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Fish Meal Analog as a Dietary Protein Source
in Korean Rockfish, Sebastes schlegeli

Kang-Woong Kim and Sungchul C. Bai
Department of Aquaculture, Pukyong National University, Puscn 608-737, Korea

A six week feeding trial was conducted to determine the amount of fish meal analog
(FMA) that can be replacing fish meal protein (FM) in Korean Rockfish. Seven experimental
diets were formulated on isonitrogenous 52% crude protein and isocaloric basis 16.8 KJ/g
diet. Also, foreign commercial fish meal analog (CFMA) and attractants (ATT) were tested
in this experiment. Percentage of the graded level of replacement of FM by FMA/CFMA
on the basis of crude protein were as following : Diet 1, 100% FM ; Diet 2, 60% FM : 40
% CFMA ; Diet 3, 60%FM : 40% CFMA+ ATT ; Diet 4, 80%FM : 20% FMA : Diet 5, 80

%FM : 20%

FMA+ATT ; Diet 6, 60%FM : 40% FMA+ATT ; Diet 7, 40%FM : 60%

FMA+ATT. The FMA was made by mixing six animal protein sources such as the blood
meal, squid liver powder, meat and bone meal, leather meal, feather meal, poultry by-product

and 3 essential amino acids (Met, Lys, Ile).

Weight gain, feed efficiency, specific growth rate and protein efficiency ratio of fish fed
diets 4, 5 and 6 were not significantly different (P>0.05) from those of fish fed the control
(100% FM), while those of fish fed diets 2 and 3 were significantly lower (P<0.05) than
those of fish fed the diet 6. There was no significant ATT effects in this study (P)0.05).
Significant differences were found in hepatosomatic index, hemoglobin and condition factor.

Therefore, these results indicated that FMA can be used up to 40% as a substitute
of fish meal protein in Korean Rockfish diets.

Key words : Fish meal analog, Animal protein sources, Attractant
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Rolekx At WUHez Sty B¢
ol YANE F FolAE AAYAANAE A
B2 o) E-3EEE 20~30% AE ALt glevl,
o] & o 25%& ol AAF L= YA
YA oo ESE v AAol(F=Id
ulE3], 1995). wetd] FolAE AFAEL
ol RuiAlFo2 AEA IUFA(ATY, ",
2259 4, A5 ) 9 FEY MAE O
WAU(KEE, |8, 88, 28, 7 248
B)E ol Zhudt o Bl g Fiol
LA ARYE FEH Ex SA gAY
A% =g ALstn Yci(Wee and Wang,
1987 ; Ng and Wee, 1989 ; Hardy and Ma-
sumoto, 1990).

FEA DAY EY oEuiAEl oA, &
do] AtgE Ao oW 75% & JHErA
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1. A% A8

Agatae} zA4¥E9 GiHIEL Table 19
vehiigied, 7 kA AdARe] Hiohu|xAt
(EAA) £4& Table 20 Yehigict. e
A9 Hokoli(Fish meal, FM), ¥ A8A
oA #=E o] FuiME(Fish meal analog,
FMA), 3T #1304 AdAd AFoiEd
A E(Commercial fish meal, CFMA)< H]
Ftle] Agsls FUAEHATD N dd 9udd
B 242 Table 3o el

ol E-oiHI1 &S HE(Blood meal), 23| 7HE
(Squid liver powder), §&%(Meat and bone
meal), X% Leather meal), $2¥-(Feather
meal), 7}F¥AH2(Poultry by-product) 5%
Y4olm (3 EAAs ; Isoleucine, Lysine,
Methionine) & 7 1ste] £ AyAe) £
Holl oste] AlFRIGew, 2o AlBse
$-21232 natural and artificial flavor ingre-
dients, ethoxyquin and butylated hydroxyto-
luene, betaine, L-proline, L-glycine, L-tau-
rine, disodium guanylate and disodium ino-
sinate, salt, silicon dioxide and roughage
products Efste] WEFL F 7 7HA 9
AYAse 290 &F 52%, 7H8A olvdA
16.8 KJ/g (protein, carbohydrate and lipid ;
16.7, 16.7 and 37.7 Kl/g) 2.8 Fd&A =
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Table 1. Composition of the experimental diets (% of dry matter basis)'

