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Effect of Dietary Fish Meal Replacement by a Blend of Plant and
Animal Ingredients on the Growth and Blood Chemistry of Starry
Flounder Platichthys stellatus

Seung-Jun Shin, Tae-Kyu Lee, Dong-Hoon Lee', Seong-Ryul Lim!, [I-Chang Yang, Sung-Sam Kim?,
Jung-Woo Choi, Jin-Soo Kim and Jeong-Dae Kim*

College of Animal Life Sciences, Kangwon National University, Chuncheon 24341, Korea
'Gyenoggi Province Maritime and Fisheries Research Institute, Yangpyeong 12513, Korea
2CJ Cheiljedang, Feed & Livestock R&D, Suwon 16495, Korea

A feeding trial was conducted to investigate the effects of dietary fish meal replacement by a blend of lysine cell
mass, corn protein concentrate and poultry by-product meal on the growth and blood chemistry of the starry flounder
Platichthys stellatus. The fish meal replacer (FMR) was prepared to have the same level of protein as fish meal (FM).
With a commercial diet as a positive control, five experimental diets (basal, FM42, FM32, FM22 and FM12) were
formulated to contain 52% protein and 10% lipid. The dietary FM levels decreased from 52% (basal) to 42, 32, 22
and 12% with concomitant increase in the FMR to 10, 20, 30, 40 and 50%, respectively. Juvenile starry flounder with
an average body weight of 177.3 g were randomly distributed in each (30 fish/tank) of 18 plastic tanks (139x99x54
cm). After a 45-day feeding trial, the survival rate ranged from 95.6% (FM22) to 100% (control and FM42), while the
weight gain of the fish groups varied from 49.7 to 58.4 g. The results clearly revealed that starry flounder can grow
well on a diet containing low FM (12%) with a high level of FMR (50%) without any adverse effects.
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Table 1. Ingredient and chemical composition of the experimental
diets

Ingredient Basal FM42 FM32 FM22 FM12 Control
Fish meal, sardine 52.00 42.00 32.00 22.00 12.00Closed
FMR! 10.00 20.00 30.00 40.00 50.00 -
Soybean meal 12.00 12.00 12.00 12.00 12.00 -
SPC? 3.00 3.00 3.00 3.00 3.00 -
Wheat flour 14.65 13.30 12.25 11.05 10.00 -
Lecithin 0.50 050 050 050 050 -
Fish oil 350 390 4.00 420 450 -
Amino acids® 140 205 270 340 405 -
MDCP* 040 060 080 100 1.00 -
Mineral mixture 0.80 090 100 110 120 -
Vitamin. E 0.30 0.30 0.30 030 030 -
Choline 0.30 030 0.30 030 030 -
Vitamin. C 0.30 030 0.30 0.30 0.30 -
Vitamin mixture 0.80 0.80 0.80 0.80 0.80 -
Mold inhibitor 0.05 0.05 0.05 005 0.05 -
Total 100.00100.00 100.00 100.00 100.00 100.00

Proximate composition (g/100g, as-fed)

915 924 938 935 938 9.22
Crude protein 51.60 51.94 52.08 52.06 52.15 51.53
Crude fat 935 977 991 9.89 10.09 10.56
Crude fiber 116 125 151 154 157 0.86
Crude ash 862 836 806 765 524 960

Pepsin Digestibility 89.11 86.58 91.77 91.68 88.13 89.29
'Fish meal replacer, a blend of lysine cell-mass (Bioprotam®, Dae-

Moisture

sang Corporation, Korea), corn protein concentrate (Empyreal 75,
Cargill, Inc., USA) and poultry-by product meal (Harim Corp.,
Korea), which were mixed at the ratio of 1:1.5:2.5 to contain the
same level of protein as fish meal. *Soy Protein Concentrate, Se-
lecta, Brazil. *Contain lysine, methionine, tryptophan, betaine and
taurine. “Mono-, di-calcium phosphate. FM, Fish meal.
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%), A =E-(survival rate, %), Y7H34-E(specific growth rate,
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Table 2. Amino acid profile of the experimental diets
Amino acid Basal FM42 FM32 FM22 FM12 Control
Aspartic acid 461 446 448 427 426 438

