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Abstract: Sour soup is a distinctive food in Guizhou Province, which is fermented mainly with tomatoes, chili
peppers or rice as the primary raw materials. Sour soup possesses the functions of flavor adjustment, aroma
enhancement and food texture improvement, and is frequently utilized as a condiment or the base material for hot
pot. The production of sour soup is dominated by natural fermentation, where the microorganisms mainly
originate from those carried on the surface of the raw materials. During the fermentation process, variations in
oxygen, pH and nutrients will influence the dominant microbial flora. The growth and metabolic activities of the
dominant microbial flora transform or synthesize the flavor substances of sour soup. The author has reviewed the
current relevant research on the microorganisms in sour soup and their connection with flavor substances,
elucidating the changes of microorganisms during the sour soup fermentation process and their impact on flavor,
with the aim of providing references for the research and application of microorganisms and flavors in sour soup.
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Table I Dominant Microorganisms in the Fermentation Process of Sour Soup

4
ﬁ; B e 45 7 ) Tyfik 2% 3Lk
i

O SR EEG T BN T RTBAT AR AT IRFLAT R R SLAELAT R LA

SO R M B ORI GE

IRV RTINS L N RS SN RN

o AT PR A K PEATHLEL AR (56, 62]

HE: TEETHTEI P %
[14% B g 4%

FUBH < AR R R 0 0 ST SH I REJR O B

T J Bl R

Y IR ) VB A AT R S
R A DR RE A

PO - 5

T B J < RS % B A5

4 95 R AR R K, Bk Btk B (25, 35, 56,
T, A2 3 JRU R 42 I T Ik 58-59]

B UGBS S I R R R SRR R B

13 BRAXBIEFHNER

N2 T B b R 3 B A L I BE A A
ZRAW, EMNEERSE RSP A RENEA
ilg 1 R 58 10 R 4 5T, R R 2 AWK TR T B2 R
B, WK PR AR B, 2R B R
DU TR 5 75 AT i 01, 1 B8 T b SR M 530 088 37 ik
DR B RETE X TR i KR B B R Ok L O
7 T I S R 2 A XUIR ) TR I AR A 5
MR EE R KT E B R E S
51 02 e ML) Wl 5 I L6 il B A R R VE R LR 4
WA AR A T ReT . B RETE TR R 0
Bl G AL il W AR A R DA K — 2 IR AR
77 U0 R (R M U TR A R S A 5 LA R
o WF 28 5 2L R W AX W™ R A HLIR AT AR R e
RIS AR MM T R PR R R LR R
WEREAE 99 R FL I b o S AL . B R I BEAE 8
RSB RMRM AT A, I ER 2 LHEE
R LR R R H Ak & B T AR . Liu
SO IR I, H AR R BEIR A B O L
Be R BF R L 0G BF ou 0 3H B R LB BE R A

Wefig)m, KRB R AT LR M KA Y&
O R R R Y . Li UV AL R BLEL
AR T RE LIRS, ROV RS R
AHE 71 115 78 J8 AT B DLER IR I BF i 7 o 18
B J& MR B B 8 347 QR R O £ Li
SR LR i R I L AR B Ol T R A R
FRD AR X = 52 328 3T 8 T, T b g 0 AR 6 3 R 0 B O
H s HE .

H R & R E I8 5o Je 3R T A 0 i A
FL,IEREARBTINRBERELRBAES .
H ARSI R R B, AR T R R R R
TTHRRE &% RERE KSR R
R RS . LinZEC IR R, AR
DL 3 B JR 9 R iR I B R S R R AR

AR, B R B R AE R 2 AN LR 2 AR
e LB TR S JL ) 22 Al XU B A ) Rt IR i A
M RREREE . H AT MR 2 H 0 3% (1 8 BE
BZ HHTRZA T B R D . B BRI
X IR 7 IR [ 17 J A A R S 2 7 L 5 L IR TR 3
[7) 5 I o IR i [ R M 5 AT 52 et PR 2 PR XU i R



