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Dietary Fermented Soybean Meal as a Replacement for Fish Meal
in Juvenile Olive Flounder Paralichthys olivaceus

Kang-Woong Kim*, Kyoung-Duck Kim, Bong-Joo Lee, Jin-Hyeok Lee, Hyon-Sob Han,
Ja-Wan Koo', Youn Hee Choi? and Sungchul C. Bai®

Aquafeed Research Center, National Fisheries Research & Development Institute, Pohang 791-923, Korea
'National Federation of Fisheries Cooperatives Feed, Uiryeong, 636-801, Korea
’Institute of Fisheries Sciences, Pukyong National University, Busan, 619-911, Korea
3Department of Marine Bio-Materials and Aquaculture / FENRC, Pukyong National University, Busan 608-737, Korea

This study evaluated fermented soybean meal (FSM) as a fish meal (FM) replacement and determined the appropriate amount of
FSM in juvenile olive flounder diet. Twenty-four aquaria with a flowing-water system were stocked with fish averaging 20.9 g at a
density of 25 fish/tank. Five experimental diets were prepared replacing FM with 0, 10, 20, 30, or 40% FSM based on FM protein
(designated FSM, FM, | FSM, FSM,, and FSM,, respectively). Two additional diets were prepared that replaced 30 or 40% of
the FM with FSM with added amino acids (methionine and lysine) (designated FSM, ., and FSM, _, ,, respectively). Fish (trip-
licates) were fed one of the eight experimental diets (50% crude protein and 16.7 kJ available energy g' diet) for 8 weeks. Survival
did not differ among the treatments during the feeding experiment. There were no significant differences in weight gain (WG) or
specific growth rate (SGR) among the fish fed diets with up to 30% of the FM replaced. However, fish fed FSM, jor FSM, .  had
areduced WG and SGR, as compared to FSM, (control) (P< 0.05). The feed efficiency and apparent digestibility showed a similar
trend (P < 0.05). The proximate composition in the whole body of fish differed only between the control and FSM, for the crude
protein level and between the control and FSM, , , , for the crude lipid level. The whole-body amino acid composition did not differ
among treatments. No significant differences were found between the diet groups with and without amino acid supplementation,
indicating that amino acid supplementation had no effect. The major finding of this study is that fermented soybean meal may

replace up to 30% of fish meal without amino acid supplementation for normal growth of juvenile olive flounder.

Key words: Paralichthys olivaceus, Olive flounder, Fermented soybean meal, Replacement, Fish mea
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Table 1. Diet composition and proximate analysis of the experimental diets

Ingredients’ (g/100 g diet) Dlets
FSM, FSM,, FSM,, FSM3, FSM,, FSMygian ~ FSMygipa

Fish meal® 60.0 54.0 48.0 42.0 36.0 420 36.0
Fermented soybean meal® 0.0 8.04 16.08 2412 32.16 2412 32.16
Squid liver powder® 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Wheat gluten? 45 49 5.2 5.6 5.9 5.3 5.6
Wheat flour® 25.70 22.86 20.02 17.18 14.44 17.18 14.34
Fish oil 33 3.7 4.2 4.6 5.0 4.6 51
Soy lecithin 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Vitamin premix® 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Mineral premix’ 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Lysine - - - - - 0.15 0.2
Methionine - - - - - 0.15 0.2
Cr,0,4 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Proximate analyses (% dry matter basis)

Moisture 10.0 9.87 10.2 10.2 10.3 10.0 9.5
Crude protein 499 48.9 50.8 51.2 50.3 51.1 51.2
Crude lipid 10.7 10.8 10.9 10.9 11.1 1.1 11.2
Crude ash 11.2 10.9 10.5 10.0 9.6 10.1 9.7

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

2Provided by Suhyup Feed Co., Kyong-Nam, Korea.

?Premix (mg/kg) : KI 250, MnSO, H,0 2800, ZnSO, H,O 2350, vitamin K 225, biotin (2%) 3500, niacin 4850, calcium pantothenate 11000,
folic acid 2000, vitamin B, 1500, vitamin B, 2000, vitamin B, 2000 and vitamin C 50000.