Threonine 215 208 210 201 201 209
Serine 218 212 215 206 207 231
Glutamic acid 729 713 723 697 7.08 7.01
Proline 272 270 275 261 268 258
Glycine 366 358 353 323 318 3.08
Alanine 313 3.08 321 307 319 283
Valine 244 235 239 230 235 244
Isoleucine 209 202 204 195 197 206
Leucine 371 364 365 356 365 3.65
Tyrosine 154 145 142 128 143 148
Phenylalanine 208 199 199 193 201 206
Histidine 113 1.07 1.09 102 1.01 112
Lysine 366 351 356 340 340 3.82
Arginine 317 310 313 298 298 298
Tryptophan 055 054 052 051 050 0.61
Taurine 030 033 036 040 043 0.26
Cystine 056 055 055 052 053 065
Methionine 116 111 111 1.05 1.07 1.12
Total 4728 4594 46.38 44.21 44.87 45.66

FM, Fish meal.

© & amino acid Analyzer S433 (SYKAM, German)=- ©]-8-3}

A3t e hematocrit (PCV, %)%} hemoglobin (Hb, g/
ARSI AL, ©] & 47, 12,000 rpm, 10827+e] =
A E2]7](Centrifuge 5415R, Eppendorf Ltd.,
Germany)E- ©]-85lo] & (plasma) &2 5, & Y aspar-
tate aminotransferase (AST, U/L), alanine aminotransferase
(ALT, U/L), albumin (ALB, g/dL), glucose (GLU, mg/dL),
total cholesterol (TCHO, mg/dL), triglyceride (TG, mg/dL)
4! total protein (TP, g/dL)yS £43}%tt. PCV= HAEMA-
TOKRIT210 (Hettich Ltd., Germany)< ©]-8-5}0] 415142
o, Hb & the 29} 8= A= 4317 E(Fuji DRI-
CHEM slide, Fuji photo film co. Ltd., Japan)2} $H7] & 24
7](DRI-CHEM 3500 I, Fujifilm Ltd., Japan)& ©]-8-3a}o] 4]
shoic. e W WAL AL AR A7 Ea U
F40) 2|9 wot Sastopc,
SAXZ

AR AN A Ze AR AT, TRAAS,
A EAFE, SAE, AEAS, EE, didas,
HER), 528 U WA o] BE Wet SPSS
Version 10 (SPSS, Michigan Avenue, Chicago, IL, USA) ==
273 0] A YUEARLA (one-way ANOVA)S o]g-3fo] HA]
SEATE 24 ol oA H= AFs o] Wwke] 52/ (homogeneity
of variance)< Cochran’s test (Sokal and Rohlf, 1995)5 o]&
shol SHIStoiTh. AT 24 vl Tfet §-01k Ao} i
=912 A, AFE AL Duncan’s multiple range test #2412 o]
43} tH(Duncan, 1955).

2 o

4597+ 247413 A3H= Table 30 eItk S48(WG,
weight gain, %)°ll QloJA] & AF A 7hell f-2J5t 2fo] 7} 1t
EFLRR] QEQEOLH(P>0.05) ot A|A| 9] thAl4=z0] F7Ietol
utet FAEo] ST A Bl AR E dide
B2 3H27.80%)= Kotk Bt Al S7k= 49.7 g (HH
ZT)oll A 58.4 g (FM42, FM32)9] W 9|S Hglon, A&Ee
2 95.6% (FM22)oll A 100% (HZT, FM42)& HE A%t
ol 4] §-2Jgt 2ho] 7} LhefLER] QEQFEHP>0.05). UTHALR A H &
(DFI, daily feed intake)-2 1.03-1.05%% e gl.om A7H
ZE(SGR, specific growth rate, %)= 2771 1.06%= 714
Lo ZhS W3 FM32 7} 1.24%2 7V E=9roL} G018t
2}o) 7 JERA] 9JtH(P>0.05). AR A|S(FCR, feed conver-
sion ratio)= FM42 G-} FM12 77} 242} 1.50, T =417} 1.76
O 7 Uehgtout 2]t o3t Akl 7t GlAeh(P>0.05). T
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ul 21 § 8(PER, protein efficiency ratio)< A&7+ -2 gt 2} 42]= 25.8-31.2 UL HYE, 7| ZAME = FM32°E, FM22
o] g0 1.00-1.172] 192 LehethP>0.05). ) o2 ek 99|51 37 LheRg O vl (P<0.05), FM427:

