J. Kor. Fish. Soc. 38(5), 291-297 Sh=A], 38(5), 291-297, 2005

RNEH - BHL - QEE™ oA UBH - YHA?
23|0hst SAITA, IF) SHAIR, 201RTISHT FAYTIELS

Quality Evaluation of Commercial Extruded Pellet Diet for
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This study evaluated the quality of commercial extruded pellet (EP) diet of five companies (A, B, C,
D and E) for olive flounder Paralichtys olivaceus by biochemical analyses, physical properties and growth
performance. The proximate analyses of five EP diets showed 3.2-10.0% of moisture, 49.3-55.5% of crude
protein, 4.6-14.7% of crude lipid, 7.0-13.8% of crude ash, 0.7-10.5% of crude fiber, 10.0-27.3% of itrogen
free extract (NFE), 304.3-395.4 kcal/100 g of digestible energy (DE) and 6.1-7.1 of calorie/protein ratio
(C/P). Peroxide value (POV) was highest in diet D (47.4 meq/kg) as compared to other diets which in
the range of 4.0-11.7 meg/kg. Total amino acid contents were ranged from 46.54 to 55.46% with the highest
content in diet B and the lowest content in diet C. Essential amino acid of diet C was lowest (7.43%)
as compared to other diets which in the range of 19.43-20.30%. Saturated fatty acid was higher in diet
A (37.65%) followed by diet B (36.32%), diet E (34.39%), diet C (30.95%) and diet D (30.10%). EPA+DHA
were highest in diet E (30.78%) and lowest in diet C (15.48%). The floating rate after 6 hours on the
sea water was highest in diet C (100%) followed by diet B (40%) and A (10%). However, diets D and
E were completely settled down after 1 and 2 hours, respectively. The range of relative expansion rate
was 27.2-49.3% for all diets and all reached the peak at 2-3 hours. The water absorption rate of diets
C and D was lowest, and diet E was highest at 1 hour after deposition of sea water. Growth rate was
higher in diet B (22.3%) and E (21.3%). Feed efficiency was higher in diet A (109.7%) and E (105.3%)
and was significantly lowest in diet D (80.7%). The protein efficiency ratio was highest in diet E (2.72)
and lowest in diet D (1.76). These results suggest that there is a necessity for improvement of nutrients
balance and feed physical properties to fulfill the nutrient requirements and digestive characteristics of
fishes in commercial EP diets.
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Table 1. Nutrients composition of five companies EP diets
for olive flounder, Paralichthys olivaceus

Table 2. Amino acid composition of five companies EP diets
for olive flounder, Paralichthys olivaceus (% of dry matter
basis)

Diets

Ingredients
ACo. BCo. CCo DZCo ECo

Expanded pellet 100 100 100 100 100

Nutrients composition in wet matter (%)

Moisture 3.2 8.9 10.0 9.2 8.7
Crude protein 53.9 50.2 49.3 55.5 54.0
Crude lipid 8.6 4.8 57 14.7 6.7
Crude ash 10.9 12.2 7.0 9.9 13.8
Crude fiber 1.3 10.5 1.0 0.7 1.6
NFE' 22.1 134 27.3 10.0 15.3
DE (kcal/100g)Y® 3732 3043 3425 3954  339.0
cP? 6.9 6.1 6.9 7.1 6.3
POV (mea/kg) 4.0 7.4 117 47 .4 8.5

"Nitrogen free extract=100-(moisturetcrude protein+crude
lipid+crude ash+crude fiber).

Digestible energy; based on 4.5 kcal/g protein, 8 kcal/g lipid
and 2.8 keal/g NFE.

*Calorie/Protein ratio=DE (kcal/100 g)/crude protein (%).
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AALSE BAMZY 37.65%, 36.32%% ERew], CAMYL DA
30.95%%} 30.10%= kot B3} Abak & elike DA}
S} BAME =3, AALSE BALZL wskow, Al Ao 2 18:17}
Eo FeEs Rl T4k 36.86-43.76% HAE CALZY
7V =3, EAVE 78 wdth n =8B X8 ARkl EPA+
DHAE E/\}7} 30.78%% 71 =g, CA} 1548%2 7HE
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7+ Alz e BAE S A= Fig. 19 YRS AA=

