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We conducted an 8-week feeding trial to evaluate dietary lipid sources on the growth performance and body compo-
sition of juvenile river puffer fish Takifugu obscurus. Nine experimental diets were formulated with fishmeal as the
major protein ingredients, providing 50% crude protein. The experimental diets contained either beef fallow (BF),
soybean oil (SO), rapeseed oil (RO), or linseed oil (LO). Each of these diets was then supplemented or not with 0.5%
n-3 HUFA (BFH, SOH, ROH, and LOH), resulting in a total of eight experimental diets. The control diet contained
fish oil (FO) as the lipid source. Fish averaging 10.3+£0.03 g were fed the experimental diets in randomly selected
triplicate groups for 8 weeks. Weight gain and feeding efficiency of fish fed the FO and SOH diets were significantly
higher than those of fish fed BF or RO (P<0.05), but these diets did not differ significantly from the other diets. The
protein efficiency ratio of fish fed the SOH diet was significantly higher than that of fish fed the BF, SO, or RO diets
(P<0.05), but these were not significantly different from the other diets. The specific growth rate of fish fed the FO
and SOH diets was significantly higher than that of fish fed the BF diet (P<0.05). Whole body DHA and n-3 HUFA
contents of fish fed the FO diet were significantly higher than those of fish fed the SO, RO, or LO diets (P<0.05),
but were not significantly different from the other diets. These results indicate that soybean oil and linseed oil could
replace up to 100% of fish oil in the diet containing 60% fishmeal for river puffer fish.
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Table 1. Composition of the experimental diets
) Diets’

Ingredient (%)

FO BF SO RO LO BFH SOH ROH LOH
Brown fish meal? 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0 60.0
Soybean meal? 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Wheat flour® 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0
Fish oil* 5.0 - - - - - - - -
Beef tallow? - 5.0 - - - 45 - - -
Soybean oil* - - 5.0 - - - 4.5 - -
Rapeseed oil* - - - 5.0 - - - 4.5 -
Linseed oil* - - - - 5.0 - - - 45
DHA+EPA* - - - - - 0.5 0.5 0.5 0.5
Vitamin premix® 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Mineral premix® 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0
Proximate composition (%, DM)
Moisture 9.40 10.7 9.59 10.4 10.1 10.7 9.99 1.1 9.84
Crude protein 50.3 50.5 50.4 51.0 51.3 50.2 50.0 50.0 50.0
Crude lipid 11.8 11.9 11.6 1.8 11.9 1.7 1.7 12.2 12.1
Crude ash 19.5 19.1 19.4 19.3 19.4 18.7 18.5 18.2 18.1

'Fish oil (FO); beef tallow (BF); soybean oil (SO); rapeseed oil (RO); linseed oil (LO); BF+0.5% n-3 HUFA (BFH); SO+0.5% n-3 HUFA
(SOH); RO+0.5% n-3 HUFA (ROH); LO+0.5% n-3 HUFA (LOH) . Rom Co. Haman, Korea. *Young Nam Flourmills Co., Busan, Korea.
“Ewha Oil Company, Busan, Korea. *Contains (as mg/kg in diets): Ascorbic acid, 300; dl-Calcium pantothenate, 150; Choline bitatrate,
3000; Inositol, 150; Menadione, 6; Niacin, 150; Pyridoxine.HCI, 15; Riboflavin, 30; Thiamine mononitrate, 15; dl-a-Tocopherol acetate,
201; Retinyl acetate, 6; Biotin, 1.5; Folic acid, 5.4; B, 0.06. “Contains (as mg/kg in diets):NaCl, 437.4; MgSO,.7H,0. 1379.8; ZnSO, 7H,0,
226.4; Fe-Citrate, 299; MnSO, 0.016; FeSO,, 0.03785 CuS0,, 0.00033; Calcium iodate, 0.0006; MgO, 0.00135; NaSeO,, 0.00025.
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Table 2. Fatty acid composition of lipid sources (% of total fatty acids)

) Ingredients’

