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Abstract: Since ancient times, traditional fermented foods are a part of people’s daily diet, and have strong regional
characteristics. Food microorganisms are an important part of traditional fermented foods, and play a decisive role in
the quality and safety of fermented foods. Exploring the composition, groups, succession pattern, mechanisms of action
and functions of fermentation microorganisms in fermented foods can lay a theoretical foundation for modern industrial
production of high-quality and stable fermented foods. In this article, the types of traditional fermented foods in different
countries and regions, the groups of microorganisms in traditional fermented foods, the regulatory systems, the mechanisms
of action and the relationship between the types of interactions and the development of starter cultures are reviewed. The
application of meta-omics in fermented foods is also summarized.
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F KA F RIS A SR ™ J0k, 78 K4 F KR
RSV Z DR o B, FEE N T
Z R B G, R R S B 5 ] R S A A
(Bacillus sp.) 724 K12 AREK B RAETEERR" . R
£ PR A T RO AR S R Bt AT R
LR SE —E TR AN, A R B R b e A
B RA S A — g BRI WAERE, B .
HEs GHE, B e W CMEESES KR
RIS A, AT TR EAA R, A
T Wb S SR EEETY . n,  H ARG G
TR E NG Wt (Bacillus subtilis subsp. Natto) 17"
AT, won B AEIE T, HOAT K I E A 4
EeH, T RO AT Az

bR T RFRIMESS. |mABAEN, HT R
P E FR e A KRERZMANEY), &l K
WG, EFRMERATEERE. ERY. KRB
KEMED R 2 R EGRE LRz, i, M
Fibaw. KWWY MR, EHFERMEFHET. FH
XK Z I R EY), @ DR BEEERE TS
MuBEZH oy 25 G, M LA TE XA . (HAE K 2
o, AR R AN R MR A, 2 K AR R
IR IEORE I Z By 2R, (R B O O AR ) IR AR
W= A B 2 By KA A . )t AE T H X 2
R S b, S K S S R R T B A K AR A
B R & S SRR TG S, AH R R R T R E
HEC BAM g e %,
33 EBRERPPUE TR

— e B TR R IR JEORHS A — e EE R o Bl
PUE RN T, SRBEAT G, HaTghn® km™, R
T (K450 7 52 ARIN ) GariF FufidX 7 b LA 28 JE R & B
ahhe RERIEMX W FELFHEDN 2 —, HHTE&H
AR — R, AT U A Y. KE
L BRERE . ALREAEEER A KBS, AT N
R SR FIR, TR FE R MBI R B, AT AR
JR T A A I R B
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HMRE THEYEgS R —MTZmiE RHE T,
RER oMb &5 &8k B Wi, el BikaErk A
WU, oK RN KR F S YR R R, T8
AR R B IR, A RO R 1 S =, AT
S PR R R,

34 MCEERE

AR AR S LG SRR, R
wfE B, HEAAGTEERMAE R, afd
i b, B TA LR E SR REUE, BRI EA
ZAVEAERIAN, FHOMTE 3 T8 £ R A & R R R AR AR
Mo AW OEA LB AR RE T, JFRREELE
T R AT A R A 1 O e B I 2R AR
Tr DA i s, HALE S SEE4 e w s R
) FEAEBUE I R R TE PR RN T
Ejj[Sg]o

WRIF R, WM EE W FEERE AT R
(Lactobacillus)  JH¥KkH J& (Enterococcus) FUNUEFF
8@ (Bifidobacterium) ™, JTAEK, WeERRE M H AL
YIBAIT R SCONIBE  2 A Y R R A A
LR T e AL SRR A, FEWSE. B
LS R SR BT o B 2 I e A . Dk,
THEGHAERM KRR, XS REFRARZ M.

%3 A RERAEBRCED™
Table3 Microorganisms used as probiotics™

AER RUHT HE HLibARE Sk

L. acidophilus B. adolescentis Enterococcus faecium — Escherichia coli strain Nissle
L. casei B. animalis Lactococcus lactis Saccharomyces cerevisae
L. crispatus B. bifidum Leuconstoc mesenteroides  Saccharomyces bourlardii
L. curvatus B. breve Pediococcus acidilactici
L. delbrueckii B. infantis Streptococcus thermophilis
L. farciminis B. lactis Streptococcus diacetylactis
L. fermentum B. longum Streptococcus intermedius

L. gasseri B. thermophilum
L. johnsonii
L. paracasei
L. plantarum

L. reuteri

L. rhamnosus

3.5 RIHRMKEE MR

AR R IE R B S &L DRI M4 ASRRAE
BRI SRR O i KRS TN
S FI R R ik f R MR A = XM A Y R
03 R 53 AT 53 % A 1 R AR R By o R B
st PR A 7R 20 A R A RO o 2E A, G N (1 R
BT, A N Dl B A AT AN N R BR, B RN
THACTIRE:  ARFE A XU W0 OE i W o A0 = S 22 1 Ja
AR

W B b R ) 5 1) T o T B 37 UL 3R Joi 1 7K
OB NE S B A AR 7 0 1 5 B L B R A 2% 73 T 32E
TP R IaT AT IR, RS R 2
TR Al R 8 JEORER 2 T UK R N 73 T 5
LU & 8 R SRR SO B, B R AR R SR AT R
AR EIEBRA KM 2K, X2 A EAEYEED)
REIE LA BERT . oAb, B RIK AR AR R R
HAp B E RN R AR EIEER, WERMHZA R 2
HTRE™ . 2 REARY B ERE T B 8 1N o TR AT
VN8 TR 5 R T (4 B4R, 8 ol A= P MR S A
Ja PR AR AR, SR R A P A R AL S RO
KI5, IXAEVE 2 I B i AR o (1) B BRI . i
BUR AR 5 I SR R GBS R AR 7 1 w] e P B L
PR SR (OIS . B RS BRR. W
Zy WIS GRS A SR

4 RERLPHUEMRBHEIERSRENNITR

4.1 B8] AR ELAR RO A BRI A R 38 X

fe gt I B AR R A B SRR 7 3, SRR
PR A B A B A R A 5, (AR YR SR Sl
B LS CEOR I L, = AR B RN ) S
m, R RBEMZENATRE. N T REW LI
Mo AW REEAT P, AATISR P AR R TR 10 5 B 771 4%
i, B (R g AT # A, RIVAE Bt R Th i
JE A A 2 R K35 SR AR B i B
SR R L LR, SRR, BT A E T L
2RI B ity DS LA Ry 1) XU 1 B 32 2T 5%
D9, R Ml A PR I T i 1k il — it A A
PR R UL A 7 o A o (A B i, (H RIS SRR
LG5 i R KUK

