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Abstract: Food protein is one of the most important nutrients for human beings. The existing ways of obtaining protein are difficult to
satisfy the huge demand for protein supply owing to the continuous growth of population and the continuous improvement in living
standards. Microbial protein manufacturing is the efficient production of protein raw materials by using cheap biomass raw materials
in the way of workshop production, which is expected to become one of the most effective and feasible alternative protein sources in
the future. This research introduces industrial application status of several microprotein such as yeast protein, microalgae protein, and
filamentous fungi protein, and functional proteins such as lactoprotein, ovalbumin, and hemoglobin. The research also sorts out key
manufacturing technical systems involved in substrate selection and utilization, strain breeding, fermentation process control, and
protein extraction. It is concluded that in the context that microbial protein has multiple production advantages and few application
cases in the food industry, to promote food application and industrialization of microbial protein, it is urgent to solve two problems:
food processing as well as evaluation of nutrition and safety. The research can provide a basic reference for national alternative protein
strategies and the development layout of the microprotein industry.

Keywords: alternative protein; microbial protein; technology system; food industrial application; an all-encompassing approach to food

WeRs I 2023-12-25; f&BIH: 2024-03-07

WIRER : BRI, VLR, P TRERB L, BRI RRE TR AR AR E-mail: jchen@jiangnan.edu.cn

PEOWiH : PETAEREETHE ¢ KREDW B85 FHBEREAFIRERIETIR” (2022-X2-57), “KKEMEEWEAR” (2023-7B-05)
AFIME: www.engineering.org.cn/ch/journal/sscae

001



MEMEBHXBE “HAKRS R~ N B

T ﬁ'll_%_

EARRZREREZ —, EARPRIEES
FREZER: M RREAN AR ) = ZE RSy,
FONAR N B A BEPE R (il . Bpk. B
7)), Z2H5WNHREC-Fa U Rism&kmmt. H
AT, AFREARERSMEARNE, FEAHE
B, B KR, AHRSE; XEEYRMET
ZREAFRE, £ ERE LHE T ERIES
Wk, BEEHERN OB . &5k E, Wit
2050 AT ER )R (A 7 RIS IA F) 4 T 1 30%~
50%%, fEIRE, MI1980ERES, HHAMHS R
ERETHES, HilGMEQRABS RN
74.6%"%; KK, WKEEFE / FREAE SRR E A
o5 75 TR THI I P08 25 56

BREANUEYENR. BREA. EME
HERBES B GFRHENMEA, AMEABTR
B ] SRORR A 22 A R IS W 38 K 1) B 1
Ry LR RBES M Z AL, T HCREIT R E
g R LB TR R ks . BfRE iR
AR A 2 e, SR, RIS R
AT T AR i B H R BE 22 vy ME LR = 1) il
B, YR AGESRER. SEYR. AR
A, REEOFEAREZEM. RASs RN
W, XL A E B A E AR KRR A
R AT F AR AR SRS N R A R T
TR R R e s, A AR
PRy EREE. HESSRE, AEBNAKMN
RN zhEREA. B, MEMEACER
BT RAFZ N, WA 06 i S B 2R
A INZ A RE AR A S BUR IS A 63,
LA R B 7K M DA S HETE A SR A i Ak 11 7 Ml Ak B2
k.

R BAE A B G o —— )
wHH, MNMAEMEAREHIFEARE R Pl Bk
P JT TEAT RN T, B ER M RE & B Ak
LR, N IE FIE R AR R AR ) Pl R
%,

— WEYMEBRENHE
EE A4 E Y NEMFUR R RE R

002

WP Fh R A R AT IREEUE ) S R 2R
FRS R R A, mAE KRR 5
Rttty “Hp ), MR gmEROR,
A BA R E DI RE R ER TR D o

(=) HEYEAERNMERENHA

1. BEREER

T 15 BT 2 N 28 ST S s L R B AR )
AR, BEREEAT Z N TS E A gL
M AL, RS BUEEE S RRFD, Thek
i CGEAR. feEd. &Ea 1, XER
N H BRA Z ML S IR ANEA L
MR, EHRFE: LB, &6 AR
2 R RN R R NARE M R AMH RS
(2981%), S NAETW: H A1 R IR K
Mo ERRMA RS, BEATEREL S
5%~40% TP & [MY, 2023 4E 12 H, wHEEH
JE A7 A PR 2 w1 H A P T B i 1 B vt Dk R
BE, AR T A R B — 2R
EE AN,

2. R E

BEREARFNHTEE, REEE “th”
Bt Rl AR 46 7 s SR i k) 1 0 U A
T ) B R HE S K 2 AN R AR
TR RS NGRS Y, WIR T
AR AR A S5 R 3 A5, Rl R
BT &N TR LR, dn/heREE . BT
Wit 3 2R R B T SE BB R AL, N ER R A
BARREN . KE0EEDSm A E AR
U (R SR FI R R E PR

SR, FES A DA TR, R A%
AR R B e SR AT R e . BT
FE MM ZE ERIE T 6 NI N el
PR i CBHEED . SRR, /D
PR MIREE. IR, H2004FE245, RE
FEE 7R TR e . SOk SR 7 SRR R T A
TaM. T, SRR PR R ER D
A 2 A U PR A D B AR R R SRR
A,

3. ZREBEN

W T AR 2 R LB B AR A R ZE iR
W BARRIE . KA. MHICEERE. AESE



PETIEME 2024 FF F26% H2H)

WEH, 2REWEAKREEHSE, 544K,
BEARUANTHRGEW, THTEPRES
it

ZORBRTIE R — MO RN E R E R (201
20 60 FARA), HIEE RHM JFRFA B FERT 345, M
AT 3000 Ff BB R Pk O T AR R TR B
B A 9 AR TR . A S A R
MIFIRE R & AR B SR A YRS, M HAE
HEEAIFRFB) ZEK. H 20t 80 4K,
RFRITE R et BT 8. BRI LB
Ry EIRRT S CSAF N AT K

