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Abstract: Traditional fermented foods could produce a variety of functional enzymes and plenty of flavor compounds thro-
ugh microbial fermentation. The production process of fermented foods would be constantly enriched with abundant enzym-
es, and it is the current hotspot to study these functional enzymes systematically and scientifically. In this study, the trad-
itional isolation and culture of functional enzymes from fermented food are analyzed, and it can identify the enzyme activity
of key functional enzymes. Furthermore, this work summarizes the recent research on functional enzymes in fermented
foods by high-throughput technologies, such as PICRUSt analysis based on 16S rRNA and ITS sequencing, metagenome,
metatranscriptome and metaproteome. It is found that, compared to analysis by traditional isolation and culture, single high-
throughput technology can obtain more functional enzymes information, analyze complex metabolic pathways and identify
active functional enzymes. The research on functional enzymes by combinations of high-throughput technologies is also
reviewed, and it is found that combination of different methods can obtain more information to analyze the fermentation
process of traditional food comprehensively and deeply. It is also found that, based on analysis of high-throughput techn-
ology, some researchers have analyzed the specific functional enzymes in traditional foods by heterologous expression. This
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study comprehensively summarizes results and methods of functional enzymes in various traditional fermented foods,

aiming to provide technical foundation for the research and application of functional enzymes in traditional fermented

foods.

Key words: traditional fermented foods; functional enzymes; traditional isolation and cultivation; high-throughput sequ-

encing technology
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Table 1 An overview of the types and functions of functional enzymes in traditional fermented foods in recent years
G R VIR e %3k
G o LT I ETBE BRE B R 1, VR ARG T 1, 6
Sl 23 L AL REECHERHRES T AR FH R PR 16l
S eSS B R ﬁﬁ@ﬁﬁﬂﬁ@@%( i E]Hr’ﬂ‘\ RRIEEE FI T ﬁﬂi@'@), %%@%7}%&%%%?’@(*&{%@@\ 34
w 7 " VAT . RV I ) S5 A AT B K i v o A oA 2 (3-4]
e e gekpegen  STRERIETN R R KRS R 2B, ZIRIFLRRE A IR TS . FA B R AR
ARG REERE T A0 AL IR AR TOVTE, b BT B 2 st g gen cems. (1)
W AR IR S T P 3 e G A A 72 VL2 0T, BRSO BB IO BE R [19)
WAL B AR R R B S R . I /K B RIS S R
K AT TR AL BURE R ACTI A K AL S R PR 70% ., EIERR 0 R [ 6 [19]
TR R LB A AR TS, L7 T B i 8 XU ) Bl
; T NAEROLTAEFE 1, 4-5-2F 4 — BEHE B AIZE4e MG T ML 4 3K, JBLR Mgt
H I AR S LR [20]
AP FIZ A AR RGWITE T AR A DIREIE 555 SRR U ) RO
i AT prrE v 2 5KAL A PRI EER AL 9 FORI B T, 3 T4 Chm B 21]
AFeRE 1T A A R T JEUR S B KU 2 R R P 2
SRR SyEsHiR ZRERA N 5 1 2 BB R 218 AL RS R A 2, TS o S 0 R [13]
PRIS N
N » 168 IRNAIPICRUST JMHi-ik fl A IR SRR R 0 5 B, MK B R A R 2 [22)
Bk M3 0|
PR T il AL 2 A T o S 7K 0 AR SR 5 DR 25 22 35 T T8 75 23]
7] 16S rRNAJ X RT W SR A o R v A RV 5 A AR S EA TR S [24]
H A . o CKEGGEARPEERG, RIA S5 7 We , e R A T R et ot
Pl A TR B Gl 2 e RN M, YA (LA [23]
Rt TP SRUEIGG . DL BRI S0 RS MM PG 10 45 AR LKLk [25]
168, 18S IRNA P 125 5 R R A O 2R 1, 1A -1, 4B RO, S S 7 el -
" s IR 5 BRIV AR IR K AALC, FLEC TR 15 DI (R4 (2]
R ]
. . (R AS  RE FR, SEA 78 R S DA T 16 AR T, iR
BN R RO R AR A R A [27-25]

A 7 T AR R B D 5, LB S LR IR Y
FEXT R B AEOC . REFFITAEP Y Ak A B AR
ffiF PICRUSt #F47 T B L K DI REHIIN, KEGG 44t
T 2] SR NIRRT, SR I 5 B X UR
TE AR RE &, HIREREE £, 1S
FAI TG P AR H R AR O B . E IR R SIS Y L-
FLIR N A BN K S B P 09 4w KR AS

