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Effects of Dictary Protein and Energy on Growth, Feed Utilization and
Body Composition of Cuneate Drum”
and
Replacement of Fish Meal by rendered Animal Protein Ingredients in Feeds for Cuneate Drum
by
Yan Wang, Jin-Lu Guo, Kai Li and Dominique Bureau

Dr. Yan Wang of the Shanghai Fisheries University in China has been a grantee of FPRF aquaculture
research for a number of years. Dr. Dominique Bureau also a FPRF grantee and a member of the FPRF
Research Commitiee has served as an advisor to these projects. The attached two draft reports have
been submitted for peer review publishing but also as final reports to the Fats and Proteins Research
Foundation, Inc. These reports should not be duplicated for distribution outside of the foundation. The
data should be used as formulation guidelines for the cuneate drum species. This species is an
important commercial seafood provider in China and other Asian countries. it is a carnivore species
that under aquaculture production operations generally uses between 30% and 60% fish meal as well
as raw fish ingredients.

The initial study was directed at establishing the nutrient requirements for the major nutrient
components for protein and energy for this species and as additional data for establishing
recommendations for other carnivore species. The second study addressed the objectives of assessing
the effect of various rendered animal proteins, either alone or in combination as ingredients in practical
feeds on the growth, feed utilization and body composition of cuneate drum. The study indicated that
MBM can be used at an inclusion rate of up to 10%. Feather meal without methionine and lysine
supplementation did not perform well as a substitute for fish meal. This study did demonstrate a
combination of Poultry Byproduct Meal, Meat and Bone Meal, Soy Meal, Blood Meal and Feather
Meal in which amino acids were formulated similar to fish meal could be incorporated at *7.5% to
replace up to 50% of fish meal.

The research has resulted in the development of a diet containing 8-10% fish meal in which 80% of
fish meal were replaced with rendered protein ingredients. The current challenge is that animal by-
products are not available in China to produce the diets for commercial farm validation studies.
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Abstract

An B-weck experiment was condueted in net pens to assess the effeces of dictary protein and mergy levels on growth, feed
utilization and hody compasition of cuneate drum. Cuneate driim (initial body weight 19 ¢ fish™ ') were fed 9 feeds formulated
to contain 3 levels of digestible protein (DP 36%, 38% and 4()‘/u) and Fdévels of digestible energy (DE 14, 16 and 18 MI kg™ Y,
Groups of fish were fed raw fish (Serdivefla spp.) to serve as #commercial contrel. Specific growth rafe (SGR), final hody
weight (FBW), feed intake, feed conversion ratio (FCR), enerEy refentian cfficiency (ERE), and moisture and protein contents
in carcass of the fish were significantly affected by DP and DE levels. Nitrogen retention cfficiency (NRE) was dependent on
DP level, and lipid and ash contents in carcass, of the fisli'Were affected by DE level. Specific growth rate and FBW of fish fed
feeds with the same DE level increased whs.n DI’ mcrm';t.cl from 36% to 40%, whereas SGR and FBW of fish fed the feeds
formulated at the same DP lovel increased wiien (llc!ary DE incrensed from 14 to 16 MI kg™ '. No improvement, or even a slight
decline in SGR and FBW, occurred with, the firther increase of DE ta 18 MJ kg™ ', For the same DP level, NRE and ERE
increased with the increase in DE-from 140 16 MJ kg™ ", Carcass lipid content of fish fed the feeds with the same DP level
increased with increases in DE Tevel; “There were no significant differences in SGR, FBW, feed intake, FCR, and protein and
lipid contents in carcass of fish-fed the raw fish and feed conmining 40% DP and 16 M I\g,_[ DT Nitrogen retention cfficiency
and ERE were higher for fish fud the formulated feed containing 40% DP and 16 MJ kg™! DE than fish fed the raw fish.
i 2005 Puhlished by Elscvicr B.V.

Keywondy: Cuneqte drum; Projein; Energy; Growth; Body composition

1. Introduction

* Carresponding wuthor. Tel.: +86 21 65710764; Fux: 86 21 Cuneate drum is a native sciaenid species of com-
65711600, mercial importance in China. It is widely cultured in net
E-muif udedress; wangyanshiv.educen (Y. Wang). pens along the coast of the China Sea, due to its desir-

0044-8486/% - see front matter © 20035 Published hy Elsevier B.V.
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able characteristics, such as good fillet quality, fast
growth, and high resistance against diseases. Wild
cuneate drum are predators of small finfish and shell-
fish (Chu and Wu, 1985), and fish reared in commercial
pens are generally fed raw fish. Feeding raw fish results
in high tecd costs for commercial operations, as well as
high waste outputs, an increasingly important concern
in some regions due to the high farm densities encoun-
tered. Wider use of high quality formulated feed could
help improve the cconomical and environmental sus-
tainability of the Chinese cuneate drum industry, as it
has been the case for other species in various countries.

Growth, feed utilization and body composition of

fish closely depend upon contents of protein and
energy in feed. Although dietary protein and energy
requirements have been studied in many fish species,
information of nutritional requirements of sciaenid fish
species is stll limited, with most studies having been
limited to red drum (Daniels and Robinson, 1986:
Williams and Robinson, 1988: Ellis and Reigh, 1991;
Serrano ef al., 1992; Moon and Gathin, 1994; McGoo-
gan and Gatlin, 1998, 199%; Thoman et al,, 1999),
Aflantic croaker {Davis and Amold, 1997), giant croa-

ker (Lee etal., 2001), and large yellow croaker {Duan et '
al,, 2001). Dietary protein and energy requiraments for:,

cuneate drum have not been determined. Ti the present

study, we examined the effects of protein dnd"izller}:yj;
levels in practical teeds on growth, feed ufillzatlon and’

body composition of cuneate dmm.

2. Material and methods o,

2.1 Test feeds

A 3 =3 factorial | Iiyout inLiuding 3 levels of diges-
tible dietary protein (DP 36Y%, 38% and 40%) and 3
levels Of dl};e&,tlhlb du.huy epergy (DE 14, 16 and 18§
MI kg™ } was established. In addition, frozen Sardi-
nella spp.;a W ‘fish feed widely used in commercial
cuneate drum farming, served as a comparison to the
formulated: feeds. A total of 10 feed treatments (9
formulated feeds and | raw fish dict) were, therefore,
examined in this experiment. Contents of DP and DE
in the formulated teeds were estimated using pub-
lished digestible coefficients (Bureasu et al., 1999).
Amino acids in whole body of cuneate drum were
analyzed, served as a reference to establish adequate

Y. B et all 7 Aguucultune xx (2003) xee-—svy

dietary amino acid levels. Amino acids (expressed on
a dry weight basis) in whole body of cuneate drum
included: threonine 2.21%, valine 2.79%, cysteine
0.21%, methionine 1.77%, isoleucine 2.46%, leucine
4.28%, tyrosine 1.54%, phenylalanine 2.23%, lysine
4.56%, histidine 1.23%, arginine 3.95%. Synthetic
methionine (DL-methionine) was added to the formu-
lated feeds as it was predicted to be the first limiting
amino acid. Formulation, chemical composition and
encrgy content of the feeds are shown in Table i, and
amino acid profile in Table 2. . "

The formulated feeds were made ‘into’slow-sinking
pellets (diameter 3 mm and length 7-10 mm) using a
laboratory-scale single -screw: extruder. The pellets
were dried at room tcmpcmture and fish oil was
quantitatively sprayed:on‘surface of the pellets with
i sprayer in a rotatmg stirring drum, The raw fish used
was from the same-bateh of fish and stored in a
rctrlﬂeratur at m’?‘(] C until used.

