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Studies on Extraction Technology and Antioxidant Activities Basis of Flavonoids from Zea Mays L.

MA Tiancheng, SUN Yu*, LIU Lei(Qigihar Medical University, Qigihar 161006, China)

ABSTRACT: OBJECTIVE To optimize conditions for the extraction of total flavonoids from Zea mays L.. To identify the
structures of compounds from active fraction and to discuss the structure-activity relationship between flavonoids and antioxidant
activities. METHODS Response surface methodology was used to optimize conditions for the extraction of total flavonoids
from Z. mays. DPPH, ABTS and FRAP methods were used to test the antioxidant activities of different extracts. The relativities
of the data were analyzed. D101 macroporous resin column was applied to isolate the extract. LC-MS was used to identify the
compounds from the active fraction. The antioxidant activities of the flavonoids were tested. RESULTS The best extraction
conditions were as follows: ethanol concentration was 65%, extraction time was 78 min and extraction temperature was 86 C.
The content of total flavonoids could reach 2.35 mg-g™'. It indicated that 60% ethanol fraction had the most content of total
flavonoids after eluted from macroporous resin column. There was a significant positive correlation between total flavonoids
content and antioxidant activity. What’s more, seven flavonoids were identified from the active fraction. The antioxidant activity
of six flavonoids were tested. The structure-activity relationship was discussed. CONCLUSION Response surface method is
effective to optimize the extraction of total flavonoids from Z. mays. Flavonoids are the main antioxidant ingredients of Z. mays.
KEYWORDS: Zea mays L.; flavonoids; response surface methodology; antioxidant activities; structure-activity relationship

RARINEGE R, RARAR L& TR NI
RSk, 2 SFORAE R I MEAE . A2 o i e 6
FARIUDEA I =K. YR, LY.
ZHE. BREER. B, AR, v WREZ ML
oyt R AR IR . BRI
ST A BT 200 BRI E AR TR A,
FORIEARRAA . B B s, SR,
PURRT . AL ARGy S E R SRR
e FENAR N EEERZ —, "R EY
& TR AP EACTEVE A T2 BER I3 o Wi N2 T 70 A ik

I CLA AL IR I Z 2% 1, T U SIS S
T AR, (A U R A A 2 A i AR A
FIRZEZFPKR, BERE. AR &5
HO B E 2R 00 N 3R 0 A Y B AT
FE A D (1 K AR S i DS T g
75, BRI R B SL I BA T R R e T o).
AR S8 DL R OK 2 B R SR R PR FE b, R
P 2 il A DA S S A SR I L RINHR S 1
SIS S RI N EAETEZ R R, &
FENESNENE R T2 2502 A7 AT 285 VA

EEWB: Fr5FmREE B bt ARV G0 H (1 4% DRI £)(QY2016B-12)

EEEN: SR, B, wit, #FRLIR
B ERAFF 5T 5 Tel: (0452)2663371 E-mail: zsy5811321@126.com

Tel: (0452)2663127

.2794 .

Chin J Mod Appl Pharm, 2019 November, Vol.36 No.22

BEEE: A & B

E-mail: matiancheng2@]126.com

R E AR 25254 2019 4E 11 H 58 36 555 22 1]



AT R HCR I m s R I ) T A& e
XV PR U 43 v AT e A AE ) B S R4y EAT ST
FATHIBR 2RV, N E KT G 827 R FH
PEHERLE AR .
1 UBESHH
1.1 R 2 LA

JERE K2 2016 45 9 H R T BRI A 55505
IRTH , 85555 e IR IR 2 Bt R 2 B 8 A B oK (Zea
Mays LO)WIAER; SRS AT (PE &2k
EWFRBE, LS. 10080-201610; 41 =98%);
HII RS 730C021; 4% =98%). FA4LIR Z L
S: 524B021; 4l =>98%). KEH RS :
1215B021; 4liJE =98%). ki &S : 518C021;
4l >98%) 5 E (L5 : 1110A023; 41 % =98%)
B A B B ERFARAF; FHARR(K
#WeERSFEMRBEAERAA, #tS:
MUST-18061501; #fi[& 99.72%); /K & B R IF 2%
2,4, 6- = (2-MEmE 3 = HE . oK =&ALk H
IR R E IR A A s o B R W B A A
Sl RN H R AT ABTS. DPPH ¥4 H %
FACR TR a4t W, VKESER . oK 21
BN LY R 35 0 1 DR v T s 85 BR AL 2717 A PR
A
| e

