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Tab.1 Formulation and proximate composition of the experimental diets
%, DM basis
diet
ingredients GO G20 G40 G60 G80 G100
fish meal 36.00 28.80 21.60 14.40 7.20 0.00
maggot meal 0.00 8.94 17.88 26.82 35.76 44.70
soybean meal 25.00 25.00 25.00 25.00 25.00 25.00
corn gluten meal 5.00 5.00 5.00 5.00 5.00 5.00
fish oil 0.50 0.50 0.50 0.50 0.50 0.50
soybean oil 3.40 2.70 2.00 1.30 0.60 0.00
strong flour 24.12 24.04 23.20 22.36 21.24 19.90
Ca(H,POy), 0.60 1.00 1.30 1.50 1.80 2.00
C  (35%)vitamin C 0.10 0.10 0.10 0.10 0.10 0.10
HJ- adhesive HJ for aquatic animal 1.00 1.00 1.00 1.00 1.00 1.00
(98%)betaine 0.50 0.50 0.50 0.50 0.50 0.50
vitamin premix " 0.30 0.30 0.30 0.30 0.30 0.30
mineral premix ? 0.50 0.50 0.50 0.50 0.50 0.50
choline chloride 0.50 0.50 0.50 0.50 0.50 0.50
cellulose 2.48 1.12 0.62 0.22 0.00 0.00
nutrient composition
moisture 9.26 9.18 9.29 9.29 9.27 9.18
crude protein 39.48 39.47 39.41 39.45 39.30 38.97
crude lipid 7.02 6.99 6.96 6.79 7.22 6.99
ash 7.90 7.67 8.02 7.66 7.70 7.67
Ca 1.53 1.42 1.46 1.11 1.15 1.10
total P 0.98 0.99 0.97 0.98 0.96 0.89
gross energy / (MJkg™) 16.82 16.84 16.95 16.91 16.99 17.00
0 1) s : VA 3 200 000 IU; VD 1 600 000 IU; VE 16 g; VK 3 g; VB, 4 g;
VB, 8 g; VB¢ 4.8 g; VB, 0.016 g; 28 g; 16 g; 1.28 g; 0.064 g; 40 g. 2)
s : 230 g; 36 g; 9g; 10 g; 8 g; 1.9 g; 1.5¢g; 0.25 g; 0.032 g; 0.05 g.

Note: 1) The vitamin premix is provided by the fishtech fisheries science & technology company, LTD. One kg of vitamin premix contained:
VA 3200 000 IU; VD 1 600 000 1U; VE 16 g; VK 4 g; VB, 4 g; VB, 8 g; VB 4.8 g; VB, 0.016 g; nicotinic acid 28 g; calcium pantothenate
16 g; folic acid 1.28 g; biotin 0.064 g; inositol 40 g. 2) The mineral premix is provided by The Fishtech Fisheries Science & Technology
Company, LTD. One kg of mineral premix contained: Ca 230 g; K 36 g; Mg 9 g; Fe 10 g; Zn 8 g; Mn 1.9 g; Co 0.25 g; I 32 mg; Se 0.05 g.

(IKA-C2000)
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0.25 pm), (1ol dismutase, SOD)
145 Bradford"!
® pH :
4 , 15
45 min pH ( + (X £SD, n=4)
pH-Star)  pH PHas min; SPSS 16.0 for windows
,4C 24 h, pH , pHasan ,
@ (one-way ANOVA),
4 , Tukey ;
, ) ( Dunnett’s T3 , P<0.05
), 4°C 4 000 r/min
20 min, ,
2
(Drip loss, DL, %)=100x( 21
- )/ 2 )
® (P>0.05),
4 , GO @G80
70°C 15 min, ,
, , G60 G100
(cooking loss, CL, %)=100x( GO(P<0.05)
- )/ 2.2
3 , PH45 min
@ (DL) (CL) (SOD)
(P>0.05) pHosan  pHas min
(collagen) (malondial- , GO (P>
dehyde, MDA) (superoxide 0.05), G60 G40(P<0.05) GO

