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Optimization of Extraction Process of Polysaccharide from Black
Corn Kernel by Response Surface Method and Analysis of
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Abstract: In order to explore the optimum extraction process of polysaccharide and antioxidant activity in vitro in black
corn kernel. In this study, black corn kernel was used as raw material, ultrasonic-assisted extraction was applied to extract
polysaccharides from black corn kernel. To explore the effects of ultrasonic power, solid-liquid ratio, extraction time,
temperature and frequency on the yield of polysaccharide. The extraction process of polysaccharide from black corn kernel
was optimized by response surface methodology. Besides, the antioxidant activity of the polysaccharide was investigated
by measuring its scavenging ability on DPPH:, ABTS", and ‘OH. The results showed that the extraction yield of
polysaccharide from black corn kernel could reach up to 41.09%+0.59%, in these conditions: The solid-liquid ratio was
1:20 g/mL, the extraction temperature was 74 °C, the extraction time was 60 min and the extraction frequency was 3 times.
The ICy, values of scavenging rates on DPPH:, ABTS'- and -OH were 1.959, 1.529 and 0.3554 mg/mL, respectively.
Moreover, the scavenging rates showed a certain dose-effect relationship with the sample concentration, indicating that the

polysaccharide had a strong antioxidant activity, thus providing a theoretical basis for further research and utilization.

Y A EA: 2023-02-14

HEWB: ;S A4#FTER4RA (2021KCXTDO56)

TEEBN: & (1985-) , %, 8L, TEPIF, HFRF @: KA L 54 A, E-mail: 315021016@qq.com.
*EIEIEE: WRIE (1973-) , %, A, 34%, HFR 7 61: 12147 37 22, E-mail: youth888cn@aliyun.com.


https://doi.org/10.13386/j.issn1002-0306.2023020118
https://doi.org/10.13386/j.issn1002-0306.2023020118
https://doi.org/10.13386/j.issn1002-0306.2023020118
mailto:315021016@qq.com
mailto:youth888cn@aliyun.com

- 192 - £ Tl B4

2023 4F 11 H

Key words: black corn kernel; polysaccharide; ultrasonic; optimization of extraction process; antioxidant activity

M R K (Zea mays L)W AP ) S AEY)
N, RAH EE B . B E AR IR ET S
P —FPRRER IS, P & Kin R R M R R )
PR FOKVE G E A, Hob, 200, i ek REFFER AT 2R
FEH, BESREE, B kk b bl RS
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PR P AR BBGE ), 2 0 TV T B, ARSI, HA
1o SRR T N T 2 R ERRO G i e AR
JHR 75 e Bl /K B BI04 BB Kok 20, A S
I3 180 W A IR 60 °C. pH6.8. BEITHRIEE 75%
FIEAEEESF T, $2H 1 IR 2R 16.11%.
AT 22 BRERECE[A] | SRR EL . o) B A = D3R
SRR BRI T Al P 2 S AR S
K220 ) sk e SR A T A AT A R 2R,
A BT HE S Z B ECR, PRI AR SO A R T2
TIALEE, FERFHR R H S ) R L 25 D A
NHEEREAM IR A AR T 2200k, §feidt—23
HE v RS P B K R IR C TR X A TR Ak 2 B B FE R
R, B EE B E KRB ZHEXT DPPH . ABTS™ ., -OH
PR R R, X HARS MU A TR A T o, S T &
2L Bt

1 MRIERE
1.1 MR5EE

R TR M SISk (R ED IR0y A BR
/NS P 3 L N i L VT (W B R I = W= s =
RS T ToR W S3pTal, REET Kb A8500)
WERE Al W e AR A B F] H
RSB S i TEa T