FHEA A= Table 4, 59 YeRT). sutEAE 9 FMI2-1eb= 9]k Afol7F L] 89t Tth(P>0.05). E
(PCV, %)l 21014 FM427-= FM32+, FM224 & 2 g, FM42-1= FM22+ 1 o} 2|81 =74 UEb 1L(P<0.05),
wth golabA BA YERT(P<0.05) 712A R Fbasal) B FM32, FM227 % bl i3t 2hol7} LehiiA
FMI12+-2}= 398t 2fo| 7} YERGA] T H(P>0.05). E3E, RITHP>0.05). &3 Y alanine aminotransferase (ALT) <=
7| ZAMETE FM329E 9 FM227-H e} (251 &2 e A= 80.2-106.0 UL HZ 7| 2ALEF+= FM32E, FM22
HAI(P<0.05) FM32, FM22 % thAtz7toll= Rt T A 2R YA A UEREAL(P<0.05), FM42
Aok i) gRoke(P>005). SR ulHb, gdl) & W FMI272Rs 32)ak Aol h UERER] e3elek(P=0.05).
ool QlolMl BE bl B3 Ffol7k Uehba QR 1o, FM42TE FM22HTh SolsbA A Uehout
(P>0.05). 18|21, €A U] aspartate aminotransferase (AST) (P<0.05), FM327, FM22+ W tj 237k = 2]t 2fo|7}

Table 3. Growth performance of starry flounder Platichthys stellatus fed the experimental diets for 45 days'

Diet In.wt (g/f)2  Fin.wt (g/f)® WG - Survival® DFI” SGR® FCR?® PER?"
%* gffish®

Basal 176.89+3.13" 231.1745.01™ 30.68+1.34" 54.28+2.70"  96.67+3.33™ 1.05+£0.01™ 1.16+0.05™ 1.62+0.08" 1.09+0.95"

FM42  178.44+3.49 236.89+6.73 32.73+2.15 58.44+4.27 100.00£0.00 1.03£0.01 1.23£0.08 1.50+0.09 1.17£0.13

FM32  177.78+3.32 236.17+4.38 32.91+2.86 58.39+4.43 96.67+1.93 1.04+0.01 1.24+0.09 1.52+0.12 1.15+0.16

FM22  177.11£2.19 235.19+4.48 32.77+0.98 58.08+2.39 95.56+2.94 1.05£0.02 1.23+0.04 1.51+0.06 1.15x0.07

FM12  175.11x3.20 231.93x5.53 32.42+0.79  56.82+2.37 98.89£1.11 1.03£0.00 1.22+0.03 1.50+0.04 1.15+0.05

Control 178.22+3.93 227.89+7.95 27.80+1.61 49.67+4.02 100.00+0.00 1.05+0.00 1.06+0.06 1.76+0.08 1.00+0.08
"Values (means+SE of the triplicate replications) in the same column with the same superscript are not significantly different (P>0.05); ns,
nonsignificant. *Initial weight, g/fish. *Final weight, g/fish. “Weight gain (%)=(final weight-initial weight)/final weightx100. *Weight gain
(g/fish)=final weight-initial weight. °Survival rate (%)=final fish number/initial fish numberx100. "Daily Feed intake (%/av. bw/d)=feed
intake (as-is)/[(initial body weight+final body weight)/2]/45x100. #Specific growth rate (%/d)=[In(final wt)-In(initial weight)]/experimental
daysx100. °Feed conversion ratio=dry feed intake/wet weight gain. '°Protein efficiency ratio=weight gain/protein intake. FM, Fish meal.

