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TOM TAT

Nghién cttu st dung phuong phap dap tng bé mat (Response Surface Methdology) dé xac dinh
diéu kién trich ly t6i vu ham luong téng phenolic, tong flavonoid va hoat tinh chong oxy héa
(DPPH) tir 14 cay Sen (Nelumbo nucifera) c6 su hd tro cia séng siéu am. Bo tri thi nghiém theo
thiét ké Box - Benhken, da xay dung duoc moé hinh t6i wu quy trinh trich ly cac ham muc tiéu
trén voi ba yéu t6 1a: Nhiet do trich ly (X)), thoi gian trich Iy (X,), nong do ethanol (X;). Diéu kién
t6i wu cac thong so cong nghé ctia qua trinh trich ly duoc xac dinh tai nhiét do nhiét do trich ly
71°C, thoi gian trich ly 50 phuat va nong do dung moi 1a 44%, két qua thu duoc nhu sau: Ham
luong téng phenolic 1a 45,12 + 0,15 mg GAE/g, ham luong téng flavonoid 1a 14,04 + 0,11 mg
CE/g, hoat tinh chéng oxy hoéa thong qua xac dinh kha ning khir goc tu do DPPH dat 79,15 +
0,22%.

Tir khoa: Nelumbo nucifera, phenolic, flavonoid, DPPH, phurong phdp bé mat ddp iumg, trich ly,

Siéu am.
1. BAT VAN BE [9], hoat tinh khang virus [2], chong béo phi...
Cay Sen coOn c6 tén la quy, lién, tén khoa hoc [10].
Nelumbo  nucifera  Gaertn., thuéoc  ho Trich ly siéu am 1a mot phuong phap trich ly

Nelumbonaceae. Sen thuong moc dudi nudc, co
than ré hinh tru ndm trong bun thuong goi 1a ngo
sen. L4 sen (lién diép) moc l1én khéi mat nudc, cé
cuéng la dai, c6 gai nhd, phién 14 hinh long to,
duong kinh 60 - 70 cm c6 gan toa tron. Sen duogc
trong nhiéu noi & nuoc ta dé an va dung lam thudc.
Mua thu hai vao cac thang 7 - 9 [1]. Trong 14 sen
chtta nhiéu cac hop chat co hoat tinh sinh hoc, tuy
nhién thanh phan cha yéu la cac hop chat:
Flavonoid [2], alkaloid [3], tanin, vitamin C, axit
citric, axit tactric, axit oxalic... [4, 5]. Ngoai ra, cac
thanh phan hoéa hoc nay ciing c6 nhiéu trong cac
bo phan khac cta cay Sen [6, 7]. L4 sen c6 vi ding,
tinh mat, dung lam thudéc an than, ha huyét ap,
chita bénh ta, bang huyét, di ngoai ra mau, non ra
mau, tang lipid mau, sot va cac bénh vé da [8]. Da
c6 nhiéu nghién ctru vé cac hoat tinh cé trong 14
sen duoc cong b6 nhu: Hoat tinh chong oxy hoa

bang cach st dung song siéu am dé tao ra cac
cung cap nang luong co hoc nhe nhang nhiam pha
v cau truc té bao va giadi phong cac chat hoat tinh
ttr nguyén lieu. N6 cho phép trich ly chat tir cac
mau vat lieu khac nhau bang cach st dung song
siéu am dé ting cuong qua trinh trich ly. Cong
nghé nay da duoc stt dung trong nhiéu linh vuc, tir
san xuat thuc pham dén duoc pham.

2. VAT LIEU VA PHUONG PHAP

2.1. Vat lieu va thiét bi

211 Vit liéu

La cay Sen dugc thu hai tai huyén Nam Dan,
tinh Nghé An vao thang 8 nam 2023. Mau sau khi
thu nhan duoc rira sach, thai lat, say kho (stt dung
phuong phap sdy bom nhiét & nhiét do 40 - 45°C,
thoi gian 15 - 16 tiéng dén khi do6 4m nho hon 8%)
va nghién nho (may nghién bua) qua luéi nghién
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c6 kich thudc 2 mm. Mau sau khi nghién duoc hat
chan khong va bao quan & 0 - 2°C truodc khi tién
hanh céc budc tiép theo.

