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Effects of Dietary Supplementation of Lysine Cell Mass as
a Fish Meal Replacer in Juvenile Nile Tilapia
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Namdaemun-Ro Chung-Ku, Seoul 100-743, Korea

To replace fish meal (FM) in the diet of Nile tilapia, Oreochromis niloticus, different levels of lysine
cell mass (LCM) were added to diet on protein equivalent base. Fish averaging 3.0 g fed one of nine
diets containing isonitrogenous and isocaloric basis of 35% crude protein and 15.3k] available energy/g
diet: LCM,, 100% FM; LCMyo, 90% FM+10% LCM; LCMy, 80% FM +20% LCM; LCMs, 70% FM+30%
LCM; LCMy, 60% FM +40% LCM; LCMsxl, 70% FM+30% LCM +lysine; LCMaoln, 70% FM +30% LCM
+lysine + NaOH; LCMyla 60% FM+40% LCM +lysine +arginine; LCMylan, 60% FM+40% LCM+
lysine +arginine + NaOH. After 8 weeks of feeding trial, there were no significant differences in weight
gain (WG) and specific growth rate (SGR) among fish fed LCM, (control diet), LCMy, LCM;, LCMyo,
LCM3l, LCMioln, LCMyola and LCMylan diets (P>0.05), while fishes fed LCMy diet were significantly
higher than those fed LCM, LCMj, LCMy, LCMyla and LCMylan diets (P<0.05). There were no
significant differences in feed efficiency (FE) and protein efficiency ratio (PER) among fish fed control
diet, LCMyy, LCMzy, LCMsolt, LCMyla and LCMylan diets (P>0.05), while fishes fed control diet were
significantly higher than those fed LCMj,, LCMy and LCMyl diets (P<0.05). Positive effects were not
shown in WG and SGR with supplementation of amino acids (lysine & arginine) and neutralization,
while FE and PER from fish fed LCMyola and LCMylan diets were significantly higher than those fed
LCM;, LCMy and LCMszol diets (P<0.05). Hence, LCM can replace FM up to 40%, and dietary suppl-
ementation and neutralization of amino acids showed positive effects, when FE and PER were considered
in juvenile tilapia diet.
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Serna et al., 1996; Lee and Bai, 1997; Kim et al., 2000).
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< Ads] % BEFAH AgEE FAE £
-HE - A2 A A e A iR A g9
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BAES Agslela, eer3lE o2 Wyt (wheat meal)
2, ALY o2 o] g(fish oil)Z ALskgiv}. w435
& 247 A Aol Agol 05% A3 E(Cn0)E
A7pstodeh. eol4l B4R L of el zhud g 7]
Fo g2 o)Xtz o] 10%, 20%, 30%, 40%rT+o g2 Z+7h
ixstgl o, gholAl(lysine)a} o}2 A (arginine)®] 4
7VE7E dolRy] YelA] o] Bt vlmsle] BHE ok
F H7A FH3, goldl Hrtadtedl wEs AR
ZHAAPH)E dotir] el H2Tsh FAG FE0
2 24l A IEFNGOH)E Arleiaieh 7 AR
Tzl g 35%, /-84 UAE 153 K/ge.
2 YAl Lol F oMol APARE Az, A
B9 24& a9okspd g} 2o LCMy, 100% Fish
meal (FM); LCMy, 90% FM+10% lysine cell mass
(LCM); LCMy, 80% FM+20% LCM; LCM3o, 70% FM +
30% LCM; LCMy, 60% FM+40% LCM; LCMsl, 70%
FM+30% LCM+lysine; LCMasoln, 70% FM+30% LCM
+lysine + NaOH; LCMyla, 60% FM+40% LCM+ lysine
+arginine; LCMyolan, 60% FM+40% LCM+lysine+

Ja:

£ 2

arginine + NaOH.

