu am; C la yéu té thoi gian siéu am

Céc biéu d6 bé mat dap wng 3D duoc tao ra bang cach ¢ dinh mét yéu té & mirc 0, dong thoi
thay ddi hai yéu t khac trong pham vi thim do. Cac biéu d6 3D nay di moé ta tic dong tuong tic
cua cac yéu tdé dén TPC, nhu duogc hién thi trong Hinh 3. Dwa vao Hinh 3.1 va Hinh 3.2, biéu db
bé mat dap ng giita nhiét do va nong do ethanol. TPC va TFC ting cung véi ndng do ethanol,
nhiét do va bét dau giam sau khi ndng do ethanol dat 70%, nhiét do dat 70°C. Dya vao Hinh 3.3

Polyphena (mg GAL/g cao Chet)

Polyphenol (mg GAE/g cao chét

é
£
K
4

dén 3.6 c6 the thay rang viéc kéo dai thoi glan Iy trlch qua 15 phut dan dén viéc glam TPC TFC.

4
) 4 C This gian (phit)

Hinh 3. Bé mdt ddp iing ham hrong polyphenol va flavonoid cua cao LSK
Ghi cha: 1, 2-M6 hinh tuwong tdc giira nhiét dé va nong do ethanol; 3, 4-Mé hinh twong tac giika nong
d¢ ethanol va thoi gian; 5, 6-Md hinh trong tdc giira thoi gian va nhiét do.

|

60

P,
@ |

|

80

A:Nong db ethanol = 69.3663

60

8:Nhiét dé = 68.7179

| |

80 10

C:Thdi gian = 15.9785

L

20

86.02

227.77

Paolyphenol = 228.457

4276

Flavonoid = 112.582

11242

Hinh 4. Ham ky vong va diéu kién chiét xudt toi weu ham heong polyphenol va flavonoid LSK
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Céc thdng s chiét xuat téi wu dat dugc tir mé hinh véi nong d6 ethanol 69,37%, nhiét do
68,72°C va thoi gian 15,98 phit. Véi cac thong sé tdi uu nay thi gia tri cia ham muc tiéu
TPC=228,46 mg GAE/g cao chiét, TFC=112,58 mg QE/g cao chiét (Hinh 4). Nghién ciru da
kiém dinh thyc nghiém phuong an t6t nhat dugc dé ra: ethanol 69%, nhiét do 69°C va thoi gian
15,98 phut va ty & nguyén liéu/ dung méi 1/30 (w/v). TPC=227,38+1,27 mg GAE/g cao chiét va
TFC=113,36+2,07 mg QE/g cao chiét thu dugc tuong duwong két qua dy doan tir md hinh.

3.3. Hogt tinh chéng oxy hoa cia cao téi wu LSK

Cao t6i wu LSK c6 hiéu qua trung hoa cac goc tu do ABTS™, DPPH va NO' véi hiéu suit dao
dong tir 7,35+0,88% dén 86,27+0,45% & nong do tr 10 dén 100 pug/mL. Vitamin C c6 hoat tinh
trung hoa gdoc ty do ABTS™ (ECs0=2,94+0,14 Hg/mL), DPPH (ECx=5,8310,21 pg/mL) va NO
(EC50=9,56+0,17 pug/mL) déu manh hon cao t6i wu LSK lan luot 1a 19,04, 11,81 va 8,08 lan.
Theo Blois (2000), mau thir c6 gié tri ECso tir 50 dén 100 pg/mL dugc xem la chat chdng oxy hoa
manh [25]. Cao t6i wu LSK c6 hoat tinh chdng oxy hoéa manh déi véi 3 gbc ty do ABTS™
(ECs0=56,57+0,10 pg/mL), DPPH (ECs=68,8520,53 pg/mL) va NO' (ECso=77,21+0,84 ug/mL).
Két qua khao sat hoat tinh chdng oxy héa cua cao téi vu LSK duoc trinh bay trong Bang 3.

Bang 3. Hiéu qua chang oxy hda cua cao toi wu LSK
Hiéu suit (%) trung hoa cac goc tu do ciia cao tdi wu

Néng dd (ug/mL)

ABTS™ DPPH NO’

10 12,69+0,66 7,831+0,39 7,35+0,88

20 21,015+0,79 15,04°+0,45 14,81°+0,58

40 36,60%+0,23 29,15%+0,53 27,10%+0,77

60 52,14°+0,50 43,25°+0,36 39,32°40,71

80 69,39"+0,59 58,22°+0,48 51,02°+0,71

100 86,27%+0,45 72,47°+0,50 64,44°+0,33

Cao chiét Nong dd trung hoa 50% goc tw do (ECso, pg/mL)
va chét chuén ABTS™* DPPH NO