Diets

Amino acid

A Co. B Co. C Co. D Co. E Co.
Asp 4.38 6.20 5.25 6.14 6.39
Ser 1.84 2.75 2.37 2.81 0.65
Glu 12.17 12.35 10.91 12.05 11.22
Gly 3.19 3.29 1.21 2.58 3.06
Ala 3.40 3.85 3.94 4.09 3.91
Cys 2.32 2.49 2.07 2.38 2.44
Tyr 1.21 1.39 1.20 1.48 1.50
Val 0.83 0.56 0.77 0.63 0.83
Thr 2.21 1.33 0.99 1.15 0.96
Phe 215 2.29 1.97 2.27 217
Met 1.35 1.43 1.10 1.48 1.562
Lys 1.78 2.07 1.56 1.57 1.85
Leu 4,16 3.98 3.69 418 3.78
lle 1.76 2.33 1.81 2.14 2.48
His 3.56 412 2.98 3.69 411
Arg 1.89 2.19 2.56 2.32 2.28
Amm 2.56 2.87 2.33 2.86 2.96
EAA' 19.69 20.30 17.43 19.43 19.98
E/A ratio® 38.79 36.60 37.45 36.10 38.34
Total 50.76 55.46 46.54 53.82 52.11

"Essential amino acid.
2Essential amino acid content/total amino acid content.

Table 3. A/E ratio* of five companies EP diets for olive
flounder, Paralichthys olivaceus

Diets

Amino acid

A Co. B Co. C Co. D Co. E Co.
Val 36 23 37 27 35
Thr 95 55 48 49 40
Phe+Tyr 145 152 153 161 153
Met+Cys 158 162 153 166 166
Lys 77 86 76 67 77
Leu 179 165 178 179 158
lle 76 96 87 92 104
His 153 170 144 159 172
Arg 81 91 124 100 95

*A/E ratio=each essential amino acid content/total essential
amino acid content including cystine and tyrosine.
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a4 B9 5 5%@011 ZA35 BAgX EAL 25.6% =
VA =1, 31L& BAM) 15.8%, A, C, DAME 2+ 6.6%,
8.4%, 5.7%°)Att. 1A M= BALS} EAZL 40.5%, 38.3%=
Egtom, 1 T8-S AAK35.7%), CAFS DARS e 3 BY
. DARE 2085 142%5 o, o|F Als7t FA1A Z7]
£ AT 7} 9w, sANSAL tiR 23R g0
Ao o= % th(Fig. 2).
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Table 4. Fatty acid composition of five companies EP diets
for olive flounder, Paralichthys olivaceus (% of lipid)

. Diets
Fatty acid
A Co. B Co. C Co. D Co. E Co.
14:0 4.05 6.91 3.29 6.10 7.30
16:0 21.82 21.39 18.97 18.26 20.71
18:0 7.60 5.21 4.24 3.56 4.61
21:0 3.24 1.51 3.59 1.45 0.88
23:0 0.63 1.16 0.76 0.67 0.84
24:0 0.13 0.14 0.10 0.06 0.05
Saturates 37.65 36.32 30.95 30.10 34.39
16:1 3.78 6.51 4.04 6.63 8.30
17:1 0.21 0.52 0.26 0.29 0.60
18:1 16.99 13.63 19.17 13.61 15.68
201 1.02 1.22 1.12 4.29 2.38
22:1 1.30 0.52 0.69 4.62 1.78
Monoenes 23.30 22.40 25.28 29.44 28.74
18:2 17.87 9.95 27.18 9.11 3.90
20:2 0.82 1.71 0.73 2.26 1.88
22:2 0.46 0.42 0.37 0.64 0.30
20:5 (EPA) 8.39 12.73 6.83 12.24 15.20
22:6 (DHA) 11.68 16.47 8.65 16.22 15.58
Polyenes 39.22 41.28 43.76 40.47 36.86
EPA+DHA 20.07 29.2 15.48 28.46 30.78
Total 100 100 100 100 100
120
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Fig. 1. Changes of floating rate (%) with lapse of time after
put into the sea water of five companies EP diets for olive
flounder, Paralichthys olivaceus.
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Fig. 2. Changes of expansion rate (%) with lapse of time
after put into the sea water of five companies EP diets for
olive flounder, Paralichthys olivaceus.
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Table 5. Growth performance, HSI, VSI and CF of olive flounder, Paralichthys olivaceus fed five companies EP diets

for 4 weeks*

Diets
A Co. B Co. C Co. D Co. E Co.

