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Effects of Dietary Supplementation of Lysine Cell Mass (LCM)
in Juvenile Israeli Carp, Cyprinus carpio

Kang-Woong KiM, Xiaojie WANG and Sungchul C. BAT

Department of Aquaculture/Feeds & Foods Nutrition Research Center,
Pukyong National University, Busan 608-737, Korea

This experiment was conducted to evaluate the lysine cell mass (LCM) as a dietary fish meal (FM) protein replacer in juvenile
Israeli carp, Cyprinus carpio. Fishmeal, a major animal protein source in the control diet, was replaced by LCM on the protein
equivalent base. Fish averaging 1.7+ 0.1 g (Mean £ SD) fed one of nine diets containing isonitrogenous and isocaloric basis of 38%
crude protein and 15.2 kJ available energy/g diet: control, 100% FM; LCM,,, 80% FM+20% LCM; LCM., 60% FM+40% LCM;
LCMe, 40% FM+60% LCM; LCMiw, 100% LCM; LCMx £, 80% FM+20% LCM+0.07% Lysine; LCMa £, 60% FM+-40%
LCM+0.14% Lysine; LCMe £, 40% FM+60% LCM+0.22% Lysine; LCMu0 £, 100% LCM+0.35% Lysine. After 6 weeks of
feeding frial, there was no significant difference in weight gain (WG), feed efficiency (FE), protein efficiency ratio (PER) and
specific growth rate (SGR) among fish fed control and LCM;y (P>0.05), while fish fed LCMus, LCMeo, LCMigg, LCM4 £, LCM,, £
and LCMu ¢ diets had a significantly lower WG, FE, PER and SGR than did fish fed control diet (P<0.05). There was no
significant difference in WG, PER and SGR among fish fed control and LCMy £ diets (P>0.05), while fish fed LCMx £ had a
significantly lower FE than did fish fed control diet (P<0.05). No significant difference was observed in hematocrit and condition
factor among fish fed nine diets (P>0.05). Therefore, these results indicated that LCM could replace FM up to 20% and dietary
synthetic lysine supplementation did not show any positive growth effects in juvenile Israeli carp.
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Yol HFolfe AARLZ 713 dE FAHI gle 9%
o2 19999 71Eo R AA F &2 BT 42777 E F 1,293
Tt Eo g 30% 8 AR 9oy (FAO, 2000), S olMe
o] okal Aabke] 132128 F 2900502 2% & AL
At (MOMAF, 2001). ©l¢} tl&of, dojrtae dF ofF A4
¥ 9] 50~70% & AAFL om, o] Fo ojFE diddL
Golrta oA Fosid, 4 73T d48H A} w2

Ho] FoJARoA F2 o]&HT glon, o ojFoA o]
FaAol RZtH T 9o} AW o £ FFHL ofF EAd o
g g X, ¥4, dof, $0l9] A HrEd ¢ B8 A=
U EdFE a78e Aoz gEA gl 53], doF 9
AE9 AL 30~70% olBE FREE Jlon, I ojFEY &7
Mg fodMe B4 o B2 olfo 27HT gt} (NRC, 1993).
ojs} 2ol oj#9 FoE ALHoZ FIEHL YA, oE
FFL AGHo|oA AR FF B¢AT NHFRsoz A
FAA e 2 Hgo) Z718 Aoz dAH] At (Rumsey,
1994), AA A S-S A&HoZ o[ 27 o3 FF ¢ 7}
Hol Bt AR L dAY & e WADTRA Asdy A
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o] Ao 2 o]FojAof ) 2R FoJALEA o
g gdddez dAdte Axe o d7asd 93
Hojx gon ojHY ARYA ATFAA oEy 47T RES
AT £ e Aoz BuHATD (Luzier and Summerfelt, 1995;
Kim et al, 2000; Kim et al,, 2000).

