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Abstract: Anthocyanins are the main pigments and are very important bioactive components in blackcurrant juice. The stability of
anthocyanins was affected by soluble solid concentration, storage temperature, pH, and copigments. Blackcurrant juice was used as the raw
material in this study, and the effects of malic acid on the chemical stability and degradation kinetics of the anthocyanins in blackcurrant juice
samples with various soluble solid concentrations were investigated under different storage temperatures and pH values. The total anthocyanin
contents of samples were determined using the pH-differential method, and the Arrhenius equation was used to fit the pattern of the degradation.
The results indicated that the degradation rate constant (k) and the residual rate of anthocyanins in juice with 0.08% malic acid were decreased
and increased, respectively, at a temperature of 4 “C, pH of 3.0, and a solid concentration of 10 °Brix. Under the above conditions, the
degradation half-life (t;,) of anthocyanins increased from 51 d to 141 d, and the thermal degradation activation energy (Ea) increased from 51
kJ/mol to 61 kJ/mol with the addition of malic acid. Degradation of anthocyanins in blackcurrant juice during storage followed first-order
reaction kinetics. Malic acid has certain copigmentation effects on blackcurrant juice under the conditions of low temperature, low pH, and low
soluble solid concentration, and can enhance the stability of anthocyanins.

Key words: blackcurrant juice; anthocyanins; malic acid; stability; degradation kinetics

BEPE SIS RIS I A AR By MEFR-3-SA M . RPAR-3- M. KRR
Y, EHERRRERIT RN EERR L —. S-HEREEAENE, Kb RGP R-3- a2 B R

BING R PR O IR R R-3-EHE . K
WiFsEER: 2015-11-10

HEWE: BRTEHEERMATEFIRIRELLTIE (41110211)
fE&EN: BED (1968-), &, L, BIBIR, WisTAR: RAFILE
BRIEE: KW (1973-), B, L, BIHIE, WAE: RFERERM
I

Frepy At i —2N, AT AR R G
R AR LG, RONES, mHAATEL.
Po . g S0 SR L MRS T B
ERAEOTH REAEE, Dl HREEZa SN
FUER . WREEL TREE. pH. o6 AR BB
SR HEEC. N, REeaHFRaRniE

127



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.9

P, AT LA D AE B IR, ORIIE ™ S i &

HEA/ERN T E S H M R
et BAEEEH. @Y, EAaEERhain
TR AR EV. oElR. R ATk
REe R E Y, DEERER (Malic acid, MA)
YNGR O IE, FFiRSPEsE R R
SANIRRES A A GRS TR w R
SEME; 2R S5 ORIE W SE RN WA (T B S
VER: FES 2T HL 0.06% 36 51 B A 1 i At
R R AT EAIETERIVE s SERE$E = R AR
e AITE R R P R e M A Fe e R
AVEAE, B RERE ORI A T 5
i A LA

WA T RO E TR RE . B E . pHIE
DL A e 7 T s fE LB AR M . AN SUIIF AU SRR
XTI R R B EAFIREE . AFEpH. AN[F]E
IR P 25 A R A AR e RN BB ) 2 1 im, 4R
WS SRR A Ea A BN SR e 7 A
ZAE, RN e AR SR SR R RN S £
PR -

1 HRSES

L1 BB BOR A

HIneEER, RERRETAEER.
R BERE AN, BER . L. S
AN, BEIREN. VKZIR. SERRI AN HrEL

1.2 flg

HR1832/02 #H#L (Philips A RA®), TDL-5W
G A MGEE DAL Gl ERPRHEEER AR AR, Sz-4
Wefe 2 RAL GRBAZEMRIEA TR A D, 7228 v W5
JEFEETE GRFERS R AR AR, MQK-92
P CEEEKRFEREDABR AR, PB-10 pH it (4t
5% Sartorius £ 28 FR /A 7)), BCD-215KS HLyK4 (Haier
AIRATD, GHP9270 fHIGHFRAE (RilF—fERIE#AX
AR AFD.

13 SR

13.1 At

(1) PLEMSESA R, BRI, iE
Be, BEWEARIR, MERURIT, RGBSR IS
AL TR EE 2R 10° Brix, pH 2129 3.0,

128

(2) BRI EOHLES L (4000 1/min, 5 min),
3, FBEREZR R 45 CHM BRI BT
PEREFE 73 38 204 30 A1 40° Brix.

