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Abstract

This study was conducted to investigate the effect of extruded pellets (EP) containing different levels of protein
(51%-55%) and lipid (9%-15%) on flesh quality of flounder (Paralichthys olivaceus) comparing with raw fish-based
moist pellet (MP). Two replicate groups of 40 fish per each tank (initial mean weight 106 g) were fed one of
three experimental EP (EP1, EP2 and EP3) containing different protein and lipid levels, a commercial EP (EP4)
and MP for 16 weeks. Moisture content of fish fed MP was significantly higher than that of fish fed all EP.
Significantly higher contents of 16:1n-7, 20:4n-6, 20:5n-3 and lower 18:2n-6 were observed in fish fed EP4 and
MP compared with fish fed EP1, EP2, EP3. The 22:6n-3 content was not significantly different among all groups.
Taurine content of fish fed MP was significantly higher than that of fish fed all EP. Asparagine content of fish
fed EP1 was significantly higher than that of fish fed EP2, EP, EP4 and MP. Significant difference were observed
in lysine and serine contents of fish fed experimental diets. In nucleotides and their related compounds, ATP and
AMP content was not affected by diets. Significant difference were observed in IMP contents of fish fed experimental
diets. Textural properties, no significant difference was observed among the fish groups fed different diets.
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Table 1. Ingredients and nutrient contents of the experimental diets

Diets”
EP1 EP2 EP3 EP4 MP
Ingredients (%)
Brown fish meal 60.6 56.6 514 Closed
Krill meal 30 30 30
Soybean meal 4.0 4.0 4.0
Wheat gluten 30 30 30
Wheat flour 26.5 217 28.7
Squid liver oil 05 33 15
Others 24 24 24
Raw fish (sand lance) 95
Binder meal 5
Nutrient contents (dry matter basis)
Moisture (%) 27 6.2 78 6.7 78.0
Crude protein (%) 55.1 53.0 50.5 554 64.5
Crude lipid (%) 8.8 117 152 85 1.7
Ash (%) 9.0 84 15 153 102
Energy (cal/g) 5095 5201 5405 4637 5051

"The experimental diets are as follow; EP1, EP2, EP3: experimental extruded pellets, EP4: commercial extruded pellet, MP: raw fish-based moist pellet.

)5le] 045 ym membrane filter2 o3} 3 A|gd&
Biochrom 30 op7|=4t 24E £4715 ARg-ste] et 2
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Table 2. Proximate composition of the dorsal muscle in
flounder fed the experimental diets”

Diets”
EP1 EP2 EP3 EP4 MP
Moisture (%) 74.7+0.05° 75.0£0.03 74.7+0.06> 74.3+0.01* 75.4+0.05"

Crude protein (%) 23.6+0.17 23.5:027 225046 24.1+0.55 23.5:0.69
Crude lipid (%) 049+0.02 0.44+0.03 0.5610.04 0.45+0.09 0.530.14

YValues (mean+SD of two replications) in each row with the different superscript
e significantly different (P<0.05).
PSee the legend of Table 1.

XA =N

ZF AbETE GA] SES] A 24 #A4ska
ZAE Table 39 YR g 5252 A4
(saturated fatty acid, SFA) 2.2 4]+= palmitic acid(16:0)2] &}

&3)2] A|18¢ A5% (2011)