Fatty acid

FO BF SO RO LO
C12:0 0.12 0.04 0 0 0
C13:0 0 0 0 0 0
C14:0 7.16 3.09 0.04 0 0
C15:0 0.56 0.29 0 0 0
C16:0 19.7 234 11.0 4.72 5.71
C17:0 1.38 0.59 0.05 0.00 0.00
C18:0 3.81 12.3 3.95 1.79 3.93
C20:0 0.31 0.11 0.25 0.43 0.14
C21:0 0.13 0 0.00 0.00 0.00
C22:0 0.16 0 0.33 0.21 0.12
C23:0 0.17 0.09 0 0 0
C24:0 2.00 0 0 0 0
> Saturates 355 40.0 15.6 7.15 9.90
C14:1 0.13 1.33 0 0 0
C15:1 0 0.17 0 0 0
C16:1 10.2 5.64 0 0.18 0
C17:1 0.31 0.83 0 0.16 0
C18:1 19.4 48.0 243 60.6 18.0
C20:1 1.18 0.31 0.13 0.92 0.10
C22:1 0.04 0 0 0 0.11
C24:1 0.07 0 0 0 0
> Monoenes 314 56.3 244 61.8 18.2
C18:2n9c¢ (n-6) 10.6 2.21 52.9 21.8 16.2
C18:2n%t 0.00 0.29 0.04 0.00 0.00
C18:3n6,9,12c (n-6) 0.26 0.20 0.15 0.00 0.00
C18:3n9,12,15¢ (n-3) 2.51 0.23 6.76 9.08 55.5
C20:2 0.57 0.09 0 0 0
C20:3 0.26 0.12 0 0 0
C20:4 0.93 0.10 0 0 0
C20:5 9.88 0 0 0 0
C22:2 0.47 0.53 0.15 0.1 0.12
C22:6 7.62 0 0.04 0 0
> Polyenes 33.1 3.76 60.0 31.0 71.8
>n-3 20.0 0.23 6.76 9.08 55.5
>n-6 12.6 272 53.0 21.8 16.2
n-3/n-6 1.59 0.08 0.13 0.42 343
n-3 HUFA 17.5 0 0 0 0

'Fish oil (FO); beef tallow (BF); soybean oil (SO); rapeseed oil (RO); linseed oil (LO).

L old] el gagel lo] ol Aol vehiA) 49t BFH, SOH % LOH A§T Afololli= I3 o]} Lehit
ok Aol 42 G4 SO NPT/ ROH B vlsfel § A gk +8 o 8o Akmu) 429 % n3 HUFAS] 3
of3t 2ol 2 7] Lheket O 0j(P<0.05), FO, BE, SO, RO, LO, 7}t BAIglo] BE A1k §-0J3k Hol 7} LehbA] gsiet.
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Table 3. Fatty acid composition of the experimental diets (% of total fatty acids)

Fatty acid Diets'

FO BF SO RO LO BFH SOH ROH LOH
C12:0 0.03 0.04 0 0 0 0.04 0 0 0
C13:0 0.02 0 0 0 0 0 0 0 0
C14:0 5.16 3.41 2.09 2.08 2.08 3.30 1.98 1.97 1.97
C15:0 0.57 0.47 0.32 0.32 0.34 0.45 0.30 0.31 0.32
C16:0 21.7 229 16.9 14.4 14.8 221 16.1 13.6 14.0
C17:0 0.59 0.62 0.19 0.12 0.23 0.61 0.19 0.11 0.22
C18:0 4.88 12.6 7.27 5.63 5.22 12.3 6.97 5.33 4,94
C20:0 0.31 0.19 0.29 0.38 0.20 0.17 0.27 0.36 0.19
C21:0 1.19 0.81 0.75 0.72 0.74 0.77 0.71 0.68 0.70
C22:0 0.14 1.31 1.32 1.32 1.39 1.24 1.25 1.24 1.32
C23:0 0.13 0.1 0.10 0.10 0.09 0.1 0.10 0.09 0.09
> Saturates 34.7 425 29.3 251 251 411 27.9 23.7 23.8
C14:1 0.11 0.52 0.07 0.11 0.11 0.51 0.06 0.10 0.10
C15:1 0.10 0.14 0.06 0.06 0.07 0.14 0.06 0.06 0.06
C16:1 8.62 5.72 3.32 4.08 3.37 5.50 3.10 3.86 3.19
C17:1 0.38 0.71 0.20 0.25 0.04 0.70 0.19 0.23 0.04
C18:1 20.4 274 20.9 36.3 17.7 255 19.0 34.4 16.8
C20:1 3.12 2.85 242 2.83 242 2.70 227 2.68 2.29
C22:1 0.61 0.56 0.49 0.54 0.54 0.53 0.46 0.51 0.51
C24:1 0.48 0.44 0.40 0.24 0.38 0.42 0.39 0.22 0.36
> Monoenes 33.8 38.3 27.9 444 246 35.9 255 421 23.3
C18:2n9c (n-6) 9.70 6.28 28.2 14.5 12.11 5.50 274 13.7 11.5
C18:2n%t 0 0 0.02 0.06 0.04 0 0.01 0.06 0.04
C18:3n6,9,12c (n-6) 0.22 0.1 0.05 0.08 0.09 0.10 0.05 0.07 0.08
C18:3n9,12,15¢ (n-3) 2.46 1.37 4.30 5.31 27.9 1.08 4.01 5.02 26.4
C20:2 0.45 0.17 0.15 0.22 0.21 0.16 0.13 0.21 0.20
C20:3 0.16 0.10 0.05 0.05 0.05 0.10 0.04 0.04 0.05
C20:5 6.99 3.51 237 245 227 4.32 4.06 4.10 4.09
C22:2 0.41 0.20 0.19 0.19 0.18 0.19 0.18 0.18 0.17
C22:6 1.1 7.46 7.54 7.65 7.36 1.5 10.7 10.8 10.4
> Polyenes 31.5 19.2 429 30.5 50.2 229 46.6 34.2 52.9
>n-3 20.5 12.3 14.2 15.4 37.6 16.9 18.7 19.9 40.9
yn-6 10.5 6.65 28.5 14.8 124 5.86 277 14.0 11.8
n-3/n-6 1.95 1.85 0.50 1.04 3.03 0.29 0.67 1.42 3.47
n-3HUFA 18.1 11.0 9.91 10.1 9.63 15.8 14.7 14.9 14.5

