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Evaluation of a Mixture of Plant Protein Source as a Partial Fish Meal
Replacement in Diets for Juvenile Olive Flounder Paralichthys olivaceus
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Kyeong-Jun Lee*

Department of Marine Life Sciences, Jeju National University, Jeju 63243, Korea
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This study was conducted to examine a mixture of plant protein sources as a fish meal (FM) substitute. Two feeding
trials were carried out using similar dietary formulations but different FM levels. In Experiments 1 and 2, the basal
diets were formulated to contain 65% and 60% of FM, respectively. The other five diets were formulated replacing
FM by 10, 15, 20, 25 and 30% with a mixture of soybean meal, wheat gluten and soy protein concentrate. Three
synthetic amino acids (lysine, threonine and methionine) were added to the test diet. Groups of fish in experiment 1
(6.76+0.03 g) and experiment 2 (32.5+0.1 g) were fed one of the experimental diets for 7 and 9 weeks, respectively.
Each experiment was carried out in triplicate. There were no significant differences among groups in terms of growth
performance, feed utilization, survival or hematological parameters in either experiment. The results indicated that a
mixture of soybean meal, wheat gluten and soy protein concentrate, supplemented with three synthetic amino acid,
can replace fish meal by up to 30% in diets for juvenile olive flounder.
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F5a ESF o] ARE-E AL QIth(Hardy, 2010; Draganovic et
al,, 2011). WL 2L Gheo] £0m(80%), LUk
Q1 A2 hil lEeks thas el A, 45He
o] &=TH Apper-Bossard et al., 2013). tl5F5=H-2 60-65%
9] ZhAS $-3-5131 Q1 2™, rainbow trout Oncorhynchus
mykiss, halibut Hippoglossus hippoglossus, Atlantic salmon
Salmo salar, starry flounder Platichthys sellatus At A o] &
A 7sAdS EojFdth(Kaushik et al., 1995; Berge et al.,
1999; Storebakken et al., 2000; Li et al., 2015). SFA 9 G 2] A}
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Table 1. Composition of the experimental diets in experiment 1 (%
of dry matter basis)

Diets
Control FM10 FM15 FM20 FM25 FM30
65.00 58.50 55.25 52.00 48.75 45.50
5.00 7.60 8.90 10.20 11.50 12.80

Experiment 1

Brown fish meal’
Soybean meal’

Wheat gluten’ 0.00 1.952.925 3.90 4.875 5.85
Sgg’cz;ottrz'{; 0.00 1.952925 3.90 4875 5.85

Corn gluten meal’ 5,00 5.00 5.00 5.00 5.00 5.00

Wheat flour 19.00 17.50 16.70 16.10 15.40 14.80
Fish oil? 300 360 390 410 440 4.70
Lysine? 000 020 030 040 050 0.50
Threonine? 000 010 020 020 030 0.30
Methionine® 000 010 020 020 020 0.30
Lecithin' 050 050 050 050 050 0.50
';"h%”s%rﬁgicei}’m 000 050 070 1.00 120 1.40
Mineral Mix* 100 1.00 1.00 1.00 1.00 1.0
Vitamin Mix* 100 1.00 1.00 1.00 1.00 1.00
Choline 050 050 050 0.50 050 0.50

Proximate analysis (% of dry matter)

6.76 8.06 7.94 7.85 8.60 7.69
Crude protein 524 522 520 518 519 517
Crude lipid 10.8 109 107 11.0 105 10.8

Crude ash 19 1.4 11.0 10.7 10.7 105
'Brown fish meal (crude protein 68.0%, crude lipid 8.6%, ash
17.1%), Soybean meal (crude protein 52.7%, crude lipid 1.8%, ash
6.8%), wheat gluten (crude protein 83.2%, crude lipid 15.2%, ash
1.3%), soy protein concentrate (crude protein 68.9%, crude lipid
0.5%, ash 7.1%), corn gluten meal (crude protein 64.1%, crude
lipid 3.5%, ash 0.6%), lecithin and mono calcium phosphate were
by The Feed Co., Ltd., Seoul, Korea. *Fish oil was by E-wha oil
Co., Ltd., Busan, Korea. 3Lysine, threonine and methionine were
by Vixxol Co., Ltd., Gyeonggi, Korea. *Vitamin C and vitamin
E were by AlphaAqua Co., Busan, Korea. FM10, 10% fish meal
was replaced with mixture of plant protein sources in diet. FM15,

