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Abstract

The current study demonstrated variations in total fat content and fatty
acid composition in different body parts of the Sepia pharaonis, including
both the head and mantle, from three selected specimens weighing 700 +
508, 1566.7 + 410.9g, and 2441.7 + 401.9g. Fatty acid analysis showed
significant differences among weight groups (P < 0.05) between the groups
based on weight for most of the fatty acids studied. Oleic acid was the most
abundant fatty acid in the head and mantle tissues. Fatty acid analysis
showed significant differences among weight groups (P < 0.05)
eicosapentaenoic acid (EPA), linoleic acid, linolenic acid, palmitic acid, and
stearic acid showed a significant increasing trend with growth, where the
largest group exhibited higher values compared to the smallest group, the
intermediate group presented intermediate values, statistically
indistinguishable from both the lower and higher weight groups. In contrast,
docosahexaenoic acid (DHA) remained relatively stable in the head with no
significant differences, whereas it showed significant variation in the
mantle. the higher fatty acid concentrations in the head may be due to the
different nature and functions of the tissues compared to the mantle. The
mantle contains lower lipid accumulation possibly because it is mostly
muscular compared to the head. Overall, the results suggest a positive
relationship between body weight and lipid accumulation and clear
differences in fatty acid profiles between tissues. These results emphasise
the effect of growth and tissue type on the biochemical composition of S.
pharaonis, with possible implications for its nutritional value and
exploitation.
Keywords: Fatty acids, Total fat, Sepia pharaonis, Weight groups, EPA,
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Introduction

Marine invertebrates are one of the most diverse and ecologically important groups of
aquatic organisms, accounting for more than 90% of the known animal species worldwide.
They occur in marine, freshwater and terrestrial ecosystems and play important roles in
nutrient cycling, trophic interactions and energy transfer in aquatic food webs (Nikolaou
and Katsanevakis, 2023; Campagne et al., 2023). Squids, cuttlefish and octopuses
(cephalopods) are considered to be very important marine invertebrates due to their fast
growth, high nutritional value, ecological importance and increasing commercial demand
(Pungor and Niell, 2023; Vidal and Shea, 2023). These organisms have unique
physiological and biochemical adaptations that enable them to thrive under different
environmental conditions, especially in marine ecosystems where temperature, salinity,
and food availability fluctuate (Borges, 2023; Hsieh et al., 2023). Furthermore, recent
studies have demonstrated that cephalopods display remarkable metabolic plasticity and
adaptive responses that facilitate their ecological success in dynamic marine
environments (Borges, 2023; Vidal and Shea, 2023).

Sepia pharaonis is one of the commercially and nutritionally important cephalopod
species found in tropical and subtropical marine waters including Arabian Gulf region.
Sepia pharaonis was recorded for the first time in the northwestern Arabian Gulf only
recently by Al-Maliky et al. (2024). Although ecologically and economically important,
little is known about the effects of body size on fatty acid composition in this species,
especially under the environmental conditions of the northwestern Arabian Gulf
characterised by high temperature and salinity. Most of the previous studies on
cephalopods have been mainly concerned with the general biochemical composition or
total lipid content . Comparatively fewer investigations have been conducted on the
variations of saturated, monounsaturated and polyunsaturated fatty acids among
different weight groups . Sepia pharaonis was recently recorded for the first time in the
northwestern Arabian Gulf by Al-Maliky et al. (2024).

