232

FOOD & MACHINERY

DOI:10.13652/j.spjx.1003.5788.2023.80162

EIBE LM BE28H | 2023F 1A | RSV

[ & 42 ] 1003-5788(2023)04-0232-09

FLER B X 2 B i 3 JXURK =2 Wi B 53 2t fe

Research progress on the effect of lactic acid bacteria on the

flavor of fermented vegetables
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Abstract: In the process of vegetable fermentation, the variety
and quantity of microorganisms are complex and changeable.
Lactic acid bacteria (LAB), as the main power in the process of
vegetable fermentation, participate in the regulation of various
metabolic pathways and affect the formation of flavor. In this
review, the changes of major flavor metabolites during vegetable
fermentation and their internal relationship with the community
structure and abundance of LAB were summarized, then the
potential mechanism of LAB fermentation to produce flavor
substances was discussed. Moreover, the application of LAB in

vegetable fermentation was prospected.
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Table 1 Dominant lactic acid bacteria related to flavor formation in vegetable fermented foods
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The main pathway of flavor formation in fermented vegetables
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Figure 2 The main pathway of carbohydrate metabolism by LAB
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Figure 3 Metabolic pathways of related enzymes involved in flavor formation during fermentation

SHRXS

¢
TR it )

N

G T K PR 0 2T 20 WY 2 T IO L S T (D E 3 R TR R o 5L R T 0 T LB 5 % S 0
LA T 06 30 ¢ Tt L o 1 G 8 1 A B HURE Al e 7 o o o B R R R e

T S T B A A R T P RO R A R P 2 S T T — T LT 2
Bk fE B Z ML AL T ZIRBEAL ) i 5 — TR IR R R R T30 T %
MO, LR — LA AR SRR RN gk s h i 0k . ST e, AT EF 6k LR J5 T HE AT
Wi B2 A 7 AL 1 Z R TE o SRS T MR B IAE T 55D B TS W4 R R R v 540 R F S 22 5 AR
PEAFFERRRAGHE 71 S LA B A R ECIE CTRVEAJR S g g 3L e 1 T 9 10 4L S R A 2 A e AR 4 0
PO R . BeOh, I 07 BR AT A A5 S A MESR AN AR 0T DU ot e 3t gL T % LA S0 500 B L 0 T O 4 0 A L i 7 o
S SR R Y il i A 7 AR AR S Y o PR BT EHPRE e i Lk e 20 0 SRR s @ o [0 722 o 5 10
T R P L 2 T A I O — 2B R AT IR AN IE R F AR £ i 2R 50 0 f By 25 5 VR 3
FRAE S ORGSR R LA B e o i (02 0 R R B R
R 07 R A 60 2 LA A LTS PRI R 5 oo gk A e T £ 2 7 1 o 2 4
L S AL R S BRF7S RO A DR LA sy g e s eh B 0 7 RO 1 0 9 R
SRR 1 5 6 R AR BT ) p e e e o e e
S5 EBERNARY MR kAl 2 T B . D SRS I T A B I
3 ik il 117 4537 SR RV 3 i 7 AL EC VR T 3o R 0 T T 9

KK 43 B S5 W 4 TR 2 3 00 5 o T 00T B B WM R TRl B P R L I S A B £ 22 4
B 3 R R I LR E OB AT B IR R R JEUR A 2 25 R R A R 4 4 ok AT R it

237



238

R R ADVANCES

FE L DGR = i B 22 4 P 3 3 4 8% SR A LS AL L L
Bl e A

&% ik

(1] AT SR, ST, R B8, 45 50 1) A 25 2 v A A 5 W B g R

WEFEHE (7] 1 ¥0 B TR 22 24 4l CH AR B2 D, 2022, 19(4):
118-130.
REN H M, ZHANG B, DENG N, et al. Research progress on main
potential hazards and reduction and control technology of Hunan-
flavored prepared dishes[J]. Journal of Changsha University of
Science & Technology (Natural Science), 2022, 19(4): 118-130.

(2] A, XULD, BREE %, S5, BAISE ™l BUAR T % Jé 42 40 #r

[J]. o B £ AR, 2022, 22€10): 20-26.
WANG J H, LIU M, CHEN Y R, et al. Present situation and
development path analysis of prepared Hunan vegetable industry[J].
Journal of Chinese Institute of Food Science and Technology, 2022,
22(10): 20-26.

[3] TAMANG J P, THAPA N, TAMANG B, et al. Microorganisms in
fermented foods and beverages [J]. Health benefits of fermented
foods and beverages, 2020, 6(4): 106.

