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Abstract: With the rapid development of biotechnology, an increasing number of bio-manufactured feed materials
and additives have been successfully developed. These innovative products leverage cutting-edge biotechnologies
including synthetic biology, fermentation engineering, and genetic modification to produce substances such as single-

cell proteins, bioactive peptides, and probiotics. For instance, single-cell proteins derived from yeast or algae are rich in
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essential amino acids, vitamins, and minerals, significantly enhancing the nutritional value of feed. Moreover, bio-
manufacturing often utilizes renewable resources and operates under milder conditions, reducing production costs
compared to conventional chemical synthesis methods. In addition, by precisely controlling the production process, bio-
manufactured additives can improve animal digestion and absorption, thereby boosting breeding efficiency and
promoting sustainable livestock production. However, significant differences in production processes and quality
standards between bio-manufactured and traditional feed ingredients and additives have resulted in multiple market-
access challenges, hindering the rapid development of the bioeconomy. This paper systematically reviews the market
access mechanisms for bio-manufactured protein feed materials and additives in the European Union, the United States,
Japan, and China, including relevant regulatory frameworks, approval procedures, and standard requirements. In China,
despite progress in developing of bio-manufactured feed materials and additives, there are still several issues with
market access and regulation. For example, the safety evaluation system for microorganisms used in bio-manufacturing
lacks specific and detailed guidelines. There have been cases where innovative bio-manufactured feed additives
experienced long-term delays in the approval process due to unclear evaluation criteria. The product evaluation
procedures are complex and time-consuming, involving multiple departments and repetitive reviews, which increase
the cost and time for enterprises to enter the market. Additionally, the research and development of synthetic
biotechnology in the feed industry lags behind that of developed countries, and the approval process for new bio-
manufactured products is relatively conservative, slowing down product listing and marketing. This study proposes
optimization strategies, including strengthening safety evaluation requirements for microorganisms and their products
for feeding, simplifying the product evaluation procedures, and accelerating the research and development of synthetic
biotechnology as well as the approval of the listing and marketing of products. The ultimate objective of this study is to
provide insights that will facilitate the smoother integration and high-quality development of bio-manufacturing

applications within the feed and livestock industries, supporting their sustainable evolution.
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Table 1 Early global industrialization of single-cell protein technologies
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Table 2 EFSA’s classification of genetically modified microorganisms with typical cases for feeding
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Fig. 1 The difference between products produced from GMO and those produced with GMO in terms of market

access and regulation
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R4 BRI DRER B RGN 7
Table 4 Protein materials or additives approved for feeding in the EU
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BRAE 77 35 [ FDA WA il € & 1 RERUK
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MEZE. B (EZ AV TR &G S PEE )
(National Bioengineered Food Disclosure Standard)
(oA, S 1 e B DX B ol (M A IR B AE B 20 T
5 SR FDA H R B A7 28 5 8 % 4k PRt
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Yo FSHIZE T — LU (FIARAE P R 1 5 AH DG i
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2024—2025 “E A ], A [ R A 220K )

RS SREE A B R RRA N g 2
Table 5 Typical cases of protein-related feeding additives in the United States

e il it 44 FR A7 B Mo

01 RHT IR B 2R K B =) WA R E R R, 5T A SRR NS ZABRERE AR K &R r & AR
B (Corynebacterium glutamicum) V&4 T % U

02 IR 2 K B 7L LI 28 IR FUAT B (Lactobacillus delbrueckiin) TE NS 5 N KB FEA 1A RN & O i AR &
T % 15 SRR

03 - RRERLLAENT SRR I F 22 K B (Saprolegnia diclina) delta-6- L AR 2L FIAE 40 A 5K & 1l k) 1 8 A i
16 (Carthamus tinctorius)Fh ¥, 22 233 J5 Bk R4 P S