. DIETS

Ingredients 1 2 3 3 5 3 7
White fish meal® 69.70 42.32 42.32 54.76 54.76 41.07 27.38
Commercial Analog® - 27.28 27.28 - - - -
Fish meal Analog* - - - 13.57 13.57 27.13 40.70
Wheat meal® 10.00 10.00 10.00 12.00 12.00 12.00 12.00
Dextrin® 6.00 6.25 5.40 5.37 5.37 5.40 5.50
Squid liver oil’ 8.20 8.05 . 8.40 7.70 7.70 7.10 6.50
Vitamin premix® 3.00 3.00 3.00 3.00 3.00 3.00 3.00
Mineral premix’ 1.05 1.05 1.05 1.05 1.05 1.05 1.05
CcMCY 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Ascorbic acid 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Attractant"! - - 0.50 - 0.50 0.05 0.05
Cellulose 0.00 0.00 0.00 0.50 0.00 0.70 1.32
Proximate analysis

Moisture 26.2 26.1 24.2 25.9 26.2 259 26.7
Crude protein 52.0 51.2 51.7 51.6 51.8 51.3 50.7
Crude lipid 13.2 14.1 14.7 13.7 13.6 14.3 14.3
Crude ash 10.8 11.4 10.7 11.7 10.2 11.6 11.0

'Feed stuffs not mentioned here are the same feed stuffs as the domestic aquaculture feed

companies are using currently.

’Kum Sung Feed Co., Pusan, Korea

SBaker Commodities Inc., L.A., USA

“Mixture of the following ingredients (% of dry matter basis) : blood meal, squid liver powder,

meat an)d bone meal, leather meal, feather meal, poultry by-product, essential amino acid (Met,

Lys, lle

Young Nam Flourmills Co., Pusan, Korea

5%United States Biochemical, Cleveland, Ohio 44122

’E-Wha oil Co., Ltd., Pusan, Korea

*Contains (as mg/kg in diets) . Ascorbic acid, 300 ; dI-Calcium pantothenate, 150 ; Choline bitar-
trate, 3000 ; Inositol, 150 ; Menadione, 6 ; Niacian, 150 ; Pyridoxine - HCI, 15 ; Ribof-
lavin, 30 ; Thiamine mononitrate, 15 ; dl-a-Tocopherol acetate, 201 ; Retinyl acetate,
6 ; Biotin, 1.5 Folic acid, 5.4 ; By, 0.06

’Contains (as mg/kg in diet) : NaCl, 437.4 ; MgSO, *+ 7TH,0, 1379.8 ; NaH,PO, - 2H,0, 877.8 ; Ca
(H,PO,); - 2H,0, 1366.7 ; KH,PO,, 2414 ; ZnSO, * 7TH,0, 226.4 ; Fe-Citrate, 299 ; Ca-
lactate, 3004 ; MnSQ., 0.016 ; FeSO,, 0.0378 ; CuSQ,, 0.0031 : CoSOs 0.00033 ; Cal-
cium iodate, 0.0006 ; MgO, 0.00135 ;: NaSeOs, 0.00025

YCarboxymethylcellulose

1A Product of the FEEDBUDS® Flavor System, USA

FMA+0.5% ATT.
B33 2 wheat meal® dextring, A2

#2132(Lee and Putnam, 1973 ; Garling and
Wilson, 1977), &3 22 dia] FFo w2

dgoz Az} AR 1=100% FM(W=
), AR 2=60% FM+40% CFMA, A& 3=
60% FM+40% CFMA+0.5% ATT, A& 4=
80% FM+20% FMA, AL& 5=80% FM+20%
FMA+0.5% ATT, A& 6=60% FM+40%
FMA+0.5% ATT, A8 7=40% FM+60%

