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Effects of Fish Meal Replacement in Extruded Pellet Diet on Growth,
Feed Utilization and Digestibility in Olive Flounder Paralichthys olivaceus
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This study investigated the effects of replacing fish meal (FM) with a mixture of four protein sources (wheat gluten,
soy protein concentrate, tankage meal, and poultry byproduct meal) in an extruded pellet (EP) diet for olive flounder
Paralichthys olivaceus. Five experimental diets were formulated with alternative proteins replacing 0%, 20%, 30%,
40%, and 50% of FM. Taurine and betaine were added as attractants in the diets. Triplicate groups of fish (initial body
weight: 196+2 g) were fed the diets to apparent satiation. Over the course of a 6-month feeding trial, there were no
significant differences between the groups in growth performance, feed utilization, survival, or villus height. The dry
matter and protein digestibility of FM50 diet were significantly lower than those of the control diet at water tempera-
tures below 18.57C in months 4 and 6. This is a highly significant first report on FM replacement in an EP diet given
to olive flounder over a 6-month-long feeding period. It shows that the proper mixture of protein sources can replace
up to 50% of FM in olive flounder EP diets with taurine and betaine supplementation. It also shows that 40% of FM
could be safely replaced in EP diets during periods of low water temperature.
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Table 1. Monthly water temperature during the feeding trial

ColBF - ARG - oAE

by-product meal) & o|-§-3}0] t2ARR. 1 of H3tekS 2t24 20,
30, 40, 50% (FM20, FM30, FM40, FM50) thA|5}%c}. Tau-
rine} betaine & AFE9] 754 2708 918 ol2ehA] AL
g0 AhE T AFARE #4315k A AT ALE |
A 244 7](ATXD-II Extruder, Fesco, Korea)Z ©]-8-51]
Al2= Ao A E APARRE 704 A G5 A
ZEon, $ERA7|E o8-8l & (dry matter) o 7
A F, o148 Wrhslach
oM=H

AAER AEE 2AE 8l g 2 JA| 7S 545
ek A HA= o ASA 1847 A58 A= Ak ARFA
? F=7HA] e k-7 (mean body weight, g), AF= A F%F
(feed intake, g/fish), AF= ek aE(feed conversion ratio), ©
W12 A8k 8 - E(protein efficiency ratio)S ZAFSFICE AR
3] 7 Sof= v]ul(condition factor), 7+ 5% %|4>(hepato-
somatic index, %), A 2 A|5>(viscerosomatic index, %0)E
7he 2 A

= A
MEAT

EFTA 4 3, 2 it 3ute] o] AolE FANR
A3k 3 2-phenoxyethanol -8-24(200 ppm).©.& n}F| A 7T},
A o 72] -2 o|(villus height) T2 938} G259 A
AL 71222 | cm BoZ AA(anterior intestine)S A}
231, Bouin’s solution®]] 1133} A} 2 21-& AMEZ351I T, WA
o] A A= A3 o] (carcass)= -50 T oA WEAIZ] T, et

1o

AR, HolA|o) AybAEEAE AOAC (2000) HHiel
e} it U7 AR (125C, 3417, 2322 249
SHH(S50C, 4x7h o= EAE QI Tl AL Aps 2 e A
E47]|(Keiltec system 2300, FOSS, Sweden)= £ %] %]},
A% Folch et al. (1957)2] Wi o]l whet 241 =] it

A 222 Bouin's solution & 2 T A E| Q) o1, BA A|71%]
70% ethyl alcohololl 1At} A H A%} 222 243}
2712 AdtE o] tissue processor (TP1020, Leica, Germany)

Water temperature (C)

Overall 1 month 2 month 3 month 4 month 5 month 6 month
Average 19.744.5 25.3+2.4 23.3t1.4 21.8+1.1 18.5+1.5 15.3+0.8 13.7+1.1
Maximum 29.1 26.0 23.7 20.9 16.7 15.1
Minimum 20.8 21.0 19.8 15.4 134 1.4
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Table 2. Composition (% of dry matter basis) of the experimental diets for olive flounder Paralichthys olivaceus
Diets