x2 WREMBKEMMEFENAEAMS BTN
Tab. 2 Effects of replacement of fish meal with maggot meal on muscle nutritional composition of
Pelteobagrus fulvidraco

n=4; X +SD; %, DM basis
index sroup
GO G20 G40 G60 G80 G100
moisture 79.06+0.26 78.89+1.07 78.56+0.24 78.29+0.42 78.08+0.39 78.43+0.23
crude protein 81.11+1.52 81.26+1.29 82.37+2.05 82.78+2.05 83.20+0.38 82.68+1.29
crude lipid 10.95+1.12 11.14+1.49 11.29+2.39 11.45+0.58 11.60+0.21 11.17+0.67
ash 5.69+0.12° 5.89+0.18% 5.92+0.16% 5.97+0.07° 6.00+0.14° 6.07+0.08°
(P<0.05).

Note: In the same row, values with different small letter superscripts mean significant difference (P<0.05).
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, P> 23
0.05), G40  G60 G100(P<0.05)
G40  G60 (MDA) 4 9
(P<0.05), GO P> 8
0.05), G20 G100 (Ile) (Thr)

R3 WEMEKREMNETENAE LR

Tab. 3 Effects of replacement of fish meal with maggot meal on muscle physiochemical indexes of Pelteobagrus fulvidraco

n=4; X +SD
index GO G20 G40 G60 G80 G100
PHas min 6.74+0.10 6.68+0.10 6.71£0.06 6.83+0.07 6.80+0.02 6.76+0.04
pHaqn 6.75+0.09® 6.74+0.05™ 6.72+0.03" 6.86+0.09" 6.81£0.03™ 6.82+0.02"
DL/ % 10.52+1.76 10.27+1.41 10.17+0.57 10.65+0.79 10.84+0.97 10.78+0.99
CL/% 32.1343.37 31.56+1.53 31.40+0.51 31.34+0.66 32.09+1.16 32.70+0.42
/ (ug'g™") collagen 312.70+10.99®  317.65+16.13®  326.29+7.25"  326.52+8.20°  310.15+6.65"  297.27+8.61°
MDA / (nmol-mg™ protein) 0.80+0.03* 0.76+0.03" 0.64+0.03¢ 0.60+0.02¢ 0.78+0.03" 0.84+0.02°
12.46+0.82 13.26+0.67 13.88+1.91 14.00+0.81 13.75+0.48 14.43+0.47

SOD / (U-mg™" protein)

(P<0.05).

Note: In the same row, values with different small letter superscripts mean significant difference (P<0.05).

x4 REMBEREMMEFENATERAMTIE

Tab. 4 Effects of replacement of fish meal with maggot meal on amino acids composition in muscle of Pelteobagrus fulvidraco