AT B0 A e 70 B AR T . BEREAN — s
W, IXEAEM A BT AL, 8 R R AT
AR T2, A B B BN A A I8 B i ) AR IR 5 3R
FIHIRL AR A AL o R T v i SRR R 0 A 8 o
R, AR ARG, A ORIE R AR ENE, (HR
f AR R B R P T R AR IR 2 R R AR 2 REI .
2 IR A W I A AR A B B R0 Th BRI A
AR, WAL REA A £ 2R 8N IO BE A TRZE W i 2R 1) Ao
S RO T RE R A CUAE i 20 SV B 5 T £ o D it T
Faz AP PO T R e AR R R A N s ) R T
Fr iR B P H TR 2 SCIRIRE TR A
TR T R, (E X A e T R R
TE WA AR LB SR AN i 0, AR IT AR &
R Pl 11 R T R A8 B BELAR O TR, JREL VR R TR AT P L
A RAR AR RIALEL, AT DA B ANATIOT e BT IR IR &
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AN R R, AR R RS R, AT AR H
a R E IR R IR .
42 YRR AR RSB S L

TR AR E) A B AE B 22T 43 5 PR B ot
A (=100 L FEE (—/—)  BRIGEE (/4D L wE
(/=) FmAISEA (4/0) D10, fmaz bl =Rk
MIrEgHR 2R A VLR & B 55 R e 24 = Wt A A A= 4
R E, AL P20 7 AR ORI R . 49
7L LR R = A ) L R B R T 2R T ) 4 TR A B A
FURR B AR RO (R I 22 ) S A RE AR IR S 7= A 3 1
B KBRS D HE AL, BT R
TR — 0T IX SN B ) o AN BUR I B P, 5P E IR
VA (8] o X BhOAE B AR o b ) IR S AR A S A
MHAEHPRATES . i, £ mp R,
TV AR B4 F gl b B RR . ALl R R A, X
Tl 5% G 56 RAE A W IR T8 5 HR 2 3 v PR 4R AT
B 3R AR R R AN (R Ak AR A T A S AR R AR v 3 X T
2 B — MO BAE o SRR R A IR W K TR I AR
R, GRINAFNEFLAT B (Lactobacillus delbrueckii subsp.
bulgaricus) NWEINEEERE (Streptococcus salivarius subsp.
thermophilus) $E0t 2 KNG IR, W8 ARERR B DAL= A2
IR RN S4Bk, SO Sk BRI R R 7 LAT B 1
ARSI R S A R — A AR MR 5 — R A
%o, (RSP SZ AR EAER . annl AR
H KB IR LR ALER PR BH I AR Cprt+) W EATal B %
FAR (prt—) $RAEEUE, (HFIVERMRA A0 £
AP b ) A7 AR IR A B AR R B AR IR G W B A 1 2T
A, 7 AT IE IS R A AR ) SRR, S GAE Fha)
SNBSS, FaoE2Zre " 5—J5mm, e
TR 0 5 P KA e

IR R AR ELAE R 2 2l R B
Thifie i) ELANEI™ A 4 SR AL SR A S 1. L4,
iE FH 40 i ) B =Y. (quorum sensing, QS) fRRE M
TR TR AR ELAE R BLE], R St 7 i A R
—o WiRIE, FERBEGCE. B FLH S AT
HFZMAFE KT MAE SRS, FEREMAEY
QS, QST IR L8 e o £ ity ) K T o A v b 3 = 2L
VR R o T o4 % B i v Al A ) A B R T
fif B Ve o . AN B R R A BB TR A iR E )
AR QS KBS S 4 T IIA M. A, 1E
E 14 5 PR A P A IR 5 BRI A 5 4 7 ar W B 4k, I
BAZ 5 0 1 U FE AN A0 I B2 IR LU 50 2R, 1K L 1E
GOy Tk B — g BE R, A2 A R b [E B E S A
IR Ik,

HATA s &S S0 7 R A3 9. B
E 2 E Mg Cacylhomoserine lactones, AHL) .

Hi%5 5 £ it (autoinducer peptides, AIP) I H %k 542
(autoinducer-2, AI-2) "1, AHL B8 KA P~
N —MBRES 0T, MAHLAE — @ BERE R,
2 FIURH I IR 3630005 B A LuxR &5 A, AT A A e R A
M RIE, (HHE T LuxRXF AHLH A 1R 55 (145 57 14,
HEAHLA QS H T A 15 B Agint. & P r 2 13
W 22 J8 T 2= IRMIPE TR, a0 5 AR o0 B B o R T A 105
HEEMEREZ —, HQSHE S T AR LR
R YT, T 5 3 e I S P MR A A TR SRR 1R QS
M B T R 2 W AR

AIPTENFE = IKHMERHQSAA T MES 1, 2&—
ForFiED HREARERERZ R . 57 ST )
YEE 2 )& T S ATP 1, X6 T AR A i A A P s
BRp s EEEM . B, EREEET T, M
VDI R 0 PRI B IR B — e i, AR RN T W
QS £ %: 7] A %4l Bacillus megaterium Fo#)4 KM,

EVFZ R CERIRE b, AT-27F 4 2% B BH 1 B f 4
2 RIAME B R ESA AEAE, B I A B G I lux SEE R FEA
) BT b 2 1) LA s FE AR s v, BRI T AL-24F S AN [H]
PRI BE A “EE 7, TE R R Rl R A U Ok B
HEEAYY, A2 REEE S TP AR B P E
HEMEH, cgmElze™ gt KBRS0
B T AR R BT AL-2IAEAE, R B R A OR [ AR AR
] 3 T R N B o I 5 R AT-2 R R B SR AR R R A R
MRS B & AT A

Ak, fEEAZFAED ORI T QSHIfELE, HHETT
X EZAAEYIQSIHLE] T it b . e R 2 KILIQS
F50 T RNEERE. B, (AR 2B, WiRh Ak e
RERFZ R mP EEMAEN . —, AiERR, X
LGRS A3 T R (D A T IGEE BE 1 (Debaryomyces
Hansenii) %5 IRRE S5 %5 BB (1 5sma,

BARQSTE B dn KA R IV 2 T AE M E Rl e
HEMIEN, HHATE S SRS DX QS T fifid &b
TG B, T BA R 043 B A I T B A A5 F T S S Y
KB SRR . BEE T AN, 9k
B SRS BRI A W O K ik — B R, AEAR SR AT
TR A B £ i QSR 1A, A Tk Re S AR H
QSTE b AUV« J5i b AT B 1 25y T 5 3 A I

