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WE: LB EE A (Clostridium autoethanogenum protein, CAP)J&— i B 4B 8 1, oA W H X} B Af (Cteno-
pharyngodon idellus) L PR i 52 52 0 (4 AH DGR 5 o AR S 15 76 38 78 AR T 28 AR Dy 2 o ek v o — 28 (g s X LA
WU AE R, 5T 6 AR CEEREE A SR (EAEERN 24.45%. 27.31%. 31.82%. 35.79%.
38.64%F0 42.82%, /54 A CAP1, CAP2, CAP3, CAP4, CAP5 il CAP6), LUIMIHAIAT (4.56+0.01) g BT fa4)
AT 56 d INFRFHICE . Z5 R AR : (1) CAPA A Bifazs 76 %  JILPY pH W4T, 1 LA 28 Bt 2k Bt 2R 11 K 1
FHEPEREIIN(P<0.05); (2) WLARERE | sbk . BER Sy . B NEE 7R R0 52 o7 35 B ARDRL R 1 5K 7 T v 2 B T e
Ja BRI R AR 5 (P<0.05), AR BE Al 1+ AR 88 1 BT/K 2 33.53%; (3) WLNAZ12E /R CAP4 A LK%
2T (P<0.05); (4) WL S AL S B (CAT) . 48 484k 4 B AL il (SOD) i M Al it S Ak BE 77 (T-AOC) B 4 11K 1
K (R 3G I B3 AR, N B (MDA) & 248 F R ETH(P<0.05); (5) WL myod. myog. myf5. mstn. fgf6a .
fef6b. myhc-2, myhc-4. tor. s6kl . nrf2. keapla. ck2o. igf-I il igflr (RIAIN] 15 BB AR B AR 1k (P<0.05), CAP4
L igf-IT (AT 234K 1B 3/ T CAP2 ZH(P<0.05), myhc-7 Fl myhc-1 FeF F2 35 WA E (A FUK E S8 M At
P(P<0.05) ABFFEEY, DLOBAREENE AR, 38 FURRHE 57K (33.53%) AT el 5 LA i i .
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B A RPN AR PRC Y, AR IA, LR R
FEHNEATRR, 38 B AR AR KEASE AR
HERE A 3R] DA L PR O b R 4E 1L
fiE S0 AU B R PR, K B A
A UK AT BT LP S R FE B AR,
F B & A B AR AR, Bt sEA
SHUTIN 5% £ AR B B 1R AR R T IR R £
AR, iR R R S 2 UV I fE F CAP
I GOR R o B — 2R (R 40 4 40.(5.36 @) AT
FRR W, S5 CAP W] LK F] 5 TR 1Y
R . FRIRE, ARSI ST & IR 4680 g)
Xt CAP Ak 80— 2K (U8 A 1R R F i 5 kA
F/INER $ 26 AR R, I FLIA Sk 53 1 AR R 4 26 1
IR, (HJZ, MR WL CAP X & 4a LA 5
WA RTSE . Ak, B, CAP JyBa—7F [,
HLAR K T2 Gl 5 i 1 Aa LA % S AR AR AT,
BOKE R A FRASFH CAP #4555

Tk bk e 1 < AR TR AR i T S 2
(A LI SR 3 2 1 P SR S B L
PR AT 2548 . TS i AR AR A AR ) XU i £ ) 7
i, XA AR AN SO R, DL 2R B
Vo B fn R R RS, R A R HE B R DA
M JUL PR 5 B ol B 2R 8 A o B — B IR A T
PEAS AT R SR 7K = e Ak v 4 AR F TR 1 A B
SRAEISR ™ I H CAP 4y — 37 0 40 14 K
1, XK= 29 1 JIL PR o 352 i i AN Y A, T A
AR5 LL CAP AR R — & R, W5 A UK
R AR LEEH . EIRN . FREEE . Bt
SR AE RN N R RS IR, NI PERS CAP B
FEMAE, R CAP 7 fa kb i RS %, d
R S B 22 A AT A R

1 #MHERE

1.1 SEIER

S RDRMEC 5 FUE SRR ISR 1 . U
CAP MR, FLHl 6 Pk A ik F-(24.45%.
27.31%. 31.82%. 35.79%. 38.64%F 42.82%)I¥)
SCE KL, a4 CAP1, CAP2. CAP3,
CAP4. CAP5. CAP6, CAP it & Wi e J5 AL
HABR A AR, SR 84.21% AHHARNT 0.19% .