1.3.2  REE R R 698
(1) WG FE A Ry THREE . pH. R E BT
FesE PR
AT EEYREE A 104 204 30 11 40° Brix
(R it T 22 pH 2 3.0 4.0 A15.0, B 5 mL
IR 4325 T 20 mL R BEFSR T E, R
(80 °C, 10 min), 435I7E 4 CukAHH, 25 ‘CHI40 C
(RE IR TR TR 60 do £F 6 d BUREI @ e (ot &
&, HHEE =X,

(2) FREE (MA) MR AETRE M

M

W BB SR T A B TV P [ R IR FE 53 0 N
20+ 30 1 40° Brix. HOERFRSA FHE 2Ok
THH, RSBt pH %2 3.0, 4.0 #15.0,
33T 20 mL fEsR SRS, RE (80 C, 10
min), 7E4 ‘CUKFF, 25 CHI40 CHIEIEREF=F
FUETIgK 60 d. MEfeaFE R, HHET =K.
133 FREAEHTL

TC AN [RIA BE (3 BRI, 73 1 mL T~ 25
mL ZIEERE T, WA FEREAETER CRInGHE
BHEHERGED 15 mL, FIKEZIE, SRERE
RREETHN 0.02% 0.04%. 0.06%~ 0.08% A1
0.10%. 7£80 CTFUMRIE 1.5 h, 4KE 30 min HUEE 1
W, FERCRMK: 520 nm ABIHIROERE . PAEH
SRR, e SR
134 REFEZHNE

pH 72 E fe e ol

(1 BOGE I E

I3 AIREEL 2.5 mL A 2 4, 435 H pH 1.0 A1 pH
4.5 BN ERZE 25 mL. B THRAFE 2 h, DA%
HFE (2.5 mL 28187/K, 2070 H pH 1.0 A1 pH 4.5 1]
ZMUE R A 25 mL) 1EXTER, et
520 nm #1700 nm FIPEWOLE. MR ES
=R, BCFE.

Q) RAET S ERHIN T A

Ax MW x DF xV x100
e*1*m
Kb 4, BRE; o0 RERLZI-R AT H LRI
26900; DF, #HR-F; MW, RERA{EI-RNEBEFH»>T
%, 4492 ¢g/mol; V, REMAR, mL; m, FHEE, mg L,
KA, 1 em; A=(Asy pm PH 1.0-4700 um PH 1.0)-(As20 am pH
4.5-A00um PH 4.5); T A0 o R IH AR IR R 09 %50,

C(mg /100 g) =



MK EmBHL

Modern Food Science and Technology

2016, Vol.32, No.9

135 REFHHFHR

SXNEEN SR AR Arthenius 7FEMY, SRAIA
e

In-> = —kt

Xy

Kb, xo hindesd; x HEE 2B bR i
ETORS 3

TEHBIN SR IREM) FEE k. WRYE
ANFRE T kAE, LA Ink X /T EZPERNA, BAR:

wione £

KF R A ST H, 4 8.314 kI/(mol-K); T A 3+8 (K.

BHLMRFA-Ea/R, HEZIIRPERIT R HEL
e Ea. KA

t, =—In(1/2k)

Kp, kHREERFFH, TREFZH 1,
1.3.6 ZIEAIE

KH Excel 2003 X317 4041, FrASCie A
W5E 3K, Frfgs TN TIEhrfEZ(x £, n=3).

®1 ERBREATHREH

2 BRI

2.1 ERBAMWEWNH T

SERBRTE 80 C2&AMF T SAetH N TS 21
AR R 1 R

1 &, IASERBRIE N DS
BFERER, A 0.08% RN 5 AN R
EUBR B R I 50%,  [RIH I\l €0 7S R R I =1
TEN 0.08%. HIIASERERRETE =6 CUE [195% BE 6 m] g
RHTERRSBINCIEET R 728, &5 71k
B PERLEE R LR, M fe B A T e
RO, SRR AN N 0.1%3 A B i
B R RO R T SAEEER T, X
Lol R 5 2 ORI R PE B T AR EAEH, oK
AFIEERTEE, Y 2-JREE IR SRR H 5 1D
B, SERRARE AT AR, BRI s R R
AREER B R AR e rIER .

RV

Table 1 Effect of MA on changes in the residual rate of anthocyanins

Hen SRR AR
0 30 60 90
45| 0 100 47.20+1.35 39.16+1.87 35.22+£2.54
0.02 100 58.62+3.16 51.08+3.80 47.054+2.79
0.04 100 66.29+2.78 56.16x1.47 492442 83
MA 0.06 100 87.82+3.85 73.73+4.01 68.61+£3.17
0.08 100 97.26+3.09 83.02+2.96 73.84+3.82
0.1 100 94.92+2.57 83.99+3.21 71.64+3.36
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Fig.1 Changes in the residual rate of anthocyanins over time
with a soluble solid concentration of 10 °Brix
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Table 2 Degradation kinetic parameters of anthocyanins in blackcurrant juice

ST B T 4 9K S/ °Brix pH A/ C R FHR BETH WS FERDtd EACEE Ea/(kJ/mol)

