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Nutrient requirements for EPA and DHA by
juvenile Paralichthys olivaceus
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(1. Fisheries Nuirition Laboratory, Ocean Unwersity ¢ China, Qingdao 266003, China;
2. Aquaculture Nurition and Feed Laboratory, Feal Research Institute, Chinese Academy of Agriculture Sciences, Bejing 100081, China)

Abstract: Juenile Japanese flounders were fed with purified diets containing different levels of eicosapentaenoic
acid (20: 5n— 3; EPA) and docosahexaenoic acid (22: 6n— 3,DHA) to determine the effects of the both fatty acids
on fish growth performance. Combining the growth data with the analysis of fatty acid composition of muscle and
liver, it was indicated that the optimum requirement for EPA and DHA are 0. 5% and 1. 0% - 1. 5%,
respectively. Under the conditions, the fish fed with diet 5 and diet 6 showed highest growth rate, lowest muscle
moisture and HI, higher muscle lipid content and highest EPA, DHA accumulation in the polar lipid fraction of the
liver. However, in the nonpolar lipid fradion of the liver and muscle, the compositions of fatty acid showed no
significant difference between the groups. So the contents of polar lipid fraction could indicate the effects of n— 3
HUFA on fatty acid composition of fish muscle, and EPA, DHA contents in the polar fraction were much higher
than those of non-polar fraction. Either in liver or in muscle, the contents of 16: 0 and 18: In— 9 were quite high
both in polar and nor-polar lipid fraction. So the ratio of 18: In— 9 and r-s HUFA could determine if the diet EFA
contents could meet the requirements. The ratio will reduce when fish grows well, in the present experiment, the
fish fed diet 5 and diet 6 showed lowest 18: In— 9/n— 3HUFA, they were 0. 62 and 0. 74, respectively.
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Tab.1 Formulation and fatty acid compositions of the experimental diets %
material 1 2 3 4 5 6 7 8 9 10
casein 44 44 M 44 44 44 M4 M M4 44
gelatin 11 11 11 11 11 11 1 11 11 11
dextrin 20 20 20 20 20 20 20 20 20 20
viamin premix 1 1 1 1 1 1 1 1 1 1
mineral premix 4 4 4 4 4 4 4 4 4 4
choline chloride 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
catboxymethyl cellulose 3 > > 3 3 > 3 3 > 3
algin 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5
choleserol 1 1 1 1 1 1 1 1 1 1
zeolite 2 2 2 2 2 2 2 2 2 2
fish oil 2.9 2.9 2.9 2.9 1. 18 4.71 5. 88
soy oil 9 8 85 5. 86 5.36 4.8 4.36 6.93 3.71 2.65
EPA 0.5
DHA 1 0.24 0.74 1.24 1.74 0.8 0.58 0.47
fatty acid composition of diets
16:00 1.0 0.9 1.0 1.3 1.2 1.2 1.1 1.0 1.4 1.6
16:1n- 7 0.0 0.0 0.0 0.2 0.2 0.2 0.2 01 0.4 0.5
18:00 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
18:1n- 9 2.5 2.2 2.4 2.0 1.9 1.7 1.6 2.1 1.7 1.5
18:2n- 6 5.1 4.5 4.8 3.3 3.1 2.8 2.5 3.9 21 1.6
18:3n- 3 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.1 0.3 0.3
20:4n- 6 0.1 0.1 0.1 0.1 01 0.2 0.3
20:5n- 3 0.5 0.5 0.5 0.5 0.5 0.2 0.8 1.0
22:5n- 3 0.0 0.0 0.0 0.0 0.0 0.0 0.1
22:6n- 3 1.0 0.5 1.0 1.5 2.0 1.0 1.0 1.0
n- 3HUFA / 1.0 0.5 1.0 1.5 2.0 2.5 1.2 1.8 2.1
18: In— 9/n— 3HUFA / 1.9 39 1.8 1.1 0.8 0.6 1.5 0.8 0.7
[5.6]