AB Sciex Triple TOF 4600 JRi%{X(£E AB
Sciex A A]); Nexera X2 j i KOG €A 3% A (H A &
H#AFE]); AB135-S BT K F(%i 1 Mettler Toledo
A ]); N-1100 e 7% % A% (H 4 Eyela 24 71); Safire?
B bR (Ffi 1= Tecan 24 7]); Elix Essential 5 UV 4fi7K
(5 & Merck Millipore 4 A]); Centrifuge 5804R
B0 HL(FEE Eppendorf /A ] )o
2 FES%ER
2.1 SR I Tk
2.1 XRESERIIEE R EAREUS T R
27.78 mg, BT 50 mL AFEERF, F/H 75%24
SERS, RA), HI10.5556 g L7 R T B FA R .
2.1.2  fEEAIETR RS HERFRE 10.0 g oK
i, BT 2.0 LEKEIHES, AR 500 mL,
FREE, 70 CHIHGREL 1.5h, A4, FhEkE, #
A7, WEREGK LA 4 000 r-min”' BS0 10 min, B
%H.
213 RBEOJ7E BAERS mLE T 10 mL &
L o 0.3 mL ) 5% NaNO, ¥, %51, &
HEBAR R 2452 2019 4F 11 H 2B 36 B4 22 1

i

N6 min, FEHIA 0.3 mL ] 10% AI(NOs); W,
RS, XM 6 min, )50 4% NaOH ¥ 4 mL,
H 75% e %%, #5, % 10 min, UM
200 pL FEEARI F1 o £ 510 nm AL FH B AR 52 W
HE . BN EREFATIE 3 R, BCPIME.
2 BR T ZAKARE AI(NO;);, NaNO,
NaOH ¥, Bl .
214 ZPEEESEGNE SRR 0,
0.8, 1.6, 2.4, 3.2, 4.0 mL “2.1.17 TN XJ & 5%
BT 10 mL 2R, F 75%LBEEHE S, 5.
7 “21.37 WU R E)E, AT E RO EE.
LT 50 B VAR IR (X, g L) R AR KR,
W (N E A AL bR filbrdE i 2k . [R5 FE R
Y=3.021 1 X+0.017 6, r=0.998 3, ZEFERE T
JREWKELE 0~0.111 2 gL~ Py 56 I R
UF LRI OC R o AR 215 75 A2 v SR S T VR
T S R
22 HRHEERFEE
221 REUAFFEE & 217 TUR AL,
50, 25%, 50%, 75%, 100% - 7K 7B T
K2 T T B OO B S o A R R R )
4 0.83, 1.08, 1.47, 2.12, 0.12 mg'g'. HHZE
HEEE R IR, 75% I8 ISR BRI f 40F
222 IREUNEFES % “2.17 WURTEE, Sl
Z SR A A 15, 30, 60, 90, 120, 150 min
X R R B B R ORI 52, SRR 23 0
0.63, 1.08, 1.56, 1.59, 1.58, 1.60 mg-g'. 45
R, RN A<60 min B . SEEE SR ICRE S
P E R () 398 4 T 4 0 BE L, T 24 4R EU [A]>60 min
B, A AR R AR, A R A U [E]
N 60 min.
223 REUREHEE & 217 WURNTE, 5l
H%L 40, 55, 70, 85, 100 ‘CiREX LK K
FA $2 R KR o e 3 R R B R 43 1R 073,
1.03, 1.52, 2.12, 2.30 mg'g'. L& R ER,
1R SR B R . W B IR R N
100 C.
2.3 DPPH i

HSCw oY, DL LU MR N 2 . B
P24 ICso {4 1.90x10% gL',
2.4 ABTS %

ek oY, DL LR R N 24, B
P24 ICso (i 4.17x107% gL',
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2.5 FRAP X%