04 FHI B IR T RE ANEAG WG T 8 5 1 BF (Komagataella pastoris) FHAERS TR 2 5 SR 5

05 THRI = Widi 22 19 BF PR WA 2% B (Candida utilis) G557 35y B 5 B0 TR A, BB HEWDR A & A B R UE
Ji & BAD T 40%

06 T F EAT H AT 18 (Methylobacterium extorquens) % R TE B O IR I AR 52 28 7 068 £ 34 )
BAE A )R B U

07 TR S AL BR T

E 12 Ji] {3 258 i e e o 5 R SR S I Y 2R BR T (Meethylococcus

Atk 0 GRS B ORI

capsulatus) R , 2 A0 FL ] T 5D BTG Wi B 1

08 T il 5
09 FHEEMK I E

i EF (Aspergillus niger) 4 R FE T A RN E R EA
KB (Aspergillus oryzae) 25 2 % 1545 ) (1) B M 25

PRI o o 5 AR R
FHAE ARV o 2 5 A R
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B 77 1A R

31 BREGEWHEANENEFNARANS
e

1 S £ A 48 20 1 3 e e JEURE MDA Jn 771 T 3
SRR AR E, FEMELRME 2 PR, DA
TR 2 A . HAR) (k22 41%)
KL € B ) R AR K 7= 44 (Ministry of Agriculture,
Forestry and Fisheries, MAFF) #&H Hr ikl sk & 7%
TV AEN B o AR BROK T B R D
(Food and Agricultural Materials Inspection Center,

FAMIC) #3531 s R R 2 VP4 o BDRLAS N 77 31

WEEARAE R I, RN EATE. HRETMR
il 24 A ot 2 PR RLER IR 2 AT Bk 2 K X RS
PR IF AR SR, ARMK B 2 AR IR L
2 S A R AR B

NTHRT S B RS2 ma i,
MAFF 2 & JI0S i g5 77 b b AT i, e I H 2 A
PERER BT AnitE . HAR T TTIE 7o)
BIEOR, OFERAKRE. BB, AR BRR
REOR . R AE G A b A AR ZER A 7
TR ANAAFE M . BE VU BCE L ITTHIR
T s S AL AR, 3R A B AR AT 3 R e SR B I
EEN NI PRV D (SR =y

3.2 BAZEGMM SISEHERERIIENS
o

H A% GMM FE FaDR LRI 0770 A2 7= i B
FARELT e ds I HE NG B 4 i, DT B R Al
WG A i KA MR R A MR R, (EHA,
W B AL s AR 7 R R R (G R AR
Mgy . Gkl ze 403y A0 (R b BAE ) RO
TR ER R . A S HEHE 0 FE DR R o A & e vr |
T R B0R T RL S N ) K, Ak F
20254 6 A, FLAG 18 Fdi Jik DA )R} 8 0 77 3545
HEE . GMM LE LR} EURMFI R 7 22 4> VAR i 72
KA kb VP bR HERE T ), HIE & W MAFF
PEH I, MAFF BCA B R R 0 R 25 2 F A i 2
SRR E BN (B3, TR HR RN E
WEAR B I 2 A, TR IE 2 RS R 1) B
N AR o AR R R 2, UM #E W
LAVEXT NSRRI N, MAFF 2 AR A
INEER, R A A RO R LS, MAFF A4 2>
A6 I T DR) s 2 A Dy S ek B8R AR T i 7 £
Rl ™ MR TG0 i, B BUE A ) b kL R

ChRl 5 21
R E CPBH I bR ) CORDR B A2 ) CLESIERY AR 5D

B2 A AT AU 75 R B
Fig.2 Regulatory framework for feed and feed additives in Japan
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AR 50 T W BE R T I A . M AL
SOE MIHEAT A, R R SRR TT R A
o — EURCHIUAT A7 785 £ DR, B8 i ), AL
PR I R B A [ R BERIAL § . DLOR T
WB MBI B R AR

e 3L R A )
EES

A A WL
BT IR AE

FSCHHLL 52
RibES

K FSC
[ MA” J [{ﬁﬁstﬁﬁ%-ﬂf{ﬁ}

B3 AL R DR R AR
Fig.3 The approval process for genetically modified feed

in Japan

3.3 BriBAXEHZR#teYERERFRERFZRING

FEHA, SRR A JEORNAN & 5
BHA AR R 2 . (HEZRJEE R EYTEE A

(WK G SRS . siteE e G d .
k), WK 6 Fran . B AR NG 3 2 A
WRERBMA, WHER. BERE, ¥HT
Se R E SRR, Hh LR R R #h A 1
HILYS-No.2F & bR FE R A2 7 1) o ISR ME ) R
AR LSRR (g s B B
PR E AL IEEIRA ORI IR B D BN I
I 250 32X 2 Ak 2 BB RS 0 57510 S it ™ 14 4
ANV, B DR L AR GRDRE o i I 22 4 R, it
T3 T+ Bl i RN A 7 20