#* 1 AREARAFZHEARE SN
BERESUTFHRE S ERT)
Tab.1 Experimental feed formulationsand
nutritional components at different protein levels
(expressed as percentage in dry matter)

TABHEC /T feed formulation
CAP1 CAP2 CAP3 CAP4 CAPS5 CAP6
27.50 31.90 36.33 40.72 45.20 49.55

6.79 6.79 6.79 6.79 6.79 6.79

.4 ingredient

LEFRHE N | CAP!
ERIESEEITORNY!
soy oil: fish oil (1 : 1)

T KIEH corn starch 23.90 23.70 23.40 23.20 22.90 22.67
R Y 2 38.41 34.21 30.08 25.89 21.71 17.59
microcrystalline cellulose

iRk 2 premix? 1.00 1.00 1.00 1.00 1.00 1.00
Bhle A4S 1.80 1.80 1.80 1.80 1.80 1.80
calcium biphosphate

50% 5= Ak IH 55, 0.50 0.50 0.50 0.50 0.50 0.50

choline chloride (50%)

k42 yttrium oxide 0.10 0.10 0.10 0.10 0.10 0.10
E 7 4 proximate composition

7K/ moisture 1.92 1.68 2.00 1.76 3.83 3.80
MM crude protein 24.45 27.31 31.82 35.79 38.64 42.82
HLIE W crude lipid 8.05 8.11 8.09 8.09 8.01 8.07
JK 4 ash 3.91 4.14 4.08 396 429 438

: ' CAP EFRMA(%): MR M, 84.21; AR, 0.19; K4F, 7.14;
WAy, 3.27; TABRHY, 5.19; BB 0.92; MfE, 24.10 Ml/kg;
HAREMB R (%): EEMR, 2.29; BEFR, 8.70; HAM, 3.40;
BEERR, 0.71; FHEM, 4.02; AR, 0.62; RILEAMR, 5.28; &
%, 6.38; MR, 5.44; MAR, 1.68; RN, 3.30; HEm,
3.87; &M, 3.21; WA, 2.40; NAM, 4.63; KITXAM,
9.54; HAEM, 9.78; BEAMR, 3.14; FHEM LA 78.39.

N T AR 4E2E R C BERRER(35%), 900 mg; /LR E,
450 mg; WLEE, 225 mg; MHRME, 120 mg; Z 245, 60 mg; 4EER
A, 30 mg; Z4E4: % K3, 30 mg; 4% B2, 22.5 mg; 4E/EE B6,
22.5 mg; A4 & D3, 15 mg; #EAE B1, 15 mg; MR, 15 mg; 4t
A EK BI2, 120 pg; EWHE, 3 mg; —IKBAREK, 300 mg; —KAR
fR4E, 200 mg; S L4, 100 mg; —/KEEERAE, 25 mg; T/KERER
M, 30 mg; LA (10%4), 5 me; W AGEREN(10%HM), 5 mg; #l
M2 B(2.9%), 3 mg; BRAREE, 900 mg.

Note: ' Nutrient composition (%) of CAP: crude protein, 84.21;
crude lipid, 0.19; moisture, 7.14; ash, 3.27; nitrogen-free leachate,
5.19; total phosphorus, 0.92. CAP energy was 24.10 MJ/kg. Amino
acid composition (%) of CAP: methionine, 2.29; lysine, 8.70;
arginine, 3.40; cystine, 0.71; threonine, 4.02; tryptophan, 0.62;
isoleucine, 5.28; leucine, 6.38; valine, 5.44; histidine, 1.68;
phenylalanine, 3.30; glycine, 3.87; serine 3.21; proline, 2.40;
alanine, 4.63; aspartic acid, 9.54; glutamic acid, 9.78; tyrosine,
3.14; the total sum of amino acids was 78.39.

