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Process optimization and phenolic compound variation of

apple-raspberry composite fruit vinegar during storage
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Abstract: [ Objective] To analyze the dynamic migration patterns of nutritional components in composite fruit vinegar during storage and
thereby reveal the mechanism of storage conditions affecting the quality stability of the fermentation system. [ Methods] Single-factor
experiments combined with the surface methodology are adopted to optimize the fermentation parameters of apple-raspberry composite fruit
vinegar, with the total acid mass concentration employed as the response value. Meanwhile, the composite fruit vinegar prepared by the
optimized process is subjected to a 60-day storage test at ambient temperature in the dark. [ Results] The optimal brewing parameters for
apple-raspberry composite fruit vinegar are as follows: raspberry addition of 20 g/100 g, acetic acid bacterium inoculation of 10 mL/100 mL,
and fermentation temperature of 32 “C. The total content of the ten detected phenolic compounds in apple-raspberry composite fruit vinegar
shows a trend of increasing with prolonged storage time. [ Conclusion] Storage aging can effectively promote the accumulation of phenolic
compounds in apple-raspberry composite fruit vinegar.
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Figure 1
concentration of apple-raspberry composite fruit

vinegar
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Figure 2 Effect of acetic acid bacterium inoculation on
total acid mass concentration of apple-raspberry

composite fruit vinegar
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Figure 3 Effect of fermentation temperature on total acid
mass concentration of apple-raspberry composite

fruit vinegar
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Table 2 Response surface design schemes and results
e A B SR BT R
(10 2g-mL ")
1 —1 —1 0 4.73
2 1 —1 0 5.41
3 —1 1 0 5.48
4 1 1 0 5.01
5 —1 0 —1 4.18
6 1 0 —1 4.56
7 —1 0 1 3.09
8 1 0 1 3.12
9 0 —1 —1 4.27
10 0 1 —1 5.07
11 0 —1 1 3.08
12 0 1 1 2.93
13 0 0 0 6.64
14 0 0 0 6.78
15 0 0 0 6.59
16 0 0 0 6.75
17 0 0 0 6.57
R3 BRBREREFESN
Table 3 Analysis of variance for total acid mass
concentration
R FA B BT FH P{H B3
BERL 31.990 0 9 35500 15574 <C0.0001  **
0.0453 1 0.045 3 2.01 0.196 5
0.102 8 1 0.102 8 4.49 0.070 7
4.4700 1 44700 19591 <20.000 1 *k
AB 0.330 6 1 0.3306 14.52 0.006 7 *k
AC 0.025 6 1 0.025 6 1.09 0.324 7
BC 0.240 1 1 0.2401 10.57 0.014 2 *
A? 2.8800 1 2.8800 126.28 <20.0001 ok
B? 2.1700 1 2.1700 9491 <20.000 1 *k
c? 19.730 0 1 19.730 0 864.56 <C0.000 1 *k
FRAL 0.159 8 7 0.022 8
KT 0.100 5 3 0.0335 226 02236
iR 0.0593 4 0.014 8
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Figure 4 Response surface and contour map of effect of raspberry addition and acetic acid bacterium inoculation on total

acid mass concentration
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Figure 5 Response surface and contour map of effect of raspberry addition and fermentation temperature on total acid mass

concentration
< 1.0
£
<
ﬂ‘é %E 6 = SRR Z 05
=8 eSS SR g
IHE S Setetsenieansst £
gg _2 oy :?:“?‘“ % QE?
Etg LV £z 00
M = = 3 .S
= 2 ®g
<) &} -E
= )
1.0 1.0 £ 03
. <
o o 05" S 0. " =
i Ry kY _
"t g " o B gt Yo s 00 os 10
ey o B RS e it
e e Acetobacter inoculum
(a) Wi 1 T [ (b) HFF LK

H6 BMBAEMNETRABEETERNTREYS AW AL ERFHELE
Figure 6 Response surface and contour map of effect of acetic acid bacterium inoculation and fermentation temperature on

total acid mass concentration

AR AP AR X S A2 R0 Hoh it e a ke R ILE R AR Z R R
FE A R AT REUR T L AR OR I AT B SR B P R SRR B AR R AR D S R T TR
HHTRE S RE BRI T S iR W RN MOUEh Y RILA R R R

