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FEMRELR DR A AN I OCK BRZH ) (396 .6 %6 F19 %0 HU 9 448 T T A 0 2 Tt = , ¥R 9 A T TR A 0 e e = %o o

TR IR A= AR RE JULPY B S5 5 TH AL S RE A2

SRR (DR A R A K 1 ) i) 30 d

Xof e, [ i A M i TR IR AR A5 L PR SRRIRR A AR AR TE 10 3 52 (P=>0.05)  {H AT 1 25 B2 S A R ™ L R
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0.05) 3 3% 16 %0 AR INZH WL PR AR I 73 S5 0] A i R AIC 12,61 96 1 13.77 %6 (P<<0.05) 5 9 %0 M AL LA o 4 %
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LG EENR (Procambarus clarkii) 15 FR/NJEEF
2 TR [ 37 i A R K BOTR K 2 B R 2K, 2021 4F B ™
B LA 263.36 07 ¢, Pk K SR IV . /N TR IR R 2
P, HA M BN MR B R . A
WEFE L /N W R 356 X6 52, 78 S b A0k b s A [
L A5 1 265 ik 80 2 0 % W 7 00, AR 5 2% R B 7 T R )N
Je MR A AR BE LR ST e il I T AL D B Y 52
e, DA 25555 VE Al 288 5 30 2 ) 5 T 7 ) A /N JE I 557
BE RIS F M IR — 2P E R R R AR K T B
Wy 1N R SR TR
1 #MRIERE
1.1 RIEIARIELH

T2 50 T FH L A e 0 RN 5 2R A BR A
) AR A ) e T 7 ) DRk Fh A S TS A: MR
FABRA AL O & F~17 2%, MR I >10% .
FEFERB AR 43 SR 0 %6 (e REEE ) (396 .6 %6 F19 %%
A ot ) xR T LA BRI (R
3296 HLIRIE 2 6 %6 ) i 4 LBl

AR A B i Sk s YA B R 2 R BT R 4
Yt B4 W1 R TR S A BRI RL
TR A 0 B A e 2R A W AR o (B D (X, A5 3 1Y
JEAAL . B ROR I 2 105~115 °C, /i 35~
45 min, M5 2N , AT il K = AE S B
A 5 A4 WLRNE G 3850 A3 2 0 R, R R =
K EE &AM RSN BCBE AW (a5
FSCA YR A PR A " 3L ) 518 215 1 TR BHE
G5, IR T I AR B AR B R BRI R, 2 T
PRS0 T A AT B0 AR Jot R A K T R AR R
R R BE = IFRH 7K 43 RELEE 11 LR i AR 43
A3 R 11.64% 17.75% 11.96 % F115.96 % o #5445 It
R IE I FLAR 0.25 mm 5, $2 FR D 7 MERTAREL, 4%
F gD Rl B 434 5 i W/NBIR B IR AT, K 784318
A1 ATRPREAIL AR ) ROREAR /N A 2.5 mm Tk
PEARDRHIURL , B 2R Ko AR Rk 4 Bl AN 7R K
AR 1R . B R AR K I ) R R A A AN
F2WIR.
1.2 FEEHE

TR L 57 T8 ROl R BUK AR 5 e
WL (30°0870.68"N, 112°57"5.07"E) , 3856 isf ] JA
20224E5 1 12 %) 6 A 10 A, A 30 d, 56 46
JiCE L N IR RS AR R A XCBE X =3 m X
2 mX 1.5 mo I FH AR DA T T 6 19 St 35 DN 4 5

x1 ARMERERMEFRKE(FYE)
Table | Raw material composition and nutritional
level of feed (dry matter) %
A TR A R I T I L 461
5 H Ttem Adding level

0 3% 6% 9%

J5UR} Ingredient

Y4 Konjaku flour 4.00 4.00 4.00 4.00
13 Blood powder 4.00 4.00 4.00 4.00
JHE Rice bran 800 500 200 0.6
RERAY R e )

Fermentation products of table 0.00 3.00 6.00 9.00
leftovers

9 Rapeseed cake 30.00  30.00 30.65  30.00
K G Soybean meal 15.32  13.91 11.63  10.80
e 5 38 P

ﬁ?{@% y'AJrfg) P 250 264 301 375
/NFE Wheat 18.00  18.00  18.00  18.00
I554% S Soybean residue 500 500 500  5.00
Z19f Rapeseed cake 10.00  11.23 1243 1211
)k E 357K F Nutritional level of diets