n=4; X +SD; g/(100g), DM basis
amino acid GO G20 G40 G60 G80 G100
essential amino acid
Arg 6.62+0.12° 6.74+0.25" 6.78+0.14" 6.93+0.38% 7.4440.38° 6.87+0.27%
His 1.68+0.33" 1.82+0.12% 1.86+0.10* 1.92+0.13% 2.18+0.09° 1.76£0.21*
Ile 2.92+0.10 3.32+0.78 3.03+0.11 3.15+0.26 3.36+0.10 2.79+0.31
Leu 5.32+0.21% 5.41£0.39 5.40+0.15% 5.70+0.35% 6.14+0.47° 5.20+0.57°
Thr 3.31+0.08 3.52+0.19 3.50+0.10 3.58+0.23 3.7240.16 3.44+0.29
Met 1.5240.11 1.72+0.36 1.58+0.15 1.50+0.62 1.86+0.27 1.44+0.29
Lys 6.72+0.42 7.24+0.75 7.38+0.59 7.39+0.58 8.08+1.08 6.93+1.10
Val 3.39+0.06™ 3.45+0.24% 3.45+0.11% 3.53+0.23% 3.91+0.34° 3.14+0.56°
Phe 2.86+0.05° 2.96+0.19% 2.91+0.24% 3.10+0.24% 3.36+0.19° 2.85+0.30°
non-essential amino acid
Glu™ 10.71+0.53 11.13+0.89 10.72+0.32 10.83+0.95 11.49+0.33 11.04+0.97
Ser 3.02+0.13 3.13+0.19 3.03+0.03 3.15+0.21 3.35+0.15 3.03+0.17
Tyr 2.63+0.22 2.61+0.15 2.59+0.11 2.66+0.19 3.31£0.51 2.67+0.62
Gly*™ 4.0240.19 3.90+0.16 3.35+0.52 3.85+0.18 3.97+0.41 3.85+0.20
Ala™ 4.09+0.22 4.05+0.11 4.08+0.08 4.1240.37 4.34+0.11 4.02+0.31
Asp™ 7.37+0.46 7.82+0.38 7.60+0.51 7.79+0.73 8.14+0.23 7.61£0.57
Cys 0.14+0.01% 0.22+0.10° 0.14+0.01% 0.14+0.01% 0.23+0.08° 0.09+0.02°
Pro 2.60+0.15 2.69+0.33 2.56+0.17 2.71+0.07 2.93+0.22 2.85+0.20
TFAA 26.65+1.46 26.90+1.42 25.66+0.69 26.59+2.16 27.94+0.67 26.52+1.53
TEAA 34.56+0.80° 36.17+2.38% 35.88+1.31% 36.80+2.50% 40.06+2.18° 34.4143.21°
TAA 69.60+2.26™ 71.7244.42% 69.18+1.53" 72.05+4.79% 77.78+2.73° 69.57+5.47%
D X- ; TFAA- ; TEAA- ; TAA-
(P<0.05).
Note: — flavor amino acid; TFAA-sum of flavor amino acids; TEAA-sum of essential amino acids; TAA—sum of all amino acids. In the

same row, values with different small letter superscripts mean significant difference (P<0.05).
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(Met) (Lys) (Ser) (Tyr)  (P<0.05), G60 G100 Cyq.y (P<0.05),
(Pro) (P>0.05) G80 G60 G100 Cigns Carens(DHA) EPA+DHA
(Arg) (His) (Phe) (PUFA) n-3
GO(P<0.05), (Leu) (Val) (P<0.05) G60 G100
G100(P<0.05) (Glu) (MUFA) GO G20(P<0.05)
(Gly) (Ala) (Asp) 4 Cieo Ciso Cisa Caou
(TFAA) Cooone (SFA) 16
(P>0.05), G80 Glu Ala Asp (P>0.05) Cig2n6
TFAA GO G80 (TEAA) GO (P>0.05)
(TAA)
s G80 TEAA GO 3
(P<0.05) 3.1
2.4 )
60% )
5 , GO , (5]
G40 G100 Cig n-3/n-6

F 5 HREEM AN AW X EE & AL P B B BR LH B RY 20
Tab.5 Effects of replacement of fish meal with maggot meal on fatty acids composition in muscle of Pelteobagrus fulvidraco