Notes: mutrients level and mixed vitamins and minerals were calculated based on references| 5, 6]
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1.2 Statistica 5. 0 for Windows
TR & A G E F B
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2.1 EPA DHA
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, 12. 94 0. 16g 2
EPA  DHA 1 d, ) EPA DHA 1
n— 3HUFA 10 ,
3 ) 40 s , 3 s
0. 25m’ R 1~ 10 1 R 42.59% 5 (EPAO.5%,
) 30d 7:30 12:30 17:30 DHA1.0%) 6 (EPA0.5%, DHA1.5% )
3, s , 119.67%  113.31%,
2/3, 24h , 21~ 24°C (P<0.01) 478910 s
B F AT 70.11%  82.72% R 4 9
s 30 23 EPA DHA,
, , , 59.14%  55.72% ,
(hepatosomatic index, HI) 7d( 1 EPA DHA
) ? ]
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- (z1 7 EPA  DHA
( polar lipid, PL) [4.9]
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( GC- 14A )
R Sigma ,
Chemical Co., St Louis, MO) ,
it 3 B AT (HI) = Kanazawa!”’
/ n— 3HUFA
( one-way analysis of EPA  /
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2 ( t )
Tab.2 Results of growth and survival during the experiment (Mean= SE)
. . (g) (g) ) (%) (%)
diet No. initial body weight final body weight weight gain rate survival
1 13.08 10. 14 18. 4£0.22 42.59%2. 57 7. 711£2.05
2 13.63£0. 09 21. 6810.31 59.14%+1.25" 74.7111.92
3 12.72%0. 11 19. 81£0.37 55.2+2. 73 75.88+£3.74
4 12.91%0. 12 23.451+0.49 81.48+1. 991 73.57114.95
5 12.34%0.24 27.11£1.02 119. 67 £3.46¢ 7.54%3.02
6 12.3310.23 26.2910.42 113.31£7.32¢ 78. 09+ 4.58
7 12.65%0.27 21. 82%0.33 73.57% 1. 4 74.89%4.27
8 12.77%0. 11 2. 62%0.19 77.20%2. 03¢« 74.29%3.94
9 13.91%0. 20 25.56£0.05 83.72%1.45 77.36%3.45
10 13.10%0. 13 2. 2%0.34 70. 1114, (2 70. 2£3.41

Notes: treatments means with the different letter in the same line are significantly different from each other
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Tab. 3 Total lipid and moisture contents of fish muscle and HI before and after the experiment( Mean & SE)
(% dry matter) (%) (%)
experiment period total lipd in muscle moisure he patosomatic index
before exp. 20. 36£0.34% 80.12%0. 61 3.81E£1.02¢
7d  7d after exp. 15. 7310.47> 84.72%1.06 5.6210.81>
1 17.21£0.59 82.54%1.43 5.24%0.91
2 16. 48 £0.43" 83.58%1.65 4. 77%0.56%
3 18.21%0.74% 81.94%1.18 4.25%0, 78%
4 18. 87X 0. 20~ 80.05%1. 05 4. 21%0.63*
5 2.35+0.47¢ 76.4210. 45 3. 24%£0.52¢
end of exp. 6 23.86E1. 05¢ 75.89%0. 86 3.19%0.67°
7 25.34%1.75¢ 79.42%1. 54 3.8 0.54*
8 3. 4010, 87° 80.02+1.73 3.97%0.87*
9 23.8%0. 97° 81.54%1.32 4.30%0, 42
10 23.45%0. 17° 80.41%1. 67 4. 11+0.80"
Notes: treatments means with the different letter in the same line are significantly different from each other
2.3 EPA DHA 24%, 40. 32% 35. 76%, 18: In— 9/n -
3HUFA (9,
4 5 56,
16: 0 18: In— 9, s 0. 74 0.62 EPA
( Mugil cephalus) DHA ,
( 4 5HM, 16:0  18:1n- 9
PUFA 5 (
, 18:In-9 6)
) 18: In— 9/n
- 3HUFA ,
24 , 123 6