101



iz 5 (R STORAGE TRANSPORTATION & PRESERVATION B 2938 | 2026 FE 3 B | ARSM

- 9 - 4
75+

150r -
= =
E
205 100] 2%
R g R E
=£ =£
= =

0 25 50 75 100 50

i ] s 1]
Time/min Time/min
(a) HRifiEdh (b) SR8 52 A Rl

LBETR 2 JLEFE 3.8m® 4 MR 5. RILKR 6. XFUM 7. PIER 8T 9 FIZEMEE 10 Mg R
B7 ¥RWMELESRBHEDAHARAMEEA

Figure 7 High-performance liquid chromatography of phenolic compounds of apple-raspberry composite fruit vinegar

x4 BEYRPKEER KEFTEREXRY

Table 4 Linear range, regression equations, and correlation coefficients of phenolic compounds

&Y H W 5 5] /min FR e/ (mg L") LT HXRER
WETR 6.885 10~300 y=41 647x— 14 387 0.999
2% R 25.901 10~300 y=23 709x— 108 569 0.997
FRILEE 35.995 10~300 y=14 544x—47 075 0.998
X B LR 49.392 10~300 y=163 692x— 176 493 0.999
A A ) 80.887 10~300 y=59 791x— 144 765 0.995
Hit K 2R 85.730 10~300 y=10 872x+377 317 0.995
] 2 /2 59.184 10~300 y=34221x—191 072 0.997
Ol e R 31.327 10~300 y=41716x—153 018 0.998
LA #F 23.014 10~300 y=9329.6x—25 940 0.998
AT 70.103 10~300 y=19 148x—11 322 0.999
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Table 5 Mass concentration changes in phenolic compounds of apple-raspberry composite fruit vinegar

during storage (n=3) mg/mL
SR 0d 10d 20d 30d 40 d 50d 60 d
WE TR 0.70-0.02¢ 0.77-+0.02" 0.85+0.01° 0.914+0.03¢ 1.1940.11° 1.214+0.08° 1.26+0.06°
ILEE 2.81+0.09¢ 2.66740.04" 2.734+0.02¢ 2.7840.02¢ 2.87+0.02¢ 2.9340.05° 2.9540.05°
SRR 4.60+0.03¢ 4.6340.02" 4.7240.02° 4.7940.02¢ 4.87+0.03° 4.93+0.13° 5.1540.06"
Wl PR 1.8040.03¢ 1.96+0.03" 1.96+0.03° 2.16+0.01¢ 2.5740.03¢ 2.84+0.09° 2.9540.03"
FILFH 2.18+0.02¢ 2.2340.04" 2.5740.02¢ 2.8740.04¢ 3.56+0.02° 3.48+0.05° 3.34+0.06°
X} A R 0.47+0.05" 0.46+0.11¢ 0.54-+0.05° 0.59+0.05° 0.53+0.05¢ 0.480.04° 0.5140.04¢
o 2 i 1.2240.04¢ 1.27+0.06" 1.324+0.08¢ 1.42+0.03¢ 1.49+0.08° 1.5140.03" 1.5040.02°
P 1.06-0.02° 1.1240.04¢ 1.3240.03° 1.29+0.02¢ 1.3140.05° 1.3340.02° 1.3140.04°
S 0.65+0.12¢ 0.724+0.05° 0.66+0.04¢ 0.66+0.05° 0.68+0.04° 0.65-+0.02¢ 0.56+0.01°
it b % 6.3540.03¢ 6.36-0.02° 6.4740.02¢ 6.51+0.03¢ 6.65+0.03¢ 6.76-0.05" 6.75+0.12°
B 21.864+0.42¢ 22.18+0.48" 23.18+0.32¢ 23.98+0.30¢ 25.7240.46° 26.12+0.56° 26.29+0.49°

T RATNG TR R R R 22 5 W3 (P<<0.05) .
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