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Effects on Growth Performance and Fatty Acids and Amino Acids
Composition in Marbled Eels (Anguilla marmorata) fed Formula Feeds
Containing Alternative Sources (fermented soybean meal, squid liver powder

and corn gluten meal) of Fishmeal
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Abstract

The potential and drawback of three alternative protein sources(fermented soybean meal, squid liver
powder and corn gluten meal) in marbled eel(Anguilla marmorata) culture were evaluated. Contents of both
crude protein and essential amino acids in alternative protein sources were lower than those of fishmeal,
and with the exception of squid liver powder, crude fat contents also were considerably lower than
fishmeal. In growth performance on three kinds of diets having 10% alternative protein sources(fermented
soybean meal, FSM; squid liver powder, SLP; corn gluten meal, CGM) compared to control(100% fishmeal
as protein source, TFM), weight growth rate were in the order TFM(85.26%), FSM(67.6%), SLP(65.4%),
and CGM(58.1%), and feed efficiency were in the order TFM(87.7), SLP(75.3), CGM(72.9) and FSM(66.8),
suggesting that it is difficult to replace the feed efficiency as these alternative protein sources. However,
the feed intake which can predict digestion efficiency were in the order FSM(101.9g), TFM(99.4g),
SLP(87.3g) and CGM(80.5g), and showed the potential of fermented soybean meal as an alternative protein
source. In the meantime, lysine and methionine that added to the FSM to overcome the decrease in feed
efficiency were found to rather inhibit the growth performance in proportion to the concentration.
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<Table 1> Ingredient, proximate composition of
formula feeds used in experiments to
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2~(Seoul Vet Pharm Co., Korea) 2 1% vju|& o
2~(Seoul Vet Pharm Co., Korea)= Z/J3FATE %=
A AtRe =i S TFM 50%, CGM
49.6%, FSM 48.7% @ SLP 47.2% <=o]qlt}. A&
SHeES SLP 6.4%, TFM 54%, FSM 4.8% %
CGM 4.8% <=olith. wigte AbRe] U= g
& FdE BAX(cal/lg)E= SLP 4519, TEM
4502, CGM 4454 2 FSM 4327 <=o]3it}.
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<Table 2> Ingredient, proximate composition of
each formula feeds used in
experiments to test effects of amino

test effects of alternative protein acids (ysine and methionine) for

sources as additive in  Anguila complement of fermented soybean

marmorata culture meal as alternative protein source in
Composition ™ Fsw sp | com Anguilla marmorata culture

Brown fish meal® 70 60 60 60 Formula feeds
Fermented soybean meal” 10 Composition

Squid liver powder® 10 CON LMI-1 LM2-2

Com gluten meal® 10 Brown fish meal® 58 58 58

Beer yeast® 3 3 3 3 Fermented soybean meal® 10 10 10

a -Starch’ 25 25 25 25 Beer yeast* 3 3 3
Mineral premix® 1 1 1 1 @ -Starch? 23 23 23
Vitamin premix” 1 1 1 1 Mineral premix® 1 1 1
Crude protein (%) 50.0 48.7 47.2 49.6 Vitamin premix’ 1 1 1
Crude lipid (%) 5.4 48 64 48 Cellulose® 4 2 0
Crude ash (%) 9.0 84 84 7.9 L Lysine" 0 1 )

Calorie value(cal/g) 4502 4327 4519 4454 L-Methionine' 0 1 2
*Glumar Co., Chile; °CJ Co., Korea; °HS aquafeed Co., Crude protein (%) 48.2 49.7 51.0
Korea; ‘CJ Co., Korea; °Biolife Co. Brazil; 'Asai Co., L
Thailland; ®Seoul Vet Pharma Co., Korea; "Seoul Vet Pharma Crude lipid (%) 60 538 6.1
Co., Korea. Crude ash (%) 9.7 9.7 9.5