7] o8] Aygto|th(Olsen and Hasan, 2012). o 532 o]
Sqlo] ojaan gl SeluRtRAL 2 91717} obd 4
], olg et 4 gl T el ol g 177} A
Aeolck, AlAA 0. ol it BANE S 251 99l 4]
d 2 S A AbR R i gt A4S 2aE] 119
3f 231 QtH(Burr et al., 2012; Collins et al., 2012; Deng et al.,
2006; Luzier et al., 1995).

S5, ARYRE % hRure A8 BalgeloR thid
3leFo] 40% o|Ako]al, ofu| Al ZA]o] H]
Uat 7o) #e gl SHgHoleld W o
Qict. e, thEte] A% Baotuliedl 240) B 9
phytic acid ! trypsin inhibitor 5-2] &% A4 JR7}F A4S #{ 8F
AT gra A A S ko] AR o §48 Eol7] 9
St ALy} chokshA| o] Fo]x|al QT Watanabe et al., 1988;
Dabrowski et al., 1989; Murai et al., 1989; Pongmaneerat and

rsi' o o In
]

A

_>a

Watanabe, 1993). 2] &-4] %ELH ARt e W)
iFHRc R WA S 53 YR o] 84 A dqEo] A
1! QJtH(Gatlin et al., 2007). Yamamoto et al. (2010)2] &1Lo]
Ae FAN o8 *Pﬁﬂl/\i oS HaYFulyt Z2FH|
2 A okle wf thztet vt A A TS UEk
otk B3}l Lactic acid s tFuhy shgxlo]9)
= trypsin inhibitor 242 W31 sucrose?} H| A B TR Q]
raffinose $H-2 Hoja|i= 7 0 &2 B 1% rh(Refstie et al.,
2005). Leju, =W P25t o= gt A o Fak ot A
o] §l= AA ol ojet A HE A7t Alget Aot

2 AolA = Al dA o] HEH o85S =
stetaat AaA7l o FEH (T A RS ARSSE o, Rt
20171 Y2 AtkmW HahFul ohgs gefsto] A8t
=2l o= H=AHA] of2S Al 4= A=Al P skl

A3t

3 4
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Table 2. Amino acids composition (g/100 g amino acids) of the experimental diets

Amino acids Diets
(9/100g amino acids) FSM, FSM,, FSMy, FSMy, FSM,, FSMagan  FSMuguns
Alanine 6.1 5.7 5.2 54 5.2 54 5.0
Arginine 6.0 5.9 5.6 6.0 6.2 6.1 59
Aspartic acid 9.3 9.4 9.0 97 10.0 9.8 9.7
Glutamic acid 16.7 16.8 16.7 176 18.1 175 173
Glycine 6.0 5.6 5.1 53 5.1 53 49
Histidine 35 3.3 3.0 3.1 3.0 3.1 2.9
Isoleucine 45 44 42 45 45 45 44
Leucine 7.9 7.7 7.3 7.8 7.8 77 7.6
Lysine 8.0 77 74 7.1 7.0 74 7.1
Methionine 2.8 25 2.0 2.1 2.0 24 22
Phenylalanine 4.5 4.5 43 47 4.8 4.7 4.7
Serine 42 42 40 44 45 43 42
Threonine 45 43 4.0 4.1 4.1 4.1 39
Tyrosine 3.2 3.1 2.9 3.2 33 3.2 3.1
Valine 24 5.0 47 5.0 5.0 5.0 48
Mz H A FSM, )7+ 30%, 40% Za e =5} c#] A HFSM,, FSM,)
of| g4 ofu|i=AK(methionine and lysine)S 715+ AF AR 2
EEAE FESM,,, o FSM, )R & TE570] AARRS O RERT
U] Aslo] ALEl AlRALEO] Atz elmel lubE A (Twin extr;uder, ATX-— I, Fescg, Korea)E A5 EPAIR &
9 74 obElieALe Table 13} 20] Lehgich, il g oo e AEO ARSI
wdelo 2 2ol (Halh), SE R W 9ol Malof Y AR
5 ARgstelon, AP0 R o {5 ARSSEYloH, AL