.?...7_?.7:‘Feéfﬁl?g and .mmph'ng

- _sAn8-week experiment was carricd out in net pens
“in Shenao Bay, Nanao, China. Cuneate drum (Nibea

miichthioides) fingerlings were collected from Raop-
“%, ing marine fish hatchery, and transported by boat to

the experimenta] site. The fish were reared in nct pens
(3 m»3 m =2 m) for 4 weeks, during which the fish
were gradually weaned from raw fish onto the for-
mulated feed containing 38% DP and 16 MJ kg™
DE. After the pre-acclimation period, 1200 fish, with
similar body size, were moved into 30 experimental
pens {1 mx1 m X 1.5 m) at 40 fish per pen, and
acclimated to the tormulated feed (38% DP and 16 M2
kg™ ! DE) for 2 wecks.

At the start of the experiment, fish were deprived
of feed 24 h and pooled. Thirty groups of 30 fish each,
with initial body weight of 19,1 £0.2 g fish™" (mean
+8.E., n=30), were batch weighed and randomly
distributed into 30 experimental pens. Fach feed treat-
ment had 3 replications. Eight sub-samples of 3 fish
each were rundomly collected from the remaining
acclimated fish, and sacrificed for calculating condi-
tion factor (CF) and hepatosomatic index {(HSI), and
for analysis of proximate composition in whole body
and carcass. Total length and body weight of the fish
sampled were measured, and then liver of 4 sub-
samples were dissected and weighed. Whole body
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tl.1 Tahle |
£1.2 Formulation (%), chemieal composition (%} and energy content {MJ kg™ ') af the test feeds

t1.3 Feeds

1.4 L1 L2 L3 M1 M2 M3 HI H2 H3 RF
t1.0  Feed formulations

116 Herring meal 30.0 30,0 30.0 300 30,0 30.0 30.0 300 30.0

187 Rupeseed meal 9.0 10.0 104 1.4 15.0 9.0 15.0 9.5 9.5

118 Blood meal 35 4.0 30 4.5 45 7.0 6.5 9.4 0.5

t1.9  Soybean meal 8.0 9.0 9.0 11.0 11.0 1.0 10.0 9.0 10.0

tL10  Pouliry by product meal LD [.a 110 1.0 1.0 1.0 1.0 1.4 IR

LT Wheat floar 293 20,0 1.0 23.5 113 4.0 153 1740 2 RO

112 CalPOy 1.3 1.3 1.3 1.3 1.5 1.3 1.3 5. 5713

113 pL-methionine 0.3 0.3 0.5 0.3 n.3 0.5 0.5 03 e s

(L4 Fish oil 5.0 i2.0 204 5.0 13.0 19.0 5.0 105 180

(115 Viumin premix® 1.0 1.0 10 14 1.0 14 1O e 105 10

LG Minersl premix® 1.0 1.0 1.0 10 1.0 1.0 1.0 e 10

117 -3

tLAS  Feed nutrient and cneney contents™ B

EL1Y Dy maner 89.2 920.3 0}.4) B3 2.5 DI IS 1 F FE | 9| 9.7 252
£1.20  Crude protein 403 404 419 42.9 43.1 4255 HA6.0 453 440 0.6
t1.21  Crde lipid 9.4 16.3 241 9.4 17.3 233 0 93 149 212 131
£1.22  Ash 9.1 03 4.2 9.4 0.7 o 9.8 9.5 9,3 15.3
£1.23  Gross energy 17.3 [9.0 200 17.4 194 208 [7.6 19.0) 20.8 192
tL24 DDM 67.0 (9.3 72.2 66,9 RGN 66.3 0.1 724

LL25 Dp 36.0 36.] 36.1 3800 . 3% 3N 40.1 40.0 40.0

LLaG DE 14.2 £6.0 15.1 142 57 1a05 0 18 14.2 16.0 18.0

L1237  DP/DE (g MI™H 253 226 199 .84, F3T 0 21 284 250 222

" Vitamin mixture provided (mg per ke of [eed): vitamin A, 23(1{)_1._ .\'n.mun B, 2000 1U.; vitamin B, 30 L.UL; vitamin K, 1; chotine, 1000;
£1.28 nmcm 1%; ribollavia, 6; pyridaxine, 3; thiamin, 1; D-calcivm punlnlhm.xlc. 20% biotin, 0.14; lofiscin, 1; vitumin B, 0.02; ascorbic acid, 50.
£1.24 Y Minersl mixture provided {myg per kg of feed): NaCl, 12005 FeS0,, 13; ZnS0s, #0; MnS0,, 32; CuS0,, 7; KI, K.
© Digestible dry matter {DDM), digestibe protein {DP] uml (hguuhlu. energy {(DE ) were ealculated using publisiied digestible coefficients
{530 (Bureau et al., [999),
t1.31 ' Crude prowin, crude kipid, ash, gross energy, DP dnLI. IJF arc capn.w.d on a dry weight hasis,

122 and carcass of the fish bdmp]Ld Were trozcn at w”0 ‘C feeding fish the formulated feeds, some pellets were 127

124 until analysis, n dropped into each pen until no fish were observed to 128
124 During the experiment, the flb]l were hand fed at come to the water surface fo accept the feed. Dead fish 129
1256 08:00 and 16:00 b daily. chLpt the days with rough was recorded and weighed for calculating feed con-  £30)
126G waves or water tcmpl_mmm in excess of 30 °C. For version ratio (FCR). Water temperature was measured 131
e daily and salinity weekly, Water temperature ranged 132
1 Tuble 2 e from 25 to 32 °C, and salinity from 31%e to 32%: 134
Essential amino acul pmlllg. (%] of the test feeds {on a dry weight dun'ng the 8-week cxpcrimeut, i34
€22 hasis) I At the end of the experiment, the fish were col- 133
2.3 Fewls Thr Val 'C’Y'srﬁMcl e Lew Tyr Phe Lys His Arg lected from each pen and batch weighed. Two groups 136
t2.4 LI 090641025 091 112 222 0.72 1.0A 1K} 083 160 of 3 fish each were randomly collected from cach pen 137
§2.5 L2 080 126 022 0.79 098 1.Y7 0.63 0.93 164 0.74 142 and sacrificed for the determination of CF, HSI, and 138
$20 0 L3 D7LAETD 008 0.69 0.84 173 0.35 081 L46 0.66 1.23

=4 : proximate composition of whole body and carcass. 139
£L7T ML D97 LS| 026 092 1117 237 076 113 196 0.89 1.70

t2.8 MI 086 £33 023 0.80 1.02 2.07 0.65 098 1.74 0.78 140

£ M3 0.75 B9 009 070 0.86 187 0.57 D88 157 0.73 1.20 2.3, Chemical analysis 140
P21 HI 104 164 028 0.94 121 256 0.79 131 211 098 177
£2.11 H2 090 146 023 0.82 1.01 2.30 0.69 1.08 L.8S 0.90 L5 The cuneate drum sampled at the start and end of 141