2.1.2. Thiét bi

Thiét bi sieu 4m cua hang Chin Ying Fa, Dai
Loan (ky hiéu: CYF-TES600N-4S), may sdy bom
nhiét (CYF- EL040), may nghién bua (CYF-G12),
thiet bi UV-Vis (Agilent 8453 UV-Visible
Spectrophotometer), can phan tich.

2.1.3. Hoa chat

Cac dung moéi dung trong trich ly ethanol
(EtOH) déu la loai tinh khiét ding cho nghién ctu
chiét tach cac hop chat ty nhién. Cac chét chuin
phan tich: Catechin, axit gallic, 2,2-diphenyl-1-
picrylhydrazyl dugc mua tir Sigma-Aldrich (My)
voi do tinh khiét > 99,5%. Cac hoa chat khac mua
tr Trung Quoc.

2.2. Phuong phap
2.2.1 Ham lirong tong phenolic (TPC)

Ham luong téng phenolic tir dich chiét 1a
ciay Sen dugc xac dinh theo phuwong phap cta
Singleton va cs (1999) [11]. Hut 1 ml dich mau pha
loang, thém 5 ml thudc thir Folin-Ciocalteu 10% va
lac déu, sau 3 phut tiép tuc thém 4 ml dung dich
Na,CO, 7,5%, lac déu va dé yen 1 gio trong bong
toi, sau do tién hanh so mau & budc séng 765 nm
bang may do quang phé Agilent 8453. Don vi mg
GAE/g bot kho.

2.2.2. Ham lrong tong flavonoid (TFC)

Ham luong téng flavonoid tir dich chiét 14 cay
Sen duoc xac dinh theo phuong phap cta D.
Marinova va cs (2005) [12] dua trén su hinh thanh
phitc hop Alflavonoid. Sit dung catechin 1am chat
chudn, mot phan dich chiét (1 ml) hoac dung dich
catechin chudn da duoc thém vao binh dinh muc
10 ml chtta 4 ml H,O, sau d6 thém 0,3 ml NaNO,
5%. Sau 5 phut, thém tiép 0,3 ml dd AICl, 10%. Sau
6 phut, cho thém 2 ml NaOH 1M va dinh mitc dén
thé tich 10 ml bang nudc cat. Dung dich duoc tron
déu va do hap thu duoc do & budc séng 510 nm
bang may do quang phé Agilent 8453. Pon vi mg
CE/g bot kho.

223 Xdc dinh hoat tinh chéng oxy hda theo
kha nang khir goc tir do DPPH

Hoat tinh chéng oxy hoa thong qua xac dinh
kha nang khtr goc t do DPPH tir dich chiét 14 cay
Sen duoc xac dinh theo phuong phap ctia Fu va cs
(2002) [13]. Lay khoang 20 — 140 ul dich chiét pha
v6i nudc cat dé hon hop dich dat thé tich 3 ml. Sau
d6 thém 1 ml dung dich DPPH 0,2 mM, lic déu va
dé yén trong bong toi 30 phat. Do hap thu quang
hoc duoc do & budc sé6ng 517 nm.

Kha nang khtt goc tuv do DPPH duoc xac dinh
theo cong thuc (1):

DPPH (%) = 100 x (Abs, — Abs.)/Abs, (1)

Trong do: Abs, 1a do hip thu quang hoc ctia
mau trang khong chia dich chiét; Abs, 1a do hap
thu quang hoc ctia mau c6 chta dich chiét.

2.2.4. Trich ly siéu 4m

Tién hanh nghién ctru cac thi nghiém theo ty
lé nguyen lieu/dung moila 1/30 (g/ml), cong suat
siéu am la 300 W. Mai thi nghiém can 5 g mau cho
vao binh tam giac thé tich 500 ml, théem dung moi
voi ty 1é cho trudc. Cho binh vao thiét bi sieu am
c6 thé tich 20 L, diéu chinh cong suit séng siéu
am 300 W. Tién hanh trich ly va phan tich két qua
tai cac diéu kién thi nghiém.