Calorie value(cal/g) 4344 4367 4411
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= }\]' ° Eix T/HJ—?(TFM)Q’]’ 01""-/] 10%= ‘Q‘EH hVet Pharma Co., Korea; nggtal Chemical Co., Taiwan;
L= ‘:”'(C J  Co., Korea) (FSM), 2] 01 ]'T"i‘(HS giar;/i):all;“oggula;og; USA; 'Daejung Chemicals
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<Table 3> Proximate composition and amino acids
composition of each protein source
components used in experiment

Fermented
Brown fish  soybean  Squid liver Corn gluten
meal meal powder meal
(defatted)

Proximate composition (dry matter basis)

Crude protein

o 696+ 15 573+ 14 4l4+06 663+ 12
0
Crude lipid 0, 04 19+01 178403 1301
(%)
Crude ash (%) 126 £ 03 6301 62=01 14+ 00

Calorie value o3 1 150 2,797 £ 90 4721 £ 130 4074 £ 100
(cal/g)

Essential amino acids (g/100 g dry wt)

Methionine 1.6 £ 0.1 0.7 £00 07 +00 14 +0.1
Threonine 32+£01 22+£01 1500 22=+01
Valine 29+01 22401 16+01 24=+01
Isoleucine 25+01 2101 13£00 2101
Leucine 50 +£02 42+£01 33=01 10305
Phenylalanine 2.6 = 0.1 2.7 £ 0.1 1.8 £00 3.7=+0.1
Lysine 55+02 30+£01 13+£00 10=x00
Histidine 29+01 14+£00 08=00 12=00
Arginine 40+£02 35+£01 23+01 1.8=0.1
Non essential amino acids (g/100 g dry wt)
Aspartic acid 6.6 £ 03 62 +03 3.0+01 38 +02
Glutamic acid 9.2 £ 0.3 102 £ 04 7.1 £ 02 13.6 = 0.3
Tyrosine 20+00 1.7+£00 12+£00 30=x01
Glycine 41+£02 2301 1901 16=01
Alanine 42+01 24+£01 22401 52+02
Serine 3001 29+01 1.8=+01 34=x01
Cysteine 06+00 07+00 06=00 11=00
Proline 29+01 29+01 22+£00 61+02
- -F:A/-X- E"Z); ------ 3 -0-3 ------- 2 -2-0 ------- 1-4-6 ------- 2 -6-1- o
- -1:/;/;-* ;(-“/;) ------ 6 -2-9 ------- 5 -l -3 ------- 3 -4-5 ------- 6! -3-9- ”
B 7Y
atio (%) 48,2 429 423 40.8

All tests are performed by three replicates. Data are represented
as mean values + SD. Values in the each row with different
superscripts are significantly different (P<0.05). 'Total essential
amino acids. *Total nonessential amino acids. ' 'Total essential
amino acids/total amino acids x 100.

FEHESM),  eAgolzbEsie) B ZETdd
(CGM)YE 72t 10% H71at wjaaba sl ofzTa
BTFIM)E 673 338 5 ZA8 52 378

S Th(<Table 4>).
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<Table 4> The comparison of growth performance
of marbled eel Anguilla marmorata fed
formula feeds containing alternative
protein sources for 6 weeks

TFM FSM SLP CGM
IWig) 1023 + 0.6 100.7 + 0.5° 1005 + 0.3° 101.2 + 0.7
FWPg) 1894 + 2.8" 1687 + 1.8° 166.3 + 3.0° 160.0 = 7.1°
WGg)  87.1 £22° 680+ 14° 657 +33° 588 + 6.6°
DFI{g) 994 +23* 1019 = 1.5* 873 + 3.8 80.5 £ 59°
FE(%) 87.7 £ 0.9° 668 £ 1.6° 753 = 2.6° 729 + 3.
PER(%) 176 + 0.0° 137 £ 0.1° 1.60 + 0.1° 147 £ 0.0°
WGR&%) 852 + 1.6 67.6 + 13" 654 +34° 581 + 62
SGR(%) 171 £ 0.0° 143 £ 0.0° 140 +0.1° 127 £ 0.1%
SR(%) 100£00 100 £00 100+ 0.0 100 £ 0.0

alnitial weight (g/fish)