KL 1 Crude protein 32.00  32.00 32.00 32.00
MW Crude lipid 6.08  6.00  6.00  6.00
MK 4y Crude ash 7.21 715 7.1 7.08
AR Methionine 052 052 052  0.52
HE R Lysine 1.55 1.55 1.55 1.55
JfiE /(MJ/kg) Total energy 17.54 1754 1754 17,50

T 330 T KRR 7 £ 58 KT 1504, KM G k) |
/N R B B4 )l 43%6.65%.12% . Note: The crude fat
content of rice bran was more than 15%, and the crude protein con-
tent of soybean meal, poultry by-product meal and wheat were 43%,
65% and 12% ,respectively.

x2 BERRFYEBSNEEBREAR(THR)
Table 2 Amino acid composition of fermentation

products of table leftovers (dry matter)

IR /% R IER /%

Amino acid Content Amino acid Content
R Lys 0.74 R Trp 0.16
FH R Met 0.22 AR Cys 0.35
SR Val 1.00 2R Tyr 0.55
S AR e 0.72 RAHR Asp 1.52
SLER Leu 1.19 225 R Ser 0.79
KR Phe 0.79 HHEMR Glu 3.34
INa R Thr 0.67 H&Em Gly 1.17
2152 His 0.40 AR Ala 1.06
AR Arg 0.95 %82 Pro 1.43

A5 #5600 B (5.3340.40) g MR FRfdH: % 3h H
5e8 LB A 50 3 0 R AL 53 31 124~ AR 1A R 40
LA A3 ER B EE S0 IR, R
18: 00 FE ML ARDRL, #4a R A 3%0~5%0 . I 1] 7K it
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B4, pH & 7.3~8.1, i A 5.8~7.2 mg/L, /K i
24.2~27.1°C, A <0.2 mg/L.
1.3 H@mRE

R TFHE TG L 7 BIAESE 15,30 K BEFTHURE , R AkE
A 24 hAE &, BEASPIARER O BB EF, & 3R A 14 /)
HAEATIRA WORE o DU I i 3% g R MR 1) 1 T o, K%
Je {1 L VS 2% DI Sk Mt HY S 34 A G B, B
WERAE T 2 mL EP & rh . Mk 7R 4 CHRAF T
H 3hJ&, LL10 000 r/min 5.0 30 min, B 3ERAE R
RO , —80 CURAF, I T He B MG DI o R Il )5
fif 5 /N IE | IBCH T AR R S L PR, R, T
T O30 I R E5 R0 L PR R e R R L PR TR R
—80 CURAE, 53l FH T 8 A T 3% 4 035 5% i 4 14
TE o BEA IRE BEALIR 3 B2 A [ 57 8 1) S J B ot
BT 4% ZRP B E e A8 A,
1.4 3EHRIE R FWME

DAERMERRI R o DERT 0 SRS R
RRAILR T E , e EE 30 FFIRAR A £k R R
FEARACAR PTG A AR S AL R (R
5 R AR 220 A BB AW A . SR FRETTR
ZHESCHR[14 1A

2) WLIR BEAS 1843 FIOK S S R R D A o SR VR U
TR LR K 438 15 550 CEy 3 b My ekl
HLK A3 & 8 (GB/T 5009.4—2016) 5 9L & A
L A &8 (GB/T 5009.5—2016) 5 2% A4
FLIE 5 & 5 (GB/T 5009.6—2016) . JIL P 7K i 2 ik
R )3 7 >R FH R /K A2 (GB/'T 5009.124—2016) .