2 Per kilogram of vitamin and mineral premix containing:
L-ascorbate-2-monophosphate (35%), 900 mg; vitamin E, 450 mg;
inositol, 225 mg; nicotinamide, 120 mg; calcium pantothenate, 60 mg;
vitamin A, 30 mg; vitamin K3, 30 mg; vitamin B2, 22.5 mg;
vitamin B6, 22.5 mg; vitamin D3, 15 mg; vitamin B1, 15 mg; folic
acid, 15 mg; vitamin B12, 120 ug; biotin, 3 mg; ferrous sulfate
monohydrate, 300 mg; zinc sulfate/sulphate monohydrate, 200 mg;
Sodium chloride, 100 mg; manganese sulphate, 25 mg; copper (II)
sulfate pentahydrate, 30 mg; cobaltous chloride (10% Co), 5 mg;
sodium selenite (10% Se), 5 mg; potassium iodate (2.9%), 3 mg;
magnesium sulphate, 900 mg.
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KRGy 7.14% ., JK5y 3.27% . KAAE 24.10 MI/kg, KR
RIS 80 HIE, FrE, H/NEIRAHLM-256,
e B TR 2 SIS LR ) IR AT S i R b Rk
(BHK A 21%, AL E D 130 C, fL#2
2.0 mm), FiR THEHEAETE-20 C,
12 XWEMFEIXR

A A RO R N Y, E SR TR
SR JE LA B 25 K 540 BRI R (4.56+
0.01) g WyEAFENLST 2] 18 ML, HHEL 30 FEf,
BEAVERLBENL T TC 3 S FRFEET . SRR K 575
ARG (BEETKAR 300 L, /K 1 L/min)FR54 8 J# . 77
B PR A SROERE, AR (08:30 i1 15:30)
R, A R E & = 7E 6 mg/L LLE,
JKiE K 27~28 °C,pH K 7.3,
1.3 HAFXE

IR 2 R 2 i 24 h, F MS222
(75 mg/L, BUHIT, FHRRRIES, MG RENLIK 5
FEfh, R4 iR S BR NS 25 58 DATHIR 25 58
R FEH(%)=100x 25 5t /2 M H ], R B
B WL A, — 3 R A RS A T
80 C, T RNA $EBURBEIE M &, 75 —&B4r
FH 4%22 5 B S 61 5 FH T 20 2124 0088 A B 3 R i
(R UL PR 0 B LB F e pHL A28 38 % S 4B,
FLREHLI 5 BAa7E-20 CHRAE, MTINEE
BT 50T TR AR TR VK kAT .
14 H@mAWH
141 EFESWNE Kioda#Edr GB 5009.3
105 CHETEEE, K3 ENR GB 5009.4
FHS 3R Ry el ;. MR (4% GB 5009.5 R H
FLICE AL K9860 (ifEfE, Trrg)Ia; ML
GB 5009.6 K FH R[G5 & .
142 HEBAEEBK. pH FREFENE
FHE#ES pH 3H(HM-17MX, Toadkk, H 7<)l 5 #7
et LAY pH o AR S SCHR[ 11775 2600 5 JL PR 28 804
I [ZE B AR (%)=100x(75 7 )5 WL A H 78 & Hr AL
PRI )/ZE BT NI ] . LR BTHE 43 B (TPA) [
TA.XT Plus 43#714% (Stable Micro Systems, Godal-
ming, #%E)E, ST Bk 8RR
FEIE P/36R (E 4220 mm), 13R5EE E Ky 2 mm/s, 15

FBTE A 5 s, WSS A R FR 2R B R S mm/s, B9
KAEF R 200 pps.
143 MLABERFME  [FHERF A NEA
JER SR . IR E LA I (56~58 C)
Ja, FAAEY] A HL(Leica RM2135)H1 ¢ 7 um JEE1Y
R, HBRAR-F L (H&E) Y, 7E 620 B iR
TWEL, f#iF Image-Pro Plus (Version 6.0)%% {4l
A HR, B R gt 4 e,
144 BHMEBMMELEANE MAEGRRH
AILEE & 100 mg, S5AFRERKIE 1 - 9RBUR S, VK
2K, 1 2500xg, 4 C R ELL 10 min, Y
VEW, R S R TR T, mE )
AT E ALY AL (SOD) | it AL S (CAT)
S RE J1 (T-AOC) 7% P FI TN — B (MDA) 7
HIE
145 HBMEEFREMNE H Trizol™iLH|(Takara,
KAWL R RNA GBS, 2 gDNA 1)
PrimeScript RT X7 & (Yeasen, L)t T cDNA
8. 27 NCBLEUE 22 1) )7 91 15 1152 B 7 B PCR
(qQRT-PCR)5 ¥ (R 2), FiA 514 B8R4 7E
90%~110%I[X.[f] Py, qPCR f#i /] Unique Aptamer™
gqPCR SYBR"™ Green Master Mix i & (Novogene,
KE)LE Light Cycler 48011 %46 2E #{ (Roche, Fij
) BRI . Y ART O 95 C AR HE 5 min,
95 CAME 105,55 ‘CiB:k20s 172 CHEAf 205,
40 NMER . APFFCR NS ERIUE efl-a
B-actin FENLRHL N FRILFENESS, A Hryk
KL efl-a Fl B-actin HINZ, HIGHIH 2744C
M5 AT AR Rk i
15 &itah

