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Abstract: The effects of different organic acids on the pigmentation and thermal stability of anthocyanins from mulberries were
investigated. First, UPLC-MS/MS was used to analyze the composition of mulberry anthocyanins. Then, 4-hydroxybenzoic acid, protocatechuic
acid, gallic acid, chlorogenic acid, and malic acid were used as co-pigments to determine the influence of pH, temperature, and organic acid
concentration on the pigmentation of the mulberry anthocyanins. The thermal degradation of anthocyanins in food was simulated in water baths
at 60, 70 and 80 C to explore the effects of the organic acids on the thermal degradation kinetics of the mulberry anthocyanins. The most
significant color enhancement and red-shifting effects were observed at anorganic acid concentration of 960 mg/L, pH of 3.5, and temperature of
20 °C. The co-pigmentation effects of the five organic acids were in the following order: malic acid>chlorogenic acid>gallic acid>protocatechuic
acid>4-hydroxybenzoic acid. Compared with that of the blank group, the absorbance at 4, of the group treated with malic acid increased by
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45.04%. The stoichiometric ratio (n), equilibrium constant (K), and Gibbs free energy (AG®) indicated that the co-pigmentation reactions were
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all spontaneous. Malic acid, demonstrating the best co-pigmentation effect, had the largest K value (26.85) and the smallest AG® value (-8.02
kJ/mol). Through degradation experiments, it was found that the addition of organic acids could prolong the half-life (T,;) of the anthocyanins
and reduce their degradation constant (k). At 60 “C, gallic acid prolonged the T, of the anthocyanins from 17.50 h to 26.23 h and reduced the k
value from 6.6x10? min™ to 4.4x10% min™'. Therefore, co-pigmentation with organic acids can effectively improve the stability of anthocyanins
from mulberries.

Key words: mulberry anthocyanins; organic acids; co-pigmentation, UPLC-MS/MS; thermodynamic parameters; thermal degradation
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R2 TERERENHENSRETEEHETH A
Table 2 The Aj,... Of the co-pigmentation of mulberry anthocyanin with different concentration and co-pigments at 20 C and pH 3.5

HEFRE HERAE
=2 B
RE/mgL) tpiResm  BILRR  ERLTR  ER®m SRR
0 0.79+0.02° 0.80£0.02*  0.80+0.02°  0.80+£0.02°  0.80+0.02°
120 0.81+0.02° 0.82+0.01*°  0.82+0.02° 0.86+0.04° 0.85+0.01°
Asrae 240 0.84+0.01° 0.84+0.11°  0.85+0.01* 0.98+0.05° 0.92+0.05
480 0.8740.01°  0.880+0.01*° 0.90+0.01° 1.07£0.02° 0.9620.02¢
960 0.94+0.01° 0.96+0.01°  1.00£0.01¢ 1.16+0.01° 1.10+0.01°

E BMARRERETHHE, LFFERRATEREE, p<0.05.
x3 EHENESEHERNNRNESH

Table 3 Thermodynamic properties for the co-pigmentation reactions of mulberry anthocyanin with different co-pigments

A FAZ n K AG®/(kJ/mol)
AR T R y=1.00x+3.24(0.992) 1.00 25.57 -7.90
IR y=0.95x+3.26(0.998) 0.95 25.94 -7.93
AT y=1.06x+3.28(0.999) 1.06 26.53 -7.99
ERBR y=0.80x+3.29(0.906) 0.80 26.85 -8.02
SRR y=0.78x+3.28(0.959) 0.78 26.63 -8.00

4 HEF (960 mg/L, 20 °C, pH=3.5) ERMEIEGHIHERL 60, 70, 80 CTHIAMEMRNIZE
Table 4 First-order kinetic parameters for thermal degradation of the co-pigmentation reaction of mulberry anthocyanin with different

co-pigments
HEH BE/T FAZ Kx10*/min™* Tip/h
60 Ln(A/Ag)=-0.66t-0.11 0.66(0.96 ) 17.50
x 70 Ln(A/Ag)=-1.04t-0.19 1.04(0.87) 11.07
80 Ln(A/Ag)=-1.42t-0.16 1.42(0.93) 8.13
60 Ln(A/Ag)=-0.55t-0.12 0.55(0.94) 20.84
xR T B 70 Ln(A/Ag)=-0.81t-0.16 0.82(0.82) 14.18
80 Ln(A/Ag)=-1.18t-0.12 1.18(0.98) 9.80
60 Ln(A/Ag)=-0.60t-0.12 0.60(0.88) 19.27
JR U 70 Ln(A/A)=-0.98t-0.11 0.98(0.99) 11.84
80 Ln(A/Ag)=-1.00t-0.18 1.00(0.82) 11.54
60 Ln(A/Ag)=-0.44t-0.13 0.44(0.95) 2623
EEFH 70 Ln(A/Ag)=-0.81t-0.08 0.81(0.92) 1421
80 Ln(A/Ag)=-1.14t-0.14 1.14(0.98) 10.11
60 Ln(A/Ag)=-0.53t-0.06 0.53(0.83) 21.93
FRE 70 Ln(A/Ag)=-0.89t-0.12 0.89(0.92) 13.01
80 Ln(A/Ag)=-0.97t-0.07 0.97(0.99) 11.92
60 Ln(A/Ag)=-0.50t-0.12 0.50(0.98) 2329
SRR 70 Ln(A/Ag)=-0.83t-0.16 0.83(0.86) 13.84
80 Ln(A/Ag)=-0.96t-0.11 0.96(0.97) 12.02

T . L 5 VR T AL B B It 1

27 MEFIMAALEH R RN D BOTIMEAEG, PR 5 S B R R W, 1
ISR U ST IR BT 60. 70, JLOMFA BT, KSR 23 R 5. HA

80 ‘CKIAT I 250 min, 406 50 min BURE, WERZ BN IEBEOE A NI

(L R P AR, 7 R, FRARRR (3) (4) TTLIHFER IR 4 S, Ahb7mT
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