SN-QX-65 BB PIEVENL T MUY A
WA RN F]; DD-6M B EL.LHL KT L
I FAT BN F; RE-5299 BUEhkzgkas 1IN
BRI ESAFR /S F]; Multiskan FC BUESFRY  $E8E K
/R B 23 7] VORTEX-5 BRI IR S1X (m]
HARDURASGH A PR A o
1.2 SLWHE
1.2.1 PRk PRI SR KI5, 95%
R, 50 °C T HREEEE, Hyeil 60 B .
KGR RS ) P AR AR 5 2538 /K LRI L
1:20(g/mL)IR4E, 70 °C. 100 W S HEHL 1 h; 2R5
3000 r/min. 4 °C 5.0 10 min, W I, TTTEWH
YO R B, A L EAEIR 2 U 8 2 IRE LT
5 IEWOTEZE, Hedn & AT 1/5; e 4a i h
JINA 3 FRARFRN 95% ZBEPTTE, RNWiiFE, 4 C i
B S, 3000 r/min., 4 °C B0 10 min, WWAETLTE,
UITEY P 2588 FKIEMG TIEZE, Yo R TSR E Kb
MZbE, T s b 4 °C 17, - TARSMN AL T
MIRE o
1.2.2 PAPZESCE  DASE RN EAR], SRR
KRB TA PR I A T LI B 5% . 1E
R bk 1:20(g/mL) | 2GR 70 °C. $2HAT
(7] 60 min., $RHL 2 KAYFEAE L, 53552 DR
(60, 80, 100, 120, 140 W)XJ SR A FLM; 76 [
SERNE EE 1:20(g/mL) | BRI 70 °C. & U
100 W, HEHL 2 YR 3EAE |, 435125 S B E] (20
30. 40, 50, 60, 70, 80 min)XFZZHHFS- A R RLNH; 7E [
AR L 1:20(g/mL) . A TIZEE 100 W 2T [H]
60 min. $EH 2 IRIVTEBL T, 505175 AN [l B HGRRE
(40, 50. 60, 70, 80 °C) X ZHHIF KR ; 7F [E] 52
PEBURIE 70 °C. AR 100 W, HEBURHE] 60 min,
PEHL 2 RGO, 43 9 B S8 AN [RPRH L (110,
1:15, 1:20. 1:25. 1:30 g/mL) % Z2HE15 3 [ 52 i ;
TEBE AN L 1:20(g/mL) | $2BGEE 70 °C . AT
K100 W $2BUNTE] 60 min FIEEGRE |, 5350125 24R
BOREL(1. 2.3, 4. 5 YOXTER R AR Z2 B3R A SN
1.2.3  ma I GRS RIS AR I, Sk
T Box-Behnken R 55 11 R, 358 FH X 2 1S
FEMA A PR OB B B . BREGR RS | SR E]
Sk A AR, DA TR RIS R AR TR bR, 13T
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Table 1 Response surface factors and level design
S
KT AFEHUHL BRI CHRUR DA HU 1]
() (g/mL) (c) (min)
-1 1 1:15 60 50
0 2 1:20 70 60
1 3 1:25 80 70

1.2.4 ZHESHEIIE AR -HRARTIRTE I B
FoR M i, DRI BE AR RS BT U B x, IR
NGB y, ZxilbnuE I Z T 228 y=5.8155%+0.0798,
R*=0.9946, MoH] 1 mg/mL 1028 F Kk WA, 1
FE T KM REZE 0.1 mg/mL, YEGHULHL 40 pL 73510
W, AT EL 6% IR 40 nL Bk i iR
200 pL, & 30 min J&, FEUZ S 490 nm AW 2 '
FEAH, ¥ F G e R,

L) = VXN

s C S FE S I B R KOR 28 T R VR B,
mg/mL; V S BORLSAREL, mL; N S H#2 R 6 %
B M A TR ER AR F A, mg.

1.2.5 A RR DU AE TR PR o

1.2.5.1 DPPH-JHRZIMNWE =35 3CHk [30-31] #
VEITEFFRE I . Bofl 0.1 mmol/L DPPH A, HX
FREBHE S5 1. 2, 4. 6. 8. 10 mg/mL AR T K
B WA 100 uL, il A DPPH #&# 100 uL, $£47,
EREAL N 30 min, TEPEHE 517 nm AW H S
Ay B 100 pL #E SR 100 pL oK 2, 19%,
TEP AL 517 nm A 5E KOG Ao HX 100 uL 2%
KN A 100 uL DPPH ¥, 1EI 1S 517 nm 4B

