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Effects of egg product on growth performance, muscle nutrients, and
intestinal microflora of Procambarus clarkii
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Abstract: To evaluate the application effect of spray-dried egg product in the diet of Procambarus clarkii, we formulated five
isonitrogenous and isoenergetic diets containing 0% (Control group), 2.0%, 4.0%, 6.0% and 8.0% spray-dried egg product,
which replaced 0% (CON), 25% (R1), 50% (R2), 75% (R3) and 100% (R4) fishmeal, respectively, to feed the shrimps [Initial
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body mass (9.02+0.12) g] for six weeks. The results show that there were no significant differences in the specific growth rate,

feed conversion ratio, feeding rate, survival rate and hepatosomatic index among all the groups (P>0.05). The weight gain rate in

R4 group decreased significantly compared with the CON group (P<0.05). The contents of crude protein, essential amino acid

and total amino acid in abdominal muscle in R4 group increased significantly compared with the CON group (P<0.05). The

contents of crude fat and ash in muscle in R2, R3 and R4 groups were significantly higher than those in the CON group

(P<0.05). There were no significant differences in the contents of 17 hydrolyzed amino acids in muscle among all the groups

(P>0.05). Compared with the CON group, the intestinal protease activities increased significantly but the amylase activities de-

creased significantly in egg product supplementation groups, and the intestinal lipase activity increased significantly in R3 and

R4 groups (P<0.05). The serum alkaline phosphatase activity and total protein content in R2, R3 and R4 groups increased signifi-

cantly than those in the CON group (P<0.05). The bacterial abundances of Clostridium sensu stricto and Lysobacter in R3 group

were significantly higher than those of the other groups, while the bacterial abundance of Streptococcus in R4 group was signifi-

cantly higher than that of the other groups (P<0.05). In conclusion, when the diet of P. clarkii contains 6% fishmeal, the spray-

dried egg product can replace 75% fishmeal.

Keywords: Procambarus clarkii; Spray-dried egg product; Intestinal microbiome; Immunity; Growth
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Table 1 Nutritional components of egg product and fishmeal (Dry matter basis) %
EFRA HH m (BHER) « m (SHEH) ok m (FHER) + m (BHEH)
Nutritional composition Egg product Amino acid : Total protein Fishmeal Amino acid : Total protein

F#) 5 Dry matter 95.32 91.46
HEE T Crude protein 50.23 67.04
M Crude lipid 34.98 7.54
K53 Ash 4.88 15.37
ToAIZ W) Carbohydrates 6.34 0.46
ATEHEZELY Soluble peptides 5.25 7.34
K52 MR Arginine 3.01 5.99 3.76 5.61
4% Histidine 1.09 2.17 1.44 2.15
S50 2 IR Tsoleucine 2.43 4.84 2.50 3.73
LR Leucine 434 8.64 4.39 6.55
122 Lysine 3.37 6.71 4.75 7.09
EH R Methionine 1.72 3.42 1.63 2.43
Jit 2R Cystine 1.36 2.71 0.49 0.73
HNE R Phenylalanine 2.59 5.16 2.55 3.80
FE R Threonine 2.26 4.50 2.39 3.57
%2 Tryptophan 0.50 1.00 0.65 0.97
B2 Valine 3.21 6.39 2.94 4.39
Wé%ﬂiﬁ Tyrosine 1.84 3.66 1.97 2.94

T ILRR SEAA 24.52 48.82 27.00 40.27

ey (D. ATV RS AT T oK A9 S e iR/ N

Note: . Soluble oligopeptides are small peptides which are soluble in water and can be directly absorbed.