Moisture

15% fish meal was replaced with mixture of plant protein sources
in diet. FM20, 20% fish meal was replaced with mixture of plant
protein sources in diet. FM25, 25% fish meal was replaced with
mixture of plant protein sources in diet. FM30, 30% fish meal was
replaced with mixture of plant protein sources in diet.
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Table 2. Composition of the experimental diets in experiment 2 (%
of dry matter basis)

Diets
Control FM10 FM15 FM20 FM25 FM30
60.00 54.00 51.00 48.00 45.00 42.00
5.00 7.40 8.60 9.80 11.00 12.20

Experiment 2

Brown fish meal’
Soybean meal’

Wheat gluten’ 000 1.80 270 3.60 450 5.40
Sgg’cz;ottrz'{; 000 1.80 270 360 450 5.40

Corn gluten meal’ 5,00 5.00 5.00 5.00 5.00 5.00

Wheat flour 23.50 22.20 21.70 21.00 20.40 19.90
Fish oil? 350 400 420 450 4.70 5.00
Lysine? 000 010 020 030 040 0.40
Threonine? 000 010 010 0.0 020 0.20
Methionine® 000 010 010 020 020 0.20
Lecithin' 050 050 050 050 050 0.50
'g"h%"s‘i)ﬁgice'}’m 000 050 070 090 1.10 1.30
Mineral Mix* 100 1.00 1.00 1.00 1.00 1.0
Vitamin Mix* 100 1.00 1.00 1.00 1.00 1.00
Choline 050 050 050 0.50 050 0.50

Proximate analysis (% of dry matter)

597 567 6.26 539 533 518
Crude protein 49.3 494 493 495 49.7 496
Crude lipid 10.8 10.8 109 10.0 10.1 10.0

Crude ash 1.7 112 111 108 106 10.6
'Brown fish meal (crude protein 68.0%, crude lipid 8.6%, ash
17.1%), Soybean meal (crude protein 52.7%, crude lipid 1.8%, ash
6.8%), wheat gluten (crude protein 83.2%, crude lipid 15.2%, ash
1.3%), soy protein concentrate (crude protein 68.9%, crude lipid

Moisture

0.5%, ash 7.1%), corn gluten meal (crude protein 64.1%, crude
lipid 3.5%, ash 0.6%), lecithin and mono calcium phosphate were
by The Feed Co., Ltd., Seoul, Korea. *Fish oil was by E-wha oil
Co., Ltd., Busan, Korea. 3Lysine, threonine and methionine were
by Vixxol Co., Ltd., Gyeonggi, Korea. *Vitamin C and vitamin
E were by AlphaAqua Co., Busan, Korea. FM10, 10% fish meal
was replaced with mixture of plant protein sources in diet. FM15,
15% fish meal was replaced with mixture of plant protein sources
in diet. FM20, 20% fish meal was replaced with mixture of plant
protein sources in diet. FM25, 25% fish meal was replaced with
mixture of plant protein sources in diet. FM30, 30% fish meal was
replaced with mixture of plant protein sources in diet.
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AlgE AAL7E 2kl Hlsf foA e g SWeth(Kim et al.,
2000). tiFs5TulS o]-gsto] Y2 Abm W o] &5 ARt
Aol A= 25% ol AHES A9 AE, AlRAFE AFR
ago] FoHo 7 745t tH(Deng et al., 2006). A7}
off SRS o8-8k WA A|o] AbR W ofi-& 40%7}
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Table 3. Results of growth performance, feed utilization and survival in experiment 1 and experiment 2!

