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Factors Influencing Turbidity Reversion in Sichuan Bran Vinegar
and Process Optimization for Clarification Using Acidic Protease
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Abstract: The study examined the effects of oxygen, light, temperature, non-covalent bonds, and metal ions on the
precipitation amount, as well as the protein, starch, pectin, and tannin content in the supernatant of Sichuan bran vinegar, to
determine the key factors influencing turbidity reversion. Using transmittance as the response value, the clarification
conditions were optimized via single-factor experiments combined with response surface methodology (RSM). The results
indicated that oxygen and temperature were critical factors promoting turbidity reversion, with significantly shorter
turbidity reversion time under aerobic conditions compared to anaerobic conditions, and higher temperature further
accelerating the process. Investigations into non-covalent interactions revealed that the addition of NaCl and guanidine

hydrochloride disrupted electrostatic forces and hydrogen bonds, significantly reducing precipitation while increasing the
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protein, starch, pectin, and tannin content in the supernatant. This suggested that electrostatic interactions and hydrogen

bonds facilitated macromolecular complexation and subsequent precipitation. Metal ions (Fe’*, Ca’") had no significant

effect on turbidity reversion. The optimal clarification conditions determined by single-factor and RSM optimization were:

acidic protease dosage of 2.10 g/L, treatment time of 2.20 h, treatment temperature of 30 °C, and standing time of 2 h,

achieving a transmittance of 85.75%+0.24%. This study provides a data foundation for understanding the mechanism of

turbidity reversion and offers practical solutions for industrial production of Sichuan bran vinegar.
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Fig.1 Brewing process flow chart of Sichuan bran vinegar
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Table 2 Effects of oxygen, light, and temperature on
the turbidity reversion time and sediment amount
of Sichuan bran vinegar
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Fig.2 Effects of oxygen, light, and temperature on the components of Sichuan bran vinegar after turbidity reversion

TE: A SHAECURE IR B OO GIRAYRZNE; C il BE A2 AN [R)/ NG SRR R 4L A 35 25 5%, P<0.05, & 3~[4 4 [F].



4785 % oM

I, S DO)NBRER B R R SRR A S 2 67 -

S SRR ER BRI DN 0% = 8%, B b
A TERY . BT R A AN (P<0.05), 43
SIEEHNT 0.14. 0.09. 0.03. 0.03 g/100 mL, {5 A £
AR E S B S T 2 M4 ST DT TE . Bl b
OS2, R RIS haERE TS
N. O % S JFF45H 7 MR 9 AH 5 AR FTE B, i 5L
S A TE SR BUKAE A, X TR E NS P R IR
R R R, BT U TE Y TR T R
MAER 1 G E R ) . S5 M B 25 G

A 607
E220%
1%
55 2 2%
3 %3%
5%
s 5.0 2ot
245
i
<« zN
0.5t
0
B 6.0
771 0%
fech 1%
RN L 3 2%
=) 2N [ 14%
E sofl} EE 6%
= ] ] 8%
245
iz 7
u ;
0.5

(S U0y B R
P 3 ARAN RIS DU 1 KPR 1 B AL R 3 )
Fig.3 Effects of non-covalent interactions on the components
of Sichuan bran vinegar after turbidity reversion

TE: A 24 NaCl Us it (F ) A 525 B R Eh MRS I i (&0
) BRI
2.3 SRBETFX)IIFHEIRERF M

Fe’"Fll Ca* R BBl F 248 5%, o
¢ T Fe’'Fll Ca X PUJ I KA IR VER 520, 25 Ra15% 4.
&l 4 FisR. BfiZE FeCl, A1 CaCl, B ag3g i, £
R IHE A WA, [RIRTFSY T Vs
A LH A AR AL, SRR VB WP S R AT WE .
P SR Er i YO0 AR . X BB AE— 2
FEl N34T0 Fe® AN Ca? s Jin&:, X U1 k15 1% ¥4 TG i
E S
2.4 ERMEREERE)IFKESE B HHL
2.4.1 FRPEER MRS U ) 1| ER0ES 77 s R it fe
DU T ZRBETHE Hh 3224 o Ry 8 5, i s B
FRER 40% LI PY, Bsinie e AR REA UK e
Hifs R B BT DTIE, [ Bl ARAS I 0 . Xk
FA AT S e B 1R] L PR PR ER IS I . IR A
Tt ALD FHLEST 1] L R AR BE B R A T P R Ak, 25 S an
Bl 5 s, S5HAREA, 78 DU BRAS 80 TR 2R i
Ak B A TR R D, B IE O 3R I o T R )
SE K Je T E BEAG, §E 2 h B, iSRRI K, 1A

T4 LRV EREGE R ATONE & A5
Table 4 Effects of metal ions on the transmittance
and sediment amount of Sichuan bran vinegar
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Fig.4 Effects of metal ions on the components of Sichuan bran
vinegar after turbidity reversion
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Fig.6 Response surface and contour plots of the interaction of various factors affecting transmittance
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