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Received: Sept. 29, 2020  polyunsaturated fatty acids (PUFAs), especially eicosapentaenoic acid
Accepted: Nov. 30, 2020 (EPA; C20:5 n3) and ocosahexaenoic acid (DHA; C22:6 n3) in the portion
Online: Dec.30,2020 of fish consumed. This study was performed to compare some farmed (local
and imported) fish species and some of the most consumed wild fish species

in Bahrain markets in terms of n-3 (omega-3) and n-6 (omega-6) PUFAS, n-
3/n-6 ratio and EPA and DHA values. Lipid was extracted with a mixture
of methanol: chloroform (1:1 v/v). It was converted into fatty acid methyl
esters (FAMEs) through the fatty acid methylation process, and then
analysed through gas chromatography (GC-FID). The results showed that
there were no significant differences (P>0.05) between wild and farmed fish
in total n-3 PUFAs, but farmed fish was significantly higher than the wild
(P<0.05) in total n-6 PUFAs concentration. Wild fish had significantly
higher EPA and marginally higher DHA compared to farmed fish. The n-
3/n-6 ratio was significantly higher (P<0.05) in wild fish compared to
farmed fish. This study concluded that all the selected fish samples (wild
and farmed) contain higher ratios of n-3/n-6 than the suggested optimal ratio
(0.2). However, all wild sampled fishes (except for Greasy Grouper)
included in the study, were potentially healthier for consumers as part of a
regular well-balanced diet. Among wild fish samples, the top three richest
fish in n-3 PUFAs that can be the favourite consumer’s choice at the
Kingdom of Bahrain for health promoting are Doublebar Bream (Faskar),
Spangled Emperor (Sha’ree), and Rabbitfish (Saffy). In contrast, the deficit
in n-3 PUFAs content of farmed fish accounted for the reduction in their
nutritional quality that may have resulted from poorly manufactured feed.
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Fish protein contains all the essential amino acids and it is an indispensable dietary
source of some vital minerals like iodine, selenium, iron, zinc and some vitamins like
vitamin B, A, D and E (Onyia et al., 2013; Tocher, 2015). However, fish uniqueness is
mainly because of the large amounts of lipids that accumulate in its muscles, liver and
other tissues. The accumulated lipids are mainly three polyunsaturated fatty acids
(PUFAS): eicosapentaenoic acid (EPA), docosahexaenoic acid (DHA), and arachidonic
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acid (AA). PUFAs can be classified according to the position of the double bonds to n-3
(omega-3) and n-6 (omega-6) families (Usydus et al., 2011). EPA and DHA belong to
n-3 family of fatty acids which are well-known and scientifically accepted benefitial
effects on human health including; preventive effects on cardiovascular diseases (CVD),
coronary heart diseases (CHD), inflammatory and autoimmune disorders, and cancers
with an important role in nervous system (brain), photoreception system (vision), and
reproductive system development (Simopoulos, 2006; Freije, 2009; Hossain, 2011;
Usydus et al., 2011; Tocher, 2015; Amoussou et al., 2019). Further health benefits of n-
3 PUFAs also depends on the n-3/n-6 ratio and factors affecting n-3 PUFAs amount
(Hossain, 2011; Usydus et al., 2011).

Notedly, in the resource base fish stock is continuously shrinking while the human
population and demand for fish are increasing. Thus, farmed fish are now being offered
to consumers as an alternative and there was and still expectation that the gap can be
filled with aquaculture sector as reported by the Food and Agriculture Organization of the
United Nation (FAQO) in 2008 (Hossain, 2011). Fish farming is referred to the technique
that is used for raising fish in tanks or ponds with providing inputs such as energy source,
water, and land (FAO, 2012; Campbell and Pauly, 2013). In the Kingdom of Bahrain, it
has been planned to develope the aquaculture sector for food security and self-sufficiency
(FAO, 2015). Currently, there are limited commercial maricultural projects in operation
in Bahrain and the National Mariculture Centre (NMC) activities are limited to applied
research (FAO, 2015).