of At A14H lysine #4HE (lysine cell mass)Z lysined
AdE7) A% 2EIHA AEHE FTAE 22, 9T, A2
GAE gudz v 71d (2509/ke)H ¥ 29WAE gho
22 o2dF fdd 4TS nF FAAGd odE Vo
UE Rolt} o]t FAIE VAHE Bl AYd P A7 PR
dxAEd 23] £RE AT (Beck et al, 1979; Kaushik and Lu-
quet, 1980). Al H& GAE A BAA2 eurolysine fodder protein
< A7) detyo}l ALEW ol 9 JlFo 2 40%7A UA
7} 7Fsdtge™ (Davies and Wareham, 1988), oJ&e] 28 4«
TFEA YA ¥ AR AR vE oy T E Ty
A7t BT ol oA JFoR 25%~50%7HA tiAlFed
2339 (Andruetto et al, 1973; Beck et al, 1979; Mahnken
et al, 1980). =3, Aol oJFoll olM= e DAX d
AUE o] &3t ol¥ @A JFLE 80~100%7HA M7t 7t
%39th (Matty and Smith, 1978; Bergstrom, 1979).
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t&3 2t LCM,, 100% FM; LCMy, 80% FM+20% LCM;
LCMuw, 60% FM+40% LCM; LCMg, 40% FM+60% LCM;
LCMw, 100% LCM: LCMx ¢, 80% FM+20% LCM+007%
Lysine; LCMx £, 60% FM+40% LCM+0.14% Lysine; LCMg £,
40% FM+60% LCM+022% Lysine; LCMi £, 100% LCM+
035% Lysine. 48A 83 988 E¥Y & Ro|2E dy Az
712 ¢E - AYE T 2R3t —20Cd ¥F BAFAAN AHE3)
et

2. A@o] ¥ Az

AYole BT 174019 o)28d Yo (Cyprinus carpio)
A o) & AHEBA o, Jof Hol & APAE (FANAE, #3)E
153 FEEA duAs sgon, F AYrHE 653 AAl
T RS F FANGR F&ol g vdEPL AASFY
120L (60X47X40cm*)#e] EABE F2o &4 ALETT 307}
A 3ukg oz B WXt As e £843 He 4R
AEFE A eH, 4872 1 L/minZ stand pipeE %3
o YX& &8 ¥179 FAH2Z ¢IHES 353, 2 vt
g9 o WieTE AAdq 1FLES 19 13 WS

Table 1. Composition and proximate analysis of the experimental diets (% of dry matter basis)

Ingredients Diets
LCM, LCM; LCMy, LCMg, LCMie  LCMxnf LCMuf LCMef LCMiwf

White fish meal® 20.00 16.00 12.00 8.00 0.00 16.00 12,00 8.00 0.00
LCM? 0.00 428 8.57 12.85 2141 428 8.57 12.85 2141
Soybean meal* 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00
Corn gluten meal* 9.50 9.60 9.70 9.80 9.90 9.60 9.60 9.60 9.60
Wheat meal® 39.00 38.40 37.70 37.00 36.32 3830 37.60 3695 35.55
Yeast® 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Feed oil’ 4.00 4.00 4.00 4.00 3.70 4.00 4.00 4.00 4.00
Vitamin premix® 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mineral premix’ 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Lysine’ . . . . . 0.07 0.14 022 0.35
Cellulose®® 0.00 022 0.53 0.85 1.17 025 0.59 0.88 1.59
Cr,0; 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Proximate analysis

Moisture 20.64 20.29 20.75 20.82 20.31 22.13 21.64 21.27 20.58
Crude protein 40.24 39.39 39.52 39.44 39.14 39.38 39.44 3992 39.60
Crude lipid 622 7.06 599 595 6.19 6.24 6.62 6.50 6.43
Crude ash 7.1 687 649 6.08 6.51 693 6.09 6.26 6.25

'Feed stuffs not mentioned here are the same feed stuffs as the domestic aquaculture feed companies are using currently.