B P )R S — B AR R R R A R A A
Y, 3% E Nature’s Fynd 2 7] 75 H# B4R K bR 3 .
BOABRIR AR A R WA E S, S IR
TR R E AT, A S R AT
AT FHEAE R SRR RMILE 5. 8% R
FoR, ST AR AR R A R TR PUAE AN
TR KRIUBHLREE 7 53R

(D) MEYERIERRER

1. FLE B & )

FLE AR ) R EE TR, B
FodE S, AN B ThRe . W RS AR T AR,
HAr, FIHEGREYZEFROTRIALED. KA
F. FLEREA. AOEASFNMEDE R (W
B DM, ABREARIEEA T — S BRI E
F (0.02~0.2 g/L), KHAEAA D& BRI H R
A PURE AR I Th RS, BUNBE OGS, 5
Ay IR ECIAR L, A AL E B B A

HAKIE
E1 NEVSEME I

iskxailioh e

FERRCAAG A RO v AR PP, 36 [E Perfect
Day A w2 &8k /) FLE HAE P EAR T RIRZ KA
Al A N A R FL A g b A DR At AE A B A
Fe 75, 6 Fhi-FLEE A& RE A TR A E . AR
FUE AW s aith g7k & U 4 5 %
LR,

2. PV B B R

AEFPIE R MR EAR, HE
HEEAOLERNS0% L. HAT, SIEEACELR
B K. S RmeBESETE 3 b i Dh 3R 1A P9,
flan, I 22 R B B IROK 85 5 7 IR R HER 3h )
KRR 8 SRR G OIS B, AH L= R
Canuste. At 538 8RR PG & A2k
AP, ZE[E Clara Food A ®/E A5t B 88— A~
NIEWE AR AT, FRUHAE BRI BE . AR 24
MG EE .

3. AL HED A R

MARAR SN RREA, AENEM
WAL HER, EIRRAA. SREMFHEAR D
S SEIR BRI I B . KIA A BEEAT AL E A&
FRP i, SOE R R RE R A, RS
M ®E A (117404 mg/L) « &I 40 % [ (19.3+
2.8mg/L). KEMLAEA (1082+3.5mg/L). =
TIMALEA (13.7420.5 mg/L) @R IEY, EH
Impossible Foods 2 7] 5K FH & B AN 7 7 SR 21
E AR A L TR A=, R4S R o i
18 R A PR E L 025 ] R 52 B0 1 28 ) R 4 E AT

“W%’:”o

P

KR~ B IR BRI FE st Wil ih

003



MEMEBHXBE “HAKRS R~ N B

= MEMEBHIERRERARESR

T 1 1 32 PR B AR B 2 i i A T JUR ) 32k
B REMIGER . KELRERML. EAN2E SR
W, MSRIAE B I R SR il BRI
2. miEEL. KELREAL S ES. AL
WEELZ AR, HHT, XA E A flE i+
AFE IR R B A RCR AR 8 2Rl S 0 i e
P B TP AR 7 o AL I A 7 i R A% TR AR
ERE, FEMNEIFFRMNEFSAH. BAIES .
KRB RESES] L R R SR ECE i A, PR
AR A I RBBOR R R BT T (B 2).

(=) EFRKRYNEESTA

1. BEFR IR 1)

AP 5 BT TR B R EEA IR A
P WL AKRET. K. BRSNS
PSR AERR G R A ARIR, W IBIE A ek . TER K
fERE . AR RIS . BIRTE R E RS 7R
(1) & KR B = A E AN, A=A
AN EENTRE KR W HOERE E LA
WL EHEIR: ArE GRS e, BXK
K. EmEWR. B, B, EEAEK. W
A RE. HRE:. B,

MET, PAVENTRE. KRG, BKRERPEM AN
MAEME AL T RE LW e SR ERE, W
IR R A R = o SR 5 TR T — Ak
B FORH A P AR ) R IR O A Y, AL
BEA RURARAE P2 A, i HLEAT FRBE AU F AT RF 42
R 2, MR FERRE . RSN T
FEPE IR, WEKRK. SREE. k.

MAEMER
-
R RE
5 ( (&
FDJ [
HEUE]H L_”m
RUHEE R A

3 G

B2 FEMERFISHXBEARER

A B P
‘ %w

SERIEREAL
mkﬂlf{ﬁlﬁ

004

FL OREESE, EEBIRMENE: DR OAERIAR
JREFYHERSEJFRE, RIS 2 A TUAL 25 B T A
FIT R O 4 R R Y R 2 B 22 0k T S
BF, SRR R R R FE Y (U AR
B R, SR, AR, SERE. PE
) MR

REA TRCEM R AL TR FY, FER
VEFERI . R, M. s, kA
PR ERERE . MXRTWEFNEHEZH
AP AHLR. B CHLERSE BRI . B
B B OCE RS A A I BT 0 E

TV, A EHEEREAREA TN R
PROKASE B . R, PN TR R E R

o [ERTEAT AR A R A i, A
RIS KA e R 7R SRR AR R A F]
I ST I MY R K PR B AR IR R P 5 ) £
BP9 (FLIR BRMAEAEEA, BInfcE T
R AR BURR BT AL S e R OV R R R
FIE7. S 3F Bio 2w {8 Y 220K 5 8 JE ik 7] 1R
LAY A 77 SR B YO SRR, A
77T AR ER

