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copigmentation formula of purple corn anthocyanins. Methods: In
this study, fructose, tannic acid, and pectin were used as co-
pigmentation. The response surface method was used to optimize
the co-pigmentation formula of purple corn anthocyanins, and the
untreated purple corn was used as a control test. The anthocyanin
antioxidant

ABTS free

components, color, texture, taste and activity

(DPPH free radical scavenging ability, radical

scavenging ability, and FRAP iron ion reducing ability) of purple
19%
and 1.9% pectin had the best

corn after different treatments were determined. Results:
fructose, 0.07% tannic acid,
copigmentation effect. Compared with the control group, the

contents of cyanidin-3-O-glucoside, geranium-3-O-glucoside,
and peony-3-O-glucoside in purple corn increased by 77.64%,
64.82%, and 54. 75%.,

content increased by 67.98%. The L *

respectively. The total anthocyanin

value, b value, and AE

value of color decreased, while the a * value increased. Hardness,
adhesiveness, and chewing type increased. while elasticity and
cohesion decreased. The bitter, astringent, and astringent
aftertastes differ slightly, as do the sour, sweet, salty, umami,
bitter, and umami aftertastes. In the mass concentration range of
0.02~0.10 mg/mL. the DPPH free radical scavenging ability.
ABTS free radical scavenging ability and FRAP iron ion reducing
ability of purple corn anthocyanins were 39% ~79%, 54% ~
74% and 27% ~ 67%, The co-

pigmentation effect of 19% fructose, 0.07% tannic acid, and

respectively. Conclusion:

1.9% pectin on purple corn anthocyanins was the best.

Keywords: purple corn; anthocyanin; component; color;

texture; taste; antioxidant activity
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KAE 120 °C FHIN LT 30 min, X 48 3 K B WL UL 3 17 45
Bl g, A AL 3R Sy 3 ARTE R /AR ABLI 5 oK
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Table 1 Factors and levels of response surface analysis
A A JEHE A B 5 R o C J e it
S3EL Y% SEL Y% 38 %
—1 10 0.04 1.5
0 15 0.06 2.0
1 20 0.08 2.5
1.3.3  MAEGHRBOMNE SR pH R 2 50 5E %

FORACOT & & A TS 09 5 £ oK A B, 1

TIF VS BILAR 5 o 35 20 B3 ACIR  E B AR L 1.000 g, i1 20 mL

TeK 0.2 mol/L R RIE W (Vgkzm * Vam=3* 2),
T 400 W E 4 #F T 42 B 30 min, 50 C K% B
60 min,4 °C .8 000 r/min B> 10 min, % pH 1.0 1
SACHRZE A pH 4.5 B JCK £ BR8N 92 vh ¥ B IE R
Fi ke 10 4%, % N OGP 4 15 min, # T 525 nm
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700 nm AL FE AL G H BOLE, A (D ORI A

He AL B

H O E .
A= (Asss am — Arzoonm ) pri—1 — (Aszs am — Az00 am ) pri— 1.5 »
QD)
C:AXMWXDFXIOOO’ o

e XL
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A Kl 5 B T OB
Aszs om—525 nm &b S AE @ G ;
A 100 s ———700 nm &b S 76 10 H WG 5
C— {0 5 32 BUR P AR BT R W mg/Ls
My —K %45 R-3-O-4 %5 b5 1 09 # %4 7 i it

449.2;
Dy i BEAG AL 5
13 MY FE%,26 900 L/(mol * cm);

L—E#,1.0 cm,
1.3.4 ALt d7 4l o0 e

(D BRI A& LR EZEAH 3 Fik
AT, 53 BIDRE B BRI 3 Fh AR #E R 4 1.000 mg, FH B it 43 4K
10 %6 R R RSV WA AR T E R E 10 mL AEE T, 5
SYFES) LRI A 100 me/L bRl WL IF B SR BN 1.0,
12.5,20.0,50.0 mg/L, /i HPLC-DAD ¥ I 22 7 #E 1 Wi
PIARIE RN 2R, T —20 “CF % M AR L BEBE b AR A7 2K
WheH,