*Kum Sung Feed Co., Busan, Korea.

’BASF Co. Seoul, Korea.

“Suhyup Feed Co. Busan, Korea.

*Young Nam Flour Mills Co., Busan, Korea.
¢Dae Han Feed Co., Busan, Korea.

"Ewha Oil Company, Busan, Korea.

#Contains (as g/100 g premix): L-ascorbic acid; 3, dL-calcium pantothenate, 0.5; choline bitartrate, 10; Inositol, 0.5; Menadione, 0.02;
Niacin, 0.5; pyridoxineHC], 0.05; riboflavin, 0.1; thiamine mononitrate, 0.05; dL--tocopheryl acetate, 0.2; retinyl acetate, 0.02; biotin,
0.005; folic acid, 0.018; B12, 0.0002; Cholecalciferol, 0.008; alph-cellulse, 85.03.

*Mineral premix (g/Kg feed): MnSO,, 0.7; ZnSOs, 3; FeSOs, 5; CuSOs, 0.5; CaCos, 211.9; MgSOs, 17.25; K;80,, 21224; NaCl, 51.88;

K,HPOQ,, 136.09; NaSeOs,. 0.013; KI, 0.15.
United States Biochemical, Cleveland, Ohio 44122N.
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Table 2. Indispensable amino acid (IAA) composition of the experimental diets (% of dry matter basis)*

i 2
Amino acid Diets
LCM, LCMy LCMyp LCMe LCMi0 LCM»né LCMypl LCMef LCMiwf

Arginine 2.18 2.02 1.86 1.71 1.41 1.84 1.86 171 1.40
Histidine 0.82 0.77 071 0.66 0.55 0.69 0.71 0.65 0.54
Lysine 192 1.74 1.56 1.37 1.01 2.18 2.19 2.19 2.19
Leucine 3.05 3.07 3.09 311 3.15 2.87 3.08 309 311
Isoleucine 1.57 151 146 1.40 129 1.39 1.46 1.40 1.28
Methionine 0.07 075 0.80 0.85 0.95 072 0.80 0.85 0.95
Phenylalanine 1.69 1.66 1.64 1.61 1.56 1.55 1.63 1.60 1.54
Threonine 1.33 127 121 1.15 1.03 1.17 1.21 1.15 1.02
Valine 1.77 1.70 1.64 1.57 144 1.56 1.63 1.56 142

'"Values are means from duplicate groups of feed stuff.
2See Table 1.

Table 3. Proximate analysis and essential amino acid (FAA)
composition and of the protein sources used in lysine
cell mass and fish meal (% of dry matter basis)'-

Ingredients
Lysine cell mass Fish meal

Proximate analysis

Crude protein 69.7 74.7
Crude lipid 58 7.50
Crude ash ) 40 16.0
Essential amino acid :
Arginine 045 420
Histidine 0.77 141
Lysine 0.07 453
Leucine 9.09 4.50
Isoleucine 1.63 3.10
Methionine 2.73 1.65
Phenylalanine 201 2.80
Threonine 1.10 2.60
Valine 1.51 325

'Values are means from duplicate groups of feed stuffs.

43 7)17HEeke] & Ad2E 542 13ppm oleH, £2& 2%
+20C2 AAF2o) E3At dY ARITFFE AAFY
6~8% (AEF 7122 42 19 43 FF3Ach

3. o =3 Y MR 24
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AY23 5 ZAE (weight gain, WG), AFZEE (feed efficie-
ncy, FE), 474474 & (specific growth rate, SGR), %43 A&
E4% (protein efficiency ratio, PER), Z+5 %% (hepatosomatic
index, HSD), ¥I2t%E (condition factor, CF), 8122 2% (hemog-
lobin, Hb), SPtEADE (hematocrit, PCV), AE28& 121
olAle] dWrEE AT oA EF L 25vd AFES &
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2 FE3td nRAgdex AL AP F, micro- hematocrit
method (Brown, 1980)9] 3] hematocrit® &3 33, FA 4
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Table 4. Performance of Israeli carp fed the experimental diets for 6 weeks'