FBW? WG3 SGR* FI® FCR® PER” Survival®
Experiment 1
Control 27.0+0.5 29816 2.09+0.02 24.6+3.5 1.22+0.16 1.59+0.21 76.4+4.8
FM10 29.7+1.3 340+20 2.24+0.07 24.7+3.7 1.07+£0.10 1.80+0.17 71.5+10.0
FM15 27.3+4.0 303+58 2.10+0.22 25.8+4.6 1.27£0.19 1.53+0.22 80.0+16.7
FM20 24.8+2.3 265+36 1.96+0.15 20.7+2.2 1.17£0.25 1.68+0.36 81.8+4.8
FM25 25.1+2.2 274433 1.99+0.14 20.0+1.8 1.10£0.17 1.77+0.26 80.6+6.9
FM30 25.1+0.8 272412 1.99+0.05 24.5+0.1 1.33+0.06 1.44+0.07 87.8+1.0
Experiment 2
Control 1552 378+8 2.48+0.02 131425 1.06+0.21 1.96+0.34 62.2+8.4
FM10 14115 332+15 2.32+0.06 140+19 1.35+£0.27 1.55+0.30 42.2+12.6
FM15 152114 366142 2.44+0.14 132420 1.12+0.28 1.88+0.43 66.7+17.3
FM20 15215 367+15 2.45+0.05 126422 1.05+£0.20 1.99+0.43 62.2+5.1
FM25 14615 349417 2.38+0.06 143124 1.26+0.20 1.64+0.25 57.8+18.4
FM30 15215 367+14 2.45+0.05 133+£28 1.11£0.19 1.88+0.34 55.6+9.6

IThe lack of superscript letter indicates no significant differences among treatments.”’FBW (final mean body weight, g/fish). WG (weight

gain, %)=(final weight-initial weight)x100/initial weight. ‘SGR (specific growth rate, %/day)=(log, final weight-log, initial weight/days. °FI

(feed intake, g/fish)=dry feed consumed (g)/fish. °FCR (feed conversion ration)=dry feed intake/wet weight gain. "PER (protein efficiency

ratio)=wet weight gain/protein intake. 3Survival (%)=Number of fish at end of experiment/number of fish stockedx100. FM10, 10% fish

meal was replaced with mixture of plant protein sources in diet. FM15, 15% fish meal was replaced with mixture of plant protein sources in

diet. FM20, 20% fish meal was replaced with mixture of plant protein sources in diet. FM25, 25% fish meal was replaced with mixture of

plant protein sources in diet. FM30, 30% fish meal was replaced with mixture of plant protein sources in diet.
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Scophthalmus maximus At= Y o8-S gl FsSthl S o8
sko] Al 7ol %= 25%71A] thA| 7Hsshtkal Rk gle
™, L o) tiAI S - 4E U AlR A E0| T3t Day
and Plascencia GonzAlez, 2000). A5/ thil 2 ¢ 2 = o] Ko]|
]l oful At 40| B Holy] o] oS A4 B
WA m = A S 79 ofn] =Ake] H7E7) E @ 5K Gatlin et
al., 2007). Ba-5A 5 g9] X 07] A& thAato & tf TS o]
gsto] AbR W o] -2 thAIgE Aol A = 20%71A] o] -
A 4= o, o) ieabE H7E 79 30%7HA] o
A7} 7Fset AL 2 H s tH(Choi et al., 2004). '@ 2] AL&
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etal,, 2006). 3 Ao 4 Bron il 358 Z7lete] 4
of|ieibE SFHAIZ7] tlzoll o hAIA AFER AR E S
O] A Heks & A 0 & ke

Kim et al. (200012 of2]7}x] 91ze] 28st Eato] Uz
RES GOt S Neisto] HPRIE AU tolr} e
H&0] o] ZEOAIE AdT o= o Aolet Husigit A&
Ao & 3 Aol 4] Kikuchi (1999)= ti%ul, & (blood
meal), ZZFH Y (corn gluten meal)S &§51o] A= U] o]
B 40% A 4= lokal Ba1skel on, Kim et al. (2019)
2 U, R sS5T, X9 (tankage meal), 754
E(poultry by-product meal)S E35t0] ALR U] o] 40-
50% tHAIE = Uekal HarskQich Bl o Foll A= A a4 H=
O] T35 3l =2 HlE Y o E A7} o] o Frkal Kk
¢lt}. Summer flounder Paralichthys dentatus At= U] TS,
ZFUY, AT 555, taurineS S351o] ARA] o] &
2 40% S <= A Ach(Enterria et al., 2011). Turbot Psetta
maxima At Y 2254, Y278, F389 (lupine)S &
sto] ARE- Al o2 50% tHAIE 4= 13 tH(Fournier et al.,
2004). Atlantic salmon A=} rainbow trout AL U] WZF
|, 2258 E= 29 52| W(spirulina), thFRF 2o
27k AREA] O] 2-S 100% A 5= 9L ATHEspe et al., 2006;
Flores et al., 2012). 2 Ao A= o] B A& 3l tjFaf, d
2578, rsst 23S 5ol O dE ARAl 5T
UE FEEE A= Hebs 3071wzl o2 30% ARt
o= gt Al mEol A7 U E A= sk h