18: In- 9 28. 35%
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4
Tab.4 Fatty add composition of Neutral and polar lipid fraction from the nuscle %
7d after the exp.
fatty Acid before exp. 7d after exp. 1 2 3 4 5 6 7 8 9 10
16: 0 NL 19. 86 20.34 21.45 20.98 22.74 23.9% 20.58 21.79 23.42 2295 21.87 20.99
PL 2.4 30.71 31.12 2874 29.64 30.12 28.74 29.58 28.96 29.13 29.48 30.14
18:1n- 9 NL 27. 82 36.41 36.92 3584 3R.17 30.81 28.72 29.45 30.13 2872 29.17 28.12
PL 3.5 39.42 38.71 36.45 37.32 34.05 30.28 31.12 33.79 3429 3472 33.99
18:2n- 6 NL 0.52 0. 61 0.72 0.81 0.56 0.73 0.4 0.5 0. 60 0.74 0.83 0.55
PL 0.51 0.37 0.42 0.38 0.45 0.60 0.65 0.49 0.39 0.47 0. 54 0. 50
18:3n— 3 NL 0.67 0.58 0.49 0.59 0.60 0.71 0. 68 0.73 0. 61 0.58 0.47 0.62
PL 0.32 0.26 0.17 0.52 0.19 0.27 0.29 0.38 0.4 0.23 0.31 0.33
20:4n- 6 NL 1. 04 0.9 1.15 1.02 1.43 0.19 1. 08 1.32 1.29 1.18 1.52 1.27
PL 0.34 0. 13 0.01 TR TR TR 0.03 0.02 TR TR TR TR
20:5n—- 3 NL 4.25 2.37 2.41 2.29 312 3.25 4.01 4.27 4.31 4.09 4.12 3.97
PL 9.72 8.52 8.73 9.01 894 9.58 10.62 10.03 9.01 8.72 8. 94 9.17
22:4n- 6 NL 0.12 0. 10 0.09 0.09 012 0.11 0.8 0.11 0.21 0.20 0. 18 0. 15
PL 0.12 0.08 0.04 TR TR TR TR TR TR TR TR TR
22:5n—- 3 NL 1.02 0. 81 0.92 0.94 0.8 0.79 0.9 0. 87 1.0 0.96 0. 88 1. 02
PL 2.38 2. 12 2.27 2.34 2.38 2.17 2.48 2.%9 2.8 1.97 2.29 2 34
22:6n— 3 NL 7.03 5.02 4.98 4.23 5.76 6.21 6.32 7.05 6.13 6.24 5.97 6. 09
PL 14. 58 12.13 12.00 1442 11.38 12.9 14.04 14.98 1504 1412 1449 14.53
Yn- 3 NL 12.97 8. 78 8.80 8.05 10.37 10.9% 12 12.92 12.10 11.87 11.44 11.70
PL 27.00 23.03 23.17 23.29 22.89 4.9 27.43 28.33 26.89 2504 2603 26.37
Yn- 6 NL 1. 68 1.0 1.96 1.92 211 1.03 1. 58 2.2 2.10 2.12 2.53 1.97
PL 0.97 0.58 0.47 0.38 0.45 0.60 0.68 0.51 0.39 0.47 0. 54 0.50
n- 3HUFA NL 12.37 8.20 8.31 7.46 9.77 10.25 11.32 12.19 11.49 11.29 10.97 11.80
PL 26. 68 22.77 23.00 2277 2.70 24.71 25.8 27.95 26.47 24.81 2572 26.04
18 1n= 9 Ny 03 4.4 4.44 480 329 3.0l 2.4 2.4£2 2@ 254 266 238
n- 3HUFA
PL 1. 30 1.73 1.68 1.60 1. 64 1.38 1.17 1.1 1.28 1.38 1.35 1.25
: TR
Notes: TR means trace, < 0.01.
R 4 5 R EPA DHA 14.58%  12.31%, 7.03% 5.02%
, 18: In- 9 EPA DHA d o,
, s 18: In 1 10 , 1 s
-9 , EPA DHA
n—- 3HUFA 0. 5% EPA 3,
, n— 3HUFA EPA 22:5n- 3 2.98%
( 6), 10. 34% 2.00% 5.04%, DHA
5 ; 1. 0% DHA 2,
n— 3HUFA d o, DHA , EPA 22: 5n- 3
EPA DHA R
EPA 8. 59% 2.98%, 1.92% , EPA 22: 5n— 3,
0.37% DHA 19.27% 3. 46% , 1. 78% DHA; DHA EPA
0. 62% , EPA 22: 5n— 341 a4

9. 72% 8.52%, 4.25% 2.37% DHA [13.14]
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Tab. 5 Fatty acid composition of polar and non— polar lipid fraction from the liver %
7d after the experiment