H BT 20 38 Y 22 i n] vy
AR, CREHREAE . LREH IR
A 398, Al R A 28 W) DA R DN JEURE AR 7 4
WA, SEELUT M A R . (B 2 B A
bt PP A P B AR R A v, R AR
AP IME S R R L E A, (e B IR A
MIEYIA CO. CO,. dLntE MAEYRHEAT IR A A
PAEA R Tl B b i CO BRI . &K N RIR, &
BUEY & R CRER 3 A Tl AR A =g (47
BTG, S B FF A R O L
R 77 30, OB IE O & E R LR (i
CO,. W) FACRAN, SKBZE HAER
1y 7RG 7 37

2. R PAL B

2R TR S AE R R e S T
i 20 1 TIUAR B LR e ol A 0t A W S R R P 2
o HRRRLLER RIRNIEFFY, FHHE
ARFR R S S RRE R AR B SR Al 7 2
PVBKME . A2k B, SEINEEE . AHE
(e DA(SE RN RE R M //EY (5 SR RN U
BOCAnE IS BB BV, BRAbER, HERALE,

RN —BRAL S PR
PIACNEE



PETIEME 2024 FF F26% H2H)

FRAEEE . s FAL BER A 5 S SR BB 2 ) J 45
o AW TAC PR M s E IR, R A7 4
RIRATT R . W T & SiER Ry,
R Ry A A A B DA S A FURE F (1 ELRE R
SCHESERY KA TR, 3 T4 v T % 1RO R P 2
H o A [ AT (0 BIORE SRR SR D AT A K 88 5 1 e
JE HR EC I BE A B, BRARA 7 564 1 B2 1 o
R AA AR R 59%™ . RN . B
RFEWE, FAMERA. M. TR, ISRt
BN —E LE B ARE, A A AT
KW o

(Z) EMHNES

1. SR 20 e %

TR S R B A P I R DA A O A e i
BNyt AT 2B B ot 26 7 B A 0 B
WAL AR 7 dh R AR R E PE R R . AR
WAV BEAAFRKERRE. REFE. EHE
IBRG A, NARGE A E A A R
RGP G TG T 0 T AP A A v i R
H, —MgFFeette. AKEERATE EREHK,
Xt T B E R IR IR E Y R, RO AT
DARMIFT S ARSI SV A7 (7 E AR X2
FroE HbndE, —ROEHFEARIERGRENTE 1
17 N8

2. T I 2% R S A

Wt 5 B TR G B S5 IR SR BOR B R, S W)
EAAEFERA T RIR T ARIBAE k. ZaT
Bk 7E CLREA 5 A AR oG A i, R0
WA AR S, B ISR = SRR R A P Y
FRA R Rl R,

N T SEDMAEMEANSIIRR, N
W AR R E AR R M e 2 TR BE R, B
i BEARTC I A IR ACHE = I A e AL AR 2R
B R IR AR A TR AR, 1R R R R B A R
KRB, B, RuUETEE IR B A & 4
gy, AEAHMEE R EONNETT ROE IR R, TG
AP, Hk, A TR - R
SR, ek R A AR S, R A AL
S A, R BRI A B, TR A
FIRIEHLE, > 20 IRSEEI R R, 2Tt
R mgAEE A G A S, iR H

B, B A B R B R AR,
seAh, KT AR RNER, T EEEA R
(& EER A, LA BRA TR = = A .

3. 3E ML S i T ik

W IE ML S mE R IR AR A A, AT RAE R
e H IR A B R, WEF R Z BRI
JRYE, ARG, EESTT . AR S
W ARRRIE . FIFE R, B . R
R A T A E DR, AR R
R m il B bk, [FIE 3 m 3 S HARE A0
fif 52V . 76N A Y B RIS B Rl R R IR RR
B, 75K HIEUMTRE &, WiiaRa i, s
MOBOERiIR . RIS A, DIPGE . sk, #EH
HiR I B A= ) B =

ILAESR, I IE N PR kL A I I
AR, AT T BUE iR T B U A E
YRS, SEEL T DAARGE. BEEE. RSN RR K
FEEF= 2 A . B, SRICE NS w1
o B | AL BRI AR G R L IS5 40 A
BES IR SRIE, SRAF R ngs 72 640 F I LRE B
BB R, KA E N 63.37 g DCW/L, HEEFEAL
2043 g DCW/g, A& 2N 50.6%, AR
RN A1.78% ;DL REAE g Ml — RRIE X A ik
ATHRIE, RAT e 8OR) Y H AR = B 1 2 TR LD
P RRER, R ZBE R R = HBEE S, P aEl
FrEIA 60% Y DARRPIRERE. 7= Wil 22 9 Bk Kk
WAk, BT RIAMNAERRBEO R EE RS B
e AR, ghah, BB AR ERA
H Gk AR FIA R, 2l RSk ARHEL A Y
R EE TR DR, AR BRI TS g R
PR, T TS A 2 TR AR R R Y SR
LRI

(=) REETIRIEH

1. ket et

Tl B AR KT R T 2R AR A B i
e, ERMTHMEDEERAZEFMA AR
. EMMBtEE . WA, pHD) A ReRE IR E A
A7 RE A,

KRR MM EY R A B EERN R
—, MRZEMAEMERSEAR RN RIEERE
AME. N TUEREZ NREE A, EEEFEs

005



MEMEBHXBE “HAKRS R~ N B

By B i A S B AR AR K B
A B AR, P B R, AE
HAMT eI B VAR = 25 o R TR I T) A, 2 2 o) ol
EVEASENEER R, EEFH, MEDE
1A A i R R N ] 0 B T AN T3 s 4 75 Sk
MR FEE e, WA B o mR%, SEUE
B TR Bk, 78RR H R RS IR )
MEASGE, YRYEFETEREASEEMN TR
FE S ) A7 B 1 R R USSR AR A R

TR B RS TR AR P A W R 1 SR . T
DR 4= NRY P E B AR~ d R, RS
LR EEE R, B2 AT A R AE LA R ARG
BRERT, AR R ) R £ 4 A s AR AR
TRk R EEIAE AL, IR B RO R AR
FIFH AR 4R B IS, A% G e i 77 07 302 K8
HEERRI BT, % EME A S EHRIC. 7+
FEMIR AR, TERA SRR 1S LT X s i
TR R, WA SLIE R A B . DR
R T N O E FREEAR IR TR, BT RIRE i
T RN R B R RIS, T G B R R
E A A AR R - MR- LGS 52 S
B HiR, TEBRAR YL RS R R, /N Bk~ &
P ) 40~100 g DCW/L; AT EEER S, &
N IR FRFA I 80 £ .