FOf| A AAL Al FAARE 18l AREShE HRE Fuiske] AR
SEQATE. o] 9ol Abr H7HA=A] tiFlAIE, BlERR 9wy
o BEE ARSI BE APAR] ok TS 20
a7 50%, 244 10% 257} HES AAskgct. & Ao
AR =2l ¥Ha e (DaBomb-P, DaBomb Protein Corp,
Taiwan)2 Lactobacillus acidophilus W& w52 715 & 2] &
Qlom, oA Sk 52%, 8 39 9FQl AKanti-nutritional
factor) T=F2] 7%, EF Al A8f| Q1K trypsin inhibitor) 1 mg/g
ols}, @El(lectin) 41 ppm, S2Fo|AH(glycinine) 7.9 g/100
g, Wel-ZZ2to] A (beta-conglycinin) 1.4 g/100 g, &-7]AF
3.0%=Z YelgtiDaBomb Protein Corp, Taiwan). ¥Fa T
SFHH(Fermented soybean meal, FSM)& 0|83 o] & 4] &
g 2A517] Slstel & 7559 APARS Azt o
ZF(FMS )2} ofi THIAS WRREFSMIOR 10%,
20%, 30%, 40% gt AFALR 45(FSM, , FSM,, FSM,,

10° 20°

Al o= #7209+ 1.8 g (mean+SD)2] HA| 2o &
24749] 400 L polypropylene 3@ =20 25ute] 4] Aol 2
3ukEo 2 FAR ui RISk 24 A A AR
B AR7E 2T 20 L7} HES S gl om, 2nfr) ofof
£ 3uohth AR S E2 1Y 23] WHE 353513 01, AR 7]
1% W22 223+1.8T (17.7-25.0C) %ek.

2 AP A ZHA a1gkst £ 3] A E

dskaach 67HA] AbR S| AN AE W Ty 4518 &
AVSFEE(Cr,0,) W (Hanley, 1987)2 AH83151.0.1 Cho
and Slinger (1979)$} Sugiura et al. (1998)2] B} o] &} 4] 7
Absoiet. 7F Aol 23 S o R A REH
QA ABFLE(Cr,0,) o]-8-3te] At Hof thaS ZA3t
S Ao B O] ARt E 2 S8k, th Ao ofste] 2}
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Table 3. Growth performance of olive flounder Paralichthys olivaceus fed the experimental diets for 8 weeks!

Diets Pooled
SEM™
FSM, FSM,, FSM,, FSM;, FSM,o FSMsgian FSM4p+an
W2 21.0 20.9 20.9 21.0 20.9 21.0 20.8 0.81
Fw? 98.9® 109° 98.6™ 99.8* 85.6° 93.8° 84.6° 2.1
wG* 372* 421° 371* 377 309° 347 306° 6.68
SGR® 2.59® 2.74° 2.58® 2.60® 2.34° 2.49° 2.34° 0.09
FE® 120° 114 114 106" 96.4° 107° 98.7° 1.45
PER’ 2.41° 2.34° 2.23* 2.07° 1.91° 2.09” 1.93° 0.09
DFI® 2.16 240 227 245 242 2.33 2.37 0.05
Survival® 100 97.3 98.7 93.3 94.0 97.3 97.3 1.26
! Means of triplicate groups; Values in the same row with different superscripts are significantly different (P < 0.05).
’IW: Initial weight (g/fish)
’FW: Final weight (g/fish)
4WG: Weight gain (%) = (final wt - initial wt) x 100 / initial wt
SSGR: Specific growth rate (%/day) = [(logc final wt - log, initial wt) / days] x100
°FE: Feed efficiency (%) = (wet weight gain / dry feed intake) x 100
"PER: Protein efficiency ratio = wet weight gain / protein intake
SDFI: Daily feed intake (%) = Total dry feed intake x 100/{(initial wt. + final wt. + dead fish wt.)/2} x days fed.
Survival (%) =Number of fish at end of experiment / Number of fish stocked x 100
10 Pooled standard error of mean: SD/Vn.
AlR 0] thill A 45188 =A%) £ sodium citrate buffer (pH 2.20)= 25 mL g-8-Z}AF9

85101 0.45 um membrane filter=2 ©]3} 3+ A| 24 o}n]