R EENS), DL FeSO4 7TH,O AARHENI I ,
B EATTFEN ¥Y=6.114x107* X+0.162 7, r=0.999 6.
2.6 TR RG24 SR 5 A bt
2.6.1 WIS B S KA R A
] Box-Behnken X§ % #% # 17 % it , XK H
Design-Expert 8.0.6 F 4 #EAT 204 7 . J8 i LA
FIRL, 8 TRIUARI(U CEAR SRR,
A). PEHUREB). $EHEE(C)3 MHE. dEid
Design-Expert B EAT £ 404, ) ) 57 T A1
T K2 BRI B (Y ) E . IR R R GG 21
IR B R BB A % 10, 5, 2.5, 1.25,
0.625 g-L™' fUBEN, MR H DPPH HLA AL IGHE(Y,)
A ABTS HuEATENE(Y3), AN [ 12 56 2H 35 B
TSR A% 2.5 g L7 BORE S, IR FRAP
BPEARE1(Y,) . RIGBTH T R AR IE 1,

%= 1 Box-Behnken ¥ it 5 4R
Tab.1 Box-Behnken test design and results

®2 EHAMAT E MK

Tab. 2 Variance analysis for established regression model

75 7 RIR 5 A A& FIE Pl
[ eit) 10.33 9 25.48 0.000 2
A 491 1 109.14 <0.000 1
B 4353x107° 1 0.097 0.764 9
C 0.10 1 2.26 0.176 3
AB 0.013 1 0.29 0.607 2
AC 0.015 1 0.33 0.5815
BC 2.058x107* 1 457107 0.9480
A? 4.63 1 102.78 <0.000 1
B’ 0.35 1 7.83 0.026 6
c? 0.053 1 1.17 0.3149
T %= 0.32 7
AU 0.078 3 0.44 0.739 1
afiiR 7= 0.24 4
BRZE 10.64 16

U A $2IX B #R U C SR HU Y‘E‘jgﬁ Y,DPPH/ Y;ABTS/ Y,FRAP /
B WAl% E/C f/min o gL' gL mmolL?
mg-g
1 100 85 90 017 1995 162 1442
250 70 60 1.41 489 025 6562
375 85 60 2.01 1.03 054 476.8
4 75 100 30 1.58 4.67 056 393.0
550 85 90 1.99 727 016 5249
6 75 100 90 1.89 255 077 4458
775 85 60 2.03 149 058  453.1
8 75 85 60 2.00 270 076 4338
9 100 100 60 014 1780 170 53.6
10 75 70 90 1.97 310 062 488.0
11 100 85 30 015 3420 195 55.9
1275 70 30 lLe4 1273 102 3517
13 50 100 60 169 2054 080  449.0
14 50 85 30 173 1681 024 4339
15 75 85 60 2.24 364 065 4098
16 100 70 60 0.09 2825 329 1131
17 75 85 60 2.60 264 058 363.8

2,62 JZESHT KA ANOVA 43 Hr i B i =] )5
ZH . RIS B4 Design-Expert 8.0.6 B4 Xt %
W AT 7T E A N, 8 BRI B T REA
Y;=2.17-0.78A+0.023B+0.11C~0.057AB—0.06 I AC—
7.173x10°BC—-1.05A%-0.29B*~0.11C*. J5 Z /3 #r 45
R 2,

<2796 -
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B 2 mI%n, SEOGE FH AR Y 2 S A B 25
(P=0.000 2), BRI HEE T 252 il H 53
AR R*=0.970 4, KPITA L EP=0.739 1>
0.05), FHXHRIASFEE RIF, WBRERD.
% Design-Expert 8.0.6 ¥ {fX%f DPPH, ABTS K&
FRAP HU A 175 1 25 B 2047 75 22 40 A, 3 )
F TR 22 G S B 35 (P<0.001), 5 WA Y0 $ B T
RN R RUTIEAEE, KPS
R4r, R ZER /DN B, BL BRI A DU A
[ S S (VS W 2 O <1l [
2.6.3 WAL 54T FFH Design-Expert 8.0.6 {4
S F KR BB & AT k2 JnEEA
3 AR 2 A NTE, ENAERS S 2 A
HRMA =4l B, CUA B s R3Oy 5
PRI, o2 ) DR A il i P, 3D e g T PR L 1
AT, B KRR SR B AR T2
M, RIIREUE AN 6517% B -/K, HE
86.07 C, #2H 78.34 min.

