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Abstract: In order to understand the co-pigmentation effect of metal ions on the coloration of
anthocyanin under different conditions, cyanidin-3-O-glucoside was used as the raw material, and
CIELab color evaluation was used to analyze the relevant color indicators. The results showed that
the addition of K', Mg*, and Al*" could lead to a deepening in the color of pigment solution,
effectively enhancing its storage stability. Notably, the co-pigmentation effect of AI** was superior to
that of K" and Mg*. The inclusion of metal co-pigments could effectively delay the color change of
anthocyanin during storage. Additionally, the addition of K*, Mg, and AI** could alleviate the color
loss caused by an increase in pH, especially under strong acid conditions(pH<3.0), which facilitated a
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more pronounced color expression. Moreover, the effects of ethanol, glucose, and phenolic acids on

the co-pigmentation effect of metal ions were also studied. These results could provide data and

reference for the in-depth study of the co-pigmentation effect of metal ions and their application in

preserving food color.

Keywords: metal ions, cyanidin-3-O-glucoside, co-pigmentation, CIELab, coloration

AT AR R BE A AT A 15 2K F B9 AN W B i AR
Tk B RF 2 K T B B R R A EOR
HOR B, KIRORNZ 2 o ATy, Bl
HAT A B PR A R 3 S WE 5 3 7 R, AR AR
=T ZAAE T AW PR IR R MR T Y
H R 22 A Bl B (R, I JH I T i g 4 1) B
@, BRI RRIEECY) 2 B dh T HAL
PRI RE , 0T i AR R 5y 52 50 S DR R
17 BR ARG T, A R R AR R IR E TR
RIRE R LU T B B

i 00 S I — b AT SR T AE B AR E MR R
RITE . B AR S5O N T R B R A
P Bl €00 52 A, T T 2 M 38 9 194 €8 4 A (L R A
TEVECT, HFTE R, A G N RARE 4
A B pH IR B TR B KB AT S
O T REAE, Hob B I AR O LAY
PR B A A7 A AR (EL 2 I 26 ) S A s 2
|6 S AL A8 B 7 i R AR Ak, B — 2 1
TE B,

WEFE s, e Jm s T Ay — 2R T S5 e
AR IR B2 THA WY (3%, 2 B B0 A9 21 7% fiE
JI G OAERE AN, AT H K Fer 5 G )R
SRR RGN AR AR T G S T )
W2 FIIT 1 IR 45 By 2 W Jo ™ A g A8 AR [, 2 T
S 1 i RE S SR I W) TS5 AR G BT BT A
CPERE™, AL, 8 B 30 X A6 (O IR S M
AT VAT SR AR I, R Fer b AT R &, m] {855
P ARFNEI @R B BEI L BRI (20 °C)
FE L (550 °C) FARGF b 2k 47 46 (4 1 poge e, JfF
H AR TR 15 2% L ) i 1A & b o A R 19 B 2%
RN R AR BEAYRE SRR L, B AL SE R A
A S D B AT A R ) £ R AR O AR G
T v 11 A A 8 AR 225 SR A KAk L 1 A4 21 4
AR A R B

FIHT C AT — 26 X0 6 Jm 25 7l 1 s ko, (3
2200 A A [R) < e B A 0 PR BE 1Y EL B T,

A R (Y R SRR R R (A Py (W N
R TR0, B AT eRAa R, #lan, 4
WFEdE Y, B KT 1.0 mmol/L Y A4 fifi 3 4 25
B @ Z B BnsRS, & K Mg APPSR LG
W) H R B S A0 A TR R R R R
BRI, R H] CIELab B4 3%, A& d b a Wy 3
42 @ B 7 (K Mg Fl AP VE N o IR 7 BIF T -
NGNS EAE: RN SRR N a6 iny I S
) Wl 5 I3 TR M O AR S ) X A 8 O TR 5K
R FZ I, ST R [ 42 )8 1 I 4 FH 25 S S e 4y
fiE, LAY R R AT 4 ) 1 F i 0 s8R A 2
4 1y AR HEEE 2%
JORRL |

1 wiERE |

1.1 #MeE5iF

KT B R -3-0 - % BT AR kS (sl E =
98% ) : 1 JELAE $ B v Y oo R AL SAL B (4l
JE=99.99%) 7N K AAEE (L1 99.99% ) 7S K Ak
B (LR 99%) .« g 22 s MAE AL B AT IR A 5 6
IKBE (G BTl ) . R TR B Ak 2 AT RS w5
MEWR (4l 99% ) . bt i R s R A R Fl 5 4R
1% (4R 98%) . IR M A YR A FRA W]
1.2 UBE5EF

