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[8]

(housefly maggot meal, HMM)

[9]

, [Hetero-

branchus longifilis (?)xClarias gariepinus (6)][10]

(Clarias gariepinus)'"]

(Oreochromis niloticus)[lz_ls]
Fasakin ' ,
Ogunji (15-16]
> 40%
; 60% ,
) 17.9%(
) ,
1
1.1
(G0), 28%
20% 40% 60%
80% 100% 5 , G20
G40 G60 G80 G100
1 80 ,
, SLX-80

B

1.0 mm ,55C ,
, -20°C
1.2
24
350 L ( 80 cm, 70 cm,
300 L), 3.5 L'min"
, 2
(0.56+0.03) g 960
6 4 , 40
, 8:00
14:00  20:00 ,
45d
, 25~29°C,
50 6.0, >6.0 mg'L™, <0.10 mgL™",
<0.01 mg-L™", pH 7.70~7.90
1.3
1.3.1 , 24 h,
20 ,
, , , 5
, 5
-80°C
1.3.2
(GB/T6435-1986)
(GB/T6432-1994)
(GB/T6433-1994) 550°C
(GB/T6438-1992)
1.3.3 [17]
5 ,
, 0.5 g, 4
mL10% , 3 min, 12 000
rmin”’ 15 min, 0.2 pm ,
L-8900
1.3.4
5 , ( CHRIST ) ,
6 mol-L™ R Waters
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Tab.1 Composition and nutrient levels of the experimental diets
%, air dry basis
trial
ingredients

GO G20 G40 G60 G80 G100

fish meal 28.00 22.40 16.80 11.20 5.60 0
HMM 0 7.36 14.72 22.08 29.44 36.80
soybean meal 12.00 12.00 12.00 12.00 12.00 12.00
peanut meal 19.00 19.00 19.00 19.00 19.00 19.00
squid cream 4.00 4.00 4.00 4.00 4.00 4.00
shrimp shell meal 3.00 3.50 4.00 4.50 5.00 5.50
strong flour 23.35 21.64 19.94 17.23 14.52 11.82
sodium alginate 2.00 2.00 2.00 2.00 2.00 2.00
fish oil 2.35 1.91 1.47 1.03 0.59 0.15
(50%) soybean lecithin 2.00 2.00 2.00 2.00 2.00 2.00
Ca(H,POy), 1.00 1.20 1.40 1.60 1.80 2.00
(50%) choline chloride 0.30 0.30 0.30 0.30 0.30 0.30
cholesterol 0.20 0.20 0.20 0.20 0.20 0.20
vitamin premix " 0.20 0.20 0.20 0.20 0.20 0.20
calcium lactate 0 0.69 1.37 2.06 2.75 3.43
mineral premix ? 0.50 0.50 0.50 0.50 0.50 0.50
VC  (35%) vitamin C 0.10 0.10 0.10 0.10 0.10 0.10

cellulose 2.00 1.00 0 0 0 0

nutrient level
moisture 7.26 6.97 7.34 7.12 7.37 7.76
crude protein 36.62 37.18 37.18 37.08 36.88 36.82
crude lipid 7.39 8.02 8.59 9.10 9.91 10.03
ash 10.73 11.03 11.27 11.53 11.86 12.16
Ca 1.54 1.58 1.63 1.66 1.70 1.70
total P 1.33 1.35 1.35 1.35 1.38 1.39
/(MJkg™") energy 17.76 17.58 17.72 17.90 18.10 18.06
0 1) A 4000 000 1U; D 2 000 000 IU; E30¢g; K5 10 g; Bi5g;
B, 15 g; B¢ 8 g; 25 g; 2.5 g; 0.08 g; 40 g; B,0.02 g; 150 g. 2).
12 g; 90 g; - 3g; lg; 10 g; 0.06 g; - 0.l6g; 0.0036 g.

Note: 1) One kilogram of vitamin premix contained VA 4 000 000 IU; VD 2 000 000 IU; VE 30 g; VK; 10 g; VB, 5g; VB, 15 g; VB¢ 8 g;
calcium pantothenate 25 g; folic acid 2.5 g; biotin 0.08 g; nicotinic acid 40 g; VB, 0.02 g; inositol 150 g. 2) One kilogram of mineral premix
contained MgSO4-H,0 12 g; KC1 90 g; Met-Cu 3 g; FeSO4-H,0 1 g; ZnSO4-H,0 10 g; Ca(105), 0.06 g; Met-Co 0.16 g; NaSeO; 0.003 6 g.