2.6.4 IGTEIRLG 38X S B 25 S A s
gE A SR A PR R, R ZEEAR R BN
65%, FEEURE N 86 C, HREUHF AN 78 min A#k
T, FIARET ST 3 WIRIERE, KK
J T IR U T IA 2.36 meg™, SRR TR
{8 2.35 mg-g” WZER/N; DPPH G PER) ICs (BN
1.08 gL', SHAHMAE 1.03 gL' MmERD;
ABTS WE L) ICso 155 0.27 gL', SHA S5 E
030 gL' MW % % /N ; FRAP i M i N
522.10 mmol-L™", SHAHMAE 507.04 mmol-L™'
228N o
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Fig. 1

2.7 EIRER R 44k

271 SEPFRAMERIS e B “2.6.47 TR
TR AR L 2R B PR HCH . BB K,
I e 7 728 RACHEAT IR A o FEIR 45 2O IER, ¥
B D101 RALB AEHE - 23 I 0, 30%, 60%,

95% LIE- /K IEWEATVE/L, 33 4 MB, BT
# M
272 MIREHESEMNE  F 2717 BRG]

(018 23 B — o B o RO M R R IR, 4RI
“2.17 TR J iR R AN A PR R Y
. ERIE 3.

2.7.3  PUEALTEMED O “2.7.17 TSR
w4y, MAREES 82> ) DPPH. ABTS $i 8 biEME .
¥o“2.7.17 T AR B IS BB R
1.25 gL, MARAAME S (1) FRAP BB AALBE
SRR 3.

£3 AE R EWE BRI

Tab. 3 Total flavonoids contents and antioxidant activities
of the fractions

s HiEEl%  DPPH &M ABTS i 14 FRAP/i

/%  ICsof/g'L™"  ICsf/g'L”' mmol-L™'

KRS 3.18 1.03 0.40 319.75
0% L35y 0.13 32.62 6.01 0

30% LB 224 1.22 0.36 498.09

60%LEEET  8.54 0.73 0.50 877.06
95%LEEE ST 0.89 >100 14.1 0

274 G R SHUEIEEAE S

3 R S N SPSS 17.0 B, RH] Pearson
FH R R B AT AR SAR S0, 70 BOR A
FH S R PUEAGTE TERO A S . 45 SRR EOK
JUA & &5 DPPH Al ABTS 256 J1 () 1Cso 18
A B E MM MEP<0.01), 15 FRAP SHTAMN
B B LM (P<0.01). BRI K20 A 38 i &
B 5 PR R A A B IR AR O

2.8 ETEIE A R SR R A e

2.8.1 LC-MS M#raktt  iliskfh: tailiih

R E IR 255 2019 4E 11 H 48 36 555 22 )

TAF 5 IR TR] R

LS A iR I TR) 5 Ik E R BT £ e R

Interaction among the content of total flavonoids and extraction factors

Phenomenex #£(100 mmx2.1 mm, 1.7 pm); 3IH
AN 0.1%HR-/K, FBAH B 2 0.1%F IR- LI
FEif: 40 C; WiE: 0.3 mL-min'; #EREE: 1L,
ofs 5 3 i 2% A L3R 4

4 UPLC ¥t 3h A8 8 % ok A& 1
Tab. 4 Elution conditions of UPLC

WfE)/min~ Ji3#/mL - min”" A% B/% o6 55 it 2%
0.01 0.3 80 20 6
4.00 0.3 50 50 6
8.00 0.3 30 70 6

18.00 0.3 0 100 6

G RAESFHREMSE, §FmE
L 5.5 KV B TFIRIESE: 600 C; K%L (DP):
100 V AT fE B (CE): 10 eV. RS NEALSAM
R FAA S5 psis HHBIAR 55 psi, AR
35 psic BSI IEE AT AT 4494, BRI [H]
N 250 ms. IDA RARHE: A2, >100 cps
)15 SRR A2 F7E 100~1 200 amu #H17F
B, BB A 100 ms. bR 2N
15eV, ZIAW SR DBS JTE. HEIKHEERS
(CDS)Xf MS 1 MS/MS H shi#t 47 AR IE . %X
5 R RN 4k 22 73 AR A Peak View®2.1 3 A4,
MasterView . TAEu: Analyst®TF 1.7.1 #4F.
2.8.2 IEMEEHI N KEERY K D101 KAL
WY IG5 F 88 43 2 VR I AT A A
2.83 FIEFEAE ISR E L B “2.7.17
T A — 60% & BEBE ML IE A AE AR i, 1%
M “2.8.17 T 2SR FE 6 IR, 1~7 TSIEIRTY
I (A AU AR RSD {43311 <0.49%F1 2.87%, R
XA 2 P R AT