JEAE P BOO IRE IR R 2 RS, A5 24 h, Bk
PR/ E) . B EE RE N (9.0240.12) g
v QIR 270 |2, BERLAT 2 15 N FRFEAR, &
518 FBo FRHKIR 035m, FEFAS/KIAMAR 035 m?,
PR A e T D A S B Sl T 1) PV C
SRR o, BRI AR 3 N FRAEAE, BER
FEME 3 UK (8:00, 14:00 1 20:00), EHZEHME 6 Ji.
W 2 h S B ARAE, Mk R S AR Bk T T
MR IR AR B O S R R R A A A
IR, Mg, FRRBTEIFIC k. FREEAH N AR Hr
K (250 Lh7Y). FRFE/KIEA 23~28 °C, & A
HWEMRT 0.05 mg- L7, BMAREIKE ST
5mgL™", pHH 8.240.2,
13 HmRRE

IEXFR0E 6 MG, 258 24 h, BiBAFRAEAE
I ETAER, ICRFOMPRE TR, TS %
PRI (Weight gain rate,
WGR) . Tkt 2%k (Feed conversion ratio, FCR) F45%
% (Feeding rate, FR), &AL 6 BYF, FRiAFiE

(Survival rate, SR) .

i, DRI AR 1 mL AR LG R, i
MHKEET 1.5 mL B.0EH, 4°C FHE4h, &
JEE L (4 °C, 14 400xg, 20 min), WHEJZ 1M,
—-80 C frffr, M TG E IR R AT, 435 )
JE AR B FE S ILA B i, T A L
(Hepatosomatic index, HSI) FI&E & A% (Flesh
content, FC) . W IR NLIA F1I 8 434 J5 A A £
8, —40 C RAF, TR HAFER B IE .
Bl 5 X A Y v QR B IR A T B, 3 h e,
2T FIMRRIBES , TAREL 3 RIFIAE N ARG
FE, BHIGE 4 NMREGHE, S TEREYrmiass
I3HT
14 ERAE

W7 ve IR 2 MR ) A= K PEREFS A8 WGR . SR,

FCR. FR. HSI fl FC %, AR .
WGR = (W,— W,) /W,x100% (1)
SR = N,/Nyx100% )
FCR = W/ (W,N,— W, N+ Wy) (3)
FR = Wi/ [Tx (Wo+W,) /2] x100% (4)
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Table 2 Ingredients of experimental diets (Dry matter basis)

%

B ALK 7KSF Substitution levels of fishmeal

JEt
Ingredient 0% (CON) 25% (R1) 50% (R2) 75% (R3) 100% (R4)

11145 Fishmeal 6.00 4.50 3.00 1.50 0.00
FEH; Spray-dried egg product 0.00 2.00 4.00 6.00 8.00

/N K Wheat gluten 8.00 8.00 8.00 8.00 8.00
K1 Soybean meal 20.00 20.00 20.00 20.00 20.00
2K Rapeseed meal 6.00 6.00 6.00 6.00 6.00
HFi#1 Cotton meal 11.00 11.00 11.00 11.00 11.00
[EiA; Flour 25.00 25.00 25.00 25.00 25.00
£y Fish oil 2.00 2.00 2.00 2.00 2.00
K27 Soybean oil 2.00 1.60 1.20 0.80 0.40
KE A5 Soybean phospholipid oil 1.00 0.90 0.80 0.70 0.60
JH [ Cholesterol 0.50 0.40 0.30 0.20 0.10
B%EEE Yeast extract 2.00 2.00 2.00 2.00 2.00
BHIR 45 Ca(H,PO,), 2.30 2.30 2.30 2.30 2.30
24k Z B Vitamin premix 1.00 1.00 1.00 1.00 1.00
TALER TR KLY Mineral premix 1.00 1.00 1.00 1.00 1.00
6 BN Sodium alginate 2.00 2.00 2.00 2.00 2.00
S ALHHS Choline chloride 0.20 0.20 0.20 0.20 0.20
WRF & Astaxanthin 0.04 0.04 0.04 0.04 0.04
FEHHH Chitosan 0.10 0.10 0.10 0.10 0.10
122 Lysine 0.40 0.40 0.40 0.40 0.40
&R Threonine 0.38 0.38 0.38 0.38 0.38
R EHEZ Cellulose 6.78 6.88 6.98 7.08 7.18
JiiH £ Amargosite 2.30 2.30 2.30 2.30 2.30
Kt Total 100 100 100 100 100

I @, 4Ry YT R BUREHYRLH S A S 4 30F %

Note: (D. The preparation of the vitamin and mineral element premix is referred to the previous report of this laboratory!'?,

HSI = W,/ W,x100% (5)
FC = W,,/ W;x100% (6)
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FEARBGTIE . IEFRWLAIZK 53R PV R T4
(CHRIST BURFRTHEHL) e 5 fRbEbK 48R H 105 C
fH IR T2 EYE (GB/T 5009.3—2016) W5 ; K&
5T 7 it R HIEILEGE AU (GB/T 5009.5—2016) I
FE 5 AR & iR R [l (GB/T 5009.6—
2016) Mg ;s KAy 3k H 53R 550 C Jkeik
(GB/T 5009.4—2016) & .