2. RIS AL

] P A= P A ) B 2 A P LR R AR R
LS o T 3R T R G o 3 i A T AR N RSE R
W8, DLAROE IR, H s U R A RE
Fetmr, 1 H B 4% Gy s MG, ANEA T
RAEWE A A AR N AR 4
I FERBAR . AR R . WERmERE, 3R
PR 2 0D, AT R T K B R R
wit, PAERMYCK SRS B St fER
/N R TH AR P [ By 385 0 T SRR AR 1 45 B
B R] T

U R e AL B R — FRRE ISR A e . AR K
R A A F e LR K RV A R AR
FEE S T e AL B AL R A . R PRI
R T T O e 40 2 A S L ARG 3, e DAIE
gL IR 7 AT AR AR I R B, A SR S
AIBAEIR . BN B AR RS, B
FH 0 S8 F e A B T 0 ol Ak AR =, Rl 8% 97

006

PRIV IBORIE AP R A 2. AT (AN iEei) A
AARRA . BRAEfI. HimRvt. IREEREMILA,
AR HRGRENE; 5 (g
s PO FEAEHRETEE . el R AR
RWE R R R R A5 R BTG A
%, O T 2 MR AR IR,

(M ZERMPBESIEN

AR B S RBGE WA E A4 s —
AT T KRR HSGR A K RE Y R A
i B ARAE A B A I EA R B, IR E 4
BACRE AN R 1 PR 40T i

FEARZAEOLT, b B 5 I He b () £ 3 T f2 X
BB S, M THENEAR, HERAN
Wl (B BT )y, B A s MRS K
o FIEIREL) MAENU (ks B 7Rl
PR BEAT A7 IR X B A 2R 7 I R
H, AR H R A aE e, e
BRCRE I A LR AT BE PR FFARR - LA, Al — ELA
Atk & AL R, BEREA %
FIEAROEN, &ERERREMER, Barn
AT FEARIRSE ASZ il B B A1 A

Blhn, BRIEEERERR T AR, e A K 2 i
BE. AHECT-20T, B BRO0AR A BORE SO N IR o, AE4E
i 2 BRI 8] F) 4 R AR B A~ IR R AL -
GGl a3 S EIBGURT A7 7ay (N LN RN s
KA B . NaOH 2 W I ) 8% BF 8 A 25 ) (I
K3, I RRER E I L BE A pH A T = T 3
pH~12 It} AT SEEL I BF 82 (1 5 5 R S AR 4L 20 1 70
B o K VAR pH BEAR B & A ST IE (pH=
4.5), AT WERFE A R TITE DL IR R F 1 52
B9 AR R I E B e R R RN, Aed
1l PR B 1 B AT AL, B e R A g
B, A B R B AR PR A I A P A A
M SRR 31, 1 A I 45 AU 7 5 I B 40 T 2
filt, AN BT E AL, B3
B AR AR SR USRS X AR B AR 3R L,
L T A IR pH AR T, R E R A AR
PEDLiE, BB OIRFIFININR G R RG],
BEAT IR PR, A RIEBRE TR B R AR 4
B IR B B



PETIEME 2024 FF F26% H2H)

—_—

%‘E‘\ 5}%\ ?ﬁ%’ﬁ\ Wéﬁ

X !
E%Eﬁélﬂ\ﬁﬂ B R0 A
— = \F ﬁ /

B ﬁ%{

i B0 L e

1 B

BRI -
NoOH e O

by 53 B B AR LR

3 BEEANSBERIERE

M. MEMEBNRRUEA L~

TR E AR HL A R 2 AR
P ARG ERFEEENY, ST
WA BV AL, (RN T8 M R S 1 D L
o SEMER AR AROR & AT W B T AR
HARM, N7 SRBLR RPN REA A  SlAE
R, R ERMEEARERAINTI. ERE
LAV A2 T 17 AL

(=) WEVEANRRUMISHA

TA & A R A R R 3 R R B E TR
SRALT . RSREACH, JCHAEE A BRT R,
AW, WA EREIMIEARERE: MEMEA
25K Th e Kohn @ AR VRO . DhRE S 5 dh s d
The W0y BAR S KRR I AN TS
JDEiE

WM RE L, MARMEYEARNE S
X A B0 T 7 A AR B AR R R i . ]
wn, SEPIAARLE, R R BRI IR
o 208 AT RS AR R B, DR EARS
G LA BORERE .. Aotsuad My &
7 B E TR AL S B BT A, AL T B
AW E ARSI TR RE R R S A B M SR
CUN A 22 82 9 5 19 B 2 3 21 28 i 8 v K 20 35 6 I
T2 TERE Re A & A A7 5O 2 RS
REBARM R, TG RV BEWE A RE M, %
BT BN R (LET4) .