n=4; X £SD; %; total fatty acids
fatty acid GO G20 G40 G60 G80 G100
Ciao 2.04+0.16* 1.99+0.09° 1.7240.04° 1.52+0.09" 1.49+0.08° 1.2440.16°
Cis0 19.32+0.17 19.314£0.55 19.49+0.27 19.83+1.01 20.81+0.57 18.75+4.04
Ciso 5.28+0.20 5.13+0.48 4.88+0.10 5.61+0.53 5.16+0.41 7.45+4.60
> SFA 26.64+0.18 26.42+0.83 26.10+0.23 26.95+1.14 27.46+0.90 27.44+0.79
Cigi 4.69+0.59° 5.02+0.83" 6.900.34™ 7.85+0.31° 8.62+0.49° 9.03+2.44°
Cigar 28.81+3.97 28.43+1.11 29.55+2.26 33.4242.15 30.88+1.89 31.65+1.82
Caot 1.61+0.18 1.52+0.10 1.49+0.13 1.44+0.13 1.41+0.09 1.32+0.29
Y MUFA 33.50+4.25° 33.45+1.68° 36.45+2.46™ 41.26+2.14° 39.51+2.30% 40.68+4.06°
Cigans 19.87+1.80% 20.35+0.48" 19.77£1.15% 17.37+0.86™ 17.68+1.04 16.95+2.18°
Cigns 1.83£0.21° 1.8140.09° 1.48+0.11% 0.99+0.40° 1.2440.15 0.80+0.02°
Caoans 0.98+0.23 1.02+0.09 1.20+0.12 1.09+0.15 1.310.15 1.25+0.34
Caoans ND ND 1.12+0.03 1.30£0.12 1.95+0.35 2.27+0.72
Cao:5n3 (EPA) 2.91+0.48 2.65+0.15 1.83+0.27 ND ND ND
Caz:6n3 (DHA) 8.81+1.46° 8.39+1.17° 7.71£1.03% 5.48+1.24% 5.85+1.04" 3.52+0.64°
> (EPA+DHA) 11.72£1.91° 11.04+1.23° 9.55+1.29" 5.48+1.24° 5.85+1.04° 3.52+0.64°
Y PUFA 34.59+3.61° 34.40+0.78° 33.11£2.43° 26.23+2.05° 27.72+1.47° 24.79+1.52°
¥ n-3 PUFA 13.55+2.08* 12.85+1.22° 11.03+1.39° 6.47+1.49° 6.78+0.56° 4.31+0.64°
> n-6 PUFA 21.04+1.54 21.55+0.67 22.09+1.24 19.76+0.99 20.94+1.02 20.48+1.36
Y n-3/Y n-6 0.64+0.05* 0.59+0.07* 0.50+0.04° 0.33+0.07° 0.32+0.02° 0.21+0.03¢
: ND ;Y SFA ; Y MUFA ;Y PUFA ; Y n-3PUFA
n-3 ;> n-6 PUFA  n-6 . (P<0.05).

Note: ND means no detection;y. SFA means sum of saturated fatty acids; , MUFA means sum of monounsaturated fatty acids; Y, PUFA means
sum of polyunsaturated fatty acids; Y. n-3PUFA includs total Cig.3,.3, EPA and DHA; ) n-6 PUFA includs total Cig.2n.6, C20:2n-6 and Cap:3n6. In
the same row, values with different small letter superscripts mean significant difference (P<0.05).



20

398
, , chuatsi Basilewsky) ,
2 pH b b
pH
Fasakin D! , , pHusmin  pHoan
(2] , pH
, (Lateo- ,
labrax japonicus) ) (211 ,
[13] ’ ’
e EPA+DHA n-3/ 20%  40% ,
n-6 N 5 s
Tan 9 , 40%
[22] (23]
, (Ctenopharyngodon idellus)
[16]
S 60% ,
(Oncrhynchus mykiss) ,
[18]
80% )
(Cynolossus semilaevis Giinther) ,
, (MDA) )
, 80%
, (SOD)
, , [24] [25] VE
, MDA , >
SOD >
3.2 40% 60% MDA ,
pH 5 pH
, ; pH ;
, (7.0%)
[19] (201 (Siniperca



2 : 399

, Bl (PUFA) ,
3.3 PUFA Cameron
331 (large white)

b

: PUFA ,
( ) (MUFA) ,
) MUFA
R , PUFA R
[26] [27] , , 40%
(Pseudosciaena crocea) EPA DHA ,
> PUFA
(Macrobrachium nipponensis)™* (22.06%),
(Macrobrachium rosenbergii)™*”! DHA PUFA
) s 29.21% 23.08% 3.31%
> 1.79% 6.99% 2.66%, EPA 20%
80% : ,
, EPA DHA
; n-3
n-3/n-6 [14. 34] ,
; EPA DHA B3]
, 80% [10]
(8] 4
Ad [30]
> 40%
’ S % 3 ik:
[31-32] [1] , , .
[1]. L2011, 38(18): 108-111.
3.4 . '
' . , 2008(9): 34-35.
[3]