Mg AE A FR bR . (A RERE L Aok
ST (CHEMIX-800) M A2 ML 7 ek 14 i i il
(ALP), #AEEE [ (GOT). AWNEEEEE (GPT) 1)
WP, DA (GLU) . BJHEE (T-CHO).
S (TP). HEH (ALB). Hili =M (TG) &
i, TR I Sysmex 24 F]

J T T A 0 o« A T P D R I A
MREATE s BB ET . HR 7 S U A i 14 R R
s AR ) T AR SR BT R o

WA K i BRI 22« B 0.1 g (KGR E] 4 12/
) B URTEENLAAE S U, IfA 10 mL
6 mol-L ™' IR AliEh iR (HCl), £ Fiih s f5
I, 110 °C B4 NKM# 14 h, ¥ 30 min, B ETE
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Table 3 Nutritional composition of experimental diets (Dry matter basis) %

B A MM K- Substitution level of fishmeal
Nutritional composition 0% (CON) 25% (R1) 50% (R2) 75% (R3) 100% (R4)
F41/% Dry matter 88.74 90.10 89.83 89.97 89.70
HLIEE 1R Crude protein 35.27 35.34 35.22 34.94 35.27
MBI Crude fate 5.92 5.68 6.03 6.08 6.14
JK4Y Ash 8.21 8.31 8.35 8.19 8.29
JBE Gross energy/(k)-g™) 19.87 19.56 19.65 19.77 19.78
WA AER EAA
K54 Arginine 1.38 1.48 1.49 1.43 1.43
21 %% Histidine 0.55 0.54 0.56 0.53 0.54
AL R Tsoleucine 0.87 0.82 0.85 0.81 0.81
AR Leucine 0.61 0.62 0.63 0.61 0.62
514 BR Lysine 2.62 2.51 2.55 2.58 2.59
%M. Methionine 0.26 0.29 0.29 0.26 0.25
ZRNE R Phenylalanine 1.19 1.20 1.25 1.28 1.19
FRE R Threonine 1.77 1.75 1.79 1.77 1.74
4B Valine 1.36 1.38 1.49 1.46 1.48
TR E AR NEAA
N5 R Alanine 1.02 0.98 0.99 0.94 0.93
KA R Aspartic acid 3.27 3.34 3.36 3.33 3.32
it Cysteine 0.25 0.29 0.29 0.28 0.30
H& 4 Glycine 1.53 1.40 1.30 1.17 1.11
B[R Glutamate 7.67 7.50 7.52 7.49 7.49
Ji#i2& A Proline 3.51 2.75 2.90 2.82 2.81
22 %R Serine 1.85 1.88 1.97 1.98 1.96
1% %R Tyrosine 1.62 1.59 1.63 1.54 1.64
TR IR TEAA 10.61 10.61 10.89 10.73 10.44
SARLFTEILRR INEAA 20.70 19.72 19.96 19.55 19.57
S SR XTAA 31.31 30.33 30.85 30.28 30.21

W 1mL, 7 10 mL /N EZS T4, A 2mL
0.1 mol-L™' HCI [Fl¥%, ZJ5 HIEH#HC 1 mL H
0.22 um JEMIFIE, B 1 mL i U85 A LM b i
i AL E 4 A S e SRR A IAY (H Sz
HT7800) FrIN LRI 25 & 2 HE IR & 1 o

1 B TR A NSRS B B b L 2H B
4 R T I E R Y . B2 0.5 g BN
YR ARES, ] NanoDrop ND-2000 3063
(Thermo, ) M52 FrHt DNA 45 Ffyk fiE . i FH
iE 5 #) 338F (5'-ACTCCTACGGGAGGCAGCA-3")
2514 806R (5'-GGACTACHVGGGTWT
CTAAT-3') ¥ I 405 16S rRNA JEK ) V33—
V4 X B, W TAELE B35 A 2R h