There is limited information on the effect of body size on fatty acid composition of this
species, despite its ecological and economic importance, especially in the environmental
conditions of the northwestern Arabian Gulf characterised by high temperature and
salinity. Previous studies on cephalopods have mainly focused on general biochemical
composition or total lipid content . There are comparatively fewer studies that have looked
at variations in saturated, monounsaturated and polyunsaturated fatty acids among
different weight groups (Vidal and Shea, 2023; Monroig et al., 2013). The hypothesis that
cephalopods possess a high biochemical plasticity to deal with environmental changes has
been supported in more recent ecological studies, so fatty acid profiling is an important
way to understand physiological adaptation and nutritional quality (Fonseca et al., 2022).
Lipids are among the most important biochemical constituents in marine invertebrates,
serving as primary energy reserves and structural elements of biological membranes.
Lipids are triglycerides, phospholipids, sterols and other fatty substances. All lipids are
insoluble in water, but are soluble in organic solvents such as acetone and ether.
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Lipids are constructed from building blocks called fatty acids, which are hydrocarbon
chains with a carboxylic acid group (—COOH) at one end. Fatty acids are classified into
saturated fatty acids (SFA), monounsaturated fatty acids (MUFA) and polyunsaturated
fatty acids (PUFA) based on the presence or absence of double bonds. These compounds
are essential for membrane fluidity, metabolic regulation, reproduction, growth and
environmental adaptation of marine organisms (Yoon et al., 2022; Monroig et al., 2013).
Marine invertebrates, especially cephalopods, are excellent sources of biologically
important omega-3 polyunsaturated fatty acids, including eicosapentaenoic acid (EPA;
20:5n-3) and docosahexaenoic acid (DHA; 22:6n-3), which are crucial physiologically
and nutritionally (Monroig et al., 2013; Zhukova, 2019).

These fatty acids have been linked to a number of benefits for human health including
reduced cardiovascular risk and improved neural and immune function. Therefore, the
nutritional and commercial value of cephalopods is closely related to their lipid
composition and fatty acid profiles (Monroig et al., 2022). The fatty acid composition in
marine invertebrates has been shown to differ between species, habitat, diet, reproductive
stage and environmental conditions, in several studies (Parrish, 2025). Lipid composition
is highly dynamic in cephalopods due to their very rapid metabolism and short life cycles.
In previous studies of squids and octopuses, significant differences in DHA, EPA and
saturated fatty acids were observed in developmental stages and body sizes, showing the
marked influence of the growth stage on lipid accumulation and use (Andrews et al.,
2022). Likewise, studies on Octopus vulgaris showed that larger individuals have higher
levels of polyunsaturated fatty acids (PUFA), especially docosahexaenoic acid (DHA), due
to greater metabolic and reproductive requirements (Koven, et al., 2024; Monroig et al.,
2022).

Environmental factors such as temperature, salinity and food availability also strongly
influence fatty acid metabolism in marine invertebrates. Organisms in warm marine
environments commonly exhibit adaptive changes in membrane lipid composition to
sustain cellular integrity and physiological performance under thermal stress (Borges et
al., 2023; Yoon et al., 2024). As a result, fatty acids are commonly used as trophic
biomarkers for assessing nutritional relationships, ecological interactions and energy
transfer in marine ecosystems (Zhukova, 2019). The present study was therefore carried
out to evaluate the fatty acid composition of different size groups of S. pharaonis collected
from the northwestern Arabian Gulf and to study the effect of body size on lipid quality
and fatty acid diversity, thus providing better understanding of the nutritional value and
biochemical adaptation of marine invertebrates to the extreme marine environments.

Materials And Methods

Samples of Pharaoh squid (Sepia pharaonis) were collected from a selected marine
station in the southwestern Arabian Gulf of Iraq. After collection, the samples were placed
in plastic bags with crushed ice to maintain a temperature below 20°C during storage and
transport to the laboratory. The samples were sorted by weight and divided into three
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weight groups, ranging from 650 g to 3000 g, for comparison. The body cavity was opened
using laboratory dissecting instruments to remove the internal organs. The samples were
divided into two parts: the head and the body. The sections were documented
photographically after dissection into the main body parts, including the head (including
the cephalothorax and tentacles) and the body (comprising the main part of the squid).
Weights were taken for each dissecting section immediately after dissection using an
analytical balance (+0.001 g) and based on dry weight. The dissected tissues were placed
in a Binder oven (USA) for drying at 60°C for 24 hours until resistance clock mass was
reached.

Determination of Lipid Content

The percentage of fat in dried samples was estimated based on the standard method
adopted by the Society of Official Analysts (AOAC, 1995) using a Soxhlet lipid recovery
device. Take a weight of 10 g from the thoroughly dried sample, placed in a filter paper,
then carefully drawn and inserted into the device's extraction thimble. The empty glass
beaker of the Soxhlet apparatus was pre-weighed using a sensitive scale, and then 250 ml
of hexane solvent was added to it. The extraction process lasted for 5 continuous hours to
ensure the complete extraction of fatty substances. After the extraction process was
completed, the solvent was recovered from the device, and the flask containing the
extracted fat was taken out. The beaker was placed in an oven at 80 °C for 30 min to
evaporate solvent residues. After that, take the beaker out of the oven, let it cool to room
temperature, and then carefully reweigh it.