VT, 151550 Greengene BUEZEBR S T PIC-
RUSt FDIRETIIME ], W BA T MaTryise =K, T
EIT R BT T 8544, 1IEZUAFG T PICRUStE2P2),
F+2 )5 19 PICRUSE BT Y OTU fR3R T4 &
TR O N RG R TR TR ERE, /15 PIC-
RUSt2 AMETFT LU T 16S 40E . A RIS RETRM, 1,
AILAHT 18S. ITS HLB . BEEAYTIRE TN, X L4
b B R W AE AW S . B F1 2505 BT 16S
rRNA I FH1 ITS1 P H AR THH A B AR = P i
TAEYI RN | BRI AR . TN DI RE A S3AT, SRR
AR e & IR 22 P A AR PR D RE 3 B A T AR S LR X
UHIRAR, E P AR AR rhAE B i B I GE R i
RE 5T . B8 H s 27 2 A1 2 S5 008 DT Atk 7K
TG . X — 7Rl TR A 1Y
B EhRRTHI - .

PICRUSt 27 J5 | A P B UL AL 22 8508 14
PEATHIREIE P T, HEAR T — e R L B
HERRLE BRI AR . R, PICRUSt AT LA
XTI GEFIRGE LI REREA T 2L T, Sk 5 SepfroT dR it

KEOT ) o (B IR LM 25 AN GE LS S K e
TR DI HERNS Z AR bk 3, Pas S5 S PR 4%
SEFIRIHATAER I 25
22 RERBENFTH

T R A 2R R AR e TR vh i VR L
Py I AR, P LR AT R R I RS T B SR i A
PR, Z OISR RN B alikE R, SCE DNA 7K
S BB RAS I AL B, R GEH T R T
AW a AT . BETE 2 18] B AR ELAEFH B BRI 04 S
HILH

T A R e AR, R 2 3 DR 4l 2R B R TR BEIF AT
Xob 2% W Ak R v A g AR BEAT S AT AN TN . 40 Zhang
LD Sl ufe A AU R A i R RS T2 I R A Y, I
XHHIH 40.66% - MASRHIERAT T 40 28FERE, KEGG
TR AR LS 3T, ZRPBHTERY I TG S5 22 et Gt
MIEEAR R IEASE, Hirp a- 8290 BN p-18 250
T =E R By, S LE T RERHE B e i Ak e R th 5T
AL T ELSAKIE . IEAh, Yang SERO R AR KR &
P aek i 1 7 236 DRI 4HL 0 P &2 SRABLEA T KEGG 43107, 3K
15T RIS A 4o X hRUE L T2 BRI 2, ATl
T KBz AR R ) 2 S e T RE R
1] A B 2R, JH R I Bl B AR SR R S AT B T )X
BRI A R 2R

BRULLASE, EHABANE AP Ramt | EEey
TEHASET 28 H A 2 FRETPE 20370 A A R B AF 5
-t A AT 2 L R 4 2450 T Kl B b o)



-390 - £ Tl B4

2023 4F 11 H

fERE 2, I T IHRERE A Sh AR Lot XU I R 5 i)
SfeXhic e K P i B K B T 20738 S . T IIRE
it ke DR1 Y e, 22 ke DR 2E ARG 0 . 7] A SR AT 7= o e B
T, i B USR5 = AR i DI BESE PRI i . b
FARS AR 95% LA _ERRISE T iR Et T
—SRA IR, T, ZE LR B A 1) e
SyAiT, A HCE I T ik RESRCE ) B D RE (S B,
AE 2 TE s BCSE I R AR B A D BE il 21 14 1% BROIR A
2.3 RERENFIH

FET DNA 1501 ik AN Ge X 4t A= Y i A A
IR . AET REER, AN al B G TUEE
DNA, 73 A & gt A2 vh # K AR e e e (LT 3
W) o PRk, TR I —Fh BRIy ke m A )
FOBAE A TS HEAT A S TR -

Bt S S AR R I B PR B RE AR 5l 2 4N
AHETA AN RNA BI8ES . LUS4sEB RNA
AR G AT 22 SN Y o X R AR HLAT 22 3
RILHH ARV 22, IR BERM IR T vs i 4
S SR ARG DI REIA 7447, T FL AN [R] 3R
T2 R FR LN FN2E S ORI AR, XSS R BE
PRI Ak A 4 R JEL 7= R R LA TR A 43 AT R B B8 300

UNA G5 S L N P AR L2812 k1 FH A A T
H AL (AN SEEe 0 BT A RS s R
FU YUY 450 S T asd R Hh S W AN 2R R 22 R,
ST RE B AR M TR L AN 4355 . RUBR 1) 2238 FI R AE 52
HETHMMERIZ% (L 1), Zhao £50 SR %5555
ZH 22 HERXT DU Tl 8 N HSEE R et B rh TS
ERIIBERERE N T KEGG 1B, Bl & Al hn, 14
WHEAEARSCIE R E R T, Hoh ok b S o fnad 2
TR ARG R, X e AR A E Il gE 5 Tl 4