'Fish oil (FO); beef tallow (BF); soybean oil (SO); rapeseed oil (RO); linseed oil (LO); BF+0.5% n-3 HUFA (BFH); SO+0.5% n-3 HUFA
(SOH); RO+0.5% n-3 HUFA (ROH); LO+0.5% n-3 HUFA (LOH).

o A| AAE 248 2] 3K Table 6)+= Z3FA|HHAo] Qloj A= sh o= EEIAE BF 9 RO A3+7} FO, SO, LO,
BFH A&7} ROH A #+te] vlste] {23k 2fo] & =4 u SOH % LOH A& +te] v]sto] f-0]gk 2fo| & A et o
E} 0. 8(P<0.05), BFH, FO, BF, SO,RO,LO, SOH 2 LOH  (P<0.05), BF, RO, BFH 2 ROH A&7 /\}O] o= 908} 2}o]
AT Aolofl = F-olgh Zfo| 7} YeRR] gttt o] F A o] 7 YRR ¢hetth. HofA] EPA ¥k FO A +17} BF, SO,
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Table 4. Growth performance of juvenile river puffer Takifugu obscurus fed nine diets for 8 weeks!
Parameters Diets* Pooled

FO BF SO RO LO BFH SOH ROH LOH SEM®
WG (%)* 1252 97.2° 1062° 96.1° 1062 1142 1292 116% 1202 277
FE (%)° 48.12 38.4° 40.52 39.1° 40.8% 43.1%° 48.72 43.23 46.420 0.91
PER® 0.96°° 0.77¢ 0.81%° 0.78° 0.81a 0.86°° 0.98° 0.862° 0.932¢ 0.04
SGR’ 1.762 1.47° 1.57% 1.46% 1.562° 1.662° 1.802 1.67% 1.71% 0.04
CF? 2.20% 2.05° 2.14z> 2.05° 2.08%® 2.10% 2.372 2.1280 2.21% 0.03
HSI (%)° 10.7%® 10.4° 1212 10.4° 9.63° 10.9° 10.0° 9.41° 11.020 0.19
V§|o 15.0% 14.5% 16.32 14 5% 13.6° 15.12 14 .3 13.5° 15.92 0.20
Survival (%) 93.3 86.7 85.0 88.3 93.3 85.0 86.7 93.3 83.3 1.06
pcvt 321 36.2 36.8 36.2 30.5 321 35.3 29.9 28.2 1.34
Hb12 11.3 1.5 1.4 1.0 10.8 1.1 10.6 10.67 10.5 0.16

"Values are means from triplicate groups, values in the same row not sharing a common superscript are significantly different (P<0.05).
“Fish oil (FO); beef tallow (BF); soybean oil (SO); rapeseed oil (RO); linseed oil (LO); BF+0.5% n-3 HUFA (BFH); SO+0.5% n-3 HUFA
(SOH); RO+0.5% n-3 HUFA (ROH); LO+0.5% n-3 HUFA (LOH) . *Pooled standard error of mean : SD/vn. *Weight gain (%): (final wt. -

initial wt.) x

100/ initial wt. *Feed efficiency (%): (wet weight gain / dry feed intake) x 100 “Specific growth rate: (log, final wt. - log_ initial

wt.) / days. "Protein efficiency ratio: wet weight gain / protein intake. 3Condition factor: [fish wt. (g) / fish length (cm)?] x 100. *Hepatoso-

matic index: (liver weight / body weight) x 100. "Visceralsomatic index: (viscera weight / body weight) x 100. "PCV (%) = hematocrit.
1Hb (g/dL) = hemoglobin.
Table 5. Whole body composition (%, DM) of juvenile river puffer Takifugu obscurus fed nine diets for 8 weeks!
Diets? Pooled