4

KE/\ A4, i Ilumina Miseq PE300 - 54T
i FE . DR S UPARSE 24 (V 7.1
http //drive5.com/uparse/), H4E 97% HIARILEE XS
34T OTU 3 fd ] UCHIME 3RS ik &
MS FIH RDP classifier (http://rdp.cme.msu.edu/) %f
KIFHNHEAT RN 3 S TERE . LX) Silva BiHiE R
(SSU123), VB X BIE R 700%, ELAAIE #1534
FEB M Yu
1.5 #ESW
SIS RE R FH SPSS 26.0 AT BN R 7
7M1 (One-way ANOVA), H Tukey REMEHZ H L
BT 26 7 WA VER R, A5 R P E R
2= (X+SD) 7 Fn, P<0.05 FREFBE,
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K4 [A] FCR. FR. SR Al HSI ¥J7JC i F 12 5
(P>0.05), FEMEACH KN T 25%~75%, HF
() WGR 4 ffy st B4 TG i & PE 22 57 (P>0.05); #%F
FRKSEH 1009% BF WGR L E AR (P<0.05), 1k
BRACEAN T 25%~50%, FC %t BTG i 35k 2%
5 (P>0.05), BARIKFENT 75%~100% Ff ) &g 55
1% 7.80% (P<0.05, 4 4),
22 ANEMNEREMNTREZEIREDBIAE

A RKBEERS =M

DAk A VS I 7K % e EG A R R R AL A ) 7K
oy B ICWE MR (P>0.05) . JEERILAHLE
. EAA Fl TAA & 37E &M 100% AR AR it
e KA, i nlE i B B 247% ., 7.32%
F14.76% (P<0.05) 4IKF-H 50%~100% i,
JUL TR REL i i R0 A % i o) B4 I 25 T (P<
0.05, % 5). NN 17 Pk fif 2 2R & 5T
BEMEZESR (P>0.05),
23 FEREMBREMN T RIEEINGEELE

EHEERIR N

J T E AT AN S B e o Bt o B AR ks L
BRI A, R1—R4 241 85 [ & Pk 3 v PR 4
TR, R3 FI R4 A1 B Bl 6 1 00 R H 2
THE (P<0.05) i3 Y& A TS 14 Bl 2 A9 AR AR K
S T T RAEAR , R1—R4 ZH M s 1k e % FR 4
T FRER (P<0.05, % 6).

FREG SN

EREACKCEA T 50%~100%, 77 FC IR AT i,
5 ALP 3 PE R TP oo e B 25 e IR 4 i 35 T o
(P<0.05), FHMBIAKFEN T 25%~50% , IiLiF
TG i e B 5%t R4l 5 BRI (P<0.05) . £54111]
T-CHO. ALB. GLU ¥ % GOT. GPT it
WEEET (P>0.05, £7).

25 FANEMREREaMNTEREZITZERFA
ok

Gz Ed
Xif BEZH AN fa M B R LB RE R 16S rDNA 5
SyMTILERAS 877 616 25751, AR REARIN i A At
35000 2%, K EZA N 423 bp; SHM PG T
TS0, 4420 58 G DU s il A 0 (0 s ek il 42
i - T MU )5 2 €7 e Nl S = NS SE N 2
M 2R R (8 1),
252 Alpha %41

Xif o QIR A R B 1= ) Alpha ZREHEIE T4
BT (E 2), 2 FEASCREE 3R BT 99.9%, Xt R
41 Simpson FEEUR & 5T R3 Fl R4 41 (P<0.05).
2,53  Jpif Rk M B E LR,

TEITAr2KE |, X R Rk B AR 4 f 40 B
FEVE L LA, A5 A T 20 1 i 1 A S R R —
., HP2 BT (Proteobacteria) FlJEREF ]
(Firmicutes) TEAFEAR ALK, OB FEARXT
FREE R EERE R, HERUCEEIEET T, S
Wi 17] (Bacteroidetes) FHZH ] (Actinobacteria),
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Table 4 Effect of fishmeal replaced with spray-dried egg product on growth performance of P. clarkii