22.5. BO'tri thi nghiém

St dung phuong phap bé mat dap tmg dé xac
dinh diéu kién t6i wu qua trinh trich ly ham luong
téng phenolic, téng flavonoid va hoat tinh chéng
oxy hoa tir 1a cay Sen. Nghién cttu anh hudng cta
cac thong s6 nhiét do trich ly (X)), thoi gian trich
ly X,) va nong do ctia dung moi ethanol (X;). St
dung phuong 4n thiét ké cac thi nghiém theo Box
— Behnken véi 12 thi nghiém & hai mic (trén va
duoi) va 5 thi nghiém & tam. M6i thi nghiém duoc
tién hanh 3 1an va lay két qua trung binh. Mo hinh
toan hoc c6 dang téng quat nhu sau:

Y= 80 + E::(=].15,: -""r + E?:lﬁ:: ‘: + EE:*:," B:;X.‘X;‘ (2)

Trong do: Y 1a ham muc tiéu; X, la cac bién
ma hoéa anh huong dén ham muc tiéy; B,, B, B; 1a
cac he s6 héi quy.

Trong nghién ctru nay, da lya chon mién khao
sat ctia cac yéu to dé tién hanh toi uu hoa diéu
kiéen trich ly ham luong tdng phenolic, téng
flavonoid va DPPH v6i cac gia tri: Nhiét do 50 -
80°C, thoi gian 30 - 60 phut, néng do ethanol 30 -
70% [14].
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Bang 1. M4 héa cta cac bién doc lap

Cac bién doc lap Ki hiéu Cac mitc ma héa
-1 0 +1
Nhiét do trich ly (°C) X, 50 65 80
Thoi gian trich ly (phut) X, 30 45 60
Noéng do dung moi (%) X, 30 50 70

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Thiét 1ap mé hinh

St dung phuong an thiét ké thi nghiém theo
Box - Behnken ctia phan mém Design-Expert®,

phién ban 11.0 dé tién hanh t6i wu hoa diéu kién
trich ly nham thu duoc t6i da ham luong tong
phenolic, téng flavonoid va DPPH.

Bang 2. Thiét ké thi nghiém va két qua
Thi nghiém | Nhiét do | Thoigian | Nong @0 | Ham luwong | Ham luong téng | Hoat tinh chong

trich ly trichly | dung moi | tong phenolic flavonoid oxy héa DPPH

X, (C) | X, (phut) | X; (%) |Y,(mg GAE/g)| Y, (mgCE/g) Y; (%)
1 50 60 50 37,25 10,52 77,51
2 65 45 50 44,85 13,84 80,42
3 50 45 70 41,09 10,57 77,67
4 65 30 70 40,26 13,33 79,21
5 65 30 30 36,22 13,26 78,91
6 65 60 30 42,40 14,47 79,47
7 80 30 50 37,45 13,28 79,14
8 65 60 70 42,69 13,42 79,15
9 80 60 50 43,43 13,51 79,47
10 65 45 50 45,27 13,71 80,39
11 65 45 50 45,83 13,78 80,25
12 65 45 950 45,02 13,76 80,33
13 65 45 50 45,64 13,82 80,45
14 50 45 30 36,88 10,49 77,49
15 50 30 50 35,70 9,53 77,31
16 80 45 30 43,05 14,12 79,31
17 80 45 70 42,84 13,52 79,37

3.2. Phan tich su c6 nghia va su twong quan
ctia m6 hinh

Két qua phan tich ANOVA ctia cac ham muc
tiéu duoc danh gia thong qua cac gia tri F, p va R?
tuong ung (Bang 3). Gia tri F cta ca ba ham muc
tiéu déu thoa man diéu kien p < 0,05 voi do tin cay
déu 1a 99,99% (p < 0,0001). He s6 tuong quan boi
(R ctia cac mo hinh déu co gid tri cao (trén 99%),
diéu @6 cho thay su thay déi ctia cac ham muc tieu
phu thudc rat lon vao cac bién anh hudng. Gia tri
chudn F cta cac mo hinh déu chi ra “sy khong
tuong thich” 1a vo nghia, c6 nghia la cac mo6 hinh
déu phu hop véi bic tranh thuc nghiém.
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Dua trén két qua cac thi nghiém va st dung
phan mém Design-Expert®, phién ban 11.0 da xay
dung cac phuong trinh héi quy cia cac ham muc
tieu: Ham luong téng phenolic (3), téng flavonoid
(4) va DPPH (5) tuong ung la:

Y, = 45,32 + 1,98X, + 2,02X, + 1,04X;, + 1,11X,X, -
1,10X,X; - 0,94X,X, — 3,15X,? - 3,72X,2 - 1,21X.* (3)

