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Fe(Il)-FPH , 8:30 14:30  20:30,
10%—20% )
1 , pH 7.8—38.0 25+0.2°C
1.1 5.2 , NH, 0.005mg/L,
6.0mg/L
100—200g/ -20°C 1 : ;
, 4°C 2—6 Fe(11)-FPH 500
(papain, 200001U/g), 1000 1500 2000 2500mg/kg  Fe(I)-FPH
,LZM AKP
1.5
1.2 Fe(ID)-FPH 0 28 56
50g, 500mL ,
, pH 6.5+0.1, (X)
35—40°C 10min ( :
20000U/g ), 45°C 8h ( (%) = /
pH 6.5 ) 95C 10min x100%
, 5000r/min (%/d) = In( /
20min, FPH FPH )/ x100%
NaOH (1.0mol/L) pH=7.0, (%) = (
Imol/L  FeCl, ( 1.0%, 0.1% Vc )/ x100%
), 30°C 30min, (%) = / x
10000r/min 15min, 100%
1000—5000Da , 1.6
, , 65°C ,
( Fe(I)-FPH) 105°C , ,
1.3 GB 5009.4-2010
1 35.0% , 10.0% , 15.0% ;
, 28.0% , 2.5% , 2.5% , 5.0% :
, 2.0% 1.7
: 6.0%, LZM AKP
26.5%, 40.0%, 12h
8.0% 60 ,
0, 500, 1000, 1500, 2000 2500mg/kg 1.8
) TMS-
, ( 1.5—2.0mm), 55°C PRO (texture profile analysis,
2h, 4°C TPA) P/50 (
1.4 50mm); 3cm
) ; Imm/s, 25.0%
(8.5£0.3)cm (0.92+0.01)g
960 6 2
4 ) 40 , 2.1 Fe(I)-FPH
1 56d , 3 Fe(II)-FPH
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1 1 , (5.89%—8.72%) (0.41%d—0.49%/d)
28, 0 500 1000mg/kg Fe(Il)-FPH (1.60%—2.05%) (P<0.05)
(P>0.05); , ( )
Fe(II)-FPH (1500—2500mg/kg), Fe(I)-FPH , N C
(P<0.05) , (Kurzak
, 1500—2500mg/kg  Fe(Il)-FPH et al, 2004; Bugly6 et al, 2007),
(3.98%—4.13%) (5.43%—5.84%) ,
(0.22%—0.39%/d) 56 , , , (Fisher et
500mg/kg Fe(Il)-FPH (5.23%) al, 2005; Megias et al, 2008) Fe(II)-
(P<0.05), FPH ,
(P>0.05); 1000—2500mg/kg Fe(II)- Fe(I1)-FPH
FPH (8.03%—9.09%) ,
£ 1 AN Fe(I)-FPH % X 414 €14 fE B9 221
Tab.l Growth performance of L. vannamei fed with Fe(II)-FPH
Fe(Il)-FPH (%) (%) (%/d) (%)
(mg/kg) 28d 56d 28d 56d 28d 56d 56d
0 86.31+2.23" 75.46+4.19° 109.63+3.45° 209.4145.52° 2.5140.26 4.24+0.10° 13.13+1.93"
500 86.56+3.29° 79.69+3.69° 110.5143.90° 211.16+5.57° 2.56+0.64° 4.47+0.27" 13.28+2.01°
1000 87.42+2.34° 83.48+2.57° 111.40+2.74° 215.21+4.16° 2.60+0.40° 4.65+0.28° 14.74+1.53°
1500 89.67+1.97° 84.56+3.49¢ 115.25+4.51° 217.96+4.62° 2.71+0.40° 4.71£0.26° 15.03+1.62°
2000 91.36+1.63 84.78+3.09¢ 116.28+3.41°¢ 218.58+5.68° 2.73+0.68° 4.67+0.47° 15.47+1.59¢
2500 89.45+2.11° 84.35+3.36¢ 116.73+3.52¢ 218.67+4.57° 2.83+0.36°¢ 4.73+0.25° 16.29+1.93¢
0,28 56 (P<0.05)
2.2 Fe(I)-FPH 0.62%—0.92%  0.14%—

2 , , 0.17%, (P<0.05) 1000—
43.52% 69.95% 2500mg/kg Fe(11)-FPH
5.22%  15.75% 500—1500mg/kg Fe(Il)-FPH (P<0.05) , Fe(Il)-FPH
(P>0.05), 2000mg/kg  2500mg/kg
2000mg/kg  2500mg/kg  Fe(Il)-FPH
%2 AR Fe(ll)-FPH X X 4T B 43 B4 22 0
Tab.2 Composition change of L. vannamei fed with Fe(I1I)-FPH
Fe(I)-FPH (mg/kg) (%) (%) (%) (%)
0 43.52+1.25° 5.22+1.02° 68.85+0.86" 15.75+1.16*
500 46.28+1.56° 5.13+0.78° 70.04+1.12° 15.36+1.82°
1000 46.77+2.01° 5.27£1.62° 70.17£1.07° 16.50+£1.22°
1500 47.62+2.32° 5.25+2.10° 60.12:+1.46" 16.41+1.89¢
2000 47.73£2.54° 5.39+2.24° 70.56+0.67° 16.26+2.35°
2500 47.90+3.02° 5.36+1.62° 70.67+0.67° 16.33+2.39°
56 10 (P<0.05)
2.3 Fe(II)-FPH LZM (LZM), LZM
, B-1,4 (Bon¢ina et al, 2008), LZM