(2) 88 T RAE AT 1 b o il 22 22 ) B & il - R
HPLC-DAD X 48 5 KA €0 1 48 O F A7 & = 00 5 L 43
MrdE N Agilent-ZORBAXSB-Cys {4 3% £ (4. 6 mm X
250.0 mm,5 pm) . ZHH A b 1% H B K IS i sh 0 Bl
I%H R EW W . 5 B0 min 8% B;0~2 min
12% B;2~5 min 18% B;5~10 min 20% B;10~12 min
25% B;12~15 min 30% B;15~18 min 45% B; 18~
20 min 80% B;20~22 min 8% B;22~30 min 8% B; i
0.8 mL/min, it 35 °C, 4 W ¥ 1 530 nm, #EFF R
20 pLM,

1.3.5 EEFEME R CM-700d1 %4356 & 4 I 2 48 E
AKEEFE L o Wb . T L o b EIH A2,

AE=[(L" =L’ + (@ —a)* + b —b)*J7, (3)

X

Lovaog bo—HR AL H28 FoK 52 (. 408 E . %)

L a0 AE— a5 R ERNTEME. AR
B EE W R 2,
1.3.6  JRHME RA CT3 25K 5 H 40 & 903K 4
B S TA25/1000 (8 A 2 #3426 780 ok &
45, A B 0.50 mm/s, M J5 3R [ 53 B 0.50 mm/s, U3k
FEES 7 mm, B M RAE G E 3 9K BOT A 1R 45 8,

BE 29/ | 2024 £3 B | BRENM

R B S5 4t 350 T 01 Fp B Ao ) L IR T B L M i
NN S Y O S
1.3.7 EEWRIE  WEFIFREL 50.000 g ¥ T KKK B TR
FHL LM 200 mL ZEAR K, BEPE XS] JR e LE 30 s, Bl
J& 5L 3 000 r/min B0 5 min, WA B WS REATINE . AR
Wocwk [16 ], & ek n 7. ¥ | AAE. GL1.CTO, CAO,
AEL.COO BR AL IR AR BT 2 A5 o Ag &%, &AM F
FERIE 3 U, BOF AR B A5 5.
1.3.8  HrA b M

(1> DPPH A i1 &% B R0 2 . 2 OCk[17], #%
K (D)% DPPH [ i B iHER %,
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c

o

[—DPPH H 3 ERZE, %

A TR IEE 5 R A 5

A, IRINTE K 2, B R0 & A WG

A BIMIEK ZBER T EAR .

(2) ABTS H g 23 B2 & . 2 MSCmk [17], %
K G)HE ABTS A 535K,

Au 7A1
A()
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I——ABTS H B &FBRR, ¥

A, T R0 A

A AT B AR 09 WG

(3) BRES b JE e T . S OSCk[17],
1.3.9 LG4 BEITFM/NALN 20 & HA IRE T M
25 0 11 2 DR 2 A5 A B, DF 48 4 Oy 6P LR LA LB
o, ZHESCEKCIS], W ¥ E R LA T LZEEITHE. W
K2R, B 133 ML ERBEOHSR, 65T H
A A8 8T T 43 RS B T3 S 1R 4 A
1.4 BBt

A Microsoft Excel 2016, SPSS 26.0 Al OriginPro
8.6 B b A7 K Ak BE AN 2 0 #r
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R2 EFREEHEATS

Table 2 Comprehensive evaluation of purple corn

anthocyanins

Bk BRERTBL SHH
AT ST S E 7.56~9.5 mg/L 20~30
BAEET &R 5.5~7.5 mg/L 10~20
MAE AT & H 0~5.5 mg/L 0~10
RREVESY GBS VT EE LR OB T b A 14~20
ERE1E- 3 I T E &I TE L 7~13

P 28 L R R TG 0~6
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2.1 MEEREER
2.1.1 oy AR R T W T
Rk 3,