Diets2 Pooled
LCM, LCMy  LCMs  LCMg  LCMiw LCMypé LCMof LCMgf LCMé  SEM
WG (%)* 671.0° 639.8* 458.0° 3524° 330.8° 608.1* 476.6° 161.2¢ 156.5¢ 36.04
FE (%)° 125.5° 125.5° 97.3¢ 83.4¢ 80.0° 114.8° 93.1° 46.0° 46.8° 5.62
SGR (%)® 4.8° 4.5% 3.6 3.5% 33 4.6* 4.2% 23 22" 0.18
PER’ 32 3.0° 2.5 2.1¢ 20¢ 2.9% 2.5 1.2 1.2° 0.14
CF8 17 1.5 1.5 14 1.5 14 14 14 1.5 0.03
HSI (%)° 4.6° 3.4 29° 270 3.0° 3.1° 26° 23° 2.5° 0.01
PCV (%) 423 418 407 36.1 36.5 378 39.0 353 342 0.82
Hb (g/dL) 6.8 6.2 7.0° 6.5" 6.9° 6.2% 58° 6.8% 6.4 0.07

'Means of triplicate groups; Values in the same row with different superscripts are significantly different (P<0.05).

See Table 1.

*Pooled standard error of mean: SD/\/;I_.

‘Weight gain: [(final wt.—initial wt.) / initial wt.1X100.
SFeed efficiency: (wet weight gain / dry feed intake) X 100.

“Specific growth rate: [(log. final wt.—log. initial wt.) / days]X100.

"Protein efficiency ratio: wet wt. gain / protein intake.
$Condition factor: (wet wt. / body length®) X100,
?Hepatosomatic index: (liver wt. / body wt.) X100.

Ml 3] LCMyw ¥ LCMyp 2 #9380 Zolzb ur] GdAT
(P>0.05), LCMap, LCMgo, LCMis, LCMu £, LCM@ £ 2 LCM 0 £
T frgxoz A vet (P<0.05).

LCMoSt LCMy 82 S4 &, 47t4AE, 53X+ 2 gdud
AEEL JANe F9FQ Ho|& Ho|x| g= wtdd (P>
0.05), A2 E &9 Sl E LCMol HISE LCMy £0] froldez
A Vet (P<005). A719 A A3 wel lysine FAHE
S Ay o gid sFes 20% £E27A WA7} sHsdla
g AR EY, o9} 2 AFL dol o Fo UofA o] AZ Y]
R delgole] 98 el GAE G dde g4 a9}

2 oild 71F0 2 25% 7k YA (Mahnken et al., 1980) o]
B A v %S B vhdd), Xo)7] dityo} AlR o
Aold AlFg dMY &89 (Eurolysine Fodder Protein)®
lysine #4HE (lysine cell mass)& 47 ol&g¥d 7|goz
40%7tA AERAe™ (Davies and Wareham, 1988; Kim et al,
2001), TR &0l (Salmo gairdner) A+&° $lojA vaddt &
AX gudg ol dud 7|Fo2 80~100% 74 uiA 7t 7t
538 (Matty and Smith, 1978) ¥& thA|-&o] Hug3lt}, oo
2o, lysine #AHEY A FEo] ¥ o] f= Yoo YoM Iy-
sine FAHE] T Yol EYA A2E AEUE o] &3] Y%
AR 23ES 84 2 A FEo UE FH vuEy F
HA e Aoz Agdr £3, ojRAL GAX gAY 3l
ol A ALY oinxite) B d 9 E A §Fo) AEHHAE
ZaAdoezR AgEeT oA AdEES o=y ¥ o
A £2E 2HgdE Bag Jaadrl g oz 4494
(Davies and Wareham, 1988).

