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ABSTRACT 

The effects of seasons on lipid level and fatty acid pro-
files of mantis shrimp (Eurogosquilla massavensis) were 
evaluated. The results showed that lipid levels ranged from 
1.05 to 1.83% in mantis shrimp, showing that they were 
considered to be lean. Although mantis shrimp contain 
small amounts of lipids, they are good sources of n-3 PU-
FAs (especially EPA and DHA) during all seasons. The 
highest proportions of EPA were obtained in spring 
(13.52%) and summer (13.44%) whereas the lowest was 
found in winter. Mantis shrimp had the highest DHA levels 
in winter (15.12%) and autumn (14.94%). Results showed 
that there were significant differences (p<0.05) in the levels 
of SFA, MUFA and PUFA among seasons. The results also 
showed that the seasons affected the fat and fatty acid 
composition of mantis shrimp. 
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1. INTRODUCTION 

There has been a considerable amount of research on 
nutritional value of seafood which has high-quality protein, 
low saturated fat, and high omega-3 fatty acids [1-4]. Sea-
food contains high levels of n-3 polyunsaturated fatty acids 
(PUFA), especially eicosapentaenoic acid (EPA, 20:5n-3) 
and docosahexaenoic acid (DHA, 22:6n-3). These fatty 
acids have beneficial effects on health by lowering serum 
triacylglycerol levels, increasing membrane fluidity, and 
reducing thrombosis, the risk of coronary heart disease, 
hypertension, inflammation and autoimmune disorders [5-
8]. 

Previous studies were related to the nutritional con-
tents of shrimps and prawns [9-15], thermal properties of 
black tiger shrimp (Penaeus monodon) [16], extraction of 
carotenoids and lipids from red spotted shrimp waste (Far-
fantepenaeus paulensis) [17], and supercritical carbon 

dioxide extraction of polyunsaturated fatty acids from 
Northern shrimp (Pandalus borealis) processing by-
products [18], but no information on nutritional value of 
mantis shrimp was available. Therefore, the current study is 
carried out to evaluate the effects of seasons on fat and 
fatty acid composition of mantis shrimp (Eurogosquilla 
massavensis). 

 
 
2. MATERIALS AND METHODS  

2.1. Materials 

In 2011, mantis shrimps were caught by bottom trawl-
ing from the Mediterranean Sea in all seasons. In every 
season, 30 individuals of each species were caught and kept 
in polystyrene boxes with ice, and transferred in ice to the 
laboratory.  

 
2.2. Sample preparation 

Meat of abdomen which is the main edible portion of 
mantis shrimp was homogenized, and analyses were done 
on this part of fresh samples. The analyses were performed 
at least in triplicate. 

 
2.3. Fat and fatty acid analysis (Lipid content by the Bligh 
and Dyer [19] method).  

Fatty acid profiles of fat extracted from the abdomen 
samples were determined by GC analysis. Methyl esters 
were prepared by transmethylation using 2 M KOH in 
methanol and n-heptane according to the method described 
by Ichibara et al. [20], with minor modification. Extracted 
lipids (10 mg) were dissolved in 2 ml n-heptane, followed 
by 4 ml of 2 M methanolic KOH. The tubes were then 
vortexed for 2 min at room temperature. After centrifuga-
tion at 4,000 rpm for 10 min, the heptane layer was taken 
for GC analyses. 

 
2.4. Gas chromatographic conditions 

The fatty acid composition was analyzed using a Cla-
rus 500 GC with autosampler (Perkin Elmer, Shelton, CT, 
USA), equipped with flame ionization detector and a fused 
silica capillary column (30 m x 0.32 mm, ID 0.25 mm, 
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BP20 0.25 UM; SGE Analytic Science Pty Ltd, Victoria, 
Australia). The oven temperature was 140 oC, held for 5 min, 
raised to 200 oC at a rate of 4 oC/min and to 220 oC at a 
rate of 1 oC/min, while injector and detector temperature 
were set at 220 and 280 oC, respectively. The sample size 
was 1 µl and carrier gas was controlled at 16 ps. The split 
used was 1:50. Fatty acids were identified by comparing 
the retention times of fatty acid methyl esters with a stan-
dard 37-component fatty acid methyl ester mixture (cata-
log no 18919; Supelco). Triplicate GC analyses were per-
formed and the results were expressed in GC area % as 
mean values ± standard deviation. 