QezE n-3 HUFA (% E¥E3} A¢H7t
o $58H 2o (squid liver oiDE A}
£a19ich. AT 2E U858 W% F A
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Table 2. Essential amino acids (EAA) composition in the experimental diets (dry matter basis)’

. . DIETS

Amino Acid 1 3 3 3 5 3 7

Arginine 2.87 2.90 2.90 2.71 271 2.59 2.47
Histidine 1.67 1.39 1.39 1.59 1.59 1.52 1.45
Isoleucine 0.59 1.01 1.01 0.73 0.73 0.78 0.82
Leucine 1.52 2.21 2.21 1.68 1.68 1.85 2.02
Lysine 1.40 2.13 2.13 1.48 1.48 1.58 1.68
Methionine + cystine? 1.00 1.50 1.50 0.90 0.90 0.82 0.73
Phenylalanine + tyrosine? 2.79 2.44 2.44 2.52 2.52 2.29 2.05
Threonine 1.48 1.64 1.64 1.51 1.51 1.97 1.60
Tryptophan 0.10 0.19 0.19 0.12 0.12 0.15 0.17
Valine 1.21 1.75 1.75 1.34 1.34 1.48 1.62

'Values are calculated from the ingredients used in this study; amino acid contents of the
ingredients were analyzed by the Korea Basic Science Center, Daeduk, Korea.

’Semi-essential amino acid

2. Ade] 9 A5

Aol 19961 7€ HhdE HhugAgo
EXE #439 =982 xog RRugm A}
FA2 gibste] 3000 £ FEollA A3l
A F UAEE PYx AFAEE FUA H
F7b ouAS sgich Aol Folzby] Aol
ol (FM) AFARE 137 EYsA F
Fegen, F AR AL 6F HA
ik

AulAE ¥, HFEA 2.8 g XolE 60 £
Zetay Az 30 uield 83t 7
AgTG 3ubgo g A9 wixslch Ado]e
7+ xg HF FA= 865 g+0.08 g
(Mean+ Pooled SEM)ol o, A&
& r o] 27)(Hojz) WAl 9l ol3ts g
Agsiglel. 2 AYezE fRAles e
A AzA6 2 ¢/min HEE a1, Ado]
E7 AA%o)| wel 3 ¢/min 7HA] 2AsQc
7t 2 A4 FFE BE7) A dlo] 2ES
AxsRa, A7 B¢ HEFL 22+1.8
CTZ A AF7NEL Aol &Nk Y
A8 FFF oLF 2304wy FFeisich

al

3. 04 33 9 AE B4

Adza ¥, AAE(Weight gain, WG), ¥
7+ 728 (Specific growth rate, SGR), AL8& &
(Feed efficiency, FE), 4&&(Survival rate,

SR), wMAAE A E(Protein efficiency ratio,
PER), 7F5%A<~(Hepatosomatic index, HSD),
32 ZZHl(Hemoglobin, Hb), hematocrit,
2t=(Condition factor, CF) Z#jat ojxe] 4
WS ARk

olx FAHL 2F FFog AA FAE A
o, v 63 A4E A9 Y F
AL 8 7 422 3ulEy dFE FE3
v gmoll 4 HH-g A3 F, micro-hemato-
crit method (Brown, 1980)¢]l 2l&ll hematoc-
ritgd FA%3, Ao Drabkin’s £9-8 A&
s} cyan-methemoglobin method (Sigma
Chemical, St Louis MO ; total hemoglobin
procedure No. 525) 2 hemoglobing &3}
fem, o2 AE E4E 93 vHA oFe
—40Ce ¥F Hsgch A Ase 7
ZHE sule|H FRAE FEelo] Halg Hol
Ao} dubAAE B4 F, 82 A 7t Az
(105C, 4A7H oz, zwiAe Kjeldahl H
(AOAC, 1995)° 9% H2AFH(NX6.25)
o8 zAue Soxhlet FEWog, 83 £