GolehA FA1L ofF A7 Brkskt Qo o3 Ve S
2 715 th(De Pedro et al., 2005). @42] JE-2- ALE2] HJoF
4:9] Zfo], A1£:3H7 Soi] ukek 2fo]7} vhekMurai et al, 1982;
Lee et al., 1993b; Park et al., 1999). ‘@ | Al= U] o] &S T A
S 7ol e @Ae] Aol HalE Tkl H e Qi AF 72
off F=T R o]8-5to] o i AR Aol A of A
£-0] 3718E hemoglobin¥} hematocrit 2] 7} 7F431% 2
™, 50% O/ tHA|A] T 272} 5-0] 4] 0 = Zpo] 7} i th(Kim et
al., 2014). T Feta} HAHERS S3bsto] o] & thA|gh el

A& o B4 &0] 57Fek=E hemoglobini} hematocrit <]
7FroA o ® sl o] Lol B o] T2 e e otk A
To| A o EoiAl Al DA AdwS] 7oA Q] I E e Qlok
(Lim et al., 2011; Shin et al., 2019). 3}A|9F =15 (pig bristle
meal)& ©]-8-3F o] 2 A o] A<= hemoglobin, hematocrit,
NBT9] {8421 zto]7} §1tH(Kim et al., 2018). & ¢1--]]
A Yo shA 2447} hemoglobin, hematocrit, NBTo| 4] &
+ 977} control ZLF} Bl EFGIS o, 2121 Q1 Aol & K
O] A A3t TH(Table 4). AE4 0= tfFul, U=Fdl, res
il T35S 0] 8-3)) o2 30% thA|StA &= x| Q] Ak
frofet Y 7124 & Ao = wkEh

2 Aol A A 29] 2SS thA WdTh AE 2049
P 23.9CAoU FaL 422 30.5°C7HA] A5kt
Y29 A 4222 21-24°Co|tHOh et al., 2014). 1] 4Jo] 7] §
A& o= a2 A 457 A A}, AEES 2|A
68%= 2 11EH} 9Ith(Kim et al., 2015a). 4222 o] F0] A4
o] JoFe v, Pt 2 AFS Hol AARES A
SHAIA o] 7ol L dEol oS 712 4 QtH(Kim et al.,
2015b). E3F /52 o] R AEHAS YOI =F8 8
olo &2 W g 7hAel HARE- 57FA]ZIEK(Choi et al., 2009). )

Table 4. Results of hematological analysis in experiment 1 and ex-

periment 2!
Hb? Ht® NBT*

Experiment 1

Control 3.59+0.41 29.615.7 0.9610.10
FM10 3.98+0.43 29.8+0.4 1.02+0.08
FM15 3.64+0.88 29.2+2.7 0.90+0.04
FM20 3.63+0.20 30.6+3.6 0.92+0.08
FM25 4.01£0.64 29.0+1.5 0.91+0.01
FM30 3.30+0.19 25.2+4.4 0.85+0.08
Experiment 2

Control 4.75£0.15 31.1x2.8 0.85+0.04
FM10 3.92+0.33 29.0+1.2 0.76x0.08
FM15 5.07+1.33 30.2+2.0 0.90+0.07
FM20 4.12+0.26 29.3+1.5 0.87+0.07
FM25 4.41£0.19 29.9+2.0 0.97+0.02
FM30 3.76+0.34 25.7x2.4 0.89+0.13

'The lack of superscript letter indicates no significant differences
among treatments. ‘Hemoglobin (Hb, g/dL). Hematocrit (Ht, %).
“Nitro blue tetrazolium activity (absorbance). FM10, 10% fish
meal was replaced with mixture of plant protein sources in diet.
FM15, 15% fish meal was replaced with mixture of plant protein
sources in diet. FM20, 20% fish meal was replaced with mixture
of plant protein sources in diet. FM25, 25% fish meal was replaced
with mixture of plant protein sources in diet. FM30, 30% fish meal
was replaced with mixture of plant protein sources in diet.
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