This study was conducted in order to compare between some farmed (local and
imported) fish species and the most consumed wild fish species in Bahrain markets in
terms of n-3 and n-6 PUFAs, n-3/n-6 ratio, and EPA and DHA values. In addition, this
study aimed to determine whether wild fish were the better dietary option for consumers
compared to farmed fish; discussing benefits and risk factors associated with farmed fish
consumption in comparison to wild fish consumption.

MATERIALS AND METHODS

Sample preparation

A total of 8 fish species (Rabbitfish, Spangled Emperor, Greasy Grouper, Spanish
Mackerel, Doublebar Bream, Sobaity Seabream, Seabass, and Gilthead Seabream) were
selected from the most commonly consumed and available at the Kingdom of Bahrain
markets, while others were farmed in Bahrain and/or other countries (Table 1). Wild and
imported farmed fish samples were purchased separately and freshly from the local
central fish markets and other large supermarkets in Bahrain during January-June 2019.
After collection, fish samples were placed in an ice box and transported freshly to the
laboratory. Fish length (cm) and weight (g) were measured to the nearest £0.1 millimetre
and milligram (Table 1). Fish samples were washed with distilled water and then
dissected. The two sides fish fillets were homogenized in a blender and prepared for
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immediate further analysis. Five specimens were provided from each fish sample, and
two replicas from each specimen were prepared.

Table 1: The local, common and scientific names, type (wild /farmed), the source, number of samples, the
length (cm), the weight (g) and the date of collection of fish samples that were included in the study.

Net Net Date of
Local Common C No. of .
Scientific name Type Source length  weight sample
name name samples )
(cm) (9) collection
Saffy  Rabbitfish Siganus wilg o 5 248 248 Jan 2019
canaliculatus Bahrain
Sharee  Pangled Lethrinus wilg e 5 286 2682  Jan 2019
Emperor nebulosus Bahrain
Greasy Epinephelus ; Local,
Hamoor . wild . 5 26.8 340 July 2019
Grouper coioides Bahrain
, Spanish Scombermorous . Local,
Chana’ad Wwild . 5 113 1161 June 2019
Mackerel commerson Bahrain
Faskar Doublebar Acar\tho.pagrus wild Loca!, 5 28.2 446 Feb 2019
Bream bifaciatus Bahrain
Sobaity  J°Pally Sparidentex .y Local, 5 385 710 March 2019
Seabream hasta Bahrain
Seabream Gilthead Sparus aurata ~ Farmed NMC.’ 5 37.35 335.45 April 2019
Seabream Bahrain
. Sobaity Sparidentex NMC, .
Sobaity Seabream hasta Farmed Bahrain 5 222 149.2 April 2019
Seabass Seabass Dicentrarchus Farmed Imported, 5 34 467.6 March 2019
labrax France
Seabream Gilthead Sparus aurata ~ Farmed Imported, 5 30.6 523.6 March 2019
Seabream UAE

Lipid extraction

Lipid was extracted with a mixture of methanol: chloroform (1:1 v/v) following
the procedures of Bligh and Dyer (1959) extraction method with some modifications as
described by Freije and Awadh (2009). First, raw fish muscle was grinded, and one
gram was transferred into a large Pyrex reaction tube and homogenized with 6 ml of
saline solution (0.85%). The homogenate was extracted by adding 15 ml methanol, 7.5 ml
chloroform twice, and 10 ml of water was shaken vigorous for 30 seconds after each
addition using whirl mixer. The mixture was centrifuged for 10 min at 2500 rpm and then
filtered for discarding the muscle plug. The filtrate was transferred to a test tube and was
allowed to separate into two layers. The top layer was removed, and the lower layer that
contained the lipid extract in chloroform was transferred to another pre-weighted test
tube. The chloroform layer was evaporated to dryness using nitrogen gas, and then the
test tube was weighed again for determining the total lipid content.