B R8BI E PR HE R (X £SE) . il
SPSS #1155 26 WR(IBM, 3% ) AT R 347 o %
SR AT IR 2R S, SRR
77 21T (one-way ANOVA) 1 Duncan’s £ 1 H K
Kot A 2 5. WEHKFH 0.05, BLIk,
K HIIEZE 2 W0 AU & 25 F8 45 5 8 H Bk Py
SRR (L R ), I3 T 0L PR 6 B {1 A1) — 1k
P i R 1 S BT = s el s 10 N O
GraphPad Prism 8 #1722,
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*2 ZHMREEE PCREIYWFT
Tab.2 Real-timePCR primer sequences

HEFE AR gene

EM 514 (5'-3") forward primer (5'-3)

S 514 (5'-3") reverse primer (5'-3")

5 accession number

myod ATGGAGTTGTCGGATATTCCCTTC GCGGTCAGCGTTGGTTGTT MG544985
myog TTACGAAGGCGGCGATAACTT TGGTGAGGAGACATGGACAGA JQ793897
myf5 GTGCCTGTGCCTCATCTCCT AATGCGTGGTTCACCTTCTTCA GU290227
mrf4 TCGCTCCTGTATTGATGTTGATGA GCTCCTGTCTCGCATTCGTT KT899334
fefba CGCATACGAGTCTTCCAT CCTACGAGAACATCCAACA MKO050993
fef6b TCCAGTCCGCTTCCGAGTA AGATGAAACCCGATGCCTACA MKO050992
mstn CTGACGCCAAGTTCCACATACA CGACTCTGCTTCAAGTTCTTCTCT KP719016
myhc-7 AACTGCGCTGTAACGGTGTA AGTGTGCCCAAACCTGTACT MW113233
myhc-2 ACAGTGGCCAGCATTGATGA TCCGCAGAGTTCAAACCCAA MW113235
myhc-4 ACTCCGCTGACATGCTGAAA TGTCCAGCACACCAATGAAGA MW113236
myhc-1 TTCCGTTGTTGTGTCAGGCT TACTGGATGACGCGTTTGGT MW113234
tor TCCCACTTTCCACCAACT ACACCTCCACCTTCTCCA J1X854449
56kl ACATAAAGCAGCCTGACG TGGAGGAGGTAATGGACG EF373673
4e-bpl GCTGGCTGAGTTTGTGGTTG CGAGTCGTGCTAAAAAGGGTC KT757305
igf-1 GTGTGGAGACAGGGGCTTTTA CGTAGGGATCGTGGAGATTTG EU051323
igf- 11 TCTGTGGCAGTCCTCAACAAC TTCCGCAACTTCTTCGCTCTT EF062860
igflr TGTGGTGCGTCTACTGGGC TGGAGGTGTTCTCAGCGGA EU816193
nrf2 TGGACGAGGAGACTGGAGAG TGGTAGGTGGAACGGAAACAT KF733814
keapla GCTTCCAGAGAGTCCAGAGAG CTTCAGCCAGATGTTCTTCCTC KF811013
ck2a GCCAGCCCTTGTGTTTGAAT TGTGAGGTTTGACATCCCGA KJ729126
p-actin TATGTTGGTGACGAGGCTCA GCAGCTCGTTGTAGAAGGTG M25013
efla TGACTGTGCCGTGCTGAT CGCTGACTTCCTTGGTGATT GQ266394
) ERESE 22 MPEARKEMNEEEMANSEER, &

21 AMEBRAKEXNEET

00

n3k 3 Frow, CEEREE AN E AR,
Tk 3 1 K AN R AR LA K o

gk

FEH . MBI FK 43 (P>0.05)

A ALE 5B 5y

iRk pH BB

WE 1 FR, B L TSR (RP=0.595)

pH (R*=0.57 1)) B it 2 11 R/ P-4 i 22— st

ISk, HISLE CAP4 41 3k 3|5 KAl (P<0.05). 1
WLZE B Sk b TF#3(R*=0.816), CAP6 4

3 m T HAAL, CAP4 411 CAPS 41 HIK (P<0.05)

