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Evaluation of Leather Meal and Meat and Bone Meal
as the Fish Meal Replacer in Israeli Carp Diets

Sungchul C. Bai, Hye-Kyung Jang and Kyung-Hee Kim
Department of Aquaculture, Pukyong National University, Pusan 608-737, Korea

This study was conducted to evaluate the possible utilization and the replacing range
of leather meal (LM) or meat and bone meal (MBM) as a fish meal replacer for the
dietary animal protein source of growing israeli carp, Cyprinus carpio.

Five different diets were formulated on isonitrogenous and isocaloric basis of 39.5% crude
protein and 153 KJ/g diet. Percentage of the graded levels of replacement of white fish meal
(WFM) by LM/MBM on the basis of crude protein were as follows : diet 1, 100% WFM
(control) ; diet 2, 75% WFM+25% LM ; diet 3, 50% WFM+50% LM : diet 4, 75% WFM+
25% MBM ; diet 5, 50% WFM+50% MBM. As the dietary protein sources, each diet containing
35.5% of animal protein were supplied by WFM and LM or MBM, and approximately 64.5%
of plant protein. After one week of conditioning period, fish averaging 10 g were divided into
five groups and fed one of the experimental diets for 12 weeks.

In the first and the second 4 weeks of feeding trials, there were no significant differences
in weight gain between two groups of fish fed diet 1 (control) and 2 (P)0.05), while fish
fed diet 3, 4 and 5 had a significantly lower body weight gain than fish fed diet 1 (P<0.05).

In contrast to those two periods, all diet groups were not significantly different compared
to diet 1 in body weight gain during the third 4 weeks of feeding trial (P<0.05).

These results indicated that LM and MBM could be used as a fishmeal replacer up
to 50% in growing israeli carp.
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okolH-(White Fish Meal, WFM), ¥
(Leather Meal, LM), &3%¥(Meat & Bone
Meal, MBM)%, AlEAozy dlF=H(Soy-
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Meal, CGM) & AH831%ith. 2E AL&+E Na-
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and lipid : 16.7, 16.7 and 37.7 J/g) 2-& (Lee
& Putnam, 1973 ; Garling & Wilson, 1977)
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Table 1. Composition and proximate analysis of five different experimental diets (% of dry matter basis)'
Experimental diets
Treatment 1 2 3 4 5
(100% WFM) (25% LM) (50% LM) (25% MBM) (50% MBM)

Ingredients
White Fish Meal’ 20.00 15.00 10.00 15.00 10.00
Leather Meal® - 4.30 8.60 - -
Meat & Bone Meal* - - - 6.16 12.32
Wheat Meal’® 31.38 32.20 . 29.50 31.70 31.38
Soy Bean Meal® 20.00 22.00 20.00 20.00 20.00
Corn Gluten Meal’ 16.50 15.00 17.00 16.50 16.50
Yeast 1.00 1.00 1.00 1.00 1.00
Vitamin premix® 3.00 3.00 3.00 3.00 3.00
Mineral premix’ 3.05 3.05 3.05 3.05 3.05
Fish oil(sqiud liver oil) 3.70 3.00 3.30 3.20 2.75
Cellulose 1.37 1.45 2.85 0.39 -

Proximate analysis, % of dry matter basis
Moisture 18.79 19.64 20.76 17.66 18.26
Crude protein 39.45 39.36 39.78 39.83 39.25
Crude lipid 9.68 9.63 9.70 9.66 10.11
Crude ash 8.17 7.74 6.44 9.01 9.46

'Feedstuffs not mentioned here are the same feedstuffs as the domestic aquaculture feed compa-
nies are using currently.