FIH] Design Expert 13 844X #5 BY #4777 22 434, 4
F 4 7R, 3 AN B 5 B R IE O H 25 A T 4 1952 e R/l
Hg RBES TR > R, Ho BB 5 B ORI AT

M o TR 4 e

EXEE ZEZRECEHERFAMAREMNETRBRBFN

Ay BAT 3 R (P<C0.000 1), B T IR 48 £ K454
T4 BAT B35 B0 (P <<0.05) , 3 I X 25 K iy 25 4 3
536 W B (P >>0.05) , T 5 R 2 AR X T
K LEA VT 5 B R0 A 582 (P <T0.01) o B 7 i 0 52 Ji 52
HAREFXE E RGBT 150 B2 (P<<0.05) , 5
TR AC H AR HIA 58 EOK &5 6 PF 4 1Y 52 R 3 (P>
0.05) 3% ol A A5 AU A B 2 (P <<0.01) , R T A B &

x3 MEEBRRETSER
Table 3 Design and results of response surface experiment
i 21 A B C BAEATSE/(mg LD HEES  ZAFH

1 —1 1 0 5.57-0.19 9 24

2 0 0 0 5.90=0.39 15 32

3 -1 —1 0 5.4540.70 8 17

4 0 —1 —1 5.12-0.19 14 21

5 0 1 —1 5.6840.33 13 29

6 0 0 0 5.7940.39 16 33

7 —1 0 —1 5.34-0.33 7 15

8 1 0 —1 8.9140.70 10 35

9 0 0 0 6.0140.33 17 35

10 —1 0 1 7.7940.77 3 24

11 1 1 0 8.13-£0.39 11 35

12 1 0 1 9.0240.33 4 30

13 1 -1 0 6.570.51 12 31

14 0 1 1 7.900.51 6 28

15 0 —1 1 8.020.88 5 28

16 0 0 0 6.2340.19 18 36

17 0 0 0 6.12-0.51 19 37
(0.933 7>>0.05) . P E RELR* =0.973 2, YW k|l )3 Jy ®4 EEAABRFESHER
FRILA R, 3l 000K o B v R 0 R R e 45 SR A T4 Table 4  Analysis table of variance of regression equation
BONFBIGEOS B AF b R Wi I Y E G, R R B 2RI CFOrRM AmE By FM P B
(RN 0.938 7, R ZM(CVI R 5.71% , AR fE g B 687.52 9 76.39  28.22  0.0001  x x
S P A O B 93,87 96 sk e A T e g et SR L0A0 0000 T
L T AU 7 0 2 AL B XY KGR A oAb T 000t T

C 1250 1 12.50  4.62  0.068 7
IR AB 2.25 1 2.25  0.83  0.3923
T ABLAC AT B CO X R EREEE WM zc £9.00 1 49.00 1810  0.0038 x x
3 (P<C0.01),BC ¥ £ KRG AP M BFEP> BC 16.00 1 16,00 5.91  0.0453  «x
0.05) AL Xf Lk F{H AT WX 48 R oREER T fE i A7 73.39 17339 27.11  0.0012 =
S MO P o SR > 0 B > SR BRI Rk gk S6.8T L 9687 ZLOL 00025
I S 6 R K 2 A A B R T e T A S Sza4 1 8244 8045 00009  xx
N 5% 18.95 7 2.71

A 2R A0 .75 3 0.58 0.14 09337 AR#
2.1.2 WARCE AT S A W R R TR me 1700 4 4.30
{4 3D i o i T PR RO 5L SF A AR IE BB . R S mom 706.47 16

S AR RS 3 SR AR R L B R R R Y A
2 1] 30 B 3D B b T PR BE i L 2 B A 9 52 LA

Toox % RIKP<L0.01 ZRMBE; » FK P<0.05 2570
%;RZZO.973 2;R:‘?\(u:O.938 7,
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W 6 iR, 5 A Ab B R At 28 05 A 4 6 il
G, R EREE L H.07 HM AE E4 5 TRET
26.47%,54.23%,66.30% ,a " {HYE I T 78.38% . % F K
HEFESTES o HEEML EOHFITHBE, o H#
K2 TR AR GT L UL 2 50 0 b B S 5 FOK R
B . FEEKS DRI RSB, 58 R OK R 0 MR AR
FH 2 57 1 T, BEL 1k Tl 550G 0 4 Ak, UM RO R B R RE