[4] TAMANG J P, WATANABE K, HOLZAPFEL W H. Review:
Diversity of microorganisms in global fermented foods and
beverages[J]. Frontiers in Microbiology, 2016, 7: 337-365.

[S]JUNG J Y, LEE S H, JIN H M, et al. Metatranscriptomic analysis of
lactic acid bacterial gene expression during kimchi fermentation[J].
International Journal of Food Microbiology, 2013, 163 (2/3):
171-179.

[6] 5K AB A+ B ZL R B & 19 1 BIOAL C 200F 58 D], 0 [ 9 R i,
2021, 46(1): 101-104.

ZHANG Y S. Study on fermentation technology of pickled pepper
by Lactobacillus[J]. China Condiment, 2021, 46(1): 101-104.

[7] I Se s, 2 i, e, 55 130 b FLIR B I 4 v 45 2 (kA
PPk 2 ] £ 8 5L, 2017, 33C10): 6-10.

ZHOU X R, LAN L X, TANG Y Y, et al. Isolation and identification
of lactic acid bacteria from fermented vegetables and in
vitroresistance screening[J]. Food & Machinery, 2017, 33(10): 6-10.

[8] PEREZ-DIAZ I M, HAYES J, MEDINA E, et al. Reassessment of
the succession of lactic acid bacteria in commercial cucumber
fermentations and physiological and genomic features associated
with their dominance[J]. Food Microbiology, 2017, 63: 217-227.

[9THE Z, CHEN H Y, WANG X Y, 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, 2020, 118: 108773.

[10] 5K 2 M. 3 Fh A W B D B A% 4 P KUK ) 5 9 0F 52 [D]. I 4

th gl K2, 2009: 61-69.
ZHANG D M. Study on inoculating fermented radish and its

BE 288 | 2023 F 4 A | RaSHW

volatile flavor substances [D]. Wuhan: Huazhong Agricultural
University, 2009: 61-69.

[01] s fh, FHALIE, B, 45, 5 gk 3% i KUK 9 J50 I8 43 43 47 (7).
LA B2, 2019, 47D 192-196.

YUAN HY, YIL G, XU Z, et al. Analysis of flavor components in
five vegetables [J]. Jiangsu Agricultural Sciences, 2019, 47 (1):
192-196.

(2] BF 1, EFF, S, 4. i R 7 80 5 B REAS T HOUE 830 (]
it 5 R IR [J]. £ kS5 HLBK, 2013, 29(5): 182-184.

ZHAO X X, WANG D, MA Y, et al. Effect of temperature and
packing material on quality of dehydrated hot pepper during
storage[J]. Food & Machinery, 2013, 29(5): 182-184.

[13] sk, S5, A, S5 W A Wy i 8 15 KUk 9 Jo 4%
O F 58 R[], £ B L4, 2021, 42(23): 294-305.

ZHANG X R, GUAN H, XING S H, et al. Advances in research on
microbial succession and flavor changes in pickles [J]. Food
Science, 2021, 42(23): 294-305.

[14] SHI X N, ZHOU X M, CHU X Y, et al. Allicin improves
metabolism in high-fat diet-induced obese mice by modulating the
gut microbiota[J]. Nutrients, 2019, 11(12): 2 909-2 923.

[15]EZZAT S M, EZZAT M I, OKBA M M, et al. The hidden
mechanism beyond ginger ( Zingiber officinale Rosc.) potent in
vivo and in vitro anti-inflammatory activity [J]. Journal of
Ethnopharmacology, 2017, 214: 113-123.

[16] 3k Az, X4, T A0, 45, TR M KAk = W 7E & fh P R 2
WA FIBT 5k e (9. B B 2F2, 2022, 43(3): 315-324.
ZHANG Y S, LIU D M, WANG J H, et al. Advances in
understanding the effects of plant-derived natural products on
biogenic amine reduction in foods[J]. Food Science, 2022, 43(3):
315-324.

[17] LIANG H P, HE Z, WANG X Y, et al. Bacterial profiles and
volatile flavor compounds in commercial Suancai with varying
salt concentration from Northeastern China[J]. Food Research
International, 2020, 137: 109384.

[18] 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
Research International, 2020, 130: 108926.

[191YOU S Y, YANG J S, HYUN K S, et al. Changes in the
physicochemical quality characteristics of cabbage kimchi with
respect to storage conditions[J]. Journal of Food Quality, 2017,
2 017: 9562981.

