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How trophic interactions drive the spontaneous construction of
microbial community in traditional fermented foods: a review
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Abstract: Traditional fermented food is a system composed of a great variety of naturally inoculated
microorganisms. Understanding the mechanism of microbial spontaneous construction is the foremost to
unveil and control fermentation process. Although a large amount of sequencing data is produced to
determine the microbial diversity and function, the mechanism of microbial spontaneous construction is
still unclear. Here, we build on the perspective that microbial communities are fundamentally distributed
metabolic systems, and are driven by trophic interactions. This review expounds the concept, mechanism
and research methods of trophic interaction, and summarizes the research advances and future
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development of trophic interactions of microbial community in traditional fermented foods. The
spontaneous construction of microbial community controlled by trophic interactions is helpful to targeting
control microorganisms, improve the production efficiency and quality of traditional fermented foods.

Keywords: traditional fermented foods, microbial community construction, trophic interactions, targeting
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Primary resources
Starch, protein,
polysaccharides, etc

Primary degraders
Bacillus, molds, etc

Secondary resources
Oligo/monosaccharides,
amino acids, etc

Secondary consumers
Yeasts, lactic acid bactria, etc

Ethanol, lactate, acetate, etc

~ Clostridium, Methanosarcina, etc

Figure 1 Schematic diagram of nutritional cascade between microorganisms in Chinese liquor
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Table 1 The main microbes and their trophic interactions in traditional fermented foods

SR il =9 FENAED BRI EAE ISR

Fermented food Main ingredients Main microbes Types of trophic interaction

Baijiu (Chinese ~ Sorghum, Filamentous fungi: Aspergillu, Penicillium, Trophic factor:

liquor)2*31=34 wheat, Rhizomucor, Rhizopus, Monascus Filamentous fungi—Oligo- and
barley, Yeast: Candida, Pichia, Saccharomyces, monosaccharides, amino acids— Yeast

Kefi r[25,27]

Sourdought**?%!

Winel*”

Cocoal®

Yogurt®!

Cheesel#*!

rice, maize, pea

Milk, kefir grains

Wheat flour

Grape

Cocoa beans

Milk

Milk

Zygosaccharomyces, Wickerhamomyces,
Kazachstania

Bacteria: Lactobacillus, Bacillus,
Acetobacter, Acinetobacter, Klebsiella,
Pediococcus, Weissella, Methanosaeta,
Methanosarcina, Petrimonas, Proteiniphilum

Yeast: Saccharomyces, Kazachstania
Bacteria: Lactobacillus, Lactococcus,
Leuconostoc, Acetobacter

Yeast: Candida, Kazachstania,
Saccharomyces, Torulaspora,
Wickerhamomyces

Bacteria: Lactobacillus, Weissella,
Leuconostoc, Acetobacter

Yeast: Saccharomyces, Sporobolomyces,
Torulaspora, Yarrowia, Zygoascus,
Zygosaccharomyces

Bacteria: Lactobacillus, Pediococcus,
Leuconostoc, Weiseilla, Oenococcus,
Bacillus, Enterococcus, Gluconobacter spp.
Yeast: Saccharomyces, Pichia, Kazachstania,
Nectria

Bacteria: Enterobacter, Acetobacter,
Lactobacillus, Leuconostoc, Bacillus

Yeast: Saccharomyces, Pichia

Bacteria: Lactobacillus, Lactococcus,
Streptococcus, Enterobacter

Fungi: Penicillium, Aspergillus,
Chrysosporium, Debaryomyces,
Galactomyces, Candida, Scopulariopsis,
Bacteria: Staphylococcus, Brevibacterium,
Brachybacterium, Arthrobacter,
Nocardiopsis, Hafnia, Halomonas, Vibrio,
Halomonas, Pseudoalteromonas

Yeast—Amino acids—Lactic bacteria
Microbial communities of hydrolytic—Short-
and medium chain fatty acids—

Syntrophic acetogen— Acetate—Methanogens
Inhibitory factor:

Filamentous fungi—Mannitol and
erythritol— Yeasts
Pichia—2-phenylethanol—Filamentous fungi
Trophic factor:

Early members—Amino acids and
lactate—Followers

Yeast—Amino acids—Lactic bacteria
Trophic factor:

S. cerevisiae— Amino acids, CO,—Lactic
bacteria

Maltose-positive lactic
bacteria—Glucose—Maltose-negative yeasts
Trophic factor:

Yeast autolysis—Nitrogen
compounds—Bacteria

Regulatory factor:

Yeast—Ammonia, farnesol, tryptophol, and
phenylethanol

Regulatory factor:

Quorum sensing— Bacterial dominance

Inhibitory factor:

Lactic bacteria— Antimicrobial compounds (e.g.
lactate and bacteriocins)—Fungi and pathogens
Lactic bacteria—Manganese ion
depletion—Spoilage yeast and molds

Trophic factor:

Hafnia alvei—Iron— Brevibacterium
aurantiacum

Brevibacterium
aurantiacum—Glycerol—Hafnia alvei
Regulatory factor:

Fungi— Volatiles— Vibrio casei and
Vibrio-dominated community
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R A B )T R B. aurantiacum $EULER B
T, B. aurantiacum 43¥ =TI H IHBRAG AR H
“IRERBERCH ML H. alvei o
32 FATHRATF