Initial body weight (g) 80.2+¢2.5 81.9+1.3 82.942.2 82.0+3.1 82.1+1.0
Final body weight (g) 95.6+3.3 100.2+4.5 96.3+3.1 95.946.3 99.6+2.1
Weight gain (%)’ 19.240.4% 22.3+0.8" 16.2+0.5° 17.0+1.2° 21.3+0.5°
Feed efficiency (%) 109.7+8.3° 93.8+4 5% 84.3+3.6° 80.7£3.7° 105.242.6°
Daily feed intake (%)’ 0.57+0.08° 0.57+0.03° 0.52+0.02° 0.58+0.08° 0.48+0.03°
Protein efficiency ratio* 2.04+0.21° 2.56+0.12%° 2.09+0.31° 1.76+0.10° 2.72£0.12°
Final organ-somatic index (%) and condition fator (CF)

HSI® 2.440.5™ 2.1+0.2%° 1.8+0.4° 2.7+0.7° 1.8+0.4°
Vs 6.70.8 6.00.7 6.2+0.5 7.0£1.0 6.0£0.5
CF’ 0.9+0.1 0.940.1 0.820.1 0.940.1 0.940.1

"Weight gain=(final body weight-initial body weight)/(initial body weight)=100.
’Feed efficiency=(fish weight gainx100)/total feed intake.

Daily feed inake=(feed intakex100)/[(initial body weight+final body weight)/2]xdays fed.

*Protein efficiency ratio=body weight gain/protein intake.
*Hepatosomatic index=liver weight/body weight.
®*Visceralsomatic index = visceral weight/body weight.
"Condition factor=final body weight/body length’.

*Values (meantSD of two replicate groups) with a different superscript within the same row are significantly different (P<0.05).

Table 6. Chemical composition (%) of the whole body and liver of olive flounder, Paralichthys olivaceus fed five companies

EP diets for 4 weeks*

Diets
A Co. B Co. C Co. D Co. E Co.

Whole body

Moisture 75.7+0.43 75.0+0.07 76.0+0.21 75.4+0.49 74.2+0.67
Crude protein 19.5£1.43 19.240.63 19.021.73 18.71£0.39 18.910.09
Crude lipid 1.5+0.37 1.4+0.35 0.940.05 1.0£0.45 1.1£0.35
Crude ash 4.2+0.47 4.3120.10 4.110.07 4.6+0.04 4.5+0.39
Liver

Moisture 70.3£0.17 72.9+0.57 67.310.16 67.3+0.16 68.2+1.44
Crude protein 11.9+£0.94 12.6+0.39 13.0£0.52 11.8+0.21 13.710.18
Crude lipid 1.0+0.80° 0.7+0.72° 0.8+0.36° 2.3+0.17° 1.2+0.69°
Crude ash 2.240.11 1.720.12 1.5+0.14 1.940.19 1.6+0.12

*Values (mean+SD, n=5) with a different superscript within the same row are significantly different (P<0.05).
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Fig. 3. Changes of moisture contents (%) with lapse of time
after put into the sea water of five companies EP diets for
olive flounder, Paralichthys olivaceus.

Time (hr)

3]
9] AFgL Aslolof gk tldelel oplwit o
P oA W) Ag 2A% $ES ojveate] B3,
ofpliest ghto] 45 notEE dAWY A FAGOE
Tl o] o] 888 FolE AL A&Holor & AolthLee
et al., 1996; Kikuchi et al., 1997).



A5H - FA5H2

Sl

296

HAlel A4 oA

3! 34 H]= 4,000 keal/kg, C/P
© 87 AER ojwlo] Ty ghekm} AW ke 717t 45.9%,
12.9%°] A THKim, 2001). ¥

Shaka) gl

oAt AgE AlEE P
63-7.1 TELZ oM AT Arfol| 3| BF g Fol
th ole & vl Fhepol Hlg Als W) @ olyA] kol
TR Yloly, o] A3t A EdF ol gt Aol o
of 3 Aoz HIT}

A ko] g to] glojA B0l F= linoleic acid, 34Ho}H
£ DHA, EPA 52| n-3 HUFA A99] Atato] FQ 814
Z-E-3PH(NRC, 1993), AR|= 1.1-14%2] DHAS} EPAS] Q7
28 zh= A1 02 W E 5L 9l th(Takeuchi, 1998; Watanabe
and Vassallo-Acius, 2003). A, B ZL&] 1L CAR= n-3 HUFA 3
ol AlR W 1% "Wre 2 Q7o) XA X3t DA
72}y 2% FEOIRA 21, EAHE EPASH DHARMEFC] 42} 1%
AEZ 11 ¥lES FASL Ak 53], AALS}F CALY] B
< E} AR} linoleic acid2] ko] wl$- Egkow, A
© 2 DHA®} EPAQ] §Fo] wigh=d, 284 xdde] AL
o] Fq oz MztHr)