x 100

SEWGAN Ay, LABTHR LI A BEMEX AR, #26F 550
[ ph LT3

DPPHH HIEEBE (%) = (1 - A‘; A2)>< 100

3

1.2.5.2 ABTS'HHIERFNE =253k [32-33]
BRE D RS ek 3l : B dl 7 mmol/L ABTS ¥ .
2.45 mmol/L i R ERHR W, K S L PR &), &=
HEREC RN 12 h DAL, BGE BIR-G WS JC/K LR
B RE, A HAE D 734 nm BFEOIROGEEE K 0.70+
0.02, B85 ABTS TAEM . 4308 40 pL A9HRE 53
B 1.2, 4, 6. 8. 10 mg/mL B8 E AR ZBHAK
JIA 4 mL ABTS, ¥15JIR5)5, 30 °C #2020 min,
TE 734 nm ARG HROGREE Sy Ao B 40 pL RS
WHA 4 mL ZE4E /K, 7 734 nm A9 52 W SE1E
A,, BL 40 pL ZEME K I A 4 mL ABTS T /EW, £
734 nm AL FE W OSEAE R Ay, DAPTER I 2 A BH 4 %

ABTS" H HIETF R (%) = (1 - %) % 100

3

1.2.5.3 -OH VEBRFRME =75 CHK [34] mHAETr
I RSE B BB IR EE 435 1. 2. 4. 6. 8.
10 mg/mL SR FE KK ZZHHAEW 1 mL, 5 1 mL FeSO,
(6 mmol/L) . 1 mL H,0, % # (6 mmol/L)iR=],
JZ R 10 min, F-HTA 1 mL 7K P8R 7% # (6 mmol/L),
37 °C 7K 30 min, Il %€ 510 nm F W EE R A
FH 1 mL Z51B/KACE /KA BRI WA R G EE S A,
F 1 mL ZR IR KACE ARSI AR G RE R Ay, LA
PUIR iR Ay BEPE RS B, #2 F =005 OH 1E R =R

A -A,

3

-OHTERRF (%) = (1 - )x 100
1.3 HIEAIE
JITAT S /AT 3 IR, BdiE LA IR 2

IR, R Design-Expert 12 A58 )8 M 0 5 111
BEATEARES3 4T, I-5% F Duncan A5 % 4 S0 E 04T L
8, P<0.01 MR BFEZER, P<0.05 N EZES; RAH
GraphPad prism 8 #T/EE K22 534037,
2 GREHH
2.1 BERIWER
2.1.1 AR 2R RN AE 1 TLCE
H, P R S DR L Y, B R S DR R,
PR KR ZHEAR R P S, 2 DR 100 W
B, W10 39.21%, Gl S DA B 20
MR . AH B D3RI % 120 Wi, B FOKpE
SR G TIER 100 W F5-54H LL %A B

S, ARSEEO AR S DR 140 WY, 2B % 1M
R (P<0.05) o BFFR R B MBS A
B R0 RERL, (Ha = DR i s & SRR A
T R RN, TR G R RN 5 IR N R )
AN, a5 ARAVE IR ES Y, F H MR B[R]
5 B IABREAE, o0 i A 7 DO SR AT GRS I LA I 24
RN, T EOHE Z Ry T 2R RERRD 0, AR
PSR, PRI SR I3 100 W,

50 -
40 a a
S b b
=30
M- c
# 20
N
10 b
0 1 Il 1 1 ]
40 60 80 100 120 140
TR (W)

SR PR SOE 2GR div A1)
Fig.1 Effect of ultrasonic power on the yield of
polysaccharides

HE: AR/ NG PR ZE R 1 (P<0.05), 151 2~I51 5 [A].
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2.1.2 $REUSRI R mgsgm s 2 nlsEnL Y
PEECAE] £ 20~60 min 2Z [A]3% 4 IE4, Z2 PSR {1
Bt 325, 2SEREUA[E] S 60 min B, ZHEFS 35 5]
39.23%. ARG INFRIET [A] 22 HH15 S2 A BEAIG, TR
JEAE T 1 Y1 ] PN R 7 B TR], 4 S 308 7 PP
WA ZS AN FH G5, AN RE 20 2, i i =,
S FEERR R THE Y, (R R R 2 i T
I 23 7 N AT 2 R A R, I 2 S EUR oK
o H HA S TR, MITTSE M ZE A 55807371 22 et
FER U E]ZE 50, 60, 70 min B AT 2 I 2 BE15 5
B 2:5, NIEEE 50, 60, 70 min A7 7 1@