®Final weight (g/fish)

“Weight gain (g) = final wt - initial wt

9Dry feed intake (g) = Total dry feed intake

‘Feed efficiency (%) = (wet weight gain/dry feed intake) x 100
fProtein efficiency ratio (%) = weight gain / protein consumed
EWeight gain rate (%) = (final wt - initial wt) x 100/initial wt

"Specific growth rate (%/day) = [(loge final wt - loge initial
wt)/days] x 100
Survival rate (%) = (number of fish at end of

experiment/number of fish at end of experiment) x 100

Data are represented as mean values £ SD. Values in the each
row with different superscripts are significantly different
(P<0.05). All tests are performed by three replicates.

ZA &9 Hlwoll X TFM(85.2%) > FSM(67.6%)
= SLP(65.4%) = CGM(58.1%)C.% TFM At87}
e Al @ HURbRe] Blwske] {94
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<Table 5> Proximate compositions of whole body
between eels Anguilla marmorata fed

formula feeds containing alterative
protein sources for 6 weeks
Formula feeds
TFM FSM SLP CGM

Moisture (%) 69.0 £ 1.9 688 = 0.6 69.0 £ 0.8 68.8 = 0.4

Crude protein (%) 16.5 + 0.5 164 £ 0.6 163 + 04 168 £ 04

Crude lipid (%) 107 + 03° 10.8 + 03° 10.1  0.2°10.6 + 0.3°

Crude ash (%) 19+£01 22+£00 2101 21+01

Data are represented as mean values + SD. Values in the each
row with different superscripts are significantly different
(P<0.05). All tests are performed by three replicates.

FRIBLE ok 6907 EFUFIP o, Fuhily
AA 2k 165%% LA U9 XME&% HS
b 2R = oAl AP Z Aol7F (Ul

>

A RE FSM(10.8%) TFM(10.7%) =
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b’Lako] 7}0 J_‘_ SLP /K]_E /\1640] XﬂLH Z X
S TP WA JEkETh i e
AR Fo|A oF 2%= AAF 7+ FoF Aol
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& ATl 673 wold AFo] dojAlel  wHite] 7P =9k o, SLP(13.8%) > FSM(13.2%)