P21 H3 O 079 £29 020 0,72 088 2.03 0.60 095 168 .80 133 the cxpcrimenr and the taw fish samplccl during the 142
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143 experiment were autoclaved at 120 °C for 20 min, 7y (g) total initial body weight, / (day) is duration of 168
144 homogenized, and dried at 105 “C for 24 h, Samples the experiment, N, is number of fish at the end of the 169
145 of the formulated feeds, raw fish and cuneate drum experiment and Ny, at the start of the experiment, W, (g) 170
146 were ground into fine power with a laboratory grinder is tofal body weight of'the dead fish, Cy, (%) is nitrogen 171
147 prior to chemical analysis, Contents of maoisture, content in whole fish body at the end of (he experiment 172
148 erude protein (Kjeldah! method) and lipid (ether and Cyy (%) at the start of the experiment, C, (kT g~y 173
149 extract) of the feeds and fish were analyzed following is energy content in whole fish body at the end of the 174
150 the AOAC procedures {AQAC, 1975), and ash was experiment and Crq (kJ g~ ') at the start of the experi- 173
151 determined following combustion at 550 °C for 6 h. ment, Cy (%) is nitrogen content in the feeds and Cpp 176
152 Gross energy was measured using a bomb calorimeter (kT g~ ") energy content, 17, {z tish~*Yis body weight 177
153 (Parr 1281, USA), and amino acids with an automatic ofthe fish dissected at the end of the experimentand L, 178
154 amino acid analyzer (Hitachi 835-80, Japan). (cm) total length, ) (g) is liver weight of the fish 179
dissected at the end of the '-gxpcri_'ment. Survival, 180
155 2.4. Caleulation and siatistical analysis SGR, final body weight (FBW); feed intake, FCR, 18]
NRE, ERE, CF, HSI, ‘and contents of components 182
156 Feed intake, specific growth rate (SGR), FCR, nitro- (moisture, crude profein, erudé lipid and ash) in car- 183
187 gen retention efficiency (NRE), energy retention ctfi- cass, among fish fed the formulated feeds, were cxam- 184
158 ciency (ERE), CF and HSI were calculated as below: incd using the variance of analysis for factorial layout, 185
Feed intuke (%day‘]) =100 % I/[(Wy + W})/2 x 1] and mean'iiqmpélrisun between the treatments were 186
performed using Tukcy HSD test. Survival, SGR, 187
_SGR (%duy”l) = [Lo(W,/N,) — La(W/No)] /! ﬁ:c_.d ‘:infak_t;:, NRE, ERE, CT, HSL, and components in -~ 188
159 _sarcags were arcsine transformed prior to the variance 189
- T Freed wain=I o I T a1 -~ afanalysis. Differences in above variables between fish 190
160 TR (dry feed gain™) =1/ (W) — Wi + 1) + ofed the raw fish and formulated feed containing 40% 191
Wy i o , DPand 16 MT kg™ ' DE were examined using Student’s 192
NRE (%) = 100 x () x Coa — Wy x Cro ”d ", t-test. Correlation between HSI and carcass lipid con- 193
161 % Cn) /(T % Cr) : tent was examined. P<0.05 was regarded significantly 194
P T different. 195
ERE (%) = 100 x (), » Cpg — Wy x C'gnlal-:f'W.l_'
162 % Conl A7 x Coe) S 3. Results 196
-3 Forcn -
163 CF {g em™) = 100 x W, /L* Survival was above 98% for all treatments. There 197
T was no significant difference in survival among fish 198
164 FISI (%) = 100 W'._/l e ted the formulated feeds, or between fish fed thi raw 109
166 where [ (g) is total.amount ofithe consumed feed on a fish and formulated teed containing 40% DP and 16 200
167 dry weight basis, 7, (g) is total final body weight and MI kg~ ' DE. 201
14,1 Table 3 om0
t3.2 Summary of wnalysis of vasinnce in variables among fish fed she Tormulated feeds
t3.3 Sources of iz df Feed conversion Specilic growih wte, final Signilicances
varianee 2 ratio, energy body weight, feed inluk-u. Protein Lipid und ash Condition Hepatasomatic
td .4 e retention nmisrurc.un(l crude pratein retention conrents in factor index
elficiency contents in circuss efficiency P
3.5  Dp 2 Pl P01 P<ULGS NS5 NS NS
3.6 D 2 P00 P01 NS P00 P=0.046 NS
t3.7  DP*DE 4 pPanps N§ NS NS NS NS
3.8

DP=dietary digestible protein; DE =dieary dipestible energy.
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Table 4
Final body weight {g fish™"), specilic growth rate (% duy™
experisient (Mean 2 8. E,, n=3)

", feed intake (% day™

th

'y andd feed conversion ratio of cuneate drum in the

Fuuds Finul body weigh Specific prowth rute Feed intale Feed conversion ratio
Li 92,4433 2,864 0.06™ 2940, 1.24 0,05
L2 9924 | 5% 299005 2.740.1™ 1.1 003"
L3 8114300 2.6040.07" 2840.™ 138 0.08
MI 90,741 2.5" 2.88 40,05 2.940.1" 1254 0.03™
M2 102,04 4.0 2084001 280 1.16 £ 0.05™
M3 §0.64 6.4 2,694 0.08" 2ad02™ 1.14 & 0.09™
H1 10374 1.2% 3024005 27+00™ 1434 0.06M
Hz2 1584067 32440020 2540.0" 0.5 £0.02"
H3 10494 4 97 106007 23zo00" 0924001
RF 111.7429 3.0840.04 27400 1.005 4 0,03

The superscripis present results of Tuleey HSD test nmang fish fed the funmulated feeds or Student’s #-test betyeen fish fed thé raw fish (RF}and
feed containing #% DI and 16 M1 kp~" DE (H2). The values within the same eolumn with diflerent bupi_r-.r.rmls dre significamly different at

£<045.

Feed intake and feed conversion ratio are expressed on a dry feed hasis.

Dietary DP and DE levels both significantly
affected SGR and FBW of fish fed the formulated
feeds (Table 3). Specific growth rate and FBW of fish
fed the feeds tormulated to contain the same DE
content increased with the increase of DP from 36%
to 40%. For fish fed the feeds formulated at the same

DP level, SGR and FBW increased with the increase
Further increase of =

of DE from 14 to 16 MJ kg™,
dictary DE to 18 MI kg™ resulted in no improvement

or even a slight decline in SGR and FBW. Fish fed the .
feed containing 40% DP and 16 MJ I\g,'“1 DE exhi-.

bited the highest SGR and FBW among’ itsh ted thc
formulated feeds (Table 4).

Table 5
Nitrogen reteation efficiency (%) .md Lm.rg,y Mumnn efficiency
("%} af cuneate dnnm in the L\pu.rnm.m {Mn..m +S.E., n=3)

Feed intake and FCR were dependent on both DP
and DE levels. (Table 3). Feed intake tended to
decrease with the increase of DP, and FCR tended
to decrease with the increase of DP and DE, However,
these tendencies were not statistically significant, Fish

fed the feeds containing DP of 40% and DE of 16 and
1B MIkg™

! exhibited better FCR (P <105}, whercas
fish fed the feed containing 36% DP and 18 MI kg™!

..-:._____DE had the highest FCR ( P<0.03, Table 4).