Vol. 44 No. 3

2 R XL i

T 7 HR TR AR 9 o 3 LS R 4 R M I R
PE2 28, AR 45 I AR P ot AL 5 G LR 2 R 1R
A HE R R ) oA A B O VISR VIR R A
A HUER 1) P S0 F B 2 5 W R V7 AR i S )
HE  BaPrIANEKREZEQRFEALR. LR T E
B2 BRI N R A S DR AT, LR R A
I, A2 LR I R LR R A R Ui B R R R 2 T
FSCEE it 2 A ) R 2R A TR T R TR A R
iR LA R IR . B K AR, B T A TR
B A EE K AR 5 B0 B R A I R, BR V4
AR 1 & B, o8 112,99 mg/100g, ik
& K& Bk M (61.27 mg/100g) « fili & R (37.70
mg/100g) 7 & R (32.84 mg/100g) %5 , fef Ik i ik
R AR R AR R & 4 B A il N 78.79%
11.27%9.75% A1 0.18%"°7**) . 7 % W B A & wk A
JRIRLT X G R TR TR AT k. R
SELOMRIE SR I TR T v 5 R R B TR DAL v N R
B R Hop 4 SRR R Y =R A 2 Y SR DTk
H o Zhang TR I, TE IR VA K S I R
SEEUR A E R AR LR S =, R R A
WRR T R A S R R R S R it AR
B AN AU AT DA 5 e, oF £ il 2 A IRV A 1 i AR
FY . TE R % T ik F o 32 el 2> 05 ok U R 11
A B SR 1R o — T T A ) R VA I I D
Ty — 77 THT S A ) R a6 R T AR A ek 2D
RV B8 2 R ) AR R . A B T B R B L
2 By R TR TR A 55 A 250 B A ) R R R S R R
XN Sk R R AT L R TR R v K T
I B R il TR 97 NS A A 1) 7, AT B A1 R A
A, AR LUK N R ORI AT R, H
AMEERL-ABOZ2ARB I EEAG IR
Cob s R 5 1 29.39%~73.33%) , Ho Y2 S R R
LR H7 R R RN B L I A R R = 4 B A s Fop
MERAEROBESER - HEAR . RKRLARE,
KRR UL, 21 R i A R T R R FE R T KR )
1) i 28 Bb A A AL 5 3 B 2 R R 11 L IR R 2 A R
MEAR, RERES A ER.

FERMERR Y R 7 vk 2 EA R A
T 1 Bk (GC-MS) R A il - 3 T3 B i
(GC-IMS) = #H £ 3 — ML /] - jig 1% 3% A (GC-O-

FWWE: RAPHENERRYREEBEXRNARHER

MS) ER G 4E SO 3 - 5T 1 A (GCxGC-MS)
S, GC-MS &) 5 /0 B Tz, 8 HR I PR &
S M AR 4T s GC-IMS B A bR A R A
M s GCxGC-MS A B I 7 B Re 7, DR b 7E &2 2%
i BRI R AT A S A 4R T T R
[ 20 % s GC-O-MS 1] LA M Ak 2 #8 & P 1 43w iR il
HAESEE R . R & K Y5 2 R
/b, GC-MSS i mJ LA H KR ) 57 3 AT o8 & 5 T
[ I 475 7% GC-O-MS &+ AR X 3 o 1 4 o7 1 AT 42
o T 3 e & RS . RGP E B R
KR R e BR 2K B RAEE SR . 2R R T
REBMEBEESNED, T H 4L A 3
FUM R AR R TR R R SR AR
Zhou Z5EE LT IR iz ARSI B T 24 B 2, IX B g
FIE T R RS & S AL S . 5K AR
F GC-MS 70 #1 1 & % W45 K Ve IR R P I, % R e
RAE LB B FE R DI 5 LR &, 2 Fh e SR AR
BAHFA,BE 7 E Rk sk F e
R FLER CBE R R v P B R R R
e o o 7 M G N SN 7 1 L
MREOT, e Ah , BESROE TT 5 A LR SN AR R 2K, X
e B F AR WA T R IR AR AR . R
R R RS A D R RS, H
oK R B I R AR S T RN I M R 1 A R B R B
file s B AR SR VB R A, AT 9 TR
A ORI R AN R, e g — 2B
S B R BUIE SR R B X AT BE A TR 1 P R
BHRAANIER . BRZ PR SRR S 4%
W ER. LS W R R, A% h EENE
RUEREKUAEDESE LR OO LR TR
AR T i 4

g R BRI AR O ME R A i 3 B R
A TR i B AR R R UK ) T R R
FKER LR . KRR MAF{EA BAE T, &
Tt 7 ARG VR AR B AR TAE R H AT oG TR v AU
W )i 18] AH ELAE AL B T .

3 RGPS R G &

2 i R A & W0 19 % B0 F0 A8 Ak 32 2R T ol
AW A K AR W, BR i e KR AL S S R )
Z IR R IR 2. A RIAREHEE A SRR
W 2 B R R KRR R o R S LR

15



16

Journal of Food Science and Biotechnology

AR 2 K 2 BB AR W e e o 2 B AR 8
A Dl A 3 o W AU B A O T R IR 5 X L
74 i PR AT DL — 2B Fe AL O AT HLIR B 2R S )
DA R H A AR P 5, L 4R £ RN — 2T A

KEENI R T K In 7oA D EEA 291E
T TR R I B B R KB, P AR D B LR L
W, LA LW it — 20 O B RT7 BRI LR &
Mg, HIEMAIAN S REFERFEK, Mk
SHORMAE, EARMBAKR. FILAERZ K
W 3k A o ek D T e, RIS IR B . Duan
SR SR B, TE TR A R I L SIS R A B IR M
W 8 0 i A M A R TR A e K I KUK BT R
s RO e 1 E A IR 7 R RO D  BOA RN R
IR FR) 16 255 2 i R il S ) J5 4, 3 2 ) A e
— b % R} A 3 5 R AL SR T R . Zhang ST
KL BR7 MR Y AL 35 1 RA 63 1, KB 45 - Ja
PR J53 A 77 Fi 2 Tk A 0 R T R TR 3 IR\ )
T A AR RAE T o e Ak, 78 B0 R W B B, B
H7 PR AT 7L TR BR TR AT R O bR e A R 7 A LR
ANVRE B IR 03 TR 5 AT o 3 AL, 9 FLER AT B Y SR
I3 5 B 1 AT R SR AR

