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Browning mechanism of indigo juice during processing

prevention and control technology
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Abstract: Objective: Indigo fruit juice is prone to browning during
processing. Methods: A kinetic model was fitted by determining
the changes in browning degree, vitamin C (V¢) content, and
5-hydroxymethylfurfural (5-HMF) content of indigo fruit juice
during the sterilization process. Results: The optimal conditions
were obtained by single factor and response surface optimization

test, and the changes of microbiological, physicochemical and
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sensory indexes of the optimized indigo juice were measured
during storage at 4, 25 and 37 °C for 30 days. The results showed
that the changes in Browning degree, V¢ and 5-HMF content
were consistent with the joint, first-order and zero-order reaction
kinetics models, respectively. The optimal conditions of single
factor and response surface optimization were as follows: dosage
0.21% . temperature 39 “C, time 45 min, and inhibition rate of
non-enzymatic Browning was 95.13% under these conditions. At
4 °C, the juice test indexes of indigo juice changed relatively
slowly. At the end of storage, the total number of colonies was
less than 100 CFU/mL, and the contents of soluble solids. total
V¢ and reducing sugars were relatively

phenols, anthocyanins,

high. They were 14.15%, 262.02 g/100 g, 380.50 mg/L.

65.37 mg/L and 9.62 g/100 g, respectively, with sensory scores
of 82.3 points, with the fruit aroma and fruit taste, uniform color

and uniform texture of indigo fruit. Conclusion: Through

experiments, the browning of indigo juice during storage was
significantly inhibited.
non-enzymatic browning; browning
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Table 2 The kinetic parameters of browning degree, V¢ content and 5-HMF content of Lonicera edulis

DAkBEE EERTMISEFBENERBERR

AEAREEGHTERRTBEE.VcRESHMF M NWESH

juice under different sterilization conditions

R WRE/ ey 7B Vefrit 5-HMF 2 &

83 C SN X R? S K AR R? S H AR R?

n=0 80  ko=0.004 0.982 ko=—0.184 0.987  ko=0.422 0.975
90  ky=0.005 0.994  ko=—0.249 0.992  ko=0.484 0.983
100 ko=0.009 0.987  ko=—0.343 0.982  ky=0.594 0.991

n=1 80 k1 =0.011 0.986 k1 =—0.03 0.990 k1=0.034 0.855
90 k1 =0.014 0.961 k1 =—0.04 0.992 k1 =0.034 0.865
100 k1=0.020 0.901 k&, =—0.05 0.998 k1 =0.035 0.885

4 80  ko=0.002,k;=—0.007  0.981 ko=—0.076, ky=—0.002 0.983  ky=0.492,k,=0.006  0.971
90  ky=0.007,k;=0.005 0.994 ko= —0.255, k1 =—9.053X10°  0.989 ko=0.569.£1=0.007  0.982
100 k=0.015,k;=0.012 0.997  ko=0.118,k,=0.007 0.981 ko=0.646,k,=0.003  0.989
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Arrhenius 7 & 11 % & 3| 5-HMF Jx W 09 1% 1k fig N
18.66 kJ/mol,
2.1.2 WERAWIEBPEALE S 5S-HMF & & W&
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K F A RN H 0.987,0.986.0.992, H. B4k I
MU A R BT 1, L o DUARYE 5-HMF & &#Y
AR AR 10 T SR B T R A B A AR Ak

PR IET, 303 mg M9 Ve & BEfE 7= E 217 mg 1Y
5-HMF, %t #8775 80,90,100 C T A W, Ve i
Ay 5-HMFE 43518 6.67,9.19,12.12 mg/L,{H5-HMF 52
B By A= B 43 5 R 19.46,22.72,28.21 mg/L. FI, Ve
R A 7= A2 19 5-HMF 55 50B5 7= A2 (19 5-HMF & &2 43 il 22
12.79,13.53,16.09 mg/L, T B J& I 77 R 4 1k 5% 14 T W% figt
[ S N A NS B T SRR R {2 N B i e o el (U B
S RLAE R, FLK R Ve Ak S i SN .
2.2 BERRARK

HT ] 2 Ca) W7 601 I 2 A6 50 W S0 Tt S Jon k1) 180 L 48
A ik A S RN S TP AR . M A b AL TR
TN 0.20 946 B L 48 A5 1) 238 5% ks T B, T RE R B O K
i ST v i 1 S0 R A R LT WRE RS, 4 S T n A A
o S il ot 4 728 B 114 5 RS B T S R A )
T 15 J o 1) AT A AL R VR I 0.20 %6,

AT Pl 2 Ch) A Bt 25 40 P T % 484 T, 48 78 4 i 3 ke
SN ARG L SR IR B o 40 °C IE 8 78 410 4 2R 0 5
72.28% o Y AE FH IR JE =40 CH 18 A8 10 ) R AR, R