Y,= 13,78 + 1,66X, + 0,32X, - 0,19X; — 0,19X,X, -
0,17X,X, - 0,28X,X; — 1,76X,* - 0,31X,2 + 0,15X,% (4)

Y; = 80,37 + 0,91X, + 0,13X, + 0,03X; + 0,30X;X, -
0,03X1X3 - 0,16X2X3 - 1,37)(12 - O,64X22 - 0,54X32 (5)
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Bang 3. Két qua phan tich héi quy ham luong tdng phenolic, téng flavonoid va DPPH

Ham luong téng phenolic Ham luong téng flavonoid DPPH
Nguon Y; (mg GAE/g) Y, (mg CE/g) Y, (%)
GiatriF Giatrip GiatriF Giatrip Giatri F Giatrip
Mo hinh 188,14 <0,0001° 713,52 <0,0001° 337,70 <0,0001°
X, 263,16 <0,0001° 3792,93 <0,0001° 1082,78 | <0,0001°
X, 272,88 <0,0001° 135,76 <0,0001° 21,50 0,0024°
X, 72,69 <0,0001° 48,10 0,0002° 0,9807 0,3550™
XX, 41,12 0,0004° 24,70 0,0016° 0,6849 0,4352%
XX, 40,93 0,0004° 19,77 0,0030° 0,5836 0,4699™
XX, 29,46 0,0010° 53,63 0,0002° 15,58 0,0056°
X/ 349,23 <0,0001° 2226,78 <0,0001° 1276,32 | <0,0001°
X, 487,89 <0,0001° 70,77 <0,0001° 281,72 <0,0001°
X 51,75 0,0002° 16,53 0,0048° 199,00 <0,0001°
Khong tuong NS S NS
thich 0,3145 0,8154 3,78 0,1119 0,9239 0,5061
R? 0,9959 0,9989 0,9977

Ghi chu: S (significant) — co nghia (p < 0,05); NS (non-significant) — khéng co nghia (p > 0,05).
3.3. Anh hudng clia cic yéu t6 dén qua trinh  luong tdng phenolic (TPC), téng flavonoid (TFC)
trich ly va DPPH tir dich chiét 14 cay Sen duoc thé hién &
Tién hanh phan tich anh hudng ctia cac yéuté  hinh 1, 2, 3.
cong nghé dén qué trinh trich ly siéu am ham
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Hinh 1. Bé mit dap tmg ham muc tiéu TPC ctia qua trinh trich ly dich chiét tir 14 cay Sen
Hinh 1 thé hién anh hudng clia cac yéu t6 trich ly dén su thay ddi cia ham muc tieu khi yéu
cong nghe dén qua trinh trich ly siéu am ham 6 c6 dinh 1a néng do ethanol (50%). Gia tri p < 0,05
lwong téng phenolic tir 14 cay Sen. Hinh 1a cho (Bang 3) cho thdy su tuong tac cta hai yéu t6 nay
thay anh hudéng tuong tac cia nhiét do va thoi gian 13 anh huong c6 y nghia dén ham muc tieéu TPC.
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Hinh 1a thé hién ham luong téng phenolic ting
dan khi nhiét do tang tir 50 - 68°C, khi nhiét do
trich ly tiép tuc ting len thi ham luwong téng
phenolic thu duoc cé xu huéng giam dan (tir 68 -
80°C), diéu nay ciing phu hop véi tinh chat hoa ly
clia cac axit gallic dé bi phan huy & nhiét do cao,
ham luong téng phenolic cao nhat khi nhiét do
trich ly ndm trong khoang 62 - 74°C, két qua nay
ciing twong dong voi két qua nghién ctu cla
Thanh (2023) [15]. Tuong tu, véi yéu t6 thoi gian,
khi tang ttr 30 - 48 phut thi TPC c6 xu huéng ting,
TPC gidm dan khi thoi gian tiép tuc ting lén tir 48 -
60 phut, thoi gian siéu am anh huéng 16n dén qua
trinh trich ly mot s hop chét dugc lya chon, thoi
gian trich ly cang lau sé thu dugc nhiéu hon cac
loai hop chat cao phan tt, dan dén viéc han ché
thu nhan duoc hoat chat mong muén.

