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Abstract: The pumose of this study was to investigate the effeds of addition of protein hydrolysate-Fe* complex (TPH-Fe?) to feed on
the growth performance and non-specific immune parameters of Procambarus clarkii. After 60 days of consumption of the basal feed
supp lemented with 400~1000 mg/kg TPH=Fe?*, the survival rate, weight, specific growth rate, and meatyield were increased by 9.94%~10.10%,
8.55%~8.72%, 0.24%~0.29%/d and. 2.39%~3.05%, respectively (P < 0.05), compared to the control group. When 800 and 1000 mgkg
TPH-Fe* were added to the feed, the crude protein and fat contents of P. clarkii increased significantly. After 30 days of consumption of the
basal feed supplemented with 200-and 400 mglkg TPH-Fe?, superoxide dismutase (SOD), phenoloxidase (PO), lysozyme (LSZ), and acid
phosphatase (ACP).adtivities inthe serum and hepatopancreas did not differ significantly fromthase in the control group (P > 0.05). However,
feed supplementation with 800 and 1000 mg/kg TPH-Fe? significantly increased the SOD, LSZ, and ACP activities (P < 0.05). After 60 days of
feeding with 400 and 600 mg/kg TPH-Fe?*, the activities of SOD and LSZ were significantly enhanced, but the activities of PO and ACP were
not significantly affected. When 800 and 1000 mg/kg TPH-Fe* were added to the feed, the SOD, PO, LSZ, and ACP adtivities were all
significantly. increased (P < 0.05). In conclusion, the addition of 800~1000 mgkg TPH-Fe* to the basal feed could improve the growth
performance of and activities of non-specific immune enzymes in P. clarkii .
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HEME, WRBUHPUE . PR, BPEH. k. 4k
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Table 1 Effect of addition of TPH-Fe?*to the feed on the growth performance of Procambarus clarkii

TPH-Fe?* PR EEI% B e ) P2 36K F/(%I/d) H &%
[(mg/kg) 30d 60 d 30d 60 d 30d 60d 60d
0(*t#8)  95.2042.14° 84.3244.20° 76.5244.36* 108.3046.41% 2.0420.12° 1.1340.09° 11.2542.16°
200 95.4243.10° 88.5643.69° 76.4043.89°  110.0545.46° 2.0940.23° 1.1620.11° 11.3943.10°
400 96.3022.42 92.15+2.98° 78.1942.66" 114.3926.02° 2.1120.19* 1.2440.13° 12.85+2.45°
600 99.1832.07° 94.4243.56° 82.3624.40° 116.8544.59° 2.2640.29° 1.4020.15° 13.6441.99°
800 99.25+1.22° 94.2944.10¢ 82.1943.39° 116.90+46.17° 2.4320.17° 1.3740.10° 14.28+1.86°
1000  99.33+2.09 94.2643.10° 81.8643.50° 117.0244.33° 2.2640.15° 1.4240.16° 14.3042.05°
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E: FRE 0. 0. 60d, 2 ARITHFAE R M -FHERBRETR: RIRRNEFE, AT EFMHEF P<0.05,

2.2 TPH-Fe?* x5 [ BT & AR B %0

T TPH-Fe? R AL A AR 5, L3R 2.
TRINREER 0 d, 25 L BRUR T 0T FHER T TG 22
ROy EBMIRN 32,56, 39.95. 9.22 }%30.23%. RN
200~600 mg/kg TPH-Fe? X ZRUFAHER ()« AL ARG &5
B, LRFMEENE (P>0.05), i 800. 1000 mgkg
TPH-Fe #im S KA 0.62~0.92%. 0.14~0.17%,
Lo QAL 2 iR 2 (P<0.05). X 2R T4
FIIR 538 BRI, 400~1000 mg/kg TPH-Fe2* (i 2%
REFE (P<0.05. Zi AT, 4 TPH-Fe# N INER
F] 800 1000 mg/kg B, AT ik B ey fRlR BRI S AR A
TEREE SRR -

32 TRINE TPH-Fe ot 50 B JRECATAE (A5 1 AU SANE

Table 2 Effect of addition of TPH-Fe?* to the feed on the

biochemical characteristics of Procambarus clarkii

TPH-Fe*

< /0
I(mgkg Al

FHR% +E G K% A%

0(* ) 32.56+1.25% 39.9540.98% 9.2241.02* 30.23+1.16°
200  33.2941.56* 40.04+1.12° 9.1340.89% 30.362.92%
400  35.7842.01° 40.18+1.07% 9.28+1.62% 31.50+41.22°
600  36.8242.32° 40.12+1.48° 9.2542.10° 32.41+1.99°
800  36.8322.54° 40.57+0.87° 9.39+42.24° 32.2642.35°
1000  36.9043.02° 40.87+40.87" 9.3621.62° 32.3342:39°