Aol Ak W] W 3} th(<Table 6>). > CGM(12.8%) > TFM(12.6%) =]t}
<Table 6> Amino acids compositions of whole <Table 7> The comparison of fatty acids
body between marbled eels Anguilla compositions between marbled eels
marmorata  fed formula  feeds Anguilla  marmorata fed formula
containing alterative protein sources feeds containing alterative protein
for 6 weeks sources for 6 weeks
Formula feeds Fatty acids(%) Formula feeds
Amino acids (carbon No: double
TFM FSM SLP CGM bond) TFM FSM SLP CGM
Cysteine 0.5 + 0.0 0.5 + 0.0 0.5+ 0.0 05+ 0.0 Myristic acid(C14:0) 38+ 0.1 40+02 39+01 37=+01
Methionine 12 + 0.0 1.3 + 0.0 13 £ 0.0 1.3 £ 0.0 Palmitic acid(C16:0) 230+10 235+07 235+1.0 231 +08
Aspartic acid 47 £02 48 +£02 47+02 4802 Palmitoleic acid(C16:ln7) 59 + 02° 60 £ 03* 53 +02° 56+ 01"
Threonine 24401 25+00 2401 24+01 Stearic acid(C18:0) 5600 56+01 57+02 58+02
Serine 24+00 24+00 23+01 23+01 Oleic acid(C18:In9) 467 £20 452+21 452+ 17 465+ 18
Glutamic acid 72 +02 73 +£0.1 70 £ 02 71 +£03 Vaccenic acid(C18:1n7) - - - -
Glycine 37+000 33+01° 31+01° 32=+01° Linoleic acid(C18:2n6) 17£01° 21+00° 22+01° 2101
Alanine 32+01 3101 3001 3001 Y-Linoleic acid(C18:3n6) 0.1 +00 01£00 0100 0100
Valine 21+£00 22+01 21+0.1 21 +01 Linolenic acid(C18:3n3) 09+ 00° 11£00° 11£00° 0800
Isoleucine 18401 194£00 18+£00 19=0.I Eicosenoic acid(C20:n9) 24+ 0.1° 25+ 01" 27+01" 25+ 00°
Leucine 3601 37+00 3601 36=01 Arachidonic acid(C20:4n6) 0.6 + 00° 07 £ 0.0° 0.6+ 00 06+ 00°
Tyrosine 14 + 0.0 14 + 00 14 £ 00 14 £ 0.1 i;cgzeg);)ntaenmc acid(EPA) 16 £ 0.1 16401 16<00 1501
Phenylalanine 2000 2000 2001 20 £0.1 :
Docosatetraenoic
Lysine 39+02 4001 4001 4002 cid(C22:4n6) - - - -
Histidine 18£01 19+00 19+01 1901 i
D‘?;";i’z‘aecnz";s X 78402 77+03 82£02 78%03
Arginine 3001 30+£01 29400 3001 acid(DHA) €22:6n3)
Proline 20+01  20+01 19+01 190l Total 100 100 100 100
Data are represented as mean values + SD. Values in the Saturated fatty acids(SFA) 324 331 331 326
each row with different superscripts are significantly different Unsaturated fatty
(P<0.05). All tests are performed by three replicates. acids(USFA) 67.6 669 669 674
- monoUSFA 550 537 53.1 54.6
obu Al ZAJelA Zolzt Q= 37 UlAl & Douska 126 132 138 128

el YIRS Fold o)dt H&o] oA Ul o} Dawm are represented as mean values + SD. - represents below
- - . the detectable range. Values in the each row with different
oAl A= A9 WSE }ISIOm, Glycine  gyperscripts are significantly different (P<0.05). All tests are
2k TFM(3.70%) > FSM(3.3 %) = CGM(3.2%) =  Performed by three replicates.
SLP(3.1%)°] TFM} E} AbE Fo] Foj7h f-2]%]
aol2 JeERJQITh B AT Ade] o] o] 4. LSOiFE 10% At=0le] AAsETE St
AAE 2AE Bl skl th<Table 7>). E3HAW &ﬂ%%‘?ﬂ A7 8] A5 opu] At lysine ¥}
Ab, BESIAAE Bl EE 7 AWal 24l methionine2 ZF 1%(LM1-1)2} 2%(LM2-2)% %7}
AT Aoz 34 Fth ok, 2o My F AIRE 6577 ¥R F AIRAE, SAE 5
10% A7} AbR wol Addojelx o A% & dZT(CON)9t H] w3} Th(<Table 8>). SA&
gy euzt AARS x3el 1% Exskr] (WGR)Y Hl oA CON(62.7%) > LMI-1(52.7%)
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Of ZCHA| cHMAR (LT, 2Fojzte, 227
HFA
O -

top ofofic gt

> LM2-2(36.3%) 2.2 7 7}A] ofu|=ike] H7bE
Lo Whalgete] ZAaadsE e Al R

(FE) <Al CON(55.0%) > LMI1-1(46.3%) >
LM2-2(32.1%) <o & olu| Ak M7} 4l Hrls =

of gl Atk J]E o] gE
(PER), UAAAE(SGR) 59 H7} oA B0}
U]}f_}fl' T 7]—1]‘,] 147]-3‘_‘1/]_}4 EHE‘?‘ oﬂ H]ﬂ’é‘}-

o] §2141(P<0.05) AR F7FE

<Table 8> The comparison of growth performance
of marbled eel Anguilla marmorata fed
formula feeds containing amino acids
(lysine and methionine) for complement
of fermented soybean meal as an
alternative protein sources for 6

