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Abstract: Using celery leaf powder as the raw material and apigenin content as the index, the extraction process of apigenin in celery
leaves was optimized. The effects of water content, liquid-to-material ratio, ultrasonic time, and extraction temperature on the apigenin content
were investigated in the best deep eutectic solvent. On the basis of single factor, the extraction conditions were optimized by response surface
methodology. Using UV-visible spectroscopy and liquid chromatography-mass spectrometry (LC-MS) apigenin was analyzed and verified in the
purified extract with macroporous resin. Finally, the antioxidant properties of purified apigenin were studied. The results showed that the
efficiency of choline chloride/ethanol was 17.78% higher than that of 80% ethanol in the extraction of apigenin. The optimal conditions were as
follow: liquid-to-material ratio of 40:1; water content of 24%; ultrasonic time of 14 min; extraction temperature of 42 “C. Under these
conditions, the apigenin content was 16.87 mg/g. The purified apigenin had a certain scavenging effect on DPPH (ICs;=82.44 ng/mL) and ABTS
(IC50=148.92ug/mL) free radicals and a strong scavenging ability on hydroxyl (IC5,=8.69 pg/mL) free radicals, which were lower than the
scavenging ability of ascorbic acid and apigenin standard products. The green and environment-friendly DES can be used to extract apigenin
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from celery leaves, and the purified apigenin can maintain good antioxidant activity.

Key words: apigenin; deep eutectic solvent; response surface methodology; ultrasonic-assisted extraction; antioxidant
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FEHGRAE 3000 r/min 250> 30 min, U iERARE,
£ 336 nm WA T HBONE, HRIFRREE:
N xCxV
1000 x M

[15]

FFRARSE/(mg/g) =

203



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.3

K, N: FlptEd C: MAFe A R FRE, pg/mL; V:
RIGEAR, mL; M: FEEZRRAAE, g
124 FHEERKE

AERRRIDUT M R B T di i) 100 mL =i
H, N 20% (VIV) 7K DES (RACAEEY 2.8,
R LA 40:1 (mL/g), JEiANE =G BEasH 40 C
EFE 20 min, ZAJEEMEIR/KI A 30 C/KH# 30 min.
IR EEAE S K. 20 40 60, 80% VIV). El
JREL (10:1. 20:1. 30:1. 40:1. 50:1 mL/g). A&}
] (5. 15, 25. 35. 40. 45 min). FZEURE (30,
40, 50, 60, 70 ‘C) Xffrigm & s,
1.2.5  »r L d iR Ea it

TERRZRIRE A L, AR SR
ORI LR 378 B (BKE . SRR . JEAE D,
FrR R s N NAE, FH Box-Behnken (BBD) i%
P v & U AT TR I TR 54 PR Y 1
2 7.

*2 MEmREEESKE
Table 2 Coded values and corresponding actual values of
factors in BBD design

*
7K-:‘F— = N o N N .
ALKEZ/% BRIGEZ/C C A5 /min
-1 0 30 5
0 20 40 15
1 40 50 25

1.2.6 KILBTAS 4hib F £ H3JRBUR
KILH AR AL EE: 3 BV To/K LEHRIE AB-8 KFL
PG 24 h, SRJEHZIBKBEZR T LB 3 BV 1 2%
HCIIZIEMAE 4 h, HZEBKBERESHH. 3 BV 194%
NaOH 12 IE 4 h, FHZETRKGEZ Pk K RSLIAR
TR CERRERAE, #E 1 h i IEESE, &H.

1 0.1% HCL ¥ fra 2 IR pH A% 5, FLA
1 BV/h fiiE BFE 1 BV. FHZEMRE/K 1 BV/h 85
2RI RN, 80%4EE 1 BV/h id
FESR, WCEE AT 20 min ZEE PRI, — 3B 4 C
A7, IR AR R TR, /.
12.7 B Ib-3T BN AL AT

TE RSB REAAL SR I FE R, R AT
F 10 min/Ik, 7F 336 nm K OB, RJET7E
200~600 nm 76 [l P EA TR A0 AT LR SO GRS F 6
1.2.8 RIFFA 5T

O3 2. i kE Agilent ZORBAX Eclipse
XDB-C18 (2.1x50 mm, 1.8 pm); #EiR 20 °C; ik
0.2 mL/min; ¥izhAH: A: 0.1%FER-F A, B:
0.1% FF R /KW YellihE: 0~10 min, 10%~40% A;
10~18 min, 40%~95% A; 18~22min, 95%~95% A;
22~22.1 min, 95%~10% A; 22.1~30 min, 10%~10% A.