2. Aglo] 9 Ax=A
Aglol= P 3.0£005g (MeanxSD)2] elz}u]o}
(Oreochromis niloticus) X|o1& A-8313ic} delso}l %o
£ AEAEE 157 FEsA A sigle, &
AP+ 8F7F ANk dulAg & Bduiga
Hazolztel vjdsh-$2 A55 120 ¢ (60 X 47 X 40cr) #+
2| £38|E Fzo] 2 AEPF 40ve]d 3ubRo R F
29 wixslgdcl. AY 717bEqke] &F Aae 56+
W= 255+125TE Apelq-&oll

AREEE, ZA|-&(Weight gain, WG), A58 & (Feed
efficiency, FE), d7H4A-&(Specific growth rate, SGR),
A A 8L 3 & (Protein efficiency ratio, PER), 7FE3A]
F*(Hepatosomatic index, HSI), B]%F%(Condition factor,
CF), #2F2H](Hemoglobin, Hb), 3nulE =2 E(Hem-
atocrit, PCV), |3 olAl|e] YubAE-S =) of

) 24 2Ful AR, AT 8FE FAE =
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Table 1. Composition and proximate analysis of the experimental diets (% of dry matter basis)

Diets
Ingredi'ents LCMO LCMm LCMzo LCM30 LCM40 LCMml LCM3UZH LCM4ola LCM4olﬂn
White fish meal' 18.00 16.20 14.40 12.65 10.80 12.65 12.65 10.80 10.80
Lysine Cell Mass® 0.00 1.92 3.85 5.80 7.70 5.80 5.80 7.70 7.70
Soybean meal’® 26.00 26.10 26.20 26.10 26.20 26.10 26.10 26.20 26.20
Corn gluten meal® 5.50 5.50 5.50 5.50 5.50 5.35 5.35 5.20 5.20
Wheat meal* 42.00 41.78 41.65 41.70 41.60 41.70 41.70 41.65 41.65
Fish oil® 2.00 2.00 1.90 175 1.70 1.79 1.79 1.70 1.70
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® . . 0.11 0.11 0.14 0.14
Arginine . . . . . . . 0.11 on
Cr,0; 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Proximate analysis
Moisture 20.2 17.8 19.2 183 199 20.0 19.5 21.5 199
Crude protein 38.3 382 37.7 37.5 37.1 371 37.4 375 37.0
Crude lipid 6.0 5.9 6.5 52 55 55 4.8 47 5.0
Crude ash 7.6 74 7.3 71 6.9 7.2 7.2 71 71

"Kum Sung Feed Co., Pusan, Korea. BASF Co. Seoul, Korea. 3Suhyup Feed Co. Pusan, Korea.

4Young Nam Flour Mills Co., Pusan, Korea. Ewha Qil Company, Pusan, Korea.

*Contains (as g/100g premix): L-ascorbic acid; 3, dl-calcium pantothenate, 0.5; choline bitartrate, 10; Inositol, 0.5;
Menadione, 0.02; Niacin, 0.5; pyridoxineHCl, 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 diet): MnSOs, 0.7; ZnSO,, 3; FeSO,, 5; CuSO,, 0.5; CaCos, 211.9; MgSQ,, 17.25; K;S0,, 212.24; NaCl,

51.88; KoHPO,, 136.09; NaSeOs,. 0.013; K1, 0.15.

Table 2. Proximate analysis and essential amino acid
(EAA) 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 5.8 7.50
Crude ash 4.0 16.0
Essential amino acid
Arginine 0.45 4.20
Histidine 0.77 1.41
Lysine 0.07 4.53
Leucine 9.09 4.50
Isoleucine 1.63 3.10
Methionine 2.73 1.65
Phenylalanine 2.01 2.80
Threonine 1.10 2.60
Valine 1.51 3.25

'Walues are means from duplicate groups of feed stuffs;
amino acid contents of the ingredients were analyzed by
the Feed & Food Research Center (FFNRC), Pukyong
National University, Korea.
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ficial Analytical Chemists, 1995)H} o 2 219 =0,
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tical Software, St. Paul, MN. USA) & F-AHE4(ANOVA)
S AAsle] HA2FIRHALSD: Least Significant
Difference) 2.2 % #7+e] §-9J4(P<0.05)& HAA3I o

Ay 4 33

857ke] A5AlY Z b Table 30 Vel it FA)
&3 YA ARl QoA AETF LCM(HE T AR
T LCM3t vlsrsle] §-918 o2 YA Vepd viwdel] A
B4 LCMy, LCM3g, LCMy, LCM3ol, LCMsgln, LCMyola
3 LCMylan9} vl wsto] §-212Ql Xfo] & HoA| gkt
(P<0.05). whebd, 4Bl ik 2ol 4l FAHEE Azl