2 AAHI3IH(AOAC, 1995) 2.8 7+7t
Aslen, 7HEF AGHSDE 0 7+ 2
HE 3uiely 7kel FAIE A3

4. BAANY

2E A8+ Computer Program Statistix
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3.1(Analytical Software, St. Paul, MN. AL8%9 #HZA Feo] FAIHoE dFfddx X
USA)Z BA4E4(ANOVA)E AAste] 24 wgich. yhdoll, Dabrowski and Hardy
FARHALSD) o2 HF7e F24(P0.05) (19949 & B3l RuliES AAE 29 FAot
K-
=

AR5k oAb H7RAY, dddie] AA 4 ¥F
e Qdss oA offs 4% 4
Az 2 a3 AAANE 220 A F A Aoz Husgch
A, B A AYAE ARA BEY 371
Table 3. Proximate composition of WFM, FMA,  ¥4o}u]=4(methionine, lysine, isoleucine)
CFMA _and ATT & B3sgon, A AWIL B AEEL RE
C it Crude Crude Crude Moist -
omposition protein lipid ash ' oowre Ag A 100% 24 o FoixFll e Al
White fish meal 68.5 100 171 443 Q9le oske ujxx] Pore ez AgHr)
Fish meal analog 69.1 144 129  5.24 e e
Commercial analog 68.7 88 57  5.60 6578 AAAY ZIE= Table 40 Jeh
Attractants 49 136 271 7.93 ek ZAEol YolA= g 1(100%FM, o

1 . .
Values are mean of duplicate analysis. 27)e AR 4(20%FMA), A& 5(20%

FMA-+0.5%ATT) 123 A5 6(40% FMA+
0.5%ATT) ol viste] FAIH o2 F2]HQ] 2po]
£ Holz 99keni(P0.05), vwx] A%
AofAE i e AFAE JERHCHPL0.05).
3, AEolBoiAlEQ] AR 2(40% CFMA) ¥
ALE 3(40% CFMA+0.5% AT 3 ¥ AHA
ollA] Az ol E-iAlERA ALE 5(40% FMA+0.
5%ATT)E vlasty] e U 502 o
A Az, dPA4e] ofF-uiAlFe] fejFer
2 AFAE el (PL0.05). ASHET}
Sl A AR H Bl ol AE FAEH 2L HES
Holow, FFolFuNEAE 29 A8 )2

o FHAEH FFALNAETE AHE3te] AR
2 235§ 77 AR U E £42
ZPhRE 85 51%, 2 5 14% 2L 23 E
11%52 98 52 2en, 7+ Ag59 of
e A JoiAsE iz}t mlawsle] f
ApstA Jelsdeh, B Agalse] AR olfd
HEFS 2IEFHAR Yol AN o]8F
(bioavailability)ol] et E7leiiles HAX=
%A%, Dong et al. (1993)& B84 BA4E
5 A&l flojA Hgolmlnd x4 9]
83, & A £3-8(dlE Eol keratins),

Table 4. Percent weight gain, feed efficiency, specific growth rate, protein efficiency ratio of Korean
Rockfish fed the experimental diets for 6 weeks'

DIETS Pooled
1 2 3 4 5 6 7 SEM?
Initial wt.(g) 2.88 2.88 2.88 2.88 2.90 2.89 2.89 0.01
Final wt.(g) 11.11 10.24 9.99 11.08 11.17 10.93 9.26 0.18
Wt. gain(%)* 285.3* 255.9* 247.2° 285.3° 285.1° 278.7° 220.7¢ 3.52
FE(%)* 128.7* 115.0, 108.2° 129.6° 129.3* 127.7° 112.2° 1.97
SGR(% )’ 1.502 1.41% 1.38° 1.50? 1.50* 1.48* 1.29¢ 0.02
PER® 2.43° 2.18° 2.07° 2.46" 2.45* 2.44° 2.17° 0.07

'Values are means from triplicate groups of fish where the means in each row with a different
superscript are significantly different (P<0.05).

?Pooled standard error of mean

*Percent weight gain . (final wt.-initial wt.) X 100/initial wt.