weeks
CON LMI1-1 LM2-2
IW(g) 1275 £ 0.5 1275 £ 0.5 127.8 £ 0.3
FW°g)  207.5 £ 1.3* 1950 = 11.0°  174.0 £ 0.6°
WG(g) 80.0 + 1.0  67.5 + 11.5° 462 + 0.3°
DFIY(g)  145.6 + 0.9° 1468 + 2.8° 134.8 = 15.7°
FE*(%) 55.0 £ 0.6° 463 + 8.4° 32.1 + 3.0°
PER{(%) 1.1 £ 0.0° 0.9 £ 0.1° 0.7 £ 0.1°
WGR¥%) 62.7 £ 0.7° 527 + 83° 36.3 + 0.3°
SGR"(%) 1.4 £ 0.0° 12 + 02 0.9 £ 0.0°
SRi(%) 100 + 0.0 100 + 0.0 100 + 0.0

“Initial weight (g/fish)

®Final weight (g/fish)

“Weight gain (g) = final wt - initial wt

9Dry feed intake (g) = Total dry feed intake

‘Feed efficiency (%)

= (wet weight gain/dry feed intake) x 100

‘Protein efficiency ratio (%)

= weight gain / protein consumed

tWeight gain rate (%) =

(final wt - initial wt) x 100/initial wt

"Specific growth rate (%/day) = [

(loge final wt - loge initial wt)/days] x 100

'Survival rate (%) =

(number of fish at end of experiment/number of fish at end of
experiment) x 100

Data are represented as mean values + SD.

Values in the each row with different superscripts are

significantly different (P<0.05).

All tests are performed by three replicates.

Hal) M7} x|oj7| FEREO (Anguilla marmorata) 82t of x|
&0 o|xle dE

o

T T o] ¢AToE o
b AWAOY(A. japonica)= A E O]
° 331 Rem, olef tete
FHE = TR
ol(glass eel)s F2sFaLA}
ks AZ7F fElueE, S FolA HE olFo
A3 ek 2EANE FEgols B Aol
A dud w E%Loiod H|FeHA.
pacifica) SHRUE TAE(WGR)Y A=A 5(FE)
o] A ¢4vx A H S (Mingzhong et al.,
2013), =sat M=ol g Blwsto] ARG W
Huo}l o] tigh Aol wol 4 o R
Hol 5o ik thA 9 wiztojele] xpH A o
Az70] QFEHE Aow HE HE O]E]'(Lim
et al, 2015). F%, AADAEE JdAYHE JJr
Araas %"ﬂ/‘ﬂ =&AL ‘i‘l

(A. marmorata) W%

bicolor

r

Hasan, 2012). ©]i= o}9] oju]Ab Ao |
sto] A=A wulge] Fpotnito] A o
2 Azt opw|iate] Ay F47F G Ao
2 HuH7|% 39 th(Jackson et al., 1982; Murai
1989). HgF ol offi= A=A A5 &
sk dedkatel diste] ®Brp wigkebA wkg
stRE Jokh F9 o] &Ao] AdtHeE AoR
B 15 tHWee and Shu, 1989). AA 2, ¥ A
o]Ql FEjgo] AAl thFute] FE o thA

et al.,

BN el veste] FAET AnEEs
A Wolmel gom FrhE kel

ulAA. o2 AEd w@me o] §4dE %ol
7] fl8te] 2aE Feke] VEAY SAES &
A

gle= AlE7E @ds] o] FolA|aL glom, oA
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oFQl Ao)7] YA A4 ojEuMAS g
FEro 2 30%7kA] thAlste] dixTtell Hlwated
o]l HAA gkttia WA E7| % 39 th(Kim

et al., 2013), o]2]d H o] 7]F&te] E Ao
el AEolE dow o g el

o
off A& FrlolA, wEAR 9159 AlRE
S k= wEFole] AL wrEoRub 309 o]
_]

