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ABSTRACT
The aim of this study is comparison of fatty acid profile between wild and farmed Indian white shrimps. According to
the score-plot produced by the principle component analysis the wild Indian white shrimp showed a fatty acid composition clearly different from the farmed Indian white shrimp. In both groups, palmitic acid (16:0) and oleic acid (18: 1n-9)
were the main SFA and MUFA, respectively. Based on results, the wild shrimp contained a higher level (P < 0.05) of
n-3 poly unsaturated fatty acids, whereas farmed shrimp contained a high level of n-6 poly unsaturated fatty (P < 0.05).
Arachidonic acid (20: 4n-6), eicosapentaenoic acid (20: 5n-3) and docosahexaenoic acid (22: 6n-3) were significantly
higher in wild shrimps. The n-3/n-6 fatty acids ratio was significantly higher in wild shrimps (P < 0.05). The comparison demonstrated that the nutritional value of wild shrimps is better than farmed shrimp and fatty acid profile of commercial diets should be reformed in order to maintenance of farmed shrimps nutritional value.
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1. Introduction
Seafood consumption has been increasing with global
population growth. These foods not only can prevent cardiovascular diseases (CVD) and cancer [1], but also can
develop nervous system and support brain activities because of their high levels of HUFA n-3 fatty acids [2].
Penaidae shrimps are very important in tropical and subtropical fisheries and aquaculture [3], According to FAO
statistics, total shrimp global production was about 6.5
million tones which half of this achieved by capture [4].
To meet market demands shrimps culture must increase
because natural resources has limited capacity and cannot
supply global demands by itself any longer.
Fenneropenaeus indicus was the main species of
penaidae shrimps which cultured in Islamic republic of
Iran [5]. In culture condition, shrimps are mostly fed by
formulated diets which are certainly different to natural
foods. Fatty acid profile of shrimps muscle completely
depends on food source and maintenance of the profile
specially HUFA n-3 and their balance in muscle tissue is
vital in shrimps feeding and then social health, So
awareness about farmed shrimp fatty acid profile and its
comparing with wild shrimps (as a natural criteria) would
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give us more information about shrimp’s nutrition. The
aim of the study is detecting of fatty acid differences between wild and farmed Indian white shrimp, Fnneropenaeus indicus.

2. Material and Method
2.1. Samples Supply
Two populations of Fenneropenaeus indicus, farmed and
wild, were used in this experiment. Farmed population,
which were fed by routine formulated ration, was provided from Gomishan shrimp ponds (located in Golestan
province, Iran) in September. The fatty acid profile of the
formulated diet is given in Table 1. The average weight of
provided shrimps was 14 ± 0.8 gram and Water temperature and pH were 28.5˚C ± 1˚C and 7.9 ± 0.2, respectively
during capture time. Wild shrimps were captured from
Persian Gulf (Hormozgan province) using trawl fishing
method in September when the local water temperature
was 30˚C ± 1˚C. Captured shrimps weight was 15 ± 1.1 gr.

2.2. Samples Preparing
After providing, samples immediately were washed by
clean water, deheaded, peeled and transferred into Ice
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Table 1. Fatty acid composition (% of total fatty acids) of
formulated feed used for farmed shrimp feeding.

825

C 20: 1n-9

2.81

MUFAb

37.22

C 18:2n-6

12.21

C 18: 3n-3

2.43

C 20: 4n-6

0.53

C 20: 5n-3

6.78

C 22: 6n-3

9.17

C 20: 2n-6

0.18

C 20: 3n-3

0.14

Total n-3

18.52

Total n-6

12.92

upper layer (hexane) in the test tube was withdrawn using a Pasteur pipette into a new test tube and the remainder was centrifuged twice more upon adding 3 ml hexane
to ensure that all the fatty acids were completely extracted. The contents of each test tube were passed through sodium sulfate and transferred to a pre-weighted vessel. The solvent was separated at 35˚C under vacuum and
a nitrogen gas atmosphere. The residual material was
reweighed. The methyl esters in each tube had 0.5 ml
isooctane added and were transferred into 2 ml vials and
kept in a freezer (–30˚C). For gas chromatographic analysis, the sample was diluted with isooctane so that each
final solution contained 2 ml methyl ester. A 0.4 µl of the
above sample was injected to a gas chromatograph
(DANI 1000, Milan, Italy) equipped with a split injecttor (split ratio 1:50) and a flame ionization detector. Finally the amount of fatty acid was estimated by compareing its peak area and that of the internal standard. A capillary gas chromatograph (DANI 1000, Milan, Italy) fitted with a fused-silica capillary column (Econo-Cap EC1000, Alltech, Deerfield, IL, USA; 30 m length, 0.25 mm
internal diameter and 25 µm film thickness) with helium
as a carrier gas. Injection and detector temperature were
set at 250˚C and 280˚C, respectively the oven temperature was programmed to increase from an initial temperature of 15˚C at a rate of 30˚C·min–1 , to 180˚C at
3˚C·min–1, then from 180˚C to 220˚C at 1˚C·min–1, and
held at 220˚C for 10 min.

n-3/n-6

1.43

2.4. Statistical Analysis

Fatty acid

%

C 14: 0

3.19

C 16: 0

17.52

C 18: 0

5.66

C 20: 0

0.25

SFAa

26.6

C 14: 1n-5

0.42

C 16: 1n-7

3.57

C 18: 1n-7

2.50

C 18:1n-9

27.92

bags to laboratory where they were stored at –20˚C freezers for a short time before starting fatty acid analysis.