*3 ARZCEREEARKENEEGIEFBSWRMAEET)
Tab.3 Effectsof dietary Clostridium autoethanogenum protein levels on dorsal muscle proximate composition of
Ctenopharyngodon idellus (on fresh-weight basis)

n=3; X £SE; %
e fARLE A BiK - dietary protein level
i H item
CAP1 CAP2 CAP3 CAP4 CAP5 CAP6

7K 43 moisture 78.44+0.70 79.26+0.60 79.50+0.59 79.20+0.68 79.83+0.16 79.48+0.41
ML M crude protein 18.40+0.76 18.41+0.46 18.24+0.46 18.30+0.50 17.89+0.15 18.07+0.28
MRS crude lipid 2.40+0.15 2.57+0.27 2.55+0.04 2.67+0.04 2.56+0.09 2.46+0.33
K5y ash 0.45+0.01 0.46+0.03 0.43+0.02 0.41+0.03 0.39+0.01 0.46+0.03

TE: AT TC_EARR7R 4 ) AN A7 (B35 25 5(P>0.05).

Note: No superscript in the peer data indicates that there is no significant difference between the groups (£>0.05).
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a n=3; x+SE Q, R?=0.595

b n=3;x+SE L, R>=0.816

5 H%
empty shell rate

IS
[l

W
(=

FEAE /% cooking loss
)
S

—
(=1

1ABHE H JE /K dietary protein level

¢ n=3;xtSE Q, R>=0.571

B e S EEAR T KPR R 23 583 (a) . 2R (D) FILIA pH (c) IR
AN AR A 25 5 B35 (P<0.05). L R 2k MR AL(P<0.05); O Fom — IR BRI AL (P<0.05).
Fig. 1 Effects of dietary Clostridium autoethanogenum protein level on empty shell rate (ESR) (a),
cooking loss (b) and muscle pH (c) of Ctenopharyngodon idellus
Mean values not sharing a common superscript are significantly different (P<0.05). L indicates linear
model (P<0.05); Q indicates quadratic model (P<0.05).

23 ABREBARKERNESE

S8

WE 2 PR, SR W EAERE AR,
P bR, AL RGRERE | P
W AR A g, AR ARDRL AR BT KT 1 2 e T
1 T AR Y — BB (P<0.05, R*=0.742. 0.567.

a  p=3;x+SE Q,R>=0.742

B EB B AL e 45 1%

0.455. 0.864. 0.664 Al 0.748), - H, 7 CAP4

AP ARSI B RERE | Sk RPN I 52 ) B R,

BERIT. Btk

b n=3;X4SE  Q, R*=0.567

2000

fifi i /g hardness
S @
(=1 (=3
(=] (=]

W
S
S

d n=3;x+SE O, R=0.864

N /
FFTFIT IS

0.6

N
kN

I
o

F#i¥f:/cm springiness

0

TR H 7K dietary protein level

n=3;%+SE 0, R*=0.664

a

800

%t gumminess

400 r d

NHIE /1/g chewiness

TE CAP3 b i B 1 &5 3 FAELIgS g i) e

AR 4 A 82 {5 DR 1 /KT B R R AOR
R, SRAT LA A R (R 5 KB B ARDRHER 1 BKF h
33.53% (& 3).

n=3;Xx+SE O, R=0.455
0.6

0 28

A AR \ ) o
FFFFFF

TABLE F /K dietary protein level

Bl 2 DR b 1 2 1 S 1 X o £ 1 8 A LSRG R £ 52 i

a-f IRUCHBERE . #ilE . BER ). BTk

NELIGE Jy Il 52 g AN [R] AR - 3494 2 57 1.3 (P<0.05). Q KR — W pREUEE R (P<0.05).

