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Process optimization and biological activity evaluation of Hymenopellis raphanipes-Phellinus igniarius
fruit vinegar prepared by mixed-strain fermentation

MENG Yue, ZHOU Qian, DU Jingting, SHI Junfeng*
(College of Food Science and Engineering, Shanxi Agricultural University, Jinzhong 030031, China)

Abstract: In this study, using edible and medicinal fungal powder (Hymenopellis raphanipes and Phellinus igniarius), combined with fruits (pear, apple,
grape) as raw materials, the H. raphanipes-P. igniarius fruit vinegar was prepared by fermentation with four probiotic strains that had been previously
screened for their blood glucose-lowering and lipid-lowering effects. The fermentation process was optimized through single-factor tests and response
surface methodology, and its biological activities were evaluated. The results showed that the optimal conditions for alcohol fermentation were as fol-
lows: lactic acid bacteria inoculum 2%, yeasts inoculum 3%, fermentation temperature 32 °C, and time 4 d. Under these conditions, the alcohol content
reached (11.2+0.20)%vol. The optimal conditions for acetic acid fermentation were as follows: acetic acid bacteria inoculum 25%, fermentation tempera-
ture 35 °C and time 8 d. Under these conditions, the total acid content of the H. raphanipes-P. igniarius fruit vinegar reached (7.3+0.16) g/100 ml,
with sensory score of 97 points. The total phenol content in the finished fruit vinegar was 1.09 mg gallic acid equivalent (GAE)/ml, and the total flavonoid
content was 0.61 mg rutin equivalent (RE)/ml. The reducing power of iron ions was 2.46 mmol/L, and the radical scavenging rates of DPPH and ABTS"
were 89% and 97%, respectively. The inhibition rates of a-amylase and a-glucosidase were 85.59% and 80.31%, respectively. The cholesterol clear-
ance rate and pancreatic lipase inhibition rate were 76% and 66.57%, respectively. H. raphanipes-P. igniarius fruit vinegar had mild taste and unique
aroma, and it had strong antioxidant and hypoglycemic and lipid-lowering effect.
Key words : Hymenopellis raphanipes-Phellinus igniarius fruit vinegar; probiotics; process optimization; antioxidant; hypoglycemic and hypolipidemic
effect
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Table 1 Factors and levels of response surface tests for alcohol
fermentation conditions optimization
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Fig. 1 Effect of lactic acid bacteria inoculum (A), yeast inoculum (B),
fermentation temperature (C) and time (D) on the alcohol
content of Hymenopellis raphanipes-Phellinus igniarius
fruit wine
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Fig. 2 Response surface plots and contour lines of effect of interaction
between various factors on alcohol content of Hymenopellis
raphanipes—Phellinus igniarius fruit wine
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Hymenopellis raphanipes—Phellinus igniarius fruit vinegar
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Table 6 Design and results of response surface tests for acetic acid
fermentation conditions optimization

g ABRRE M, BREBARE,  CRBENE/ B E/

5 % K d (g-100 mL")
1 20 33 8 6.00
2 30 33 8 5.77
3 20 37 8 6.00
4 30 37 8 627
5 20 35 6 5.95
6 30 35 6 5.89
7 20 35 10 6.01
8 30 35 10 639
9 25 33 6 6.28
10 25 37 6 6.46
11 25 33 10 6.26
12 25 37 10 6.58
13 25 35 8 7.26
14 25 35 8 721
15 25 35 8 7.22
16 25 35 8 7.13
17 25 35 8 7.18

R7 BBRABEGRATEERTESNR
Table 7 Variance analysis of regression model for acetic acid
fermentation conditions optimization

TRORIE PR BEE B Fi P BEM
T 4.52 9 05018 7695 <0.0001  **
A 0.016 2 1 00162 248 0.1590
B 0.1250 1 0.1250  19.17  0.0032 o
c 0.054 5 1 0.0545 835 0.023 3 *
AB 0.062 5 1 0.0625  9.58 0.017 4 *
AC 0.048 4 1 0.0484  7.42 0.029 6 *
BC 0.004 9 1 0.0049 07514 04148
A 2.45 1 245 37538 <0.0001  **
B 0.769 5 1 0.7695 118.00 <<0.0001  **
c 0.600 0 1 0.6000 9201 <0.0001  **
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Fig. 4 Response surface plots and contour lines of effect of interaction
between various factors on total acid content of Hymenopellis
raphanipes—Phellinus igniarius fruit vinegar
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Fig. 5 Changes in total phenol and total flavonoid contents of
Hymenopellis raphanipes—Phellinus igniarius fruit vinegar
at different fermentation stages
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