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Research progress on the effect of microorganism on flavor formation and safety during

fermentation process of Suancai

KONG Jinjin', BAN Shidong?, LONG Yun', ZONG Chunyang', YU Yuanguo®’, WANG Xiaodan'#*

(1.Guizhou Key Laboratory of New Quality Processing and Storage of Ecological Specialty Food, College of Brewing and Food Engineering,
Guizhou University, Guiyang 550025, China; 2.College of Life and Health, Dalian University, Dalian 116622, China; 3. Kweichow Zhen
Distillery Co., Ltd., Zunyi 563000, China;4.Guizhou Jiuniang Microbial Technology Service Center, Guiyang 550025, China)

Abstract: Suancai, as a traditional fermented vegetable with a long history, has won the favor of consumers because of its crisp and refreshing, sour

and mellow flavor, and rich nutrients such as vitamins, dietary fiber and minerals. Suancai is a fermented food which is fermented from Chinese cab-

bage, mustard vegetables and green vegetables through microbial metabolism and a series of biochemical reactions. During the fermentation process,

the structure of microbial community changes alternately, and the microbes in different stages plays different roles, which has a great impact on the

quality, flavor and safety of Suancai. The microbial diversity of Suancai was reviewed, the effect of fermentation conditions on the quality of Suancai

was discussed, and the effect of different microbial populations on the flavor formation and safety of Suancai was analyzed. The aim was to explore

the feasibility of improving the quality of Suancai by regulating microbial metabolism, and to provide reference for enhancing the quality of Suancai.

Key words: Suancai; microbial community; fermentation process; flavor component; safety
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Table 1 Main bacterial and fungal genus of Suancai from different regions during fermentation process
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Table 2 Main bacteria and fungi of Suancai from different regions during fermentation process
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Fig. 1 Formation mechanism of main flavor substances of Suancai during fermentation process
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Table 3 Main flavor substances of Suancai during fermentation process
Bl [latz?]
A PR FLIR LR BEFARR AR GERIR R TR TR R IR T R
LR % LAE AR LW E R L- P AR B AR S -4-L- 2R R LB R R L2 AR L-RABENE B-NER LKA AR
s L Bt | L-4% 0
i 4 LR  CTRWNTR TR TR FLRR SR VRSB ARUT T AR W IR T e NIR IR (1R 11 IR C W L TSR LR |
s T AL H AR e YRR P R LR
ST SR i 2 -5 G AC SRR T R 57l SURR AR D T L S B TR P i\ 2- PP B T BE i A 5 SU R IR | 57 L S5UAR 3- T M i 5 A S5U R T T
[icES PR CR F IR L TR RERR IR \IE TR At R B SR TR | TR TR 28 1R
(S S S MR - R OEE O T T R
(2 S T PR T -2-PUREE JSE T -2- VRIS 3 R T B-ARAT IR R
S JREEFR NG 1,1-Z SRR Zbe oS be | (3-H R T R ) BRI
EEES PN AN IE[1,2-a] M E-1,4- ] | (EZ)-B-45 % 22 3-35 5-2- T W 3-#2 56-2-T i \2-2¢ il \4,6,8- = 1 Jk-1-T-
it & AN S 4-(TP R ) T
LS 4-50-2,5- T W AURE AR |1 H- ik g -2- F I i
32 whE BRI, AL BEMR S 32 ZMREE IR LT & B Sl A W e

TEAL 8 Wb SR ) S22 T A= A A 2 v, A W e Bk
Je R 55 ity 5 ) B85 2, 2 S B0™ i 22 4 XU 5 8

—J7 T FLIR A TR TR S A AR TR 00 A Sl R 0 ) Eoh T
R JE8 T 119 A, LR T T A TR D A A T R A



2026 Vol.45 No.3
<12~ Serial No.409

China Brewing

Reviews

SO TR 0 A K9 55—y T T RE PR T AR A R Y
L5 2 EUFRE P ) JE WCUAE P A A BB DT 7 AR R A B
B BRI G E Y IR R W R SR AR Y A
JHe AT 43 Ryt e R W T e P e 2R e | T R IR R
VA i | H v 2 i R v R A B R B BRSO SR
B rp g K A A o R R R I E RS LS L fER
Pt B BREE P AR RLE ) T80 32 70 A i R £ 3 I
5B R R 38 TN TV A R, AN IR Eh 7 B R,
HH BRI Y PR R W, 2 S T RE A R X TR
T 40 P B R A T TR RIS S L B AS AN R B T IR IR
P B Az P B i 5 ak AR AR A R AR A A R R AR
B 5 5 HERR ST RN A B SO P WA R by
S A TE SR AE , X B fa R BV AE e
321 fhEM A AW E N