Nitrogen retention efficiency was dependent on DP
level, while ERE was affected by DP and DE levels
(Table 3). Nitrogen retention efficiency and ERE
increased with the increase of DE from 14 to 16 MJ

Table 6
Condition fuetor (g em™ ) and hepatosomatic index (%) of cuneate
drum at the end of the experiment (Mean X S.E., =3}

Feeds  Nitrogen retention efficiency’ Enerpy retention efficiency Fuuds Condition factor Hepatesomatic index
Ll 32014 150Y T 2956k 1,15 LI L1£0.01 244033
L2 35034 143 3L E |54 L2 12003 1940.16
L3 2784 [ 26" e 26,03 105" L3 L1003 214027
Ml 3AZEOEIM 20,58+ 0.50™ Ml L1+042 234042
M2 3LRAELTIV 3000+ 140" M2 112003 224119
M3 3E20E263™ 29.66 £ | 45™ M3 1L.L£0.01 164013
HI 3207 100" 31784 0.97% HI 1.2£0.02 214007
H2 303240330 3716041 H2 LE£0,0] 2.3+0.38%
H3 3001074 35,46 20,66 H3 L1£0.04 20£0.13
RF 22604 094Y 20,05 L 0.88" RF LoEa03 1.3+ 008"

The superseripts present results of Tukey HSD test umong fish fed
the formulated [eeds or Swdent’s -test beeween fish fed the raw fish
(RF) anct feed contuining 40% DP and 16 M} kg™' DE (H2). The
values within the sume column with different superscripts are sig-
aificantly dilferent at £ <005,

The superseripts present resebts of Tuley HSD test among fish Fed
the formufated feeds or Student™s -test between fish fed the raw {ish
(RF) and feed containing 40% DP and 16 MI kg™' DE (H2). The
villues within the same column with different superscripis are sip-
nificamly differem wt P <005,

HIX|
£6G.5
16.6
6.7
7.8
£6.9
0. 1{}
th6.I1
th.E2
tG. 13

t0.14
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kg™ ' at the same DP level. Fish fed the feeds contain-
ing DP of 40% and DE of 16 and 18 MJ kg™
exhibited higher NRE (P<0.03) and ERE (P <{.05)
relative to fish fed the feeds containing 36% DP and
18 MI kg™ ' DE (Table 5). Levels of DP and DE in the
formulated feeds did not significantly atfect CF and
HSI (P <0.05, Tables 3 and 6).

At the end of the experiment, moisture and pro-
tein contents in carcass of fish were affected by DP
and DE levels, while crude lipid and ash contents in

i carcass were affected by DE level (Table 3). Lipid

conteat in carcass of fish fed the feeds with the
same DP level increased with increase in DE. Fish
fed the feed containing 36% DP and 18 M] kg™'
DE exhibited the highest lipid content (P<0.05,
Table 7). There were no correlation between HSI

2 and lipid content in carcass for fish fed the formu-

lated feeds.

There were no significant differences in SGR,
FBW, feed intake, FCR (Tuhle 4), CF (Table 6), and
pratein and lipid contents {Table 7) between fish fed
the raw fish and feed containing 40% DP and 16 MJ
kg™ ' DE. Fish fed the feed containing 40% DP and 16
MI kg~

(P<0.03, Table 5), HSI (P<0.05, Table 6) and car=:..
cass ash content (P <0.05, Table 7) than ﬂ]DSL oi fish

fed the raw fish.

Table 7 :
Curcuss composition {%) of cuneute :Erurn in: 11:.. uupn.nmam (ml..dl'l-
+8.E., n=3) .

Feeds Moisiure

Crude protein’ Cru:h, llpld Ash

Initial 76.620.17 1624043, 05%003  40%0.16
LI 7302008 1774007 =3.7£026" 432004
L2 724Z0.01"  (74k0.04% 48£0.05% 4520007
L3 7LR£039" 1672 066"" 6.1£032°  45L000°
MI 733£025%  17RATDTY 40+029" 424007
M2 7274027 (6810209 50:£001% 441007
M3 72220300 61005 500317 454004
HI 7370250 17.5£004% 40£021" 43+005"
Hz 7285030 (74£023" 48£019% 44002
H3,  7274000™ (63003 60:£0.14% 4410,06™
RF: 7374007%  §7.24030  41%021  42+005"

The superscripts present results of Tukey HSE test among Hish led
the formulated Feeds or Student’s r-test between lish fed the raw fish
{RF) amdl feed containing 40% DP and 16 MJ kg™" DE (H2). The
values within the same columm with different superseripts are sig-
nificantly different at P-<0.03,

Cantents of crude protein, crude lipid and ash are expressed an a
wet weight hasis,

V_wbm (45'/: CP) {Chou et al,,

' DE showed higher NRE ( P<0.05), ERE.~ .':':-:‘drum increased with the increase of dietary DE from

4. Discussion

In the present study, fish fed the feeds containing
40% DP, at the same dietary DE level, showed higher
SGR and FBW than those of fish fed the feeds con-
taining dietary DP of 36% and 38%, suggesting cunc-
ate drum requires dietary DP of at least 40% to sustain
its fast growth. Previous studies indicated Atlantic
croaker required dietary crude pratein. (CP) of 45%
(Davis and Amold, 1997), and red:drum of 35% to
45% CP (Daniels and Robm»nn l‘J\(: facmmo et al..
1992; McGoogan and Gatlin,:1999;: Tlloman et al,,
l‘)')‘)) and large yellow Ll’Od]\El’ of 47% CP (Duan et

.. 2001}, and giant croaker uf 45% CP (Lee of al.,
"’(}Ul) Dietary protein requm.ment of cuneatc drum
appears to be similar to:that of other sciaenids.
Extending the comparison to other camivorous fish
species, protem tequirement of cuneate drum is simi-
lair to that far small mouth bass (45% CP){Anderson et
al., 1981), European sea bass (44% to 45% CP)
(Bd![c.bruwn el al, 1994; Pérez e al, 1997) and
2001).

In ‘the' present study, SGR and FBW of cuneate

Fto 16 MT kg™, and then appeared to decrease with

& . the further increase of the dietary DE to |8 MJ kg™ !,

The fish fed the feeds containing 16 MJ kg™' DE
showed relatively low FCR among the DE levels
tested, suggesting dietary cnergy content of 16 MI
ke~ ! DE was optimal for this fish.

Growth and metabolism of fish are sustained by
the energy generated from the catabolism of either
protein ar non-protein (lipid and carbohydrate). Diet-
ary profein requirements of fish are closely related to
dietary energy levels, and by proper use of non-
protein energy sources, such as lipid and carbohy-
drate, dietary protein in fish feed can be spared
(Shian and Lan, 1996). In the present study, protein
and energy retention cfticiencies increased with the
increase of dietary DE from 14 to 16 MI kg™ ! at the
same dietary DP level, this suggests dictary protein
for cuneate drum can be spared by properly elevating
of non-protein energy sources. Sparing dietary pro-
tein with non-protein cnergy sources has generally a
beneficial etfect on feed cost but also helps reduce
nitrogen waste outputs, The ratio of proiein to energy
(P/E} in teeds is therefore an important consideration
for the formulation of cost-effective and environment
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friendly fish feed. Dictary P/E varies among fish
species, particulariy between coldwater and warm-

2 water fish. Coldwater fish, who can utilize high levels

of dietary lipid for energy, require lower dietary P/E,
e.g. 22 g MI™! for rainbow trout (Lec and Putnarm,
1980) and 18 g MJ™! for Atlantic salmon (Hillestad
and Johnsen, 1994). In contrast, P/E for warmwater
fish are relatively high, e.g. 31 g MI™! for grouper
(Shiau and Lan, 1996), 28 g \/I_T""l for Mediterrancan
yellow tail (Jover et al., 1999), and 28 g MI™ ' for red
drum (McGoogan and Gatlin, 1999), In the present
study, cuncate drum fed the feed containing 40% DP
and 16 MJ g™! DE (DF/DE=25 g MI™") showed the
highest SGR, FBW, NRE, ERE and better FCR,
suggesting optimal F/E for the fish is similar or
perhaps slightly lower than other warmwater cami-
vorous fish.