The percentage of fat (%) was calculated depending on the difference in the weight of
the beak before and after extraction according to the following equation: Fat percentage
(%) = (Weight of flask after extraction — Weight of flask before extraction) /
Sample weight x 100. Fatty Acid Analysis: Esterification of fats: The sample was
prepared according to the method approved by AOAC (1995), which is based on the
esterification of fats by reacting them with methanolic potassium hydroxide prepared by
dissolving 11.2 g of potassium hydroxide in 100 ml of methanol. Then 1 g of fat was taken
and 8 ml of methanolic potassium hydroxide along with 5 ml of hexane were added, The
mixture was shaken for 30 s and allowed to separate into two distinct layers. The upper
layer (hexane layer), which contains the esterified fat, was taken and injected into the
device. Chromatographic Analysis of the Sample: Fatty acid compounds were analyzed
using a Fatty acid methyl esters were analyzed using a Shimadzu GC-2010 gas
chromatograph equipped with a flame ionization detector (FID) and a capillary column
(SE-30, 30 m x 0.25 mm), according to the following conditions: (Zhang et al., 2015)
(Table 1).

Table 1: The Fatty acid compounds analyzing using a Gas Chromatography.

Parameters Temperature

1 Injection port temperature 280°C
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2 Detector temperature 310°C
Column temperature 120 — 290°C (10°C / MIN)
4 Gas flow rate 100 KPa

Statistical Analysis

Data were analyzed using SPSS software. One-way ANOVA was performed to test
differences among weight groups, and Duncan’s multiple range test was applied for post-
hoc comparisons. Statistical significance was considered at P < 0.05.

Results

Table 2 presents the mean total wet weight of S. pharaonis specimens, ranging from
650 to 750 g, with an average of 700 + 50 g., and the mean total Dry weight was
(151.155+43.38) g. And total Fat% were (10.96+0.23) %. While an average of Fatty acids
in the head was (8.66 + 0.23) also an Average of Fatty acids in the mantle was 2.46 + 0.14
and the average of Oleic acid %, Eicosapentaenoic acid (EPA)%, Docosahexaenoic acid
(DHA)%, Linoleic acid %, Linolenic acid %, and Palmitic acid % were (11.38+0.55,
8.65+0.61, 13.71+£0.62, 14.28+0.62, 12.55+0.7, 5.99+0.21 and 3.32+0.32) %. respectively.

Table 2: Mean values of wet weight, dry weight, fat percentage, and fatty acid composition in
S. pharaonis specimens (650-750 category).

Parameters Values
Total average Wet weight (g) 700 + 50
Total dry weight (g) 151.155 + 43.38
Total Fat% 10.96+0.23
Fatty acids in head% 8.66 + 0.23
Fatty acids in mantle% 2.46 + 0.14
Oleic acid % 11.38+0.55
Eicosapentaenoic acid (EPA, %) 8.65+0.61
Docosahexaenoic acid (DHA)% 13.714+0.62
Linoleic acid (%) 14.28+0.62
Linolenic acid % 12.55+0.7
Palmitic acid % 5.99+0.21
Stearic acid 3.3240.32

Table 3: Mean values of wet weight, dry weight, fat percentage, and fatty acid composition in
S. pharaonis specimens (1000—1900 g category).

Parameters Values
Total average Wet weight (g) 1566.7+410.9
Total dry weight (g) 236.807+39.9
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Total Fat% 11.24+0.7
Fatty acids in head% 8.7+0.46
Fatty acids in mantle% 2.6 +0.39
Oleic acid % 12.45+1.98
Eicosapentaenoic acid (EPA, %) 9.77+1.7
Docosahexaenoic acid (DHA)% 14.51+1.7
Linoleic acid (%) 14.51+1.89
Linolenic acid % 13.45+1.98
Palmitic acid % 6.56+1.15
Stearic acid 4.07+1.15

The total average Wet weigh (1566.7+410.9) g, and the mean total Dry weight was
236.807+39.9 g, and total Fat% were (11.24+0.7) %. While an average of Fatty acids in the
head was (8.7+0.46) also an Average of Fatty acids in the mantle was 2.6 + 0.39 and the
average of Oleic acid %, Eicosapentaenoic acid (EPA)%, Docosahexaenoic acid (DHA)%,
Linoleic acid %, Linolenic acid %, and Palmitic acid %% were (12.45+1.98, 9.77+1.7,
14.51+1.7, 14.51+£1.89, 13.45+1.98, 6.56+1.15, and 4.07+1.15).