TFC (mgCE/q)
TFC (mgCE/g)

Hinh 2 va bang 3 thé hién anh huéng cua cac
yéu t6 dén qua trinh trich ly ham luong téng
flavonoid (TFC) tir 14 cay Sen. Su tuong tic cia cac
yéu t6 cong nghé qua trinh trich ly duoc phan tich
tuong tr nhu phan tich bé mat dap tng cia qua
trinh trich ly ham luwong tong phenolic. Trong
nghién ctru ndy, dua vao do thi bé mat dap tng, c6
thé dé dang nhan thay anh huéng ctia cac yéu to
dén TFC cha yéu la anh huéng tuyén tinh, TFC
cao nhat khi nhiét do trich ly trong khoang 65 -
70°C, thoi gian tir 55 - 60 phut va néng do ethanol
trong khoang 60 - 70%. Nghién ctru da yéu t6 cho
thdy, ham luong téng flavonoid anh hudng kha 16n
béi yéu t6 nhiét do, sy anh hudng cta 2 yéu t6 thoi
gian va nong d6 dung moi tuwong doi it dén TFC
(Hinh 2b va 2c). Két qua nay c6 su khac biét so voi
khi khdo sat yéu to thoi gian chiét xuat. Khi khao

Hinh 1b va 1c cho thdy anh huéng ctia cac cidp
yéu to gitta ndng do ethanol véi nhiét do trich ly va
gitta ndng do ethanol véi thoi gian trich ly. So sanh
tuong tac gitta nong do ethanol va nhiét d¢ trich ly
thi d6 thi bé mat dap tng cho thay yéu to nhiét do
anh huong lon hon. Ham luong tong phenolic ting
khi nong do ethanol ting trong viing nghién ctu,
yéu to nhiét do ciing giong nhu phan tich & hinh
1a. Tuong ty, hinh 1c cho thdy 4nh hudéng cta cac
yéu t6 nhiét do va nong do dung moi giong nhu da
phan tich & hinh 1a va 1b. Két qua cac thi nghiém
tréen mo hinh da bién nay cho thay, xu huéng bién
dé6i ctia ham muc tiéu TPC ciing tuong tu nhu khi
khao sat don yéu t6 khi c6 dinh cac thong so cong
nghé khac [14]. Két qua nay ciing tuong déng voi
két qua nghién cttu ctia Yang va cs (2023) [16].

TFC (mgCE/g)

©)
Hinh 2. Bé mit dap tmg ham muc tiéu TFC cta qua trinh trich ly dich chiét tir 14 cay Sen

sat don yéu t6, ham luong TFC c6 xu huéng ting
khi thoi gian chiét xudt ting, tuy nhién trong
nghién ctu da bién thé hién xu huéng gidm sau
moi ting. Két qua nay tuong déng voi két qua
nghién ctu ctia Wang va cs (2018) [17].

Hinh 3 va bang 3 thé hién anh huong cta cac
yéu to dén qua trinh trich ly kha nang khtr goc tu
do DPPH tit 14 cay Sen. Su tuong tac cta cac yéu
td cong nghé qua trinh trich ly dwoc phan tich
tuong tu nhu phan tich bé mit dap tng & hinh 1 va
2. Hinh 3a thé hién anh hudng tuong tac ctia nhiét
do va thoi gian trich ly dén su thay d6i ctia ham
muc tieu DPPH khi c6 dinh yéu t6 nong do
ethanol (50%). Hinh 3a cho thay kha ning khir goc
te do DPPH ting dan khi nhiét do tang tir 65 -
75°C, khi nhiét do trich ly ti€p tuc tang lén thi
DPPH c6 xu huéng gidm dan, két qua nay phu hop
voi két qua nghién ctu ctia Thanh (2024) [18].
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Tuong tu, d6i voi yéu to thoi gian va nong do dung
moi thi DPPH dat gia tri cao nhat trong khoang
thoi gian 40 - 52 phut va nong do dung méi trong
khoang 40 - 60%. Két qua nay twong dong voi két
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qua nghién cttu cac yéu t6 doc lap anh huéng dén
ham luong DPPH [14]. Xu huéng thay ddi nhu
trong moé phéng bé mit dap tmg ham muc tiéu
DPPH (Hinh 3).