, [7]. , 2012,



400 20
4(36): 529-537. [17] , , s
[4] [D]. [3]. ,2008(14): 23-24.
,2011: 17-31. [18] [D].
[5] Fasakin E A, Balogun A M, Ajayi O O. Evaluation of full-fat ,2011: 49-76.
and defatted maggot meals in the feeding of clariid catfish [19] Hagen O, Solberg C, Sirnes E, et al. Biochemical and struc-
Clarias gariepinus fingerlings [J]. Aqu Res, 2003, 34(9): tural factors contributing to seasonal variation in the texture
733-738. of farmed Atlantic halibut (Hippoglossus hippoglossus L.)
[6] OgunjiJ, Sutter D, Rennert B, et al. Growth performance and flesh [J]. J Agr Food Chem, 2007, 55(14): 5803—5808.
body composition of carp (Cyprinus carpio) fed diets con- [20] , , ,
taining housefly maggot meal (magmeal) [C]. IGB-Berlin.de. . .2010(9): 114-117.
2007: 140-148. [21] , , ,
[7] Ogunji J O, Kloas W, Wirth M, et al. Effect of housefly [ ,2010(8): 14-15.
maggot meal (magmeal) diets on the performance, concen- [22] Sato K, Yoshinaka R, Sato M, et al. Collagen content in the
tration of plasma glucose, cortisol and blood characteristics muscle of fishes in association with their swimming move-
of Oreochromis niloticus fingerlings [J]. J Animal Physiol ment and meat texture [J]. Bull Jpn Soc Sci Fish, 1986, 52(9):
Anim Nutr, 2008, 92(4): 511-518. 1595-1600.
(8] ) , , [23] , , ,
[J. [3]. , 2008, 6(15): 1042—-1049.
,2012, 19(2): 265-274. [24] E
[9] OgunjiJ O, Kloas W, Wirth M, et al. Housefly maggot meal [D]. : , 2009: 8-36.
(magmeal) as a protein source for Oreochromis niloticus [25] , , , . VE
(Linn.) [J]. Asian Fish Sci, 2008, 21: 319-331. [J1. . 2009, 33(6): 1132—
[10] , , . / 1139.
[ [26] Buchtov A H, Svobodov A Z, Kocour M, et al. Amino acid
.2010, 22(5): 1413-1421. composition in fillets of mirror crossbreds common carp
[11] Bradford M M. A Rapid and Sensitive Method for the Quan- (Cyprinus carpio, Linnaeus 1758) [J]. Acta Vet Brno, 2009,
tization of Microgram Quantities of Protein Utilizing the 78:337-344.
Principle of Protein-Dye Binding [J]. Analyti Biochem,1976, [27] (CLA)
72: 248-254. PPAR [D]. ,2008:
[12] R , , 77-87.
[J]1. , 2011, 35(2): [28] , , ,
268-275. [3]. ,
[13] CaoJ M, Chen Y, Zhu X, et al. A study on dietary L-lysine 2011(2): 230-237.
requirement of juvenile yellow catfish Pelteobagrus fulvi- [29] , , ,
draco [J]. Aqu Nutr, 2012, 18(1): 35-45. [J]1.
[14] , , , , 2009, 16(4): 572-579.
[J71. ,2010(10): 1-4. [30] AiQ, Mai K, Tan B, et al. Replacement of fish meal by meat
[15] Tan X, Luo Z, Xie P, et al. Effect of dietary conjugated li- and bone meal in diets for large yellow croaker, Pseudo-
noleic acid (CLA) on growth performance, body composition sciaena crocea [J]. Aquaculture. 2006, 260(1): 255-263.
and hepatic intermediary metabolism in juvenile yellow cat- [31] Regost C, Arzel J, Kaushik S J. Partial or total replacement
fish Pelteobagrus fulvidraco [J]. Aquaculture, 2010, 310: of fish meal by corn gluten meal in diet for turbot (Psetta
186-191. maxima) [J]. Aquaculture. 1999, 180: 99—-117.
[16] s R , . [J1. [32] Gomez-Requeni P, Mingarro M, Calduch-Giner J A, et al.