A= 238(%) =100 X (A= 5Y Cr,0, %/ B 29 Cr,0, %) A A5 24 7](Biochrom 30, Biochrom Ltd., England)&
DI-H“X‘ 28H&(%) =100 x (AF= 52| CrO. , %0/ H20] Cr,0, %) ARE-BHo] oF2- 3 2 24 0 &2 B A351$I L), Cation separation
ZO) THalA] 0 / A} =0 THal ] %) column (oxidised feedstuff column, 4.6 mm x 200 mm)< A
4312137 0.2 M sodium citrate buffer (pH 3.20, 4.25)2} 1.2 M
sodium citrate buffer (pH 6.45) ¥ 0.4 M sodium hydroxide

HHEY & H4E=EM

o)A AL ARZAF ARl 7 Al 24 A 4847 A4 solution& 0] F 425 AH-3FGITE. 0] 5] 42 0.42 mL/
AlZ] 3 MS-222 100 ppm £>8-H4 © 2 t}FA|A $=20] 485 min, ninhydrin -§%2] 442 0.33 mL/min, column &%=
T E Aslo]o] A RA S 2AsAh AdEn T YEE, = 48-95C, HFE2 == 135C &2 2 4dlo] BAlsl 4t
A&, 88, AFR RS, IR HE 55 2AFSHITH £7%2]

AR A= 7t 2= Ao 5“}‘“/]‘4 A=
A EZ3lo] HojAE EA4592H, AOAC (1995) o ule} ZA1}o] A % 2]+= SPSS program (Version 11.0)y-& A&-5}¢]
Z=H0 Xokytd Zjé‘ﬁ(BS"C 2A17b), 2 A2 kjeldahl 2 One-way ANOVA testS A A|3F &, Duncan’s multiple range
2GRN X6.25), 2382 A 3|spH o2 A5k = test (Duncan, 1955)= H+7t2] Trq*g% ARSI THG-2)4
A AL 22 A3Z7)(Velp SER148, Italy)E A8} ether® Z, P<0.05).
FEe 5 é Jotelet. Hdotu|ieal A2 A& 0.5 g&
% stol Al@el Wil 6 NHCI 15 mLE 7}5to] et g 2t 3 o

% 110C 9] dry oven©ll A 24A[7F o4} &<t Al 7h4= =l A|
T‘/} Glass filter= -‘:#oHOH S o] T}sta P& oML 550 A 7t 2017] YA Atz o] 2ok Fhe 9l ofnficAl 2402 i
o} L23}o] WAL} B8 obda] ZurA7] e, H2E AR T} BlaLste] ARG S AW (Table 1 and 2), o]=
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Table 4. Apparent dry matter digestibility (AD) and apparent
protein digestibility (APD) of olive flounder Paralichthys olivaceus
fed the experimental diets for 8 weeks!

Diets AD (%) APD (%)
FSM, 85.0° 94.2°
FSM,, 84.2° 93.6°
FSM,, 83.1° 93.1°
FSM,, 82.2* 92.5®
FSM,, 78.7° 90.9°
FSMyg.an 82.6™ 92.8%
FSMug:an 80.5 91.3°
Pooled SEM? 0.66 0.68

'"'Values (mean of triplicates) in the same column with different
superscripts are significantly different (P < 0.05).
2Pooled standard error of mean: SD/n.

ApRU a0 2 QI Aol ut oful et 3 7HA] ®
£ 7 ool AWHGS w) ek FAL gl Ao B

gt

A7l YAE o= 8% Fot Al o fixder
A E ] AR AT Y s Table 30f LB QI
HELL 93-100%2 =& HELS HYon], mE AL
A frelgt 2ol 7k YIATHP>0.05). SA1E&, A7 9 A
2AEL2 FSM,, FSM,, FSM,, & FSM,,, A&7} ti=