A ) e R — 25 ol B R P R O R T T L 1Y
RGBS R A, S A B EE R,
WU ALE O SR Z095 E InE S5) % T S
FEAE B A W I R e T B LR RGO, JASTRZEBSK A
AZEUNE S R ST AR W e R AT I e R B, R TSR T A
WYl S5 iR 11,00 mg/L, J 8 B & 5 oh4.89 mg/L; 4 e %
176 mg/L T & BT SRAR VT AE WG B i 38.00 mg/L,
e 8 e 5 /oM 6.07 mg/L; J7 G B i 8.41 mg/L s 4 7%
oA 12.31 mg/L, WU JEEUF 5% 3 3 55 7K R H 208 Vs i i
XoF 3 3% K T v A 0 e A R R ) 6 LR I fof D A W
B CSE K KT R, S SR BURA TR E L
) A B, 8 e 32 Pl FLIRR BT\ 3 BR AN B IR I B A
17 2HL e 0 1 e ) = 22 Pl L R DU BB ER T AR B, H R,
X AE W e R I PR o TC G — A i, SR B S
B R AR KA, B 4 e Y R 43 IR T 50 mg/kg
F1 100 mg/kg™ , Fiy 6 AT 260 308 Ao 2 ol A 3 2L 18 T R 1
TR, e E RS A FEAEY MR & & A 84T
HEHgest,
3.2.2 Ak 4 xt T w EL 36y B

Vi R 2 i 5 SRR ok A SR B S A
fis R , 7630 SR BRI 1 R 2B ik &4 . 0 B T
il 2 6 A7 1) 400 o) o ST TR T 8 o e 35 R 41+ B0
B A AR 250 AR R FRGB 2714—2015CE 5 24 4 [ Fbn
T i 5 ) B A il 2 6 7 it (LANaNO, I ) <20 mg/kg.
X BIL AU 5 L R T A2 T s ) 960 v I il R R A Y R
M), & A U 04 0.1 %0, FOE i Rk & i i fik . HUANG
Y Y SV R 0 LA B L BRI i R S B R R F
GO AL G2 30 S WA R & | R M 0 o R B B T S 15
SEEL R, 30K TR ) A A A R IR BE I A IS v SR
S AH PR SR, H v b Rl 3R 0 A FLAT R R R L AR,
fit§ R h & 535 300,132 mg/mL, H BEE A HLRR & B84, W

il T £ 720 9 9 5 i . ZHANG W SR R T2 2 7 4 9 2 B
AHH A6 3% - 5T 3% (headspace solid-phase microextraction-gas
chromatography-mass spectrography , HS-SPME-GC-MS) #
T 5 5% (liquid chromatography-mass spectrometry , LC-MS )
FEAR G B 422 b iz M52 B 3 2k o R R 1 LA B X AR R SR
i JOE RS 5 SR O R TSR 3 R A Rk 7 i A B
(3.875 mg/kg) , Bifi 4 & I IR [R] (19 SE 1< | SR 1R 6 5 & il
WEI B TR, A WS R 5 300 1.50 mg/kg , 247545 (]
FARIE  FLIR R I [ B QNS 3, 4 i R, 1k 4
R S Hh A R L e R TR A A BT B
3.2.3 M My o ER 36 KT o 4 ) A A

PR 3 7 i Ty R M D WA JB S 2 v R S TP A TE I I
A= TR RE BT B, R SR T R LI T T A R R R | T
%% (Geotrichum candidum) F1 Z£ J T 16 55 | 45 501 2 Be AR 1
i 2 7 A R IBE ) LT O I R e ) I €0 R B A2
HESVAE R R | 2E W e RN 7K S T A= W R R 1, O P AR
R KUK Hy T 1R 358 A2 ) R 0t 3 1 R A 9K I T
B — i A 8 B, 7 AR 2o R v i S SRR R 2 K TR AL B
JEORE A AE 1 22 B AR 00 R S ke i B AS AT R 3 3K
R TR IS ] A2 A ™ o o AN AR, B 3 R A T WO I
T By Tl i T PR R T B /N AR 28 P00 R 52 v g OIS e 7
F 5T, DN AR JBT IR S i 34k 13 P22 82 FL o] 2 Jgk B8 7k 8% ) ( Pichia
kudriavzevii) , }eRETE R R e £5 FE IR 49 5 B9 0
FHFLRRAE UG WA= s, LA 7= 27 AE R Tl S R XK )
AN WM A RE ), 340 RE A2 HE AR JE CRT A1 4K o [l B /N
A5 SR A7 A () LR T 400 1 P 77 L ] 2% gl B s 1 B 1) O
GE, AR R | LI TR i 40 ] ] 2% ol B8 % 19 B pks BOR e - |
pH#E I (3.34) A LR 7% & fe = (62.10 mg/mL) | Ji& W o 1%
AR D (5.00x10° CFU/mL) i 0B A= 1) Y 7 de 2
(0.021 g) A=W B Rh SR Fr T /b B I R] 0 RS Hh Y
Ji WA 25 7 R A RS A W e A5 A B R T 9
HARRRE, S EOT AR, 3 R R TR
4 BEs