[20] HEE L S, WOONG W T, WOON R S, et al. Unraveling microbial
fermentation features in kimchi: From classical to meta-omics
approaches[J]. Applied Microbiology and Biotechnology, 2020, 104
(18): 7 731-7 744.



&M | Vol.39, No.4

[21] YANG X Z, HU W Z, XIU Z L, et al. Comparison of northeast
sauerkraut fermentation between single lactic acid bacteria strains
and traditional fermentation[J]. Food Research International, 2020,
137: 109553.

[22] XIAO Y S, HUANG T, HUANG C L, et al. The microbial
communities and flavour compounds of Jiangxi yancai, Sichuan
paocai and Dongbei suancai: Three major types of traditional
Chinese fermented vegetables [J]. LWT-Food Science and
Technology, 2019, 121: 108865.

[23]JUNGJ Y, LEE S H, LEE H J, et al. Effects of Leuconostoc
mesenteroides starter cultures on microbial communities and
metabolites during kimchi fermentation[J]. International Journal of
Food Microbiology, 2012, 153(3): 378-387.

[24] NIU C T, XUE Y, JIA Y, et al. Analysis of bacterial community
dynamics in the manufacture process of lajiaojiang (red chili
paste) [J]. LWT-Food Science and Technology, 2020, 122: 108976.

[25] B (s, A1, A0, 45 LR bR I A 1 3 v I A TR kA9 L
il B 7 P 5T BUAR [, B 55 A Tl 2021, 47(24): 301-307.
PIJ T, LIU D M, WANG J H, et al. Advances on nitrite
degradation mechanisms of lactic acid bacteria in pickles[J]. Food
and Fermentation Industries, 2021, 47(24): 301-307.

[26] THOMAS B. Lactic acid bacteria as starter cultures: An update in
their metabolism and genetics[J]. AIMS Microbiology, 2018, 4(4):
665-684.

[27] TRAE Y, AEVE, W15 B2, S, £ 32 BT IR A NCU034005 15 17 45
WY A B B NCU027003 X 3 32 £ 4 S KU (9 52 i [ 7). £ ft 5
B, 2020, 36(5): 7-14.

XU Y Z, XIONG T, XIE S H, et al. Effects of Weissella cibaria
NCU034005 and Leuconostoc citreum NCU027003 on paocai
metabolites and flavor[J]. Food & Machinery, 2020, 36(5): 7-14.

[28] FILANNINO P, AZZI L, CAVOSKI I, et al. Exploitation of the
health-promoting and sensory properties of organic pomegranate
(Punica granatum L.) juice through lactic acid fermentation[J].
International Journal of Food Microbiology, 2013, 163 (2/3):
184-192.

[29] MCAULIFFE O, KILCAWLEY K, STEFANOVIC E. Symposium
review: Genomic investigations of flavor formation by dairy
microbiota[J]. Journal of Dairy Science, 2019, 102(1): 909-922.

[30] CHOI Y J, YONG S, LEE M J, et al. Changes in volatile and non-
volatile compounds of model kimchi through fermentation by
lactic acid bacteria[J]. LWT-Food Science and Technology, 2019,
105: 118-126.

[31]CUI S M, ZHAO N, LU W W, et al. Effect of different
Lactobacillus species on volatile and nonvolatile flavor

compounds in juices fermentation[J]. Food Science & Nutrition,

2019, 7(7): 2 214-2 223.
[32]LUO Y L, LIU Y L, REN T, et al. Sichuan paocai fermented by

BRNES FLER T X & B R 3K K B M B 5 R

mixed: tarter culture of lactic acid bacteria[J]. Food Science &
Nutrition, 2020, 8(5): 5 402-5 409.

[33] LIANG H P, HE Z, WANG X Y, et al. Effects of salt concentration
on microbial diversity and volatile compounds during suancai
fermentation[J]. Food Microbiology, 2020, 91: 103537.

[34] SMID E J, KLEEREBEZEM M. Production of aroma compounds
in lactic fermentations [J]. Annual Review of Food Science &
Technology, 2014, 5(1): 313-326.

[35] RAFFAELLA D C, FILANNINO P, GOBBETTI M. Lactic acid
fermentation drives the optimal volatile flavor-aroma profile of
pomegranate juice[J]. International Journal of Food Microbiology,
2017, 248: 56-62.