E: PR 60 d, BAAERAMIRAN 10 B, 1A AOKE
AT AAFE AT BIPIF RBNE T4 R TR EMN E
5+ P<0.05,
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RIFAERBPUAACEE, VAT AN RS R TAZ 0
Hf7 . SOD 5 B MU I RE /15 AR ) ez K155
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TR FEMEZES (p>0.05); ¥sN 800, 1000 mg/kg Ff,
TPH-Fe?* B35 15w 20T SOD BiE 1 2 144.1~144.6 1
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A INEN 400~1000 mo/kg i, Bl 3 T IILIE R AT
fE i SOD M i (p<0.05) ; Jud: 249k 1A 800~1000
ma/kg B, SOD R PEIEIERE 5 5 e

KEFFFGIESE, 5 E R ENAE E N A=)
K737 S CEFRZAMIO A I 2 R . &
JBICRIE SN A)E, REEBIV R E. ol
1], DATC 47 B4 (1001 X WA T L 4k BB [l Y
TG EHUARAR OGBS M, SRR B, R
YA RN 0T X8 SRR A B K R E
HH, & TKER-Fe LAY, SRSl 1K fif
R-Fe? Bl &4 BA B3 ffA MU AM . SRS . 26
(RGO K-z L S P R B D e, R
TR RER N 1.0 glkg ZRE-Zn2 Bl &0, BERE TP
4t M5 SOD 3% /1. SOD 1EN 1 M B4 @I
PEEEERE, Hod 1 MIEA RN &8 (Fe-SOD) HA M
(161, ACSIGHI] 4 1) TPH-Fe2 ARG M R TN, [FIRER
A BRI R E B2 R ) (45 T SR BRI AP SEEG
TPH-Fe B3 |2 IMIRAN SOD &M, HAEM ]
REST T TPH [ aa WS L , 485717 Fe?* Bilik 2 if.
W R S HARAHZA o, i SERR SR s U E =)
R AIEE, FgE Fer B FEM, hiREm 7 HUE
SOD i 77+

7 3 (ANR TPH-Fe” I AT SOD SE MRS/
Table 3 Effect of addition of TPH-Fe?* to the feed on SOD activity in Procambarus clarkii

TPH-Fe?* A ¥ SOD/(U/mL) W% SOD/(U/mL)
/(mg/kg) 0d 30d 60 d 0d 30d 60 d
0(*#8)  125542.3 138.143.4% 152.044.4° 179.343.6  184.044.4° 192.044.8°

200 1247430 139.5#4.6° 150.942.8° 1795432 183.643.6° 192.543.3°
400 125.142.4 1385#3.9° 156.143.0° 178.743.0 184.242.9° 194.544.1°
600 125.642.6 139.243.1° 157.434.1° 179.242.9 186.742.4° 196.242.6°
800 124.942.2  144.634.2° 160.945.2° 178.422.5 187.243.0 196.843.0°
1000  125.042.1 144.1435° 159.843.7° 179.043.1 187.942.8° 196.544.0°
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E: F'R% 0,30, 60d, SRR HIEKT 10 R, 2AHE o7, HRRRIZET SOD FHAE ; RZF AR5 F4,

kTR EH £ R P<0.05
2.3.2 TPH-Fe**3f KR A #F PO M 6975 vh

IEFEN T, PO LAiE YA, 17
TE T H5esh KR A b, —E 20 st
TERBI, & RIS A TSR PO, PO
TR AR, TR Bt 3R R e B, X2
WS 52l VD ) G)% KR, TPH-Fe? iy
HEUR MG . AP PO WG, WK 4. #
IREMERTAE (O d) L&A AR S, PO V&N
3.48~3.53 f11.19~1.23 U/mL. 1AM55 30d, 52HA
FHELEE,  200~1000 mg/kg TPH-Fe2 5% Hi il i A0 P s
PO 351 (3.85~3.95 1 1.37~1.43 U/ImL), #J758#
ZESR (P>0.05) . 7HMEEE 60 d, 200~600 mg/kg
TPH-Fe2 %20 PO i 146 .3 1521 (P>0.05 ) ; 1000
mg/kg TPH-Fe** B3 42 1 G PO J& 1 (4.46
U/mL); 800. 1000 mg/kg TPH-Fe?* & 47 & 1 HFIHR iR
ML PO IEME (1.74~1.76 UImL) (P<0.05).