 
2.5. Atherogenicity index (AI) and thrombogenicity index (TI) 

The AI and TI values linked to the fatty acid compo-
sition were calculated according to Ulbricht and South-
gate [21]: 

IA = [(a*12:0)+(b*14:0)+(c*16:0)]×[d*(PUFAsn-6+n-
3) +e*(MUFAs)+f*(MUFAs-18:1)] 
IT = [g*(14:0+16:0+(18:0)]×[(h*MUFAs)+i*(MUFAs-
18:1) +(m*n-6)+(n*n-3)+(n-3/n-6)] 
a, c, d, e, f = 1, b = 4, g = 1, h, i, m = 0.5 and n = 3  

 
2.6. Statistical analysis 

Prior to the analyses, all data were checked for out-
liers (Z values), and homogeneity of variance (Duncan`s 
test) was also tested. Statistical analysis of data was carried 
out with the SPSS statistical program. ANOVA (analysis of 
variance) was used to evaluate the effects of seasons on 
lipid and fatty acid composition. 

 
 
3. RESULTS AND DISCUSSION 

The lipid levels of mantis shrimp in autumn-winter and 
spring-summer were found to be similar; mantis shrimp 
had higher lipid contents in spring and summer (1.83- 
1.77%) compared to autumn and winter (1.16-1.05%; 
Table 1).  

Table 2 shows the seasonal variations in fatty acid 
composition of mantis shrimp. The saturated (SFA) fatty 
acid compositions of species were in the range of 30.03-
36.66%. Significant differences (p<0.05) in SFA contents 
were observed in terms of seasons. Among the seasons, 
the percentages of SFA in spring and summer were found 
to be higher than autumn and winter. The highest propor-
tions of SFA fatty acids in shrimp species were that of 
myristic acid (C14:0, 1.03-6.90%), palmitic acid (C16:0, 

16.09-18.71%), heptadecanoic acid (C17:0, 1.11-1.94%), 
stearic acid (C18:0, 6.69-8.17%) and arachidic acid (C20:0, 
0.79-1.58%). The proportion of these fatty acids changed 
significantly throughout the seasons (Table 2).  

There were significant differences (p<0.05) in the level 
of MUFAs among seasons ranging from 22.70-25.70%. 
Among MUFAs, myristoleic acid (C14:1, 0.28-4.79%), 
palmitoleic acid (C16:1, 5.03-10.36%), oleic acid (C18:1n9, 
7.82-10.0%), and vaccenic acid (C18:1n7, 3.56-4.56%) were 
found to be higher than the other MUFAs throughout all 
seasons.  

Significant differences (p<0.05) in PUFA contents were 
observed for species as affected by seasons. The highest pro-
portions of PUFAs in shrimp were linoleic acid (C18:2n-6, 
1.58-2.85%), arachidonic acid (C20:4n6, 4.82-7.60%), cis-
5,8,11,14,17-eicosapentaenoic acid (EPA, C20:5n-3, 
10.30-13.52%) and cis-4, 7,10,13,16,19-docosahexaenoic 
acid (DHA, C22:6 n-3, 10.38-15.12%). These results are 
in agreement with previous studies on fatty acids of other 
shrimp species [10, 14, 22].  

Significant differences were found (p<0.05) in the 
levels of EPA and DHA among seasons. The highest pro-
portions of EPA were obtained in spring (13.52%) and 
summer (13.44%) whereas the lowest EPA levels were 
found in winter. Mantis shrimp had the highest DHA in 
winter (15.12%) and autumn (14.94%). Although crus-
taceans have been reported to have low levels of lipids, 
EPA and DHA were found to be high as reported in this 
and previous studies [9, 10, 14, 22, 23]. 

The fatty acid profile generally exhibited dominance of 
two classes: SFAs and PUFAs. The proportions of PUFAs-
n3 (ranging from 24.58% in summer to 27.32% in autumn) 
were higher than those of PUFAs-n6 (ranging from 7.28% in 
summer to 10.39% in winter). The U.K. Department of 
Health recommends an optimum ratio of n6/n3 of 4.0 at 
maximum HMSO [24]. Moreira et al. [25] indicated that 
values higher than the maximum value are not healthy, 
causing cardiovascular diseases. In this study, the ratio of 
n6/n3 was found to be much lower (0.30-0.38) than 4.0. 
In addition, a minimum value of PUFA/SFA ratio rec-
ommended is 0.45 [24], which was lower than those 
(0.89-1.23) obtained from this species studied.  

Ulbricht and Southgate [21] have proposed the term 
atherogenic index (AI) for the lipids as nutritional index 
for the risk of cardio-vascular diseases. The AI is calcu-
lated on the basis of the content of the middle chain fatty 
acids C12:0, C14:0 and C16:0, and the groups of MUFA 
and PUFA. Turan et al. [14] found that thrombogenicity (TI)  

 
 
 

TABLE 1 - Seasonal lipid levels of mantis shrimp (%). 