5  BRASBATEREER S PHRA

UHT IR, A R R SN T (AR ELAE
RAC W KR R B et /£, MEY
FHEARAAEGI 0 EEFREOR, 7R T R
AR {10 ol A R o A RS R A o (BRI SRR SR T Y
R LW T A BE 7E 4 RS B W AR Mo T R I 5
S BARNUEL . JF Hou TR AR R, A
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R SRR E T 2 SL IR A v B 7R A . 1k
Ah, W TARFEE WA W R o E 3], (Hix et
I=F B DO AE P mT RS T 72 i R o B A AR
WEE 7 TAEM R, BT R T AR RS FRBOR ]
DA 25k e AR I L i

20014F, FEXEPS N, BHIFA R Sk
PR, fE23012 o, AT 7 NKERHAM
RIS A, RBrmBLE 2 E R . i
10 48, FoAmEndEE N TR B, 567035 T LL
DLEE /D (R 48 SR AN B AR R B, 3R19VF 2 C A RE it 42
FERA, XEERAR SR, BT — AR
PERBAEEE, R A FHART A MR TR
LF Rl 0T ORI R A &, I BB ANRE i BT
AHAEYMDNAL RNA. & A AR 47 6 LRk N
TR, MPNHR G T 2R 5 RS
%R A R 2 AN AR 2 24 A T,

FRR AL HEARBENF RN ET AR 51
TP A S AR o 8GR R A e U
M (polymerase chain reaction, PCR) HARF W)
FEE MR SF T, SR JE 3 N0 e AT Lexs, AN 45
AR SRR E, MR S BB B, 15 R0 B
AP RS T AR A, — R AR
16S rRNAJE R AT EC B (O rRN AL [ 1 1] i [X 127129, %%
TG T INR  E BE D S ORI R R
FERDULE A DL ST HR o Al b 8 7 R I £ S AN TR AR
PR G R R E I R 2 R BT iZ R
TV HH 2 A RO PG, HATAH Rt &R %,
Wk LA R R R &, WK, E3K.
W, B, BB, ([l TREEFEN RS,
fEAF 938 70 7 A2 — et Al N Hae S E B Rk, I
4b, PCRIMHEAEEFES, 0T HIEMWLE, HAGER
AT R 4 i g e e U230 I M ik e o o
i T E A FIDNAYT, WP 5 EERAE. B
PL, Skl e it Bec B AR be e 2, St b
W& . AH S AR PP ANE AT LS F0RE b i
VoA AN RE, 3 n] DARRAR R o 1 2 R Bl 6k AT T i
AT B AR AE . BLAR SRR T () R A v
AT R REZ A, ABALE KRR £ A O R A SR IE
st R R R B AT 5 DU
FEV S ), o T SRR 1) 2 ik DR 2H 57 3 R
B, 5 FHER S PR AR ¢ f Leuconostoc mesenteroides
subsp. mesenteroides ATCC 8293 FlLactobacillus sakei
subsp. sakei 23K P I TR (1 2 DA 78 S04 0 v 1) 3= B2 L
o, R\HAESEEENRBELE S BAHEER
TERYY, fE S RBEAAFERE, BTMEYSHEY
Z ) AR S IR 2 R AE EAE AR AL, AR

IR R RIA T A A E, X F D mRNAAXT S, W5
E A 7 ] [B)RE 58 PRI T (0 4 3 2 A 1) e SR K P R R 2 e
KA. FEFHFERIMRNAE, BFEHERNAL
WS e DNA S, 88 ) [F) 7% AL 7 20 3R —
AT o R 72 3 5 20 2250 W I 2 3047 (1) o 3 9
58 KA IE K A OC IR SR R PR T 85 (Geotrichum
candidum) S FERIE, IXFRYZYPON WK ) R TE
B E AR Y, R, SR A T R
I 1 5 S XU A J5 T S A 6 11 35k DR 7E i M B o Bk B
(Leuconostoc mesenteroides) & BE 36k,

e HR 0T A A RN G A A R X IR S R AR
A AR (A0 2H BRI P A T AU A S R . K
RN T EOR S & A A R R s A, mT R
075 T DA T R 28 1) 5 3 TR K P b g R R TR R R Rl
HEWEEAR AT . AR EAE AR P 0 A R S 2 TR
KR sy, X R AR S ER SN E
T REEA AT, W EA . g BT AR A
FFAERINSE . DUR Y R A6, Zhao Ming 2 ¢
SR P14 W0 3 4 AR i 7 VL 25 v ) 4 T R R 4
R i SR FHVBORE €2 - 5 1 FH B R 5 5 AR P i B i 4
o ZREFLAE RKY, KEEEE A BRI
M, EEEE RN, H75%0410 5 & Ak B L AT
W, 56.68%MHEEE KA M, XU NS5EH
AR BRI AE DA DG B B I S e SR T ELRIEE, JF
KRPER X — R R HE T EHEEEH.

6 &% W&

AFMIX SRR ORGSR RS, BETFR
WRIFENN R (H HATVF 2 R B 5 (1% e ki
i, MARERE— BT, BARRBER AR T HE
AR T ERE, A 2 0%, ERIREAE
) — e @ AR R (R R O 1E . IAHRR 2R
) [AIRER R NIk, FEVROY RO R A RS
W, MM, AR Z A SR, IR
THWE A RN G HIERE A H O .

B & A BRI A BTN TR, A% G0 I8 B ot th 00 s
BL S Tk A A, LUl R AT R . Ay el T
b AR I AN I I £l AR TR, ST N B
T W 14 5 FEL 426 o) L2 — o AR R I i P XU
PRA R IREN A A AN B A B R R R K
BT B Z AR BT . O VR 2 bl H A AL Y
TR R R, FUBEAG AR 7 7 il o B 1 E 1A R I L o
1B AT PR 7R kA BT 2R ) A R AR B B, B
AP AEAZ IR ) T BRR ARV R SR, (E AT RE B 1A
R RR R AR T SR d L S R B 25 %
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KHZ A EEOR, #P il M gtk &
fin A 0 )R A i R AR AR T RO A EL AR W A
REEIERE P DI REPE R ST o3 A RUR ) 5 ) 7 2 i
o FERASE MR, DU R B R T AT R A 4L

BN A B R B o SR, H % 2 S HOR AR OR T
LR R, QR P R AR A R e &, DAECR

B 7 51 TE VA9 21 LX) B IR s e R . (HBEE DI
TR AT E AR KESE ST EAR AW, Rl
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SE MR

[1]  EEuk, B, (EH, % &5 KB & & fME Y5
GEHEFR[T]. W4 &, 2018, 35(6): 1-5. DOI:10.3969/
j.issn.2095-1736.2018.06.001.