: PICO.TAG
; : 254 nm; : 38°C;
: 1 mL'min”"’
1.3.5
[18) (sigma, =
97%), )

0.25 mol-L™'pH 3.5
40.0 pL-mL™

mL

20 mL

B

5%

10 mL

1.0 g,
50°C 80 mL,
10 mL
5mL
30 mL

10 mL

10 mL,

100

100 mL

, 0.25
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mol-L™" pH 3.5 5 mL 24 ,
1 /s 2 14
LC-20AB R LC solution 0.30%~0.34%,
: Welch Cy (250 mmx 4.6 21%~24%, ,
mm, 5 pm); (0.01 mol-L™")- 920%
(0.01 mol-L™")(pH5.0, 480 20);
SPD-M20A PDA , 254 nm, (P>0.05) 10
25°C, 1.0 mL-min"'; 10 uL ,
1.4 60%~66%, G40 , G20—G100
+ (x +SD) (P<0.05)
SPSS13.0 , > )
(one-way ANOVA), (P<0.05);
Ducan’s , >
Dunnett’s T3 » G80 G100
P<0.05 (P<0.05);
(P>0.05) ,
2 , 60% ;
2.1 L-
2 , (P>0.05) G20
G100 G20-G60  (P>0.05)
, G80 G100 2.3
(P<0.05)
, (P>0.05) 4 )
(P>0.05) 17 : 9 8
2.2 ) )
4
3 ,
*2 FREMBKEMWNLAENIANAERETRHS NG
Tab.2 Effects of replacement of fish meal by HMM on muscle composition of L.vannamei
n=4; x £SD; % , dry matter
trial
muscle composition GO G20 G40 G60 G80 G100
moisture 75.71+0.39 75.33+0.50 75.1620.30 75.18+0.30 75.46+0.26 75.84+0.59
crude protein 81.97+0.63° 82.03+0.38° 82.03+0.35° 82.15+0.45° 82.86+0.28% 83.06+0.56°
crude lipid 4.46+0.57 4.37+0.67 4.13£0.70 4.01£0.35 3.78+0.49 3.77+0.25
ash 5.15+0.09° 5.18+0.08° 5.19+0.09° 5.23+0.05° 5.36+0.09° 5.47+0.05°
(P<0.05), (P>0.05).

Note: Values in the same row with different small letter superscript mean significant difference(P<0.05). Values without superscript in the