FEIR 7 R B P )5 1 LR T AV 7 LU B B T
HLEON AR E KBRS AER EES
LR A A K A R ORI R R A
Jo R RS 7K A W0 AT AT A A L TR BRI I 0 A S XL R
HI A W 52, 3K 26 T A 40 S 3k — 20 B A DR Ok ) )5
LR T 7 A K 4 N B ER R R B AR 1 S A
o B Tl 1 B AR P IR B T KA SR K 1 3
N TR AR B 355 P 3 N PR S L) 5 A B
2 e = e AF T B B a- B 1R 5 o- B R T DA JE 3
NG A O BB SR I 58 o i S 1 B A O E
BRI XM 7 P e (B A HLRR T ) —
SEEER . FLBR R R BRI R RR
W, REME T, ALRE 2 LR R R BN E, [ R
LR R W A T FLIR L i SR A L R R U P R
A= AR I AR L LR 2R, FL
MRWEZ5 IR AL BE T AT B A3 R R
(5 A2 iR 38 2 5 7 G 17 R 1) A 23 i, 7 AR
PER AL &) o i A0 57T Lin 57T 0F R
B, 5HA R B GRE —FF Ri P ILR W 5 B
JREIEM K, BRZHETWEZRIE. R
MR TR - LR AN A IR S5 A LR 5 B Ol 8 BEAH

BEE 30081 2025 F 3 A | ERE5EYEARFER

KL BRIAIR R IR A HLER 55 0 A W B A R
Zhou 57 NRE 5 i FL IR T H N R I R A RN A o A
YRR 7 » A DL LR < 9 e 1 1 A0 0 IR I PR 45 10 A 4K
PR S BN, B LT B S PR L PR I
T R 23 JiR TR 5 IEAH 5%, 33X 6 AU 7 0 21 2 i )R
WA A it S5 A T AE AR BEAE . Wang SRR AT
KB V7 vh AR R T R U S B T R R A
P B R 5 FLIR S I LR S R A XU T A R
F LA K s SBRAT B MV &R TR C AT W 5 LS5
AR R L BB 5 0 HE R L8 -1l i 17 5
FIEAK . BRI RO B L R KUk
A I HE R B SR TR I e AT YRR RE R
fh 25 1 A I B R R P AR R B ) B
R, SRR 2R B R I . B
HERIERE S FLRR A R A G, SR VER 5 &
R BT T 9 A R R e BT G — e R R
AHUER (LR 5 — b 3L R 1 A2 Bk 1 45 A OG0
— LGP B R AN AR R 34 AT LA AR IR I I S R 7 A Tl
J5 3 figé 9 itk AR WS TR 4 B 7 2 AR T E AN TR
JIG 0T IR 25 o he A B A 7R A T R e e A . R
T A58 5 I A S N R, R AR AL R AR
FSCEE R 0 I U R A A 4 2 TR ¥ XU 0 T R I
HERE. R T AR RS EEINEd T
TR W A R R IR RN 23 iR AR A RE ) AN
P 45 e 58 10 5 R B R ol T LR o A A
By B A AL B R . TR T I TR T D
/b (T IR 181 A R T 2112 i R 8 T B B ) KU
i B D £ 2R R T BUR B R IR IR T R
M Z IR A ER SR ML R A EEAE A, 5 2 MK
EAEEEC SV EP S G

W i P I DR A0 Jo 2 S o AR A
Mg X ) ot BEAT R AL T R, R U, A% AR R i I i
RE AP Bl A 0 FR ARl RT DA 14 ) R ) Joit
0 H o 42 R E AR AT 2 B S, — 2 1
Wl 3 S o Rl U YT R TRlZE W e R R
AT 73 DNy i AT, A I v e A A B %
7 ) AR I 3 T AR A A ORI AR T A, X
Foft 8 5 RT LA BIT Lk 4 v R A W S
(7] I 6 G L A AQ U 0 1) B B R o Tl W Bl R
YR Y S R R RO T R R B
80 U 75 D AR £ 7 W 1R S A A ) AT AR £ 7
YR 3 A



Vol. 44 No. 3

BE AN WA A 9 B TR Tt T 4 o] A i
Y, 3 3 4 ) A A s A AN T AR IE B
T e DE AR 38 A% T AT R Y Ak DR R TA R S B v A AR
PR FE R B R I R, AT e O U Y ARk g
55 B S N A I I e B 0 A R R B AR
Yoo DA R L S T g A o) A o [ IR AT K AR
PR R B AR A 2R BRI IS SR R T DA
1 BF T AT I TR TR 10 4 B T S 0 DR AR AR A T DA
il B A 2R K, 1 O LR T O0 S b L TR 4 1 pHL