[2] CAPLICE E, FITZGERALD G F. Food fermentations: role of
microorganisms in food production and preservation[J]. International
Journal of Food Microbiology, 1999, 50(1): 131-149. DOI:10.1016/
S0168-1605(99)00082-3.

[3] VOGEL R F, HAMMES W P, HABERMEYER M, et al. Microbial
food cultures: opinion of the senate commission on food safety (SKLM)
of the german research foundation (DGF)[J]. Molecular Nutrition Food
Research, 2011, 55(4): 654-662. DOI:10.1002/mnfr.201100010.

[4] PRAJAPATI J B, NAIR B M. The history of fermented foods[M].
Boca Raton: CRC Press, 2003: 1-25. DOI:10.1201/9780203009727.

[5] FRANZ C M, HUCH M, MATHARA ] M, et al. African fermented
foods and probiotics[J]. International Journal of Food Microbiology,
2014, 190: 84-96. DOI:10.1016/j.ijfoodmicro.2014.08.033.

[6] MARCO M L, HEENEY D, BINDA S, et al. Health benefits of
fermented foods: microbiota and beyond[J]. Current Opinion in
Biotechnology, 2017, 44: 94-102. DOI:10.1016/j.copbio.2016.11.010.

[7] STEINKRAUS K H. Classification of fermented foods: worldwide
review of household fermentation techniques[J]. Food Control, 1997,
8(5): 311-317. DOI:10.1016/S0956-7135(97)00050-9.

[8] CAMPBELL-PLATT G. Fermented foods: a world perspective[J].
Food Research International, 1994, 27(3): 253-257.
DOI:10.1016/0963-9969(94)90093-0.

[9] SONI S. Perspectives on global fermented foods[J]. British Food
Journal, 2014, 116(11): 1767-1787. DOI:10.1108/BFJ-01-2014-0032.

[10] TAMANG J P, WATANABE K, HOLZAPFEL W H. Review: diversity of
microorganisms in global fermented foods and beverages[J]. Frontiers in
Microbiology, 2016, 7: 377. DOI:10.3389/fmicb.2016.00377.

[11] HOLCK A, AXELSSON L, MCLEOD A, et al. Health and safety
considerations of fermented sausages[J]. Journal of Food Quality,
2017,2017: 9753894. DOI:10.1155/2017/9753894.

[12] NAGAI T, TAMANG J P. Fermented soybeans and non-soybeans legume
foods[M]. 2nd ed. Boca Raton: CRC Press, 2010: 191-224.

[13] WACHER C, DIAZ-RUIZ G, TAMANG J P. Fermented vegetable
products[M]. 2nd ed. Boca Raton: CRC Press, 2010: 263-288.

[14] SHEIKHA A F E, MONTET D. African fermented foods: historical
roots and real benefits[M]. Boca Raton: CRC Press, 2014: 248-282.

[15] WANG J, FUNG D Y C. Alkaline-fermented foods: a review with
emphasis on pidan fermentation[J]. Critical Reviews in Microbiology,
1996, 22(2): 101-138. DOI:10.3109/10408419609106457.

[16] MO H, ZHU Y, CHEN Z. Microbial fermented tea: a potential source
of natural food preservatives[J]. Trends in Food Science & Technology,
2008, 19(3): 124-130. DOI:10.1016/j.tifs.2007.10.001.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[23]

[26]

[27]

[28]

[29]

[30]

1]

[32]

[33]

[34]

WANG Z M, LU Z M, SHI J S, et al. Exploring flavour-producing
core microbiota in multispecies solid-state fermentation of traditional
Chinese vinegar[J]. Scientific Reports, 2016, 6(1): 155-159.
DOI:10.1038/srep26818.

BOURDICHON F, CASAREGOLA S, FARROKH C, et al. Food
fermentations: microorganisms with technological beneficial use[J].
International Journal of Food Microbiology, 2012, 154(3): 87-97.
DOI:10.1016/j.ijfoodmicro.2011.12.030.

GARCIA C, RENDUELES M, DIAZ M. Liquid-phase food
fermentations with microbial consortia involving lactic acid bacteria:
A review[J]. Food Research International, 2019, 119: 207-220.
DOI:10.1016/j.foodres.2019.01.043.

TAMANG J P. Diversity of fermented foods[M]. 2nd ed. Boca Raton:
CRC Press, 2010: 41-84.

BOURDICHON F, LAULUND S, TENNING P. Inventory of
microbial species with a rationale: a comparison of the IDF/EFFCA
inventory of microbial food cultures with the EFSA Biohazard Panel
qualified presumption of safety[J]. FEMS Microbiology Letters, 2019,
366(5): 1-6. DOI:10.1093/femsle/fnz048.

Generally recognized as safe (GRAS) notification program[EB/OL].
(2019-07-01)[2019-07-02]. https://www.cfsanappsexternal.fda.gov/
scripts/fdcc/?set=GRASNotices.

KOUTSOUMANIS K, ALLENDE A, ALVAREZ-ORDONEZ A, et al.
Update of the list of QPS-recommended biological agents intentionally
added to food or feed as notified to EFSA 9: suitability of taxonomic
units notified to EFSA until September 2018[J]. EFSA Journal, 2019,
17(1): 1-42. DOI:10.2903/j.efsa.2019.5555.

HOWLETT J, EDWARDS D G, COCKBURN A, et al. The safety
assessment of novel foods and concepts to determine their safety in
use[J]. International Journal of Food Sciences and Nutrition, 2003,
54(5): 1-32. DOI:10.1080/09637480310001610308.

International Dairy Federation. Bulletin of the IDF N°495/2018: Inventory
of microbial food cultures with safety demonstration in fermented food
products|[EB/OL]. (2018-12)[2019-09-10]. https://store.fil-idf.org/
product/bulletin-idf-n-495-2018-inventory-microbial-food-cultures-
safety-demonstration-fermented-food-products/.

PRI, BWERIR, AR, A5 B AT i A A L R (],
il 5 KM T, 2014, 40(9): 139-143. DOI:10.13995/
j-cnki.11-1802/ts.2014.09.053.

ZHOU W, THERDTHAI N. Fermented bread[M]. 2nd ed. Boca Raton:
CRC Press, 2012: 478-480.

HANSEN A S. Sourdough Bread[M]. 2nd ed. Boca Raton: CRC Press,
2012: 478-480.

LIU S Q. Flavors and food fermentation[M]. 2nd ed. Boca Raton:
CRC Press, 2012: 26.

GANZLE M G, LOPONEN J, GOBBETTI M. Proteolysis in
sourdough fermentations: mechanisms and potential for improved
bread quality[J]. Trends in Food Science & Technology, 2008, 19(10):
513-521. DOI:10.1016/j.tifs.2008.04.002.