Table 4: Mean values of wet weight, dry weight, fat percentage, and fatty acid composition in S.
pharaonis specimens (2000—3000 g category).

Parameters Values
Total average Wet weight (g) 2441.7+ 401.9
Total dry weight (g) 423.875+ 112.9
Total Fat% 12.36+ 0.23
Fatty acids in head% 9.36+ 0.66
Fatty acids in mantle% 2.9 £ 0.59
Oleic acid % 12.94+ 0.61
Eicosapentaenoic acid (EPA, %) 10.33+ 0.49
Docosahexaenoic acid (DHA)% 14.84+ 0.23
Linoleic acid (%) 15.503+ 0.43
Linolenic acid % 13.96+ 0.33
Palmitic acid % 6.79+ 0.42
Stearic acid 4.28+ 0.42

Table 4 presents the mean wet and dry weights, fat percentage, and fatty acid
composition of S. pharaonis specimens in the 2000-3000 g weight category. The total
average Wet weigh (2441.7+ 401.9) gm, and the mean total Dry weight was 423.875+
112.9gm, and total Fat% were (12.36+ 0.23) %. While an average of Fatty acids in the head
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was (9.36+ 0.66) also an Average of Fatty acids in the mantle was 2.9 + 0.59. The relative
average of eicosapentaenoic acid (EPA) reached 10.33 + 0.49%, while docosahexaenoic
acid (DHA) recorded 14.84 + 0.23%. The combined value of EPA and DHA reached
25.17%. Linolenic acid was detected at 13.96 + 0.33%. Among other fatty acids, oleic acid
accounted for 12.94 + 0.61%, linoleic acid for 15.503 + 0.43%, palmitic acid for 6.79 +
0.42%, and stearic acid for 4.28 + 0.42%.

Figure 1. Variation in total fat percentage (Total%), head fat percentage (Head%) and
mantle fat percentage (Mantle%) in three weight categories of S. pharaonis of 650-750 g,
1000—1900 g and 2000—3000 g. The results show a gradual increase in the percentage of
total fat as body weight increases. The lowest value (=11%) was observed in the 650—750
g category followed by 11.5% in the 1000—1900 g category. The highest value (=12-13%)
was observed in the 2000—3000 g category. Head fat percentage also increased slightly
from 8.5% in the smallest category to almost 9.5% in the largest group. Mantle fat
percentage remained relatively low in all categories but showed a slight upward trend,
between 2.3% and 2.8%. These results suggest a positive association of body weight with
lipid accumulation in different body parts.
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E Head%

Total fat %
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Figure 1: The percentage of total fat (%) between the three body segments according to
weight.

Table 5 summarizes the fatty acid composition in the head of S. pharaonis across three
weight categories, a significant increase (P < 0.05) in Oleic, Eicosapentaenoic, Linoleic,
Linolenic, Palmitic and Stearic acids with increasing body weight. However, no significant
differences were observed in Docosahexaenoic acid among the studied weight groups.

Table 5. Fatty acid composition (%) in the head of S. pharaonis across different weight groups
(Means + SD).

Fatty acid 700 £ 50 g 1566.7+£410.9 2441.7+ 401.9

Oleic acid % 11.38 + 0.56a |12.45+1.99ab |12.95+ 0.62b
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Eicosapentaenoic acid (EPA)% | 8.65 + 0.61a 9.78 +1.71ab |10.33+0.50b
Docosahexaenoic acid (DHA)% | 13.71+ 0.63a |14.51+1.71a 14.84 + 0.23 a
Linoleic acid % 14.29 + 0.62a |15.17+1.90ab |15.50+ 0.44b
Linolenic acid % 12.55+ 0.71a |13.45+1.98 ab |13.96 £ 0.34 b
Palmitic acid % 5.99 + 0.21a 6.56 +1.16ab | 6.79+0.42b
Stearic acid % 3.33+0.33a 4.07+1.16ab |4.28+0.43b