[36] (LW, T A, BK, 55 fi 42 W R BEP ORI L 201k Bk
T DI 2 25 R JR 50 23T 0], B R 272, 2019, 40(8): 87-93.
RENT T, YUE T L, WEI X, et al. Process optimization for
production of fermented apple pulp with probiotics and analysis of
volatile flavor components before and after fermentation[J]. Food
Science, 2019, 40(8): 87-93.

[371 KAMDA A G S, RAMOS C L, FOKOU E, et al. In vitro
determination of volatile compound development during starter
culture-controlled fermentation of cucurbitaceae cotyledons [J].
International Journal of Food Microbiology, 2015, 192: 58-65.

[38] CHEN W T, KARANGWA E, YU J Y, et al. Characterizing red
radish pigment off-odor and aroma-active compounds by sensory
evaluation, gas chromatography-mass spectrometry/olfactometry
and partial least square regression [J]. Food and Bioprocess
Technology, 2017, 10(7): 1 337-1 353.

[39TLEE J J, CHOI Y J, LEE M J, et al. Effects of combining two
lactic acid bacteria as a starter culture on model kimchi
fermentation[J]. Food Research International, 2020, 136: 109591.

[40] RAO Y, QIAN Y, TAO Y F, et al. Characterization of the microbial
communities and their correlations with chemical profiles in
assorted vegetable Sichuan pickles [J]. Food Control, 2020,
113: 107174.

[41] TOMISLAV P, MARIE-BERNADETTE M, AURELIE L, et al.
Lactobacillus and Leuconostoc volatilomes in cheese conditions
[J]. Applied microbiology and biotechnology, 2016, 100(5): 2 335-
2 346.

[42] MI L S, YOUNG L J, JEUNG CY, et al. Determination of volatiles
and carotenoid degradation compounds in red pepper fermented by
Lactobacillus parabuchneri[J]. Journal of food science, 2018, 83
(8): 2 083-2 091.

[43] CHEN C, LU Y Q, YU H Y, et al. Influence of 4 lactic acid
bacteria on the flavor profile of fermented apple juice influence of
4 lactic acid bacteria[J]. Food Bioscience, 2019, 27: 30-36.

[44] = BF, XUAHR, ZE 80, 55, FLIR A 18 R B T Bl XUk F 5 3t e
01 &5 & BT, 2022, 48C1): 315-323.

239



240

R R ADVANCES

QUAN Q, LIU W, ZUO M N, et al. Advances in the flavor of fruit
and vegetable juices fermented by lactic acid bacteria[J]. Food and
Fermentation Industries, 2022, 48(1): 315-323.

[45] BF I A 10 AR K TBE 6526 4 A0 DG MR F 5T (D). Bt BH: BN K2,
2009: 43-49.

MU Y C. Study on microbial correlation of pickled pepper
fermentation[D]. Guiyang: Guizhou University, 2009: 43-49.

[46] AR WUEL, BTL05, BRF5 2R, 5. 0B BRI AT B A BRI 4 g A
D] P EBUE SRR, 1999(5): 12-14
NA S M, JIA S F, CHEN X Z, et al. Analysis of fermentation
products produced by lactobacillus acidophilus[J]. Chinese Journal
of Microecology, 1999(5): 12-14

[47] OYLUM E, JAGER V C L D, MACIEJ S, et al. Multifactorial
diversity sustains microbial community stability [J]. The ISME
Journal, 2013, 7C11): 2 126-2 136.

(48] FhEE G, oy AR 2. L IR VA X M AR IS 14 i ik A9 B H O
[7]. HJEBE 2, 2007(7): 384-386.

SUN J G, GAO J L. Catabolism of sugar and sugar alcohols by
lactic acid bacteria and their cariogenic properties[J]. Stomatology,
2007(7): 384-386.

[49] BARS D L, YVON M. Formation of diacetyl and acetoin by
Lactococcus lactis via aspartate catabolism[J]. Journal of Applied
Microbiology, 2007, 104(1): 171-177.

[50] #&zs R\, SRR, M i 25, S5, — Bk HLA i A0 T 0 Ak LR A 1
Or B B R IE[T). B S HLBK, 2021, 37(3): 12-14.
XU Y F, ZHANG X, CHU Z J, et al. Isolation, identification and

BE 288 | 2023 F 4 A | RaSHW

growth characteristics of a strain of lactic acid bacteria with,
efficient antimicrobial activity[J]. Food & Machinery, 2021, 37(3):
12-14.

[51] #HeV-4f, F SCH . FLIR 1 5 4 BF 360 3 A% XUBR (D). o 10 90 O o,
2005(2): 12-15.