CORSETTI A, SETTANNI L. Lactobacilli in sourdough
fermentation[J]. Food Research International, 2007, 40(5): 539-558.
DOI:10.1016/j.foodres.2006.11.001.

MAYO B, AMMOR M S, DELGADO 8, et al. Fermented milk
products[M]. 2nd ed. Boca Raton: CRC Press, 2010: 263-288.
MONNET C, LANDAUD S, BONNARME P, et al. Growth and
adaptation of microorganisms on the cheese surface[J]. FEMS
Microbiology Letters, 2015, 362(1): 1-9. DOI:10.1093/femsle/fnu025.
SIMOVA E, BESHKOVA D, ANGELOV A, et al. Lactic acid
bacteria and yeasts in kefir grains and kefir made from them[J].



348 2020, Vol.41, No.21

B5oiltl F

KRR

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Journal of Industrial Microbiology and Biotechnology, 2002, 28(1):
1-6. DOI:10.1038/sj/jim/7000186.

SIDOOSKI T, BRANDELLI A, BERTOLI S L, et al. Physical and nutritional
conditions for optimized production of bacteriocins by lactic acid bacteria: A
review[J]. Critical Reviews in Food Science and Nutrition, 2018, 59(17):
2839-2849. DOI:10.1080/10408398.2018.1474852.

DAESCHEL M A. Antimicrobial substances from lactic acid bacteria
for use as food preservatives[J]. Food Technology, 1989, 43: 164-167.
SHIBY V K, MISHRA H N. Fermented milks and milk products
as functional foods: a review[J]. Critical Reviews in Food Science and
Nutrition, 2013, 53(5): 482-496. DOI:10.1080/10408398.2010.547398.
RODRIGUEZ-BENCOMO J J, POZO-BAYON A, MORENO-
ARRIBAS V. Wine fermentation and production[M]. 2nd ed. Boca
Raton: CRC Press, 2012: 180-186.

FLIBERT G, TANKOANO A, SAVADOGO A. African cassava
traditional fermented food: the microorganism’s contribution to
their nutritional and safety values: a review[J]. International Journal
of Current Microbiology and Applied Sciences, 2016, 5: 664-687.
DOI:10.20546/ijcmas.2016.510.074.

RAMOS C L, SCHWAN R F. Technological and nutritional aspects
of indigenous Latin America fermented foods[J]. Current Opinion in
Food Science, 2017, 13: 97-102. DOI:10.1016/j.cofs.2017.07.001.
LEBLANC A D M D, TODOROV S D. Indigenous fermented foods
of Latin America[M]. Boca Raton: CRC Press, 2014: 312-340.
ALMEIDA E G, RACHID C C T C, SCHWAN R F. Microbial
population present in fermented beverage ‘cauim’ produced by
Brazilian Amerindians[J]. International Journal of Food Microbiology,
2007, 120(1): 146-151. DOI:10.1016/j.ijfoodmicro.2007.06.020.
NGUYEN S, WONG D. Cultural, behavioral, social, and psychological
perceptions of saliva: relevance to clinical diagnostics[J]. Journal of
the California Dental Association, 2006, 34(4): 317-322.

RAY R C, JOSHI V K. Fermented foods: past, present and future[M].
Boca Raton : CRC Press, 2014: 1-36.

VLV, . &R ACE M. dEaT: s E R AL AR AL, 2010:
234-237.

TAMANG J P. Plant-based fermented foods and beverages of Asia[M].
2nd ed. Boca Raton: CRC Press, 2012: 61-68.

CHEN S, XU Y. The influence of yeast strains on the volatile flavour
compounds of chinese rice wine[J]. Journal of the Institute of Brewing,
2010, 116(2): 190-196. DOI:10.1002/j.2050-0416.2010.tb00417 x.
JEZR. B T E M. 2R b5t i R TR R, 1996: 236.
QUE F, MAO L C, PAN X. Antioxidant activities of five Chinese rice
wines and the involvement of phenolic compounds[J]. Food Research
International, 2006, 39(5): 581-587. DOI:10.1016/j.foodres.2005.12.001.
IV, RERLL, WU, & ARG 2 FRE D],
2£4)%, 2015, 15(9): 1-8. DOI:10.16429/7.1009-7848.2015.09.001.
T, EWE, ARE, & ARG 2R RS R
Y R TR (D). RNV AE AR F 4, 2017, 25(12): 2038-
2051. DOI:10.3969/j.issn.1674-7968.2017.12.014.

HUI Y H. Fermented plant products and their manufacturing[M]. 2nd
ed. Boca Raton: CRC Press, 2012: 16-18.

M. EEE SR 5 BT PP 2 S ARHER ], £k DAk RHE, 2009(2):
335-338. DOI:10.13386/j.issn1002-0306.2009.02.019.

PAUL ROSS R, MORGAN S, HILL C. Preservation and fermentation:
past, present and future[J]. International Journal of Food Microbiology,
2002, 79(1): 3-16. DOI:10.1016/S0168-1605(02)00174-5.

TEREFE N S. Food fermentation[G]// Reference module in food
science. Amsterdam: Elsevier, 2016: 1-2. DOI:10.1016/b978-0-08-
100596-5.03420-x.

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(71]

KAO C T, FRAZIER W C. Effect of lactic acid bacteria on growth of
Staphylococcus aureus[J]. Applied and Environmental Microbiology,
1966, 14(2): 251-255. DOI:10.1007/BF02097506.

PRICE R J, LEE J S. Inhibition of Pseudomonas species by hydrogen
peroxide producing lactobacilli[J]. Journal of Milk and Food
Technology, 1970, 33(1): 13-18. DOI:10.4315/0022-2747-33.1.13.
KLAENHAMMER T R. Bacteriocins of lactic acid bacteria[J]. Biochimie,
1988, 70(3): 337-349. DOI:10.1016/0300-9084(88)90206-4.
HOLZAPFEL W H, GEISEN R, SCHILLINGER U. Biological
preservation of foods with reference to protective cultures,
bacteriocins and food-grade enzymes[J]. International Journal of
Food Microbiology, 1995, 24(3): 343-362. DOI:10.1016/0168-
1605(94)00036-6.

AMMOR S, TAUVERON G, DUFOUR E, et al. Antibacterial activity
of lactic acid bacteria against spoilage and pathogenic bacteria isolated
from the same meat small-scale facility: screening and characterization
of the antibacterial compounds[J]. Food Control, 2006, 17(6): 454-
461. DOI:10.1016/j.foodcont.2005.02.006.