In the present study, cuncate drum fed the feeds
containing dictary lipid of 13% to 17% showed
higher SGR, TBW, NRE and ERE than those of
tish fed the feeds containing dietary lipid of neither
9% ta 10% or 22% to 24%, This suggests cuneate
drum has a refatively good capacity to utilize dietary

lipids as cnergy sources, and 15% to 17% dietary o~
lipids appears optimal to the fish. This level is higher .

than values reported from other sciaenid species,
such as Atlantic croaker {Davis and Amold, 1997),

red drum (McGeogan and Gatlin, 1999)and~large

yellow croaker (Duan et al., 2001). Fish fed feeds
with high dictary cocrgy exhibits hlgh bndy Aipid
deposition (Millikin, 1983). In the present study,
llpld cantent in carcass of fish: 1m.rcased with the
increase in DP level, this?is consistent with the
results of previous studies. on: largc ‘yellow croaker
(Duan et al, 2001),. At]dl’lfll. ‘eroaker. (Davis and
Armold, 1997) and. rcd drum (D.lmcl‘; and Robinson,
1986). Grouper fed formulated teeds exhibited higher
weight gain and carcass’ lipid content than those fed
raw tish (Millismens, 2002). In the present study,
cuneate: drum fed” the formulated feed containing
40% DPrand .16 MJ kg~' DE exhibited similar
feed-intake,  SGR, FBW and FCR to those fed the
raw fisli; but showed higher NRE and ERE com-
pared to those fed the raw fish, suggesting not only
dietary protein and energy of the formulated feed are
adequate to sustain rapid growth but also that nitro-
sen waste output from farming of this fish can he
reduced by using formulated feeds.
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Abstract

An 8week feeding trinl was carried out in floating net pens to examine the replacement of fish meal with diree rendered
animal protein ingredients, poukiry by-product meal {PBM), meat:and hone meal (MBM) and feather meal (FM) at various
levels in practical feeds for cuneate drum. Triplicate groups:of fish (initial body weight 27 b fish™ "y were fed nine
isonitrogenous and isccalorie feeds formulated to contain 36% ch;,u;rlhln pratein and 15 MJ kg™ digestible energy. The
contral Teed contained 33% herring meal, whereas in the‘otlier cightfeeds, PBM, MBM and FM, alone or in combination,
directly replaced 0%, 30% or 50% of the fish meal, .Tn-addition;.a raw fish feed was used as » comparison to assess growth
performance of fish fed the formulated feeds. There’were no significant differences in feed intake and feed conversion mtio
{FCR) amaong fish ted the formulated feeds. Spu.lfu, growthrate (SGR} andl final body weight (FBW) of fish fed the feeds in
which either PBM replaced 30% to 50 % of the fish miéal or MBM replaced 30% of the fish meal were not significantly
ditferent from fish fed the control feed. Fl.dt['lf.. meal, fricorporation in the feeds resulted in lower SGR and FBW compared to
those of fish fed the control feed. Ruplacmg-j()'/: of the fish meal by MBM significantly lowered SGR, FBW and nitrogen
retention efficiency, whereas replacing S0% of the fish meal by a comhbination of PBM, MBM, FM, blood meal and soybean
meal resulted in lower SGR and FEW. There were no significant differences in chemical composition of whole hody among fish
fed the formulated feeds. Resulfs:of the' present study indicate that PBM can be used alone at 17% (to replace 50% of the fish
meal), and MBM at 10% (fo°replace. 30% of the fish meal) in feeds for cunente drum.
© 2005 Published hy Elsevier BV,

Keywonds: Coneate d_rﬁm; I’uul.t't:j by-product meal; Meat and hone meal; Feather meal; Growth; Nitrogen retention efficiency

1. Introduction

Cuneate drum is a carnivorous sciaenid native to

* Corresponding author, Tel: +86 2] 65710764; fax: +86 11 near-shore waters of thc. China Sea (C.l.lll and W,
63711600, 1985), and has been widely cultured in net pens
E-mait uddross: wangyan(ishiv.edu.en (Y. Wangh. along the coast of the China Sea, from Zhanjiang to

0044-8486/% - see front matter © 2005 Published by Elsevier BV
doi: L) 1 T/Laquaculture. 200507018
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33 Lianyungang. Cuneate drum are generally fed raw growth, feed utilization, and body composition of 7
34 fish on commercial operations and this results in cuncate drum. 8
35  high feed costs and cause serious environmental
30 problems, due to the high amount of nitrogenous
37 waste associated with feeding raw fish (Wang et al., 2. Material and methods i
38 in press). Feed formulae that have high nutritive
39 value are cost-effective, and produce less waste out- 2.1. Feed formulotion and preparation 70
401 puts needed to improve cconomical and environ-
41 mental sustainability of cuneate drum culture in Poultry by product meal, MBM, FM and blood 71
42 China. meal (BM) were obtained from various suppliers in 72
43 Fish meal is generally incorporated at levels the USA through the National Rendered Association, 74
44 between 30% and 60% in teeds for carnivorous mar- Other feed ingredients werc obtained from a local feed 74
45 ine fish. Fish meal is an expensive ingredient. Cost- company (Xinyang Feed, Shanghai, China). The prox- 75
46 effectivencss of the feed could be improved by repla- imate composition and;'gt":c‘)'s's';éﬁéfgy content of the 76
47 cing fish meal with more economical protein sources, ingredients used in this study aré presented in Table 1, 77
48 such as rendered animal protein ingredients, e.g., and the amino acid profile-in Table 2. 78
49  poultry by-product meal (PBM), meat and bone Nine dry tl?eds_ wereformulated to contain 36% 79
5 meal (MBM) und feather meal (FM). These ingredi- digestible protein (D_P) and 15 MJ kg“E digestible 80
51  ents have been used successfully in feeds for various energy (DE), and a tenth feed consisted of raw fish 81
52  fish species, such as chinook salmon (Fowler, 1990, (Sara’mella spp: ) and this feed served as a comparison 82
53 1991, silver seabream (Ll-Sayed, 1994}, rainbow to the formulatcd teeds, The contro! feed contained 83
G4 rout (Steftens, 1994; Burean et al., 2000), red drum 350'g ]\,_., « herring meal. In the other eight feeds, the 84
55  (Moon and Gatlin, 1994; Kureshy et al., 2000), gilt- " fish meal was directly replaced by PBM, MBM, FM 85
G head seabream (Rebaina et ak, 1997; Nengas et al,,.- “aloneior with a combination {APM) of PBM, MBM, 86
87 1999), Indian major carp (Hasan et al,, [997), Aus=.  FM, BM, and soybean meal (SM). Dietary DPand DE =~ 87
A8 tralian snapper (Quartararo et al, 1998), Au_s_tralian %, of the feeds were calculated using the published 88
39 silver perch (Allan et al,, 2000; Stonc et al..i2000),; apparent digestible coefficients (Bureau ct al., 1999). 89
fil)  Nile tilapia (El-Sayed, 1‘)‘)\) sunshine bass (Wx.bstr.r-‘ The feeds were formulated isonitrogenous and isoca- 90
6L et al., 2000) and grouper (Millinmena; 7007) The loric by adjusting proportion of BM, SM and wheat 01
62 sunt.lblllty of these ingredients fDr cH ae_drum has flour in formulation. The formulation and chemical 92
(i3 not been evaluated. . composition of the test feeds are presented in Table 3, 93
G4 The present study was Londuuted fo assess the and amine acid profile in Table 4, ™
5 effect of using rendered ammal protcms alone or in The dry ingredients were ground with o hammer %3
(i6  combination, as 1nbrcd1cnth in prat.tu_dl feeds on grinder, passed through a 0.5 mm sieve, and mixed in =~ %6

