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Fig.1 Structural sketch of rotary drum reactor
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Fig.2 Vinegar fermentation process using rotary drum reactor
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Fig.3 Change in basic physicochemical indices of vinegar in
fermentation
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Table 1 Changes of acetic acid and lactic acid content during
fermentation using rotary drum reactor
L Acetic acid LR Lactic acid
RIEEREL _

Fermentation WU iKEE DS R DS
days/d Content/ Relative Content/ Relative
(mgmL™) content/% (mgmL™) content/%

0 1.61+0.59" 21.05 4.06+0.59¢ 54.05

2 3.32+1.23" 6.99 36.96x1.20° 78.48

4 7.74+0.96° 13.76 40.70+2.36° 71.82

6 19.18+1.20° 3531 27.03+1.204 48.57

8 24.70+2.36° 37.67 31.65+2.40° 47.46

10 28.00+0.68" 41.99 27.38+1.00 39.80

12 33.77+1.00° 47.99 24.62+1.00% 33.80

14 37.10+3.26° 51.90 23.49+3.30° 31.50

16 39.72+2.60° 55.11 22.34+1.70° 30.04

18 43.00+1.60* 61.32 17.3441.60° 23.85

20 43.24+2.10* 62.24 16.60+0.69° 23.08

22 44.12+2.30° 62.36 17.30+1.65° 23.53

24 44.76x1.00° 64.87 15.24+1.00° 21.32

Ee RBFE S EAR B BREAREER (P<0.05) , FH.
Note: There are significant differences in different superscript letters in the same
column of data in the table (P<0.05), the same below.
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Table 2 Changes in content of other organic acids during fermentation using rotary drum reactor

SRETM Fr R Citric acid AR Tartaric acid BRI Succinic acid iR Oxalate IR Malic acid

Fermentation WUEKE M AE  REKE  FAARE  BEKE  ANAE  REKE AR REKE AR
days/d Content/ Relative Content/ Relative Content/ Relative Content/ Relative Content/ Relative

(mgmL™) content/% (mg'mL™) content/% (mgmL™) content/% (mgmL™) content/% (mg'mL™) content/%

0 0.43+0.03¢ 5.82 0.52+0.03¢ 7.44 0.79+0.04" 10.77 0.08+0.00" 1.11 0.04+0.00° 0.59

2 2.36+0.48° 4.96 2.88+0.48" 6.21 0.99+0.01¢ 2.11 0.66+0.00° 1.40 0.06+0.01° 0.12

4 1.40=0.15 2.53 4.040.15° 7.42 1.86+0.00° 3.29 0.87+0.01" 1.53 0.05+0.01% 0.09

6 2.60+0.01° 4.75 3.69+0.01% 6.91 2.05+0.01° 3.69 1.01£0.07° 1.82 0.04+0.01¢ 0.07

8 2.50+£0.21° 3.75 3.89+0.21% 6.04 2.81+0.12° 422 1.10+0.09% 1.65 0.07+0.01°¢ 0.11

10 4.00+0.16° 575 4.87+0.16" 7.35 3.08+0.04° 4.48 1.36+0.15% 1.98 0.100.01°% 0.15

12 4.60+0.06 6.34 4.65+0.01%° 6.62 3.72+0.11° 5.11 1.29+0.00% 1.77 0.11£0.01° 0.15

14 4.96+0.12° 6.71 4.42+0.12° 6.21 2.82+0.11°¢ 3.82 1.38+0.13% 1.86 0.09+0.00¢ 0.13

16 4.30+0.09¢ 5.74 4.01+0.01% 5.58 2.46+0.06¢ 3.31 1.4140.06™ 1.90 0.11£0.00° 0.15

18 4.53+0.18" 6.25 3.92+0.18% 5.56 2.18+0.01° 3.01 1.45+0.03" 2.00 0.11£0.00° 0.16