HAFTR AR, A0 AT JT i R 2 5L 58 74 1T
AVEAGEERER, MAEYERA AT
FEA T, PHMEME. BEE. K. XRAESE
], 2 S AT AR A O JT R C T BF AT
FBRA R AR, $h R IR KUK B dh A0 N 3 5% 5
@ WAMEMEATEHRAME LRI S
HA o M EAER KRR, SCERMAEMEA T
WA RRTE @ MAEMEASH EENERY
Ji, AR HE IR T DI REVERE AU, R ALE H
PERME I T TZ, - SRMEEARNE
PRE, EBEANR. EFRFEE. KNKRILR .
FRA I E . ML, ik 2 R R 2 A
PR ™

A8
1§

El4 HLEAAERESKIFEMILIZ

007



MEMEBHXBE “HAKRS R~ N B

(D) MEVEBNERRLITHSITFMN

WA EARERMZEZRKBEY. MED
B S AR R BRI BRI AR IR . R B IRA)
PUE T A A B VRS R S A B SR K
B, ARRYEC A AR A T AR T
i REIDTRRSEE TR . T B B A KA R
SR A MR B IR R R v AN T R G 2 A A IR R R
AN R, Al E AT R QR
FBORSCIR S BRI, B RERKTER.

B U RAEY R R IE R . KRR BRI
iy Ban el TR AT RS ], AR EY R E
A N T I3 75 08 8 PR 57 A S PR AT 7™ 4%
A K VAt o ARG [ B R A R E Y R
Frz e AR, ' dh A I BE Y R AR A
BEHRRERMNWE, P HRRA WA EETE
A R RO s AR R IR Zh ) B
HAASER NKRIGRSES:, mETBRMAENER %
VER T . BRI 7 AR S — e R E
BEAT TRV, A0 A HR IR R SO B
dn R 2k 20 B0 B 22 AR KK B K T
bR A KIS . R, R EaE
FIEATH 7 2 1 5 22 b AL 22 e VPG AR PP IR A 5
TN RE 2R a3 AT AR B £ S AT
PN INGR P R SR AT R B (EAT D e Y 2 R
A, AR RIR I B R AR R, TR B
B AR N H & al J5UREH %

HE AT E AR IE IR S %P SR
P B i VS A7 AR 2 220 . RIKE ST JE 1 i)
P E IR R G T, R R
TV EANEE R AR AR ROME S AU
LEMM A PP FR AR, RAESCRE UEM S E
BARE TR A R IR . AR AR
PEAN A RAR 2 R R0 B 2 4 B, Qi 3
SEE RN VAR R VP TR R, TR E s = 5
XHH L 2R MIANETER R 7 A2 AU 2y
SRR P SR

N T BE— D58 BUR S IS 7R R L2 kK
JEFRE, WAFRERERT NS EHERE, 71
EAEBOR, AT E Y R A T A v g SR A
565 7 A AL . R A 24X
B PPAT . RFAE R BUR S OR R, EAE IR R
FIRFPEVEAT B, ) B = PP O AN E 97 B e

008

PEVFUMBOCIORRAE LS, TURER ., T, S
SR S S S B
SHGRBIE AR, LML SRR R LA
EAMTR. ST

f. B

CREYIW MRE, NEAREAERER K
JEEE T RIFRIZ AL . MW 82 i FETUH]
BHREARBRARKEHTIZETHNE GBS
o WMAEMEARERLERERE. AR ErR
R ARG REAREMLSE ). WL FRH
i A ) SR A0 7 SR AR . S L A AR
Jige HAET, BEXAENE AR RCRG. &
PR FARERBAL A A, BN R AR Rk
FHRALME. HiEE. K EEs S50k, &
F 0 B SRS TR — RV EOR . %
DA B FAE R i U SRS 7 EEAE R
PE ARSI T, EIRE RV T
RN TL . ARk, HAT I I 5 22 R G A 5%
B SRR EY R AP R AN S, AN
PACARSG AL AR, PREEAZE W B T 37 1) i RRE K
J&, SR S B AR, (R ME E
(2 a8 FRABIRR I TN, A R IR SEEL AR
Y AT 2 K
F 38 it 52 75

RSO A B WA L 2 TR AN A AT ) 2 o 5 B30 55 1 58

Received date: December 25, 2023; Revised date: March 7, 2024
Corresponding author: Chen Jian is a professor of Jiangnan University,
and a member of Chinese Academy of Engineering. His major research
fields include fermentation engineering and food biotechnology. E-mail:
jchen@jiangnan.edu.cn

Funding project: Chinese Academy of Engineering project “Research
on the Development Strategy of the Alternative Protein Industry Guided
by the All-encompassing Approach to Food” (2022-XZ-57), “Future Food
and Biotechnology” (2023-JB-05)

SE K

[1] WhKE eMEARS MRS 0] &% 4 %1, 2020
(36): 45-47.
Han Y X. Food protein and human immunity [J]. China Food
Safety Magazine, 2020 (36): 45-47.

[2] VM, XITTE, A SO AR TR R AR G B2 2 (] A
T2, 2021, 37(2): 378-383.



PETIEME 2024 FF F26% H2H)

(3]

(4]

[3]

(6]

(7

(8]

(91

[10]

[11]

[12]

[13]

[14]

Wang C, Liu Y F, Zhou J W. Bioethical considerations of cell-
cultured meat [J]. Chinese Journal of Biotechnology, 2021, 37(2):
378-383.

IRIEIR, SRALF, KR, & AW A ERAIRE
HE )5 77, 2022, 28(12): 44-47.

XuHQ,Guo HY, Liu Y T, et al. Current status and reflections on

3 58% [1].

food self-sufficiency research [J]. Food and Nutrition in China,
2022, 28(12): 44-47.

ZIRE, FLRAE, XTI, 5. R AT HLE
ShEEAR, 2022, 22(4): 1-13.