Parameters — 3

Initial FO BF SO RO LO BFH SOH  ROH LOH  SEM
Moisture 72.8 69.6 71.5 70.2 71.2 72.4 69.6 74.3 71.5 714 0.47
Crude protein 571 67.5%c  65.5 63.7° 67.5%c  67.0%c  68.6°c  70.2% 71.32 69.23bc 0.53
Crude lipid 27.3 22 5% 22.7% 25.12 22 8% 22.0%® 20.9% 20.82 18.3° 23.3% 0.55
Ash 8.99 9.75 9.60 9.05 9.51 10.0 9.70 9.78 1.0 10.1 0.17

'Values are means from triplicate groups, values in the same row not sharing a common superscript are significantly different (P<0.05).
*Fish oil (FO); beef tallow (BF); soybean oil (SO); rapeseed oil (RO); linseed oil (LO); BF+0.5% n-3 HUFA (BFH); SO+0.5% n-3 HUFA
(SOH); RO+0.5% n-3 HUFA (ROH); LO+0.5% n-3 HUFA (LOH) . 3Pooled standard error of mean: SD/An.
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2 drolFE= AR Y linoleic acid (18:2n-6)2} linolenic acid
(18:3n3)8 ¢ = F 71 HES I Q 7 sl vk, 4
A Blikol = AR Y o EPA (eicosapentaenoic acid, 20:5n-3)
E+= DHA (docosahexaenoc acid, 22:6n-3)1} -2 n-37] 1%
E3 51 %4Kn-3 highly unsaturated fatty acids, n-3 HUFA)
< I Q2 ShcH(Webster and Lovell, 1990; Ruyter et al., 2000,
Lee et al., 2003; Fonseca-Madrigal et al., 2005; Kim and Lee,
2005; Mourente et al., 2005). & A= 2]o]7] 25 ojA)
o gHALREY A ARE F 40%E o H(O1EAL 60%, A

F AW 40%)Z ol g3tol HRARS AF F, 97, o
$ 55 9 ol B TS EE 242} 0.5%¢] n-3 HUFA

(DHA+EPA)YE H71sto] ol Al 7154< B7hskalet. A
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Table 6. Whole body proximate fatty acid composition (% of total fatty acids) of juvenile river puffer Takifugu obscurus fed nine diets for
8 weeks'

. Diets? Pooled
Fatty acid —
Initial FO BF SO RO LO BFH SOH ROH LOH SEM®

C13:0 0 (0 o o o (0 0.19° o o (1 0.01
C14:0 3.18 343 270®  237c  262%  238c  270®  215° 189  245%  0.08
C15:0 0.45 0.49 0.33 0.47 0.33 0.47 0.48 0.39 0.38 0.46 0.03
C16:0 234 208 216  202®  201® 19.7® 2232  191® 163>  195® 042
C17:0 0.65 0.73° 1042 0770  071° 078 048 039  027¢  0.74° 0.04
C18:0 846  6.05® 631% 609® 578 656  6.88° 597  496° 6.12®  0.13
C20:0 2.24 0.27 0.23 0.26 0.12 0.29 0.25 0.25 0.31 0.21 0.04
C22:0 057 068® 061 083  0.80° 083  077® 020° 030® 071  0.05
C23:0 0.06 0 0 0 0 0 0 0.07 0.09 0 0.01
S Saturates 39.0  322®%  328%  31.0® 304® 311® 3400 285® 245  302®  0.69
C14:1 0 (0 0.120 0P (1 (0 0.30° or (1 (1 0.02
C16:1 11.3 12.12 1112 879%  961°  890® 357> 792 773>  904® 056
C17:1 0.17 0 0 0 0 0.05 0.13 0.14 0.04 0 0.01
C18:1 28.8 293>  372° 3120 383  291° 398 303> 385  20.1° 0.92
C20:1 0.32  2.81%c 269  272®c  312® 285 3200 2550  309® 268c  0.05
C22:1 0 0.35 0.12 0.15 0.13 0.36 0.38 0.33 0.35 0.32 0.03
C24:1 0.20 0.1 0.13 0.17 0.14 0.38 0.38 0.30 0.37 0.32 0.03
S Monoenes 40.8  44.7%9 5143 4319 5132 4179  47.8%c  416° 50.0° 415 0.93
C18:2 10.1 8.33°  6.47° 17.5¢ 101 104  6.56° 19.22 1216 922 087
c18:3 1.69 242 1470 2470 3.34° 11.52 1810 264> 3620  12.0° 0.82
C20:2 054  058° 028 073  050° 053° 043 075 057 047 0.03
C20:4 0.48 0.68 0.41 0.39 0.18 0.36 0.45 0.35 0.42 0.30 0.04
C20:5 2.40 3.39° 188 159 114> 1250 247® 1750  2.63% 149 0.18
C22:2 0.10 0.09°  0.11®  0.14®  0.09° 0 0.26®  0.14®  0.04>  0.36° 0.03
C22:6 4.81 7618 520® 3100 294>  327°  6.36® 487 592%  450® (044
S polyenes 20.2 23.1 15.8 25.9 18.3 27.3 18.0 29.8 25.3 28.3 1.27
sn-3 8.69 13.4 8.56 7.16 7.43 16.0 9.52 8.44 11.3 17.9 0.99
Sn-6 11.2 959 715  186° 108 113  744° 203 131  999c  0.90
n-3/n-6 0.78 140 128 042>  087® 141® 113>  037° 067 173 0.10
n-3HUFA 7.21 11.00  7.08° 469 409 452> 853  662% 8550 599® (.61