T

o] 7P wekal, 331" Hunsaturated fatty acid) .=
oleic acid(18:1)2} docosahexaenoic acid(22:6, DHA)7}
£ AgAE FFN FEACE 14 gol dHiHol
Q). 5%2] oleic acid 4ol 7t ARTHE F9142)
zo]E YERAAUETH], ©] oleic acide ©YEX 3R HAES
2 T A2 8% FAARI) B2HES B
24 SUART 2 AP FFF B} gl RO
2 R3FEI 1 o(15), oleic acid®] &0 =0 Iy
7tolA =& HAFE dethe Bavt )dvkle). §-4, 7}
AR FHEE YX] 5259 linoleic acid(18:2)2] $to]
JZQl 2ol & YEho], EP4 B MP 577} 1.6% 1Tl
His) A3 wigAlE EPL, EP2 ¥ EP3 T35 472} 6.3%,
62% 2 58%%Z =2 k2 YER I} B3 cwosapentaenom
acid (20:5, EPA)S] $H= 7} Al %M SollA
FoA¢l 2ol Ho] Ep4 L MP FFT7} 7‘74 9.1%
2 9.6%<1Hl whell 29 vigALE EPL, EP2 3 EP3 351
27} 59%, 5.8% R 64% = W& s UERSATE of2igt
ZI= Table 4004 A|AIGE AFR O] APt 240 9] 2fo] 2
o3l oS¢ XAl =74 A7) thE Ao g JduHch
Morishita S(17)& AFE ] Aukak 240 ek o) o] At
& 2 Wb} Siehn wslel & @7 s} A
Sk wEo] B3 2 AHRe] DHAS) §3E Aol7k Uk
o, YA SRgel AL 24 ¥ UL A 2ol
33%~34%= LAY %S UERHRH. o= DHA”Z} EPA°]
Hlgte] o} 2ol 9420w SHH7] Wil e R

¥o H orr o

l

F

Table 3. Fatty acid composition of the dorsal muscle in flounder fed the experimental diets”

(unit : % of total fatty acids)

Diets”
Fatty acid
EP EP2 EP3 EP4 MP
C16:0 252:+0,08" 24.7+0.14 25.4+0.48 2524014 25.1£0.09
Cl6:1n-7 2.6+0.06" 2.7+0.08" 274022 3540.00° 43027
CI8:0 34%0.16" 34%0.10° 36£0.15" 324023 4.14028°
C18:1n9 15.0£0.43® 15.7£0.06° 14.6£0.75% 13.320.15° 14.4092°
C18:2n-6 6.310.08" 6.240.01° 5.8+032" 1.6+0.00° 1.6+0.01°
C18:3n-3 09+0.03" 0.9+0.00" 0.8+0.07" 04+0.00° 0.5+0.02°
C18:4n-3 0.4+0.03" 04+0.00° 04+0.04° 04+001° 0.5+0.02°
C20:1n-9 0.6+0.04° 1.120.10° 134012 1.6+0.06° 10+0.13°
C20:4n-6 13+0.02° 1.40.00° 14+0.01° 2,0£0.01° 24%0.16°
C20:4n-3 0.30.00° 0.30.05" 0.30.03" 04+0.01° 0.30.02°
C20:5n3 59023 5.80.07" 6.4+025" 9.6+0.06° 9.10.42°
2303 14+0.02° 13029 1.30.09 1.840.12 1440.13
22:5n3 2.0+0.09" 23+0,09® 254005 3540.11° 24£0.11°
C22:6n-3 3444057 33,740.04 3341130 33.440.52 32.9t1.14
CI8:0/C18:2 0.54 0.54 0.62 2.00 2.56

Valu% (meantSD of two replications) in each row with the different superscript are significantly different (P<0.05).

PSee the legend of Table 1.
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Table 4. Fatty acids composition of the experimental diets
(unit : % of total fatty acids)

Fatty acid Diet”

EP1 EP2 EP3 EP4 MP
Cl4:0 26 30 39 4.0 48
Cl4:In 04 04 04 0.5 0.6
Cl16:0 219 21.6 214 21.1 214
Cl6:1n 38 4.1 49 45 6.7
C17:0 04 04 04 0.6 0.7
C18:0 35 33 35 52 3.8
C18:1n9 188 175 185 139 124
C18:2n-6 11.6 112 105 20 2.1
C18:3n-3 20 1.8 18 0.8 14
C18:4n-3 1.1 1.1 14 1.0 29
C20:1n9 0.7 09 14 17 1.6
C20:2n-6 03 02 03 02 0.0
C20:4n-6 1.0 1.0 1.0 19 0.8
C20:4n-3 04 04 05 0.6 0.8
C20:5n-3 84 9.0 92 131 150
C22:2n-6 02 02 02 04 04
C22:3n-3 03 02 02 0.6 02
C22:5n-3 0.8 09 L1 25 1.0
C22:6n-3 218 226 192 255 22