3) WU BT RGP I o B o, [ i 28 MR iy — 7

LA, B VIR AR 2 2 em JEEEZ) T em AR
fii FH TA.XT. Plus 8 57 #4{¥ (3% [§] Stable Micro Sys-
tems ) 47 [ b 22 ThTAT ARSI 00 L PR s L 3
PR R A I IR TR
JERIFEFE Pk P/36R Xt A RESEAT 2 R R4 R, 4514
e MRRAT R RS RN 2 mm/s, JEE
65%6 , 15+ FR RIS [a] 5 s, fil %2 15 go

4) 1037 92 Tl R B AR T A Jl S M o o
A A ) TR 5 R i e e AN Ak
it 3% M, A 5 B PE B R B (AKP) | W2 T B W A
(ACP) %5 41 g (LZM) | Ji 2 11 (trypsin) | JE 9 i
(AMS) FfE Tl (LPS) .

SYLHAY) ISR . FFIRARAE & [ 48 h, 2l it
KB R A V)R SRS AN -
LT (HE) X1 A G o, A iR 2t R J5 FT Olympus
BX53 I il AL T BRAR L ZUE 4 I g 250

HEFT R (GoR 2
1.5 BURSH

i DASF- Y (E £ BR 1R (mean+ SE) (91 X %
7o fHEHISPSS 26.0 8 AFHEA T HLK ZR 7 22538 (One-
way ANOVA) , %4 2 5 , W H] Duncan’ s % 9517 2
LK, P<<0.05 %/ EHA WEZE . JJaliH] Ori-
gin85 FAAER

2 FHRE5HMH

2.1 ZEREERMEKRMERE
PR Tt T A3 W B P i v ER RS IR AR K
PEREUNZE 3 TS, IR 30 d J5 , 4541 WGR .V HSI ,

3 AR 30 d/E5 REEFR £ KR~ H B R

Table 3 Growth performance and output of Procambarus clarkii after 30 days of feeding

FBHRIA R P N L] Adding level

F8F5 Index

0 3% 6% 9%

¥ ik /g Initial body weight 5.314+0.39 5.29+0.38 5.314+0.37 5.42+0.45
K /g Final body weight 23.69+3.19 22.45+1.14 20.55+0.48 21.48-+0.68
HEH %/ % Weight gain rate 345.82+54.10 324.18-+23.50 287.10+12.59 296.2846.58
AT I RR4E 5T/ % Hepatosomatic index 7.79+1.21 7.63+0.21 7.314+0.46 8.23+0.77
H AR/ Y% Meat yield 13.2041.00 13.03+2.52 11.4940.10 11.3841.69
PR R /(% /d) Specific growth rate 4.9740.41 4.8140.19 4.5140.11 4.5940.06
1EI5 5/ % Survival rate 44.0045.29b 68.00--4.00a 76.67-211.02a 72.00411.14a
T8l 2 B Feed conversion ratio 2.43+0.15a 1.6640.14b 1.6840.26b 1.6940.20b
J4% A /g Total input 265.38--4.08 264.681.52 265.46-2.38 270.923.99
K7 /g Total output 515.7417.55b 763.38£62.17a 787.56-112.39a 775.41+142.38a
BT R/ Y Total weight gain rate 94.34-+6.13b 188.51+25.20a 196.71+42.67a 185.824-48.68a

R PEAE R 3G W IIME s AR R R R RN R 3 25 5 (P<<0.05) ; FER[F]. Note:Data are means of triplicates. The

values with different letters are significantly different (P<C0.05). The same as below.
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MY HISGRIJTC B #2573 (P>0.05) . BEFAY K& MBS Ehed, 9% WS INAR T X iR 4, {022 7oK

JEE 7 ) VS I ZEL R ) A 23 ™ R LG R 3 f
T T AL R R 80 AT R (P<<0.05) .
Hodr, 620 UML) B R 787.56 g, B R
196.71% , 435 Fe X BR2H 755 52.70 %6 #1108.51% o
2.2 wmRBEZEIMRMALAAKES

R A PR R S R ) A1) 30 d i
SHMMPAPHHED KOS EEZRARE
(P>>0.05) o 4 57 F) 42 ) % 1% 7 W0 S Jn 4145 %) RE 4L
HE7K 435 T G i 3 22 5 (P=>0.05) , 6 % F19 % B4