3 R JlEeE 40% FEA dA) AFsskele
7hsle, 24 40% ol el Al g AA e of £ o)
A ol @Al BT 0% 4HY S 98 Aoz B
vk}, Davies and Wareham (1988)-2 564 7} X[oi7] &
2}z oHOreochromis mossambicus)ol] o] A8 chAIE
t}uR 2] 9] (Eurolysine Fodder Protein)& o]-8-slof o] &
A 71Fo 2 40%71A) oiHlgt Aatet fAskl e, of
Q9] W ATSoll lo A ool Az Hu} uhelelo}
o RAE el A7 ok ol whild JlFew

25% ~50%7t A Alsh=d] A3t (Andruetto et al,
1973; Beck et al., 1979; Mahnken et al., 1980). =3},

Kaushik and Luquet (1980} XA/ £oi(Salmo gai-

.HH

s - o34
rdneri)el] QLo A thakat hAIE sh AR o] g3t of
B oA 7)F¢E 0 & 80~100%7FA] thAl7t 71538hsd o
olsh 1ol A RS Aolsh ol ol ThE AFAE
o} oj#ll HaE¢lchMatty and Smith, 1978; Bergstrom,
1979; Beck et al, 1979). A8 o] & glo]Al HAZE2
20%71A] A AETA =Tl uls] Aol Fo)d
o2 %A UebskekP<005). olAL Xol7] detwlolel
Lot elolAl bl i Hel $A AL E AL
o137 9 AW £3E4 G4 2 A4 A4S
o S SR B oieh e 4B S o
Ao.2 ActE e Gomes et al, 1995; & 5, 1995). o}v| =
A+ 47} A2 ysine & arginine)ol] $)o] /H LCM30-2- LCMol
I LCMylas} wlaste] o1l Ael7}b glglom (P>
0.05), opm] 1At 7ol whg F3tatell JlojA % LCMadl,
LCMagln, LCMyola 3 LCMyglan Atololl f-2}= Q) Zlo]7}
QATHP>0.05). olsh S ATk= FAA
trout)e} € e}s)ol(Sarotherodon mossambicusyel} A = H.5L
H 4 .o (Kausik and Luquet, 1980; Jackson and Capper,
1982; Davies and Wareham, 1988), 0]71 & olu|=4Ake]
Aol WA Aol sk Bzl vl
Aol HolE HolA] k= free methionine2] <
oz ARAL 2 54
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Table 3. Performance of nile tilapia fed the experimental diets for 8 weeks'

Diets’ Pooled

LCVMU LCMw LCMzo : LCM}O' LCM40 LCM301 LCM3011’Z LCM40111 LCM4olm’l SEI\/I3
WG(%)* 306.7°  3250%  367.9° 2983°  2980°  2988° 3316 3095  307.4° 5.90
FE(%) 58.9° 567 60.4° 53.8° 52.3° 52.7° 57.0° 61.2° 61.4° 0.81
SGR(%)° 2.5° 2.6 2.8° 2.5° 2.5° 2,57 26" 2.5° 2.5° 0.03
PER’ 1.4° 1.3% 1.3 1.2° 1.2° 1.2° 1.3% 1.4° 1.4° 0.04
CF® 1.7 1.8 1.7 1.8 1.7 1.7 1.8 1.7 1.8 0.01
HSI(%)° 2.8° 31" 3.7°° 4.0° 43 3.1 3.2 2.7° 3.9% 0.09
PCV(%) 40.2°° 385" 07 37.8" 385" 372 40.8%° 40.7° 40.0° 0.52
Hb(g/ d0) 8.3 8.3 8.7 8.1 8.3 8.1 8.2 8.4 8.7 0.12

'Means of triplicate groups; Values in the same row with different superscripts are

See Table 1.

*Pooled standard error of mean : SD// n.
‘Weight gain :
*Feed efficiency :
%Specific growth rate :
“Protein efficiency ratio : wet wt. gain / protein intake.
¥Condition factor : (wet wt. / body length3) x 100.
°Hepatosomatic index : (liver wt. / body wt.) X 100.