2129 POVE DAL 44.7 meq/kg .2 Y A AL 2] 4.0-
11.7 megkg®oh E34ch ol Al59] A% ALE W) A ¢

5%, POV 26 meqhkg® o) HAHEO] S7tsal AJ7do] Akt

I B A HMurai et al., 1988). FA 7 £ole AR )
Zuk gheF 7.5%, POVZE 120 megkg YW & HARE o] 2718
B317} )ch(Hung et al., 1980, 1981). DAFe] POVE o] &
Aot viungds o 4T HAbe AFS &
datElo)x ), At ] o A gk £
P A Y] 8 71%be] jle® FehE)
& AL w9k, AFEE AV
e FA 5EHL AP & Zoz 3o}
o A3
ZojR|aL Abs frAo] Hol B d T
o Fe1& Aoz pudnt HiFALE AE-9 83 5
%9 st AXE B #3381 o) 7] wjiEoly, o]9} &
A sl Eojol & L AU ofFe] Aol A3
Felo] A7 BEMo|r}. B3], UA& 9l9] 1z BAo] vk
g Holo] 4stel] BE|F 2US 253 Je FoFE By
12.M(Ji, 2002), Grove et al. (2001)2 J x| ¢} FA15+ e <]
Z- Turbot, Scophthalmus maximusv A ZAFE (dry pellet)2]
a3tag ol A REEA] R 7P} o] FolA o) gt B aE)
At FFEE CA DAPE 7B Wk n, 53] 247t
7} <] zpolE FERH AT

FraelE e s Be

ol ALRI} Si% oz EYHO] 1443 FYHQ 48 5

=
T
o

i
2
\
of)
=
2
lo o

a0l GFL F F YoM, 53] 99 V5ol Fain ¥
ol-90] E& WAl Yol Ahae] F4o] F83| meld
olof 32 WEste Avels|= sk oleid tiA olE
ashgelel 439 240 AR /1549 a5Ee 27
A3, FAge] AL BRAA 284 LA B

ol

4

AE Qe 593 gL AAHolo B Zoln
A5}, A% QAL EPAEE Addos JgaT
3 RPHA B, B4 9FE 2L OpY BiE
B4 Aol Hyow, olefd Avks g fsh
Zehsteleh. wheba, ) EALES) AR Az
2>

L
P

o) o} ok s, S| oiF 9| 23 SA B 20| B
TR AchY wgAbEe) 874 WHYs ol 8go] e 2/
Aoz 7)) H.

=} =]
=

I3

Alam, M.S., S. Teshima, D. Yaniharto, S. Koshio and
M. Ishikawa. 2002. Influence of different dietary
amino acid patterns on growth and body composition
of juvenile Japanese flounder, Paralichthys olivaceus.
Aquaculture, 210, 359-369.

Alam, M.S,, S. Teshima, M. Ishikawa and S. Koshio. 2000.
Methionine requirement of juvenile Japanese floun-
der, Paralichthys olivaceus. J. World Aquacult. Soc.,
31, 618-626.

AOAC. 1990. Official Methods of Analysis of the
Association of Official Analysis Chemists. 15th ed.
Arlington, Verginia, pp. 1298.

AOCS. 1990. AOCS official method Ce 1b-89. In: Official
method and recommended practice of the AOCS, 4th
ed., Vol I, AOCS. Champaign, USA.

Choi, S.M., KM. Han, X. Wang, S.H. Lee and S.C. Bai.
2004. Quality evaluation of domestic and foreign
extruded pellets and moist pellet based on biochemical
analyses for juvenile olive flounder, Paralichthys
olivaceus. J. Aquacult., 17, 144-150.

Duncan, D.B. 1955. Multiple-range and multiple F test.
Biometrics, 11, 1-42.

Forster, I. and H.Y. Ogata. 1998. Lysine requirement of
Juvenile Japanese flounder Paralichthys olivaceus and
juvenile red sea bream Pagrus major. Aquaculture,
161, 131-142.

