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Abstract. In this study, different food compositions were feed to Persian sturgeon 
fries in order to estimation of their effects on the carcass fatty acid profile. For this 
purpose, six treatments were considered as follow: 100% Daphnia moina (T1), 
100% Nereis diversicolor (T2), 50% Daphnia moina +50% Nereis diversicolor 
(T3), 50% Nereis diversicolor +50% food concentrate (T4), 33.3% Daphnia 
moina+33.3% Nereis diversicolor (T5), 33.3% food concentrate and 100% food 
concentrate (T6). Gas Chromatography (GC) analysis showed that fatty acid 
profile of carcass is a reflection of fatty acid composition of food treatments. 
Also, the values of essential fatty acids were higher in Nereis diversicolor than in 
other food items. Therefore, Nereis diversicolor could be a good candidate for 
nourishment of Persian sturgeon fries. 
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INTRODUCTION  
 
The Persian sturgeon, Acipenser persicus, is a valuable commercial fish due to its 
caviar and nutrition value of meat especially n-3 fatty acids [14]. In recent years, 
because of dramatic declines in sturgeon stocks of Caspian sea, the studies were 
focused on aquaculture of sturgeons including Persian sturgeon in order to 
restocking and other aquaculture goals. In this regard, nutritional studied are one 
of the important elements for a successful aquaculture since a suitable food can 
produce healthy fish. At now, live foods such as Daphnia moina and Artemia 
were used for nutrition of sturgeon fish during larval stage. The protein content of 
Daphnia moina is high but HUFA (High Unsaturated Fatty Acids) profile is weak. 
Also, not only some pathogens are transferred to cultural environment by Daphnia 
moina, but also Daphnia moina injuries to fish gill, resulting fish mortality [8]. 
Usage of Nereis is very important for nutrition of commercial fish and shrimps 
such as sturgeon [2]. In sea ecosystems, the Polychaete worms play a key role in 
providing of essential fatty acids and other nutrients for sea fish fries. Also, Nereis 
is used for nourishment of fish fries in hatchery [5,7,12]. A lack of trocophor 
stage in life cycle of Nereis makes its usage cost-saving in fish larval culture. As 
well as, other good properties of Nereis are simple fertilization and high resistance 
to changes of oxygen, salinity and temperature of water [5,7,12,9,13].  Nereis 
diversicolor is one of the important used species of Nereidae in aquaculture [5, 
6,7,12]. At now, applying of Nereis diversicolor in culturing of sturgeon larval 
culture is ongoing that this could be due to the good quality in terms of providing 
of essential fatty acids and other vital nutrients. Lipids have several vital 
physiological functions especially their roles in providing of essential fatty acids, 
phospholipids and estrols, also their precursory functions in vitamin and hormone 
synthesis. The unsaturated fatty acids of n-3 and n-6 are vital for suitable growth 
of fish and shrimps. As well as, a suitable balance between these two groups is 
necessary. Among n-3 fatty acids, the HUFA including eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA) have more effects on fish health. The  
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main goal of this study was comparison of the accumulated values of essential 
fatty acids in the carcass of Persian sturgeon fries after usage of three food items. 
Such study may help to the estimation of nutritional efficiency of current food 
items that are used at now in sturgeon larval culture.  
 
 
MATERIAL AND METHODS 
 
The experiment was carried out at the Sturgeon Research Institute (SRI), Rasht, 
Iran. 1080 sturgeon fries (95.66±0.97 mg) were allocated for experiment in six 
treatments and each treatment with three replications. For this purpose, 18 circular 
fish tank were considered and each thank restocked by 60 fries. Thank condition 
was: 50 cm in diameter and 25 cm in depth with water flow of 6Lit/min. Also, the 
physiochemical parameters of water were: temperature 22.8±0.84°C, dissolved 
oxygen: 7.3±1.04 mg/Lit and pH: 7.3±0.32. To control and regulation of water 
quality during experiment, the physiochemical parameters of water were checked 
up two times in day. The fries were reared in these thanks for a period of 15 days. 
During this period, fish were feed by six forms of diet as follow: 100% Daphnia 
moina (T1), 100% Nereis diversicolor (T2), 50% Daphnia moina+50% Nereis 
diversicolor (T3), 50% Nereis diversicolor +50% food concentrate (T4), 33.3% 
Daphnia moina+33.3% Nereis diversicolor (T5), 33.3% food concentrate and 
100% food concentrate (T6) (Table 1). During rearing period, feeding was carried 
out five times in day. For analysis of fatty acids, a number of 50 fish and food 
items was sampled and then kept in stored at −20 C until assays. The Gas 
Chromatography (GC; DANI 1000) was used for measurement of fatty acids. 
After measurement, the data were converted to percent data by method presented 
by Lepage & Roy, 1984. The SPSS software was used for data analysis.  
 