FWWE: RAPHENERRYREEBEXRNARHER

2 B2 WAL B R BUIR B pH R AT A3 A R R
Con K o A1 D 2R A TR] It AT BSOS iR IR B C 2 B
2 B 7L AT TR B AU S 1 4R HLIR 5 R 2T
17 5 8 B A e P AT DA PR 3 v M R AR, 2t
T 532 W JX R 490 J5i FRD T Ko

22 LR TR R T B T A A A A R R
7 RAL & W] B 3 B R A, e A, mT DL I 4%
1 R 7 T 1A ol 25 0 B S B TR i IR 0 R £
o Ja BATI 7R IR NI T R S5 T L A

R2 BRARKYBREEXHMEY

Table 2 Flavor compounds and related microorganisms in sour soup

4% A 4 P 1% BE Z% ik
T L 0 PR A
2 LR BEFAR AT IR L LR R’ FLIR AT B B R 1 2 25,58,89
AU TRERR R CBLTRE L 7170 HF B8 AR 1 25 [ ]
AR AR SRR KLERS BAT 6% T ok LR B R R [56.58]
A 54 0 AR K B LT G L 2
LMW CRTELEMORE.T MM E . A CHERE  JLEE
R BRI o 7. B B 7 B O J B AT B R BRE L SLER B L2 Bk [58-59,85,89]
s ~ERR =7 R
’ ’ B R 5, 5% A R IO 2 0
ERMEE 2¥W 2R AN.e-RNEE  MIRHNRE EES  LRE. M [25.70]
ERIEMS 2PETH KPRS PEE SN TN TN SN 2 [70]
C s M \Candida . T%
Hef B2 TWL2-TW IR KRR AR T AR 157,70.89
% ,
4 JE e E DS
[1]GAO Y X, HOU L Z, GAO J, et al. Metabolomics

T2 iz B AT IR W S A AN B T B SR AR
R T AV LA R R BN . H AR KB
S R RE A5 T A A B 3 TR AR R LR T A I B T
MR 8RR B RE 0 E =AY, HAERKA
I B BB R R R T R i R A LR IR 3K
e B R IR IR SRR KR B o JEURE I
A ZE R m RS RERSMEY, &
TR 7 b ) A R A AR R . R, — T
T 22 HE 2 Tl A 20 b e 9 R ¥ B R 1) R S AL AL
KB T EAGRAT T 3R AT H 4 R RO R 5
I — J7 T AE R 7 R W oL o L4 #1184 A A W 1Y)
o AN Bk, i) e o A R R A R I I L AR
B ULLE A T 3 AR B AR
IR AT i J52 1K) PR 2 7 i

approaches for the comprehensive evaluation of fermented
foods:a review[J]. Foods,2021,10(10):2294.
[2] KOTHE C I, CARGE C, MAZEL F, et al. Novel misos

shape distinct microbial ecologies: opportunities for

flavourful sustainable food innovation[J]. Food Research
International,2024,189:114490.

[3] BAE S, CHOI Y J, PARK S E, et al. Effects of seasonal
harvest of kimchi cabbage on microbial and metabolic
profiles of kimchi[J]. Food Research International, 2024,
188:114476.

[4]LIU S N, HAN Y, ZHOU Z J. Lactic acid bacteria in

traditional fermented Chinese foods[J]. Food Research
International ,2011,44(3):643-651.

(5] X4, F52. /NLLARBUN L0 B 7 19 1ol 26 W B T 45 1) Je
A B AISE ML T]. o RS 2023,42(12) : 104-109.

LIU J, WANG L. Effects of small red pepper on microbial

community structure and the quality of red sour soup[J].

17



18

Journal of Food Science and Biotechnology

China Brewing,2023,42(12):104-109. (in Chinese)

[6] YUAN X Y, WANG T,SUN L P, et al. Recent advances
of fermented fruits: a review on strains, fermentation
strategies, and functional activities[J]. Food Chemistry:
X,2024,22:101482.

[7JLINLJ,WUJY,CHEN X,etal. The role of the bacterial
community in producing a peculiar smell in Chinese
fermented sour soup[J]. Microorganisms, 2020, 8 (9) :
1270.

[8] ZHENG H S, HUANG C B, LIU S H, et al.

ultrasound treatment on the oxidation and conformational

Effect of

structure of myofibrillar protein of beef marinated in red
sour soup[ J]. Meat Science,2025,224:109779.

(9] =4, i THl T2 &2 R 28 A& ik 7

[DJ. BEFH:5EIHK22,2020.

[10] WU W Y, WANG X Y,HU P, et al. Research on flavor
characteristics of beef cooked in tomato sour soup by gas
chromatography-ion mobility spectrometry and electronic
nose [J] . LWT-Food Science and Technology, 2023,
179:114646.

[11] ZHENG H S, LI L L, HUANG C B,et al. Evaluation of
ultrasound-assisted tomato sour soup marination on beef:
insights into physicochemical, sensory, microstructural,
and flavour characteristics [J] .
2024,110:107028.

[12] W&, X, s, %, BBt LZmuli]l. W
FHEF,2023,37(8):14-19.