Values are means from triplicate groups, values in the same row not sharing a common superscript are significantly different (P<0.05).
2Fish oil (FO); beef tallow (BF); soybean oil (SO); rapeseed oil (RO); linseed oil (LO); BF+0.5% n-3 HUFA (BFH); SO+0.5% n-3 HUFA
(SOH); RO+0.5% n-3 HUFA (ROH); LO+0.5% n-3 HUFA (LOH) .

3Pooled standard error of mean: SD/\n.
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Faotollol gt AR n3 HUFAZL 87 o4O R 3% ThE A7 aATES SRelstel, 4250l 4 el a9l 5 45%S
sol 91 29 13 HUFAS 4w H71kA) 9ok d0%7t  olR02 3lof f77hast 9 4oi7hy BUGE 2TE A
A olg8 oAl 4 Aoor], £k AFEFE NI HUFA 2 10% % ofRA1A 3%, B84 7%)% F1 tl552 ofujel

2 0.5% o4 A7} Slojob @ AOE WEE uIA, 94, ) £8 W% E& 03 HUFAS 2.6%H A715to] g3t A, o)



At U A g F2pAgate] 210)7] o] A4 W Al 2ol nAlE 9% 397

i

£49} ofuel 45 T M7k A% dhxel vste] ol
frofek Afo| & A Bl n-3 HUFAE 2.6%4] 371 45
et oMRRIFE 57%7HA] o5 tiAIE 4= Qlekal Barst
S TH(KiKuchi et al., 2011). E3}, AL U] o] 8 ko] 46% 2=
Z 79 sharpsnout seabreamo] 310] o4& ¥ 9 o}
RI-F-2 100% A 4= QIthal H 11514 © ™ (Piedecausa et
al., 2007), B 3l qlol A= A of & o] 50% = 7
9 TRk oloel §-8 348 BE51aL ch o162 ekelol
FEAAL S 4l o] 3 Hol7k iehtA skt
(Rogost et al., 2003). =3t murray cod 2 red seabream®]| ¢}
ol A= AR ol FFo] 212 10% B 50% -2 A o
S2 AR ool 9 SR 22 gl Al
= A TH(Francis et al., 2006; Huang et al., 2007). 3}-Z] 2, sea
bassoll QLo1AT AL ofiekao] 0% 4421 5ol $4),
Th, X, R WS40 ol g3l0] ol 48 50% 4
Z7kAE A7 7Rk B 15 9 Xue et al., 2006).
Q] g0} F2l lagemouth bassol| §lojAl= AR of okl
40% =1 A5 o= A= tAl 7k stk 2Harskgick
(Subhadra et al., 20006).

Aol bt z4e) wstol QlojAl gzl 54
4 A 9l0) FFoll b Aol S 1ol siokont, 5
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1010l n-3 HUFAS 0.5%% 713t 4%, 271514 &
gtol Blsto] MojA| whul g Sheke Srbskar, XA gk
s ZggFo] Urebytt. o]t Ak n-3 HUFAS] 3
7¥7 9 249 o] g5l FF 7IF el 2 5
w, gk & ofof tfgh 7} At7L R e ofop T A O AR
Hc} Kim et al., (2010)-2 of ]| o] A 2] A 31} 4] 2] & of] 4]
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