Cao ti vu LSK 56,57%+0,10 68,85°+0,53 77,217+0,84

Vitamin C 2,94+0,14 5,83°+0,21 9,56"+0,17

CAc gia tri c6 mau ty theo sau trong ciing mét cét giong nhau khac biét khong cé y nghia ¢ mirc 5%.
4. Két luan

Nghién ciru da danh gia duoc anh huong ciia nong do ethanol, nhiét do, thoi gian va ty 18
nguyén liéu/ dung moi doi véi viéc chiét xuat polyphenol, flavonoid tir LSK bang cach sir dung
ky thuat chiét xuat c6 su hd tro cua song siéu am. Két qua cho thiy, polyphenol, flavonoid trong
LSK duoc chiét xuat tdi vu khi str dung ethanol 69% & nhiét d6 69°C trong 15,98 phut véi ty 18
nguyén liéu/ dung moi 1a 1/30 (w/v). Cao tdi vu LSK c6 kha ning trung hoa ABTS™, DPPH va
NO" manh.

TAI LIEU THAM KHAO/ REFERENCES

[1] G. Gryn'ova, D. Marshall, and S. Blanksby, “Switching radical stability by pH-induced orbital
conversion,” Nature Chemistry, vol. 5, pp. 474-481, 2013.

[2] N. P. Visavadiya, M. L. McEwen, J. D. Pandya, P. G. Sullivan, B. J. Gwag, and J. E. Springer,
“Antioxidant properties of Neu 2000 on mitochondrial free radicals and oxidative damage,”
Toxicology In Vitro, vol. 27, no. 2, pp. 788-797, 2013.

[3]J. Y. Liang, J. M. Yuann, C. W. Cheng, H. L. Jian, C. C. Lin, and L. Y. Chen, “Blue light induced free
radicals from riboflavin on E. coli DNA damage,” Journal of Photochemistry and Photobiology B, vol.
5, no. 119, pp. 60-64, 2013.

[4] A. M. Kabel, “Free Radicals and Antioxidants: Role of Enzymes and Nutrition,” World Journal of
Nutrition and Health, vol. 2, no. 3, pp. 35-38, 2014.

http://jst.tnu.edu.vn 53 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(10): 47 - 55

[5] Y. -J. Chiu, S. -C Chou, C. -S. Chiu, C. -P. Kao, K. -C. Wu, C. -J.Chen, and W. —H. Peng,
“Hepatoprotective effect of the ethanol extract of Polygonum orientale on carbon tetrachloride-
induced acute liver injury in mice,” Journal of Food and Drug Analysis, vol. 26, no. 1, pp. 369-379,
2018.

[6] M. Rocha, N. Apostolova, J. R. Herance, S. Rovira-Llopis, A. Hernandez-Mijares, and V. M. Victor,
“Perspectives and potential applications of mitochondria-targeted antioxidants in cardiometabolic
diseases and type 2 diabetes,” Medicinal Research Reviews, vol. 34, no. 1, pp. 160-89, 2014.

[7] O. O. Akanni, S. E. Owumi, and O. A. Adaramoye, “In vitro studies to assess the antioxidative, radical
scavenging and arginase inhibitory potentials of extracts from Artocarpus altilis, Ficus exasperate and
Kigelia Africana,” Asian Pacific Journal of Tropical Biomedicine, vol. 4, no. 1, pp. 492-499, 2014.

[8] B. Pradhan, S. Patra, C. Behera, R. Nayak, B. P. Jit, A. Ragusa, and M. Jena, ‘“Preliminary Investigation
of the antioxidant, anti-diabetic, and anti-inflammatory activity of Enteromorpha intestinalis extracts,”
Molecules, vol. 26, no. 4, pp. 1171, 2021.

[9] S. H. Nile, Y. S. Keum, A. S. Nile, S. S. Jalde, and R. V. Patel, “Antioxidant, anti-inflammatory, and
enzyme inhibitory activity of natural plant flavonoids and their synthesized derivatives,” Journal of
Biochemical and Molecular Toxicology, vol. 32, no. 1, p. 22002, 2017.

[10] T. K. Jalal, I. A. Ahmed, M. Mikail, L. Momand, S. Draman, M. L. Isa, M. S. Abdull Rasad, M. Nor
Omar, M. lbrahim, and R. Abdul Wahab, “Evaluation of antioxidant, total phenol and flavonoid
content and antimicrobial activities of Artocarpus altilis (breadfruit) of underutilized tropical fruit
extracts,” Applied Biochemistry and Biotechnology, vol. 175, no. 7, pp. 3231-43, 2015.

[11] M. N. Ahmad, N. U. Karim, E. Normaya, B. Mat Piah, A. Igbal, and K. H. Ku Bulat, “Artocarpus
altilis extracts as a food-borne pathogen and oxidation inhibitors: RSM, COSMO RS, and molecular
docking approaches,” Scientific Reports, vol. 10, no. 1, p. 9566, 2020.