B

>
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, LZM , Fe(II)-FPH
(Liu et al, 2015) Fe(Il)-FPH 1500—2500mg/kg
LZM , 3 LZM
, LZM 421.0— Fe(1I)-FPH
421.4U/mL 46.7—48.3U/mL 28 , ,
1500—2500mg/kg Fe(II)-FPH ,
LZM (P<0.05), 457.8— 2.4 Fe(I)-FPH AKP
458.3U/mL  52.0—52.8U/mL 56 ,1000— AKP ,
2500mg/kg Fe(Il)-FPH LZM ,
(P<0.05) (Pipe, 1990) Fe(I)-FPH
, (  Fe AKP , 4
Zn Ca Mn ), , , 2000—2500mg/kg Fe(Il)-FPH
, AKP (P<0.05); ,
(Ashmead, 2001), 1500—2500mg/kg Fe(1l)-FPH AKP
, (P<0.05)

3 AR Fe(ID-FPH X 34T LZM & %89 72 M0
Tab.3 LZM activity of L. vannamei fed with Fe(I1)-FPH

Fe(IT)-FPH LZM(U/mL) LZM(U/mL)
(mg/kg) 0d 28d 56d 0d 28d 56d

0 419.4+3.7 456.5+2.8° 458.5+3.7° 49.4+2.1 51.2+1.7° 52.2+1.9°

500 419.3£3.0 456.2+3.1° 458.6+3.5° 48.9+1.9 50.9+1.8° 53.3+2.0°
1000 419.6+3.7 455.9+3.4° 459.4+2.9° 48.8+2.4 50.7+2.1° 54.2+1.7°
1500 419.7£3.9 457.8+2.8° 459.6+3.1° 49.1+1.8 52.0+1.9° 54.5+2.0°
2000 419.5+3.5 458.1+2.9° 460.8+3.3¢ 48.9+1.6 52.4+2.1° 54.1+2.2°
2500 419.8+319 458.3+3.4° 460.7+4.2° 49.2+1.9 52.8+2.1° 55.4+1.8°

0,28 56 10 , , LZM
(P<0.05)

% 4 AR Fe(1I)-FPH ¥ 34T AKP ;&1 AIF M0
Tab.4 AKP activity of L. vannamei fed with Fe(II)-FPH

Fe(1)-FPH AKP(U/100mL) AKP(U/100mL)
(mg/kg) 0d 28d 56d 0d 28d 56d
0 2.26+0.09 2.44+0.12° 2.61+0.18° 6.53+0.31 6.88+0.35° 7.39+0.37°
500 2.24+0.08 2.46+0.08° 2.58+0.19° 6.51+0.28 6.85+0.26" 7.4140.34°
1000 2.28+0.06 2.40+0.09° 2.64+0.18° 6.55+0.27 6.83£0.27° 7.38+0.21°
1500 2.22+0.08 2.49£0.06" 2.64+0.17* 6.51+0.33 6.96+0.33" 7.45+0.24°
2000 2.26+0.09 2.48+0.08° 2.71+0.18° 6.51+0.29 6.98+0.26° 7.56+0.31°
2500 2.25+0.07 2.5240.07° 2.72+0.19° 6.52+0.31 7.1240.29° 7.61+0.28°
0,28 56 10 , , AKP
(P<0.05)
2.5 Fe(I)-FPH Fe(I1)-FPH
) , 1 ,
, Fe(II)-FPH , Fe(II)-FPH

, Fe(I1)-FPH
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, Fe(Il) ,
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EFFECTS OF HAIRTAIL PROTEIN FERROUS CHELATING PEPTIDE FEED ON
GROWTH, IMMUNE PERFORMANCE, AND QUALITY CHARACTERISTICS OF
LITOPENAEUS VANNAMEI

LIANG Ying-Fang, LIN Hui-Min, SHI Yun-Jie, DENG Shang-Gui

(Zhejiang Provincial Key Laboratory of Health Risk Factors for Seafood, College of Food and Pharmacy, Zhejiang Ocean University,
Zhoushan 316022, China)

Abstract
ferrous chelating peptide) on shrimp (Litopenaeus vannamei) growth performance, nonspecific immunity, and quality
characteristics. Fe(II)-FPH was added into feed in amounts of 0, 500, 1000, 1500, 2000, 2500mg/kg. The results showed
that at dosage 1500—2500mg/kg, Fe(I)-FPH could significantly increase shrimp survival rate, weight gain, and specific

A 56-d experiment was conducted to study the impact of dietary addition of Fe(II)-FPH (hairtail protein

growth rate (P<0.05); at dosage 2000—2500mg/kg, the serum alkaline phosphatase AKP, LZM lysozyme activity were
significantly enhanced (P<0.05); and at a high concentration (=2000mg/kg) for a longer time (56d), the shrimp muscle
tissue elasticity, hardness, and sensible quality of the aquatic products were improved. Therefore, an appropriate amount of
dietary Fe(II)-FPH addition would have positive impacts on L. vannamei farming and its seafood quality.

Key words growth performance; nonspecific

hairtail protein ferrous chelating peptide; Litopenaeus vannamei,

immunity; quality characteristics
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