20 4.70+0.01%° 6.49 3.75+0.00°% 5.37 2.16£0.15° 3.00 1.37+0.12% 1.90 0.15+0.01* 0.22

22 4.55+0.12" 6.23 3.7240.12°% 5.23 2.13+0.28° 2.90 1.30£0.02" 1.78 0.130.00° 0.19

24 4.56+0.10 6.40 3.51£0.10° 5.05 2.00+£0.01° 2.80 1.2040.06% 1.68 0.11£0.01° 0.16

HXTF ZBRMAR, HAMA YRGS R 5
i R R JE AR R R B BTk s, YW
0.43 mg/mL A2 R T 245 R (1) 4.56 mg/mL. WA FR &
BERBEA PR LTS, B 10 RN & EE
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HEEME 0~12 d Mg, 2 12 RikBE&E 3.72
mg/mL, B J5IEHT T B2 R A R 2.00 mg/mL. B
B e Ak, 7RIS 0~18 RN S BTHE%, 418 K
AR EWRE B IR R 1.45 mg/mL, FEEZET TR KR
SERINY 1.20 mg/mL. SEIRBRTT B L RAKC, 7£58 0~20
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Table 3 Identification and relative content of volatile compounds during fermentation using rotary drum reactor %
& T EMAFR R ARAL Fermentation days/d

Compound type Compounds 0 2 4 6 8 10 12 14 16 18 20 22 24
LR B 9.33 880 797 951 1049 13.15 142 1962 1292 11.71 437 ND 3.25