Lysine 4189 o} tiAldl @& £53 lysined A7t &3
(LCMy 8, LCMao £, LCMg £ ¥ LCM i 8= A& AR 5§
o o)A lysines F71eA &2 AT EF vHlasle HJ &

7 G A GAY §9H ez e A% Byt og e
Ade FYE oA AFA ofuxEo] o] AW &4
L e oG I o] g4 Wojhte Bust {AHE
4ot (Pongmaneerat et al., 1993).

a3, AAA lysined A7 37} QA9 olfe, AAE 9
ol o] 917} e AFdAMe dUdhy 23V FA B &
a8 e APl pH 24 L A & A$ ofrite
HAAQ 27 A7 gRoln] (Nose, 1974), EAZ AR
oo itg o] &3 AFAE FF Al oMHHE BT ofviate
o] Z7 o2 1 o] &4 ASFUE L3 £4€E 7t
A0 A& & don, Az AAA ofnxite] Al ofn]x=
ARge e wa F4H7] fEd ofvilt Ffgo) B
Hg o]F0] o]&£E9 HojhE Aoz AZHEY (Plakas and
Katayama, 1981; Murai et al,, 1984).

FABY A3 FuiEIYEE 342~423%2A Eyten]
ol# 3 I Kim et al. (20012 X 7| detjore 4 SA
FABIA2 8, Bai et al. (1996)¢] R1¥ ARG F& AT L
BoY, HgrF2de ¥ 58~70g/dLE YENFTH, Kim et al.
(00De] B3 gy FAE AFE B

Holx el kAR L Table 5ol YEMATh % #%& LCM,
9} Bl33te LCMy, LCMe, LCMiw, LCMy £, LCMy 42 #9
Aol Zol7}l gAAT (P>005), LCMy, LCMe £, LCM 0 £
&o)Feg wortd (P<005). ZEHANAE LCM,9 Bl dto
LCMy7t frel 3o 2 @A ygten (P<005), YA AE7EH
' FIAY apol7r YUt (P>0.05). 2AT 2B e A A
7 Fr A Zo)7h gt (P>0.05). Nandeesha (1995)€
oA YW E 2 3ol TLT 27 AF Ao|, £, F
A AEFF L AT % vl BRI, Mu-
rai et al. (1985)& A3l weh AF FFo] Friste Wi
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Table 5. Proximate analysis of whole-body composition of Israeli carp fed the experimental diets for 6 weeks (% of dry matter

basis)"
Diets Pooled
LCM, LCMz LCM, LCMw  LCMyy LCMpf LCMyul LCMel LCMioé¢  SEM’
Moisture 77.6® 76.7° 78.2° 77.1%® 77.1%® 774 71.5% 76.7° 76.6° 0.00
Crude protein  65.8% 62.3° 66.8° 63.6™ 64.6® 65.0° 64.0°° 63.8%° 63.6™ 0.30
Crude lipid 183 205 187 214 159 20.1 170 188 204 0.57
Crude ash 159 111 131 110 113 132 11.6 129 121 0.57
; Means of triplicate groups; Values in the same row with different superscripts are significantly different (P<0.05).
4?’Zi)lngsltearllaard error of mean: SD/\/;
Table 6. Apparent digestibility of dry matter (AD) and protein (ADP) in diets (% of dry matter basis)’
Diets? Pooled
LCM, LCMy LCMy LCMy  LCMiy LCMpf LCMwf LCMwl LCMiw¢  SEM
AD (%) 85.0° 81.8* 76.0° 76.2 75.3b 81.6® 75.5% 69.1< 65.14 1.54
ADP (%) 91.6* 89.3% 85.9% 85.0° 81.0% 88.3%° 82.6°* 79.5¢ 75.7° 124

'"Means of duplicate groups; Values in the same row with different superscripts are significantly different (P<0.05).