SHEU C W, KONINGS W N, FREESE E. Effects of acetate and other
short-chain fatty acids on sugar and amino acid uptake of Bacillus
subtilis[J]. Journal of Bacteriology, 1972, 111(2): 525-530.

BLOM H, M@RTVEDT C. Anti-microbial substances produced by
food associated micro-organisms[J]. Biochemical Society Transactions,
1991, 19(3): 694-698. DOI:10.1042/bst0190694.

CONDON 8. Responses of lactic acid bacteria to oxygen[J]. FEMS
Microbiology Letters, 1987, 46(3): 269-280. DOI:10.1016/0378-
1097(87)90112-1.

MOTLAGH A M, JOHNSON M C, RAY B. Viability loss of
foodborne pathogens by starter culture metabolites[J]. Journal
of Food Protection, 1991, 54(11): 873-878. DOI:10.4315/0362-
028X-54.11.873.

KASSAA I A, RAFEI R, MOUKHTAR M, et al. LABiocin
database: a new database designed specifically for lactic aid bacteria
bacteriocins[J]. International Journal of Antimicrobial Agents, 2019,
54(6): 771-779. DOI:10.1016/j.ijantimicag.2019.07.012.

VENEMA K, VENEMA G, KOK J. Lactococcal bacteriocins: mode of
action and immunity[J]. Trends in Microbiology, 1995, 3(8): 299-304.
DOI:10.1016/S0966-842X(00)88958-1.

STEVENS K A, SHELDON B W, KLAPES N A, et al. Nisin treatment
for inactivation of Salmonella species and other gram-negative
bacteria[J]. Applied and Environmental Microbiology, 1991, 57(12):
3613-3615. DOI:10.1002/bit.260381020.

GARSA A K, KUMARIYA R, SOOD S K, et al. Bacteriocin
production and different strategies for their recovery and
purification[J]. Probiotics and Antimicrobial Proteins, 2014, 6(1):
47-58. DOI:10.1007/s12602-013-9153-z.

BHARTI V, MEHTA A, SINGH S, et al. Bacteriocin: a novel approach
for preservation of food[J]. International Journal of Pharmacy and
Pharmaceutical Sciences, 2015, 7(9): 1-10. DOI:10.1016/S0140-
6736(95)90004-7.

SIDOOSKI T, BRANDELLI A, BERTOLI S L, et al. Physical and
nutritional conditions for optimized production of bacteriocins by lactic
acid bacteria: A review[J]. Critical Reviews in Food Science and Nutrition,
2019, 59(17): 2839-2849. DOI:10.1080/10408398.2018.1474852.
ANASTASIADOU S, PAPAGIANNI M, FILIOUSIS G, et al. Pediocin
SA-1, an antimicrobial peptide from Pediococcus acidilactici NRRL
B5627: production conditions, purification and characterization[J].
Bioresource Technology, 2008, 99(13): 5384-5390. DOI:10.1016/
j.biortech.2007.11.015.



XA ERA

i

]

|

A

2020, Vol.41, No.21 ~ 349

[73]

[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

TAMANG J P, SHIN D H, JUNG S J, et al. Functional properties of
microorganisms in fermented foods[J]. Frontiers in Microbiology,
2016, 7: 578. DOI:10.3389/fmicb.2016.00578.

QIAN B, XING M, CUI L, et al. Antioxidant, antihypertensive, and
immunomodulatory activities of peptide fractions from fermented
skim milk with Lactobacillus delbrueckii ssp. bulgaricus LB340[J].
Journal of Dairy Research, 2011, 78(1): 72-79. DOI:10.1017/
$0022029910000889.

SINGH T A, DEVI K R, AHMED G, et al. Microbial and endogenous
origin of fibrinolytic activity in traditional fermented foods of
Northeast India[J]. Food Research International, 2014, 55: 356-362.
DOI:10.1016/j.foodres.2013.11.028.

PHELAN M, KERINS D. The potential role of milk-derived peptides
in cardiovascular disease[J]. Food Function, 2011, 2(3/4): 153-167.
DOI:10.1039/c1fo10017c.

KA, MR, LR, . 2 oS v Ak R A 1 i B 7
R Y E R, 2018, 16(11): 3763-3767. DOI:10.13271/
j-mpb.016.003763.

MINE Y, WONG A H K, JIANG B. Fibrinolytic enzymes in Asian
traditional fermented foods[J]. Food Research International, 2005,
38(3): 243-250. DOI:10.1016/j.foodres.2004.04.008.

HUR S J, LEE S Y, KIM Y C, et al. Effect of fermentation on the
antioxidant activity in plant-based foods[J]. Food Chemistry, 2014,
160: 346-356. DOI:10.1016/j.foodchem.2014.03.112.

NACZK M, SHAHIDI F. Phenolics in cereals, fruits and vegetables:
occurrence, extraction and analysis[J]. Journal of Pharmaceutical
and Biomedical Analysis, 2006, 41(5): 1523-1542. DOI:10.1016/
j-jpba.2006.04.002.

DEY T B, CHAKRABORTY S, JAIN K K, et al. Antioxidant
phenolics and their microbial production by submerged and solid
state fermentation process: A review[J]. Trends in Food Science &
Technology, 2016, 53: 60-74. DOI:10.1016/j.tif5.2016.04.007.

WANG L J, YIN L J, LI D, et al. Influences of processing and NaCl
supplementation on isoflavone contents and composition during
douchi manufacturing[J]. Food Chemistry, 2007, 101(3): 1247-1253.
DOI:10.1016/j.foodchem.2006.03.029.

CHIOU R Y'Y, CHENG S L. Isoflavone transformation during soybean
koji preparation and subsequent miso fermentation supplemented with
ethanol and NaCl[J]. Journal of Agricultural and Food Chemistry,
2001, 49(8): 3656-3660. DOI:10.1021/jf0015241.

NOUT M J R. Fermented foods and food safety[J]. Food Research
International, 1994, 27(3): 291-298. DOI:10.1016/0963-9969(94)90097-3.
BAMIDELE O P, FASOGBON M B, OLADIRAN D A, et al.
Ntritional composition of fufu analog flour produced from cassava root
(Manihot esculenta) and cocoyam (Colocasia esculenta) tuber[J]. Food
Science & Nutrition, 2015, 3(6): 597-603. DOI:10.1002/fsn3.250.
OMOLARA B O. Cyanide content of commercial gari from different
areas of Ekiti State, Nigeria[J]. World Journal of Nutrition and Health,
2014, 2(4): 58-60. DOI:10.12691/jnh-2-4-3.

RASANE P, JHA A, KUMAR A, et al. Reduction in phytic acid
content and enhancement of antioxidant properties of nutricereals by
processing for developing a fermented baby food[J]. Journal of Food
Science and Technology, 2015, 52(6): 3219-3234. DOI:10.1007/
s13197-014-1375-x.