TICS X H 58 A 0] UL 435 3 B o b st 3 i
FHAL B8 A FR 4T 2 7] ; PHSJ-3F S8 % pH i B
FHA RTAT A 7] FA2004B L7 K. EHEHA
ILEALFA BRA B s DKT-100 T 2AH IR &5 . HLM K
KA 25 A BR 28 7] s F=1008 #8745 g ebl . TR v
B AR AT,
1.3 LWH*
131 RRALEHER Fame 4 Bl pH A
3.0 MR 0.2 mmol/L 46 €6 11 ¥ Wi A 4 il e 1A
T (K* Mg AP E N 1.5.10 mmol/L 1Y ¥, I
A5 &8 8 Y A & o 1:5,1:25 .1:50, %
PRI R IR G A AL i W 0.1
mmol/L, 4 J& & T E 4 0.5.2.5.5.0 mmol/L, &

LHS LA SIL 2023 FE 425 F 128




RESEARCH ARTICLE

HAN Liting,et al: Investigation of Influencing Factors on Coloration Effect

of Cyanidin Anthocyanins Assisted by Metal lons

FEWE T 25 CHlEDECE 30 min 5 #47 CIELab
M5

iz 1R I v ) A R TR b [ A R, I
JE4 10 mmol/L 1) 4 & B 1 15 46 (01T 5 W S 1R
BURA #OLE T 25 CHIER 74 0~12 d, 5 3 d
HUFEZEAT CIELab M5
132 FF pH &k e H & 5l H pH 4 1.0,
3.0.5.0 H¥#k R 0.2 mmol/L WAL (0 R A & @
A8 R 7 (K Mg AP W EE A 10 mmol/L B ¥
BRI AR 1 IRE, mAEOTTIIE N
0.1 mmol/L, % J& B F ¥ £ 5 mmol/L, VAAKMN 4 )&
BT AL BAEX IR BT 25 CROEAUE 30 min
Jr #E4T CIELab %€
133 RE CEARYHERGH & 43 5
pH 4 3.0 ¥R R 0.3 mmol/L A6 6171 W 42 &
A R (K Mg AP W EE R 15 mmol/L A%,
DL B AR5 B0 51 R 0.15% 30% .60% 1) £, T %
W, ¥ 3 MR MATIL L1 IRA , e KA 0 e
JE°4 0.1 mmol/L, 4 J& & 7~ 5 mmol/L, £,k
TP 50 0.5% 10% 20% . 1R-GE I E 125 °C
WG HLE 30 min J5 #E4T CIELab M 5E ,
134 FREAWHHA T o HERAHE 0
il pH A 3.0 ¥ B A 0.3 mmol/L A6 (0 1 T i 4
J& i I (K Mg AP W 15 mmol/L (1) 3%
W, AR50 3R 0.15% .30% .60% 1) i 2
VW, o 3 PP LA 11 IR A et
T EE R 0.1 mmol/L, 42 J& B W B4 5 mmol/L,
W TR R N 0.5% 10% 20% ., R85 7 R
T 25 CHOEHCE 30 min J5 #E17 CIELab & .
1.3.5 FmZk R Aeomol B2 69 k) & B D
#l pH >~ 3.0 % 5 4 0.3 mmol/L 1Y 4E (04 15 W N 4
J& B T (K Mg AP EE 4 15 mmol/L 7Y %
W, VLR FEY N 15 mmol/L 4 43 J5 R 75 9 A i e
TRV, AL AT IR &R B I TS 19 IR VA TR
DAL 1:1:1 1A B AW 0.1 mmol/L,
S BB T HRIE R 5 mmol/L, £ Ji 2 1 HE 1% vk J3E 1
A5 mmol/L, IREERE T 25 CHREIGHLE 30 min
J5 #E4T CIELab %€
1.4 CIELab #ifaiffh

fil A0 AT W43 Y6 B T, L 258 7 KA R Xt
BB ORI 1K 400~700 nm, FFEEBF 1 nm, £ 2 mm
Vi I BB b L, A BRI TE . 7E D65

L 10°HY ML 5T, >R T CIELab #3552 LY
LI4E o BETEMH b O C T hy, X022 AE™),
L Fn55 (0 3] 100 7 240 5] (5 (0 9 728
). @ FLGARE (N 17 B IE F IR gk (0, 5 2165
MIARAK ) b™ 55 8 €6 R 5 (DA 171 3] 1IF 3R DA i £ 5]
WA, C, 5B EEHER BN IE L Ay, 2R
ANFER B, e B B Bk Ll KR, AR SRR
AR R B AETBRR B2 5 b R IR AR
it 25 1) P =2 () %) R L L A5 8 T F B3R o =2 TR A
(a2 5 AE", FLE AES3.0 iF, 23 7 A AR AT 3 1
MBI AL, S8 Ayala S5 HF5EP29153 ) CIELab
AR R TR X, A K (1) ~(9) R
X=15.779 A o mi+16.707 A 53, +60.681 A g0 it 1.503
(1)
Y=6.922 A sy m+53.309 A 530, 441.728 A g,m—1.891(2)
7=92.143 A 439,,+18.648 A s530,,—4.647 At 1.331 (3)

L*=116f(yli)-16 (4)
=500/ 2|~/ || (5)
b=200(/1 2 |-/ 2| (6)