Control FM20 FM30 FM40 FM50
Fish meal, sardine’ 32.50 26.00 22.75 19.50 16.25
Fish meal, anchovy' 32.50 26.00 22.75 19.50 16.25
Soybean meal’ 12.00 12.00 12.00 12.00 12.00
Wheat flour 14.85 12.85 12.95 12.55 12.55
Wheat gluten' 1.00 3.50 4.50 5.50 6.50
Soy protein concentrate’ 0.00 3.50 5.25 7.00 8.75
Tankage meal’ 0.00 3.50 6.25 9.00 11.75
Poultry by-product meal’ 0.00 3.50 4.00 4.50 5.00
Fish oil? 3.40 4.00 4.30 5.10 5.50
Mono calcium phosphate 0.50 0.50 0.50 0.50 0.50
Mineral mixture' 1.00 1.00 1.00 1.00 1.00
Vitamin mixture' 0.80 0.80 0.80 0.80 0.80
Vitamin C3 0.30 0.30 0.30 0.30 0.30
Vitamin E® 0.30 0.30 0.30 0.30 0.30
Choline’ 0.30 0.30 0.30 0.30 030
Lecithin' 0.50 0.50 0.50 0.50 0.50
Taurine' 0.00 0.40 0.50 0.60 0.70
Betaine' 0.00 1.00 1.00 1.00 1.00
Anti-fungal agent 0.05 0.05 0.05 0.05 0.05
Proximate analysis (% of dry matter)
Moisture 6.47 5.98 4.62 5.93 4.70
Crude protein 58.8 60.1 59.5 59.9 60.1
Crude lipid 13.2 13.1 12.8 13.5 13.4
Crude ash 13.0 1.7 10.9 10.5 9.70

'Fish meal, sardine (crude protein 68.0%, crude lipid 8.6%, ash 17.1%), fish meal, anchovy (crude protein 69.4%, crude lipid 8.3%, ash
17.8%), Soybean meal (crude protein 52.7%, crude lipid 1.8%, ash 6.8%), wheat gluten (crude protein 83.2%, crude lipid 3.69%, ash 1.3%),
soy protein concentrate (crude protein 68.9%, crude lipid 0.5%, ash 7.1%), tankage meal (crude protein 86.3%, crude lipid 9.0%, ash 7.5%)
and poultry by-product meal (crude protein 71.6%, crude lipid 13.5%, ash 10.5%) were by The Feed Co., Ltd., Seoul, Korea. *Fish oil was
by E-wha oil Co., Ltd., Busan, Korea. *Vitamin C and vitamin E were by AlphaAqua Co., Busan, Korea. FM20, 20% fish meal was replaced

with mixture of protein sources in diet. FM30, 30% fish meal was replaced with mixture of protein sources in diet. FM40, 40% fish meal was

replaced with mixture of protein sources in diet. FM50, 50% fish meal was replaced with mixture of protein sources in diet.
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Fig. 1. Cummulative mean body weight (A), feed intake (B), feed conversion ratio (C) and protein efficiency ratio (D) of olive flounder
Paralichthys olivaceus (initial mean body weight: 196+2g) fed the five experimental diets for 6 months [Feed intake (g/fish)=dry feed
consumed (g)/fish, Feed conversion ratio=dry feed intake/wet weight gain, Protein efficiency ratio=wet weight gain/protein intake]. FM20,