W3 (P>>0.05) , 1117 3% F16 %6 7% i 28 W &g 2% F %
HRZ1 (P<<0.05) , 435Ik 12.61 % F1 13.77 %,
23 RREEIMRAANSEER AR

N 5 Fros , SRR ot o) A ) R ) e TG R
FEURAS 41 30 d B8 JULPA) 4 23 F AR T+ 17 b 41 3
1%, Hor Glu & 34w, LU Asp  Ala; & it fik
I Cys. BT B IR (EAA) Bl ARabis & 3k
T2 (NEAA) it K SEAA/SNEAA B0 3525 =
(P>0.05), 4FpFEERZIERR (DAA) S 5%

KAy R ST 3% AL (P<<0.05) . X REL

x4 RREEBEGNAZERKS KR

Jo e Ay i T 7 0 ) LA 86 o sk L 24 S e 41

Table 4 Comparison of muscle composition of Procambarus clarkii %
- R4 % B a8 I Ee ] Adding level
845 Index
0 3% 6% 9%
7K43 Moisture 73.344-0.58ab 70.1441.92b 74.64-0.37a 74.47+3.67a
HLE F1(F#50) Crude protein (dry matter) 83.79+3.85 83.12+4.06 79.714+0.04 81.664-1.53
HUERG (F#1%) Crude lipid (dry matter) 6.90+0.61a 6.03+0.33b 5.95+0.38b 6.39+0.32ab
KA (TP ) Ash (dry matter) 8.04+3.33 9.56+3.80 13.02+0.42 10.68+1.27
#5 RRKEERIANSEBHERSENT
Table 5 Analysis of amino acid species and content in muscle of Procambarus clarkii %
L A SRR A0 R R = IS I L] Adding level
Amino acid 0 3% 6% 9%

REHR Asp 12.11+0.30ab 12.1840.09a 11.954-0.16ab 11.834-0.22b
BEFR Glu® 18.564+0.28 18.844-0.49 18.6340.11 18.89+0.20
225 R Ser 7.4540.16 7.4440.20 7.3340.26 7.6140.23
TRER Thr' 4.514-0.08 4.51-40.06 4.33+0.21 4.59-+0.25
HE® Gly” 9.62+0.65a 9.3140.55ab 9.03+0.54ab 8.29--0.95h
AR Ala™ 10.13+0.39 10.0240.17 9.91+0.24 9.60+0.43
& Cys 0.46+0.07 0.21+0.28 0.454-0.03 0.324-0.21
HiaA R Val 3.53+0.29 3.6240.13 3.4540.17 3.7340.23
ES B Met” 2.06+0.28ab 1.6940.28b 2.5240.34a 2.3240.54a
SR e 2.54+0.25 2.5040.19 2.66+0.25 2.83+0.33
TR Leu” 6.73+0.20 6.76+0.29 6.80+0.10 6.68+0.40
&= R Tyr 2.21+0.25 2.1640.28 2.38+0.05 2.25+0.23
HNE % Phe” 3.03+0.10 3.07+0.12 3.0240.09 3.0340.06
4124 % His™ 2.26-+0.19 2.3740.24 2.3140.10 2.43+0.18
AR Lys” 7.60+0.07he 7.85+0.23a 7.54+0.07c 7.79420.08ab
KR Arg” 3.14+0.13b 3.41+0.13a 3.38+0.08a 3.4740.18a
i 1% Pro 4.05+0.19 4.1640.54 4.3140.19 4.4940.38
SEAA 35.4240.69 35.79-40.94 36.01-£0.62 36.87-+1.39
SDAA 50.420.99 50.35+0.45a 49.524-0.59ab 48.61-+1.69b
SNEAA 64.5840.69 64.2140.94 63.99-0.62 63.13+1.39
SEAA/SNEAA 54.854-1.67 55.764-2.29 56.284-1.52 58.46+3.42

L SEAA M AT R SRR MR SNEAA FIE 0T & LR, SDAA i b & KL AR &,

RN BEERR , BRI N B A AR

Note: SEAA is the sum of essential amino acids. SNEAA is the sum of non-essential amino acids. SDAA is the sum of delicious amino acids.