KONIETZNY U, GREINER R. Phytase for food application[J].
Food Technology and Biotechnology, 2006, 44(2): 125-140.
DOI:10.1177/1082013206063838.

HILL C, GUARNER F, REID G, et al. The international scientific
association for probiotics and prebiotics consensus statement on the

[89]

[90]

[o1]

[92]

[93]
[94]

[93]
[96]

[97]

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

scope and appropriate use of the term probiotic[J]. Nature Reviews
Gastroenterology & Hepatology, 2014, 11(8): 506-514. DOI:10.1038/
nrgastro.2014.66.

SAAD N, DELATTRE C, URDACI M, et al. An overview of the last
advances in probiotic and prebiotic field[J]. LWT-Food Science and
Technology, 2013, 50(1): 1-16. DOI:10.1016/j.1wt.2012.05.014.
OUWEHAND A C, SALMINEN S, ISOLAURI E. Probiotics: an
overview of beneficial effects[J]. Antonie van Leeuwenhoek, 2002,
82(1): 279-289. DOI:10.1023/A:1020620607611.

GARCIA-RUIZ A, GONZALEZ DE LLANO D, ESTEBAN-
FERNANDEZ A, et al. Assessment of probiotic properties in lactic
acid bacteria isolated from wine[J]. Food Microbiology, 2014, 44: 220-
225. DOI:10.1016/j.fm.2014.06.015.

JIY, KIM H, PARK H, et al. Functionality and safety of lactic bacterial
strains from Korean kimchi[J]. Food Control, 2013, 31(2): 467-473.
DOI:10.1016/j.foodcont.2012.10.034.

TR, A i KRG 22 M. b A B AR Lk R, 2009: 1-2.
BESL, R0, . R R I R T R s I 7 vk
FHERE[I. ML T, 2017, 45(18): 10-13; 27. DOI:10.3969/
j.issn.1001-9677.2017.18.006.

BT i K RTZ BR Tolk AE 7 0], o B ok, 1995(5): 24-26.
ZHUANG M, LIN L, ZHAO M, et al. Sequence, taste and umami-
enhancing effect of the peptides separated from soy sauce[J]. Food
Chemistry, 2016, 206: 174-181. DOI:10.1016/j.foodchem.2016.03.058.
Waks, W8I, EUK, & o AR G R S AR 5 R
FEHERE]. KER2E, 2018, 37(6): 969-974. DOI:10.11861/
j-issn.1000-9841.2018.06.0969.

DAJANTA K, APICHARTSRANGKOON A, CHUKEATIROTE E,
et al. Free-amino acid profiles of thua nao, a Thai fermented
soybean[J]. Food Chemistry, 2010, 125(2): 342-347. DOI:10.1016/
j.foodchem.2010.09.002.

FHY, SKAT. e ef USR5 AT FEE R[], o FE £ 22 4R,
2018, 18(11): 287-292. DOI:10.16429/j.1009-7848.2018.11.036.
SINGH V, PATHAK V, VERMA A. Fermented meat products:
organoleptic qualities and biogenic amines: a review[J]. American
Journal of Food Technology, 2012, 7(5): 278-288. DOI:10.3923/
ajft.2012.278.288.

IVEY M, MASSEL M, PHISTER T G. Microbial interactions in food
fermentations[J]. Annual Review of Food Science and Technology,
2013, 4(1): 141-162. DOI:10.1146/annurev-food-022811-101219.
PAPADIMITRIOU K, POT B, TSAKALIDOU E. How microbes adapt
to a diversity of food niches[J]. Current Opinion in Food Science,
2015, 2: 29-35. DOI:10.1016/j.c0fs.2015.01.001.

P T Y R SRR (K BRAT 8 BF 55 M AR 2 F A R A AR
FFIE ZAUBI BRI AMT[D]. Fo8s: YR K%, 2015: 1-2.

SMID E J, LACROIX C. Microbe-microbe interactions in mixed
culture food fermentations[J]. Current Opinion in Biotechnology,
2013, 24(2): 148-154. DOI:10.1016/j.copbio.2012.11.007.
HUGENHOLTZ J. Population dynamics of mixed starter cultures[J].
Netherlands Milk and Dairy Journal, 1986, 40(2): 129-140.
BOUCHER D H, JAMES S, KEELER K H. The ecology of
mutualism[J]. Annual Review of Ecology and Systematics, 1982,
13(1): 315-347. DOI:10.1146/annurev.es.13.110182.001531.
SIEUWERTS S, MOLENAAR D, VAN HIJUM S A F T, et al. Mixed-
culture transcriptome analysis reveals the molecular basis of mixed-
culture growth in Streptococcus thermophilus and Lactobacillus
bulgaricus[J]. Applied and Environmental Microbiology, 2010, 76(23):
7775-7784. DOI:10.1128/AEM.01122-10.



350 2020, Vol.41, No.21

B5oiltl F

KRR

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

SIEUWERTS S, DE BOK F A M, HUGENHOLTZ J, et al.
Unraveling microbial interactions in food fermentations: from classical
to genomics approaches[J]. Applied and Environmental Microbiology,
2008, 74(16): 4997-5007. DOI:10.1128/AEM.00113-08.

DERZELLE S, BOLOTIN A, MISTOU M Y, et al. Proteome analysis
of Streptococcus thermophilus grown in milk reveals pyruvate
formate-lyase as the major upregulated protein[J]. Applied and
Environmental Microbiology, 2005, 71(12): 8597-8605. DOI:10.1128/
AEM.71.12.8597-8605.2005.

WEINBAUER M G, RASSOULZADEGAN F. Are viruses
driving microbial diversification and diversity?[J]. Environmental
Microbiology, 2004, 6(1): 1-11. DOI:10.1046/j.1462-
2920.2003.00539.x.

LU Z, BREIDT F, PLENGVIDHYA V, et al. Bacteriophage ecology
in commercial sauerkraut fermentations[J]. Applied and Environmental
Microbiology, 2003, 69(6): 3192-3202. DOI:10.1128/AEM.69.6.3192-
3202.2003.

JOHANSEN P, JESPERSEN L. Impact of quorum sensing on the
quality of fermented foods[J]. Current Opinion in Food Science, 2017,
13: 16-25. DOI:10.1016/j.cofs.2017.01.001.

BAI A J, RAI V R. Bacterial quorum sensing and food industry[J].
Comprehensive Reviews in Food Science and Food Safety, 2011,
10(3): 183-193. DOI:10.1111/j.1541-4337.2011.00150.x.
ALBUQUERQUE P, CASADEVALL A. Quorum sensing in fungi:
a review[J]. Medical Mycology, 2012, 50(4): 337-345. DOI:10.3109/
13693786.2011.652201.