same row are not significantly different(#>0.05).
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Tab.3 Effects of replacement of fish meal by HMM on free amino acids composition in muscle of L.vannamei
n=4: ¥ +SD; mg-100"-g”"
trial
amino acids
GO G20 G40 G60 G80 G100
Tau 33.07+4.66 36.72+4.60 32.98+4.42 33.28+1.63 34.06+3.95 32.90+1.17
Asp / / / / / /
Thr 9.48+1.23 11.81+2.41 11.16+1.60 10.62+1.69 11.70+1.21 10.72+0.36
Ser / / / / / /
Glu 24.69+5.14 27.52+4.98 25.89+3.62 27.22+3.98 22.86+4.30 22.23+3.90
Gly / / / / / /
Ala 314.45+27.78 304.61+52.44 327.02+34.76  276.50+14.48 282.37+20.82 282.51+16.57
Cys 118.63422.14™  126.94£10.56°  117.04£12.92  130.41+7.12° 109.58+19.60  101.23+5.43°
Valyr 0.34+0.09° 0.5120.24® 0.47+0.24™ 0.49+0.16™ 0.66£0.17* 0.43+0.15"
Met¥y 11.55+1.43 12.99+1.52 11.24+0.95 11.62+3.14 11.45+3.18 9.72£1.15
Tlev 18.72+3.61% 21.08+3.18* 18.26+1.26™ 20.70+2.95% 17.03+3.94™ 16.04+2.05°
Leuvs 33.37+7.05° 35.04+5.30° 29.31+5.09% 33.15+3.21° 27.28+5.12% 24.47+2.76°
Tyr 30.85+3.10 30.39+2.39 28.14+2.41 30.21£3.15 26.11+6.33 24.61+4.12
Phes 26.45+3.92° 28.40+2.48" 23.94+2 83 27.76+2.32° 23.61+5.32% 20.99+0.73°
b- b-Ala 3.37+1.07 3.73+0.40 3.61+0.88 3.14+0.44 3.88+0.57 3.32+1.23
b- b-AiBA 3.48+1.26 3.90+0.63 3.47+0.51 3.56+1.14 3.97+1.37 2.80+0.85
g- g-ABA 1.89+0.87% 2.10£0.29° 1.77£0.23"® 1.5240.49® 1.78+0.39® 1.2240.59°
Trp¥c 8.17+1.24 9.96+2.96 12.04+4.29 11.31+4.07 11.26+3.27 8.27+3.48
O 4.44+0.52 5.10£1.10 5.14+1.53 5.04+1.00 6.00£1.15 5.41+0.83
Lys¥¢ 109.80+9.63" 82.45+7.80% 89.06+9.84° 77.81+12.60™™ 53.38+18.13" 45.96+4.49°
Hiss 44.77+3.15° 41.29+5.78% 41.54+3.19® 43.60+5.49™ 39.53+7.14™ 35.65+4.66
3- 3-Mehis 3.06+1.27 2.75+1.23 2.59+0.67 2.32+0.57 2.29+0.51 2.05+1.00
L- Ans 4.04+1.25 5.05+1.69 4.66+0.87 4.62+0.85 4.04+1.42 3.73+0.90
Argyy 583.65+77.76°  717.62+77.59™  677.61+64.68°  709.79+24.10™  792.22+45.14*  780.56+54.83"
TDEE 339.15+26.05 332.13+47.93 352.91+35.73 303.72+16.12 305.22+23.67 304.75+16.12
TEAA 843.81+58.33°  961.14£81.53°  914.63+53.58%  946.85+22.70° 988.11+54.91°  952.81+50.70°
TAA 1385.77£75.96"  1509.94+58.87°  1466.94+61.20™  1464.66=40.86™  1484.90£77.11"  1434.83x61.57™
cc =» ey (P<0.05),
(P>0.05).<</7
Notef“ ““means delicious amino acid; ““¥¢ ”means essential amino acid. Values in the same row with different small letter superscript mean

significant difference(P<0.05). Values without superscript in the same row are not significantly different(P>0.05). “/”means undetectable.

40%; (P>0.05)

(P>0.05) 1

(P>0.05) , G20-G80 (P>0.05),
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Tab.4 Effects of replacement of fish meal by HMM on combined amino acids composition in muscle of L.vannamei

n=4; x £SD; %, dry matter
amino acids trial
GO G20 G40 G60 G80 G100
Asp 10.43+0.57% 10.21£0.34% 10.25+0.39® 10.67+0.40™ 10.77+0.31° 10.13+0.21°
Thrx 2.99+0.24 2.94+0.14 2.96+0.21 3.04£0.12 3.10+0.07 2.89+0.09
Ser 2.86+0.17 2.81+0.08 2.730.11 2.90+0.17 2.85+0.14 2.70+0.07
Glu 14.65+0.47 14.19+0.72 14.01£0.30 14.51£0.74 14.27+0.34 13.79+0.79
Pro 5.92+0.40 5.69+0.32 5.89+0.48 6.09:£0.44 5.92+0.32 5.74+0.37
Gly 6.42+0.52 6.37+0.18 6.19+0.22 6.58+0.31 6.39+0.28 6.30+0.19
Ala 4.90+0.59 4.75+0.17 4.58+0.17 4.63+0.09 4.70+0.54 436+0.11
Cys 0.110£0.027* 0.0970.040™ 0.0650.003" 0.130£0.035° 0.091:£0.038" 0.056+0.031°
Val 3.1420.10™ 3.24%0.10™ 3.130.18% 3.20£0.08" 3.26£0.05° 3.08+0.07°
Metvs 1.35+0.18 1.38+0.13 1.48+0.19 1.400.11 1.45+0.22 1.46+0.10
Ile¥r 3.0240.15 3.13£0.10 3.02+0.24 3.03+0.08 3.16+0.10 2.94+0.09
Leuvyr 5.3740.10 5.56+0.22 5.39+0.32 5.53+0.19 5.49+0.27 5.29+0.17
Tyr 2.84+0.08 2.90+0.19 2.83+0.13 2.81£0.10 2.89+0.12 2.70+0.20
Phevy 3.100.07 3.36+0.16 3.14+0.21 3.120.11 3.25+0.23 3.11£0.08
Lys¥¢ 6.16+0.77 6.34+1.00 6.25+0.40 5.73+0.8 6.47+1.37 5.69+1.16
His¥r 2.14+0.53 2.31x0.74 2.03£0.05 1.81£0.27 2.26+0.33 1.86+0.32
Argyy 7.24+0.21 7.67+0.60 7.19+0.34 7.35+0.38 7.82+0.57 7.4740.69
TDEE 36.40+1.93 35.53+0.56 35.04+0.93 36.38+1.35 36.12+0.56 34.57+1.03
TEAA 34.51+0.34 35.92+2.36 34.60+1.76 34.21+0.97 36.26+2.47 33.78+2.45
TAA 82.65+2.12% 82.95+2.50° 81.14+3.22% 82.51+1.65% 84.14+2.68° 79.55+3.56"
PP ey _ (P<0.05),