T 0T R S it Jo AR I — A S R o AN [ i
FAE T 200 A S5 2 (o 1R e A T A o 1) B W R
S AL S HE U NI ARG 7™ ) o 2% e 2B U S L e T
S5 AT R (1 TR S5 i Jo 4% R TSUIA (49 Oy 1) & i 5 X i 2
T W R AT T FOAT RCPE ), T LI 35 4 v TR 5 118 JXUBR
A o DR B9 B AR TR 7 00 1R 5 v KU I % %2
2P AR TG T R S i JoT 1) e 3 0 Tl Ak AR 7 B i

S %2 3k
[1] % £ 2. 0 VG 1 7 Hl IX R £ SCAR i o . A KUSL B LT 48 R I [D). 75 1 -
KA ,2025.



L R FOE

X 2026 4 43 45 % 45 3 ]
iR &

= K45 400 1 -13-

[2] BURE A 2 it K, A5 FLIRR T R BEIR S WF ST R (1], s R,
2021,23(20):257-260,265.

[3] 2R A AR A A, 55 T 1A 5 3L R AT P ) I R TR S it J AT
KU 5952 07 [J/OL). £ i 5 % B Tl , 1-11[2026-01-27]. https://doi.org/
10.13995/j.cnki.11-1802/t5.043328.

[4] Th—FF  ZE0R 5 BEAE 5. SRR R 391 DX 35 198 3 A9 5t % 1
A=W FhEE L [J/OL). BACE S BHE L 1-13[2026-01-27]. https://doi.org/
10.13982/j.mfst.1673-9078.2026.4.0132.

[5] e VM, B W . 5 F [ 25 R B A R FE (D). Hh IR 46 ,2020,45(11)
34-37,50.

[6] CISKA E, HONKE J, DRABINSKA N. Changes in glucosinolates and
their breakdown products during the fermentation of cabbage and pro-
longed storage of sauerkraut: Focus on sauerkraut juice[J]. Food Chem,
2021, 365: 130498.

[7] 3 SR 5 40 XA T 3% B XU K ML o 52 M B 5 [D]. B iz R« B 1
AR ,2025.

[8] B A B 2RI, X SC i, 45 A% 8 R 3% e W L B 1 22 Pk % T R e 1k
WEFEHE R[], £ il 22 42 PR A I 2 412, 2024, 15(15) : 39-46.

[9] X%, L5 NE , 5 1 BT, &5 vl Il 4% 49 i 8 0 238 PP U2 0 2 0 e I HE o
sl SO S5 e OF 58 9E e [ 7], 2 b 2%, 2024,45(10) :290-297.

[10] R 2 XIS, F 3, 45, 0 28 3 S Wi 2 oP AR 0 BE 98 5 XUk

Wy I A A8 Al B AR SE Nk 2 A (D], £k Tk BHE 2025 ,46(13) :36-45.

[11] GUAN Q, ZHENG W, HUANG T, et al. Comparison of microbial com-
munities and physiochemical characteristics of two traditionally fermented
vegetables[J]. Food Res Int, 2020, 128: 108755.

[12] S48, i ad Bt v A< JU R 36 it B4R Ak 4 0 43 Bt 2 JFC 1 B 22 fE BF 52 [ D).
KA MROR%,2023.

[13] LIANG H, HE Z, WANG X, et al. Effects of salt concentration on mi-
crobial diversity and volatile compounds during suancai fermentation[J].
Food Microbiol, 2020, 91: 103537.

[14] SR PCIF  BRSCHN , S5 B, 45 T P A T840 A 2 I 19 3 A 1% T 9 1L
[J]. £ RL3,2024,45(22) :51-64.