Season 
 

Autumn 

 

Winter 

 

Spring 

 

Summer  

 
 1.16±0.06a 1.05±0.17a 1.83±0.06b 1.77±0.17b 

Values in same row with different letters are significantly different (p<0.05).  : average±standard deviation  
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TABLE 2 - Seasonal fatty acid compositions of mantis shrimp. 

Fatty acids  
(%) 

Autumn 

 

Winter 

 

Spring 

 

Summer  

 

C12:0 ND ND 1.63±0.22b 1.13±0.18a 

C14:0 1.03±0.08a 3.13±0.18b 6.20±0.28c 6.90±0.33d 

C15:0 0.99±0.03a 1.11±0.12a 0.97±0.11a 0.92±0.04a 

C16:0 17.06±0.29ab 16.33±0.57a 18.71±0.55b 16.09±0.93a 

C17:0 1.94±0.06b 1.46±0.19a 1.25±0.12a 1.11±0.11a 

C18:0 8.11±0.19b 8.17±0.23b 6.69±0.33a 7.94±0.48b 

C20:0 0.79±0.03a 1.58±0.04d 1.13±0.05b 1.31±0.09c 

C22:0 0.13±0.00a 0.18±0.00ab 0.09±0.01a 0.27±0.04b 

ΣSFA 30.03±0.11a 31.95±0.49b 36.65±1.09c 36.66±0.56c 

C14:1 3.60±0.48b 4.79±0.33c 0.35±0.02a 0.28±0.03a 

C15:1 0.19±0.01a 0.20±0.03ab 0.21±0.01ab 0.26±0.02b 

C16:1 6.76±0.47b 5.03±0.36b 6.75±0.47b 10.36±0.68c 

C17:1 0.86±0.04c 0.50±0.06b 0.35±0.00a 0.32±0.02a 

C18:1n9 7.82±0.04a 8.79±0.38ab 10.00±0.42c 9.05±0.45bc 

C18:1n7 3.94±0.64ab 3.56±0.22a 4.04±0.09ab 4.56±0.06b 

C20:1 0.36±0.01a 0.43±0.07a 0.45±0.02a 0.77±0.09b 

C22:1n9 0.11±0.05a 0.08±0.01a 0.57±0.06b 0.11±0.01a 

ΣMUFA 23.62±0.17a 23.36±0.59a 22.70±0.04a 25.70±0.29b 

C18:2n6 1.58±0.29a 1.98±0.06a 2.85±0.23b 2.05±0.07a 

C18:3n6 0.17±0.02a 0.82±0.21b 0.15±0.02a 0.16±0.01a 

C18:3n3 0.83±0.16a 1.59±0.45b 0.53±0.08a 0.76±0.08a 

C20:2 cis 0.14±0.01a 0.12±0.01a 0.33±0.04b 0.31±0.01b 

C20:3n6 ND ND ND ND 

C20:3n3 ND ND ND ND 

C20:4n6 6.96±0.18b 7.60±0.52b 4.82±0.32a 5.07±0.68a 

C20:5n3 11.56±0.34ab 10.30±0.42a 13.52±1.68b 13.44±0.30b 

C22:2 cis 0.85±0.00b 0.67±0.09a 0.71±0.06ab 0.81±0.01ab 

C22:6n3 14.94±0.50b 15.12±0.51b 10.72±0.39a 10.38±0.54a 

ΣPUFA 37.01±0.57b 38.18±0.21b 33.61±1.53a 32.97±1.66a 

PUFA /SFA 1.23 1.19 0.91 0.89 
Σω6 8.70 10.39 7.81 7.28 
Σω3 27.32 27.01 24.76 24.58 

Σω6/Σω3 0.31 0.38 0.31 0.30 
DHA/EPA 1.29 1.47 0.80 0.77 

AI 0.36 0.48 0.82 0.78 
TI 0.26 0.28 0.34 0.33 

Unidentified 9.35 6.52 7.05 5.69 

Values in same row with different letters are significantly different (p<0.05).  : average±standard deviation; ND: not detected 
 

 
 

and atherogenicity (AI) index values were 0.31 and 1.34, 
respectively, for brown shrimp. In this study, AI values were 
in the range of 0.36 in autumn to 0.82 in spring whereas TI 
values ranged from 0.26 in autumn to 0.34 in spring 

 
 
4. CONCLUSION 

The results of fatty acid compositions indicated that, 
from the nutritional view point, mantis shrimp is rich in n-
3 fatty acids, especially EPA and DHA. The results also 
showed that the seasons affected the fatty acid composi-
tion of shrimps. 
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