Fatty acid methylation

Fatty acid methylation process was applied following the procedures of AOAC
(1990) with some modifications as described by Ozogul et al. (2012). Twenty-five
milligrams (25 microliter) of extracted fish oil were transferred into a test tube,
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to which 1.5 ml of 0.5M methanolic sodium hydroxide was added, mixed, heated at
100°C for 7 min and then cooled at room temperature. Two millilitres of 14%
Borontrifloride-methanol were added; the mixture was heated again at 100°C for 5 min
and then cooled to 30-40°C. One millilitre of isooctane was added, and the tube was
shaken for 30 seconds using whirl mixer. Five millilitres of saturated sodium chloride
were added immediately, and the tube was shaken again for 30 seconds. The contents
were allowed to separate and the upper isooctane containing fatty acid methyl esters
(FAMESs) was removed and placed into another test tube. The lower layer was extracted
again with an additional 1.0 ml of isooctane and was shaken for 30 seconds. The two
isooctane extracts were combined, dried over tiny amount of anhydrous sodium sulphate,
concentrated to 1.0 ml under nitrogen gas and frozen at -20°C until analysis.

Fatty acid analysis

The fatty acid analysis was performed using Perkin Elmer, Clarus 500 GC-FID
equipped with Flam lonization Detector (FID) and Thermal Conductivity Detector
(TCD). The individual FAMEs were separated using a fused carbon-silica column
(Stabilwax, Crossbond, Carbowax, Polyethylene glycol) with 30m length, 0.25 mm of
internal diameter (width), 0.25 pm film thickness and a temperature range of 40°C to
260°C. The oven temperature was set at 200 C and held constant for 80 minutes (the total
run time for each sample). The FID temperature was set at 300'C and TCD temperature
was set at 150 C.The injector temperature was maintained at 250 C with a split ratio of
1:20. Nitrogen gas was used as a carrier gas at flow rate 0.76 ml/min and the other two
gases were air with a flow rate of 450 ml/min and hydrogen with a flow rate of 45
ml/min. The sample injected volume was 5 pl with 3 pre- and post- injection sample
washes. A sampling rate of 12.5 Hz was used. The FAMEs were identified based on the
authentic standards (PUFA No.1 and PUFA No.2) supplied by SUPELCO USA.

Data analysis

All analysis was carried out using Statistical Package for Social Science (SPSS)
version 24 and statistical package from Excel 2017 (Microsoft Office). Descriptive
analysis, two-way ANOVA, Pairwise comparisons and Post-hoc analysis was performed
using Least Square Difference method and significance was set at 0.05.

RESULTS AND DISCUSSION

Saturated fatty acids (SFAS)

The percentage of SFAs in wild and farmed fish as shown in Table 2 was
characterized by high level in comparison to other studies on other fish species
(Alasalvar et al., 2002; Mnari et al., 2007; Fuentes et al., 2010; Usydus et al., 2011;
O'Neill et al., 2015). SFAs are used for energy production in some fish species and its
high level may result from lipogenic activity (Amoussou et al., 2019).
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Table 2: Total lipid and fatty acids composition of farmed and wild fish species.

FISH i i i . .
NAME Gilthead Gilthead Seabass Sobaity Doublebar Greasy . Sobaity Spangled Spanish
Seabream Seabream (Imported) Seabream Bream Grouper Rabbitfish Seabream Emperor Mackerel
(Imported)  (NMC) p (NMC) P P

Total Lipid

(99 0.23+0.03 0.16 £ 0.03 0.28 £0.04 0.13+0.03 0.30+0.07 0.19+0.03 0.13+0.08 0.11+0.02 0.21+£0.05 0.16 £ 0.02
Fatty acids