111 Table |

t1.2 Proximite cumptmuun ('Vu} dml ;,rms energy content {MI ke~ 'y of the ingredienis

[ngredienis : SR Dry matter Crude protein Crudie Jipid Ash Gross energy

tLd  Meatand bane meal. 04.6 60.2 1.0 237 19.4

t1.5 Feathermual *. : 930 R30 1.7 2.9 28

t1.6 Blood meal:{spriy-dried) 932 98.3 N 1.6 25.1

kLY Pouftry by product menl 95.3 67.4 15.9 12.4 132

6.8 Heming meil §49.9 723 8.6 16.0 15.4

t1.  Soybean meal (solveni-extracted} 87.6 50.1 0.9 6.2 18.5

F1.10 Rupeseed meal B8.7 411 LA 7.8 18.3

tL.11  Wheat flour 85.9 13.1 1.0 06 17.7

t1.12  APM 932 618 8.9 124 192

APM consisi of 30% poultry by produet meal, 29.5% meat and bone meal, 20% saybean meal, 10.3% blood meal and [0% leather meal.
t1L1d Crude protein, crude lipid, ash and gross energy are expressed on o dry muatter basis,
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Table 2
Essential amino acid (%) profile of the inpredienis
[npredivnts Thr Val Cys Met lhe Leu Tyr Phe Lys His Arg
Meut and hone meal 1.80 2,70 .43 1,96 212 409 1.30 .97 373 1.21 in2
Feather meal 2,80 3.80 3.0 {162 1.67 6,32 1.78 322 197 0.80 4.80
Blood mueal (spray-dried) 3.18 7.73 .82 .99 1.51 1231 .24 548 8.54 5.50 3.50
Poultry by product meul 1.92 295 L35 1.3 245 4.52 1.57 224 344 1.35 4.78
Herring moeul 2322 3.05 044 1.38 273 4,80 1.74 215 4.72 1,99 333
Soybemn meal (solvenr-extracted) [.40 2.4 0.38 .38 205 3.43 1.05 1.92 283 1.04 2.5
Rapeseed meal £.30 .14 (.36 .44 1.68 .04 0.89 1.34 116 - 093
APM 1.98 3.37 0.73 0.55 2724 5.18 .46 253 194 L7 3.93

APM consist of 30% pouliry by product meal, 29.5% meut and bone meal, 20% soybean meul, 10.5% hlood meal .Ln(.l'. 10% feather meal,
Threoning {Thr), Valine (Val), Cysieine (Cys), Methionine (Met), Iseleucine (Te), Leucine {Len), Tyrusine (Tyr), I‘imnyidlumm (Phe), Lysine
(Lys), Histidine (His) and Arginine (Arg) are expressed on a dry weight hasis,

Tahie 3
Formulation (%), proximate composition (%) and enerpy content (MJ kg™ Yy af the test loeds
[ngredients Feeds ;
Control MBMI MBM2 MBM3 FMI M2 PBMI PBM2 MM RF
Herring nieal 5.0 LA R 17.5 A3 245 4.5 17.5 17.5
Pouliry by product meal S HL5 17.5
Meuat and bone meal i5 1.5 17.5 . 7
Feather meal SE L TAS 10.5
Blood menl 3.0 6.4 26 R0 30 5.0 i3 33 33
APM ED T 0.17.5
Soybeun menl 20,0 14.9 250 <7 A0 14.5 13.5 20,0 20.0 21.5
Rapeseed meal 8.0 8.0 B2 0, 0. () 0.0 0.0 9.0
Wheat Hour 2.0 2.3 15.2 o 170 228 350 19.7 203 17.7
CaHPO, 1.5 1.5 E-IE 15 (.5 1.3 1.5 i3
DL-Methionine L3 s ALEE n.s 0.3 0.5 18] 0.3 0.5
Fish oil 9.0 0.0 9.7 8.5 9.0 84 9.3
Vitamin premix R 1.0 1.0 1.0 1.0 1.0 1.0
Mineral premix 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Nutrient and energy coments 5
Dy matter (%} H_‘_];F) 916 RE.R L6 90,7 913 G0.2 347
Crude proein 426 41.8 41.3 426 423 42.5 417 725
Crude Yipid g, 14.2 13.7 12,1 13.2 13.1 132 8.5
Ash o 14 9.2 8.2 9.5 9.4 9.4 18.2
Gruss energy YA 18.5 18.2 18.2 18.3 18.4 18.4 17.9
DDM (%) R84 684} 8.3 67.3 67.8 674 67.5
DI (%) 358 355 35.6 354 358 355 354
DE 14.8 14.8 15, 14.8 15.0 15.1 14.9
DP/DE (p MET J 242 239 23.6 noY 234 3.6 238

APM conéisi of: 1[)'m puuliry by product meal, 20.5% meat and bone meal, 2094 soybean meal, 140.5% blood meal and 10% feather meal.
Vitumin premix provides per kg of feed: retingl acetute, 3000 1U; cholecalcilerol, 2400 TU; all-mc-ce-tocopheryl acetate, 60 1U; menadione
sadium _h_i;;ul_i'tt_'u. 1.2 mg; ascorhic acid monophosphate (49% ascorbie acid), 120 mg; eyanocobalamine, 0,024 mg; n-hictin, 0.168 mg; choline
chioride, 1200 mg; lolic acid, [.2 my; niacin, 12 mg; D-calcivm pantathenate, 26 mg; pyridoxine. HCL, 6 my; vboflavin, 7.2 my; thiamin.HCI,
1.2 mp.

Minera) premix provides per kg of feed: sodium chioride (39% Nu, 61% Ch, 3077 mg; ferrous sulfute (20% Fe), 65 mp; manganese sulfiate
(36% Mn), 89 mg; zine sullute (40% Zu), 130 my; copper sulfate (25% Cu), 28 myp; potassium iodide (24% K, 76% ), 11 mg; Celite AWS2Y
{scid-washed distamaceous earth silica), 1000 mp,

Crude prowin, lipid, ash, gross energy, DP and DE are expressed on a dry matter basis and given as means (n=2),

DDM=digestible dry maner; DP=digesiible prowein; DE=digestible energy; RF=raw fish.
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Esseatial amino acid (%) profile of the test feeds

Feuds Thr Val Cys Met tHe Leu Tyr Ple Lys His Arg
Control [.50 2.39 0.39 142 1.76 378 116 1.79 313 [.49 243
MBMI 149 2138 0.39 1.40 1.74 396 1.15 1.78 ERT) .46 245
MBM2 L45 121 0.38 1.32 1.80 348 110 1.7 294 [.35 .36
MBM3 1.43 2.29 0.39 1.28 1.70 359 10§ 1.75 204 .30 2352
FMI 1.49 2356 047 1.38 1.78 ENLY L4 177 2.94 139 244
FM2 1.47 232 0.63 1.29 1.82 358 L.10 174 .59 1.20 245
PBMI |44 223 0.39 1.34 1.78 352 1.42 1.7t 2.90 o 128 239
PBM2 1.40 233 0.40 1.3% 1.75 349 110 1.72 281 123 2.66
MM 142 234 0.44 1.27 1.69 3.67 L.08 179 285 ., 133 249

Threonine (Thr), Valine (Valy,

Cysteine {Cys), Methionine {Met), Isoleucine (Ile), Leucine (Leu), Tyrosine (Tyr) I‘ht.nylul.mmu (Phe), Lysine

(Lys}, Histidine (His) and Arginine (Arg) are expressed on a dry weight hasis.

a 301 kitchen mixer. Slow sinking pellets were made
using a laboratory-scale, single screw extruder
{extruding temperature was controlled to be between
t00 and 120 "C). The pellets (diameter 4 mm and
length & mm) were cooled and dried at room
temperature.