(P>0.05).
Notef“  ?’means delicious amino acid; ““ ¥ ”"means essential amino acid. Values in the same row with different small letter superscript mean

significant difference(P<0.05). Values without superscript in the same row are not significantly different(£>0.05).

% >0r b ) 8 G100 (+32.0%)
e 2.5 b b
£ (P<0.05)
= 20
Z 15 3
gﬁ 1.0 1.1
b 0.5
= 0 ' : : - .
G20 G40 G60 G80 G100
2151 trial 5 ,
1 ’
Yang
(P<0.05); 1l (Carassius

auratus gibelio) Shapawi "

Fig.1 Effects of replacement of fish meal by HMM on
inosine monophosphate (IMP) content in muscle of N
L.vannamei > Ogunji
Values in the same row with different small letter superscript mean
significant difference(P<0.05). Values without superscript in the
same row are not significantly different(£>0.05).
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Effects of replacement of fish meal with housefly maggot meal on
muscle nutritional composition, amino acids, and inosine monophos-
phate content in juvenile Litopenaeus vannamei

YAN Jing' #**, CAO Junming®~* **, WANG Guoxia®~*, HUANG Yanhua®* **, ZHANG Rongbin' 2~ *,
LIU Qunfang2 34 SUN Zhiwu' 2 *, WEN Yuanhong2 S

1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China;

2. Institute of Animal Science, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China;

3. Guangdong Public Laboratory of Animal Breeding and Nutrition, Guangzhou 510640, China;
4. Guangdong Key Laboratory of Animal Breeding and Nutrition, Guangzhou 510640, China

Abstract: We evaluated the effects of replacing fish meal with housefly maggot meal (HMM) on the nutritional
composition, amino acids, and inosine monophosphate content in the muscle of juvenile white shrimp (Lito-
penaeus vannamei). Six isonitrogenous and isoenergetic diets (G0, G20, G40, G60, G80, and G100) were formu-
lated by replacing 0, 20%, 40%, 60%, 80%, or 100%, respectively, of the fish meal with HMM (protein basis). The
shrimp initial body weight (0.56+£0.03) g, were fed the experimental diets for 45 d. There was a positive correla-
tion between crude protein and ash content in the muscle and the proportion HMM in the diet. The crude protein
content in G100 and the ash content in G80 and G100 were significantly higher than in the control group (P<0.05).
HMM had no effect on moisture and crude lipid content (P>0.05). Similarly, there was no difference in free deli-
cious amino acid (DAA) content (glutamate and alanine only) and total free DAA among the groups. Total free
essential amino acid (FEAA) content was significantly higher in groups G40 to G100 than in GO (P<0.05). In-
creasing amounts of HMM were associated with a significant increase in free arginine content (P<0.05) and a sig-
nificant decrease in lysine content (P<0.05). The total free amino acid content was significantly higher in G20, but
not in G40—-G100, than in GO (P>0.05). The inclusion of HMM only had an effect on inosine monophosphate (IMP)
content at the highest level (G100: P<0.05). There was no significant difference in the content of combined DAA
(aspartate, glutamate, glycine, alanine), EAA, or total amino acids in the muscle of groups fed HMM compared to
the control (P>0.05). Overall, inclusion of HMM had no significant effect on the nutritional composition, EAA,
DAA, and IMP content in the muscle, with the exception that the free arginine content increased significantly
when HMM was substituted at levels below 60%.

Key words: Litopenaeus vannamei; fish meal; housefly maggot meal; muscle; nutritional composition; amino ac-
ids; inosine monophosphate
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