 
RESULTS 
 
3.1 The values of fatty acids in food items (Table 2): 
 
The minimum (18.54%) and maximum (23.89%) values of Palmitic acid (16:0) 
were observed in diet-6 and diet-1 respectively. As well as, this fatty acid was 
dominant among other saturated fatty acids (SFA) in all experimental food items. 
The fatty acid saturation degree (40.12) was higher in diet-1 than other food 
items.  The minimum (4.33-13.26%) and maximum (32.31-36.78%) values of 
Oleic acid (18:1n-9) were found in diet-2 and diet-6 respectively. Among 
experimental diets, the highest Oleic acid was found in diet-4, diet-5, diet-3 and 
diet-1 respectively. The minimum (0.27%) and maximum (1.25%) values of 
Gandoic acid (20:1n-9) were found in diet-5 and diet-3 respectively. The lowest 
(17.56) and highest (46.77%) values of PUFA (n-6) was found in diet-4 and diet-2 
respectively. Inside PUFA, the Linoleic acid (18:2n-6 cis) was maximum and 
minimum in diet-6 (2.01%) and diet-2 (29.39%) respectively. The Arachidonic  
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acid (20:4n-6) was in lowest (0.15%) and highest (1.78%) level in diet-1 and diet-
2 respectively. The lowest (4.73%) and highest (23.97%) levels of PUFA (n-3) 
were observed in diet-4 and diet-2 respectively. Also, the Linolenic acid (18:3n-3) 
values was in maximum and minimum levels in diet-3 (6.51%) and diet-2 (0.93%) 
respectively. The lowest (HUFA: 2.24% and EPA: 0.46%) and highest (HUFA: 
37% and EPA: 12.17%) values of HUFA and EPA (20:5n-3) was found in diet-6 
and diet-2 respectively. Also, the minimum (0.45%) and maximum (2.17%) 
values of DHA (20:1n-9) were found in diet-1 and diet-2 respectively. The highest 
(n-3/n-6=1.51; DHA/EPA=1.91) and lowest (n-3/n-6=0.15; DHA/EPA=0.11) of 
n-3/n-6 and DHA/EPA ratios were found in diet-3 and diet-6 for n-3/n-6 and diet-
6 and diet-4 for DHA/EPA respectively. Also, the uracic acid (20:4n-6) was in 
lowest (0.09%) and highest (6.65%) level in diet-1 and diet-2 respectively. 
 
3.2. The values of fatty acids in carcass (Table 3): 
 
The minimum (18.84%) and maximum (24.23%) values of Palmitic acid (16:0) 
were observed in T2 and T1 respectively. The minimum (16.68%) and maximum 
(23.63.78%) values of Oleic acid (18:1n-9) were found in T1 and T5 respectively. 
Among experimental diets, the highest Oleic acid was found in T4, T5, T3 and T1 
respectively. The MUFA values were minimum (25.98%) and maximum 
(31.13%) in T2 and T1 respectively. The minimum (0.27%) and maximum 
(1.84%) values of Gandoic acid (20:1n-9) were found in T4 fish and T6 
respectively. The lowest (17.56%) and highest (46.77%) values of PUFA (n-6) 
was found in T4 and T2 respectively. Inside PUFA, the Linoleic acid (18:2n-6 cis) 
was maximum (10.32%) and minimum (3.12%) in T6 and T1 respectively. The 
Arachidonic acid (20:4n-6) was in lowest (0.63%) and highest (3.02%) level in T6 
and T2 respectively. Also, the Linolenic acid (18:3n-3) values was in maximum 
(1.11%) and minimum (0.45%) levels in T6 and T1 respectively. The lowest 
(PUFA (n-6)=5.39%; PUFA (n-3)=9.98%) and highest (PUFA (n-6)=14.98%; 
PUFA (n-3)=16.55%) values of PUFA (n-6) and PUFA (n-3) were found for T1 
and T2 and T1 and T3 respectively. The total values of PUFA were maximum 
(29.97%) and minimum (23.73%) in T2 and T3 respectively. The lowest (DHA: 
2.75% and EPA: 2.9%) and highest (DHA: 7.94% and EPA: 6.89%) values of 
DHA and EPA (20:5n-3) was found in T1 and T3 and T4 for DHA and T1 and T2 
for EPA respectively. The highest (n-3/n-6=2.31; DHA/EPA=1.91) and lowest (n-
3/n-6=1; DHA/EPA=0.94) of n-3/n-6 and DHA/EPA ratios were found in T3 and 
T2 for n-3/n-6 and T4 and T1 for DHA/EPA respectively. The SFA values were 
in lowest (32.26%) and highest (39.45%) level in T2 and T4 respectively.  Also, 
the uracic acid (20:4n-6) was in lowest (0.58%) and highest (2.04%) level in T4 
and T2 respectively.  
 