Grove, D., R. Genna, V. Paralika, J. Boraston, M.G.
Hornyold and R. Siemens. 2001. Effects of dietary
water content on meal size, daily food intake, digestion



Al g A& el s Alg e E2 Hrt 297

and growth in turbot, Scophthalmus maximus (L.).
Aqua. Res., 32, 433-442.

Hung, S.S.0., C.Y. Cho and S.J. Slinger. 1980. Mea-
surement of oxidation in fish oil and its effect on
vitamin E nutrition of rainbow trout, Salmo gairdneri.
Can. J. Fish. Aquat. Sci., 37, 1248-1253.

Hung, S.8.0., C.Y. Cho and S.J. Slinger. 1981. Effect
of oxidized fish oil, DL-a-tocopheryl acetate and
ethoxyquin supplementation on the vitamin E nutrition
of rainbow trout, Salmo gairdneri fed practical diets.
J. Nutr., 111, 648-657.

Jeon, 1.G. 2004. The present condition of Korean aqua-
culture. Proceeding of the Korea-Japan International
Symposium on Agquaculture. Yosu, pp. 9.

Jeong, K.S. and S.C. Ji. 1998. Development of high
efficient moist pellet (HEMP) diet for flounder,
Paralichthys olivaceus. 11. Availability evaluation of
five different commercial compound meals as dietary
ingredients. Bull. Mar. Sci. Inst., Yosu Natl. Univ.,
7, 35-45.

Ji, S.C. 2002. Feeding and digestive characteristics of
Korean major marine cultured fish. Ph.D. Thesis,
Yosu University, Korea, pp. 150.

Kikuchi, K., T. Furuta and H. Honda. 1994. Utilization
of feather meal as a protein source in the diet of
juvenile Japanese flounder. Fish. Sci., 60, 203-206.

Kikuchi, K., T. Sato, T. Furuta, I. Sakaguchi and Y.
Deguchi. 1997. Use of meat and bone meal as a protein
source in the diet of juvenile Japanese flounder. Fish.
Sci., 63, 29-32.

Kim, K.W. 2001. Evaluation of the optimum dietary pro-
tein to energy ratio of olive flounder (Paralichthys
olivaceus), Korean rockfish (Sebastes schlegeli) and
parrot fish (Oplegnathus fasciatus). Ph.D. Thesis,
Pukyong National University, Korea, pp. 123.

Kim, KW., X.J Wang and S.C Bai. 2002. Optimum dietary
protein level for maximum growth of juvenile olive
flounder Paralichthys olivaceus (Temminck et

Schlegel). Aquacult. Res., 33, 673-679.

Lee, SM., L.G. Jeon, I.Y. Lee, S.R. Park, Y.J. Kang and
K.S. Jeong. 1996. Substitution of plant and animal
protein for fish meal in the growing Korean rockfish
(Sebastes schlegeli) feeds. J. Kor. Fish. Soc., 29,
651-662.

Lee, SM., S.H. Cho and J.D. Kim. 2000. Effects of dietary
protein and energy levels on growth and body com-
position of juvenile flounder Paralichthys olivaceus.
J. World Aquacult. Soc., 31, 306-315.

Mcgoogan, B.B. and D.M. Gatlin, III. 1999. Dietary
manipulations affecting growth and nitrogenous waste
production of red drum, Sciaenops ocellatus. Aqua-
culture, 178, 333-348.

Murai, T., T. Akiyama, H. Ogata and T. Suzuki. 1988.
Interaction of dietary oxidized fish oil and glutathione
on fingerling yellowtail, Seriola quingueradiata.
Nippon Suisan Gakkaishi, 54, 147-148.

NRC (National Research Council). 1993. Nutrient Re-
quirements of Fish. National Academic Press,
Washington D.C. USA, pp. 54.

Sato, T. and K. Kikuchi. 1997. Meat meal as a protein
source in the diet of juvenile Japanese flounder. Fish.
Sci., 63, 877-880.

SPSS Inc. 1997. SPSS for Windows Release 7.5.2K. SPSS,
Seoul, Korea.

Takeuchi, T. 1998. Nutritional requirements of larval and
juvenile Japanese flounder. In: Text Book of Basic
and Theoretical Course in Sea Farming. XII. Fisheries
Agency and Japan Sea Farming Association, Tokyo,
pp. 23.

Watanabe, T. and V.A. Robert. 2003. Broodstock nutrition
research on marine finfish in Japan. Aquaculture, 227,
35-61.

20053 59 6Y HF
20053 109 179 g