Fig. 2 Effects of dietary Clostridium autoethanogenum protein levels on the texture properties of dorsal

white muscle of Ctenopharyngodon idellus

a-f represent hardness, springiness, cohesiveness, gumminess, chewiness and resilience in order. Mean values
not sharing a common superscript are significantly different (P<0.05). Q indicates quadratic model (P<0.05).
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16005 y— 3 0448x2+204.16x-2022.4
1500 R*=0.7439 :

1400
51300 1
=
01200 |
% 1100} :
1000} 3353
900 74 >
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TEBHE H JFi7K /% dietary protein level
I3 P LSRR TR A 1 SR e o LY BB 2 A4 1T U3 7 B

Fig.3 Regression analysis of dietary Clostridium autoethanogenum
protein level and muscle hardness of Ctenopharyngodon idellus

y Gapit

b #=3;XSE 0, R=0.830
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N4 B4/ um
fiber diameter
N
(=]

EE R e e

24 AMNEBEARKEMNEGETANARAEN
=l

WK 4a PR, SRR RN & FIEET,
T Aok B P 5 K P 52 R A TS UL ROUL 25 48,
CAP1. CAP2., CAP5 Fil CAP6 ZH I LT 4k A 4%
K, i CAP3 I CAP4 H HAEK /N, HULA4EH
T FLLT 4 %5 i 2 91— IR 1 (P<0.05, R*=0.830
F1 0.644), CAP4 2 A il 2] e /INF- S ILEF 4 B4R F
KA (B 4b. o).

fcapaN | T

[ -

S

]
159
ol
w2
o
QS
X
g
o

fiber density
N w
(=1 (=1
(=i (=]

WLEF 485 15/ ()
8

. .
SFITS IS

P4 RIRDRLZ BB R 1 FOK T GRI0E 8 o5 fa 0 L S U
a. WA IUILER 4 8RS R AKE DY) b LA ZE ELA% (um); e WLEF4E% 8 (N/mm®). A3 EARiY
SF-H 22 5 525 (P<0.05). O /R UK BRI (P<0.05).
Fig. 4 Morphological observation of muscle tissue of Ctenopharyngodon idellus fed with different
Clostridium autoethanogenum  dietary protein levels for 8 weeks
a. Observation on muscle fiber of white muscle in grass carp (hematoxylin and eosin, x400); b. The muscle fiber diameter (um);
¢. The muscle fiber density (N/mm?). Mean values not sharing a common superscript are
significantly different (P<0.05). Q indicates quadratic model (P<0.05).

25 MAMEARAKENEEETHANMEALEE
kbl

miE s pros. WA S LSRG . ALY
o A it 3 e AR g O B TR B K T
B0 T 2R R AR (P<0.05, R*=0.699 . 0.437 Al

0.496) N _FES BB EE BT s R
(P<0.05, R*=0.653).
26 EHEHBNERERIL

WK 6 Fr7n, myod .. myog . myf5 . mstn . fgféa .
fef6b. myhc-2. myhc-4. tor. s6kl . nrf2. keapla.
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a n=3;x+SE L, R=0.718

b »n=3;Xx+SE L, R>=0.437

| g
< b b ) a
Q a »g X °
g ;Eﬁ: E 6 “U%ﬁ
2| S s
: . = %ﬂ
n fgff
= f%::
S | =B o
¥ | 7
ji_-?o 5" /’f% %0 .f,-'"'ﬁ
CAP6
TR A /K dietary protein level
¢ n=3; x+SE L, R*=0.496 d n=3; ¥ +SE Q, R?=0.653
8 251 151
: s
;2 0 + E
I a 2 b
| by fu .
:E 1.5 éﬁ & 4 fﬁ/ﬁ
<10l Epe 8 e
R Lo .'.' ﬁﬁ 50.5 ﬁ
2 ) & V
§0.5 _: ﬁﬁ E' 3 xiﬁ
ifj 0 f ?{}‘j 0 B ﬁ:; :'_,-".__/
N AP5 CAP6 CAP1 CAP2 CAP3 CAP4 CAP5 CAP6