[(final wt. - initial wt.) / initial wt.] X 100.
(wet weight gain / dry feed intake) x 100.
[(loge final wt. - loge initial wt) / days] x 100.

significantly different (p < 0.05).

- 200 -



A o17] depsotel] 3lo} AlmY ol# AP o RA sho]dd FAbE e HrrER

9] F& NS wltelglat kit WiHol], Pongm-
aneerat et al. (1993)-2 olof| A HAA| olu)AEo] of
T AR EAET Qe obul At 1 o] g4 o] ol
Ak ®asgick o]Ze] st wztEe AR A
otu| = 4h-g o] &3 ARPAE FFAl, oprhulE 53t ofy
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AR GHE Zhlol] whe] FrE7] wiEol ohu| x4t Fo
o] BT S ol Fo] o] & EE AAF A& olu] o
] AFAE el R iawgrkPlakas and Katayama,
1981; Murai et al,, 1984). S31 &3 pH ZA)o)] Qloj A =
= ARTE FHQ Kol & HolA gAY F3HA
AR tha =2 g veRNI ot o9 3
At ofFoll vt Zol= ARt AEW ofuf At
7HA] otmliAbel 3 QbgA-S {sle] ofuln
(L-Lysine, L-Arginine, L-Cysteine 3 L-Tyrosine) A&
Hol| wha} obu] =4t Ex}ol| hydrochloride(HCl) & 27}
224 pHE QI3 A S of7| A 5= 7] ullFol} A
E o] &4 712AE Y 7 A5EF NaOH=E F3HA)
Z 2ot ok Ae HolF AHAE AEdch
Aaa e Sl kg gopl ol AEF LCMee
AETF LCMio, LCMag, LOMigln, LCMugla 8 LCMiglan}
Hl2slo] {-o)HQl XolE HolA] b2 HbHeil(P>0.05),
AT LCMso, LCMyp B LCMyl e} f-9)H e g =gt}
(P <0.05). A8 LCM303} LCMzololl 1ol 4] gfo]Al 7}
A VA gk viol] 2o Al k3 A gl F
A7) AR LCMylnoll = vhd E2 7488 vehy
ek obga, obwle At Mot gl T3 Aol g AET
LCMyla % LCMylan-S LCMydtt sl 2slo] folzez
=A bt Aog Hol £ glolAl FA4HEe] tiAl o

R

Qof A opw|icAt Hrtavke} ot Al Hrtel) wpE Fo}
Eoll Qe v]A Aoz AgHct o]gh o] o] A
Ul A EZ A el gloiA] ofmleAt Hrtadte o
o](Nose, 1974)9} %:0](Beck et al, 1979)el] ojA =2
ZAgoll wat HxH oz Agafol TS viehy
olek "Hbsol] o]l FAEe] 2 dixl gl glolA ¥
ABE gyt AR EEE AR ohrjxmge) &
3 1 =2 WA dFek(nucleic acid content) . F Q13|
AEAHE BT aE Yk Tacon and Cooke,
1980; Davies and Wareham, 1988).

MTHECRE A AR FelAel Hol7h §lsd
o, 7R (HShol] 9ol Al b 2= LCMyy, LCMa,
LCMy B LCMylanBel foHe F& g Eio
(P<0.05). HHEA Ay HnlEABlE glol 37.2~427%
2 Uehgon, ol A xol7] Hekalok(, 1998)el o]
2] 38~42%, Alexis et al. (1985)2] FA]7lf0]ol] oA
32~42% ZAHN} FAT A Bk d2e2Y
£ 81~87g/ A& Vel om, x|o]7] Helg]oh(F], 1998)
oll Qlof A 7~8g/dis} F-AsHA UEbsta, v "2t}
E Ao 3t Lee and Bai (1997)9] AgollA= 9~
10g/desie} =3 YAl vhebsteh