[15] WANG J, SUL'Y, LIU X, et al. Exploring potential correlations between
fungal communities, safety, and quality properties of traditional fermented
sauerkraut from Northeast China[J]. LWT-Food Sci Technol, 2023,
185: 115185.

[16] £e51, T . 1 IR A BR 2% P Ak W 2 RE PRI SET]. o B R
2022,47(9) :59-62.

[17] Frok i, 2B Rp L X CER 45 IR 3K Hh AN I 2 REPEBIF ST (D], o I 9 ok
i ,2019,44(1):26-31.

[18] B M. 3 K 1% 3 Ty RE ol A= Wy A 981 42 L) B G g 43 0k 1 O B 4
ARBFFE[D]. B E B R ,2024.

[19] 5 i, X P2 B, G A IR 3 A 1 0o e v 00 R 9 A A A Al % K )
HUEI[I]. il 41,2023 ,23(8) :354-368.

[207 XU AR 3 IR 4% 58 2 19 % S5 B A= 0 2 B P LU £ [D). 7 B R B R
2021.

[21] VFEEPE. PO 52T 3t IX R 3 0 P WA AR £h AT ILAR 345 1 XU 9 T3t
Ui ZHETEARAE[D]. PRI R - N 5 AR R, 2024,

[22] B PR R, #eF- . PCR-DGGEL 53 Bt R 312 Fb I B 1 Rl A= 0 14 2 R R ).
rh R R A, 2020,45(11) :51-54.

[23] SBAEAE , /7% T o o 0 AN ) A 7 T R
3B [I]. h E R ,2019,38(8) 1 73-76.

[24] X &, ERGE. B IR S AN B 2 A PERIF 9T S LR 1 1 43 2 48 2 [CY/h
[ it B 2 B R 2 e R B R 25 22 8 U AF 23 18 SO
B B R AR KR SR BOR 2 B, 2022.

[25] A5, /5 % Wi B ¥ 3¢ ¢ e o 78 v 2B 00 AR 22 R R S 28 0 W 0],
o E i, 2020,39(8) :86-91.

[26] A E M, Wk Al 53 M 5 R Hb DI T R e rh RE B TR 1 8 S M E (D).
Bt e A T R 24,2022 ,13(13) :4273-4281.

[27] ZHAO N. Unraveling the contribution of pre-salting duration to microbial
succession and changes of volatile and non-volatile organic compounds
in Suancai (a Chinese traditional fermented vegetable) during fermenta-
tion[J]. Food Res Int, 2022, 159: 111673.

(28] A= E M, XU, Jg E B, S5 Bt M S g b DX o R S i I8 A R 43
1M BORF RS [T]. IR Sl ,2024,37(9) :103-108.

[29] SRR 4. AR U R 3 i A W 2 KR R A AT S 0t JR . v IR 3, 2023,
43(4):49-53.

[30] F A& JF , i R, 2 0 g I )19 5 b 5L INR BRI 20 1 8 L g
A REPER)PRT]. R R A, 2022,47(2) :60-63,68.

[31] it T | N s | 45 R A% 9 S0 MR S K I A o R T XL
WA I R RV A A R[] o B 3 R 5, 2025,50(9) - 72-81.

[32] 3kiz F iR 3, R AR, 45, ML FLALAT B ww Rl Fs 5-51 & 4 B X)
% 3 fits JOE A4 52 el BIF 5 0], o R R 3, 2026,45(1) :216-222.

[33] WK S Tk £ 1 LR BT R 97 30 % FCAE 19 5 4 1 v 1) 13z JH D). 2 FH
B AR L K%, 2024.

[34] W LTI, B AR LT SR B, A5 AR R R S B I 63 T B A
ALBFFE[T]. TP B, 2025,44(9) : 58-64.

[35] B IEAF. AR A TR AR B A W i T LA 5 AR A XU 0 I 1) A
FKAEWFFE[D]. Kb BRI Al K2, 2024,

[36] 7% Wit 22 TR 3 A Ik 1% L TR AT AR 14 T2 JHC A I R AR 5 144
S [D]. Kb W ARl R 2024,

[37] A8 A, HEA] A7 R iR, A5 V5T v IR R 0T TR i 0t A v BRAL R
P K KUK (4 52 R [J]. o [ PR3, 2026,45 (1) : 79-86.

[38] HE Z, CHEN H, WANG X, et al. Effects of different temperatures on
bacterial diversity and volatile flavor compounds during the fermentation
of suancai, a traditional fermented vegetable food from northeastern
China[J]. LWT-Food Sci Technol, 2020, 118: 108773.