10° 20° 30+AA = H

ot vlmsto] folel Aolg Rolx| gigon, FSM,,
FSM,,.,, A5 27 Bk f-2)sb] w2k vehfgl
TH(P<0.05). T A 4%k a 82 FSM, % FSM, A7 dj =
ok ulmato] fel2jl Zol7t gl onl, LA E FSM,,
9 FSM,,,,, FSM,, % FSM,, |, A7 o] vls]
O3 SITHP<0.05). YAARAFHAEE BE HFTo|A
folat zol7} Wol 2] IITHP>0.05). AT H7} 52
of wket ghotn] eAle HETE AYTEESM,, L FSM,, ,,
FSM,, 2 FSM,,, )9 ulitel QlolH® FA1%, A48
U AR ES 5] §oH 2l Aol YATHP0.05). o4 4
TS i o 2 PSS W, WA Aol ARReA ol
o] 30%71A) R FO R o] 7Rs e 202 Holu, T4
o)Al A7} W2 A% % AFREE M Gl Ao
2 et

iAo 7 AEHthE SA4 offolA AR A=A
A7 o]gAo] 2 Aoz BWIESITHOlsen and Hasan,
2012). o]= A4 ol 77H AlE A Yol EAsHE At
= UEhaL glom, ks &
2 B I%3 ¢Jt(Wee and Shu,

Table 5. Proximate composition of whole body in flounder
Paralichthys olivaceus fed the experimental diets for 8 weeks!

Diets MOSe Sy S P Asn ()
FSM, 74.9 18.5° 3.1° 33
FSM,, 74.9 18.3° 3.2° 33
FSM,, 75.1 18.5° 3.3° 34
FSM,, 743 18.2° 3.0° 35
FSM,, 742 17.5° 2.9° 3.3
FSMag.an 75.3 18.3° 2.5° 33
FSMyg.an 75.2 18.1% 3.0° 33
Fooed 05 0.11 0.07 0.04

'"'Values (mean of triplicates) in the same column with different
superscripts are significantly different (P < 0.05).
2 Pooled standard error of mean: SD/vn.

1989). o] A o] Aol 4] thF=atoll oJgt o & A& 23 &
2H(Lim et al., 2004), H-o(Shimeno et al., 1993), F =2} v|(Lee
and Lee, 1998)e]141 10-30% 190, { 2] 20} Abzof
A= AP of i Tl A o] 20%7HA] Ha o FEto s oA
4 919EHCho et al,, 2004). 4124 L=0] O} 44S %ol7]
A3t Hroto & MR E L3S AbR o] 9l o (Gatlin et
al., 2007), =5 FAE AFE L2 o A= BA
Holrt. Lim et al. (2010)2] A-Foll A= 30%9] of & T2l S
Aspergillus oryzae= WA A1 AN} o k0 2 A 7
g A19] 7ol "ofRittar Harskgirt vhd 2 Aol A=
o5kl 2l 30% A (Lactobacillus acidophilus 2 o 521)
ol M= 92 Q1 A7 a7 e A ekttt whebAd, A
A HaEg] A AT YR 9| o] 84S Al
24 918 A0z woln, BRIy % Sgeeltel £.0142)
Ziol ofs) Aok 4 2 ol 840] BAE A0z ek,
53] & Aol ARG AR P FAAR] trypsin
inhibitor (TI)7} 1 mg/go]d}2 el o H, o]+= oFo]-&- HljghAL
2.2 AgaHs B4 thEsel TI 4291 13 mglghithe whe
e Ho 2 Ato] A SRl skal Qlk

YRS ofiohd) T Ao AT o TEaof 8 A
2 ARl oAl 24S 5 4 UETINRC, 1993),

FHRO A o] o E ALY S ofw| k= ARAIRE oF
1 =Aiho] Bt E o' o] 7o) Aol AshE il HarE il §)
ThH(Jackson et al., 1982; Murai et al., 1989). Z|- W2 oS
o g2 AE/d Ao ot o oA A7t Edol o]
ofA 51 glow, 484 URo| 0§41 ol gt Wetow
A3t obn]1=Akel methionine & lysineS HZ35}o] thA|& &F
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Table 6. Amino acid contents of whole body in flounder Paralichthys olivaceus fed the experimental diets for 8 weeks!