MR : WA —FEMN, % “2.7.17 BUF
T PATHI % 6 41 60% e i 188 73 1V sk i
VI, R C2.8.17 TUN KRN E, 1~7 SUE
R B4 BsJ (5] K10 T A RSD 1B 43 711 <0.6 1% 4.69%,
R EGERLT.

e MR BUE— “2.7.17 TR 60%. K%
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Ve e N R, 3% “2.8.17 TR 2644,
0, 2, 4, 8, 12, 24 h AT, 1~7 S
B Bf (] AU [T AR RSD {H 73 1<0.78% 1 4.75%, 3R
A i A S VAR 24 h W ARE

284 IEMEWAPEEM SRS XIS R
By PUEALTE TERGR ) 60% £ eI A8 2 A 1) 3
il 2 B 73 HEAT 45 K9 26 58 « 60% £ T8 i 18 7 ) Rk
HFmELE 2. xR, FEHIR. K
BER. MR, BEREMETARARN R
SRR IEAT AT 1% 6 ML BRI 45 R =X 3

7

4
3
1

NN by
1 23 45 6 7 8 9 10 1112 1314 15 16 17
t/min

B2 KILWA 60% 7.8 ik Ji 18 2 BPC H
Fig. 2 BPC figure of 60% ethanol fraction eluted by
macroporous resin

HO™ ~OH oH OH
O on O o HO HO, o O HO. O >
o
HO, o. |
) )
OH O W on O ° O, 0
LaRiES DIEARIIES KBER
oH oH
OH o SN
HO. o. O HO. o O HO: O Ol O
g CJ
OH © OH © O 10
il AN L AR

3 MERMAFESRK
Fig.3 Chemical structural formula of reference substance

H IR TR MS KSR T [M+H]
m/z 433, {E MS/MS 1B, B IFEER LR 2%
BFWA . BT REMFLE, 2KEFHE H0 4
TEI, M= BT m/z 433,415,397 F11 379,
B M Wi% 2 C 3R CO B R4k, 27724 m/z 337 #1313
MR ET. B MR RS FIBKSE m/2
323 BIRF B 1o 70 T RS =28 m/z 271 BIRE B 1.

ABEE MS 8K T [M+H]" m/z 287. 1E
MS/MS B H, T B3 EAAEARAL IR SE, R
B o KAETYE H,0 o0 F B2, M AR BT m/z
269, C I Lit—Bi% 1 1 COF“AmAE T
m/z 241, Ak C 2R E 13 B W S+ m/z 153
A1 135,

fh 2 2 MS i o8 T [M+H] m/z 273, 1E
MS/MS i B, C REE 5 7 AR B m/z 153
147,

P Hz 5 MS 18R T [M+H]" m/z 303. MS/MS
W, C MR G AR BT m/z 177 K145,

HEMZALA AT RE A 2

FHHARE MS 58 T [M+H] m/z 301, B
A2 45 CH3 Al CO HIE 3+ m/z 286 1 258,

XF 60% £ 7K It 18R 53 F 1 35 R 28 s Ay AT
KE, B PC B PeakView®2.2, MasterView
X H e AT AL EE L, X H B E TCM MS/MS
Library HEHE, X108 5 10 R 53 45 R 30 AT TR0
W 17 7 N S g R, Ik S,

I 1 HIM+H]" m/z 463.122 3. "Bt 1 71
R BT m/z 301.069 2, B4 5 CH; 1 CO
IREF BT m/z 286.044 7 F11 258.050 7. #EMiZ Ak
BT RE N M AR K- A .

2, 3, 4, 5, 6 fl 7 xR E LT,
S ENERER . FHRER. KEBEER. MY
. BERMETRE.