AR SIS B I A IR ZHZA PO vl MRS 1A

FEXTEUR, & T HA SIS, A 7 IR0
VIFTACIASG . KRB R 5555 1, b T B ITE 52
HNTEIRES L R AR G S SR R e A5 e, [
I, PRINEE R A A Ry SR A S5 A0 BRI 36 5 U
A PO TEPE AR XA, BRI PO & HAH YT
IR, i R Y, S| 2s ROVE R 7 2
FAEL. HUAN PO EZLRSHE T HIF R, 2
[ B oAl e — MR MBI R G, E bl i B
, GACEIRE A A AN FLE AR AR, AR
HR U (200~800 mg/kg ) &I 8] (30-d) TPH-Fe?*
TN, XHERURHLR PO TG RO AN s 124 ik
(1000mg/kg) B E] (60 d) AN, HE U if 75
A PO VETE BT e FEEERIT 5 A
Al AgAE TPH-Fe2 5 PO WUE I M. R4t H, ot
B R FI EeE BUdE S R B TRIBIERRY, 45
ST W B UAR AE R  E eE JJ B — & S % AN
fE.

# 4 {FMR TPH-Fe X 54T POSE M A R0
Table 4 Effect of addition of TPH-Fe?* to the feed on the activity of PO in Procambarus clarkii

TPH-Fe?* At %P PO(U/ML) JF B PO(U/mL)

(mg/kg) od 30d od 30d 60 d

0(*#8)  35240.22 3.89+40.36%  4.2620.33% 1.2140.13 1.4240.20° 1.6140.19°
200 3.4920.35 385x0.42° ° 4.2840.27° 1.2320.12 1.3740.13° 1.6540.25°
400 3484027 3.9040.34° © 4.294019° 1.2020.11 1.3940.11° 1.62+40.16°
600 35040.18 3.95+0.18  4.3020.16° 1.1920.14 1.43#0.17° 1.650.20°
800 3534025 3.9240.26°  4.2740.31° 1.2320.15 1.4040.21*° 1.760.11°
1000 3494020 3.9020.31°  4.46#0.19° 1.2040.17 1.4120.16° 1.7420.16

E: FRHE 0. 300 60d, AR IFNIASE 10 B, 58#&miE ., FRGRIZEAT PO EHMZ; R ¥ AR5 T4,

(78 FE £ % P<0.05,
2.3.3 TPH-Fe2taf st KJR #4F LSZ &M #9757
LSZ " V2 AfAE A AR i R HeAth A rp, 38
I AR IR o1, AMEE A, BRI BE S 4
FUFAMIKRELHOT o IR bk A B B RV e v
71, TWAEARNA RS 5L Az 2], Ak, LSZ 7% /)
AR R MR A S 2R RS IS 48 bR . TPH-Fe? 1]
X} o QU B0 M3 « T BRARZHEA  LSZ & s, AL
#* 5. 2 A4LEAR GG AR, LSZ &N
41.0~41.5 F1127.7~28.3 U/mL. TiME%5 30 d, 600~1000
mg/kg TPH-Fe?* 235 4 /& 1 U ifL i (46.7~46.9
U/mL) A1 AFAE AR (30.7~31.3 U/mL) A LSZ 35
(P<0.05). 7iME%5 60 d, 400~1000 mg/kg TPH-Fe**
XPEEMR LSZ W, RIH 1 2 E1g i (P<0.05).
MAL MR T LT E o E (Few Zn J¢

Mn %) H5EERMETRA S, WP IEMmAER
PEG IR RIL, RER MR oR A A, TR
1oy 2 AR £ IS AR BRI A R ) LSZ. SOD A CAT
TR A . SRR S PR KB K- Zn2 fRnE &
et kB, IRINEDN 1.0 glkg RTS8 5 P R4 i
i LSZ F1 SOD if . W9, AWk R4
JBE T (W Fe. Zn. Ca & Mn %), wJ7E SRk oE 3t
FRBCAIAR FRYTR , A RGCAES Ffth 257 A oV 11
THLER, SRR CR MM ISR, AT
ASE TR, G 5 IR USRI A e B, s
645 BLAT S0, ¥R N 600~1000 mg/kg TPH-Fe?* i 3545 i
TSR I E AR AR R LSZ 35 77, R, FEEKHTR
SRR IZEC A Y, AR TR AMEE IR
Beis ) IR A% SEG B ). AR gL
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R TER, S mUARE ARk R S RE T K (ERLE S
75 (AR TPH-Fe" X EEUT LSZ SEMERIZZN
Table 5 Effect of addition of TPH-Fe?* to the feed on the activity of LSZ in Procambarus clarkii