’Kum Sung Feed Co., Pusan, Korea

3E-Wha Oil Company, Pusan, Korea

Young Nam Flour Mills Co., Pusan, Korea

¢’Kum Sung Feed Co., Pusan, Korea

®itamin premix (mg/100g feed unless indicated otherwise) : vit.A, 375IU ; vit.Ds, 1251U ; vit.E,
2 ; menadione sodium bisulfate, 0.05 ; vit.B;-HCL, 2 vit.B;, 0.75; vit.B+-HCl, 0.87 ; vit.By;, 0.
0005 ; vit.C, 5 5 calcium pantothenate, 10 ; nicotin amide, 4 ; inositol, 0.5 ; d-biotin, 0.0025 ; cho-
line chloride, 50 ; pancreatin, 1.25

Mineral premix (g/kg) : NaCl, 43.7 ; MgSO, - 7H:0, 137.9 ; NaH,PO, - 2H,0, 87.8 ; CaH,,(PO.)
2 * H20, 136.7 s KH,PO,, 241.4; Fe-Citrate, 29.9 ; Ca-Latate, 300.4 : MnSO,, 0.5 ZnSO,, 0.4
FeSOs4, 1.35; CuSO,, 0.09 ; CoSO,, 0.01 ; Calcium iodate, 0.01 ; MgO, 0.025

AYF2 Ui, BF 10g AEY XolE 4 3. ARAA R ASYH
Y7 25vlaly ko g Fake] wix|sle) & AYPfzE SHATFALIOE  60X47X40
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Table 2. Proximate analysis and essential amino
acid (EAA) of leather meal and meat
& bone meal (%)

Leather Meat &

meal bone meal
Proximate composition'
Crude protein 74.6 55.54
Crude lipid 16.7 18.0
Crude ash 7.75 23.0
EAA composition?
Arginine 4.01 3.16
Histidine 1.22 1.04
Lysine 2.08 1.68
Leucine 2.22 1.78
Isoleucine 0.94 0.79
Methionine/Cysteine® 0.53/ — 0.44/0.20
Phenylalanine/Tyrosine® 1.39/0.26 1.13/0.69
Threonine 1.29 1.60
Trypthophan 0.12 0.11
Valine 1.97 1.57

'Analyzed at this laboratory.
2Analyzed at the Korea Basic Science Center.
3Semi-essential amino acid
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oA YWtAE EAES A% HEL FAF 4
HF sxyz sulEld o2 23033, 59
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AOAC (1995)9l <Jsigi=dl, A8 o oA
FEe ARraazd, 299ZEE Kjeldahl
AxATgY, 23E- AA3NY, 2gn =X
W Folch et al. (1957)Ho2 F434ich
YR AL RSl FHA] 439 AR 49F
242 2uiad o)z FE3lo] vl A
gole ¥ e, micro-hematocrit me-
thod® hematocritE, Drabkin’s §94& A&
3l Cyan-methemoglobin®(Brown, 1980)
22 hemoglobin (Sigma Chemical, St.
Louis, MO ; total hemoglobin procedure,
No. 525)2 F%i3

SAIXElE Computer program statistix 3.1
(Analytical Software, St. Paul, MN, USA)-2
AHgslglen], ANOVA (Analysis of Varia-

nce) test® AAste] HALFAAAHALSD :
Least Significant Difference) 22 7]
F24(p0.05)5 AAsKL

Az 9 a3

A 45, FulA aF 9L A 459 7
AY 71708 FA48(weight gain, %)3} AEA
83 8(FE, % )& Table 30 Yehligich =)
439 FHA 4FF6 SlolA A& 1 (100%
WFM, control) ¥ vjale] AL® 2 (25%LM)
£ AAl SlolA §2HQ XpelE HolA 9%t
29 (P)0.05), A& 3 (50% LM), A& 4 (25
%MBM) 2 A& 5 (50% MBM) £ 3o s
A JERGeHP(0.05). wHE AR 45350
Qo] Az dizpel mlamsle] A AET
ofl4 FHQl o7k ¢ATHP)0.05). ol I
HEG SZE didt HelEYdH M2 AE
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39,
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29to] thz 79} vl wste] 23 <Q) 2lo|7t YUt
(P>0.05). ¥hd AHA 4530 QlojAle] Atg
ARHEL ulz7el nlmsted H AgTZl
FoA zolzt GACHPY0.05).