HUANG C B, LEI X, WANG X Y ,et al. Optimization of

Ultrasonics Sonochemistry ,

recipe for sour soup with beef[J]. Meat Research,2023,
37(8):14-19.(in Chinese)

[13] /AN, 2255 0%, 30K, 5. IR iR 4 R L2
WEFELI]. il 5 A E AR R, 2021,4009):85-93.
TANG X H, JIANG Q X, XIA W S, et al.

acidification and sterilization of sour soup channel catfish

Study on

[J1. Journal of Food Science and Biotechnology, 2021,
40(9):85-93. (in Chinese)

[14] ALI M Y, ALI IBN SINA A, KHANDKER S S, et al.
Nutritional composition and bioactive compounds in
tomatoes and their impact on human health and disease: a
review[J]. Foods,2021,10(1):45.

[15] XU Z N, ZHONG D J, WANG J Y, et al.

physicochemical , microbiological and bioactive component

Colour,

quality analysis of peppers in Guizhou[J]. International
Journal of Food Science & Technology, 2023, 58 (2) :
665-675.
[16] LIU N, HU Y, QIN L K, et al. Flavor and quality
characteristics of Guizhou red sour soup prepared by

different artificially fortified fermentation methods [J] .

BEE 30081 2025 F 3 A | ERE5EYEARFER

LWT-Food Science and Technology,2023,186:115247.

[17] CONG S,LIZ C,YU L,et al. Integrative proteomic and
lipidomic analysis of Kaili Sour Soup-mediated attenuation of
high-fat diet-induced nonalcoholic fatty liver disease in a
rat model[J]. Nutrition & Metabolism,2021,18(1):26.

[18] M 7R . PLH LI 0 & IR ME K B i 2R D . 5t
FH + 531 B2 R K5, 2020

[19] W 2rtg. WL HL L0 7 %o JE Bk O B I Jo2 A 38 4 52 ey A G
HLEIRT A LD, 53 FH - 53 M BEFF K%, 2021,

[20] &, SELLLIR ) R4 K Hoonf R BRI 4 9% 4 A 9
[DI. SR Bt MR ,2019.

[21] L. 520 9L IR 7 & A KB AR VR RS IR 07
JHE R 52 Je ML AR ELD . 53 FH = 5 M B R R 2%, 2022.

[22]J LI L C,SUN H Y, TAN L B, et al. Miao sour soup

alleviates DSS-induced colitis in mice: modulation of gut

microbiota and intestinal barrier function[J]. Food &
Function,2024,15(16):8370-8385.

(23] A0 PO, RIEE B, sk i 4y . BLE AR AT Fist R T].
PRI ,2021(10):98-99.
SHI Q N, LIU G Q,ZHANG J Y. Research progress of
Kaili baisuan decoction [J] .
(10):98-99. (in Chinese)

[24] WANG C, ZHANG Q, HE L P, et al. Determination of

the microbial

Heilongjiang Grain, 2021

communities of Guizhou Suantang, a

traditional Chinese fermented sour soup, and correlation

between the identified microorganisms and volatile
compounds[J]. Food Research International, 2020, 138:
109820.

[25]LI J, WANG X Y, WU W Y, et al. Comparison of
fermentation behaviors and characteristics of tomato sour
soup between natural fermentation and dominant bacteria-
enhanced fermentation [J] .
(3):640.

[26] (A, 5 (7, 2 00 8, 55 . FLIRR W1 1% 0 06 K A2 AL AL IR
DRBELZPMB AL, & & 5P, 2025,41(1)
42-52.

WUTY,YISY,LIJF,etal.

Microorganisms, 2022, 10

Screening of lactic acid
bacteria and their application in optimizing the fermentation
process of sour soup[J]. Food & Machinery,2025,41(1):
42-52.(in Chinese)

[27] XIONG K X, HAN F, WANG Z H, et al. Screening of

dominant strains in red sour soup from Miao nationality

and the optimization of

Food Science & Nutrition, 2021, 9 (1) :

inoculating  fermentation
conditions[J] .
261-271.

[28) NGUYEN N N, TRAN L T D,HO N D K, et al. Dietary
nitrate, nitrite, and nitrosamine in association with

diabetes: a systematic review and meta-analysis [J] .



Vol. 44 No. 3

Nutrition Reviews,2024,82(11):1473-1481.

[29] SHAKIL M H, TRISHA A T, RAHMAN M, et al.
Nitrites in cured meats, health risk issues, alternatives to
nitrites:a review[J]. Foods,2022,11(21):3355.

[30] TAN X Q, CUI F C, WANG D F, et al.
vegetables: health benefits,
technological solutions[ J]. Foods,2024,13(1):38.

[31JLI M N, YAO Q B, ZHANG H R, et al.

Fermented
defects, and current
Impact of
different lactic acid bacteria on nitrite degradation and
quality of fermented carrot[J]. International Journal of
Food Science & Technology,2024,59(9):6501-6512.
[32]LU Y H, WU J M, HUANG J R, et al.
China:

Fermented

vegetables in overview, novel processes,
influencing factors, lactic acid bacteria and industrialisation
status [J] . International Journal of Food Science &
Technology,2024,59(7) :4420-4436.
[33] YANG H, XIONG J, HE L P, et al.

of cholesterol-decreasing

Stress tolerance,

safety, and probiotic traits

Bifidobacterium BLHI1 isolated from Guizhou red sour

soup, a traditional Chinese fermented food [J]. LWT-
Food Science and Technology,2024,192:115696.