"See the legend of Table 1.
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Table 5. Free amino acids content of the dorsal muscle for flounder”
(unit : % to total amino acids)

Diets”

EPI EP2 EP3 EP4 MP
Taurine 9.68+0.30" 554425 8.80£1.78" 11.1620.85° 15.2320.19°
Urea nd® nd’ 0.5520.77" 0.890.20" 1.0520.14°
Hydroxyproline 2.97£035° 049:0,69" 183:1.16" nd* nd’
Threonine 2.90+0.35 1.94%1.90 2.62+0.09 2.80+0.32 2334127
Serine 746%038" 506+4.41" 8.56+0.70° 5.89+1.05® 1.50+0.44°
Asparagine 2724047 1.124081° 2174034 0.63+0.71° nd’
Glutamic acid 1702041 1384095 1.65+0.18 1.16:0.07 2.300.66
Sarcosine 0.510.03" 0.17:0.15" 1.1620.17° 4.74+0.39° 0.17:0.00°
a-aminoadipic acid 4358104 323342320 47554599 47294557 53.70+3.45
Glycine 320£0.02 1.90+1.68 2.700.66 201039 2554037
Alanine 8.58+0.12 5494433 7844143 7.76+0.65 6.400.78
Citrulline 0.05+0.07° 0.04+0.03" 0.07+0.01° 0.09+0.01° 0244002
a-amino-n-butyric acid 0.14+0.00 0.16+0.13 0.18+0.01 0.13+001 0.13+0.04
Valine 0.49+0.03" 0.24+0.19" 0410.05" 0.39:+0.00° 0.79+0.16"
Cystine nd 0012001 0.01+0.01 001001 nd
Methionine 040+0.02° 0.17+0.12° 027+0.02" 0324001 0.68+0.15°
Cystathionine 1.89+0.07 227+2.02 1910.13 1.08+0.58 045027
Tsoleucine 0.32+0.04 0.27+0.26 0.26+0.04 0.23+0.00 0.48+0.06
Leucine 0.66£0.06' 0.29:021° 0.50£0.07" 0.440,00" 1.1140.25"
Tyrosine 0.330.04" 0.15£0.11° 0.3240.14" 0.22£0.00° 05240.12°
B-alanine 0.34+0.00 0210.18 0.25+0.08 0.24+0.02 042+0.02
Phophoethanolamine 0.30+0.00° 0.12+0.09" 0.20+0.04° 0.19+0.01° 0.6740.18"
[B-aminoisobutyric acid 0.17£0.00" 0.09:0.06" 0.170.04" 0.20£0.02" 0.170.01%
Homocystine nd* nd* nd" 0.0420.01" 0.01:0.02°
y-amino-n-butyric acid 0.03+0.00 0.02+0.01 0.02+0.00 0.02+0.00 0.03+0.00
Ethanolamine 0.07+0.00" 0.04+0,03 0.06+0.01° nd’ 0.13+0.00°
Ammonium chloride 7.03+027" 368+2.83" 6.58+1.31" 7614101 323+1.44°
§-hydroxylysine 0.25£0,03" 0.14£0.12% 0.16£0.02" nd* 0.08£0.02°
Ornithine 0.59+0.03" 0224023 0400.10° 0.6420.10" 0.60%0.10°
Lysine 192:0.00™ 0.910.82" 143+0.39° 2.23+0.63" 2.90+0.43°
1-methylhistidine 0.03+0.01" 0.01+0.02° 0.02+0.01* 0.05+0.01° 0.06+0.00"
Histidine 0.46+0.04 0.28+0.20 0.37+0.04 0.28+0.02 0.48+0.14
Anserine 0.81+0.02° 0.32+0.31° 0.6740.15" 091007 0.5340.16"
Arginine 041+001° 0.16+0.15" 0.300.04" 0.36+0.09" 0.90+0.14"