AL BAH(FD, A A3a 8(PER) # 2
ZAA&(PRE)E Table 40l Uehidch A&
A A 457 Sl AR 2, 3, 57
27 felFog JYgkm S 457l
A 3% 57} gizFR FoF o YhePlo.
05). 12U ARl 437l A2 AFedl oAl
A AETFZRINA F92 X171 e Table 4).
ol olfuiAlFT-Ee] HolEdoll Addt Ajztel
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s} e Ao, dd 9 713 3
W= 22 HoltHMurai et al., 1985). 284
FARGE oo YUIAE-L A8 FHF, AR
ol 7 Be Jd8g et Zeitler et al.,
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ol #f=o] Qlof ojAle] =AW FiFo] FII7E
Aoz Azbddt

Table 3. Weight gain and feed efficiency of israeli carp fed five different experimental diets for 12 weeks

.. Weight gain (%)’ FE (%)?
Diets I“l‘;‘sy ““v";"“‘ First  Second  Third _ First _ Second  Third
() 4 weeks 4 weeks 4 weeks 4 weeks 4 weeks 4 weeks
g (1—4wk) (5—8wk) (9—12wk) (1—4wk) (5—8wk) (9—12wk)
1(100% WFM) __ 10.26 82.6™  78.6°  45.8®  48.5° 823  68.0™
2(25% LM) 10.21 75.1%  752% 4950 44.7% 7920 71.5%
3(50% LM) 10.06 7228 672 466" 454"  65.6°  66.6"
4(25% MBM) 10.25 742> 684  44.4° 4345 718  64.9°
5(50% MBM) 10.15 62.0° 63.0° 50.1° 37.7¢ 6650  73.8°
Pooled SEM? 0.03 2.13 1.74 0.76 1.10 1.97 1.15

'Weight gain (%)=(final weight—initial weight) / initial weight X 100

2FE(% ) =wet weight
’Pooled SEM=SD/\/n

ain (g) X 100/ feed intake (g, dry matter basis)

*Values within the same column with different superscripts are significantly different (P<0.05).
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Table 4. Feed intake, protein efficiency ratio and prefein retention efficiency of israeli carp fed five
different experimental diets for 12 weeks

Feed intake (g) PER! PRE?
First Second Third First Second Third Fist & Third
Diets 4 weeks 4 weeks 4 weeks 4 weeks 4 weeks 4 weeks Second 4 weeks
4 weeks

(1—4wk) (5—8wk) (9—12wk) (1—4wk) (5—8wk) (9—12wk) (1—8wk) (9—12wk)
1{100% WFM) 17.50* 17.92*°  18.98" 1.23 2.09* 1.72* 23.83*  21.00°

2(25% LMD 17.17° 16.97¢ 19.45° 1.11° 2.01° 1.85° 19.65° 22,11
3(50% LM) 16.46" 15.89° 19.57° 1.07° 1.65° 1.68° 16.79>  22.18*
4(25% MBM) 17.49° 16.99* 19.18° 1.09° 1.80° 1.63° 17.92%  20.72°
5(50% MBM) 16.71° 15.59 19.06* 0.92¢ 1.69° 1.88° 15.07¢ 22.82°
Pooled SEM® 0.12 0.27 0.06 0.03 0.05 0.03 0.90 0.80

'"PER (protein efficiency ratio) =weight gain (g) / protein intake (g)

’PRE (protein retention efficiency) =100[ (final weight X % protein of final whole body) — (initial
weight X % protein_of initial whole body)]/ total protein intake

*Pooled SEM=SD/\/n

‘Values within the same column with different superscripts are significantly different(P{0.05)

Table 5. Condition factor of israeli carp fed five different experimental diets either for 8 weeks or

12 weeks
Condition factor! Pooled
Periods 1 2 3 4 5 SEM?
(100% WFM) (25% LM) (50% IM) (25% MBM) (50% MBM)
8 weeks 1.52° 1.69% 1.72% 1.76* 1.58® 0.03
12 weeks 1.56 1.63 1.49 1.56 1.64 0.02