Li Z F, Kong H C, Liu Y F, et al. Future foods: Opportunity and
challenge [J]. Journal of Chinese Institute of Food Science and
Technology, 2022, 22(4): 1-13.

FRUE. Ak A i AT 45 5800 (7). FEEY 5 E TR, 2022, 28(7):
5-6.

Chen J. Future foods: Tasks and challenges [J]. Food and Nutri-
tion in China, 2022, 28(7): 5-6.

VERE, B, RS, A JE T eqg e o R SRR £ R
SR [J]. TP E A AR, 2023, 23(12): 433-437.

Wang C, Xia L, Chen J, et al. Construction of future food research

Sk (0], P EE

platform based on healthy China strategy [J]. Journal of Chinese
Institute of Food Science and Technology, 2023, 23(12): 433—437.

Pancrazio G, Cunha S C, de Pinho P G, et al. Spent brewer’s yeast
extract as an ingredient in cooked hams [J]. Meat Science, 2016,
121: 382-389.

EveTE, )T, B2, S5 MR I E SRR (1] 2361
HE ST PR, 2020, 31(6): 100-104.

Tang X Q, Wu Y, Fan J, et al. Nutritional evaluation of yeast pro-
tein [J]. Journal of Public Health and Preventive Medicine, 2020,
31(6): 100-104.

JEFEMG, MR S, 1BEE R IVE JRER . IR MR R F A
Hob g REA TS (9. 0 kRS, 2023, 13): 1-13.

You X P, Chen Z X. Nutrient, function and application prospect of
yeast protein in sports nutrition food [J]. Food Industry Science
and Technology, 2023, 1(3): 1-13.

SR B REAR U IR B O M JOFGAE HE R e B R BIE
[7]. A& F=fon T, 2022 (18): 10-12.

Nie H J. Analysis of nutritional components of yeast protein and
its application in protein bar [J]. Farm Products Processing, 2022
(18): 10-12.

Jach M E, Serefko A, Ziaja M, et al. Yeast protein as an easily ac-
cessible food source [J]. Metabolites, 2022, 12(1): 63.

MaJ R, Sun Y F, Meng D M, et al. Yeast proteins: The novel and
sustainable alternative protein in food applications [J]. Trends in
Food Science & Technology, 2023, 135: 190-201.

KT R FELF (GBS 9 Fhe =55 dn i A [J]. 1K
BTk, 2023, 26(6): 1-2.

Announcement on 9 kinds of “three new foods” such as Para-
guayan hollyleaf (yerba mate leaf) [J]. Beverage Industry, 2023,
26(6): 1-2.

e PAULE, B ORIV, TR S, 4. AR BRI 7T 51 45 e [ i ol
RIEI 7S A i 5 e 2 (0] v [ AR A ARl 2, 2021,

51(1): 26-39.

Gao F Z, Ge B S, Xiang W Z, et al. Development of microalgal in-

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

dustries in the past 60 years due to biotechnological research in
China: A review [J]. SCIENTIA SINCIA Vitae, 2021, 51(1): 26-39.
Koyande A K, Chew K W, Rambabu K, et al. Microalgae: A po-
tential alternative to health supplementation for humans [J]. Food
Science and Human Wellness, 2019, 8(1): 16-24.

Lum K K, Kim J, Lei X G. Dual potential of microalgae as a sus-
tainable biofuel feedstock and animal feed [J]. Journal of Animal
Science and Biotechnology, 2013, 4(1): 53.

ke, A7 A%, S0 . Gl B BT R JHCAE 3 ot o B0 IS R A T e
[7]. T A 2R, 2022, 22(6): 21-32.

Chen F, Yang S L, Liu B. Microalgal protein and research prog-
ress on application in foods [J]. Journal of Chinese Institute of
Food Science and Technology, 2022, 22(6): 21-32.

Ursu A V, Marcati A, Sayd T, et al. Extraction, fractionation and
functional properties of proteins from the microalgae Chlorella
vulgaris [J]. Bioresource Technology, 2014, 157: 134-139.
JHIEE, PR, ok, 55, FLER O EARE S NG EY & 25k
LR T SHEAK IR G ()], A REREE, 2021, 2(5): 764777
Zhou Z F, Pang Y, Zhang W, et al. Recombinant expression of
milk proteins and biosynthesis of animal-free milk: Analysis on
related patents and trend for technology development [J]. Syn-
thetic Biology Journal, 2021, 2(5): 764-777.

K%, MR, SRR, A 7 AR AR R 1 R R R v e
YRS [1]. BERAEAR, 2016, 5(6): 79-84.

Zhang Q, Cui J M, Meng H L, et al. Synthesis of seven milk pro-
teins in escherichia coli [J]. Journal of Integration Technology,
2016, 5(6): 79-84.

Séverin S, Xia W S. Milk biologically active components as nutra-
ceuticals: Review [J]. Critical Reviews in Food Science and Nutri-
tion, 2005, 45(7/8): 645-656.

Jin L, Li L H, Zhou L X, et al. Improving expression of bovine
lactoferrin N-lobe by promoter optimization and codon engineer-
ing in Bacillus subtilis and its antibacterial activity [J]. Journal of
Agricultural and Food Chemistry, 2019, 67(35): 9749-9756.

Cui S X, Lv X Q, Sun G Y, et al. Recent advances and prospects
in purification and heterologous expression of lactoferrin [J].
Food Bioengineering, 2022, 1(1): 58-67.

Takahashi N, Orita T, Hirose M. Production of chicken ovalbumin
in Escherichia coli [J]. Gene, 1995, 161(2): 211-216.

Jarvio N, Parviainen T, Maljanen N L, et al. Ovalbumin produc-
tion using Trichoderma reesei culture and low-carbon energy
could mitigate the environmental impacts of chicken-egg-derived
ovalbumin [J]. Nature Food, 2021, 2(12): 1005-1013.