C=NaH? (7)
hab:arctan( I;: ) (8)
AE'=\/AL*+Ad*+Ab™ 9)

KXY Z SRR = R B, o i R R AT
G HONBAE A, AR B T OB s A A
N nm iy, 2 R RS DG C RRVELC

K H1 Photoshop 2022 £ 1l 4,4z Jf- %} CIELab %&
Pt AT B RAE
1.5 HESZItHH

A PR E S 3 IR, K ] Microsoft Office Excel
2016 HEATHHEALHE . SR Origin 2018 2581, R
IBM SPSS Statistics 26 X £#is #17 J5 22 50t , FIH
Duncan’s £ T H 3 78 B 15 X 0] 0.05 F X £ e 417
255 WEMESHT

LRI

21 REMEEBFHEBEANIIE

AT IR S8, v UE AR T
VAR R E W (0.1 mmol/L) F A 8k i 41 - %%
o A R B SE 1 B R AIE (L7=90.40,a"=21.70,b"=

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 42 Issue 12 2023



ER/BTHHRFNERLEFZEARG YA TR

B3

N

ot

0.90,C",=21.72 ,h,=0.04) (WLIE 1), [ B INAAS
[V B 10 4 B8 T )5, W R R I 52 FE T LR 3B 8 1
M AR B TE MR E R m R e (e 548 5
TYA R 1:50) , e L ¥k B AL, 2 Ay
)55 BEAFAE . U Y @ \C 0 b™ 1 By, 5351 3K
BT H BB, A TR BRI, s T A
-5, IF HE &R P E N T W
0 B0 0 5L R W ) B TR B 4T R (i R, XS
TR SFE AT — B0, — B A RCR SRR 6
PR e 3 e v sk e o IR S, RTS8 il € TR
XV WA R B B A R IR B PR 9F L
Wil 5 e T 1 S R A AR I AT R SR DR T
R AR B 0 T R T AR N B BT
VWA 22 B 1) DR RS 5 3

BEAL , AP RO 30, Mg R 2, T KAH X 4
55, 0X 5 R0 o A B T 45 R — 20 pildn S AE @

Mgz* .

HH5EEE YR E L 1:5 5] 1:50 B, AP
L Fb" 3 AR T 6.71%H 80.69% ,a” 1 C*y, 4394
T 11.93%H1 19.62%; AT Mgl Kb B 2]
(W) A 1:50) L7 50 MK 6.40%F1 116.14%
b* 4y WA 6.49% 1 83.52% ,a” 43 W+ 8.76% F
16.41%,C"y, 43 5175 10.31%H1 18.01% ., H# AE* (1)
SEALTTAL APE AR MR B R, B W0EE B R B
B0 25 (AE=4.67>3.00) , J2 [ ¥ & A1 oAb 2t €60 [
T (Mgl K*) ) 6.97 f5H1 15.06 £i5 .
22 MEHEMEESFHEERNEZMW

P P 2 ] B RGN IR) A RS | T IR T
LR AN AR R 3 N e P AN S B 0
HERE i B 21 €00 328 387 1) YR 21 €6 5 1) 28 4k (L™ 2k 90.40~
90.96,a" 4 20.39~21.70), I H. 1 2% 5 I B 2 40 Al
JE R (Cy M 21.72 B2 20.42) , B0 JBF IR B
R 4 Al 00 R 1 S o mT B S0 0 40 3 A1 I

A13+ . . .

0.5 mmol/L 2.5 mmol/L 5.0 mmol/L
(a) W@

K Ve A

0 0.5 2.5 0.5 2.5 0 0.5 2.5 5.0

&R BT/ (mmol /L) 4z JE U (mmol /L) G2 B YR/ (mmol /L)
(b) CIELabZ%(L" (¢) CIELahZ%ha’ (d) CIELabZ%b"
“or 015 [ K [ Ve T AP Ar . . -
B« Ve A a . K Ve Al

Cc

030F
045 i
0 0.5 25 o 0 05 2.5 5.0 0.5 25 5.0
42 B TV FE /(mmol/L) 428 35 TV FE /mmol/L) 2SS T HE N (mmol /1)

(e) CIELabZ¥C,’ (f) CIELabZ%kh,, (g) CIELabBHIAE"
P /NG R AR R R — 8 T 7R R T 48 8 22 57 1238 (P<0.05) 5 UK I &2 J 5 1 B9 AE 6 H 3 Wk X IR 41 (CK)
1 TEAEHEEFRETHARKERE CIELab 3

Fig. 1 Color block and CIELab parameters of the solution under different concentrations of metal co—pigments
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Fig. 2 Color block and CIELab parameters of the solution under different storage times
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Fig. 4 Color block and CIELab parameters of the solution under different ethanol volume fraction
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Fig. 5 Color block and CIELab parameters of the solution under different glucose mass fraction
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Table 1 Color block and CIELab parameters of the solution with the addition of chlorogenic and caffeic acids
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