* represents essential amino acid , and # represents delicious amino acid.
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ik 9% W, SDAA & F K T X AL M 3% gl SR HLAREE PN ) AP L IEL I R ] A
(P<<0.05), W E 27 (P>0.05) . &JFFE &Y LB =Y i

2.4 TRRETAINABRY
W 6 7R, PR AR BRI A K ) 30 d )

I ZE 0 49 L P e o 3 e R B H R (P<<0.05) , HLBf
T8 BT R A3 2 T2 72 W) L 090) A 4 o vy % sk B4 A 3

R6 ERERERUARGER

Table 6 Muscle texture indexes of Procambarus clarkii

ISR A PN L] Adding level

F8F5 Index

0 3% 6% 9%
T & /g Hardness 1403.834312.46 1319.054670.23 1 474.594262.05 1551.194455.99
3Pk /mm Springiness 0.6840.08b 0.8140.12a 0.83420.10a 0.884-0.05a
% J1 Cohesiveness 0.364-0.05 0.434-0.03 0.390.06 0.400.04
e FE/ g Gumminess 514.33+161.83 561.66+290.05 572.014130.89 613.77--197.71
NELIEEYE /g Chewiness 354.36+152.34 429.59+145.48 473.484-120.26 534.18+158.13

[7] % 4 Resilience 0.304+0.07

0.384-0.04

0.3340.06 0.344-0.06

2.5 EIRFEEIRME %R EESE

WK FR , R R R Y LB Y5, 15 d
I, o FG JE LR AKP AT ACP 35 PE 378 6 %6 A9 % 1%
JngH 2 T (P<<0.05) , LZM & P 6 % s I 4H
F iR TR (P<<0.05) . 30 d B, 3% 16 %6 B g
AKP i ¥ B 2 b oxd 841 5 74.22% F1 76.56%
(P<0.05) , %8 Jof 8 4% Wy & Tt 7= W s Jin 4 19 ACP il

LZM {6 P 24 4 35 5 5 B A1 (P<<0.05) , Hih 6 %0 B
4l ACP F1 LZM {1 ¥ tb X B84 & 65.28% Al
172.42% , H LZM i 1 % 3% & T 3% F19% Wl
(P<<0.05), K5 AT, 2% 41 AKP 1 ACP i 3 &2
LT B AR AR A 5 T B4 ) LZM 36 2 B
WA B A TR, 690 M9V I Indl 2 B Tt
fEEN

0 e223% NS6% E89% 0 z23% NNo6% EB9% 0 eA3% NS6% E8o%

257 a _45p 250¢ i
— — + =)
E/» 20 Ex A;Q 2 ab E . 200f
oz e #2300 \ 2% sl
- .= 15 2N\l =2 or <= lo
&e 10t %§ a2 =S 100p
&% %§ =3 15 =N
&5 N\ = 10 B s

0 s 0 25 0

D Dbl

HE)/d Time

I ia)/d Time

HHE)/d Time

r [R]— s )R [R] St R 4 1) HoAT B 3% 25 5 (P<<0.05) ; FEI[F] . Different letters at the same time indicate significant differences (P<<

0.05). The same as below.

Bl SREZEDEREEEE

Fig.1 Serum immune enzyme activities of Procambarus clarkii

2.6 TEIRFEEINAYATERAR B (LB E M
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36 16 Y0 TS N ZH A o UG 5t 285 O M e i LIPS % 1 1
B E T IR (P<0.05) , 48 JBt F 42 0 kT = 0 s o
ZH 9 AMS Fi B AR 1136 1 5 0 B2 AH Lo 38 T 8 3
#£5(P>0.05). 30 di},3% @l LPS i o 8 3%
i T At 341 (P<C0.05) , 48 Jof 6l 4% W & T 7= W s
4 AMS 5 PE 35 S 2 i T IR 4] (P<<0.05) , 45 41k
B B G G B 25 5 (P>0.05) . i 1E], 6%
AN LPS 362 T R, 4541 AMS Rl R (A BiEE vEAR
AR

27 RIKFEEINMATRRIRALN LN

Al 3 pir 7, $ MR JT 9 s W 1 7 ) 30 d B
25 21 v FC SRR R I B AR /NS HES B . Jp,
FRAH 620 U N AL AT /INE T S 3, A i 45 44 1E 3,
H6XEMASTAFEEFHREFAM. 3% &
A0 /NS SR B A A ASOR P 50 4 i 25 4 AN T A
96 U JINZEL 1) A8 M VN R 2 A s BB B R D
BRI . 3% 9% Us HNZE B 40 i K G P BBz i L
XFHEZH 6% ININHZ . A R &A 515
T, A UL T SRR F A0 A BRI L A R
UKL, I HG R 3% Bl b ik G BB B £
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PR = leor E“ 16 000,
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2 &% 100 £ 2 10000
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I a)/d Time