ZloA] Uk E-2 Table 40)) JeERARIcE =ghuiAol)
gjol 4] HzF(LCME AET LCMyld} vlszste] 59
Mow | ERHP<0.05) 2g ALl AETFZel &
9]F ol xpolrt YATHP>0.05). ZA el glolA] =T
= A AaT7rel frolH Q) ol gle HbHoll(P>0.05),
AgF LCMln& A48T LCMyp 2 LCM3p3} 1] 23}od
ot foH oz EAl Vebdel(P>0.05). 23]l oA
2= LCModt vlaste] folFog zpo]E ol
obe Wb ol|(P>0.05) Lh 2] AL Te} ulwete] 980
2 9l ko, AR goldl Rakge] AR 27

Table 4. Proximate analysis of whole-body composition (% of dry matter basis)'

Diets Pooled

LCMo LCMm LCMzo LCMgo LCM40 LCM301 LCM3olI’l LCMwlﬂ LCM4()IIZTI SEM3

Moisture 72.1 70.2 71.4 69.8 71.4 70.5 70.9 70.3 0.00
Crude protein 561° 539" 538" 554" 56.0° 50.1° 52,9 54.9° 55.2° 0.55
Crude lipid 2754 256° 278 257 265 274 279° 2584 278%™ 021
Crude ash 126° 124° 133 139" 141 135 13.6° 13.9® 14.6° 0.21

'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/V n.

- 201 -



e - o)
S5 3 Edwe] Frkehe AaE JehiYet. o9}
s ATAEel sl HaEd
Cooke, 1980; Davies and Wareham, 1988).
JHoll Qe A Zeitler et al. (1984)3} Nand-
cesha et al. (1995)& SR E7- AFAo), 52, A%,
ARFE W ABNG Fo) o
Murai et al. (1985)-2 A 7bgholl wla} z=A|ubo] ek
7hehs dheoll bz} 23] o) §hek wishs A

o2 Harstgich

utzA], xo}7] deta]opel] QlojA] Azhg 7|Fo 2 2
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AEEEY A AT ES A opu|At A
7HEko Al ofz Ao} ot atoll of3ke uA Zlo R
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o] A= Hloi7] Yelslofel YoiAl ofii(fish meal,
FM) o) szl 9] o & 4] 2lo]A) B (lysine cell mass,
LCM)o] Azul ol § 7H5As il 28 AR 9
o ST, b 35%, 7144 o
153 4/kg o 2 AAT, F HuiAo of &, o)
b FeFa W golyl RAge A F 5
24 SIS ol D ol 4] FAkgol % o)
A 5ol wek AR 244 okl Bt 2k LMy
100% FM; LCMyo, 90% FM+10% LCM; LCMa, 80% FM
+20% LCM; LCMs, 70% FM+30% LCM; LCMy, 60%
FM+40% LCM; LCMsl, 70% FM+30% LCM +lysine;
LCMslrz, 70% FM+30% LCM +lysine +NaOH; LCMyla,
60% FM+40% LCM +lysine +arginine; LCMyolan, 60%
FM+40% LCM +lysine +arginine +NaOH.

857rel A4 A, FAEI LAAAEC olAl
AET LCMo} Blele] BE ARTolAE 217
Aol7t giglom, obge obulidt H7h 9 Faha
B ARTelA LA ebgehP>005). AR &3
WA AREE] 9ol ARTF LCMie AZF LCMu,
LCMa, LCMioln, LCMuola B! LCMyolan3} M| i2s}ko] §-2]

ELRELS

ot ol

Luj%E - o]

Al ApolF Kol ¢k uhwol(P>0.05), A&7 LCMs,
LCMy ¥ LCMgllcl foH oz A vehygeh(P<
0.05). opul it A 7te) 3t A Tholl 9ol A ALmT LCMs,
LCMaol 8] LCMoln -2 31 &ol7} yelr] gk ut
woll A2 LCMyls 3 LCMylane LCMyd} 8] si3kod
foF o g A Vel rhP<0.05).

weha, Xjoj7] dejaiolel] gloj A AA-E JFo R &
o)Al FAHEE o shiA-g 40%7bA] tiAz} ZhHeslkad
o, obgE] 2 wholAl HAEY A FFoll ol A
Aaagd thild AREES mH3ohd opr|ei
7HeelAlF} ol 2 )} F3) At £ At A&
Ao Azdrh

7ape] 2

B dFE gaulAZ ()9 A Aged okt
Z(FENRC)] 2ol ofsto] -38d A3tz ofel) A=
ek
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