Table 4. Haematological characteristics of juvenile starry flounder Platichthys stellatus fed the experimental diets for 45 days!

Parameters Basal FM42 FM32 FM22 FM12 Control
PCV (%)? 27.2+1.7% 29.0+2 .42 20.7+1.3¢ 22.5+0.5% 25.7+1.0%° 24.0+1.30
Hb (g/dL)? 5.6£0.3 5.7+0.4 4.910.1 5.0£0.1 5.2£0.1 5.24£0.1m

'Values (means+SE of the triplicate replications) in the same row with the same superscript are not significantly different (P>0.05). *Hema-
tocrit. *Hemoglobin. FM, Fish meal.

Table 5. Blood plasma parameters of juvenile starry flounder Platichthys stellatus fed the experimental diets for 45 days!

Parameters Basal FM42 FM32 FM22 FM12 Control

AST? 31.240.72 29.7+1.0% 27.0+0.7°° 25.841.2¢ 30.340.72 27.3+1.3
ALT® 106.0+3.52 99.2+3.8%® 94.3+2.9% 80.2+3.7¢ 98.7+4.0%° 85.0+3.7«
ALB* 0.9+0.12 0.8+0.12° 0.7£0.1° 0.7+0.1° 0.8+0.1%° 0.8+0.1%°
GLU® 85.3+2.5° 79.04£2.8% 60.5+3.6° 60.2+3.9° 66.8+4.1° 69.2+4 4°°
TCHO# 232.048.7° 203.7+4.2° 182.815.7° 189.26.6° 200.5+4.6° 202.3+2.5°
TG’ 130.3+4.9° 115.044.8° 107.842.7¢ 111.844.0% 111.3£2.1° 108.5+1.2°
TP 4.2+0.12 3.840.1%° 3.6+0.1¢ 3.7+0.1¢ 4.110.12° 3.840.1%c

"Values (means=SE of the triplicate replications) in the same row with the same superscript are not significantly different (P>0.05); ns, non-
significant. >Aspartate aminotransferase, U/L. 3Alanine aminotransferase, U/L. “Albumin, g/dL. Glucose, mg/dL. *Total cholesterol, mg/dL.
"Triglyceride, mg/dL. *Total protein, g/dL. FM, Fish meal.
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W) DHE AE7] AR 25(algae)= S84 HIE
o] HIARIL Tl Z] SheFo] vhol Y] o] F tiA Y o= Il 7ks
gol wom, Ak (yeast)= B O ® Ee GISUR M
24 AR AH8E 4 QLo RO IRbIA| R T e
o] W 7kl 5 | of T of & thA| Yo &2 ARE-S)
7)ol of 2] Tho] Qlrh SCPF v A& Tl a2 g AdAte]

—

Rl

Table 6. Muscle composition of juvenile starry flounder Platichthys stellatus fed the experimental diets for 45 days'

Composition Diet

Basal FM42 FM22 FM12 Control
Moisture 76.26£0.15 76.58£0.65 76.411£0.24 76.211£0.21 75.56£0.17 76.59£0.07"
Crude fat 3.11£0.41 3.00+0.61 2.87+0.08 2.80+0.32 3.05+0.47 2.70£0.25"
Crude protein 19.59+0.37 19.81+0.51 19.93+0.15 20.09+0.07 20.3710.26 19.83+0.22"

"Values (means+SE of the triplicate replications) in the same row with the same superscript are not significantly different (P>0.05); ns,

nonsignificant. FM, Fish meal.
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7Rt b2 Al glom v g
24 E S4sie] A4 799 TR o] 245t 49

QF A 7] wjF-ofl(Francis et al., 2001; Refstie et al., 2005)
ool o} oAl g0 FAl o] 7HE etk & 4= Qlrk. L,
HE s T Abm o] % A4 o ol ARk FA 7t
A 7VA7 4 B S gago] 31 obuliedt 24o] $5a
A & Aol A AHE-E LCMol .