Fatty Acid brfore exp. 7d after exp. 1 2 3 4 5 6 7 8 9 10
16: 0 NL 4. 8 23.97 22.45 2372 24.19 25.0B 24.9M 23.%9 25.42 2599 24.87 23.99
PL 2.4 22.65 21.47 20.58 26.02 24.06 26.71 23.25 24.51 21.87 23.02 20.99
18:1n- 9 NL 48. 2 57.49 59.32 50.46 51.99 48.76 49.29 49.36 50.37 5102 50.98 51.72
PL 28.35 46.30 38.24 40.32 35.76 33.42 2.9 27.32 3249 3094 31.79 32.78

18:2n- 6 NL 0.31 0. 49 0.58 0.52 042 0.39 0.38 0.41 0.4 0.59 0.27 0.35
PL 3.17 5.64 5.13 3.45 4.27 3.98 4.59 3.97 4.36 5.01 4.79 4.33

18:3n—- 3 NL 0.45 TR TR TR TR TR 0.32 0.19 TR TR TR TR
PL 0.70 0.25 0.23 0.25 0.31 0.26 0.1 0. 14 0.30 0.32 0.37 0.28

20:4n- 6 NL 0.42 TR TR 0.15 011 TR TR TR TR TR TR TR
PL 2.94 2. 03 1.95 1.89 1.45 1.73 1.62 1.74 1.92 1.68 1. 83 1. 84

20:5n- 3 NL 1.92 0.37 0.28 0.39 0. 82 1. 47 1.9 1. 84 1.9] 1.45 1.32 1.1
PL 8.59 2.% 1.42 2.31 10.34 11.95 12.42 14.43 12.96 9.47 11.67 12.89

22:4n- 6 NL 0.15 0. 07 TR TR TR TR TR TR TR TR TR TR
PL 0.35 0. 41 0.50 0.36 0.41 0.39 0.37 0.4 0.37 0.52 0.39 0.48

22:5n- 3 NL 0.32 0.0 TR TR TR TR TR TR TR TR TR 0.25
PL 4.95 2.07 1.99 1.24 504 523 5.98 6.19 4. % 5.37 5. 89 6.02

22:6n- 3 NL 1.78 0. 62 0.51 0.81 0.60 0.71 1.4 1.50 1.0 1.21 1.37 1. 08
PL 19.27 3.46 2.09 2091 423 15.26 20.39 22.% 19.98 21.49 20.83 21.52

Yn- 3 NL 4.47 1.4 0.79 1.20 .68 2.33 4.2 3.74 3.07 2.78 2. 86 2.52
PL 33.51 8.76 5.73 2471 19.92 32.70 38.9 43.70 38.18 36.65 3876 40.71

Yn- 6 NL 0. 88 0. 56 0.58 0.67 053 0.39 0.38 0.41 0.4 0.59 0.27 0.53
PL 6. 46 8.8 7.58 5.70 6.13 6.10 6.58 6. 13 6. 65 7.21 7.01 6. 65

n- 3HUFA NL 4.02 1.4 0.79 1.20 .68 2.33 3.70 3.5 2.07 2.78 2. 86 2.52
PL 32.81 8.51 5.50 2446 19.61 3.4 38.97 43.5 37.88 36.33 3839 40.43
e ML 55.28 75.00 4205 30.95 20.9 13.32 13.90 2433 1835 17.83 20.52
PL 0. 86 5.4 6.59 1.65 1. 82 1.03 0.74 0.62 0.8 0.85 0. 83 0. 81

6
Tab. 6 Correation coefficients among dietary fatty acids and neutral and polar lipids of musde and liver o groups
muscle liver
faity acid NL PL NL PL
18& In-9 0. 76* 0.70* 0. 56 0.64*
EPA 0. 66* 0.24 0. 06 0.80*
DHA 0.4 0.93* 0. 72* 0.74%
n- 3HUFA 0. 62* 0.62* 0. 40 0.82%
18: In— 9/n- 3HUFA 0.48 0.81* 0.4 0.87*
S (P< 0.05)
Notes: *  correlation at significant level (P< 0. 05)
Kanazawal ” EPA s ,
DHA EPA DHA
(14.43% 2. 94%) 6 \
[ 5 EPA  DHA
: 7,
EPA  DHA )

0.5% EPA  1.0% ~ 1.5% DHA
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