2 S RIREARATRRARE L BEE 1
Fig.2 Hepatopancreas digestive enzyme activities of Procambarus clarkii
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L: & Lumen; BC: B B cell; RC: R R cell; FC: FAUIE F cell; EC: E4fY E cell; LD: Jigi# Lipid drop.
3 HZER{RH 30 d B 5e R IR ZSURATRR BR 4B LR 4549
Fig.3 Hepatopancreas structure of Procambarus clarkii after 30 days of feeding
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I % Ak TR VAN 3024 R BRIA ) 4

i, AT RAS B AR A DRk R ORI R e (778 )5 AR 57
BAREIERL P INT 1200 BT AR Y LB,
FE A A7 5% 1 e B0 ) 3 B SRR JE A 1R AR T e
FHC L WA TR WA IR A R = (R U
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Effects of dietary fermentation products of table leftovers
on growth ,muscle quality ,immune enzyme activity and
digestive function for Procambarus clarkii

JIAO Ting', XU Zhiwei', CAI Yunxia®, GU Zemao'

1.College of Fisheries/Shuangshui Shuanglii Institute , Huazhong Agricultural University/
Hubei Hongshan Laboratory/Engineering Research Center of Green development for Conventional Aquatic
Biological Industry in the Yangtze River Economic Belt,Ministry of Education, Wuhan 430070, China;
2.Beijing Golden Way Biotechnology Co.,Ltd., Beijing 100015, China

Abstract In order to comprehensively evaluate the applicability of fermentation products of table left-
overs in the culture of crayfish, Procambarus clarkii , we added different proportions (0/control group, 3% ,
6% and 9% ) of these fermentation products into the basic diet of crayfish, and investigated the effects of
these fermentation products on growth performance , muscle quality , immune enzyme activity and digestive
functions of crayfish. The results showed that: (1) Feeding diets containing fermentation products of table
leftovers for 30 d did not significant affect weight gain rate, hepatosomatic index, meat yield, or specific
growth rate of crayfish (P=>0.05) , but significantly increased survival rate, total output and total weight
gain rate, and significantly decreased feed conversion ratio (P<<0.05). The total output and total weight
gain rate of the group with a 6% addition were the highest, showing increases of 52.70% and 108.51% , re-
spectively , compared with the control group. (2) Fermentation products of table leftovers had no significant
effect on the crude protein content in the muscle of crayfish (P>>0.05) , but significantly increased muscle
springiness (P<C0.05). The crude fat content in the groups with 3% and 6% additions was significantly re-
duced by 12.61% and 13.77% , respectively, compared with the control group (P<<0.05). The content of
four main delicious amino acids in the muscle of the 9% addition group was significantly lower than that in
both the control group and the 3% addition group (P<<0.05). (3) At 30 d, the activities of serum alkaline
phosphatase , acid phosphatase and lysozyme in the 6% addition group were significantly increased by
76.56% ,65.28% and 172.42% , respectively , compared with the control group, and lysozyme activity in the
6% addition group was significantly higher than that in the 3% and 9% added groups (P<<0.05). (4) At
30 d, the lipase activity in the hepatopancreas of the group with 3% addition was significantly higher than
that in the other three groups, and the amylase activity in the groups that received fermentation products
was significantly higher than that in the control group (P<<0.05). Histological observations showed that the
morphology of the hepatopancreas was better in the group with a 6% addition, which contained abundant R,
E,and F cells. These results demonstrate that fermentation products of table leftovers can be used in the di-
et of crayfish, with an optional addition level of 6%. In this case, the survival rate of crayfish has increased ,
while the feed conversion ratio has decreased , resulting in improved total output and total weight gain rate.
Additionally, the muscle quality, immunity, and digestive function have all shown overall improvement,
leading to optional comprehensive benefits.

Keywords fermentation products of table leftovers; Procambarus clarkii; growth performance ; mus-

cle quality ; immune enzyme activity ; digestive function
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