, 2008, 33(8): 9-12.

Protein growth performance, amino acid utilisation and



2 : 401

somatotropic axis responsiveness to fish meal replacement [34]

by plant protein sources in gilthead sea bream (Sparus au- [D]. : ,2008: 23-37.

rata) [J]. Aquaculture, 2004, 232: 493-510. [35] Tan X, Luo Z, Xie P, et al. Effect of dietary linolenic
[33] Cameron N D, Enser M, Nute G R, et al. Genotype with acid/linoleic acid ratio on growth performance, hepatic fatty

nutrition interaction on fatty acid composition of intramus- acid profiles and intermediary metabolism of juvenile yellow

cular fat and the relationship with flavour of pig meat [J]. catfish Pelteobagrus fulvidraco [J]. Aquaculture, 2009, 296:

Meat Sci, 2000, 55(2): 187-195. 96-101.

Effects of replacing fish meal with maggot meal on meat quality of
yellow catfish (Pelteobagrus fulvidraco)

HUANG Yanhua"**, WEN Yuanhongl 234 CAO Junming1 23 WANG Guoxia"*?, MO Wenyanl’ 2.3
CHEN Xiaoying'*?, LIU Qunfang"***, LIU Xiaoling"*>*

1. Institute of Animal Science, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China;
2. Guangdong Public Laboratory of Animal Breeding and Nutrition, Guangzhou 510640, China;

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

4. College of Animal Science, South China Agricultural University, Guangzhou 510642, China.

Abstract: The aim of this experiment was to evaluate the effects of replacing fish meal with maggot meal on the
nutritional composition, physiochemical indexes, amino and fatty acid composition of yellow catfish (Pelteoba-
grus fulvidraco) muscle. Nine hundred and sixty fish with an initial body weight of ~2 g were randomly assigned
to six groups and fed one of six isonitrogenous (39.5%) and isonergetic (16.8 MJ/kg) diets replacing 0% (GO),
20% (G20), 40% (G40), 60% (G60), 80% (G80) and 100% (G100) fish meal with maggot meal on a protein basis.
After 60 days of the feed trial, there was no significant difference in muscle moisture, crude protein or crude lipid
content among all treatments (P>0.05), but ash content of G60~G100 was significantly higher than that of GO
(P<0.05). No significant difference was found in pH, drip lose (DL), cooking lose (CL) or superoxide dismutase
(SOD) activities among all groups (P>0.05). Compared with GO, there was no significant difference in collagen
content with maggot meal treatments (P>0.05), but muscle malondialdehyde (MDA) content of G40 and G60 de-
creased significantly (P<0.05). Arginine, histidine, phenylalanine and total essential amino acid content in G80
were significantly higher than in GO (P<0.05). No significant difference was observed in total amino acid, glu-
tamic, glycine, alanine, aspartate or total flavor amino acid content among all groups (P>0.05). Cy4.9, Cis.3n.3, DHA,
EPA and DHA, polyunsaturated fatty acids (PUFA), n-3 PUFA content and n-3/n-6 ratio decreased with increasing
maggot meal content, with significant diminution in G60~G100 compared with GO (P<0.05). Compared with GO,
Ci6.0 and monounsaturated fatty acid (MUFA) content in G60 and G100 increased significantly (P<0.05). In con-
clusion, maggot meal had no significant effect on the nutritional composition, physiochemical indexes, amino acid
or fatty acid composition in the muscle of Pelteobagrus fulvidraco, with the exception of MDA content, which
significantly decreased when maggot meal replacement was less than 40%.
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fatty acids
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