%
4

DPPH (%)

Hinh 3. B& mat dap tmg ham muc tiéu DPPH cfia qua trinh trich ly dich chiét tir 14 cay Sen

3.4. Tdi ru hoa qua trinh trich ly

Qua trinh trich ly dich chiét tir 14 cay Sen tién
hanh nham thu duoc ham luwong téng phenolic,
tong flavonoid va kha nang khtt goc tu do DPPH 1a
cao nhat. Phan tich két qua tdi uu hoéa trén phan
mém Design-Expert® 11.0 cho két qua nhu sau:
Nhiét do trich ly 71,35°C, thoi gian trich ly 49,95
phut, nong do dung moi 44,11% trong diéu kién
trich ly c6 ho trg ctia séng siéu am & cong suat
siéu am la 300 W va ty 1é nguyén liéu/dung moi
duoc c6 dinh 1a 1/30 g/ml. Véi diéu kién nay thi
ham luong téng phenolic du doan thu duoc 1a

45,83 mg GAE/g, ham luong téng flavonoid du
doan 1a 14,33 mg CE/g va DPPH du doan dat
80,45%.

Tién hanh thuc nghiém lai mé6 hinh t6i wu tai
cac thong s6 phu hop voi diéu kién thiét bi va cong
nghé: Nhiét do trich ly 71°C, thoi gian trich ly 50
phut, néng do dung moéi 44%, két qua thu duoc nhu
sau: Ham luong téng phenolic 1a 45,12 + 0,15 mg
GAE/g, ham luong tong flavonoid 1a 14,04 + 0,11
mg CE/g, DPPH dat 79,15 + 0,22%. Két qua thi
nghiém lai cho thay, quy trinh trich ly phu hop véi
gié tri t6i vu ctia mo hinh.

Bang 4. Két qua trich ly dich chiét 14 cay Sen theo diéu kién t6i tu

biéu kién t6i tru X
Cac ham muc tiéu Gia tri du doan Gia tri thuc nghiém
Xy X, X;
Ham luong tong
phenolic Y, 45,83 mg GAE/g 45,12+ 0,15 mg GAE/g
71°C | 50 phut | 44% | Ham luong tong
i +
flavonoid Y, 14,33 mg CE/g 14,04 + 0,11 mg CE/g
DPPHY, 80,45% 79,15 + 0,22%

Ghi chu: * 13 gid tri trung binh cua ba I4n thuc nghiém (o = 3).

4. KET LUAN

Céc diéu kién t6i vu dé trich ly dich chiét tir1a
cay Sen trong & huyén Nam Dan, tinh Nghé An la:
Nhiét do trich ly 71°C, thoi gian trich ly 50 phut,
noéng do ethanol 44% thi thu dwoc dich trich ly cé

56

ham luong téng phenolic dat gia tri 45,12 + 0,15
mg GAE/g, ham luong téng flavonoid dat 14,04 +
0,11 mg CE/g va DPPH dat 79,15 £+ 0,22%. Dich
trich ly tir 14 cay Sen c6 gia tri dugc liéu cao, chita
nhiéu cac hop chat co hoat tinh sinh hoc, tng
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dung dé san xuit cac loai thuc phdm va thuc phdm
chttc nang phuc vu stic khoe con nguoi.
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RESEARCH ON ULTRASONIC EXTRACTION CONDITIONS OF SOME ANTIOXIDANT ACTIVITY
COMPOUNDS FROM LOTUS LEAVES (Nelumbo nucifera) IN NGHE AN PROVINCE

Mai Van Khanh!, Pham Dinh Nhat Trung!, Nguyen Thanh Nguyen®,

Tran Phan Tuan Anh’, Nguyen Tan Thanh'

1School of Chemistry Biology and Environment, Vinh University
Abstract

The study used response surface methodology to determine the optimal extraction conditions for
total phenolic content, total flavonoid and antioxydant activity (DPPH) from lotus leaves
(Nelumbo nucifera) with the support of ultrasound waves. The experiment was arranged
according to Box-Benhken design, and a model was built to optimize the extraction process of
the above objective functions with three factors: extraction temperature (X,), extraction time (X,)
and ethanol concentration (X;). The optimal conditions for the technological parameters of the
extraction process were determined at an extraction temperature of 71°C, an extraction time of
50 minutes and a solvent concentration of 44%. The results were as follows: total phenolic content
was 45.12 + 0.15 mg GAE/g, total flavonoid content was 14.04 + 0.11 mg CE/g and antioxidant
activity was 79.15 £ 0.22%.

Keywords: Nelumbo nucifera, total phenolic, total flavonoid, response surface methodology,
extraction, ultrasonic.
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