YAN P M, XUE W T. Flavor of lactic acid bacteria and fermented
vegetables[J]. China Condiment, 2005(2): 12-15.

[52] POTHAKOS V, VUYST L D, ZHANG S J, et al. Temporal shotgun
metagenomics of an Ecuadorian coffee fermentation process
highlights the predominance of lactic acid bacteria[J]. Current
Research in Biotechnology, 2020, 2: 14-33.

[53] HANNIFFY S B, PELAEZ C, MARTINEZ-BARTOLOME M A,
et al. Key enzymes involved in methionine catabolism by cheese
lactic acid bacteria[J]. International Journal of Food Microbiology,
2009, 135(3): 223-230.

[54] XIONG T, LI J B, LIANG F, et al. Effects of salt concentration on
Chinese sauerkraut fermentation [J]. LWT-Food Science and
Technology, 2016, 69: 169-174.

[55] LIU S P, CHEN Q L, ZOU H J, et al. A metagenomic analysis of
the relationship between microorganisms and flavor development
in Shaoxing mechanized huangjiu fermentation mashes [J].
International Journal of Food Microbiology, 2019, 303: 9-18.

[56] LIU D Q, ZHANG C C, ZHANG J M, et al. Metagenomics reveals
the formation mechanism of flavor metabolites during the
spontancous fermentation of potherb mustard ( Brassica juncea var.

multiceps) [J]. Food Research International, 2021, 148: 110622.

(L% 216 30

[37] ZAREZADEH M R, ABOONAJMI M, VARNAMKHASTI M G, et
al. Olive oil classification and fraud detection using E-nose and
ultrasonic system [J]. Food Analytical Methods, 2021, 14 (10):
2 199-2 210.

[38] WEI X, SHAO X, WEI Y, et al. Rapid detection of adulterated
peony seed oil by electronic nose[J]. Journal of Food Science and
Technology, 2018, 55(6): 2 152-2 159.

[39] MILDNER-SZKUDLARZ S, JELEN H H. The potential of
different techniques for volatile compounds analysis coupled with
PCA for the detection of the adulteration of olive oil with hazelnut
0il[J]. Food Chemistry, 2008, 110(3): 751-761.

[40] TIAN H, CHEN B, LOU X, et al. Rapid detection of acid
neutralizers adulteration in raw milk using FGC E-nose and
chemometrics [ J ]. Journal of Food Measurement and
Characterization, 2022, 16: 2 978-2 988.

[41] SUN X, ZHANG F, GUTIERREZ-GAMBOA G, et al. Real wine
or not? Protecting wine with traceability and authenticity for
consumers: Chemical and technical basis, technique applications,
challenge, and perspectives[J]. Critical Reviews in Food Science

and Nutrition, 2022, 62(24): 6 782-6 808.
[42] Tr#%, Wk &, B35 k. 36 F i 7 5 5 LightGBM 57 % 1 J1 4 45

5t A BRI SE 9], £ A S LR, 2020, 36(5): 76-79.

QIAO M, ZHANG L, MU F L. Research on discriminating wine
varieties based on electronic nose and LightGBM algorithm[J].
Food & Machinery, 2020, 36(5): 76-79.

[43] ROZANSKA A, DYMERSKI T, NAMIESNIK J. Novel analytical
method for detection of orange juice adulteration based on ultra-
fast gas chromatography [J]. Monatshefte fiir Chemie: Chemical
Monthly, 2018, 149(9): 1 615-1 621.

[44] WRIGEBH, BO0Co, R U006, 45 o 0 Rl 00 A48 150 % 001 f
FUHERE[T]. B Toll, 2021, 41(2): 225-229.

CHEN X M, CHU Y X, QIAO J T, et al. Research progress on
variety identification and adulteration identification of honey[J].
Food Industry, 2021, 41(2): 225-229.

[45] 2575, W& I%, ABIOLA D S, %5 . I il py 55 Al %5 i o9 5 %
AR J3 22 S BE SE 0] B S HLBK, 2019, 3509): 50-54.

LI X, SANG P T, ABIOLA D S, et al. Comparative study on
volatile flavor among the leg meat from donkey and other
livestock animals[J]. Food & Machinery, 2019, 35(9): 50-54.

[46] TAHRI K, TIEBE C, BARI N E, et al. Geographical classification
and adulteration detection of cumin by using electronic sensing
coupled to multivariate analysis[J]. Procedia Technology, 2017, 27:
240-241.