A TR AR v RHEOR s Es INR i
HEANS M

FEIRIE ,  CEPEPRDRLZR )48 B0 55\
SEUIWRLE AT BT 1 ) DA B DR R R A
NPT 2R, W 3 B A 7 Aol a2 23 i ] 55 g ARl
ATBCE R ER TP 52 F I o AH S A FR AR A R 75 3
AT 28 2 i AR L AR R B PR FATLAG TR R I A A
BER. @REEREKRSIREMR)E, AL
TAEH XA R A &, e Hratt. &
R PDRL o 22 Gy 2 S ST AT R D B A, E
PPA BT RDRL R 22 A A RO B R R A A
BT o 28 B IR I phy 2 DR o & S R
MrzettBExA. AL xd. B TZE50E
LR AV BT K AL A e . B2 T
RN EA=AH . &%, ZRSBETDTER
R R R B B R R R, EE XL
AR H PR i 25 R RO R A s .
B, BT RRRLRET CADRL S IR 0 B IR LA,
[ H A M A A P K M7 % R ARk S A T D AR R
Ji ARG HEAT BR R T

K6 PR RS A

Table 6 List of protein raw materials or additives for feeding in Japan

[83]

B

4

N

TR A R KEh BigEA SR EEAS

AL AR B 0K | AR B A B R B R4 FLITE R AR

e E PR BRIRRIER 1) /NERIE AR BE (torula yeast) 4
BERRA A 19 7

HER DL-H MR L-HE &R L- 7 R 2R - &R R — /K 4 LR R ER 1R 26 72 Fie PRl I 2
TN A TR  2- i G -2 Y i - PR U  2- M 2 -2 - ¥ - R U R S AT DL- 2 UM  L- (1 2R W L- S5 &
12 DL-H AR | L-E 2R L UL G IR £

AT

L2
1%  L-4 2
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4.1 HRENEREVHISEFEHEGRIITIENS I

Ay o) 3 AR D Rk B N R ) 9 N R
B BRYE CRDRPR R R A I B ) AT .
X VR DR AT L B A O R, v AR
JERL ) H R R T AT RGN IR T . 1%
BT 1999 45 H 29 H 4 [H 45 Be 5 17 IR 55 2 WE
I A, BE G5 BIAE 2001 45 2011 45, 2013
EL 2016 AT 2017 SFEHEAT T TLRAB T o Ho il E R
S AL R PRDIE S I R B B L B T
BAR B 7= IR i 22 A DA e A A fg i L
RIS BeAh, CRr DRk A tal bl s in ) 22
IMEY T 2012 &3 RV BB 5 6 UCH 55 45 H L
L, FFF201247H 1 HIERSE, 2572016
RN 2022 FEEAT T AN BT o % IME R AR E
TR B DU P R L R M ) A
R, GG ARG VEA N 2 VR AR T AR
DA J s 0 1A 0 A DGR e, o AR R I HA 4R R
i e

M 2012 4 2| 2024 4F 1 12 4F i) 3 H L4 HE 1 3

PR vk ERE . 25 FEDRLES IR B, HEHE S A
H ] i A A0 VA P AEL AR 7 ] e A 7 A A A
PARLAR IR, 39 AR JEURE 61 Fl, AN RS I
FO R, 37K 18 Al G A i R AN 8 0 751 A8 A5 P s
L et o R PR JEURERT R TN 750 4 RO A 8 R K
EE (R,

LI R EURE AT 0 70w 5S4 R A A
TR ARER. NIRITER, i
FREs. MERERIR. BRI aMER. AT
L 2] W A ) ek i R ) R A BRI 7
FiE %) A SR BT ST Rl . A% L LUSN B0 B R N B
1T % e VERAT R VRO, Il i 4 [ ARDRL PP &
A PFH A . R AR SR 2 AL A
FRAE 2021 SR RE 1K L3245 PR Rl 2 0 A0 A B 1)
AP R E ML AN R ) (R 8.