DISCUSSION 
 
As other vertebrates, fish can not synthesize the unsaturated fatty acids. Therefore, 
these essential fatty acids should be provided by diet (Blanchard et al., 2008). In  
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this study, the values of linoleic acid (18:2n-6), linolenic acid (18:3n-3) and 
eicosapentaenoic acid (20:5n-3) in fish carcass were less than in experimental 
diets. In cotrast, the arachidonic acid (20:4n-6) and docosahexaenoic acid (22:5n-
3) levels were higher in fish carcass than in experimental diets. This shows that 
Persian sturgeon has probably an ability of elongation and unstaurating of linoleic 
acid to arachidonic acid and also linolenic acid to eicosapentaenoic acid and 
eventually to docosahexaenoic acid. As reported by Montero et al. (2005) [11], 
the PUFA and HUFA as well as arachidonic acid, EPA and DHA are vital fatty 
acids for sea fish. In sea bass, a high percent of arachidonic acid and DHA were 
found in fish carcass while the high and low ratios of DHA/EPA and DHA/EPA 
were observed in fish carcass respectively [17]. In numerous studies, the high 
values of oleic acid (18:1n-9) has been suggested as indices of fatty acid shortage. 
Also, oleic acid/n-3 ratio is a good tool for evaluation of fatty acid demand [15, 
16,17]. Ahlgren (1994) [3] reported that freshwater fish species have less 
nutritional value than sea water fish. In this regard, the freshwater fish has the low 
levels of HUFA such as DHA and EPA than sea water fish that this was in 
agreement with our results.  In the present study, the DHA values was less than 
EPA only in T2 (100% Nereis diversicolor) where this was reversal for other 
treatments. The Pike has more levels of EPA (1.03%) than other fish such as 
kolme, sturgeon and rutilus with 0.55%, 0.33% and 0.2% EPA respectively. In the 
present study, the EPA values of Nereis were interestingly higher than pike. 
Adarian et al. (2009) [2] showed that C18:1, C16:0 and C20:5(n-3) are main fatty 
acids with 56% of total value in Nereis.  Such result was in agreement with our 
results so that with applying of Nereis diversicolor the decreases of SFA 
especially palmitic acid, MUFA and n-3/n-6 ratio and increases of HUFA, PUFA, 
arachidonic acid values and DHA/EPA ratio were observed in carcass of Persian 
sturgeon fries during rearing period. In this regard, the T2 (100% Nereis 
diversicolor) had more effect on essential fatty acid profile of fish carcass. 
McKenzie (2001) [10] showed that the fatty acid profile of carcass is a reflection 
of fatty acid profile of consumed food as similar results was found in this study. In 
conclusion, our results show that usage of Nereis diversicolor can provide a good 
profile of essential unsaturated fatty acids in Persian sturgeon.  
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Table 1. Different forms of used food items and related treatments. 
  
Treatments Food items 
1(diet-1) 100% Daphnia moina (control) 
2(diet-2) 100% Nereis diversicolor 
3(diet-3) 50% Daphnia moina+50% Nereis diversicolor 
4(diet-4) 50% Nereis diversicolor +50% food concentrate 
5(diet-5) 33.3% Nereis diversicolor +33.3% food concentrate+33.3% 

Daphnia moina 
6(diet-6) 100% food concentrate 

 
 
 
 
 



86                                                                                     Arezu Khodabandelo et al 
 
 
 
 
 

Table  2.  Fatty acid profile of experimental diets. 
 