[34] POLESEL J, DIMASO M, ESPOSITO G,et al. A plant-
based cholesterol-lowering diet score correlates with
serum LDL-cholesterol levels [J]. Nutrients, 2024, 16
(4):495.

[35] A1 R M. BUMURR V2 D0 5T 1 b 07 326 o YR 2 v 771 o) % 1F 9
[D]. StFH: 5t MK ,2024.

[36] W5, e, R, 4. TR T ™ TR W BE 1A 077 %6 A M g

MELT]. 2245 T,2024(21) :64-70.
PAN Y, YANG D Q, ZHU X, et al.
performance determination of acid-producing yeast in
sour soup[J]. China Food Safety Magazine,2024(21) :
64-70. (in Chinese)

(371 #AE, x50, ZR 4L B, 48 . 70 bR 8% 21 12 17 L W2 A1 R 9% B
2 A e RO LT]. i 5 R B Ak, 2024, 50
(5):116-123.

HU Y, LIU N, QIN L K, et al.

Screening and

Isolation and
identification of lactic acid bacteria and yeast from split-
fermented red sour soup and their application[J]. Food
and Fermentation Industries, 2024, 50 (5) : 116-123. (in
Chinese)

[38] EEbg, IR A1, 2 H e, 5. ZLIR % iy Cd™ % BF 1 1)
i % B Fe W MY R PELI] . 'R BE R 5 O K, 2023, 44
(13):183-189.

WANG Y T, XU R Y, NIU HY, et al. Screening and
adsorption characteristics of cadmium-resistant yeast in
red acid soup [J]. Food Research and Development,

2023,44(13):183-189.(in Chinese)

FWWE: RAPHENERRYREEBEXRNARHER

[39] & 55, HA 0B AR 1 30 RR 0 ke T HAE 201 i 2k 7
RN LT, i % A B E AR I A2 4, 2023, 14C11)
164-170.
LI H Q. Screening of antimicrobial activities of lactic
acid bacteria and its application to red sour soup [J] .
Journal of Food Safety & Quality, 2023, 14 (11) : 164-
170. (in Chinese)

[40] ZHOU Q L, ZHAO C Y, LI X F, et al. Discovery of

lactic acid bacteria with high nucleoside degradation and

low purine production in tomato sour soup [J]

International Journal of Food Microbiology, 2025, 434:

111139.

S, R ALV AR L R R pR 9 L IR T R

REGR i 07 0 5 R L0 fr dh DAk B4, 2023, 44(3)

163-171.

WU M Z, WANG B, DU J, et al.

—
N
—_

[

Screening and
application of dominant lactic acid bacteria and yeasts in
rice sour soup from Miao[J]. Science and Technology of
Food Industry,2023,44(3):163-171.(in Chinese)

[42] FEHF, 5k R, M. M ARBRA~RARE
% 08 K R e bLAC LI DL rh I BSOS IR 2023, 34
(10):101-110.

TANG Y P, ZHANG F Q, HAO H M.

Screening of

dominant acid-producing lactic acid bacteria from

white sour soup and its fermentation
performance comparison [J] . China Food Additives,
2023,34(10):101-110. Cin Chinese)

[43] BRE B UFE . B/he, %, JIRARDAREN 55
SeE R At se e LI]. ob B R, 2022,47C12)
32-36.

ZHAO C X, LI A M, YANG X Y, et al.

Guizhou

Isolation and
identification of lactic acid bacteria from Kaili rice sour
soup and determination of bacterial properties[J]. China
Condiment,2022,47(12):32-36. (in Chinese)

[44] B AEE S 705, BEA B0, 5. WX AR T WU E Y RE
ZREVERT A S AR A A i L], a5 R R
$,2021,57C1):1-11,45.

XIAO T T, FENG Z J, QIU S Y, et al. Microbial

community diversity and acquisition of dominant
microorganisms in Hmong rice acid soup[J]. Food and
Fermentation Sciences & Technology,2021,57(1):1-11,
45.(in Chinese)

[45] AGUIRRE-GARCIA Y L, NERY-FLORES S D,
CAMPOS-MUZQUIZ L G,et al. Lactic acid fermentation in
the food industry and bio-preservation of food [J] .
Fermentation,2024,10(3):168.

[46] AYED L, M’ HIR S, NUZZOLESE D, et al. Harnessing

the health and techno-functional potential of lactic acid

19



20

Journal of Food Science and Biotechnology

bacteria: a comprehensive review [J]. Foods, 2024, 13
(10):1538.
[47] YANG H, HAO L Y, JIN Y, et al.

engineering strategies to improve the industrial functionalities

Functional roles and

of lactic acid bacteria during food fermentation [J] .
Biotechnology Advances,2024,74:108397.