AT R R AR — Loy A A AR P AT LR
AR R ST, TS S R
MR GEARE, o WA RTINS, Lt
WA BP0 T YA T RS T IR
%, —SeYR A G S IR R T, X
S5 ) Jo ) VA R 3K B — i P L Ml & 44 L e
NAGS T, SEOERFZEA AR, g s
W) Z 8] A AH DG R A DR e . A% 2B
MEZAY T AEWNE S FA—FE, R
FINE ST 2RO BRENEREE . e,
ROTE, CRREERIE, 0H R AT A T A
et e s AR A R 5 T 5 5 IR GLIRBE
BRUARE . P %R . MYFT R RS B s 224
INERFN Autoinducer-2 55, FE M FLIRE 4L, & I
T3 BRI A & R R PO e A A A S
TRAEREEIE R, WiEn] o] Sk BEE AR,
TEZFMYIRI R ERASINE) T RN NG, AT IR Y
T AR S B A A3 3 e Y
3.3 HHIEF

T 48— ey ™ A A AT LA
Tl A A ) A A AR, SRR AT A4y 2 Fib
(1) A A7 A A I A E e i Ak
K, andmy WA FLBR A = A i LR AN ZE AT B 2R
FIPTER BOWA E A i (2) —sshiskwre
A ARSI AT 25 DRI P A A, DATT S el
R R 6

FE T 1] R & ety il it by, LR Bl ™ AR
MR . 2R 2R AT IR e B B A L, A 58
AW R A B Tl A, PR T R R
SE PP LR R 40 1 55 L T A0 BT B9 5 — L
HEXT & s R, FLRR RS FE AR R
RO G R AR, AT RESE T 1A 2w s T 19 2
RPN T R e A b O 2 4 2 PR TR RS A
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RIETER , M 7 Il b= 2 A R KR ¥
Geosmin M AZ5EY) Streptomyces , INIMT4ERE T K
iR WA RS S T BB E DS, H Kb KUk )
AR e A Tl TP EE L P, X Y R
i A RN, SRR A B A KR )
[T RE a5 M R A TR AR E M ) A R AR, 1T S e
TAE YRR R ZH S o FEh I A B 72, Zhang
25V IR Pichia fQI = HOFE e PE R 5 2- 2K 2,
FERRA AN 22K LR AR, IITTE R T VA Pichia
AR T T LR PN BRE R R o FEAR MR
WA JBT AT 0 sl A P AR 2 2 Al e A TE I T 6 1
b, LR A R R MEVI BRI T Vibrio casei Bk
SRR, TR T 1 Vibrio 3 HOBE PrE s
X LB 5 e B 2 A XU ) oA 5 ) A 0 A
HAERTERHARA R B A AR, R T
2R

AABL L, TR TR PR T vh — S A= 11
Py o 2 A R BRI A D A= B AR, AT
o R . SRR KR — R A 2R
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T 1Y £ TR W) 25410 1) 2 e fl 2E ) A PR T B 1) AR
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B AT SR B R R P I ATE, B
JT AR IR M A R A, L BRI A A
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41 FMACAYEEZEMENZENEFERE
e

TEASE TP ——FCX LR BT, B
SERE WA PR % R Z 18] A T A B IR A LR
PERUBHKIOC AR . HAT, A RMESE K I & ah it
TR T ORI, AR EE . B
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High-Throughput Sequencing Technology, SIP-HTS)
AL 00 P 57 A (Single-Cell Sequencing, SCS)HL
WA TR A W 9 0 S5 R 6 0 AR EL A G
R ARE R R RE A LA R RS P o i A
WU A S Th R L DR kO s B n il e R A
FAZ A K BT RO W ) DA T RE S A 2
AR EAEFIOCR, AT TR B R BE Py 3t
AR R
43 REFMEVRTIERTZ2INRNEY
FEEXFMKE
FEATEMF I I 90 UE K 1A R P B B W 8 3
MEKCR, FbBsreg ik R R REL M RUE
Yy, WRHERIT A SRR R E Y AN T B SR O L
FESR, dnep i AR A e AR R R
IRER R BEY), R BRI I fE
SRR R R A E YIS RE SO BAE IR oG . T
XA AR FREOERE TR R, DFEEAIE 2012 4F
PN TR IR ROME S, Gl R A W T A
1 1) 22 AP R e 308 i ok S I ME % % T 2 0 1) T
FEPE, RIS B AT R T — i S 1 3 4
ARAIEFXEREFR WA IR HTEOR, (e A 1
AP R T R o 3 S5 FOR A0 A 4 i 7
[4n Isolation Chip (iChip). Soil Substrate Membrane
System (SSMS) #l1 Hollow-Fibre
Chambers (HFMC)] . 4 fifd 43 % £ AR [Ul Fluorescence
in situ Hybridization of Live Cells (Live-FISH),
Raman-Activated Cell Sorting (RACS)FI Reverse
Genomics] & i i 14 5% 3% & 48 [ 40 SlipChip F1
Nanoporous  Microscale  Microbial Incubators
(NMMI)JZE0H 3 g R AR BT LU T4 B AL 48 &
TR 2R T RS TR AR
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