(%)
SFAs 16.43 +£0.92 2491+0.73 16.46 + 1.17 30.31+0.64 24,76 £ 2.44 30.02 +0.68 26.42+0.73 26.02 +0.48 26.77 £1.00 27.07+0.53
C16:0 2.33+0.26 4.19+0.26 217+0.34 3.58 + 0.36 1.31+0.31 3.59+0.79 2.72+0.24 2.87+0.21 2.33+0.57 1.87+0.19
C18:0 14.10 £0.70 20.73 +0.56 14.29 +0.86 26.42 +0.56 23.45+2.23 26.43+0.75 23.70 £0.73 23.15+0.38 24.44 +0.96 25.20 +0.38
UFAs 75.67 + 1.37 65.49 + 0.83 76.99 +1.22 60.89 + 1.45 58.96 + 1.39 53.65 + 1.54 57.69+259  48.62+154 59.76 + 1.57 58.21 +0.89
MUFAs 12.06 £ 0.38 16.83 £ 0.24 12.68 £ 0.44 15.29 £ 0.89 15.80 £0.72 20.42+0.75 16.56 +1.23 1453 +£0.77 1422 +1.34 16.92 £ 0.42
C16:1 n7 514+041 8.22+0.26 3.76 £ 0.34 6.31+0.50 2.64 +0.68 7.37+£0.46 5.69 £ 0.96 4.01+0.27 3.14+0.93 3.67+0.33
C18:1n9 3.25+0.27 412 +0.17 3.33+0.12 5.62 +0.70 9.92+0.58 9.37 £ 0.56 8.04 +0.55 7.35+0.48 7.83+0.51 11.03£0.35
C20:1n9 2.36 £0.25 0.62 +0.03 2.50 £0.22 0.58 + 0.02 0.51+0.11 0.86 + 0.04 0.48 £0.10 0.97 £ 0.04 0.36 £0.13 0.58 £ 0.04
C22:1n11 1.31+0.16 3.86£0.20 3.08+0.49 2.74+£0.17 2.73+0.52 2.82+0.86 2.35+0.92 2.02+0.40 2.90 +0.64 1.64+0.14
PUFAs 63.61+1.14 48.66 + 0.99 64.31+1.28 45,60 + 0.91 43.16+1.23 3322+121 41.13+2.13 34.09 +0.98 4554+240  4128+051
n-6 34.26 + 0.67 27.49+0.82 35.31+0.85 28.77 £ 0.65 11.99 £0.90 17.38 £0.86 14.86 £ 0.81 1459 +£0.38 15.97 £ 0.65 20.20 £ 0.69
C18:2 n6 31.56 + 0.65 23.97+0.82 32.46 +0.81 25.91 +0.46 8.51+0.82 12.55 £ 0.49 9.70 £ 0.58 11.24+0.31 12.05+0.59 16.26 £ 0.24
C18:3n6 2.54+0.09 3.20 £0.07 2.71+0.08 2.63+0.11 2.04+0.21 3.22+0.29 2.98 +0.68 2.83+0.26 2.27+0.36 3.34+024
C22:4 n6 0.17+0.03 0.32+0.04 0.13+0.01 0.22+0.22 1.43+0.34 1.61+0.33 2.18 £ 0.45 0.52 +0.07 1.65+0.28 0.61 +0.02
n-3 29.35+1.15 21.17+0.90 29.00 + 0.62 16.84 £ 0.50 31.17+151 15.84 £0.72 26.27 £2.10 19.50 £0.91 29.57 £ 2.68 21.08 £ 0.46
C18:3n3 17.81£0.45 11.12+0.23 17.90 £ 0.57 9.33+0.43 2.04 +0.46 1.35+0.17 2.42 +0.66 2.15+0.36 2.58 +0.93 2.03+0.35
C18:4n3 2.06+0.10 0.79+0.04 3.46 +£0.12 0.50 £ 0.04 0.28 £ 0.06 0.39+0.04 0.32+0.04 0.64 +0.04 0.71+0.19 0.34 +£0.05
C20:5n3

222+0.18 1.08 +0.12 0.99 £0.10 0.71+0.10 7.66 +0.81 4.20+0.64 6.38 + 0.82 8.06 +0.39 9.71+0.91 3.76£0.29
(EPA)
C22:6 n3
5.63+0.74 6.20 + 0.64 5.15+0.40 5.08 +£0.49 18.97 £0.71 8.04 +£0.52 13.00 £ 0.61 7.08+0.23 14.60 £ 0.92 13.06 £ 0.31

(DHA)
C22:5n3 1.63+0.20 1.99+0.17 1.49+0.38 1.20+0.23 2.22+£0.27 1.87+0.21 3.54+0.89 1.57 +0.40 1.97 +0.60 1.88+£0.32
n-3/n-6

. 0.86 + 0.04 0.77 £0.05 0.82£0.02 0.58 +0.02 2.62+0.29 0.91 +0.06 1.78 £0.19 1.34+0.07 1.86 +0.22 1.04 £0.03
ratio
DHA/EPA

. 2.55+0.34 5.77 £0.41 5.25+0.50 7.32+157 2.50£0.30 1.96 +0.37 2.17+0.33 0.88 +0.04 1.51+0.10 350+0.33
ratio

Total lipid is expressed as mean weight (g/g) = SD. Fatty acid values are expressed as % of total
fatty acid methyl esters; mean + SD.
EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic acid; NMC: National Mariculture Centre.