[48] LEE S M,HWANG Y R,KIM M S,et al. Comparison of
volatile and nonvolatile compounds in rice fermented by
different lactic acid bacteria[J]. Molecules,2019,24(6):
1183.

[499] WANG Y Q, WU J T, LV M X, et al.

characteristics of lactic acid bacteria and the expanding

Metabolism

applications in food industry[ J]. Frontiers in Bioengineering
and Biotechnology,2021,9:612285.
[50] SHARMA P, SHARMA A, LEE H J.

potential of exopolysaccharides from lactic acid bacteria:

Antioxidant

a comprehensive review [J] . International Journal of
Biological Macromolecules,2024,281(2):135536.

[51] YANG Y, JIANG G Y, TIAN Y Q. Biological activities
and applications of exopolysaccharides produced by lactic
acid bacteria: a mini-review [J] . World Journal of
Microbiology and Biotechnology,2023,39(6):155.

[52] YANG X H, HONG J Q, WANG L H, et al. Effect of
lactic acid bacteria fermentation on plant-based products
[J]. Fermentation,2024,10(1):48.

[53] LIB B,JIANG G L,LI S L,etal. Integrating Label-free
proteomics and molecular dynamics to investigate the

interactions between proteins and bioactive compounds in

Rosa roxburghii Tratt fermented by Lactobacillus
acidophilus GIM1.208[J]. Food Bioscience, 2024, 58:
103748.

[54] LI B B, YUAN D D, SONG S G, et al. Effects of
Lactobacillus acidophilus GIM1.208 on antioxidant and
hypoglycemic activities, flavor and glycosides of Rosa
roxburghii Tratt[J]. Food Bioscience,2023,55:102948.

[55] LI B B,ZHANG T,DAI Y ,et al. Effects of probiotics on
antioxidant flavor

activity, compounds and

LWT-Food

sensory
evaluation of Rosa roxburghii Tratt [J] .
Science and Technology,2023,179:114664.

[56] LIUN,HU Y, WU M X,etal. The quality characteristics
and microbial communities of three components in traditional
split-fermented red sour soup[ J]. Food Science & Nutrition ,
2024,12(10):7287-7305.

[57] 8. BT Z0RR V7 v B KUK 23 BT B G i 5 42 0 2
WEFELD]. SEFH : 53 K52, 2021

[58] LI D F,DUAN F X, TIAN Q M,et al. Physiochemical,
microbiological and flavor characteristics of traditional

Chinese fermented food Kaili Red Sour Soup[J]. LWT-

BEE 30081 2025 F 3 A | ERE5EYEARFER

Food Science and Technology,2021,142:110933.
[59] LIN L J, ZENG J, TIAN Q M, et al. Effect of the
bacterial community on the volatile flavour profile of a
fermented condiment-red sour

Chinese soup-during

fermentation [J] . Food Research International, 2022,
155:111059.

[60] HAN D, YANG Y S, GUO Z T,et al. A review on the
interaction of acetic acid bacteria and microbes in food
fermentation:a microbial ecology perspective[ J]. Foods,
2024,13(16):2534.

[61] LIU N, PAN J H, MIAO S, et al. Microbial community
in Chinese traditional fermented acid rice soup (rice-acid)
and its correlations with key organic acids and volatile
compounds[J]. Food Research International, 2020, 137:
109672.

[62] 470, & AR, B0k s, 55, LR KB R Ay

A L S/ D NS e T IR P o B
2022,43(19):177-190.
HEY B,LIGL,LIY F,etal. Analysis of microflora and
volatile substances change in red sour soup during
fermentation [J] .
Industry,2022,43(19):177-190. (in Chinese)

[63] POURIS J, KOLYVA F, BRATAKOU S, et al.
of fungi in food production and processing[J]. Applied
Sciences,2024,14(12):5046.

[64] TAMANG J P, LAMA S. Probiotic properties of yeasts
in traditional fermented foods and beverages[J]. Journal
of Applied Microbiology,2022,132(5):3533-3542.

[65] CHEN L,LI K,CHEN H T,etal. Reviewing the source,

Science and Technology of Food

The role

physiological characteristics, and aroma production
mechanisms of aroma-producing yeasts[J]. Foods,2023,
12(18):3501.

[66] LIU D T, CHEN J, LI X, et al. Revealing the microbial

contributions in chili paste fermentation by inoculating in

situ microbiome[J]. LWT-Food Science and Technology ,
2024,191:115632.

[67] GMELCH T J, SPERL J M, SIEBER V. Optimization of
a reduced enzymatic reaction cascade for the production
of L-alanine[ J]. Scientific Reports,2019,9:11754.

[68] MALY,LIJM. Food flavor substances. [M]Singapore:
Springer Singapore,2021:433-509.

[69] WEZRLL, ZRAL B, S22 6, 55 . SN ZLIR V% & 7 i L [ &
WRAFAE 0 AT LI ], v [ R W, 2020, 45(6) :43-48,53.
PAN J H, QIN L K, WEN A Y, et al.

nutritional quality and flavor characteristics of red acid

Analysis of

soup in Guizhou Province[J]. China Condiment, 2020,
45(6):43-48,53.(in Chinese)
[70] ZHANG X, WANG Z Y, XU X B, et al. The



Vol. 44 No. 3

relationships between flavor substances and microbial

communities during the fermentation of Chinese
traditional red sour soup[J]. Food Bioscience,2024,62:
105451.