50
40

30

%)

ui

S

R

O | | | |
20 30 40 50 60 70 80

PEILTH] (min)
P2 SRIU AL 22 B AR A 5
Fig.2 Effect of extraction time on the yield of polysaccharides

2.1.3 PREUEE X AR RE I IR R
ZoWE ST Z (A A FAGEUNE, ST A A0 B ASE F) s g5 P A
RS, H A 3 AT, B TR TR, PR REOR
b HEIAF R W T, MR 70 °C B, 26
FHRIRF] 39.35%, I TR _L T T 4t
JISE 308 385 R AL ARSI PN S i pe ™ oR T
PRI MU T 70 °C, Z2HHAS SR HIERR, A
AR E 3oL v By A5 2 W 53 fi, TR Z2 ARt A DA T S i
IR IR P, 25 ol 75 $2 B B A 60, 70, 80 °C
B X ZZ B A SRS A e ef 22 5, ke B 60,
70. 80 °C MAL T Z R EGREE

50

30 40 50 60 70 80
PEIGILEE (°C)
B3 BRI M A AR
Fig.3 Effect of extraction temperature on the yield of
polysaccharides

2.1.4 RHE LEXT Z MG RA0 52 RR EE AT R e 21
MENSNEE ), 3 4 HPRHR EEAEA T T 20 i

i, I BB AR B &l 4 AT, BN LR AE
1:20(g/mL) LA}, Z2 0455 B 2 7 700 FH S i 1 o
LR, MWCRHEE R 1:20(g/mL) B, ZhE15 35 51
38.21%. iXJ&HH TG FIHES N, ZE 5P
B, 2 T AR AR -5 9 91 ) 2 Ak e ARG R, S B TS
Sy, FITFZHE0HT L, DS T s o ARSI inig 51l
JHEL, Z2HHSR i N RE, R ik 28— e ilis, %
FHE RG] G S SO AL E 2B B dT H, I
W) Z2 OB IR DT, M5 M 5 R 07 25 pEORL R L AE
1:15, 1:20, 1:25(g/mL) W} X Z2 45 R A 52 i A7
giitsE s, ek b 1:15, 1:20, 1:25
(g/mL) A TR N Ak

1:10 1:15 1:20 1:25 1:30
BRELE (g/mL)
4 BRI ELXS 2R3 1 200
Fig.4 Effect of solid-liquid ratio on the yield of
polysaccharides

2.1.5 HREGRECTE TR 2R as2m HIEl S
AT, B SRR B N, 2SR TH =, JE
TR, FEFREL 2 YRAT, B R 2SR IRE] 39.3%,
JE SRR EL, ZHSR RN R, TR
St e L IR] = A RN, PRI B GHE AE A B
PREUCEHEZIETE PR A RS RIS, TR 2 kPR HOk
SR MEBOR BT £ 5) T 3 B ah T IR,
i ZZBEA SR T 87, PRI e PR BRI 1. 2.
3 YA T N TS

50

0 1 1 ! ! 1
0 1 2 3 4 5

PEECEL
K5 SRHOCEOT 2R A AR R

Fig.5 Effect of extraction times on the yield of polysaccharides
2.2 MINEREEERS 5
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PRI R BB B, R L . R BUR)E S EUNE]) #:4T
VU Rl 28 =K SPia 17 TE E, BfAE BeAE PR BT 2 4%,
ZEIR L 2,