 

   Treatments    
Fatty acids 

(%) 
1 2 3 4 5 6 

14:0 9.4 1.11 2.28 2.62 2.12 0.93 
16:0 23.89 21.06 21.03 21.49 20.96 18.54 
18:0 5.24 7.88 6.18 6.63 6.72 6.24 
20:0 0.91 0 2.99 0.22 1.98 0.16 
22:0 0.68 1.05 0.42 0.30 0.14 0.07 
14:1n-5 1.94 0.27 1.88 0.44 0.12 0.03 
16:1n-7 13.39 2.39 5.68 4.15 5.34 2.26 
18:1n-7 2.38 5.19 5.79 2.45 4.45 1.80 
18:1n-9 12.53 4.33 12.96 25.43 21.80 32.31 
18:3n-3 3.70 0.93 6.51 2.10 5.17 3.13 
18:3n-6 0.27 5.60 0.18 0.37 0.31 0.48 
18:2n-6 cis 6.73 2.01 5.96 16.94 14.04 29.39 
18:4n-3 1.25 1.23 0.22 0.50 0.33 0.05 
20:1n-9 0.99 1.08 1.25 1.15 0.27 0.38 
20:3n-3 1.22 4.07 0.33 0.76 0.20 0.12 
20:3n-6 0.42 6.76 2.38 0.40 1.26 0.195 
20:4n-6 0.15 1.78 0.52 0.38 0.19 0.34 
20:5n-3 3.10 12.17 7.44 2.12 3.47 0.46 
22:5n-3 0.18 3.40 0.92 0.54 0.25 0.9 
22:5n-6 0.09 6.65 1.70 1.08 0.22 0.15 
22:6n-3 0.45 2.17 0.79 0.78 1.09 0.88 
∑SFA 40.12 31.10 32.90 31.26 31.92 25.94 
∑MUFA 31.23 13.26 26.86 33.62 31.98 36.78 
∑PUFA 17.65 46.77 26.95 25.97 26.53 35.29 
∑HUFA 5.61 37 14.08 6.06 6.68 2.24 
∑n-3PUFA 9.90 23.97 21.6 6.8 10.51 4.73 
∑n-6PUFA 7.66 22.80 10.74 19.17 16.02 30.56 
n-3/n-6 1.29 1.05 1.51 0.35 0.66 0.15 
DHA/EPA 0.15 0.18 0.11 0.37 0.31 1.91 
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Table  3.  Fatty acid profile of Persian sturgeon carcass. 
 
 

   Treatments    
Fatty acids 

(%) 
1 2 3 4 5 6 

14:0 1.96 0.6 0.34 0.76 0.99 0.72 
16:0 24.23 18.86 22.92 23.46 2148 20.41 
18:0 12.14 12.17 14.83 15.05 14.13 13.10 
20:0 0.14 0 0.27 0 0 0 
22:0 0.32 0.65 0.14 0.18 0.18 0.20 
14:1n-5 0.34 0.14 0.09 0.18 0.28 0.26 
16:1n-7 8.48 1.83 1.80 2.14 1.77 2.11 
18:1n-7 4.81 3.48 4.15 3.70 3.71 3.84 
18:1n-9 16.68 18.79 20 20.30 23.63 22.14 
18:3n-3 0.45 0.57 0.63 0.75 0.86 1.11 
18:3n-6 0.11 0.62 0.14 0.24 0.26 0.41 
18:2n-6 cis 3.12 8.10 3.35 6.32 89.34 10.32 
18:4n-3 1.69 0.42 0.24 0.96 0.91 0.89 
20:1n-9 0.82 1.74 1.09 0.27 0.31 1.84 
20:3n-3 1.51 0.50 0.35 0.72 0.41 3.16 
20:3n-6 0.22 2.20 0.57 0.14 0.58 0.69 
20:4n-6 1.1 3.02 2.17 1.98 1.71 0.63 
20:5n-3 2.9 6.89 5.77 4.16 4.06 2.18 
22:5n-3 0.71 2.94 1.62 1.10 1.147 1.37 
22:5n-6 0.84 2.04 0.95 0.58 1.02 0.82 
22:6n-3 2.72 5.78 7.94 7.94 5.32 5.05 
∑SFA 38.79 32.26 38.5 39.45 36.78 34.43 
∑MUFA 31.13 25.98 27.13 26.59 29.70 30.19 
∑PUFA 15.37 29.97 23.73 24.89 24.64 28.43 
∑HUFA 10 23.37 19.37 16.62 14.27 13.9 
∑n-3PUFA 9.98 14.99 16.55 15.63 12.73 14.56 
∑n-6PUFA 5.39 14.98 7.18 9.26 11.91 13.87 
n-3/n-6 1.85 1 2.31 1.69 1.07 1.05 
DHA/EPA 0.94 1.42 1.38 1.91 1.31 1.69 
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