The total SFAs value was higher in wild fish than farmed fish and the difference was
statistically significant (P<0.05) (Table 2 and 3). The excess consumption of SFAs can
lead to various inflammatory disorders for consumers (Santos et al., 2013). Thus,
substitution of dietary SFAs with MUFAs and PUFAs has been advocated to reduce the
hazardous complications and improve human health (Baum et al., 2012). However, it is
important to consider the specific SFAs that should be excluded and included in the diet
since not all of them are equal in their effects (O'Neill et al., 2015). For example, steric
acid (C18:0) which was the highest SFAs presented in both groups of farmed and wild
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fish samples with no statistically difference (Table 3) has no adverse effect on health
(FAO/WHO, 2008). In contrast, palmitic acid (C16:0) that had significantly higher
concentration in farmed fish than wild (Table 3) should be taken in consideration as it is a
possible factor that may increase the level of low-density lipoprotein (LDL) which is the
bad cholesterol (FAO/WHO, 2008). Thus, the high amount of SFAs presented in wild
fish species included in this study (Table 2 and 3) is not worrisome, while farmed fish is
the group of fish that need to undergo for more control procedures. On the other hand, all
local farmed fish showed almost a double amount of palmitic acid (C16:0) compared to
imported farmed fish (Tables 2 and 4). Replacing or limiting that specific SFAs (C16:0)
in their diet may have positive effect on Bahraini consumers’ health. In this context,
raising conditions of farmed fish, specially their diet composition, could play an
important role in fatty acids compositions of fish muscles (Fuentes et al., 2010; Rincon
et al., 2016; Hossain and El-Dakour, 2019) and that farmed fish have the advantage of
being raised under controlled conditions (Hossain, 2011; O'Neill et al., 2015).
Monounsaturated fatty acids (MUFAS)

The difference was significant between farmed and wild fish in the total amount
of MUFAs, in which it was higher in wild than farmed fish (Table 3). The level of
C18:1 n9, the highest among all MUFAs and its high content, was reflected on the
elevated level of total MUFAs for all wild fish (Table 2 and 3); forming a typical feature

in many marine fish (Hossain, 2011; Hossain et al., 2012; Rincon et al., 2016).

Polyunsaturated fatty acids (PUFAS)

The dominancy of PUFAs on SFAs and MUFAs in all fish under examination
(Tables 2 and 3) is highly valuable for fish consumption as human body does not produce
these fatty acids thus, should be obtained from diet (Mardani et al., 2016). Although a
diet high in PUFAs can be beneficial to consumers, yet not all high PUFAs diets are
equally in their benefit unless both n-3 PUFAs and n-6 PUFAs are taken into
consideration (FAO/WHO, 2008).

The n-3 and n-6 PUFAs profiles
Generally, wild and farmed fish were comparable (P>0.05) in their n-3 PUFAs

profile (Table 3). This result confirmed the fact of fish importance as a unique and major
source of n-3 PUFAs in human nutrition (Abbas and Jamilah, 2009; Tocher, 2015).
However, the further evaluation performed for Sobaity Seabream (the only fish that had

both farmed and wild samples from the Kingdom of Bahrain) showed that wild Sobaity
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Seabream had the significantly higher amount of total n-3 PUFAs than the farmed ones
(Table 5). The increased amount of total n-3 PUFAs in wild fish compared to the farmed
fish was explained by marine fish diet including small fish and crustacean; in other
words, PUFAs content is mainly in the form of n-3 PUFAs (Hossain, 2011).

Table 3: Total lipid and fatty acids composition of farmed and wild fish samples in which the covariate
(fish species) was removed.