J i 2% A4 EST BG4 ; #5940 arb; FiBI< 15 arb;
W55 L 3.2 kV; BANEIRE 300 Cs SR IR
100 pA; FELMIGESIELE 350 C.
1.2.9 IRIMLALLHE
129.1 JrERaynE DPPH [ thFEgs el

£ 3 mL AFERREEFIFE S 43580 100 uL 0.2
mmol/L DPPH-ZEHAWR, #£5), #G&% 30 min, 7E
517 nm P FIMHEBOEE Ar. 75 3 mL AR R
i HF I IN 100 L oK LB, MR Aye 1E 3
mL JK ZEER 500 100 uL DPPH, I GRE
Ao FTEFEMIIRTEK CBENZ . DPPH H HESH
BRI R AT

DPPHH HEERRE/ %= 1- A ;hAZ Y% 100%

1292 FrRALYER OH A e ghe e

* 3 BEBRIERINIE MR

Table 3 Experimental procedures for the determination of hydroxyl radical scavenging ability
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Table 4 Influence of different solventson the content of apigenin

%5 7 EF4F/(mg/g) 7]‘5];3{; ;\04? ; ij’:éé
DES-1 16.48+0.63 +17.78
DES-2 12.7740.61° -8.77
DES-3 14.1620.86" +1.15
DES-4 12.70+0.89° 923
DES-5 12.25+0.53° -12.47
DES-6 11.76:0.67° -15.93
DES-7 6.24+0.45¢ -55.40

8 (80%Z.B%) 13.99+0.70°
i BARRTAHFEMEATE E (n=3); FIF|HIETE 4

WNEFEETEFHEE (p<0.05). A3 T 80%49 TEFA94R

REAGE b, RAH TRAAD .

22 FEXFRBMEHERLBLER

a
15} . b
> ¢
E N\ N d
m]?nﬂ 10+
i
i 4 N
ot
N N N AN N
0 \\\\\ \>\ é\\\ \i\L\ \\\\
0 20 40 60 80
EKE /%
16 - a
b lT’ Il .
> 15F c
£ . I
~ \\
Efﬂ 14 AN
% N
B
BB N N
12
10:1 20:1 30:1 40:1 50:1
WORHEE / (mL/g)
c
16 2
o b \
E sk N ?\
N 3 d
il N i d
& 10+ X \
B
sl D\
0
5 15 25 35 45
B FE B [E] / min
16 -
d a
% 57 b
P
= ¢
i
f& 13} g ;
ﬁ 12} N %
1nf
10
30 40 50 60 70

REURE / C
E1 &KkE @) ERILE (b) « BAERE (o) FRELRE (d) X7
KESENZID
Fig.1 Influence of concentration of water (a), solvent to solid
ratio (b), ultrasonic time (c) and extraction temperature (d) on
the extraction yield of apigenin
E BIREAT AR EATEE (0=3); F—EBETR
Rl N EFEFRTEFELE (p<0.05).
221 SKENFRESENYR
DES FRPHE L85 5 T RV AU RORG I, R A% o

205



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.3

RCRAKIT FEAS T 3 HU 3% . 5 &2 DES HIALEE, #7
BUREL, MR A8, A — s gl kR
A DU R e A AR AT E A 7K R DES 1M
FEHUAT, WHTC T &K BN R R BRI
Wi 1a fs, S7KEXN SRR DURRA & R .
KB 0%IEINE] 20%HF, FFEE R AIRBUSR
FEWN. KA N 20% 0, FESERNE RIA TR
KAA 15.29 mg/g. /Ko & AW <= B4 DES 1
FEEE, ik B AR e, R IR, (B,
LokaE R R (520%), FFERSEITIA T .
ARG PSR E A DES 2 18] (AU AR B F R 110,
222 AT F R E W

RV A A SR LA 26, X2 REm
SKERMHRICR . Wil 1b FoR, SR 10:1 35K
F40:1 B, FFEEREEH 14.29 mg/g 30 15.74 mg/g.
UEAh, okl ElEI 40:1 B, BT 218 R RS
IXELZE IR, SRR R DA FRVRORE L 5242 70 B
TRV, A5 T SRR AN, 3858 T 2R
M, BEE BTN RN, Bl i Ak B A,
SRIMTIETIATA K, FHEHE R ARE, FARIRRURP),
223 REREFREESETHH A