Table 6 presents the fatty acid composition in the mantle of S. pharaonis across three
weight categories, significant increase in all studied fatty acids with increasing fish weight.
Fish weighing 3000 g recorded the highest values compared to those weighing 700 g,
while the 1900 g group had intermediate values (ab), indicating no clear significant
difference between them and the other two groups in some cases. Oleic acid increased
from 10.17% at 700 g to 11.38% at 3000 g. Eicosapentaenoic acid (EPA) also increased
from 7.00% to 7.85%. Docosahexaenoic acid (DHA) showed an increase from 10.62% to
11.50%. Similarly, the proportions of Linoleic and Linolenic acids increased significantly
with weight gain. Regarding saturated fatty acids, both Palmitic and Stearic acids
increased with weight gain. Overall, the results suggest that an increase in fish weight
leads to an improvement in fatty acid content.

Table 6: Fatty acid composition (%) in the mantle of S. pharaonis across different weight
groups (Means + SD).

Fatty acid 700+ 50 g 1566.7+410.9 2441.7+ 401.9
Oleic acid % 10.17+0.31a |11.26+1.81ab |11.38 £+ 0.53b
Eicosapentaenoic acid (EPA)% | 7.00 £ 0.11a 7.81+1.18ab |7.85+0.40b
Docosahexaenoic acid (DHA)% | 10.62 + 0.24a |11.46 +1.29ab | 11.50 + 0.44 b
Linoleic acid % 12.74 £+ 0.27a | 13.54 +1.34ab | 13.66 £+ 0.30b
Linolenic acid % 9.53+£0.23a 10.41+1.21ab |10.49 +0.42b
Palmitic acid % 5.54 + 0.35 a 6.22+1.16ab |6.46+0.47b
Stearic acid % 2.62 +0.28a 3.39+1.11ab [3.62+0.45Db

Discussion

The present results show clear differences in wet weight, dry weight, total lipid content,
and fatty acid composition among the different weight groups of S. pharaonis. Wet weight
increased from approximately 700 g in the first group to 1566.7 g in the second group and
2441.7g in the third group. Dry weight also increased with body size, indicating continuous
tissue growth and biochemical accumulation during development. Similar findings were
reported by Monroig et al. (2013) and Rey et al. (2025), demonstrated growth in
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cephalopods is associated with increased biochemical reserves and tissue development.
Total lipid percentage increased gradually from 10.96% in the first group to 11.24% in the
second group and 12.36% in the third group. This slow increase suggests a better lipid
accumulation with body size and may be indicative of higher energetic demands related
to growth, tissue maintenance, swimming activity and preparation for reproduction in
larger individuals. Fast growth and high metabolic activity are hallmarks of cephalopods,
and larger groups often require more biochemical energy reserves to support physiological
functions (Vidal and Shea, 2023). Similar results were reported by Sieiro et al. (2020),
who observed higher lipid reserves in larger marine molluscs compared with smaller ones.

Dinh Thi et al. (2023) showed that the composition of fatty acids changed depending
on body size and developmental stage. In contrast, Ozogul et al. (2008) reported small
differences in lipid percentage between different size groups of some cephalopod species,
indicating that lipid accumulation might be species and habitat dependent. The
differences in fatty acid composition between the weight groups studied may reflect
metabolic changes occurring during growth and development. Lipids are not only energy
stores but are also vital structural components of biological membranes and regulators of
cell metabolism. The progressive increase of oleic acid, EPA, linoleic acid, linolenic acid,
palmitic acid and stearic acid suggests that larger specimens have increased capacity for
lipid biosynthesis and storage.