EXEE ZEZRECEHERFAMAREMNETRBRBFN

2R R,

2.2.2  JRMLAPLEE  nF 7 FroR. 5 AR B E kM
bb s 28 d A G T O Ak B S 4R R OK I B B L R P L IHL IR
PEAY SN T 35.19%,7.21 % ,4.10 % , S | Py B8 1k B AIG
T 3.97% ,33.33% , £ K T ML B W k3% (P <<0.05)
XATRE B R R T RIR A IR T R EOR A
T L a5 4 AR R R B AR Ak (o DA S B kAR AR A RIRTE
5 E R K BRI L (5% 6 K 3 By s B2 3G 0, PRV

x5 AEALEBZEEBFEASSENER
Table 5 Differences of anthocyanin content in S P L P SRPERE AR B PR
different processing mg/kg X6 FARAVLEBEZEABENER
GhEE R AG-3-O- RAEIE3-0- 2-3-0- - Table 6 Differences of color in different processing
KR EEEE WEREE AR b3 5 2 L a’ b AE
HKAbF  43.18-40.92 27.1240.76 55.45+1.15 125.7441.49 KAbF  35.964-0.07 1.364-0.08 9.2240.09 16.38740.09
T fEA1£193.104+0.88 77.09+1.85122.53+1.73 392.72+3.01 AEA A 26.44+0.14 6.2940.05 4.22+0.15  5.52+0.14
x7 AEALEBZERMHESR
Table 7 Differences of texture in different processing
Qb By 5 R /N A/ mm Jie /N NELUEE P/ m] A R
Kb 3 584.80+185.07 1.26+0.13 296.20+73.14 3.7441.30 0.4540.13
mAE4LA 902.40+149.95 1.2140.18 319.20+90.14 3.90+1.33 0.30+0.10
DL A B 45 K S 6 BB, 30 G 45 3 R 3 A A X 15@
SREE(EE LR 0, Bl 2 WAL, S A4 A R b 5 K A2 g 1] 1 12
MR (R S 00 [ BB A B F — A B O —
X LA AR B B b 25 SR O T e L R R ok | e ) 2 \
V09 0K B 0 6 4 500 B GO (i Stk : R
JUANE R i B A7 7E 25 5 0 30 T B R B R 010 SR W || AR,
JT 5 EOR AT, BT R I T MR WK, AR R AE 5 E ORI | [
Ak < >

FMIE T R )2 . 3 Fl el €500 1) 7% I3 48 5 K 1 10 ok =
H— R

2.2.3 PAAEE A 3L FE R KE 0.02~
0.06 mg/mL 3 Fl P - 7 kb 28 (4 28 T K 78 6 % DPPH A
I A 35 BR AR R 31 %6 ~ 70 %6, 28 fi AR Jf €0 I D7 Ak B4

B2 w5k kg E A #

Figure 2 The radar chart by electronic tongue
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Figure 3
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Effects of copigmentation on antioxidant activity of purple corn anthocyanins
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DPPH H i FERI W RN 39% ~79% , & ¥ B R
SR DPPH H 33 BRAE 7. SR Ak 3R 28 i €0 A0 2 1 4%
FoRAE @ T X DPPH A H1 3% 3% B AE 77 3 6 5L 5 00 e BE 119
g n, R4S 1 DPPH A 3875 BRAE ) B ¥ K
FoR A H Y % FE R AT (P<<0.05),

Hy &1 3(b) AT 1L FE BT VR E 0.02~0.06 mg/mL g
P, A A B B % R AL (1 X ABTS B i JE B R R N
17%~61% , 2 e A 50 6 e J7 A0 3 %F ABTS [ i 31
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