4.2 BEZE GMM SIEEHENSRIAENS
=

FFE 0T GMM GRPEF R} SR IN 7 (0 4 2L 1 B AH

FT 20122025 £F A (A1 FAE 0 A6 9 ) s Al JRek s )

Table 7 Bio-manufactured feed raw materials or additives approved between 2012 and 2025

I ] e I FRRFAE HAR 25
2025 N 9215 RIRIB IR BEER A PABREAL Tl R AR SA6 T A1) CO, A H, Dy 2 B2 J5k) il i A R R IR B ADRHEDREEY
(Moorella thermoacetica CGMCC 28818) & [ 15 21| 2 2T 1) R B, A B 1S £
% BE(Yarrowia lipolytica CGMCC 25047)F| FH .1 347 < I , UL 45 fir JIg I PG 12
REBRAIAL , 4600 88 K GE TR T 215
2024 E A 8625 LLETEANB DU E S A B (Bacillus subtilis CGMCC11741) B R, &4 R W , Xt 4%

TR AR B HEAT I R, T B 00 4 B VNIRRT PR AR RO T AR A

LA

2024 4F A5 80945 ML I AR ER A

DL A 2258 B (Hyphomicrobium denitrificans FINU-R8) N AEF= B fh, 690 FRDRHE n s
R oy 3 Al 1S
DL 3 S F B BR B (Methylococcus capsulatus CICC11106s) 4 3 B A4 77 B Ak

G EUR

VA (Cupriavidus cauae CICC11107s)~ P} 22 fift Wit i 2= 2F fAT B8 (Aneurinibacillus
danicu CICC11108s)F1 - 3845 28 H AT B (Brevibacillus agri CICC11109s) 4% B
BPR , DA SRS b 10 B e o 3 B8 SRR 440 T A S8 49 T 1 4 8 D T H 4 T

L I v 3 v 4k T B (Kluyveromyces marxianus CGMCC 10621) 4 4 7= T A 7R

UK 525 AT T (Bacillus subtilis CGMCC15404) 25 P2 i Fh, ik R B . ARDRLZR hin 7))

A2 B SLFF B (Lactobacillus johnsoni CGMCC19858) 9 I il , Z Wi R % . ARDRLZR b )8

20234 A 7445 SEEHIEEREE A

S . 2P BN AL R R AR S 40
20234 A 6925 Dl S R B

Tl 22V AA R I ok 8 R 446 TR R S T 245
2022 A 6145 e =Lk

JEL O3 25 R 4F TS T 145
20224 A 61455 IS SER i

PRI A I AR TR AT 5 55 6, PR DDA R 7 1 45
2021 AT 4655 LERE RN

L 2 BE#2 1 (Clostridium autoethanogenum CICC11088s) 4y & Bt B Al , LLAN Bk

GRS

Tk Fe Sy CO 3 BEORE SR AN IR R B, 257 8 i B R, 4203
R s S NI P e Nl S S 1) )
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Table 8 Basic requirements for strain identification and safety evaluation

S IR R Gl G R b 2 7 AR
Wi 1 AN 22 4R 2 1 Wi B RER 22008 20
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U 2 U N N
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B BRI AL B 1 NOEF THEFMEY OGS TREFEBEY  OOEH THEEMAEY U T 55 R
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WM. £ A BRI H X, B3
TG A P TR AR, AN 7 ET
A E . T HE IR, A IR
IS A R L 22 A VRN R T T H s
CAEE AR, REHEEGIPE, HEAR
I, HAE T B R BRI i AL . X
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£ 20232024 A FERE R ) 22 AUEAS CHDRIREFD el 7% o
Table 9 List of approved agricultural GMO safety certificates (Feed Applications) for 2023—2024
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