H

2 Aol ARE T AR AR (PBPM) 2Ehd
64.8%, 2ol A1 2.99%9] Fteko 2, AR PR AR 2
Ao E AlmEY, w0, EYEY W U ke 747}
0.93,0.40 2 0.24%2 S| 7}5]0] PBPMS] £H o] Eej 4|
AradE AN A E A 0= AFRET

Zerhe] o] of Erj Aol et A= oFE] W2 A XIS
A QFEOt, 2|0f7](9F 5.66 g) ZF=rhE] of iAol ¥t o]
Aol Aol A i il ThpisiE R o A 70%
742 A8 4= 9lrk= B 317} 9JrkSong et al., 2014). & o177
oA AL U] o] 2-8 LCM, CPC @ PBPM2.Z LA ¥l o] B
AA(FMR)&} -5 <= 0 2 4| =] Ql=tl|(Table 1), 7] A=
(basal)T-= o] & 52%2} FMR 10%, FM127-= o] & 12%9}
FMR 50%%2 Atz ufglo] AA o], 7] AR o & 40%E
FMR 40%32 tjA|st Z o|c}. Table 33} Table 62] ZA}of| A A}
& Y FMR9] 4230] 10% (basal)ol| 4] 50% (FM12)& 5715}
o= Zwrhe] 9] s At o3t AfolE HolA]|
22 A, 71 9 A 48 A& (control group)} g4 E T} H
WA & 2fo] S UERH A] 82 A, 3 7HAI Rl 55 £
Aof| A ek A n} 2| Zfol & HolA] g A2 7
th2] Ak W FMR O] d7F= Aba W 52 o iehdE 591 4
AA QI 7 erhe] A-g ARAZ7F 7Fe e AlAlskAL Qlet =
£ ol2fgt 34 At o 19| ol wet B A 4= e
o] FFa(etn|ieAl, F=4, vletnl)e] AHgt d7taake}
A o]FHA 4= U Aol

2 Ate] Frerhe] WA Ak oy AFARe] Haret
Zgolgt Aol Urebt=tl, Ding et al. (2010)2] ¢1-of| 4] Tl
45%, A 10%E T3t AFR S 3aet 2 ecte] o] E
W TP, TG % TCHO 42| = & A--9] A}k ) oF 2uf H & =
Q¥al, Park et al. (2016)2 7r=cte| o] ol 1 ASTL} ALT]
739 Z¥7F 20.5 9 3.5 UL =315 HQIthal Halsto] 2 A
o] Ao} ohas o2 A & et gl om, 53] ALTS] ¢ &
A3k 2fo] & H A tHTable 5). E3F Lee et al. (2003)2 1.9 g9
At 2o & AbR W AHae] F R A e B SRR
aof ulg} 1037 A H S o] ASTE] 735 37-87 U/L, ALT
9] - 19-97 U/L o] & Ho|& K13}t o] gl zfo] 7} A}
O] JUAE ZFolol| gt AR FAMAFH 27 Eim AR
20l w2 A= oFA7HA] A7FeE Fwte] o] 3 EH A
ol et A= 7t Glo] W2 A7) geRtE] ofof 3t Aot

ZArettel= @A 92 A oo g2 7Rk A e

rir
Y, o

%9 FFOR, Holi EPALRS| o] Aol = B75k1
AFEREE] BAYR ol E AR hRE ARRE T ek,
£ I FErkel § Aol AR S 9laf AR U FMRe]
Aol th3) ZAFBE O M, FF FMRE wche] ALY £
she o] g A0 7|dhect.

Al AL

A= 20179 G oyt ishs) A sk 249 (
A3 520170239)°, th A S AHIHA 50 120160883)
2 9] AT (I H B2 120160744)2] Q1] X Qo & S g
piaeati=
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