Values (meantSD of two replications) in each row with the different superscript are significantly different (P<0.05).
See the legend of Table 1.
Ind: not detected.
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Table 6. Free amino acids content of the experimental diets

(unit : % to total amino acids)

Diets”
EP1 EP2 EP3 EP4 MP

Taurine 2091 2149 21.59 20.57 18.86
Glutamic acid nd2) nd nd 3.62 0
Sarcosine 0.76 0.78 0.62 0.26 021
a-aminoadipic acid 0.08 0.09 0.09 0.16 0.14
Proline L7 1.99 1.95 L19 424
Glycine 6.16 6.41 6.02 6.72 381
Alanine 1543 1577 14.87 729 9.96
Citrulline 0.76 0.78 0.80 0 L13
a-amino-n-butyric acid 042 043 0.44 0.05 0.35
Valine 5.56 5.55 549 2.53 6.57
Cystine 0.08 0.09 nd nd 0.28
Methionine 1.26 1.73 L15 0.36 4.94
Cystathionine 0.17 0.17 159 0.10 0.85
Isoleucine 320 329 3.10 1.76 4.80
Leucine 6.66 6.76 6.37 3.62 12.15
Tyrosine 1.52 1.56 159 145 0.85
[-alanine 1.10 0.09 0.09 nd nd
Phophoethanolamine 2,02 1.99 1.95 114 4.10
[3-aminoisobutyric acid 0.08 0.09 0.09 nd nd
Homocystine nd nd nd nd 0.64
y-amino-n-butyric acid nd nd nd nd 0.85
Ethanolamine 051 043 0.44 0.05 0.78
Ammonium chloride 1113 8.67 1097 8.01 0.14
S-hydroxylysine 0.93 0.87 0.88 0.10 071
Ornithine 093 0.95 097 0.52 L13
Lysine 4.55 4.68 451 393 4.80
1-methylhistidine 0.08 0.17 0.09 0.05 0.14
Histidine 8.35 9.53 8.05 31.94 9.11
Tryptophan 1.85 2.17 L7 0.72 247
Anserine 0.25 nd 0.62 031 0.35
Carnosine nd nd nd nd 1.06
Arginine 346 347 3.89 357 459

"See the legend of Table 1.

Pnd: not detected.
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Table 7. Contents of nucleotides-related compounds of dorsal muscle in flounder fed the experimental diets”
(unit : mg/100 g)
Diets”
EP1 EP2 EP3 EP4 MP
ATP 0.19+0.13 0.25+0.01 0.23+0.03 0.24+0.01 0.19+0.14
ADP 0.3610.02° 0.31+0.01° 0.320.01° 0.350.02° 0530.11°
AMP 0.23+0.01 0.20£0.00 0.190.04 0.22+0.00 0.180.01
MP 800,07 82+0.22° 8.0£0.03" 86:0.11° 7.8:0.18°
Tnosine 0.15+0.01° 0.14£0.00" 0.13:0.00" 0.15£0.00° 0.17+0.01°
Hypoxanthin 0.97+0.01 0.93+0.03 0.91+0.03 0.93+0.02 1.92+1.44
Valu% (meantSD of two replications) in each row with the different superscript are significantly different (P<0.05).
PSee the legend of Table 1.
Table 8. Textural properties of the dorsal muscle in flounder fed the experimental diets”
Diets”
EP1 EP2 EP3 EP4 MP
Stringness (%) 70.742.0° 70.1£0.1° 728230 75542.0° 779452
Cohesivenes (%) 339£1.6 33.843.1 34.5+4.7 38.6£04 40.547.7
Gummness (g) 464.4£77.7 488.1+1.0 464.2+47.0 511.5£22.7 470.4+44.9
Hardness (gfom’) 2334.14385 2607.9+112 2429.14112 2318.8+20 2068.3+199
Strength (g/em’) 1789.3+288 1961.9152 1853.1£84 1790.8+19 1593.6+149
Adhesivness (g) 36.615.8 3494213 33.6%7.5 403222 26.0%12.5

Values (meantSD of two replications) in each row with the different superscript are significantly different (P<0.05).

PSee the legend of Table 1.
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