EC R 2 3355 997 1.19 347 358 293 384 3.19 1.36 199 151 130 ND

VTR TG 6.51 6.67 472 468 449 305 344 286 218 184 034 ND ND

TR M ND 1.41 0.80 0.29 0.80 039 ND ND ND ND ND ND ND

ZER 2T ND 102 062 042 211 045 ND 062 042 046 055 ND ND

TRl ND 132 1.39 107  0.69 123 362 155 1.78 136 059 ND ND

LIRR LT ND 1.37 1.20 138 338 379 395 362 386 431 482 450 486

LIRRH R ND ND ND ND ND 021 029 ND ND ND ND ND ND

A & SR 2.1 ND ND 098 031 114 028 ND 042 023 ND ND ND ND

P P g 377 364 388 343 345 461 474 438 422 549  3.00 254 2.69

P P B ND ND ND ND 0.03 026 ND ND 0.30 057 ND ND ND

WK FrER 2.0 100 200 694 469 404 325 439 38 218 ND 407 ND ND

E:'t ars HEER 1 ND 1.42 0.93 0.49 0.40 052 054 0.74 0.42 ND 064 ND ND

TR 218 ND 0.83 .10 073 035 083 ND 062 1.12 ND ND ND ND

TR 2.0 ND ND 0.93 0.98 0.95 1.00 342 030 1.65 ND ND ND ND

LIRS IR TR ND 004 070 040 042 333 645 111 2.12 162 ND 275 283

BRER 2.1 ND 140 082 046 061 040 ND 020 023 047 ND ND ND

2Bl ND 246 1.88  2.11 149 421 602 0.8 1.67 054 ND 034 ND

LR PR ND ND ND ND ND 0.17 ND 020 ND 044 ND ND ND

KHR 2T 3.49 1.25 0.84 0.39 0.93 0.66 ND 058 ND ND ND ND 1.12

KR ND 0.91 0.55 0.34 0.15 072 075 0.63 0.49 080 090 ND ND

3K Z B ND 1.32 0.65 0.53 1.02 ND ND ND ND 078 ND ND ND

TR 2 ND 286 253 127 007 030 ND 1.19 033 ND ND ND ND

¥R ND 094 066 017  0.66 ND ND 057 ND 096 ND ND ND

9-NBRMER £ B ND 3.71 0.51 0.05 1.36 0.1 ND 0.01 0.11 098 ND ND ND

2 127 1001 2244 1537 7.8 65 639 5.1 502 400 3.00 200 ND

R 1.00 1.46 1.82 1.72 1.27 1.14 178 0.86 0.74 194 230 230 ND

T 2.03 1.29 1.16 1.83 229 298 385 276 @ 347 395 352 378 3.63

ECE 1050  3.13 3.91 3.71 357 360 317 3.1 1.00 107 ND ND ND

FhE 325 015 1.10 121 ND 0.09 024 ND ND ND ND ND ND

ok 1- T/ 2.56 0.10 1.05 1.28 0.64 0.17 092 032 ND 052 ND ND ND
Alcohol F3i 030 010 087 09 0.3 005 ND ND ND ND ND ND ND
BT ND ND ND ND ND ND ND ND 0.05 ND ND ND ND

(R)-(-)-2- T ND 0.08  0.70 ND ND ND ND ND ND ND ND ND ND

2,3-T 310 318 334 682 641 589 262 1.32 1.05 100 ND ND 033

(2R,3R)~(-)-2,3-T i ND ND ND ND 0.55 009 ND ND 1.61 112 ND ND 047

Ii-4- 5% I -1 - 1.61 0.18 1.00 1.99 132 002 ND 036 ND 056 ND ND ND
2 245 396 8.2 1006 721 132 10.84 1431 2198 18.66 1891 424 5459

[&hivd 504 617 549  7.00  6.05 503 656 988 371 7.99 1598 1229 1.07

i T ND ND ND ND ND ND ND ND ND 170 336 3.73 ND
Acids B ND ND ND ND ND 028 044 ND ND 127 409 203 0.50
¥R 0.05 7.64 237 453 8.99 155 181 739 160 256 681 3.03 165

KRHARR ND ND ND ND ND 0.80 073 ND 7.55 129 ND 253 001

4-2.)F5-2-F AR FE ATy 1.93 0.08 0.42 1.01 0.58 0.56 0.19 ND 0.27 ND 060 ND 0.60

— 2-FA JE-4-FR LK) ND ND ND ND ND 0.15  0.69  0.09 1.33 136 5.12 245 185
Ph’e ;(jls 4-2 KE-2-FAR R R ND 1.03 0.71 0.61 0.02 0.57 0.18 0.15 0.72 036 217 086 0.72
ENU 150 0.94 1.09 ND 096 062 047 031 0.50 048 066 039 122

AR 3.05 1.10 109 295 068 7.09 070 032 792 205 729 279 627

2 g 0.45 172 037 048  6.00 ND 092 ND 152 274 075 1.60 1.00

s KT ND ND 0.18 ND ND ND ND ND ND 085 ND 129 2.00
RER PR3 R g F ND 0.87 ND ND ND ND ND ND ND ND ND ND 0.15

Aldehydes 2SR-3R : :

2556 F IR F R 0.55 280 054 060 023 333 091 233 1.44 197 075 179 1.07

R ND 0.44 ND ND ND ND ND ND ND ND ND ND ND

2~ 1% 453 i ND ND ND ND ND ND ND ND ND ND ND ND 174

352 HE2- T ND ND ND ND ND ND 013 141 ND 48 ND ND 1.77

GBS 6-H1 53,5 % — 421 ND 025 037 038 254 042 004 043 ND 034 ND ND 046
Ketones 3-Z Bk FE-2- Tl ND ND ND ND ND ND 008 277 ND ND ND 3.2 062
2K W2 ND ND ND ND ND ND ND ND ND 140 ND ND ND

23- T ND ND ND ND ND ND 017 ND ND ND ND ND ND

= 0.8 ND ND 0.31 ND ND 027 030 ND ND ND ND ND

R A ND ND ND ND ND ND ND ND ND 026 024 ND 040
ASIRIS 2,3,5,6-PU H SE ks ND ND ND ND ND ND ND ND 0.92 091 124 0.19 271

Heterocyclic .