AR ALK K Substitution level of fishmeal

Tt H

Ttem 0% (CON) 25% (R1) 50% (R2) 75% (R3) 100% (R4)
WIR ARt IBW/g 9.3140.22 9.34+0.20 9.34+0.43 9.1240.20 9.2540.37
ZRIR T FBW/g 23.70+0.56" 23.76+0.78" 23.40+0.99" 21.93+0.49" 21.6340.63"
R 2 WGR/% 154.39+2.35 154.26+6.24" 150.51+4.61° 137.3548.59™ 137.13+8.57°
AT ¥ SR/% 77.78+5.56 77.79%5.55 83.33%5.56 85.18+3.20 79.63£3.20
Tkl Z %L FCR 1.35+0.05 1.37+0.08 1.39+0.04 1.3140.04 1.3540.04
R FRI% 3.36+0.14 3.39+0.26 3.46%0.16 3.2340.29 3.3040.04
JFAR L HST/% 5.44%0.56 5.8240.23 5.77+0.63 5.36+0.91 5.74+1.39
JE & AR BCI% 11.78+1.76° 11.40+1.32" 10.44+1.91 9.85+1.47" 9.28+0.39°

W FATEGRE D AR R R ZE R B (P<0.05), T,

Note: The values with different superscript letters within the same line are significantly different (P<0.05). The same below.
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Table 5 Effect of fishmeal replaced with spray-dried egg product on abdominal muscle composition of P. clarkii %
HiH A 7K F- Substitution level of fishmeal
Ttem 0% (CON) 25% (R1) 50% (R2) 75% (R3) 100% (R4)
HAN S Basic ingredient
JK4> Moisture 77.67+0.82 77.38+1.44 78.2142.55 76.97+0.81 76.14+0.62
HHER 15T Crude protein 18.60+0.15" 18.83+0.11° 18.7140.12° 18.69+0.13" 19.06+0.21°
HIEWT Crude fat 0.20+0.006° 0.24+0.007" 0.3140.004° 0.40+0.006° 0.44+0.005°
TSy Ash 1.21£0.07* 1.24+0.05% 1.28+0.02 1.30£0.03° 1.3240.06°
K& 22 Hydrolyzed amino acid
TR EAA
FE & Arginine 1.83+0.04 1.83%0.02 1.78+0.16 1.7740.13 1.79+0.10
#H % Histidine 0.38+0.04 0.38+0.02 0.35%0.05 0.3340.05 0.38+0.05
5L R Tsoleucine 0.73%0.05 0.760.01 0.750.08 0.700.10 0.7740.11
FL4MR Leucine 1.26+0.04 1.30+0.05 1.26+0.04 1.24+0.08 1.3240.08
&M Lysine 1.3240.03 1.32+0.07 1.28+0.04 1.30+0.05 1.34+0.05
H %R Methionine 0.28+0.02 0.29+0.02 0.30+0.03 0.3240.03 0.32+0.03
N Z R Phenylalanine 0.80+0.02 0.830.04 0.800.04 0.82+0.05 0.83+0.03
P22 Threonine 0.71%0.03 0.7440.02 0.700.07 0.69+0.07 0.74+0.06
iR Valine 0.77+0.04 0.79+0.03 0.7740.05 0.75+0.06 0.79+0.06
JET H IR NEAA
42 Alanine 0.860.02 0.900.04 0.860.06 0.850.05 0.910.04
R4 R Aspartic acid 1.43%0.04 1.44+0.06 1.39+0.06 1.40£0.10 1.46+0.08
AR Cysteine 0.10+0.006 0.11%0.002 0.11%0.008 0.110.003 0.100.004
A2 R Glutamic acid 2.06%0.06 2.03%0.06 1.94%0.20 1.96+0.13 1.930.10
HZR Glycine 0.7420.01 0.730.03 0.750.07 0.71%0.05 0.730.06
JifiZ % Proline 0.60+0.04 0.550.03 0.550.06 0.5240.03 0.560.03
22531 Serine 0.74+0.02 0.74+0.03 0.71+0.03 0.70+0.04 0.74+0.05
fi% 2 M2 Tyrosine 0.74+0.04 0.77+0.04 0.74+0.05 0.74+0.06 0.77+0.06
BT A SR SEAA 5.87+0.21° 6.03+0.23° 5.8410.24° 5.87+0.28" 6.60+0.23°
MARMFRE IR INEAA 9.48+0.24 9.48+0.29 9.54+0.62 9.57+0.67 9.48+0.53
B KRR STAA 15.35+0.44° 15.5140.52° 15.38+0.56° 15.44+0.65° 16.08+0.46"

iﬂl*ﬁti@“ﬁﬁi o B B H s 90% (5] 3-a.