20% fish meal was replaced with mixture of protein sources in diet. FM30, 30% fish meal was replaced with mixture of protein sources in

diet. FM40, 40% fish meal was replaced with mixture of protein sources in diet. FM50, 50% fish meal was replaced with mixture of protein

sources in diet.
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Fig. 2. Villus heights of olive flounder Paralichthys olivaceus fed
the five experimental diets for 5 months. FM20, 20% fish meal was
replaced with mixture of protein sources in diet. FM30, 30% fish
meal was replaced with mixture of protein sources in diet. FM40,
40% fish meal was replaced with mixture of protein sources in
diet. FM50, 50% fish meal was replaced with mixture of protein
sources in diet.
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FAEF18.5%, 9-H 18.8-26%, =5 7.5-30%, FA| FAE
20-30%, S5 10-20%= 2% ch(Kikuchi et al., 1994,
Kim et al., 2008; Ye et al., 2011; Lee et al., 2012; Kim et al.,
2014; Bae et al., 2015; Kim et al., 2018). <] A2 3} thoF
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Fig. 3. Apparent digestibility coefficient (%, ADC) of dry matter
(A) and protein (B) in the experimental diets. Values (mean+SD)
with different letter are significantly different (P<0.05). ADCd,
apparent digestibility coefficient dry matter. ADCp, apparent di-
gestibility coefficient protein. FM20, 20% fish meal was replaced
with mixture of protein sources in diet. FM30, 30% fish meal was
replaced with mixture of protein sources in diet. FM40, 40% fish
meal was replaced with mixture of protein sources in diet. FM50,
50% fish meal was replaced with mixture of protein sources in diet.

e AR OlA 7-30%2] o} ZthA 750l RaE =, B
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ua
Az g3l g8, 22 RUUS T89S A9 A E Y
O 58 46%7H] A 7H55kchar B w9 h(Kikuchi, 1999).

Table 3. Survival and morphological indexes of olive flounder fed five experimental diets for 6 months!

Diets
Control FM20 FM30 FM40 FM50
Survival (%)? 64.2+12.8 78.315.8 75.8+1.4 78.318.0 67.5£2.5
CFs 1.20£0.16 1.36+0.18 1.21+0.06 1.19+0.00 1.20+0.06
HSI (%)* 2.3710.47 2.36+0.30 2.86+0.67 2.31+0.59 2.42+0.83
VSI (%)° 4.74+1.1 5.72+0.37 5.36+0.31 5.04+0.40 5.33+1.24

IThe lack of superscript letter indicates no significant differences among treatments. 2Survival (%)=Number of fish at end of feeding tri-
al/number of fish stockedx100. 3CF (Condition factor)=fish weightx100/total body length. “HSI [Hepatosomatic index (%)]=100x(liver
weight/body weight). VSI [Viscerosomatic index (%)]=100x(visceral weight/body weight). FM20, 20% fish meal was replaced with mix-
ture of protein sources in diet. FM30, 30% fish meal was replaced with mixture of protein sources in diet. FM40, 40% fish meal was replaced
with mixture of protein sources in diet. FM50, 50% fish meal was replaced with mixture of protein sources in diet.
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4-5](Dicentrarchus labrax)E A0 2 A5 oI7Lo]| A
SR, SRR, Fie E9oke] Al W o2 50%71A] A
75tttk Bl 9l 0 H(Scerra et al., 2016), @&, 555
o, FaFd, UaRd, A SEEREE 82% 7HA] o
A| 7Ps5kckar B 1% 9l ch Torrecillas et al., 2017). & S|
A2 471A] Tl A o 2 (wheat gluten, soy protein concentrate,
tankage meal and poultry by-product meal)2] 23+ 53l T+
A A= ARA O HESHA H= FULE AR B = 3
7] wzoll oE-E 50%7HA] tiAIFel = gk AR Aa-gol
EAF I Ao g ghetEch