BASSLER B L. Small talk: cell-to-cell communication in bacteria[J].
Cell, 2002, 109(4): 421-424. DOI:10.1016/S0092-8674(02)00749-3.
SHOBHARANI P, AGRAWAL R. Interception of quorum
sensing signal molecule by furanone to enhance shelf life of
fermented milk[J]. Food Control, 2010, 21(1): 61-69. DOI:10.1016/
j-foodcont.2009.03.018.

RIZZELLO C G, FILANNINO P, DI CAGNO R, et al. Quorum-
sensing regulation of constitutive plantaricin by Lactobacillus
plantarum strains under a model system for vegetables and fruits[J].
Applied and Environmental Microbiology, 2014, 80(2): 777-787.
DOI:10.1128/AEM.03224-13.

PARK H, SHIN H, LEE K, et al. Autoinducer-2 properties of kimchi
are associated with lactic acid bacteria involved in its fermentation[J].
International Journal of Food Microbiology, 2016, 225: 38-42.
DOI:10.1016/j.ijfoodmicro.2016.03.007.

GORI K, MOSLEHI-JENABIAN S, PURROTTI M, et al.
Autoinducer-2 activity produced by bacteria found in smear of surface
ripened cheeses[J]. International Dairy Journal, 2011, 21(1): 48-53.
DOI:10.1016/j.idairyj.2010.06.009.

LIN M, ZHOU G H, WANG Z G, et al. Functional analysis of AI-2/LuxS
from bacteria in Chinese fermented meat after high nitrate
concentration shock[J]. European Food Research and Technology,
2015, 240(1): 119-127. DOI:10.1007/s00217-014-2313-x.

DI CAGNO R, DE ANGELIS M, CODA R, et al. Molecular
adaptation of sourdough Lactobacillus plantarum DC400 under co-
cultivation with other lactobacilli[J]. Research in Microbiology, 2009,
160(5): 358-366. DOI:10.1016/j.resmic.2009.04.006.

GORI K, KNUDSEN P B, NIELSEN K F, et al. Alcohol-based
quorum sensing plays a role in adhesion and sliding motility of the
yeast Debaryomyces hansenii[J]. FEMS Yeast Research, 2011, 11(8):
643-652. DOI:10.1111/j.1567-1364.2011.00755..x.

DE FILIPPIS F, PARENTE E, ERCOLINI D. Recent past, present,
and future of the food microbiome[J]. Annual Review of Food

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[133]

[134]

[135]

[136]

[137]

[138]

Science and Technology, 2018, 9: 589-608. DOI:10.1146/annurev-
food-030117-012312.

LANDER E S, LINTON L M, BIRREN B, et al. Initial sequencing
and analysis of the human genomel[J]. Nature, 2001, 409: 860-921.
DOI:10.1038/35057062.

RIZO J, GUILLEN D, FARRES A, et al. Omics in traditional
vegetable fermented foods and beverages[J]. Critical Reviews in Food
Science and Nutrition, 2020, 60(5): 791-809. DOI:10.1080/10408398.
2018.1551189.

WALSH A M, CRISPIE F, CLAESSON M J, et al. Translating omics to
food microbiology[J]. Annual Review of Food Science and Technology,
2017, 8: 113-134. DOI:10.1146/annurev-food-030216-025729.
SCHOCH C L, SEIFERT K A, HUHNDOREF 8, et al. Nuclear
ribosomal internal transcribed spacer (ITS) region as a universal DNA
barcode marker for fungi[J]. Proceedings of the National Academy of
Sciences, 2012, 109(16): 6241-6246. DOI:10.1073/pnas.1117018109.
CAPORASO J G, LAUBER C L, WALTERS W A, et al. Global
patterns of 16S rRNA diversity at a depth of millions of sequences per
sample[J]. Proceedings of the National Academy of Sciences, 2011,
108(Suppl 1): 4516-4522. DOI:10.1073/pnas.1000080107.

WOLFE B E, DUTTON R J. Fermented foods as experimentally
tractable microbial ecosystems[J]. Cell, 2015, 161(1): 49-55.
DOI:10.1016/j.cell.2015.02.034.

CHEN G, CHEN C, LEI Z. Meta-omics insights in the microbial
community profiling and functional characterization of fermented
foods[J]. Trends in Food Science & Technology, 2017, 65: 23-31.
DOI:10.1016/j.tifs.2017.05.002.

WOLFE B E, BUTTON J E, SANTARELLI M, et al. Cheese rind
communities provide tractable systems for in situ and in vitro studies
of microbial diversity[J]. Cell, 2014, 158(2): 422-433. DOI:10.1016/
j.cell.2014.05.041.

JUNGJ Y, LEE S H, KIM ] M, et al. Metagenomic analysis of kimchi,
a traditional korean fermented food[J]. Applied and Environmental
Microbiology, 2011, 77(7): 2264-2274. DOI:10.1128/AEM.02157-10.
ILLEGHEMS K, WECKX S, DE VUYST L. Applying meta-pathway
analyses through metagenomics to identify the functional properties of
the major bacterial communities of a single spontaneous cocoa bean
fermentation process sample[J]. Food Microbiology, 2015, 50: 54-63.
DOI:10.1016/j.fm.2015.03.005.

DUGAT-BONY E, STRAUB C, TEISSANDIER A, et al. Overview
of a surface-ripened cheese community functioning by meta-omics
analyses[J]. PLoS ONE, 2015, 10(4): e0124360. DOI:10.1371/journal.
pone.0124360.

JUNGJ 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): 171-179.
DOI:10.1016/j.ijfoodmicro.2013.02.022.

ZHAO Ming, ZHANG Donglian, SU Xiaoqin, et al. An integrated
metagenomics/metaproteomics investigation of the microbial
communities and enzymes in solid-state fermentation of pu-erh tea[J].
Scientific Reports, 2015, 5(1): 10117. DOI:10.1038/srep10117.

LEE S H, JUNG J Y, JEON C O. Bacterial community dynamics
and metabolite changes in myeolchi-aekjeot, a Korean traditional
fermented fish sauce, during fermentation[J]. International
Journal of Food Microbiology, 2015, 203: 15-22. DOI:10.1016/
j-ijfoodmicro.2015.02.031.

WALSH A M, CRISPIE F, KILCAWLEY K, et al. Microbial succession
and flavor production in the fermented dairy beverage kefir[J]. mSystems,
2016, 1(5): 1-16. DOI:10.1128/mSystems.00052-16.