2.2, Fish, hushandry and feeding

An 8-week feeding trial was carried out in net.:
pens in Shenao Bay, Shantou, China. Cuneate drumé:,

{Nibea miichihioides) fingerlings were obtained
from a local marine fish hatchery (Qingdo Bay;
Hatchery, Shantou, Guangdong, China). Aﬁer fra 55
portation, the fish were reared in net pcns (‘3 <
mx 2 m), and gradually weaned from. raw, fish’
the control feed during an -week penod Two
weeks prior to the trial, [280, fi sh were selected
and reared in 32 ucpcnmt.n’ml pens (I mx1
mx 1.5 m) at 40 fish per pen, during the acclima-
tion the fish were fed the ‘control feed twice daily.
At the start of the trial, the acclimated fish were
deprived of feed for 24'h, pooled, and 30 groups
cach of 30 fish wcl;‘,hmﬂ 274%0.2 g fish™! (mean-
+5.E, n=30) were batech weighed, and randomly
stocked into 30" experimental pens, with 3 replica-
tion of ‘each treatment. Eight sub-samples of 3 fish
each werg:removed from the remaining acclimated
fish for:the determination of initial body composi-
tion. The sampled fish were frozen at —20 °C until
analysis.

During the trial, the fish were hand ted at 08:00
and §6:00 h daily except on days of strong waves or
high temperatures. At each feeding, some pellets were

dropped in each pen uﬁti] no fécdinn activity of fish
was observed. Dead’ hsh were recorded and weighed
for caleulating. feed <conversion ratio (FCR), At the
end of the tridl, tlw hsh were collected from cach pen
and batch’ wught_d Three fish were sampled from
each pen for the determination of final body composi-
tion. The: bdmpled fish were frozen at —20 °C until

analysis,

~Water! ﬁ:mpumture was measured daily and salinity

g eckly Water temperature ranged from 25 to 32 °C,
_ and salinity from 31%o to 32%0 during the feeding
", trial,

2.3. Chemical analysis

The fisly sampled at the start and end of the trial
and raw fish sampled during the trial were autoclaved
at 120 °C for 20 min, homogenized, and dried at 105
“C for 24 I prior to the chemical analysis. The sam-
ples of the ingredients, formulated feeds, raw fish and
cuneate drum were ground into fine power with a
laboratory grinder. Contents of moisture, crude pro-
tein, crude lipid, ash and gross energy, and amino
acids in the ingredients, feeds and sampled fish were
measured using the methods deseribed in Wang et ai,
{in press).

2.4. Calenlations and statistical analyses

Feed intake, specitic growth rate (SGR), FCR and
nitrogen retention efficiency (NRE) was calculated as
below:

Feed intake (Yday™") = 100 x J/[(Wy + W)/2 x 1]
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SGR (%day™') = [Ln{I#1/N,) — La(Wa/No)l/1

FCR (dry feed gain™") = 1/ (% — Wy -+ Wy}
NRE (%) = 100x (W, x Gy — Wy x Cun -+ Wy x Crn)

/(I X CNI')

where 7 (g) is tofal amount of the feed consumed on a
dry weight basis, W/, (g) is total initial body weight

and H, (g) total final body weight, ¢ {d) is duration of

the feeding trial, N, is number of fish at the end of the
trial and N, at the start of the trial, 4 (g) is total body
weight of the dead fish, Cy, (%) is nitrogen content in
whole fish body at the end of the trial and Cyq (%) at
the start of the trial, Cyp (%) is nitrogen content in the
feeds,

Oue-way analysis of variance was performed to
examine difterences in survival, SGR, final body
weight (FBW), feed intake, FCR, NRE and body
components (contents of moisture, crude protein,
crude lipid and ash) among fish fed the formulated

HSD test. Survival, SGR, NRE and body compuoneiis

were arcsine transtormed. Ditferences in above vari- -
ables between fish fed the raw fish and Lontml teed.l"

were examined using Students {-test. Slgmh:.anw wgm
accepted af P<0.05, S

Tuble 5

p ‘various levels.
feeds, and means between fish fed the control and .~
other formulated feeds were examined using Tukey ™~

L]

3. Resulis

Survival of fish in all the treatments was very
high {greater than 94%) and there was no signifi-
cant difference among fish fed the formulated
teeds and between fish fed the raw fish and con-
trol feed.

Specitic growth rate and FBW in fish fed the
control feed was higher than fish fed-the feeds in
which the fish meal was replaced by 10% and 30%
with FM, or by 10% and 50% with MBM or by 50%
with APM, but did not ditfer blgmhudntly from those
fed the feeds in which the fish-meal was replaced by
30% to S0% with PBM, of by 30% with MBM. There
were no significant ditterénces in feed intake and FCR
among fish fed the. fonmilatcd feeds. Replacing 50%
of the tish meal by MBM resulted in lower NRE
{(P<0.05, Table 5) L

There were no significant differences in moisture,
crude protein, crude Tipid and ash contents in whole
body between fish fed the control and feeds in which
the fish meil was replaced with rendered proteins at
Fish fed the feed in which APM
“ireplaced 50% of the fish meal had higher crude pro-

telir-content of whele body than that of fish fed the

"'“_._feed in which MBM replaced 50% of the tish meal

(P<0.05, Table 6).

Fish fed the raw fish showed higher SGR
{P<0.05), FBW, feed intake, whole body crude pro-
tein content, and lower NRE and whole body crude

Fimal hody weight (g fish™'}, s.pu:mL [,rnwlh Tt ("u dny™ "), feed intake (% day™ Y, feed conversion ratio {leed gain” 'y and nitrogen retention
efliciency (%) of cuncate dm_m (e the test fecds (Mean & 8.E., 2=3}

Feeds Final hady weight & Specific prowih taie Feed intuke Feed conversion ratio Nitrogen retention
T cliciency

Contral 938 1.8 2.21:k0.02'4 2,031 0,07 054003 354
MBMI T6ILTEE 1.79 4 0.00™ 2,004 0.09 1352002 3743
MBM? s B3 TE 20 2.004+0.06™ 1.94:£0.06 1.07 £0.06 KEE%
MBM3 G 6682230 1.6240.11" 2034018 .40 2 0.06 [9:k4"
FMI R 1.47 1 0.00™ 216019 1.3 £ 0,15 28k 3"
FM20 5732444 1774001 2.03:£0.10 1.27:40.12 293 3"
PBMI L R2342a™ 1974006 1H8 £0.05 1.07 4 0.04 5k
PBM2 §35L2.7° 1.98 £ 0.06™ 1954016 L10+0.06 KR e
MM 74,14 18" 1.74 £0.04" 1732000 L3004 354"
RF [14.5% 07" 2.54 :£0.02" 2334004 1104 60.03 2341

RTF=raw fish.
Feed intake and feed conversion ratio are expressed on a dry feed basis.
Values in the sume column with different superscripts are statistically different at P<0.05,
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Table 6
DProximate cumpusnmn (%} in whole body of cuneate drm fed the

1esy feeds (Meun L S.E., n=3)

Feeds Moisture Cruda protein Crude lipid  Ash
Initial 761400 162403 28401 4.5+0.1
Coptrol 737403 15.7£02™  64402% 38200
MEML 742407 156:04™ a8+l 4.0:4+0.1
MBM2 73306 156204 68101 3940
MBM3 776431 1324 18" 54408 34304
FMI 744404 15440.1% 6.1:£0.2 38E0.1
FM2 73.82:02 158401 63400 3.9:1040
PRMI R1E03 1600 ™ 70500 39400
PEM2 734402 1574027 69102 IRE00
MM 732408 16808 6.740.2 39408
RF 7494+05 1734050 15404 39200

RF =raw fish.