Amino acids

Diets

(g/1009 amino ngllad
acids) FSM, FSM;, FSMy, FSM3, FSM,, FSMag.an FSMg:aa
Alanine 7.0 7.3 7.2 7.1 7.1 7.2 7.3 0.03
Arginine 6.7 6.8 6.6 6.5 6.5 6.7 6.7 0.04
Aspartic acid 10.3 9.9 10.0 10.2 9.9 10.1 9.9 0.07
Glutamic acid 14.6 14.6 14.6 14.7 14.2 14.6 14.5 0.01
Glycine 7.5 8.1 7.6 7.2 7.4 7.7 7.9 0.06
Histidine 22 22 2.3 23 22 23 24 0.02
Isoleucine 4.3 4.3 4.3 44 4.2 4.3 4.3 0.05
Leucine 7.8 7.7 7.7 7.9 7.7 7.8 7.7 0.06
Lysine 9.3 9.3 9.3 9.3 9.0 9.2 9.2 0.04
Methionine 27 2.8 29 28 28 238 27 0.02
Phenylalanine 4.3 4.3 4.2 4.3 4.2 4.2 4.2 0.02
Serine 45 4.5 45 4.6 47 45 4.5 0.02
Threonine 4.5 44 44 45 4.3 44 4.5 0.06
Tyrosine 3.4 34 3.4 34 3.3 34 3.3 0.06
Valine 5.0 5.0 51 5.0 48 5.0 5.1 0.04
CTotalAA 941 946 94.1 942 923 942 2

Values (mean of triplicates) in the same column with different superscripts are significantly different (P< 0.05).

2 Pooled standard error of mean: SD/vn

Al AkEo] =353l Itk(Collins et al., 2012; Cheng et al.,
2013; Deng et al., 2006; Murai et al., 1982; Shiau et al., 1988).
xol7] YA YA ALR W SRk Abgato] of
chlA o] 20%71A] A8l A oFr] A methionine and
lysine)S 7Fe 79 o] & e a10] 30%714) chAlE 4 ok
1 ¥ %] QITH(Choi et al., 2004). L2t AFE Y] A gE obu) AL
& BEstolE 4 NN B glrks AFHIE Yk Mu-
rai et al., 1982; Andrew and Page, 1974; Lim and Dominy,
1989).

S-S 747} 78.7-85.0% 2+ 90.9-94.2% WG OB, FSM,
FSM,, FSM, ¥ FSM, A%l dj 7o} uluste] (-9
Z] o] 7} gli= Wi o] FSM, 2 FSM,,, A &= dj2 B
o4 0.2 W2 28R TRE YR /leH(P<0.05). A EAMR
o] 4shg2 AR WA gefo] S7hete] wet wob]
= B Halon, @ ohnlieate] 7t whE 4vkE T
7R WA kol 2 el T A8kE7R= 90.9-
94.2% 9919254, Choi et al. (2004)] &17ofl A 1 515

2 23H7H86.3%-93.7%) HU} w2 3hS BTt o] ik
e ol ARg-E iRl YR oJgt Ao Holn, B o] A
ARG thFEbe] A aby F m o] ofRh o]-& Bl AaAlg
< B0l LA} el o] A fAbo] el E s P2 Eof =
of Y=l Tl 4387 b} sobkl A o' AR ETHOng et
al., 2006).

ASAY TR S ATARES IS 2lo)7] FAle] AojA|
AUuhRE A Avl= Table 50 YeERQIch Zehid ere
FSM,  A38+E AlQlgh wE Ad oA oz et vl asto]
roJAel 2polE YehA] Rty 221 T2 FSM,,,
APTE AR B A olA Fo2 3l 2ol 5 HYEA|
Ut

ARAAERE AFIRE Z]017] PR 9] Aot At 4] A=
Table 60 LERH ST & AR olA HofA| G4 ofmficeil oF
T2 92.4-94.6 /100 g amino acidsZ WEFGFO™, 7+ Agt
£ Abol] 4 ohu|ieAt Atojolli= A7 UEREA] 99k
(P>0.05). whapA], ofu|ieitko] Aol 25t A4 A8l -5-2] of 2]
L5 iAE 4 S Aoz Y7

urebA 2 A A0S BrlR 20)7] Ao QlojA ol &
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Aoz A LA e Hg ofu|ieAte] B glo] of it
0] 30%7HA] thA7F 7Hs e Ao Hom, gro e Waa
20| 7hgA]e] 2710f| w2 At FEre] o] gl oz A+
7FF7H 0.2 JgE ojop & Aotk

Al AL

o] QT FH4ARIOH (13 ALG AL A 2 F
Aee] A, RP-2013-AQ-159)2] 4| 910] <3} gt
olof g2t =g,
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