(397 i) 52 A1 . M 7R 32 T 300 X 2 35 2 8 49 552 ) 6 42 Rl 700 6l 2 748 14 1 g 7
WIR[D]. P AR A JL ARk R, 2021

[40] BBk , 2 A5 D SRR, 45 S L IRR A1 ) A % DU )1 94 3 2o R v 0 T A
VoA R RS AE 3 AT [T, P4 A7 2540 (F AR ) ,2025,44.(4) ¢
19-31.

[41] XU PSP SR A25E A5 200 B IR S R B 2 1 i DA D], BRAR £
B ,2022,38(5):56-63.

[42] 28 RS 2Rl FLERAT 14 K %) 7R AL AR 2 I8R5 AL ATT 52 [D]. M /R
AR ALl R 2 ,2019.

[43] YANG X, HU W, XIU Z, et al. Microbial dynamics and volatilome profiles
during the fermentation of Chinese northeast sauerkraut by Leuconostoc
mesenteroides ORC 2 and Lactobacillus plantarum HBUAS 51041 under
different salt concentrations[J]. Food Res Int, 2020, 130: 108926.

[44] HE J, LI F, WANG Y, et al. Fermentation characteristics and bacterial
dynamics during Chinese sauerkraut fermentation by Lactobacillus cur-
vatus LC-20 under varied salt concentrations reveal its potential in low-salt
suancai production[J]. J Biosci Bioeng, 2021, 132(1): 33-40.



2026 Vol.45 No.3

14 - Serial No.409

China Brewing

Reviews

[45] TIAN H, XIONGJ, YU H, et al. Flavor optimization in dairy fermentation:
From strain screening and metabolic diversity to aroma regulation [J].
Trends Food Sci Tech, 2023, 141: 104194.

[46] 2= 1. i35 7™ -2 B T R LR T 14 0 30 K JFL A T 3 vl 1y 1o 49F ¢ [D].
TEBH TR B A0k R 2, 2023.

[47] FRHCEL, BOME . R T R IS TR R S8 i B M 1 52 W) (], & S5 LA
2023,39(2):188-197.

[48] Mt A , BB, EHE R 45 50 AR IR S8 KUK I8 43 43 BT (D). £ il 22 4 I
for il 2 42,2024 ,15(9) :205-212.

[49] B E 7 B, BEDC, A5 R it S XU SIS JSUMIL o) % 5 i) TR 3R AF 5T
PERE[T]. £ 5 K& BE Tl ,2021,47(24) . 279-285.

[50] Szt hn , BUILET , M B 0. SRR B b . — Bl ) B R R R 259 (0],
[E0Br 25 24 75,2023 ,32(4) :428-434.

[51] 3K E. Bt 35 52 vk 2 A 4 WAL R TF 52 [D]. K70 g bkl B A
2025.

[52] ABTEEE. FUIR v ) A 18 5 i 5 JSC AR M B XA 114 52 1) [D]. W9 R0 55 < 9
56 Al K2, 2023,

[53] #khss XA, % 208k, S T SR I ™ A FLIR T 1 0 25 4 o B
PERFSE[I]. £ ol B ,2026,47(5) - 186-197.

[54] ZHAO S, HAO C, HUANG L, et al. Unraveling the mystery of microe-

Hh:

cology behind the fermented Chinese sauerkraut (Jiangshui): flavor pro-
file, community structure, and functional taxa[J]. Food Chem: X, 2025,
30: 102976.

[55] WANG J, LIU X, LIU J, et al. Improving the bacterial community,
flavor, and safety properties of northeastern sauerkraut by inoculating
autochthonous Levilactobacillus brevis[J]. Food Chem: X, 2024, 22:
101408.

[56] 20, 5= XM R HE Rk, 45 N T HeRh AR LR 30k IBF 4 1 rh S iR 36
YT AC A AL [T]. B AR ,2023,39(8) :40-47.

[57] Mg XV, B LT, A5 K REIT 3 Hh AE  20 A B XU AT 5
[I]. £ Tl ,2025,46(3) : 247-252.

[58] ML T, R b R 3 5 45 A T 570 11 o % 5 JHC S IR 38 il Jo 5% TR ¢ 5 [ D).
KA RO, 2024,

[59] CAO X, ZHAO M, ZOU S, et al. Effect of autochthonous lactic acid
bacteria-enhanced fermentation on the quality of suancai[J]. Foods, 2022,
11(21): 3310.