2.3. Fatty Acid Analysis
In this study, seven replicates were set up at each treatment (population). Fatty acid analysis of shrimp muscle
tissue was conducted using the direct methyl-esterification method [6]. In this method, material is prepared by
homogenization and transmethylation followed by extraction of the methylesters of fatty acids as a combined
single step. 500 mg of wet sample was placed into a 35
ml capped pyrex test tube and then 5 ml ethanol-toluene
(3:2 v/v) was added. A 0.1 ml internal standard (containing 4.8 mg·ml–1 22:2n-6 fatty acid dissolved in isooctane)
and 5 ml acetyl chloride-methanol (1:20, v/v) as an esterification agent were added to the aforementioned sample. The test tubes were sealed under nitrogen gas atmosphere. The solutions were then mixed using a vortex
for 30s. Test tubes were placed in a water bath at 100˚C
for 1 h with frequent shaking while keeping the caps
tight. After cooling 5 ml distilled water and 5 ml hexane
were added, then centrifuged at 3000 rpm for 5 min. The
Copyright © 2011 SciRes.

All statistical analysis was conducted using SPSS program, version 14. Student’s t-test was performed to determine differences between treatments at a significant
level of 0.05. Data are presented as mean ± standard deviation (SD). Principle component analysis (PCA) has
been performed on fatty acids for differentiation between
farmed and wild Indian white shrimp.

3. Results and Discussion
Principle component analysis (PCA) on the fatty acid
data from the farmed and wild Indian white shrimp muscle
produced two principal components, explaining 76.32% of
the variance in the data matrix. According to the score-plot
produced by the principal components (Figure 1) the wild
Indian white shrimp showed a fatty acid composition clearly
different from the farmed Indian white shrimp. The loading-plot (Figure 2) showed that the contents of 20:5n-3 and
22:6n-3 was important to distinguish the wild shrimp muscle fatty acids from the farmed shrimp muscle.
The fatty acid profile of muscle in farmed and wild Indian white shrimp are presented in Table 2. Results indicated that there are no significant differences between
FNS
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Figure 1. PC—plot of the wild and farmed Indian white shrimp based on their fatty acid composition.

Figure 2. Loading-plot of the wild and farmed Indian white shrimp based on their fatty acid composition.
Copyright © 2011 SciRes.
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Table 2. Fatty acid composition (% of total fatty acids) in the lipid of shrimps muscle tissue from wild and farmed shrimps.
Fatty acid

wild

Farmed

C 14: 0

1.62 ± 0.21

0.81 ± 0.22*

C 16: 0

19.18 ± 1.21

21.27 ± 1.40*

C 18: 0

10.62 ± 0.76

11.50 ± 1.23

C 20: 0

0.44 ± 0.08

0.20 ± 0.07*

SFAa

31.88 ± 1.90

33.79 ± 2.44

C 16: 1n-7

6.76 ± 0.36

1.15 ± 0.17*

C 18: 1n-7

2.61 ± 0.28

2.11 ± 0.65

C 18:1n-9

13.64 ± 0.90

17.12 ± 1.39*

C 20: 1n-9

1.4 ± 0.24

0.4 ± 0.08*

MUFAb

24.43 ± 0.75

20.80 ± 1.88*

C 18:2n-6

7.25 ± 0.60

13.04 ± 1.66*

C 18: 3n-3

1.32 ± 0.33

0.80 ± 0.11*

C 20: 4n-6

4.67 ± 0.50

0.58 ± 0.21*

C 20: 5n-3

12.40 ± 1.02

7.71 ± 1.47*

C 22: 6n-3

8.80 ± 0.92

5.90 ± 0.84*

C 20: 2n-6

0.46 ± 0.10

0.53 ± 0.06

C 20: 3n-3

1.54 ± 0.27

2.10 ± 0.15*

Total n-3

24.08 ± 1.96

16.52 ± 2.18*

Total n-6

12.39 ± 0.83

14.16 ± 1.87*

n-3/n-6

1.94 ± 0.14

1.17 ± 0.10*

*

Significant difference at P < 0.05; a Saturated fatty acids;.b Monounsaturated fatty acid.