'Condition factor=[wet wt. (g)/total length (cm)*]X 100
*Pooled SEM=SD/\/n

Table 6. Proximate analysis of whole-body composition of israeli carp fed five different experimental
diets either for 8 weeks or 12 weeks (% of dry matter basis)

Diets Pooled
1 2 3 4 5 SEM!
(1004 WFM) (25% LM) (50% ILM) (25% MBM) (50% MBM)
8 weeks
Moisture 74.5* 74.2%° 74.1% 73.2° 74.0° 0.14
Crude protein 50.8 51.1 50.6 49.3 494 0.38
Crude lipid 31.7 274 333 30.6 33.7 0.79
Crude ash 8.7 8.3 8.1 8.4 8.6 0.10
12 weeks
Moisture 73.7 74.2 74.0 73.7 73.7 0.32
Crude protein 55.7 56.3 55.3 55.2 54.9 1.58
Crude lipid 317 27.4° 33,3 30.6° 33.7° 0.18
Crude ash 8.3 8.3 8.1 8.3 7.9 0.38

'Pooled SEM=SD/\/n
*Values within the same row with different superscripts are significantly different (P<0.05).

87k A% AEF 9 oA 9] hematocritde  AolA 32~42% WA e H3ol FARUL F

ATl §-ox171 glol 35~42.7% 2 Jelyt 5(1995) 0] Byt 4% W) U2 AHEs 2
=], ol Alexis et al. (1985)28] FAI7AEe] 21} Aoz ALE dgo]Ed doiz FY
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sk & 4 ok
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B 31519t Ogino and Takeda, 1976). Yol
Folojo}7] wiifel 1 FF sl oA HE
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A7 H8¥cH(Yone and Toshima, 1979).
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A% ¥ ARGEE AR HolE Y
e =3l Bk HEFHQ ASegEE A
A = g Aoz AzE
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7Fsde HoFEqddh
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£ d7e do] AR oF daAadezA
YL {FEEY ol § s oEdud
A HE AR ool § o EuiNE Mde
N2A2E ATz AAsY. & AHAds
9] g oeg FEAHLEE HYoE(White
Fish Meal, WFM), ¥ (Leather Meal,
LM), §F%(Meat & Bone Meal, MBM) <,
AlEA o2& ¥ (Soybean Meal, SM), £
E5e4U(Corn Gluten Meal, CGM) & A%
3, 2kl R 39.5%, 7HE-A dlviAl
15.3 KI/g22 FYsA w3n, AEAaue
ol FoiA vl o3} 2l diet 1 (AR,
100% white fish meal (WFM, control) ; diet

2, 75% WFM+25% leather meal (LM) ;
diet 3, 50% WFM+50% LM ; diet 4, 75%
WFM+25% meat and bone meal (MBM) ;
diet 5, 50% WFM+50% MBM. ¥3F7te]
o] B ¥l Jol= 7z AT HFoAF 10
gel HEE 3] 3utEoz TR wiXEg,
Aset S 457k ARg 7|7kl Ed 8F
Folle HFolxlFol 28 gol HEF Aulxste
A 4 FEL A5 Age 19 33
oM ZFS] 2.7-4% 2 1237 FFsgd
RAixiel FHA 45F Arg 1(HEZH) 3 29
FAEL 94 zol7t gl vH(P>0.05), A&
3, 4, 5+ W27 fgFez IYok(P0.
05). ol¢h= gl AHA 4FF0] YojAe o
Z7¢} nlaste] A AAgTFoA F-2AHQ Xje)7}
UATHPY0.05). A5AHGHE JolHE 12F
ol thzTel nlasted A A& f2H
zZol7b IRTHP)0.05). HojAl UukAE F4
A}, 879 R 1259 AL AejFae
ZE AETF YHHEX(FE, =xh, 2A,
238 ¢l AojA F2F Zpol7t AATHEP0.05).
£ AY Ao, Asd 584 9EYdes
YT FFEL FEY YolEdFoll oidd

iAol 50%74A oA FpsdE Ko F9ch
FzEH
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