2.3,5-= FH LN ND ND ND ND ND ND 025 ND ND 026 056 ND ND

3-H3E XIA[M4.10]Bk 091 ND ND ND ND ND ND ND ND 018 18 ND 041

7 ND FoRAAH .
Note: ND represented “not detected”.
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Fig.4 Changes in volatile substances during fermentation
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Table 4 Principal component (PC) loading matrix

FER A R 5T W e 5%
Volatile flavor substances PC1 PC2
ERALEY) Ester 0.499 0.054
FE24L A4 Alcohol 0.433 -0.127
FEBAED Acids -0.519 0.036
Wy 251644 Phenols -0.049 0.712
kA4 Aldehyde 0.266 0.081
F 254651 Ketones -0.095 0.688
FI P AP Heterocyclic -0.431 -0.071
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Quality change law of vinegar during automatic mechanical fermentation

Wang Wenxiu®, Liu Lin', Jiang Xin!, Dai Xinpeng®, Sun Jianfeng'*, Wang Jie!,

Peng Yankun?, Kitamura Yutaka®
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Abstract: Vinegar plays an important role in our daily diet. Solid-state fermentation of vinegar using reactors has several
advantages over the traditional methods, which include shorter fermentation process, and good controlled working
environment. In order to fully understand the dynamic changes of main components and flavor compounds during the
solid-state fermentation of vinegar in rotary drum reactor, samples were taken throughout the fermentation process. Alcohol,
total acid, reducing sugar, amino nitrogen, organic acid and volatile flavor in the process of vinegar fermentation were studied
by high performance liquid chromatography, solid-phase microextraction, and gas chromatography-mass spectrometry.
Meanwhile, principal component analysis was carried out to explore the difference of volatile flavor in vinegar at different
fermentation stages. The results showed that the fermentation process can be divided into three stages: starch saccharification,
alcohol fermentation, and oxidation of ethanol to acetic acid. The alcohol content increased rapidly within 0-4 days of
fermentation, then decreased gradually to zero until the end of fermentation. The total acid content showed a sharp increase
tendency first, followed by a slight increase at the late stage of fermentation. The reducing sugar content decreased rapidly at
first, then gradually increased during acetic acid fermentation, and finally gradually decreased. The amino nitrogen increased
rapidly at first, followed by a gradual decrease at the end of fermentation. Seven organic acids were detected in our research,
including acetic acid, lactic acid, oxalic acid, succinic acid, tartaric acid, citric acid, and malic acid. Among them, acetic acid
and lactic acid were the main organic acids in the whole fermentation process. The lactic acid content increased rapidly first,
and became the dominant organic acid in the alcohol fermentation stage. Then it showed a gradual decrease until the end of
fermentation. For acetic acid, a gradual increase tendency was observed during the whole fermentation process, which
accounted for 64.87% of all the organic acids contents. Compared with those, the content of other organic acids was less, and
the variation during fermentation was relatively small. These organic acids were also crucial for the formation of characteristic
taste of vinegar. A total of 64 flavor volatile substances were detected, including 25 esters, 12 alcohols, 6 acids, 5 phenols, 5
aldehydes, 6 ketones and 5 heterocyclic compounds. The principal component analysis results showed that the most dominant
ones responsible for volatile flavor in the early, middle, and later stage of fermentation were alcohols, esters and aldehydes,
and acids, respectively. Other volatile compounds, such as aldehydes, phenols, ketones, heterocycle, were present in small
amounts during vinegar fermentation based on the reactor. However, they also play a vital role in the formation of special
flavor for vinegar. This is the first report to study the dynamic changes of vinegar quality during fermentation process based on
a reactor. The results would enhance our understanding of the fermentation property of rotary drum solid-state fermentation
vinegar reactor, which may be helpful for the improvement and effective management of reactor to promote its industrial
application.

Keywords: rotary drum reactor; vinegar; solid-state fermentation; main components; volatile flavor; dynamic monitoring