wild and farmed shrimps in 18:0, 18: 1n-7, 20: 2n-6 (P >
0.05). According to the results, in both groups, saturated
fatty acids (SFA) percentage was higher than monounsaturated fatty acids (MUFA) and other fatty acids, and
also palmitic acid (16:0) was the main SFA in both
groups. SFA intake, which its main source is animal fats
and red meat, increases CVD risk via increasing low
density lipoprotein (LDL) cholesterol concentration [7-9].
In spite of this fact that SFA in farmed shrimps was
higher than wild one but there was no significant difference between this two groups.
Oleic acid (18:1n-9) was the main MUFA in both
groups but its amounts in farmed shrimps (17.12 ± 1.39)
was more than wild shrimp (13.64 ± 0.90), other MUFA
percentages in wild shrimps were higher than farmed
shrimp. Based on results, the wild shrimp contained a higher level (P < 0.05) of n-3 poly unsaturated fatty acids
(24.08 ± 1.96), whereas farmed shrimp contained a high
level of n-6 poly unsaturated fatty (14.16 ± 1.87) (P <
0.05). Studies demonstrated that MUFAs as well as PUFAs
Copyright © 2011 SciRes.

cause reduction of total and LDL cholesterol [7,8], and
result in positive reduction of blood pressure [9], but this
effect in PUFAs is stronger than MUFAs [7]. According to
this study nutritional value of wild shrimps, because of
having more MUFAs and PUFAs, is higher than farmed
shrimp and partially is useful in prevention of CVD.
Linoleic (LA): linolenic acid (ALA) ratio is very important in human diet. LA (18: 2n-6) and ALA (18: 3n-3)
are the most important n-6 and n-3 PUFAs which can
convert to 20 and 22 carbons fatty acids [10,11]. In human body, LA can convert to arachidonic acid (ARA)
and also ALA to eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). There is a competition between
these two fatty acids on desaturase enzymes. Although desaturase enzymes prefer n-3 fatty acids, LA (n-6) intake
can have a negative effect on ALA conversion [10]. In
current study, farmed shrimps had large amount of LA as a
compare with wild one, and LA: ALA ratio in farmed
shrimps is much more than the other group which is not so
recommended for human nutrition.
FNS
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Highly unsaturated fatty acids (HUFA) levels including
20:4n-6 (ARA), 20:5n-3 (EPA) and 22:6n-3 (DHA), in
wild shrimps (4.67 ± 0.50, 12.40 ± 1.02 and 8.80 ± 0.92,
respectively) were significantly higher than farmed shrimps
(P < 0.05), and also n-3/n-6 ratio is significantly higher
in wild shrimps (1.94 ± 0.14) (P < 0.05). It seems linoleic
acid (18:2n-6) in farmed shrimps (13.04 ± 1.66) and EPA
(20:5n-3) in wild shrimps (12.40 ± 1.02) are the main
polyunsaturated fatty acids (PUFA).
American heart association (AHA) recommended at
least 2 serving consumption of oily fish (which is rich of
HUFA n-3) per week and also consumption of at least
0.5 - 1.8 gram/day EPA+ DHA to heart patients [12].
National institute for health and clinical excellence (NICE)
recommended miyocard infarction following patients
should intake at least 7 gram n-3 FA via fishes per week
[11]. Mentioned recommendations showed that seafood
consumption is very useful. High unsaturated fatty acids
(HUFAs) such as EPA, DHA (n-3) and ARA (n-6) play a
key role in prevention of CVD and can develop nervous
system (especially HUFA n-3) [2]. Because conversion
process occurs too slow in human body, major part of
this fatty acids must entered via daily diets. In current
study, farmed shrimps because of low levels of EPA, DHA
and total n-3 and high levels of n-6 fatty acids have less
nutritional value in prevention of CVD than wild one.
In addition to HUFA n-3 another key factor in human
nutrition is n-6/n-3 ratio. AHA recommends n-6/n-3 the
ratio should be about 1 [12], but this ratio is about 16.74
in US and about 15 in UK and northern Europe but in
some countries where seafood consumption is very high
this ratio is about 4 [10], unfortunately authors could not
collect any formal data to compare. In wild shrimps n-3
percentage was about two times more n-6’s and in farmed
one this ratio was about 1. Wild shrimp consumption because of high levels of n-3 fatty acids can reduce this ratio
and would be more suitable for human nutrition.

4. Conclusions and Comments
According to this study, wild shrimps, because of higher
amounts of EPA, DHA, ARA and total n-3 fatty acids,
have more nutritional value than farmed shrimps in terms
of human health. Since shrimps muscle fatty acid profile
depends on fatty acid profile of diets mentioned problems would easily be solved by providing more suitable
diets and because Farmed shrimps have gradually been
replacing wild shrimps, ration composition reforms in
order to maintenance of nutritional value of shrimps for
human health seems to be necessary.
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