TPH-E fo i LSZ/(U/mL) % ¥ LSZ/(U/mL)

/(mgkg) 0d 30d 60 d 0d 30d 60 d
0 #8) 41.5#1.8 4544.7% 47.342.6° 283420 30.1+16% 32.0+42.1°
200  41.0422 45142.0° 47.542.4° 27.84.8 29.8+1.7° 322+19°
400 412416 449423 48.3+1.8° 277423  29.642.0° 33.1+.6°
600 41.522.0 46.821.9" 48.542.0° 28.041.7 30.9+1.8" 33.4+1.9°
800 411422 46.7#1.8° 49.832.2° 27945 31.3x2.2" 33.0+82.3°
1000 413421 46.9422° 49643.1° 28.141.8 30.722.0° 34.3+1.7°

E: FRF 0. 30, 60d, HAEIRAMIRAS 10 B, A& F . ARG IT LSZ FWne; R eRE B 34,
2T 8 FM £ F P<0.05.

23.4 TPH-Fe2tst # K a#4F ACP EMB 9%
o)

ACP TEAEYI PR VML B AHAR bR U, 5
PERARR N T EVE A SRR, ol ik
5 AL R A0 G U S TR S AT B 5 . TPH-Fe?*
TR b EQBR R IV . AFRRARZH 2 ACP 352
W, W% 5. BURILG ACP 1% /1 LU BIRAR, XS54
PEFEA IS MAh, FFEEIRA SUE ARG Sas B
FEWIA AT, HoKRIEE ACP & 8RN,
1M ACP 5 7t AT 4% o X 4R If 3, 800~1000

mg/kg TPH-Fe?* ] #3838 ACP 7% /3. (P<0.05); X
FHUPAT BRARL12Y, 600~1000 mg/kg TPH-Fe2* B/ A] 2
B EHR T ACP NG IVERAY (P<0.05). i Sl 51200
0N Sk R = P R LG ST B R B, 1.5~3.0% A8 &
SFHUR M35 o ACP 5l WL B A VEFH - VR ERBRZ S50 70
B A0 2 K-Z0? B S VA S R I, A% R KA IR
-ZnZ I SRR S AR B B R R BRI B
YERL, RIS XS AN AR P s 20 7 Wi B A 1 2
AR, LS ATRE S A KRR . &R
S PR R A R R

7 6 1AIR TPH-Fe” I 24T ACP JE IS
Table 6 Effect of addition of TPH-Fe?* to the feed on the activity of ACPin Procambarus clarkii

TPH-Fe?* foi% % ACP/(U/100 mL) JH A% ACP/(U/100 mL)
(mg/kg) od 30d 60d 0d 30d 60 d
0(*#8)  3.1540.14  3.3240.23% 3.5040.19% 11.2240.21  11.8940.24°  13.2840.26°

200 31334017 3.3430.19° 3.4740.22° 11.1940.17  11.8440.15% 13.3020.23°
400 3.1920.20 3.3020.20° 3.52+40.20° 11.2440.16 11.8240.17°  13.27+40.19%
600 3.1140.16 3.2940.17° 3.5140.16° 11.2020.22  11.9540.22° 13.9540.18"
800 3.1520.20 3.3840.15° 3.6220.15 11.1920.18 11.97#0.16°  14.0620.20°
1000, 3.1420.15  3.4020.25° 3.60+40.21° 11.2140.20 12.0920.17° 14.1040.17°

E: PRS0, 300 60d, HAEBHHIRAS 10 B, 5 L F, HIRRIUEZ 3T ACP FHlz; R+ RE DB 54,
(78 %R EF P05

3 #Eip
PLE PR B A SEB0ah Y, (ERE AR IS A

FEAR HLEFN AT b Ry i e E B (SOD. PO,
LSZ. K ACP) & /155, WL T —EfEHm, £
JR R AT EE AR T FERRTEAE YA R R s . TR

[k B2 )y L B UK RIIR- B A4 (TPH-Fe™),

FHT TPH-Fe? 0 b [QJR 2R 1 A K AR 2 2 AR 5+
PEG BEIGIR AU . 4 RRW], BUIKIEZ (200, 400
mg/kg). FEAFIA] (30 d) TPH-Fe2*HME, ARk
AERKAERE . AR bR S AR e S S ), 5 E
XTREZH AR LA, TERFEMEZE R &R (=800
mo/kg). EKEFA] (60 d) TPH-Fe i, ZiFA{k
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