4 0.9515 0.0049 141.4490
3 25 0.9323 0.0635 10.9150 61.1403
40 0.8694 0.0928 7.4688
4 0.9758 0.0328 21.1311
0 4 25 0.9576 0.0680 10.1926 26.6223
40 0.9637 0.1257 5.5139
4 0.9894 0.0545 12.7174
5 25 0.9350 0.1477 4.6926 27.5310
40 0.9814 0.2102 3.2973
4 0.9581 0.0232 29.8750
3 25 0.9575 0.0763 9.0839 39.7584
40 0.9175 0.1697 4.0843
4 0.9252 0.0330 21.0030
20 4 25 0.9498 0.0998 6.9449 35.9032
40 0.9261 0.1980 3.5005
4 0.9416 0.0513 13.5107
5 25 0.9808 0.1039 6.6708 22.2707
40 0.9804 0.1554 4.4601
4 0.9299 0.0080 86.6375
3 25 0.9663 0.0721 9.6130 64.0045
40 0.9862 0.1881 3.6847
4 0.9785 0.0454 15.2665
30 4 25 0.8859 0.0930 7.4527 28.4563
40 0.9109 0.1928 3.5949
4 0.9687 0.0669 10.3602
5 25 0.9977 0.2131 3.2525 28.1271
40 0.9660 0.2597 2.6688
4 0.9273 0.0327 21.1957
3 25 0.9072 0.0749 9.2537 26.0062
40 0.9283 0.1192 5.8146
4 0.9597 0.0478 14.5000
40 4 25 0.9769 0.1881 3.6847 33.2469
40 0.9346 0.2375 29183
4 0.9713 0.0689 10.0595
5 25 0.9602 0.2108 3.2880 29.2852
40 0.9547 0.2869 24158

IG5 0.08% 3R A, WG RE rFE FHRANE A REII KT 0.86. ULHTIIAERIR G B
B EREI T IR TR, 2R NS, Rt e Rt th e O IR AR I NAT & — B N BN 1
FEET TR B F-In(Cy/Co) SN T t 2 [A] BRI R, e MBI JE DT (Arrhenius) 77 A2 [ ECGS
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Table 3 Degradation Kinetic parameters of anthocyanins in blackcurrant juice after addition of malic acid

T b B Y 4 3R B/ Brix pH BE/SC REZAHKR HEFH /! FEMtpd  FEAEE Ea/k)/mol)
4 0.9515 0.0049 141.4490
3 25 0.9323 0.0635 10.9150 61.1403
40 0.8694 0.0928 7.4688
4 0.9758 0.0328 21.1311
10 4 25 0.9576 0.0680 10.1926 26.6223
40 0.9637 0.1257 5.5139
4 0.9894 0.0545 12.7174
5 25 0.9350 0.1477 4.6926 27.5310
40 0.9814 0.2102 3.2973
4 0.9581 0.0232 29.8750
3 25 0.9575 0.0763 9.0839 39.7584
40 0.9175 0.1697 4.0843
4 0.9252 0.0330 21.0030
20 4 25 0.9498 0.0998 6.9449 35.9032
40 0.9261 0.1980 3.5005
4 0.9416 0.0513 13.5107
5 25 0.9808 0.1039 6.6708 222707
40 0.9804 0.1554 4.4601
4 0.9299 0.0080 86.6375
3 25 0.9663 0.0721 9.6130 64.0045
40 0.9862 0.1881 3.6847
4 0.9785 0.0454 15.2665
30 4 25 0.8859 0.0930 74527 28.4563
40 0.9109 0.1928 3.5949
4 0.9687 0.0669 10.3602
5 25 0.9977 0.2131 3.2525 28.1271
40 0.9660 0.2597 2.6688
4 0.9273 0.0327 21.1957
3 25 0.9072 0.0749 9.2537 26.0062
40 0.9283 0.1192 5.8146
4 0.9597 0.0478 14.5000
40 4 25 0.9769 0.1881 3.6847 33.2469
40 0.9346 0.2375 2.9183
4 0.9713 0.0689 10.0595
5 25 0.9602 0.2108 3.2880 29.2852
40 0.9547 0.2869 2.4158

i 3 A%, A 0.08%ERME Y 5, fEriEhE (R EE A R, ARIFA R 10° Brix I,
[ DA 9 10 °Brix, pH 3.0, 4 CHFIFE 60 d, 2 ANIFIIR RS 2641 S S 75 B AL RE Ea FH5 1%~3%
T 6, 352190 d, pH 3.0, 4 ‘CZMFF, 20 °Brix SRR, R e PEIE A 3G N, 20~40 °Brix B M
F130 °Brix I (I R P2 90~120 d, AR T Fra WG LEE Ba 080/, RSGEZFIER, FaEtkr
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