‘Feed efficiency . (wet weight gain/dry feed intake) X100

Specific growth rate : (log. final wt.-log. initial wt.)/days

*Pretein efficiency ratio | wet weight gain/protein intake

—147—



#A3E

WjsH

Table 5. Hepatosomatic index, hematocrit, hemoglobin, condition factor of Korean Rockfish. fed the experi-

mental diets for 6 weeks'

DIETS Pooled

1 2 3 4 5 6 7 SEM?
HSI(% )3 3.29% 3.13 3.38%® 3.29% 3.5 3.49% 3.54 0.04
Hematocrit(%)  47.80* 46.70° 48.30* 48.80" 47.30°  48.70° 46.30° 0.39
Hb(g/dD) 6.46° 6.31* 5.51° 6.55° 6.61° 6.34° 6.41° 0.13
CF* 1.61%° 1.50° 1.56¢ 1.63* 1.62% 1.58>¢  1.57« 0.02

'Values are means from triplicate groups of fish where the mean in each row with a different

superscript are significantly different (P<0.05).
ZPooled standard error of mean

‘Hepatosomatic index (%) : liver wt.X100/body wt.
*Condition factor : (wet weight/total length®) X100

Table 6. Proximate analysis of whole body composition (% of dry matter basis)!

DIETS Pooled
PROXIMATE 1 2 3 4 5 6 7 SEM?
Moisture 70.8 70.8 69.5 69.9 68.3 69.6 71.0 0.22
Crude protein 56.2 56.8 55.6 55.5 56.6 56.8 57.8 0.33
Crude lipid 28.8 28.4 28.3 29.5 27.9 28.5 259 0.41
Crude ash 14.7 14.4 144 14.8 14.4 14.1 15.2 0.17

'Values are means from triplicate groups of fish where the mean in each row with a different

superscript are significantly different (P<0.05).
Pooled standard error of mean

AR 7(60%FMA+0.5%ATT) 3 wlsted
A Kol YeREX ket olgh o), 2.8
g2 2o]7] zujgehe] 7ol AN gloiA
40% ol FHAME7HA FHQ AelF HolA
AT Reg Hol duAFIY B AEA
29 Yol g MEF ARHE ol&3r] A%
AAW TA: G4 A ofAEREol| wWEA] Hg
HAg ez Az,

€ 2¥dAe= AgEe FUAELd A &
VS Lotr 7| 3k A o HoixlEQ] AR
33 oJRuiAlES A& 52 RE 2 0.5% 9
FUERE AR Y, FUEES H7RIA
S AEF(AE 2 9 49 vlaste] FoEQ
2ol YeREA] e P)0.05). w4, oleldt
FUAEAL olFd] w2 Xole JAAN, F
ARt FEE vEE ERHA 4IAY AR
FUaAE Az EZo] TSNS AHAE
ZF33t}, Kumai et al. (1989)2 Al &= sca-

lop (Patinopecten yessoensis) %5 A7}3
A5 AgdelA FEE W3 fAadE B2
23153, Takeda (1980)+ YHbH LT offF+=
glycine®} L-alanine?] {¥AE =& L-ala-
nined} L-proline®] A1l o3 ALZW 7
3o Az Hasrie ek FUER
oll i3t A= juvenile eel (Takeda et al.,
1984), yellowtail (Kohbara et al., 1989 ; Ta-
kii et al., 1995), red sea bream (Ina and
Matsui, 1980), carp (Konishi and Zotter-
man, 1961), rainbow trout (Adron and Ma-
ckie, 1978) o4l Bt ule} o] tjakdt of
FollA A7t elFoiF et Agv FUEF (att-
ractant) HIEH, vl 9 A Wa} 3L 4gs
STFAYY o] 7] FHAN T8 7
HolE(n A} AR)ol] ol F88 AFF
shtoleg §E A7t olFoiAoprl
YW B A A3l hematocritS 46~48% ZA|
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A xol= YA ggtel(Table 5). He-
moglobin¥& 6.5 g/dl AEZ velgEd], o]
2% 472 Kikuchi et al. (1994)0] B
x| A9 3.6~5.3 g/dl Brle o4& B34,
% 5(1995) 0] Badt g=o]]l 9JojoljAle] 9~
10 g/dl Boh o2 e Hgch dubxez
A7 o9 hemoglobin % 10 g/dl &
Sekx 2i(Post, 1983)3tn glon, oHHx
ool tHele] FAAQ g(Normal value)-2
Z95AE gsich Hoxle UMPE =4l
Table 69 VeI, o2l 2E AEF7He
ZhiA, 22, 230F 9 8 e 949
Zrol7} Al Velstch(P)0.05). o|he Y%t
F A% Hol, 2, FAH, A5FTF 9 A
Eultel] Qg Pevhe Rk 9o Zeitler
et al., 1984 ; Nandeesha et al., 1995), ol%}
Zro] 77HA1e] AP AR E FFHA Wil A F3FE
whz] okohg Zlow AgHrh