P B PR R PR ISR 32 A R TR S
TP AR R P I A SRR S R e,
ATV RS, 5 S0 P AR R 71
H3), T L AR B RN S bR A R K, AT
PEERIUCR . AR I (A T RE S S8 L
(45 RN T S 28 R0 23 B it BRI S SR A
RO Wi 1c Bion, BEEBRERANERK, FRES
FRWIE N, HA 15 min B, SRR SRR AN 15.93
mg/g. FIREG AR, AR EGEN D,
BRI, 75 15 min $RBUSCREAE
224 RBCBEMFRELSEZNHA

T B FEPRIUGR R 2L, 7EAIEIRE T, W7
(PR BRI, T BtEsgin, XX+ DES I3 BUURAE
WEE, WERE ST me SRR I, mE
FR 2 SRR 2 R AR B>, G5
SEEAEV PP AOARA AR, SR T v P T
AR A ARAE AR il 1d Fow, 12
BUREEH 30 CHE#] 40 C, TR S 88T,
£ 40 CiEFRK 1539 mg/g. HRERENTE, 7T
KR ENEZE TR Fbl40 CumERIURE .

2.3 e L AT

231 ®EAFERGHES ST
RIS T R 5ERNK 5, @id Design-Expert

206

8.0.6 B AFH ) BBD 2, XJ3% 5 i T £ 0
WE DT, [RIEVITEATRES TSR (R 6). %
BRI F BN 230.34, p fE<0.0001, FREFZHBALES
BAEG RS, — RO R E (p<0.05),
KITHRGIEA B E (p=0.1294>0.05), XHF T i%
[E] =77 R REAR A7 (10 s W B S 0 S B 45 AT 40 HT o
PUFSRRSENER Y, XNEINHRERE (A F/KE. B
RBURE . ClERED —IRINZ Gt —ik
EQUEMEIVEp iy yoF

Y=16.50+2.69A+0.50B—0.81C—0.74AB—0.94AC—0.
55BC—5.42A-1.42B*-2.46C*

X BB Z A2 eHE MR TER RS FEELE
gFraRl, E5Ae 5 R TFHa5al

#< 5 BBD I A REER
Table 5 The BBD design of experiment and results

m ¥RE —
w3 ASK BIR CE g,
/% &E/SC B E/min
1 0 0 0 16.30
2 1 -1 0 12.26
3 0 0 0 16.29
4 0 0 0 16.86
5 1 1 0 8.54
6 0 0 0 16.43
7 1 1 0 5.82
8 0 1 -1 14.50
9 1 0 1 13.13
10 0 -1 1 11.84
11 1 1 0 12.01
12 0 1 1 12.62
13 1 0 1 597
14 0 0 0 16.60
15 1 0 -1 547
16 0 1 1 11.51
17 1 0 1 9.89
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CIEEE Al 3 EC RS/ eI i) 152
A>C>B. X 53K 6 HH p {EAF H I 3= M R 25— 5L



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.3

&6 @ABENFEDR
Table 6 Analysis of variance for a fitted regression equation

 ERR T e AdE ¥ F1& p & 2EM
AR 242.18 9 26.91 230.34 <0.0001 ok
A 57.69 1 57.69 493 81 <0.0001 ok
B 2.03 1 2.03 17.38 0.0042 ok
C 53 1 53 4536 0.0003 ok
AB 221 1 221 18.89 0.0034 o
AC 3.51 1 3.51 30.08 0.0009 Kok
BC 1.22 1 1.22 10.46 0.0144 *
A? 123.75 1 123.75 1059.28 <0.0001 Kok
B’ 8.47 1 8.47 7247 <0.0001 ok
c? 25.53 1 25.53 218.54 <0.0001 ok
KRE 0.82 7 0.12
KR 0.59 3 0.2 3.49 0.1294 rEE
Yhiz % 0.23 4 0.057
B o 243 16

E: R=0.9966;
KF (p<0.01) 5 ***E FALEZKF (p<0.001) .
232 BAEX IR
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7R P I [R5 7K 5 EAE P oo 2 T LU S B B R
KR R T TR L v S T S e,
AR EKEN L LA EHRRE, BE5R6 17E
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<0.05).
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942 Co FEMLIRAEZRAMT, 3 YT REREIE,
BIFRR S ENIEIEN 16.87 mgg, ®ZEN0.07
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