Crude predein, crude lipid and ash are expressed on a wet weight
basis.

Values in the same column with diffinent superscripts are statisti-
cally different at P<0.05,

lipid content, than those of fish fed the control teed.
There were no significant differences in FCR and
moisture and ash contents i1 whole body between
fish fad the control and raw fish feed (Tables

4. Discussion

In the present study, the test feeds were: f()l'l'l‘luldtt.d.

at DP and DE levels lower than the DP (40%) and DE
(16 MI ke~ ') fevels recently found. optlmdl for'tune-
ate drum (Wang et al., in press), based on4 hypothcms
that suitability of the ru]dcred prot&.ms could be eval-

| uated accurately when the 'fish® fed “at sub-optimal

dietary DP and DE levels. Cuneate drum fed the
control feed exhibited lower SGR and FBW than
fish fed the raw fish, but showed very similar growth
to ﬁsh fed the feed containing 36% DP and 16 MJ

! (Wang gt al.. in press), suggesting dietary DP of

_16% and DE of T5MI kn ! in the test fccds can

Lo_ntro! [GL_(’.[ had lngher NRE than fish h:d the raw fish

in the present study, this further contirms the results of

a previous study (Wang et al., in press), and indicates
nitrogen waste outputs from cuncate drum tarming
can be significantly reduced by using formulated
feed compared to raw fish,

The PBM used in the present study had high
protein and energy contents and balanced amino

3 and 6),

acid. Incorporation of the PBM in feed formulation
at 10.53% to 17.53% (to replace 30% to 50% of the fish
meal) did not result in signiticantly negative effects on
SGR. FBW, FCR and NRE, suggesting the PBM is an
adequate protein ingredient for cuneate drum. In pre-
vious studies, PBM have been demonstrated suceess-
ful in use at 20% in feeds for chinook salmon (Fowler,
1991), 25% for silver seabream (E|-Sayed, 1994),
21% for Australian snapper (Quartararo et al.,
1998), 71% for gilthead seabream ‘(Nengas ef al.,
1999), and 14% for red drum (K.mc‘;hy ct al, 2000),
although declined growth performance was ohserved
in Australian silver perch (Allan et al., 2000) and
sunshine bass (Webster ct al.."2000) fed feeds contain-
ing high PBM level. The resulfs of the present study
confirm the conclusions ‘of the previous studies on
chinook salmon (F owler;: 1991), silver seabream (El-
Sayed, 1994) Austrailan snapper (Quartararo ef al.,
1998) and gilthead seabream (Nengas et al,, 1999),
and indjcate the. PBM could be directly used at 17% in
feeds for cuneate drum.

- In. the present study, incorporating the MBM at

7 10:5% < (fo replace 30% of the fish meal) in feed
“ formulation for cuncate drum resulted in negligible
. changes in SGR, FBW, FCR and NRE. This is in
" agreement with the conclusion of a previous study

that indicated MBM could be used with success at
10% in feeds for red drum (Kureshy et al., 2000).
Incorporation of MBM at more than 24% in feeds for
gilthead senbream (Robama et al., 1997), rainbow
trout (Bureau ct al., 2000), sunshine bass (Wehster
et al., 2000) and grouper (Millismena, 2002) did not

result in negative effect on growth performance of

these fish. Cuncate drum fed the feed in which the

MBM was incorporated at 17.5% (to replace 30% of

the fish meal) in feed formulation, however, exhibited
significantly lower SGR, FBW and NRE than those
fed the control feed. As the test feeds used in the
present study were formulated isonitrogenous and
isocaloric and to have similar amino acid profile,
this implics the MBM was deficient at least in some
essential nutrients beside protein, energy and amino
acid. Results of the present study reveal the MBM
should not be used alone at an inclusion rate of more
than 10% in feeds for cuneate drum,.

In the present study, cuneate drum fed the teeds in
which the FM was incorporated at 3.5% to 10L.5%: (to
replace 10% to 30% of the fish meal) in feed formula-
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tion exhibited lower SGR and FBW than those of fish
fed the control feed, indicating the FM is not a good
substitute for fish meal in feeds for cuneate drum. This
disagrees with the results of the previous studies that
indicated that chinock salmon (Fowler, 199() and
rainbow trout (Buresu et al., 2000) grew well when
fod feeds containing 3% to 153% TM (replacing up to
30% of the fish meal). The FM used in the present
study had high contents of protein and energy, low ash
content, but was probably deficient in methionine and
lysine. The amino acid of the tested feeds used in the
present study was well balanced by adding crystal
amino acid. The low nutritional value of the FM
may be attributed to low availability of protein in
the ingredient (Bureau ct al., 1999),

Nutritional benefits of using combinations of var-
ious animal or plant ingredients, such as PBM, TM
and BM (Fowler, 1991), PBM and FM (Steffens,
1994), PBM and SM (Quartarsro <t al., 1998),
MBM and SM (Webster et al.. 2000), MBM and
BM (Milliamena, 2002) have been demonstrated for
many {ish species. In the present study, a combination
of PBM, MBM, SM, BM and FM, of which protein

content and amino acid profiled were formulated -
similar to that of the fish meal, were incorporated at™::

17.5% (ta rteplace 5% of the fish meal) in feed

formulation. Fish fed the feed had lower SGR and
FBW than fish fed the control feed, but did not show i

any ditterence in SGR and FBW Lompared with fish
fed the feeds in which either PBM rclnld:.ecl 30% to
30% of the fish meal or \dB\/I rcplat,e ‘ 0" 4 of the
tish meal

substitute protclus in t;sh fCL‘.dh ire pd[’tlﬂlly dcpendeut
on the amount of the hsh meal used in the basal feed.
Abnormally high replacement level of fish meal may
be achieved whc_l_i' the ﬁsh:ﬁieal are used in excess in
the basal feed, Fish meal introduced in basal feeds
was more_than 50% in the studics on chinook salmon
(Fowler,. 10911) ‘tainbow trout (Steffens, 1994; Bureau
et al., 2000). silver scabream (El-Sayed, 1994), gilt-
head seabréam (Robaina et al., 1997; Nengas ct al.,
(999) “undl Australian snapper {Quartararo et al,
t998), and 30% to 40% in the studies on chinook
salmon {Fowler, 19913, red drum (Moon and Gathin,
1994; Kureshy et al., 2000) and grouper (Millizmena,
2002). The lower fish meal replacement level, by
MBM and FM, determined in the prescat study, com-

pared to those determined in the studies on chinook
salmon (Fowler, 1990), gilthed seabream (Robaina et
al., 1997) and rainbow trout (Burcau et al., 2000),
may be due to lower amount of fish mcal (35%
herring meal) used in the basal feed in the present
study, rather than lower capacity for cuneate drum to
utilize MBM and FM. By formulating the test feeds at
sub-optimal dietary protein and energy levels, and by
formulating the basal feed to contain fish meal at a
relatively low level, therefore, the fish meal replace-
ment levels determined in the present study reliably
reflect the potential use of PB\/I, \/IBM and FM in
feeds for cuneate drum.,
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