= a2
Ao H7e WEEALE AA & BEAo] oS n)

A AT EEARR Y Eolge] whE WS
o7 sFglekHlelE] wAIAl. of&e, Ae17]
wAeh 2o SAE AFREE TolM dzTel
H] aLsfo T"rﬁl& darh gRlE i gk i*‘
R w mzzgay g g ogsule] A3
RHol Q@OM F o] ZHDFDo] t= EDP
=7 UEPATH<Table 4>). 2154 @9 H7pA}
5 wold Ade] AojAl W dWE(FE, =
i, 22 gl B 5)9] Aol A9 /19l
UH(<Table 5>). W3t 2&o] Ao 4 ofu|x

A 28] oA dizTtel AEA i Hokt
oA glycine 2 F24 zolE Al9]std 7
o] Zpol7} gl AL=E YEFHTH<Table 6>).
A 24 AbR U A TR e el
upet o AES AWA A dFES Rt
3L HarEo] QltkSilver et al., 1993; Geurden et
al., 1997; Lee and Lim, 2005). ¥ A3 o] o)
s AEAG @l M7 Hol A ofet
2ol AA ko, tixzTE Aldd v
A= G Hot @@?011*1 25N AA e
Al o] dHrEoglE wrol e A5
Linoleic acid(C18:2n6)°] ¢}t =7 LEFTHTable
7). olZ Q& AAo] oprigte wFAtE]

A rel

Z17] vk ARl Ak Aol ofA W Ak
AL S A= Ao et

FAA o FollA AEAD o] o] g Alghke
Amo] zhE g MER dgobu|
Abel H-Zol o5t JoFEd ol BHad wf
Slth(Jackson et al, 1982; Murai et al., 1989). &

AR off] Wlmste] thEUL fAlAR, WA

S 2 lysine?} methionine ¥
o]%-2] Aut o]& 4=Fo]th(Hu et al, 2008).
Ao A, 254 @il A= methionined F
7Fet oJ@l oy (Pseudosciaena crocea)®] F/’JAH
oA methionine®] H7ta¥ B ok 144% H7bs
TolM 7bE we 4EE, ARdgase] &
S1E QI thMai et al., 2006). Lysine 9*] Cichlid
(Etroplus suratensis)®] At2ATANA 0.5% H7F
2 AR 9WA BE (25% ~ 40%)°l F-wEA
SAEIS Y FEAA  STIEHE BT
(Palavesam et al, 2008). AAZ, P A=
A7yste] o Al
2 tA7E 7kt

O rlo Mz

lysine?} methionines
30%7H4E A= dmde
T} (Choi et al., 2004).
Hhde] G=o)Ql MY A(Cyprinus  carpio) 2t
W 7| (Ictalurus  punctatus)? A= oFv]=AF H3F0]
AN ETE HolA| ETh(Murai et al., 1982;
Andrew and Page, 1974; Lim and Dominy, 1989).
SEER

9 alanine©]

4-9-+ proline, glutamic acid, aspartic acid
AdolExe]  arrt Sle REY,
tryptophane, arginine, threonine ¥ methionine 3
o]FxE A etk R 138Sth(Kasumyan and
1996). =84 WlEZ o=
asparagine, glutamic acid ¥ alanine®| AF=2AIHFH
X a3%E HTHFukuda et al, 1989; Elias and
Hoseph, 1999). o]x & Alze] ofm|:=Ake] 3713
s ol ohleat Fol wet thE 4 9l
o] Busgth PR AAsS H7HE PHR
oM FAH Ealol FAUT A,

HgolS vES NEgle FAEH ARE
soll gk ofm=AF H7}b ﬂljr% KU} theFst o
WeArg dow AR A7l Bew e

Morsi, glutamine,

2w 4n o o o

2 AtEdch md Tegel FAE WA

Ao Al ez wayTe
ABIE ST AL AEY SR
dE FHPAA] AYH AA B WEFFO
A4 ol o A w0 Holof
Row AnHr
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