olglZte], TEo 2 ALEH ofRdlAF dA4
= o8] oFa FEA FAEY FFd vt
teFsta £ AAE AFded, |8 Asgde
EF3E o EAE A7 vInidk 4Aojck Ha-
rdy and Masumoto (1990)t AZE ol&d
AFE sl A Holx 35% ol
et Ag s, oA A Ao 84
Zrgo] A9 glod, ojRI AR olu|xik
ZA3 15% ol&te] & zEln 718 0.5%
o4& EHdloRdlttn wasgih wels, &
Ao ALH oJEUAFY ABYEL Hu=
ThEol W3] g4 E i3l ez &
g AR %E AeE PzEd, oA
Y-S B dddtr) olFolxol & Aol

B A¥ARNE 2dz z3E gold of
FAAEFE(FMA) ] FEARAE AYES
A4S B olE DA el 40% s diA)
7heste], AlkElE o] RS Rl AgAda4l
A ol BulAFo] =8 AAA 7L Uik
a3 AAsW fR1EEE Ndsied delAe
go g zylgete] g Q7] P dtollA

At SARE A AEFAELE Y]
sletel B 77 Suslolol Hale,

& ¢

E A 238 A8 oA ojEdA
& AR, FFolBdAEFT FAEZY A
7} ZAAE F3te] g ojfuNEANLE
A 71xAE52 AgsnA $EE A

APdae 2z 52%2, 7H8A4 olyA
16.8 KlJ/goez2 AA=gx, Fduddes &
Fol, ol EHAF 2 FFIEAANFE AH8-3t
ek At el AERAL oS3 Ze] L9
: 2k&1, 100% FM (control) ; AH& 2, 60% FM
140% CFMA ; A& 3, 60%FM . 40% CFMA
+ATT ; A48 4, Q0% FM : 20%FMA ; A48 5,
80%FM : 20% FMA+ATT : Ak& 6, 60% FM
i 40%FMA+ATT; Ak& 7, 40%FM : 60%
FMA+ATT. oltAlEFE 88(BM), 270}
ZHE(SLP), §FE(MBM), A5KLM), 7+
BAZ(PBP), $E2E(FM), E¥olu| i Met,
Lys, Ile) 52 AA3) uwigste] Az} Agsigich
AAE, ASEE, YHAAAE o E R
PolA Atg 12 A& 4, A7 5 9 AR 60l
vl |-2)FQl Zlolz} ARAIRHP0.05), YA
AYFEL gzl v fFoHez wA
Eb el (P€0.05). 53, 4FolEdAE(CFMA)
Q1 A5 29 A7 3-& APAEE AR FUE
59 A5 63 wlasled A4S, ARHSE,
bl Ay follA FoHes o HES Bk
0.5% FUEHS H713 A8 33 5 A8 29
40)] Bj3] F2HQ 2ol= HolA gotow(P)0.
05), ZHEZA<, hemoglobin % H|7kEe)] 3l
olAde A Aolrt YelskeH(P<0.05).

wpehA], ZojEgt] glol4] o] EuiAE(FMA)
oz ofichilAe 4072 AL M HsEe ¢
T Ak
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