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Changes and Kinetics of Total Phenolic Acids of Apple Juice
Fermented by Probiotics

GAO Zhenpeng'> SONG Yang'? ZHANG Meina'> HAN Mengzhen'? YUE Tianli'
(1. College of Food Science and Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China
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Abstract. In order to change the binding polyphenols into free polyphenols in apple juice, improve the
content of functional polyphenols, and develop products of apple juice with health care function,
Lactobacillus acidophilus 6005, Lactobacillus plants 21805 and Lactobacillus fermentum 21828 were mixed
and fermented with apple juice, which was mixed with three varieties of Aksu, Qinguan and Granny
Smith. The changes of viable cell numbers and physicochemical composition in apple juice fermentation
process were studied. In addition, the kinetic model of bacterial growth and the kinetic model of total
phenolic acid incremental change were established and verified. The results showed that probiotics grew
well in apple juice, and the number of viable bacteria exceeded 2.68 x 10° CFU/mL. During
fermentation, the total sugar content was decreased, the titratable acid content was increased, and the
total phenolic acid content was increased. Moreover, the content of several functional phenolic polyphenol
was increased, such as chlorogenic acid and gallic acid. Probiotic fermentation changed the quality of
apple juice. The kinetic model of bacterial growth and the kinetic model of total phenolic acid change
were established. The average error between the theoretical and experimental values of the model was less
than 10% . The fitting was good and the established kinetic model could predict the fermentation process.
The research results provided a theoretical basis for the development of functional juice beverage
products.
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8 000 r/min FYHEH T 5.0 10 min, 3 V5K, K H
ERESERTERER " BEEEW M AR
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Fig.1 Changes of viable count, total sugar and titratable

acid during fermentation process
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Fig.2 Changes of total flavonoids and total phenolic

acids during fermentation process
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Tab.1 Changes of phenolic polyphenols content during fermentation process mg/L
Fif ] /h 23 R R wE TR X PR A 2K H iR ] 25 1% Wi TR Xt A R A B R
0 89.10 +0.01 0.74 £0.01 0.46 £0.01 0.05 +£0.01 0.22 £0.03 0.08 £0.01 0.03 £0.01
4 93.93 £1.59 1.54 £0. 16 0.61 £0.01 0.03 £0.01 0.30 £0.02 0.08 £0.01 0.03 £0.01
8 84.02 +4. 14 1.62 +£0.08 0.62 +£0.02 0.04 £0.01 0.32 £0.01 0.12 £0.01 0.02 +£0.01
12 73.74 £3.36 1.84 +£0.24 0.59 £0.05 0.03 £0.01 0.32 £0.01 0.10 £0.01 0.01 £0.01
16 108. 13 +4.58 1.32 £0.28 0.46 £0.04 0.04 £0.01 0.20 £0.01 0.04 £0.01 0.01 £0.01
20 112.53 £0.70 1.67 £0. 16 0.46 £0.03 0.05 +£0.01 0.15 +£0.01 0.03 £0.01 0.01 £0.01
24 106.69 +9.77 1.73 £0.47 0.43 £0.03 0.04 £0.01 0.16 £0.01 0.03 £0.01 0.01 £0.01
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Fig.3 Kinetics curves of fermented apple juice
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Fig.4 Fitting curve of microbial growth kinetics model
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Tab.3 ANOVA for fermentation kinetic model

e ER:iNs -5 Yo7 F R?
& 5 2 21.02 10. 51 14 822.39
5k 19 0.01 7.09 x10 4
A AR A — . 21035 0.9939
BIEB K 20 2.21
myE| 4 68 131.71 17 032.93 2105. 41
5% 2% 17 137.53 8.09
ST R 4 o A A A TR T — . 68 269. 74 0.9915
BIEB K 20 16 111. 35

AR TR R T 2 kA PSR ) e R B R
0.993 9 F10.991 5, B ARV P B ARy , o ) 485 A0
B AR Gy i T0UI 25 A= T i TSP SR T 3 R e R AR A R
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SRy 3 — 2 G IR AR AL AT EE M X A AR A SRR
Tl e e i e T A A R R R B R AT LA, 4
RN 4 iR,

oy 2% 4 RN, B A A R B R O (i RN 50 (B 1Y
AR IE A 2. 64% |, ST R 4G N 7R Ak AR R B3 {E
A PR ZE N 5.97% ¥/ T 10% , Ui 1]

BRI B, AR 08 AR 4 3t il 3 i 19 3 Y 2 b
M

3 5

(1) F 98 % ZLAT 174 6005 (Al ¥ FLFF 14 21805
N T FLAT T 21828 YR B A I £l BT 5 O o SR L R
G RAEME RS AR ESWERT, K
e 3k A b T TR T A MK B aA #) 2. 68 x 10" CFU/mL,
ST R, TSRS & BT, SRS A
R BT, 16 h B R R Ok B B KA, &
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Tab.4 Comparison of experimental and calculated data of kinetic model

B OD 6 ST 1R G o Fi ki OD {6 ST 1R G o
8] /h KR, ESE/ 8] /h REE/  HIE/
I HISH R2%E/% R/ % I HIeH R2E/% R/ %
(mg-L™") (mg-L7") (mg-L™") (mg-L™")
0 0. 346 0. 320 7. 60 0 0.52 11 1. 067 1. 093 2.40 64. 63 66.23 2.47
1 0.423 0. 383 9.40 3.59 3.24 9.78 12 1.123 1. 135 1.08 66. 12 69.57 5.22
2 0.453 0. 454 0.15 8.57 6.94 19.02 13 1.153 1. 171 1.53 72. 63 72.00 0.87
3 0. 538 0. 530 1.53 12.49 11. 81 5.44 14 1.208 1. 200 0. 66 73.18 73.72 0.74
4 0.589 0.610 3.49 15.78 17.92 13.58 15 1. 246 1.224 1.77 76. 00 74.92 1.42
5 0.672 0.691 2. 80 21.58 25.17 16. 60 16 1.274 1.243 2.41 81.18 75.75 6. 68
6 0.757 0.771 1. 87 36. 48 33.18 9.05 17 1. 306 1.259 3.61 77.57 76.32 1.61
7 0. 812 0. 848 4.46 39.93 41. 40 3.68 18 1.313 1.271 3.17 71.30 76.71 7.59
8 0.919 0.920 0.11 53.50 49. 20 8.03 19 1.318 1.281 2.79 79. 14 76.97 2.74
9 1. 006 0. 985 2.08 56. 64 56.09 0.97 20 1.311 1. 289 1.67 76. 00 77. 14 1.51
10 1.051 1. 043 0.79 60. 28 61.78 2.48
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