Zhao X R, Zhou J] W, Du G C, et al. Recent advances in the micro-
bial synthesis of hemoglobin [J]. Trends in Biotechnology, 2021,
39(3): 286-297.

Xue J, Zhou J, Li J, et al. Systematic engineering of Saccharomy-
ces cerevisiae for efficient synthesis of hemoglobins and myoglo-
bins [J]. Bioresour Technol, 2023, 370: 128556.

EE S, )RR, TR, S AR E A HE RR ES Bk
i [0]. BlE@ R, 2023, 68(21): 2779-2789.

Wang G K, Lin Y P, Wang Q H, et al. Microbial protein manufac-
turing: The developing trend and challenge [J]. Chinese Science
Bulletin, 2023, 68(21): 2779-2789.

009



MEMEBHXBE “HAKRS R~ N B

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

010

Wk, DRI, Tk pk, 45, %I ) A B i AR T R ().
5 HER(ARFHEEIR), 2022, 61(2): 229-237.

Yang R, Luo G, Zhang S C, et al. A review of single cell protein
production from food waste [J]. Journal of Fudan University
(Natural Science), 2022, 61(2): 229-237.

e, SCBRER, W EAE, A AR R A 7 AR R 1
FUREE [J]. AR Tk, 2021, 42(21): 26-33.

Kou H, Wen X X, Ye S T, et al. Research progress on microbial
fermentation for production of feed bacterial proteins [J]. Feed In-
dustry, 2021, 42(21): 26-33.

Ritala A, Hakkinen S T, Toivari M, et al. Single cell protein-state-
of-the-art, industrial landscape and patents 2001—2016 [J]. Fron-
tiers in Microbiology, 2017, 8: 2009.

Hosseini S M, Khosravi-Darani K. Response surface methodol-
ogy for mycoprotein production by fusarium venenatum ATCC
20334 [J]. Journal of Bioprocessing & Biotechniques, 2011, 1(1):
2-6.

Praksah P, Namasivayam S K R, Narendrakumar G. Optimization
of growth parameters for elevated production of mycoprotein—
Fusarium venenatum using response surface methodology [J].
Journal of Pure & Applied Microbiology, 2014, 8(6): 4843-4849.
Lo Curto R B, Tripodo M M. Yeast production from virgin grape
marc [J]. Bioresource Technology, 2001, 78(1): 5-9.

JEB, M, 40U, AR R 4R 22 K AL B AR b AR IR AR
PyEE A% A EIER (] W55 Y56, 2011, 33(8): 14-17.
Zhou S, Hai H, Jin WY, et al. Preparation of compound amino
acid from microbial protein produced in reeling wastewater treat-
ment process [J]. Environmental Pollution & Control, 2011, 33(8):
14-17.

A, FOARYE, BRERME, A BB T R R A P K P A )
IR AN R 2R R AT (9], IS, 2017, 42(4): 108-112, 117,
Wang D M, Guo S X, Liang Y H, et al. Production of microbial
oil and bacterial protein from beer production wastewater fermented
by yeast [J]. China Oils and Fats, 2017, 42(4): 108-112, 117.
Schultz N, Chang L, Hauck A, et al. Microbial production of
single-cell protein from deproteinized whey concentrates [J]. Ap-
plied Microbiology and Biotechnology, 2006, 69(5): 515-520.
Bushnell C, Specht L, Almy J. State of the industry report fermen-
tation [R]. Washington DC: The Good Food Institute, 2022.
Johnson E A. Biotechnology of non-saccharomyces yeasts—The
ascomycetes [J]. Applied Microbiology and Biotechnology, 2013,
97(2): 503-517.

245, AR, AR, A AN DML R AR I LR B A
EAME& TS 0] (b TR, 2022 (11): 143-145.

Lin X F, Zou F Q, Mo Z P, et al. The production of bacterial pro-
teins from ethanol mash by fermentation of iron and steel industry
tail gas [J]. Chemical Management, 2022 (11): 143-145.

=R, AT, B, — R A A RS SR A TR B A
AR TTVE AL AN R A TR AR P R - CN113729110
A [P]. 2021-12-03.

Gao L, Wu X, Jia W D. An efficient and low-cost pretreatment of
biomass materials combined with solid state fermentation method
and its application in single-cell protein feed production:
CN113729110A [P]. 2021-12-03.

[42]

[43]

[44]

[43]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

Song G J, Madadi M, Sun C H, et al. Surfactants facilitated glyc-
erol organosolv pretreatment of lignocellulosic biomass by struc-
tural modification for co-production of fermentable sugars and
highly reactive lignin [J]. Bioresource Technology, 2023, 383:
129178.

Rages A A, Haider M M, Aydin M. Alkaline hydrolysis of olive
fruits wastes for the production of single cell protein by Candida
lipolytica [J]. Biocatalysis and Agricultural Biotechnology, 2021,
33:101999.

KUFE W, XSRS, MRS SR B AR AR G ke s e 2
[7]. " E A AR, 2022, 22(6): 1-5.

Liu Y F, Deng M T, Chen J. Microbial alternative protein bio-
manufacturing: Advances and perspectives [J]. Journal of Chinese
Institute of Food Science and Technology, 2022, 22(6): 1-5.

Xu J, Wang J, Ma C L, et al. Embracing a low-carbon future by
the production and marketing of C1 gas protein [J]. Biotechnol-
ogy Advances, 2023, 63: 108096.

Meng J, Liu S F, Gao L, et al. Economical production of pichia
pastoris single cell protein from methanol at industrial pilot scale
[J]. Microbial Cell Factories, 2023, 22(1): 198.