(711 800, J0 k5 VR R R B 2008 ¥ i B BIE S8 [ D]
MK ,2023.

[72] YAMAMOTO T, INUI-YAMAMOTO C.

enhancing

FH

Pl
Pt

The flavor-

action of glutamate and its mechanism
involving the notion of kokumi[J]. npj Science of Food,
2023,7:3.

[73] HARMON C P, AHMED O M,BRESLIN PA S. Amino
acid bitterness: characterization and suppression [J] .
Journal of Agricultural and Food Chemistry, 2024, 72
(41):22753-22765.

[74] LIU N, QIN L K, PAN J H, et al.

traditional Chinese acidic rice soup (rice-acid) prepared

Characteristics of

with different fermentation methods[J]. Food Science
and Human Wellness,2022,11(2):277-288.

[75] LOUW S. Recent trends in the chromatographic analysis
of volatile flavor and fragrance compounds: annual review
2020[J]. Analytical Science Advances, 2021, 2(3/4) :
157-170.

[76] ZHANG Q, WANG Y D,MENG F Y,et al. Comparative
analysis of the volatile flavor compounds of Monascus-
fermented cheese with different ripening periods by
SPME-GC-MS, SPME-GCxGC-MS, and HS-GC-IMS
[J]. Food Bioscience,2024,62:105045.

[77] SONG H L, LIU J B. GC-O-MS technique and its
applications in food flavor analysis[J]. Food Research
International,2018,114:187-198.

[78] ZHOU X J, LIU Z Q, XIE L, et al. The correlation

mechanism between dominant bacteria and primary
metabolites during fermentation of red sour soup [J] .
Foods,2022,11(3):341.

[79] SKART. ZLRR¥A KB L 200 S Bz I mE st [D]. 5t
FH = 5 JH K252, 2018,

[80] Ftifg, B2, T4k, % . H+ #4545 HS-SPME-GC-MS
FORFEMT St 77 X LR &N [T]. B,
2024,43(11):231-236.

LU M, CHEN J, WANG X Y, et al.

components of red sour soup from main producing areas

Analysis of aroma

of Guizhou using electronic nose combined with HS-
SPME-GC-MS[J]. China Brewing,2024,43(11):231-
236.(in Chinese)

[81]JLI J L, MAO Y, SHEN W Y, et al. Effect of

FWWE: RAPHENERRYREEBEXRNARHER

epigallocatechin gallate/transglutaminase synergistic cross-
linking on the flavor of surimi gels[J]. Food Chemistry,
2025,464:141914.

[82] ZHANG X J, GAO P, XIA W S, et al. Characterization
of key aroma compounds in low-salt fermented sour fish
by gas chromatography-mass spectrometry, odor activity
values, aroma recombination and omission experiments
[J]. Food Chemistry,2022,397:133773.

[83] BV, o i, 4, 55 . AN [F) FL R T R 8 X o A 9
B K AR M L], £ i 5 AR BOR 24,2024, 43(4)
90-97.

WEI T T, ZUO Y Y, WANG L, et al.

fermentation with different lactic acid bacteria on quality

Effects of

and fragrance of Rosa roxburghii Tratt juice[J]. Journal
of Food Science and Biotechnology,2024,43(4):90-97.
(in Chinese)

[84] ZHANG K, ZHANG T T, GUO R R, et al. The
regulation of key flavor of traditional fermented food by
microbial metabolism: a review[J]. Food Chemistry: X,
2023,19:100871.

[85] DUAN F X,LUO Y, LI D F,et al. Kaili red sour soup:
correlations in composition/microbial metabolism and
flavor profile during post-fermentation[ J]. Food Chemistry ,
2024,435:137602.

[86] ZHANG X, XIONG K X, YE S H, et al.
different raw materials on bacterial community and flavor

Food

Effects of

compounds in fermented red sour soup [J] .
Bioscience,2025,65:106034.

[87] ABDUL HAKIM B N, XUAN N J, OSLAN S N H. A
comprehensive review of bioactive compounds from lactic
acid bacteria: potential functions as functional food in
dietetics and the food industry[J]. Foods,2023,12(15):
2850.

[88] % T, & Z A, i JLUK, &5 . ST N L it sudt R[]
&5, 2022,35(6):19-23.

YUAN Y,LI' Y C,MENG F B, et al. Research progress
on Guizhou red sour soup[J]. Cereals & Oils, 2022, 35
(6):19-23. (in Chinese)

[89] A Wewki. FLHL W X 401K iz Wk stk /L #I BF 5t (D], K
W MOl B R 2023

[90] CARROLL A L, DESAI S H, ATSUMI S.

production of scent and flavor compounds[J]. Current

Microbial

Opinion in Biotechnology,2016,37:8-15.

TR 48 - S R D

21