[60] NIE Y, ZHANG J, ZHAO Z, et al. Screening of mixed lactic acid bacteria
starter and exploring the sources of flavor substances in co-fermentation
of Flammulina velutipes with different vegetables[J]. Food Biosci, 2025,
64: 105988.

[61] LIANG J, WANG Y, WANG T, et al. Enhancing fermented vegetable
flavor with Lactobacillus plantarum and Rhodotorula mucilaginosa[J].
Food Res Int, 2025, 200: 115500.

[62] Ry . % 558 e 1 B il v 7L 9 11 0 I8 B B EL AR HL AR 0 0], & e

$1,2023(21):172-174,178.

(631 JE R 55 A B £ i 2 4 XUBS: 52 i 45 BRWE (D). 4 R Tk 22 5K
2%,2022.

[64] WIXLE ik 75 B, S fd | 45 T ik 250 A 7 in I o B £ 42 4 AU
R 2 43 BT [J]. ﬁuﬁhlxw 2022,43(8):334-337.

[65] SR, RWTTE 28 W, 45 52 IR TAT I 358 90 3% K i aod e v €, 95 o
4 B XU 114 5 1 [J]. ﬁuu&éﬁgﬁwﬂﬂ%?& 2025,16(21):158-167.

[66] £ 58 T WS FL 3r i 5ak , 55 L4 B8 SO 1 A A0 A SRR R 4o o) 00 X £
ot JE I 2 B[], BUARET b FHEE,2025,41(5) :399-408.

[67] 5 FEREGS | A5 th 5 ) S M3 | 465 K™ il JE VAL 1l R A A £ i 6 A 1
N FH R [J/OL]. AR £ 5 0 T, 1-25[2026-03-16]. https: //link.cnki.net/
urlid/12.1330.S.20251031.1327.002.

[68] FWeAL, Fhok , XA, A5 K7 i b N- S 6 g 139 JE 0 42 ol 2 R
WS HE R [T]. £ b 48 4 oL K 2% 42,2022, 13(21) :6799-6807.

[69] LICANDRO H, HO P H, NGUYEN T K C, et al. How fermentation by
lactic acid bacteria can address safety issues in legumes food products?[J].
Food Control, 2020, 110: 106957.

[70] ZEFRER A5, WK% 5. 4 A TR0 A 0 e 10 42 T L o B o1 i i
£ bR Y F 5 E R [J/OL). £ i 5 & BE 1l 1-11[2025-11-02].
https://doi.org/10.13995/j.cnki.11-1802/ts.043975.

[711 JASTRZEBSKA A, KMIECIAK A, BRZUZY K, et al. Determination of
selected biogenic amines in fermented vegetables juices[J]. Food Control,
2023, 154: 109980.

[72] WU J, WU Z, ZHANG W. Effects of pickle brine and glycine addition
on biogenic amine production in pickle fermentation[J]. Food Res Int,
2024, 188: 114501.

(73] XUz 7K™ iy e 2 Mg o) A ARGy 32k 0y S S R g 5 (D). ST - 4
FK%,2024.

[74] BR2%2%  2 W] BOSCHL, 2 R IR 3 Y 22 A 158 R 3 R AR
AT, o E ARG ,2025,44(12) :21-27.

(751 XUBL, M AT 1SR & W T AR BR T[], Fa Al 0 s 45 L Bl b
#%,2021,37(2) :72-76.

[76] HUANG Y Y, JIA X Z, YU J J, et al. Effect of different lactic acid bacte-
ria on nitrite degradation, volatile profiles, and sensory quality in Chinese
traditional paocai[J]. LWT-Food Sci Technol, 2021, 147: 111597.

[77] ZHANG W, YU X, XIN L, et al. Effect of rapid fermentation on the
quality of northeastern sauerkraut analyzed based on HSSPME-GC-MS
and LC-MS[J]. LWT-Food Sci Technol, 2024, 198: 116005.

(78] Z= A, BBk, Wk 3 | 4. 0 3 FL IR 2 19 B I e e F S (D). 7
R F AR (A ARLF ) ,2024,43(4) : 24-36.

[79] BE/INFI, B XL, S5 R r JAS WA B B 4388 S MO PR R A2 D).
o R B 2025,50(9) :93-101, 147.

[80] BE/INA, Thi ARG , 55 AN IR FL IR G 00 151 192 3 08 UL 1A« V2 71 1L oy 2%
JaHE DR T BE R B SE[I]. TP R R R & 2025,50(3) :90-97.