o TEIBAIIKE L, X RE L A Aok AR 4L B 4
@ﬁ%?ﬁﬁi?’@ﬂl, AL 1) 7 B AR —
B, HA U BEREAEXT B B = 02 Candidatus
HIGRIEFTIERRFT W& (Citrobac-
ter). WFTHJE (Bacteroides) . F3HITHJE (Gem-
mobacter) . v ILINH R (Shewanella) . {BPR i
J& (Pseudomonas) . LA % JE (Rhodobacter). S H
M & (Aeromonas) FIANBIFFEE (Acinetobacter,
Kl 3-c, 3-d).

Bacilloplasma,

254 JHEMEMBELF
A £705 B A2 R R 2 o EG SR IR 1) iz 3

WTET TIKERE K2R (K 4), 258 8N, E
B INACEA T 4%~8% IF, JEBER 40 £ )&

BN TR, AR T TR0 F R B R

(P<0.05), R3 HBARZFHIIF IR & (Clostridium) F-J%

3w T HARLL (P<0.05), B IS INd] 55 Bk R

(Streptococcus) FJE i T X R4 (P<0.05),

R1. R2, R3 H¥FFHJE (Lysobacter) 40 + & i
FHAh (P<0.05).
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Table 6 Effect of fishmeal replaced with spray-dried egg product on intestine digestive enzymes activities of P. clarkii

B AK 7K Substitution level of fishmeal

S|

Item 0% (CON) 25% (R1) 50% (R2) 75% (R3) 100% (R4)
B ARG M Protease/(U-g ) 4.61+0.28" 5.2640.14" 5.4140.28° 5.01£0.27° 5.2340.16™
FEREETGME Amylase/(U-mg ™) 2.36+0.14¢ 2.01%0.06° 1.89+0.03 1.83+0.07" 1.79+0.03*
N MBS Lipase/(U-g™) 14.7740.96° 15.49+0.87" 16.80+£0.47% 17.81+0.87° 18.63+0.71°

®7 AREHEREHI R RRELRMEECIERE R0
Table 7 Effect of fishmeal replaced with spray-dried egg product on hemolymph biochemical indexes of P. clarkii

iH AU K Substitution level of fishmeal
Item 0% (CON) 25% (R1) 50% (R2) 75% (R3) 100% (R4)
B EABHEE GOT/(U-L™) 17.75+1.02 18.25+1.67 17.75+1.95 20.00+1.83 18.50+1.45
BREEEBREPE GPT/(U-L™) 24.75+1.93 23.00+1.49 26.75+1.97 24.25+2.90 24.75+1.18
Bk WA R A 4 ALP/(U-L™) 19.00+1.35" 21.25+1.59° 22.00+1.29 27.00+2.02° 28.50+1.11°
BEMRERE TP/(g L) 54.27+1.94° 60.3142.62° 63.54+2.13" 81.07+4.49" 69.89+2.83"
FIE BT ¥ ALB/ (g L) 0.4240.02 0.46%0.02 0.42+0.03 0.51+0.04 0.46+0.02
AR [E s B T-CHO/ (mmol-L™) 0.12+0.01 0.12+0.03 0.10+0.02 0.11+0.03 0.13+0.01
HIh =MHEHBE TG/(mmol-L™") 0.45%0.05 0.30+0.07* 0.30+0.03" 0.39£0.09™ 0.45%0.06"
MR E GLU/(nmol-mL™) 0.340.04 0.43+0.08 0.39+0.05 0.39+0.05 0.39+0.06
3 3tie o TN
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Fig. 1 Sequencing dilution curve of gut microbial

samples from P. clarkii
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Fig. 2 Effect of egg product replacement level on o diversity of
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Note: Different superscript letters indicate significant difference
(P<0.05). The same case in Fig. 4.
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