=S5 ERHM 60%KILM A kBB &4 % 4
Tab. 5 Results of identification of constituents in 60%
ethanol fraction

TRER MEE R/
[&/min ¥  ppm
1 FHARR-FE LT CpHyp014 463.1223 314 [M+H]™ -3.0

2 AR

No.  H&WARK 7 2T E/Da

Cy1H0010 433.1102  3.65 [M+H]" -2.7

3 SRR CyiH000 433.1114  3.84 [M+H]" -1.5
4 RBER CisH00¢ 287.0524 449 [M+H]" -9.1
5 il 2% CisH ;205 273.0754  5.03 [M+H]" -1.3
6 (% Ci¢H1s06 303.0848 5.17 [M+H]" 6.9
7 FI AR Ci6H1,06 301.0687 526 [M+H]" 8.3

2.9 SEEPUAEALIE R RO R IR

MEARAE IR FAFIR. KRBER, MER.
¥ Fz Z A R Z ) DPPH $i 84L&, ABTS #it
AATE T I FRAP S PTA TG 1% . FRAP 7% PRI,
NAESE RAEL VG, T AR Sk
M 3.9x107 gL', R IE 6.

6 6 ¥K{E&4 DPPH. ABTS & FRAP 4 A 10 7E &
#R

Tab. 6 Results of DPPH, ABTS and FRAP antioxidant
activities of six compounds

Ak ]IZZPE /f_LH: 2}53;; /Sf‘ FRAP/mmol-L™"
IR 14.52 227 0
LAl 16.84 1.98 59.3
pNZE NS 2.81x107° 2.32x107> 561.8
T R R 0.54 9.10x10™ 53.1
PR >50 3.16x107 43.9
FHAREK 18.16 0.37 0

<2798 -
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3 e

1) R o 57 TR 2 06T T oK A A R PR R B T
STk, kA DPPH, ABTS /& FRAP 3
Fhor e 7 KA E Y . 7R TR G 4y i o5
BT LREARF D E SRIDOE FE R SRR A $REL
V70 FH 2= AN SR BOR B0 2 B PR B E e . (i T
FRECNER, FRBUAFIAH & ki I0R
T, Ak SR 3E OCHR B 75 FH B0 o i £ BB 5 T A
No TGN S, AR R A B
W, FEEIRE, WA 3B X R B
ot ar A, Bk, AR50 %) # BUS #2 v 2 B ik
U E. PR B S BB [ 34T 7k — 5 % 5%,
WIS E TIX 3 ANMHEEREE B RIUA TS &
Z [0 5% Z 1 AR . FH Design-Expert 8.0.6 4K
PR S B AT TR 4 B, S E I 56 E 8 i e
TR R FOR AU B E R T2 %R
SRRE . AIEE. UbAL, K R T S a0 4 SR A
Pearson AH ¢ R E7E XS M3 B & & 5 Pr A i ik
ITAHRME T S5 5RRH, BMEiS &S 3 Mt
FAGTE TR AFEE R E W IEAH . XNEEE
KB B8 e (R HE U R BE 5 T AR, R R ORZ
245 FHIR 2 T R ANF AL T B4R o

N Tk 2B A T B AR A T A B B 2 4 1
ghite), ORI R AT T e .
KT D101 KAL IS B3t 47 T 70 85, 15921
T 4 NS, MK 718 4 0 e B 2 A
H DPPH. ABTS i5 1Al FRAP MyiE bR S, 45
SN B 2R B 3 B ARAE 60% L E-7K e Mt 1
a1 o 3 MPUAAAREE 55 T R SR 2 s I o
TR, H3E— 0 U BRI B AL T T A
FENETRMAEY . KT 60% L BEK Y3 43
SIS o AT S, N T 7 DR S
VIR 2546 . B A9 AR R - AR AR
. ORHHER. KBER. MR, BREME
HARER, KRS ERIBEER SR TIES.

Xt 6 ANEEARN A Y PR E PE AT I
DPPH i 1 25 R S i 1 JC I8 5 76 1 T 1%, &
FEAL BTGP SE R A K, R L s M
SR, EREWEEEVEVERRC, 2 67, 3 A XU L
i JE S VERRAK - ABTS W ) FRAP e fréa f i 1
g5 B AR RN B S S IR T S BRI . &
BEFR LT MR BR . (H 2 AL, 3 ALRUBE A R i
W5 .
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