# 2 WA RS
Table 2 Experimental design and results of the response
surface methodology

. e . i
T ABROKEC BRARIL CIUGRI DR 0T
1 -1 -1 0 0 14.58
2 1 -1 0 0 36.42
3 -1 1 0 0 26.57
4 1 1 0 0 33.61
5 0 0 -1 -1 18.34
6 0 0 1 -1 23.31
7 0 0 -1 1 21.52
8 0 0 1 1 37.75
9 -1 0 0 -1 18.07
10 1 0 0 -1 25.72
11 -1 0 0 1 18.16
12 1 0 0 1 37.98
13 0 -1 -1 0 16.74
14 0 1 -1 0 24.14
15 0 -1 1 0 34.01
16 0 1 1 0 26.77
17 -1 0 -1 0 14.38
18 1 0 -1 0 35.14
19 -1 0 1 0 20.57
20 1 0 1 0 38.14
21 0 -1 0 -1 18.24
22 0 1 0 -1 20.52
23 0 -1 0 1 2221
24 0 1 0 1 36.09
25 0 0 0 0 37.77
26 0 0 0 0 38.02
27 0 0 0 0 40.67
28 0 0 0 0 3991
29 0 0 0 0 39.78

FIFHER 2 SE R A7 TG, 1508 B oKORE
ZHHASR Y XA B ZE I R R Y=39.23+
7.89A+2.12B+4.19C+4.13D—3.7AB—0.7975AC+3.04AD—
3.66BC+2.9BD+2.81CD—5.49A%—6.67B*—6.55C2—
8.17D?,

BB Ty 2253 pr 45 R DLER 3. AR 3 15, Ik
PRI i 25 (P<0.0001) ; R ALUITAS .25 (P>0.05) , i
WU [l RISl BAEL; RP=0.96 . R, (;=0.9201, ]
RN AERR B =, W] TR B B AR ARy
dry PAEPTLIASH, AL C. D, A>, B>, C*. D*> X2 &
KA Z2WEAS 2R 52 M E A i k2 (P<0.01), 1l —IK
i B FfIZZ HIT AB. AD, BC. BD. CD Rl 422
SR (P<0.05) . &K ZEXF 2R 2RI R
AGRBOREO >CHRBUR B2 >D (2 BAT [[] ) >B Ckl
W) o
222 WANIEAZEAERSPT 45 EZE A EH AR E
I/ T R A5 v 2 P L 1] 6~ 11 Wi o YT P T %9 6
FREE S BT AN R] BR] 28 %o B KM 22 WA S-SR 11 S e
B, w8 ARG, 1 HHIZ R 2 X SR A SE IR, )R

3 TR0

Table 3  Analysis of variance of regression equations

WH  FAFM HHE B FlH PfH B
R 2205.98 14 157.57  24.03  <0.0001 ok
A 747.03 1 747.03  113.93  <0.0001 ok
B 54.19 1 54.19 8.26 0.0122 *
C 210.76 1 210.76  32.14  <0.0001 ok
D 204.27 1 20427  31.15  <0.0001 o
AB 54.76 1 5476 835 0.0119 *
AC 2.54 1 254 0388  0.5434
AD 37.03 1 37.03 5.65 0.0323 *
BC 53.58 1 53.58 8.17 0.0126 *
BD 33.64 1 33.64 513 0.0399 *
CD 31.7 1 31.7 4.83 0.0452 *
A 195.38 1 19538  29.8  <0.0001 o
B’ 288.43 1 288.43  43.99  <0.0001 ok
(o5 278.68 1 278.68 425  <0.0001 ok
D’ 432.66 1 432.66 6598  <0.0001 ok
G2 91.8 14 6.56
R 85.36 10 8.54 531 0.061
alifR s 6.43 4 1.61

syl 2297.77 28

: P<0.01, B35, FI**#R; P<0.05, 3, F*#R.

ZHAFE (%)

1:25

1:23

—
NS}
—_

B: B L (g/mL)

1.0 1.5 1.0 25 3.0
A REE (00
K6 SRIBUCEFIERR L 2R A 50
Fig.6 Influence of extraction times and solid-liquid ratio on the
yield of polysaccharides

PR YE A AR N2 A 2R BEAEIRDE, BT
AHER Z AR B S H AR, SRR S B AR
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JHXT T BB PEA B & 6~8 11 Al 5,  2.2.3 FAELIERE S5 AR A BGIE R T m
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Fig.8 Influence of extraction times and extraction time on the yield of polysaccharides
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