Taurine> o] 23 524 Y7ol thd =] o, A&
4 dmol= o] Aol AEA dRE o83t ol Edi A A+
Al taurine®] 2717} & @ 3FcH(Lunger et al., 2007: Lim et al.,
2013). §AALE U taurineS 718 A9 A4S, Al G89]
FoA o7 FAHETtT B EQITH(Park et al., 2002; Kim et
al., 2005). Taurine(a beta-amino sulfur amino acid)> o5&
o] FExA AFER FrEo] Jlor AlExAde A
ERIBHA) g e ofuliedte] Aolet. HEute] obgs
o} gatekast ol AHQ o] taurineo] F0% 8-S 5
7] wjge] o]z A2 e 28 taurineo] Fislofot 2
o}, Se), Alzol] 424 ShbAelR} o 24 taurine
o] REA] H7te|ojopdt k= 2R A4Pgaz dHA
QItHLim et al., 2013). @X|AIR U] taurine®] @42 Z=
(Pagrus major, 0.5%, Matsunari et al., 2008), +5-5°1(0.2%,
Martinez et al., 2004), =&(Oplegnathus faciatus, 0.88%, Lim
etal., 2013)0]) H]3} v} =2 1.5-2.0%8 K 1% ch(Park et
al., 2001). Choi et al. (2004)+= betaines oS4 A=l 7}
s YR 0] At 2812 A2 5 ek Basel.
= Aol AE HiEaE ALl s Ao taurine} be-
taine S F7kst3 o, o 24 &o] 10% 57145 taurine
2 0.1%4 27hA02 kst 1 A, Ao ARE
AtR A S G ol o Al THe dS FEA
EARA R ik )

S414 0150) A9 ALgA Tl PR ) e gR

ol
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7} 43}7) e WS 7] 2lckal 2 11 ¥ Qi Martinez-Llorens
et al., 2012). ‘5|(Lates calcarifer), x| % o] (Salmo salar),
B (Scophthalmus maximus)< AT S 2 AlEA] TalA =
AR ARE FEHAS W A SRk g4 T2
2, AU g5 gutst 220 wol 9l AEA S 5740}
22 A ol7}T Bzbe] 9l ch(Boonyaratpalin et al., 1998; Qver-
land et al., 2009; Gu et al., 2016). £3|, §-12] o= ALY
I} -2 FFEIAR WA H Aol olal 7rAHTHZhang et
al,, 2018). JAAFR W thFaSehaa 22% o AR8-8HH &
7ol 9] Z+47) YERGTtHKhosravi et al., 2018). WHA, Tus-
che etal. (2012)+= FA7§<:01(Oncorhynchus mykiss) At= U
LT 0|85t o] EE AT Al FF=d e 2h-§o]
e R] ghetharl Baskeleh tiAffddolE iR 3k 4
TollA = At T A 0] 35%77kA] UFRES AMSlE A
317} WFAYS1A] ekkth(Storebakken et al., 2000). 2 ALof| A
= A8 AR 2 gsEeh e U3 Eo) A4
ick. it bl GRS o) 875%500, o i A&
o] F7hel= 4 Lole] o4l Wiaht gloldl 202 Hol
ol Zeh Aol o3t FU FAH- gl A o= At
o &5 A B RRE AT B Alm W Aot
oFolz} gtako] 718k 4= QItH(Gatlin et al., 2007). thi
A4 olRE 44T Atk 5 9l o] BE3)
4 AR AHgA] A8kgo] stobitH Apper-Bossard
tal, 2013). 124 ThL 912 v gejerelato] ofst 4518
A% B g 9th(Krogdahl et al., 2010). o]d A4 |
AR o) e S o] §510] ol 30% AN BB
5127} Thul 2l 451 80| Z-4519ItHChoi et al., 2004). T
ZEh S o] §:510] olS 25% o4 A 712, T, of
U 1Al A 3RE-0] 94 0 & 74459 tHDeng et al., 2006). HE
H, 2 Aol ARSE AlEA Td HE F EaFEE A
i Fegol W, AL ) AFEA] Rl olet Hate
o] P2E] ) Oz 415 T A A= 0| cHNRC, 2011; Tusche
et al., 2012). 2 o)(Oncorhychus kisutch), -2 71%0], 1=
= ul(Saparus aurata), Y2} oK Oreochromis niloticus), t 4|

Table 4. Carcass composition (% of wet weight) of olive flounder Paralichthys olivaceus fed the five experimental diets for 6 months'

Diets
Control FM20 FM30 FM40 FM50
Moisture (%) 71.7+0.5° 70.5+0.3° 70.540.12 71.310.4%° 70.8+0.4%
Protein (%) 20.84£3.0 20.9+1.9 22.0+0.6 20.7£1.9 19.840.2
Lipid (%) 3.22+0.62 4.70+0.10 3.931+0.25 3.48+0.48 3.93+0.25
Ash (%) 11.0+£0.5 10.5+1.7 8.8+0.0 10.6+1.3 9.3+1.7

"Values are means form triplicate groups of fish where the values in each row the different superscripts are significantly different (P<0.05).