FERVE 1 7K dietary protein level

K5 e BEAR T R 1 BUK P B 3 LT A A RE D 2 R
a. 3 AL RE(U/mg prot); b. A ILHIEALHE(U/mg prov); c. EHL L AE ) (mmol/g prot); d. Y —F¥(nmol/mg prot).
AN EAR 9P I 22 57 .55 (P<0.05). L F/RR AR (P<0.05); O /R — UK KUY (P<0.05).
Fig. 5 Effects of dietary Clostridium autoethanogenum protein level on the antioxidant capacity in the dorsal
white muscle of Ctenopharyngodon idellus
a. Catalase (U/mg prot); b. Superoxide dismutase (U/mg prot); c. Total antioxidant capacity (mmol/g prot); d. Malondialdehyde
(nmol/mg prot). Mean values not sharing a common superscript are significantly different (£<0.05).
L indicates linear model (P<0.05); Q indicates quadratic model (P<0.05).
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Fig. 6 Muscle genes expression of Ctenopharyngodon idellus fed with different dietary
Clostridium autoethanogenum protein levels for 8 weeks
a. Gene expression of myogenic regulatory factors (myod, myog, myf5, and mrf4), mstn, fgféa, fgf6b, and myosin heavy
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were diluted 6 times. Means values not sharing a common superscript are significantly different (P<0.05).
Ns indicates no structure (P>0.05); L indicates linear model; Q indicates quadratic model.
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Effects of dietary Clostridium autoethanogenum protein level on
muscle quality, antioxidant capacity, and gene expression of grass
carp (Ctenopharyngodon idellus)

LIU Guoqing"?, ZHOU Meng" %, XIE Shouqi’, TAN Qingsong'**
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Abstract: The experiment aimed to reveal the effect of Clostridium autoethanogenum protein (CAP) as the sole
protein source in the diet on the muscle texture properties, tissue structure, antioxidant capacity, and gene
expression of grass carp. Six groups of CAP gradient protein diets (with protein contents of 24.45%, 27.31%,
31.82%, 35.79%, 38.64%, and 42.82%, named CAP1, CAP2, CAP3, CAP4, CAPS, and CAPG6, respectively) were
designed. Juvenile grass carp with an initial body weight of (4.56+0.01) g were cultured for 56 days. The results
are as follows: (1) Dietary protein level did not significantly affect the moisture, crude protein, crude lipid, and ash
content of the dorsal white muscle of grass carp (P>0.05). (2) The CAP4 group significantly increased the empty
shell rate and muscle pH of grass carp, and the cooking loss of muscle increased linearly with the protein level
(P<0.05). This suggests that optimal dietary protein level increases the edible portion of grass carp and improves
muscle quality through pH regulation. (3) Muscle texture is an important parameter for evaluating the quality of
aquatic products. Muscle hardness, springiness, cohesiveness, gumminess, chewiness, and resilience were all
consistent with a quadratic model; they first increased and then decreased with the dietary protein level (P<0.05).
Also, the maximum values of hardness, springiness, cohesiveness, and chewiness were detected in the CAP4 group,
and the peak values of gumminess and resilience were found in the CAP3 group, suggesting that optimal dietary
protein levels can improve muscle texture. According to the relationship between muscle hardness and dietary
protein level, a quadratic function was fitted and the optimal protein level was estimated to be 33.53%. (4) The
CAP1, CAP2, CAPS, and CAP6 groups had larger muscle fiber diameters, while the CAP3 and CAP4 groups had
smaller muscle fiber diameters. Statistically, muscle fiber diameter and muscle fiber density were fitted by a
quadratic model (P<0.05), and the smallest mean muscle fiber diameter and maximum muscle fiber density were
detected in the CAP4 group, suggesting that optimal dietary protein level can improve muscle texture by
increasing muscle fiber density. (5) The activities of catalase (CAT), superoxide dismutase (SOD), and total
antioxidant capacity (T-AOC) in muscle significantly decreased in response to increasing dietary protein in a
linear model (P<0.05). The MDA content significantly decreased in the CAP4 group (P<0.05), indicating that
appropriate protein levels can alleviate oxidative damage and reduce MDA content. (6) The relative expression of
myod, myog, myf3, mstn, fgféa, fgf6b, myhc-2, myhc-4, tor, s6kl, nrf2, keapla, ck2a, igf-I and igf1r in muscle were
also consistent with a quadratic model (P<0.05); the relative expression level of igf-II in the CAP4 group was
significantly higher than that in the CAP2 group (P<0.05) and the expression of myhc-7 and myhc-1 genes showed
a linear increasing trend with dietary protein levels (P<0.05). This result suggests that optimal dietary protein
could promote muscle growth and alleviate oxidative damage to muscle through related gene expression, which
was consistent with other muscle quality parameters observed in this study. Overall, this study revealed the effects
of dietary protein level on parameters related to muscle quality in grass carp using a novel bacterial protein (CAP)
and provided a theoretical basis for evaluating the value of Clostridium autoethanogenum protein and regulating
muscle quality by nutritional means.

Key words: Ctenopharyngodon idellus; Clostridium autoethanogenum; antioxidant capacity; muscle texture;
signaling pathway
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