IS 7 S RUSRTE AT 2 R LA RS AT 1 25 B /K A it
FF AR BT RRIE ) . Yi 859 90 5%
ST R T R R 225 SR B b T, A7AE
it 996 Rk /KL A PTG ERE R, Hih Rk 2
W 7K Rl e 5y LT AE 2L . AN ZE i . 4
R Rt S AT SERH e, F 7S e A TAE Bt T 2 T b
FOEREIWE, Al ET A r= A SR R T vk

T 2 2t ST 2 I B AR XL G £ b & Bt At b
PO 2R A T AITIRE, SHIPAE A B RNA 19 BT A
—RERYER . SZPRFAEE R RNA FaE A, At
A RNA J5E G AH X A, B X i 3 448 S 7= A AS R 5
M), T LR — RIS T A2 E BRI, Xt
FB B SR AH I 7 T A RARA S B AR 2 IR R 4 T /) —
AR
24 REAREFSH

TR A A 2 e A s P R B ST
A, ST R B S ) — 1 1R Rk
{0 T HAR AR R e, B RIRAAL T AW 5E 35 By
Bt HEE /KSR FE T R ER R s ] 8 A 1
S ARAERR BRSPS R B . Skl . iR

1% . THRERR AR AN ER U BAH BAEF, FHRgsa sl A=
ARG 28 Al 24 0T LA P
TEI—E0ME . 1EHE DI RE AT, BRI PR AL 2L 3L 0 TE
HIAREUIME B o

SR T IGE 2R [ T A A R E
JH, Wang 2897 303 22 8 AT 2 T S A T8
HHPERS 51 sk Ak G0k s, B & BRI b
80% MY EER FIT I o W ith v i it 8% . AR ER B2 T
TR o-VERY T HEUE R i R Il R P A GE R K
FAAN A 77 S A DG, S N R T SR R A
BSOS T PO/ = EAER G EE o LU 120
PP 2 B PPk = e A DR RV E L i s S2is b Ak
F1%) L 91 H 2 v AL IR R e 19 1) 50 SR R BRI AR
P o AL R 22 85 P B A AR AR e A Rl v
FIDIRERRER T TR SAT, R T HedE R =5
AL USRI — A YRS RIS R, SAEE
R BT A5 A B—AF, #8535 A 18 PV i A 22
Hgt, AR, WA SR R 25 B P BT s A 2 P
SRS 4 A PO R KR AR Y S RE
R MBEANEHIAT THET5HT, BARNLE 1,

SR 25 2 P B ALY F T AREAS T 2L U I 2R
Mk BRI A BT, X Tk ieE =
AP RS T, H AT R T 2 A 1 P 25
PaPEd A Z . D, B2 R e e sl v
PRI S — AT AN IS T IE Ik . AN B
T T2 A FHAS ok bk 22, ARME AR 8] 1 g 2
ST T R SR AR PR LA (T, ekt 22 b
FRIFE RO,
25 ZUWIARZIEA

IR R vk T EOR ) 25 SR B R
BAT 255, MUK R N4l s Haeisr D HU LIS
JBR, T e 52 2 FR ) sy A Y P AR BB 381 5 R )
BRI DI He(E B, ANFIHR PrRESAS A B B 5 R
o 2e S W ag . gk 2 UoR, it i m )y oK
FFETF 16S rRNA £ 219 PICRUSt T, 78 & ¥
KB 15 AFET, ATREAEAE 1400 AG3FhREED, (H L
T 35 TR 55 S [ il 3k PR 5 S 6 38 1 AT AE R R 2%
Sllo BT 2N, AL BER AT REBFIE N AU TELE,
1M1 HL & BB AR e T3P 17 B0, anve
M G R R R B 265147 ASIHRETERAOBERE A,
{RJRAZ 07 BME DA SN B A ) D RE T 2R 1 1 IRCIR S o
T 72 B ST 4HL N 22 25 A 4EL AT A ST A T ZR S R AT A
MTE BR DI RERG R, A0 H 0 REAS PR IO B2, I
FREL A B A5 B A B, AR T2 3L 2, 205%
SEELH RN AR L ZH ) e AR EUA) T B A b (w25 i ok
T S LA T S A A O B & i P B 38899 3R A,
Hep g 230 Rk /KL & 900G e il 2R H Ak
B P B D, ARV Rl P A S R ) T 122 A4
Pt 11

Wi Bl 0 LR, WS NI TR —)



%44 5 22

EEESR , % RGP DI RERE T - 391 -

2 ARIWITET AR A B A R R 22 T T

Table 2 Comparison of the differences in the number of enzymes in fermented foods by different research methods
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