[12] T. Soifoini, D. Donno, V. Jeannoda, D. D. Rakoto, A. Msahazi, S. M. M. Farhat, M. Z. Oulam, and G.
L. Beccaro, “Phytochemical composition, antibacterial activity, and antioxidant properties of
the Artocarpus altilis fruits to promote their consumption in the comoros islands as potential health-
promoting food or a source of bioactive molecules for the food industry,” Foods, vol. 10, no. 9, p.
2136, 2021.

[13] Ministry of Health, Vietham Pharmacopoeia V. Medicine Publishing House, PL13-PL14, 2018.

[14] S. Patra, P. K. Panda, D. P. Panigrahi, P. P. Praharaj, C. S. Bhol, K. K. Mahapatra, and S. K. Bhutia,
“Terminalia bellirica extract induces anticancer activity through modulation of apoptosis and
autophagy in oral squamous cell carcinoma,” Food and Chemical Toxicology, vol. 136, p. 111073,
2020.

[15] A. E. Khorasani, R. Mat Taha, S. Mohajer, and B. Banisalam, “Antioxidant activity and total phenolic
and flavonoid content of various solvent extracts from in vivo and in vitro grown Trifolium pratense L.
(Red Clover),” BioMed Research International, vol. 15, no. 2, pp. 1-11, 2015.

[16] L. I. Mensor, F. S. Menezes, G. G. Leitao, A. S. Reis, T. dos Santos, and C. S. Coube, “Screening of
Brazilian plants extracts for antioxidants activity by the use of DPPH free radical method,”
Phytotherapy Research, vol. 15, no. 2, pp. 127-130, 2001.

[17] M. A. Ebrahimzadeh, S. F. Nabavi, and S. M. Nabavi, “Antioxidant activities of methanol extract of
Sambucus ebulus L. flower,” Pakistan Journal of Biological Sciences, vol. 12, no. 5, pp. 447-450,
2009.

[18] T. L. Miron, M. Plaza, G. Bahrim, E. Ibafiez, and M. Herrero, “Chemical composition of bioactive
pressurized extracts of Romanian aromatic plants,” Journal of Chromatography A, vol. 1218, no. 30,
pp. 4918-4927, 2011.

[19] A. A. Jovanovié, V. B. Pordevi¢, G. M. Zdunié, D. S. Pljevljakusi¢, K. P. Savikin, D. M. Godevac,
and B. M. Bugarski, “Optimization of the extraction process of polyphenols from Thymus serpyllum L.
herb using maceration, heat- and ultrasound-assisted techniques,” Separation and Purification
Technology, vol. 179, pp. 369-380, 2017.

[20] M. B. Hossain, C. Barry-Ryan, A. B. Martin-Diana, and N. P. Brunton, “Optimisation of accelerated
solvent extraction of antioxidant compounds from rosemary (Rosmarinus officinalis L.), marjoram
(Origanum majorana L.) and oregano (Origanum vulgare L.) using response surface methodology,”
Food Chemistry, vol. 126, no. 1, pp. 339-346, 2011.

[21] A. Mustafa and C. Turner, “Pressurized liquid extraction as a green approach in food and herbal plants
extraction: A review,” Analytica Chimica Acta, vol. 703, no. 1, pp. 8-18, 2011.

http://jst.tnu.edu.vn 54 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(10): 47 - 55

[22] J. Lai, H. Wang, D. Wang, F. Fang, F. Wang, and T. Wu, “Ultrasonic extraction of antioxidants from
Chinese sumac (Rhus typhina L.) fruit using response surface methodology and their characterization,”
Molecules, vol. 19, no. 7, pp. 9019-9032, 2014.

[23] I. Tomaz, L. Maslov, D. Stupi¢, D. Preiner, D. Asperger, and J. Karoglan Konti¢, “Multi-response
optimisation of ultrasound-assisted extraction for recovery of flavonoids from red grape skins using
response surface methodology,” Phytochemical Analysis, vol. 27, no. 1, pp. 13-22, 2016.

[24] H. Cui, T. Lu, M. Wang, X. Zou, Y. Zhang, X. Yang, Y. Dong, and H. Zhou, “Flavonoids from Morus
alba L. leaves: Optimization of extraction by response surface methodology and comprehensive
evaluation of their antioxidant, antimicrobial, and inhibition of a-amylase activities through analytical
hierarchy process,” Molecules, vol. 24, no. 13, pp. 2398, 2019.

[25] M. S. Blois, “Antioxidant determination by the use of stable free radicals,” Nature, vol. 181, no. 4617,
pp. 1199-2000, 1958.

http://jst.tnu.edu.vn 55 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