*See Table 1.
*Pooled standard error of mean: SD/\/I

Za94s 2329 3 H3s Fe Aoz HadPy. g
A, 471 AR M= oAU A FFo] Song et al. (1995)°] <
8 Bug grd 58 ot Y Folgdx A%l tven,
53] 5% Jojun ojx#d o7t =AY #HPo] ¥he 1
9 AXPT. B2 A7 AFEd J&E oA VAR F
A A o] 714 & J&E o (Pongmaneerat et al., 1993;
Belal and Assem, 1995; Zeitler et al, 1984), AR =823
Ak g3 w2} oAl A #F P AP 24 FEgL @
=032 B3&gc (Murai et al., 1985).

A gy A4 AL 23S (AP v A 238 (ADP)
= Table 69 eI 9234 A2 2882 LCM, (850%)%
B3] LCMy (81.8%) L LCMnf (816%)€ F9 A< Ao
Z HolA gttt (P>005). 9724 @il d 2382 LCM$ ¥l
B8 LCMyp ¥ LCMy 29 AAETL e F9AA 3ol7} ¢
e (P>0.05), LCMy, LCMe, LCMi0, LCMy0 8, LCMq 4 &
LCMin £E Fo98o2 92 278 EYT (P<0.05). °18 7o,
AAN AE 2387 vl 2382 A8 AL Hgow,
lysine F£4H8-9) A FFo] Z71ge) el FAHoz ve g
el it Bai et al. (20010 A3l Slo]A Algd oo &
WA AstE (879%)° A7) A dE2T (91.6%)ET A
Vet en lysine A7MrolA 744 @A Aghgo] FeEH
g B e @ APANME lysine H7to| WE AeEFAE B
ol A ¢k},

e, g9 22 A%g EdE Jof oo YA lysine ¥
AHEL oBudl Ao 20% 714 WA e Aoz AT, ly-
sine Ao A¥H "Holr) =i lysined H73E ALE T
HNe 37 237 JedR] g3ed 2o £

(@) o]
pra =

2 d7E A7) dofd ddA o % (fish meal, FM) WA
g g Aoz A lysine F4HE (lysine cell mass, LCM)©] Al
U ol & 7158 % bA 58 287 A8 s 43
AR z2owd #Fe 38%, ZHEAUAE 152kI/g (protein,
carbohydrate and lipid: 16.7, 16.7 and 37.7k)/g) 2 & 5L 3 A
Dol APAEE AxEHLH, A5 2HE 243 E O
7} 2t LCM,, 100% FM; LCMy, 80% FM+20% LCM; LCMa,
60% FM+40% LCM; LCMg, 40% FM+60% LCM; LCM,
100% LCM; LCMy £, 80% FM+20% LCM+0.07% Lysine;
LCMy 2, 60% FM+40% LCM10.14% Lysine; LCMeg £, 40%
FM+60% LCM+022% Lysine; LCMio £, 100% LCM+035%
Lysine.

67 U AF A, FAL, AREE, VAR E, AFFA
& 3 S AAFFTE oJH LCMS} HlZ 3l LCMyE 9
ol zol7t glE W (P>0.05), LCMuy, LCMe 2 LCMi,
LCM4y 4, LCMg £ 2 LCM 0 £ FF o2 WA Yelydt (p<
0.05). LCMo% LCMy £& FH &, QR E, 253ASs 2 ¢
WA ARFEL SN E FAFAU Aol & Holx ge vy
(P>005), AFEE & o Me LCMol ¥ LCMy £0] #93
o2 v vyehdtd (P<0.05). SIMfEIYED HREE ZE A}
EFAA F93Q =7k GAG (P>0.05).

w2bA, 20]7] Jojel lolA lysine FAHES R THAY 20%
7HA) A 7bEstH, lysine FAHEC ZHE Fpohu =ik ly-
sine® F7He AR TFME H7 A7 JehgA gt
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