FR, I, CHVLEE, A — WRR H R I ) A e R B 41
R 2 DI R K JL R : CN105861343B [P]. 2019-05-07.
Jiang M, Zhang W M, Ma J F, et al. A strain of polymorphic han-
senomyces polymorphus using methanol to produce high lysine
single cell protein and its application: CN105861343B [P]. 2019-
05-07.

SRILE, T, SRR, 45 W RER I SR TR IR R
L ER A RIRE TR [J]. RACRLRA54), 2015, 46(7): 9-15.
Zhang L H, Feng L P, Shi C H, et al. Strengthen bioconversion of
potato starch waste into single- cell protein with fermentation by
Saccharomyces [J]. Journal of Northeast Agricultural University,
2015, 46(7): 9-15.

Kz . AT R I R A 7 B R R I R A e 2
ORI [D]. g SR TR (R 24018 30), 2012,
Liu Y X. Optimization and parameter correlation analysis of
single cell protein fermentation process produced by colimycin
fermentation residue [D]. Shanghai: East China University of Sci-
ence and Technology (Master’s thesis), 2012.

R, TG, TIHE, A5 LR R AN e B o O e A
RBESFARIOLAL [0]. 12 5 R B% Tk, 2008, 34(10): 101-105.
Zhao L, Zhang K Y, Ding X M, et al. Study of strains screening
and fermentation conditions for SCP produce using citrus byprod-
ucts [J]. Food and Fermentation Industries, 2008, 34(10): 101
-105.

EIORE, REEE, R S R R R B RS AT A ) A R
B AL 3], Th EIRE, 2021, 40(4): 66-71.

Lu X F, Zhu H X, Wu H, et al. Optimization of culture conditions
for protein feed production from straw stalks by microbial fermen-
tation [J]. China Brewing, 2021, 40(4): 66-71.

ek, BUERTT, B, 45 DALY R IR IR 33 A2 0 R A RS A R 2
F IR FEBUIREE R [1]. #1458 THE, 2018, 36(5): 150-155.

Gao R, Duan Y T, Dai Z, et al. Waste biomass from microbial fer-
mentation for single cell protein production: A review [J]. Envi-
ronmental Engineering, 2018, 36(5): 150-155.



PETIEME 2024 FF F26% H2H)

[53]

[54]

[55]

[56]

[57]

[58]

Hensirisak P, Parasukulsatid P, Agblevor F A, et al. Scale-up of
microbubble dispersion generator for aerobic fermentation [J]. Ap-
plied Biochemistry and Biotechnology, 2002, 101(3): 211-227.
RGIR, TRRIE, MRk, 5. & B ER B AR S RE 45 (T
Fudk ke [J]. AN T A2, 2014, 12(6): 96-102.

Song A, Zhang Y D, Yang D J, et al. Research progress in bioreac-
tors for anaerobic fermentation of syngas [J]. Chinese Journal of
Bioprocess Engineering, 2014, 12(6): 96-102.

TR, SRR AR, Bes. AR A IR S R AR P S A B
FERERE [J]. AL T 244R, 2021, 72(6): 3202-3214.

Gao Z X, Guo S Q, Fei Q. Recent progress in microbial biocon-
version of greenhouse gases into single cell protein [J]. CIESC
Journal, 2021, 72(6): 3202-3214.

ISR, TRER T, SL M, AR — B A A e
WEFEHEE (7). &AL, 2023, 44(3): 1-11.

Fu XY, Qiao W B, Shi S B. Microbial production of single cell
proteins from single carbon substrates: A review [J]. Food Sci-
ence, 2023, 44(3): 1-11.

Marson G V, da Costa Machado M T, de Castro R J S, et al. Se-
quential hydrolysis of spent brewer’s yeast improved its physico-
chemical characteristics and antioxidant properties: A strategy to
transform waste into added-value biomolecules [J]. Process Bio-
chemistry, 2019, 84: 91-102.

TR, w6 . B A B R AR T Z AR (0], A i ol R
Hi, 2015, 36(16): 304-307, 318.

[59]

[60]

[61]

[62]

[63]

Yue H W, Han F L. Optimization of protein extraction from Sac-
charomyces cerevisiae [J]. Science and Technology of Food In-
dustry, 2015, 36(16): 304-307, 318.

IR, HERH, EFEN, & BT B AR R E AR
[0]. i Tk AR, 2014, 35(3): 376-379.

Gong D, Bi Y, Wang J J, et al. Protein extraction methods of fruit
based on proteomics [J]. Science and Technology of Food Indus-
try, 2014, 35(3): 376-379.

Garcia-Montoya I, Gonzalez-Chavez S A, Salazar-Martinez J, et
al. Erratum to: Expression and characterization of recombinant bo-
vine lactoferrin in E. coli [J]. BioMetals, 2013, 26(3): 535.

WL, TR0, IR, S5 T A AR AN Ml PR A R e
AL (1], BARE SRR, 2023, 39(1): 152-159.

Zeng Y, Zhang X W, Li D M, et al. Quality change of fried
chicken nuggets with chicken breast substituted by mycoprotein
[J]. Modern Food Science and Technology, 2023, 39(1): 152-159.
Sakai K, Sato Y, Okada M, et al. Improved functional properties
of meat analogs by laccase catalyzed protein and pectin crosslinks
[J]. Scientific Reports, 2021, 11(1): 16631.

TR, W, IR, S5 A IS A i RT3 N BOR LA
Lo BRI R[], P AR BB T, 2020, 35(8): 1041-1052.
Li D M, Zeng Y, Zhou J, et al. Regulation and guidance for mar-
keting of food ingredients from biomanufacturing and policy sug-
gestions for China [J]. Bulletin of Chinese Academy of Sciences,
2020, 35(8): 1041-1052.

011