Wu et al. (2024) reported that long chain fatty acids are closely associated with growth
and metabolic activity of marine organisms. Similarly, Li et al. (2023) reported EPA and
DHA as key biochemical markers linked to physiological development and nutritional
quality. In all groups studied, the head tissue has higher lipid content than the mantle.
Lipids in the head ranged from 8.66—9.36% while mantle values ranged from 2.46—
2.90%. The difference could be related to tissue-specific physiological and biochemical
functions. Neural tissues, sensory organs and complex nervous structures in the head
region require higher concentrations of structural lipids, particularly phospholipids and
long-chain polyunsaturated fatty acids, to preserve the integrity of the membranes and
the efficiency of the neural signalling. Navarro and Villanueva (2000) have shown that
neural tissues of cephalopods are especially rich in phospholipids and essential fatty acids
because of their structural and functional importance in neuronal membranes. Similar
observations were reported by (Ponte et al., 2022) emphasising the advanced neural
organisation and functional specialisation of cephalopod nervous tissues characterised by
intensive membrane-associated biochemical activity and elevated requirements for
structural lipids and long-chain polyunsaturated fatty acids.

On the other hand, the mantle consists mainly of muscular tissue responsible for
swimming and locomotion, which might explain its relatively low lipid content. Muscle
cells use energy rapidly for contraction and movement and do not store large amounts of
lipids. This pattern is consistent with the functional specialisation of cephalopod tissues.
It is in agreement with Kim (2011) who reported that the neural and structural tissues
have higher proportions of lipids than muscular tissues. Unsaturated fatty acids prevailed
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in all weight groups, particularly oleic acid, linoleic acid, linolenic acid, EPA and DHA.
The high abundance of polyunsaturated fatty acids emphasises the nutritional value of S.
pharaonis as a marine source of omega-3 fatty acids. The EPA values ranged from 8.65%
to 10.33% and the DHA values ranged from 13.71% to 14.84%.

These results are in line with the findings of Monroig et al. (2013) and Tan et al. (2025)
who reported that the cephalopods are good sources of long chain omega-3 fatty acids in
particular DHA and EPA. For all groups, the DHA concentrations were always higher than
EPA, suggesting the important structural role of DHA for membrane stability, neural
tissues and physiological regulation. The relatively stable values of DHA among the
studied groups may be a reflection of its essential physiological role in maintaining
membrane fluidity and neural function . Unlike some other fatty acids that can vary with
metabolic activity and energy need, DHA is generally preserved conservatively because of
its vital importance in cellular membranes and nervous tissues.

The predominance of polyunsaturated fatty acids observed in the present study may be
partially related to the environmental characteristics of the northwestern Arabian Gulf,
including elevated temperature and salinity, which have been previously reported to
influence lipid metabolism in marine invertebrates, (Yoon et al., 2022; Borges et al.,
2023) demonstrated that marine organisms living in warm and fluctuating environments
may modify membrane lipid composition by increasing the proportion of unsaturated
fatty acids in order to maintain membrane fluidity and physiological stability under
environmental stress conditions. Consequently, the relatively high concentrations of EPA
and DHA in S. pharaonis might also indicate physiological and biochemical adaptation
mechanisms besides their nutritional value. Moderate levels of saturated fatty acids,
especially palmitic and stearic acids, were found and their concentrations were slightly
increased with body weight. Lourenco et al. (2024) reported similar results and Batista et
al. (2022) found that cephalopods generally have lower proportions of saturated fatty
acids compared to unsaturated fatty acids. However, some marine molluscs were found to
have higher levels of saturated fatty acids (Zhukova, 2019), indicating that the
composition of fatty acids can be influenced by species, tissue type and environmental
conditions.

Conclusions

The present study gives a detailed biochemical characterisation of S. pharaonis from
different body weight groups from north-western Arabian Gulf. The results showed that
growth was related to increases in wet and dry weight and a gradual and clear increase in
the overall lipid content of the whole body (10.96%-12.36%) and a progressive
accumulation of energy reserves throughout development. The fatty acids profile
indicated that the most abundant fatty acids were the unsaturated ones, mainly oleic,
linoleic, linolenic acids, EPA and DHA, confirming the high nutritional value of S.
pharaonis as a natural source of omega-3 long-chain fatty acids. DHA was consistently
high in all size groups, indicating the critical structural role of DHA in cell membranes and
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neural tissues. Generally, whole body lipid content expressed the highest values relative
to tissue level fractions, suggesting that lipid accumulation is most conspicuous at the level
of the organism. Furthermore, tissue-specific differences were found, with higher
concentrations of lipids in the head than in the mantle, suggesting functional
specialisation between neural and muscular tissues.
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