®3 HHRREFAEIEHFBEES S-HMF EXKE
Table 3 The correlation between browning degree and
5-HMF of indigo juice during sterilization
WEE/C [l )5 5 Fit R?
80 y=93.88x —25.85 0.987
90 y=114.3x —33.787 0.986
100 y=67.6162—20.486 0.992
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Figure 2 Effect of glucose oxidase, temperature and time on browning inhibition rate
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Hy 72.28% , W AE B ] 3G 0, AR S0 R R T R
5%, AT RE 2 B R 1 45 min B, % &2 50 b i i SR
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TR i T A A SRR . R O, 3 B R 1 A PR T
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2.3 Mo R EHR IE
2.3.1 mw T AR R T A R DU FR A e Sy A
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Wi, B 5 A 25 A 4R A0 T e R AL B AR . B0 K
F4 A WBRIT AR IE 5,
2.3.2 [ BERY G Sy K W E T R Design-
Expert 13.0 8 {4 X 2 56 20408 2 17 805 43 07, 159 2 8 6 2R
T AR R A R 2 3 5 AR

Y=72.264+0.793 8A —0.848 7B — 0.112 5C —
0.215AB—0.157 5AC+0.442 5BC —2.66A* —3.02B* —
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Table 4 Table of design factors for browning

inhibition test

A HEEAAR  BEMERE/  CIEME/

T wmat/ % C min

—1 0.15 35 40
0 0.20 40 45
1 0.25 45 50

F5 MEBERBRITRER
Table 5 Response surface design model and results
W A B C WA A/ %
1 0 —1 —1 92.56
2 —1 1 0 93.04
3 0 1 —1 84.73
4 —1 0 —1 86.47
5 0 0 0 92.74
6 0 0 0 88.58
7 0 1 1 85.97
8 1 0 1 84.86
9 1 0 —1 92.92
10 0 0 0 89.03
11 0 0 0 82.85
12 0 —1 1 88.54
13 0 0 0 90.57
14 —1 0 1 85.23
15 1 1 0 87.91
16 1 —1 0 84.32
17 —1 —1 0 93.15

i 6 %, BR P<<0.000 1(H B3, &I P =
0.133 3>>0.05(AN R ZE) , LG B FAH MR 4, iR 2
BONBAIGH, SE RECN 0.999 20K 8 AT {F s KR
FECN 0.998 2., 1k B TN AE 5 52 B L v BE — 2, TR X
T TR A R 2% 2 T 2 B AR A T RS o P R B
A B ) %o 2R 3t AF i g 8 I R SR . AR PR F OB AT
5 B2 e SR L A ] i R R Sy A I i) <
B A AL EE S I <AE R . — R ALB, 38 B
AB.BC, Z I A” B #it C* ##) i 3 (P <C0.01) , — kIl
C.ZHI AC Fy i 37K (P<<0.05),

2.3.3 HHERLEAEMS WK 3w, &R R
HEEMYRE, 5% 6 4R 3,
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Table 6 Regression model analysis of variance results

KU FHM OAMRE PHE O FH P BEME
e 106.57 9 11.84  965.51 <C0.000 1 * x
A 5.04 1 5.04  411.00 <C0.000 1 * x
B 5.76 1 5.76  469.93  <C0.000 1 x x
C 0.10 1 0.10 8.26 0.0239
AB 0.18 1 0.18 15.08 0.006 0 x
AC 0.10 1 0.10 8.09 0.0249
BC 0.78 1 0.78 63.87 <<0.000 1 x x
AZ 29.86 1 29.86 2 434.79 <C0.000 1 =
B2 38.35 1 38.35 3127.22 <C0.000 1 = x
C? 16.77 1 16.77 1367.17 <<0.000 1 * =
% o009 7 ool
e AU 0.06 3 0.02 3.41 0.133 3
afi iR 2% 0.02 4 0.01
BB 106.65 16

T »"BRMEBEP<0.01);%* 7R B FH(P<0.05);
R?=0.999 2;R34=0.998 2,

~
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o X
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Figure 3
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FECHT 5 d PREEIL. b5 BE A g8 A A 3G, & =R R
S, 4 °C R WP Al vk DR W i AR b FL R
14.15%~15.00% ;25 ‘C N 14.06 % ~15.00% ;37 °C i
14.01%~15.00% . FLZEWJLE S, 06 e R ol ik
B &l 4 C>25 C>37 °CAHHEHFTE 14.00%
DL A s KT = W 3 AN BE TR IV 30 d, R Al s
P 1 % 0 A e A, PTRR R TR O A T o R g R
o 55K A AR G 00 B B AL L A T M DR 0 ik B
FEN SR N

P B 4 Co) T 5, B 5 T 8 HsF ) 170 S8 K, R 9 v R
w2 LTHER. PP, SRS RN 6.08 g/L.4 CTI
M LSRR SRR Ak 6.19 g/L. B AKAR L R B W 25,

DAkBEE EERTMISEFBENERBERR

2.3.4 LA AR R G U HEAT 0w N T 25 SR 4y
BT, T 5 e SR e O AR 8 02 48 A% i) 2 A R D A A
WAL R N & 0.207 8% AEFIIR B 39.25 C AE A i)
44.74 min, M AT B0 SR8 AR T R 95.13% . F
JE S B AT 4R L R O A AL BB TSN A 0.21 % AE
FAUREE A 39 °C A A AT [ R 45 min, K40 15 289 8
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Figure 4 Changes in physicochemical indexes and color of indigo juice during storage
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Figure 5 Changes in sensory scores of indigo juice

during storage
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