The lack of superscript letter indicates no significant differences among treatment. FM20, 20% fish meal was replaced with mixture of

protein sources in diet. FM30, 30% fish meal was replaced with mixture of protein sources in diet. FM40, 40% fish meal was replaced with

mixture of protein sources in diet. FM50, 50% fish meal was replaced with mixture of protein sources in diet.
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¥ 4(Gadus morhua)s AT S &2 Aw 4383 =45 A
L2 FElo] ofiof| H]af} =2 Tl 43152 W §lrh(Sugiura
etal., 1997; Kissil and Lupatsch, 2004; Schneider et al., 2004;
Tibbetts et al., 2006). Storebakken et al. (2000)-2 A%
of Alm Yf o] 22 UEFHl o R thAIS A] ax3hgo] FETH
T R Telglch 524 Bl AYRE W, /1%, 1), 9j9} g
4 8.40] upeh ook ek 9 48hgol TheETVigit et al,
2006). = Aol A ARG ZH AR Al 22 7}
ek ST 7MY RS T2 ARS8 2 T (crude pro-
tein, CP: 71.6%, 86.3%) 242 A|d A Ho|t}, 7} HAHEE
(CP: 64.9%)& AFg5to] Sefsio} Ak v of s 100% ch]
ok Arof| A axskao] FashA] eFekrhal HarskithHernan-
dez et al., 2010). & dITLo| A= 47 LA}, 67 LA} 318 =74
= A&fshH o] &5 50% hAIFH S0l = 2x3keof 2lo]
oF B} AT Atolof] 941 Zpol7F UehubA] Rttt Ha
S, AFA | Tl RabE R AR ARSI 7] i)
o ES AR ol 43k&0] Aokt WAsHA] ohgtd A e
2 e

A8 Aol A tf kS o]-85ke] Abm W oS 30% tHA|
A &8kgo] skl o, betaineo] LFHE Aol AIA| 7t
Al tzTtet adbgof| A tol7t flglom, oS 20% ThA|
gk A= W H7FA] tizAtel Bl 4x3k80] F7HE] S{eH(Choi
et al., 2004). ZH]oK Rachycentron canadum) A& Ao
2 3t Aol A= AR W taurine F7FA] amylase, lipase, tryp-
sin, pepsin®} 22 4318 4 9] B4l o] Z718l A th(Salze et al.,
2012). & AFoM = 275 ALt e AR Y] be-
taine¥} taurine©] 37} 0.H, of R A of w2 Ak Fa
£ HslE AR AlEET

ool £3l8 e 84T B BAZA o
4 Q1.2 (Sullivan and Reigh, 1995), 3AF dA st =502
A ]| 9F=tHMcGoogan and Reigh, 1996). g 2] 2] 2| 2| A}
4222 21-24°Co]tHSon et al., 2006). & Aol A 6744 7+<]
Ge2 AT, YA ARG 48w} g Bape
S e e, 15407 o] Yaigh A ek,
67N EA} Fot-2-2 13.7C, A2 11.4C7HA] Wzt
FMS50 A7} 4, 67) dao] tjzto] Bsf| Aoheo] 7hagh
o] f= g=2A 5tol| HIsHA ¥H3-519l 7] W o & Tk T

wheba], 27420l A HX|ALE W taurine} betaine 3 7HA|
25, s, A, 7 AR e E3sto] A
= W 029 50%7HA] tiA|I7F 7Fed Ao ' whekEnh 48t
& A0S sl o, Ae-2(18.5T olsholAl= 40%7t
Al oA 7L 7 e A o2 kT
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