Farmed Fish Wild Fish (F-wW) P-Value
(F) (W) A Change (CI 95%) (sig.®)

Total Lipid (g/g) 0.18 +0.01 0.18 +0.01 -0.01 (-0.02; 0.01) 0.464

Fatty acids (%0)
SFAs 23.40+0.14 26.84 +0.14 -3.44 (-3.83; -3.06) .000*
C16:0 4.04£0.18 1.85+0.17 2.19 (1.56; 2.82) .000*
C18:0 22.32 £0.67 22.04 £0.65 0.29 (-2.67; 2.64) 811
UFAs 67.53+0.19 56.15 +0.19 11.39 (10.49; 11.93) .000*
MUFAs 1459 +0.11 16.41+£0.11 -1.82 (-2.11; -1.52) .000*
Cl16:1n7 6.92+0.33 3.33+0.32 3.60 (2.42; 4.77) .000*
C18:1n9 5.49+0.32 8.33+0.31 -2.84 (-3.94; -1.73) .000*
C20:1n9 1.55+0.16 0.77 £0.16 0.78 (-0.23; 1.35) .006*
C22:1nl1 177 £0.23 2.75+0.22 -0.97 (-1.77; -0.181) .017*
PUFAs 52.94+£0.19 39.74 +0.19 13.20 (12.68; 13.72) .000*
n-6 28.62+£0.10 15.83 +0.10 12.79 (12.53; 13.06) .000*
C18:2n6 22.67+0.96 14.81 £0.93 7.86 (4.48; 11.24) .000*
C18:3n6 2.89+£0.11 2.68 +£0.10 0.22 (-0.15; 0.57) .245
C22:4n6 1.11 +0.08 0.62 £0.08 0.48 (0.19; 0.78) .001*
n-3 2432 +0.17 2391+0.17 0.41 (-0.07; 0.90) .095
C18:3n3 9.61+£0.70 4.55+0.68 5.07 (-2.61; 7.53) .000*
C18:4 n3 0.88 £0.15 0.99£0.15 -0.11 (-0.69; 0.43) .695
C20:5n3 (EPA) 2.69 +0.42 6.09 + 0.41 -3.41 (-4.86; -1.95) .000*
C22:6 n3 (DHA) 9.13+£0.77 10.44 £0.75 -1.31 (-4.01; 1.39) 341
C22:5n3 2.15+0.13 1.65+0.13 0.49 (0.06; 0.94) .027*
n-3/n-6 ratio 0.90 £ 0.02 1.56 £ 0.02 -0.70 (-0.74; -0.65) .000*
DHAJ/EPA ratio 4.29 +£0.07 2.09 £0.07 2.20 (2.00; 2.40) .000*

- Total lipid is expressed as mean weight (g/g) = SD. Fatty acid values are expressed as %
of total fatty acid methyl esters; mean + SD.

- EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic acid.

- *Statistically significant at P<0.05.
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Table 4: The fatty acids composition of imported and NMC farmed Gilthead Seabream fish samples.

Gilthead Seabream Gilthead Seabream (Imported-NMC) P-Value
(Imported) (NMCQC) A Change (CI 95%) (sig.*)

Total Lipid (g/g) 0.23+0.01 0.16 +0.01 0.07 (0.03; 0.10) .000*
Fatty acids (%0)
SFAs 16.43 +0.26 2491 +0.26 -8.48 (-9.26; -7.70) .000*
C16:0 2.33+£0.08 4.20 £0.08 -1.86 (-2.09; -1.62) .000*
C18:0 1410 £0.20 20.73£0.20 -6.63 (-7.22; -6.03) .000*
UFAs 75.67 £0.36 65.50 + 0.36 10.18 (9.12; 11.24) .000*
MUFAs 12.06 £0.10 16.83+0.10 -4.77 (-5.07; -4.46) .000*
C16:1n7 5.14 £+ 0.10 8.22+0.10 -3.08 (-3.40; -2.759) .000*
C20:1n9 2.36 + 0.06 0.63 +0.06 1.73 (-1.56; -1.90) .000*
C18:1n9 3.25+0.07 4.12 +0.07 -0.86 (-1.08; -0.65) .000*
C22:1n11 1.31+0.06 3.86 +0.06 -2.56 (-2.73; -2.39) .000*
PUFAs 63.61+0.34 48.66 + 0.34 14.95 (13.95; 14.96) .000*
n-6 34.26 +0.24 27.49 +0.24 6.77 (6.07; 7.48) .000*
C18:2n6 3156 +0.23 23.97+0.23 7.59 (6.89; 8.28) .000*
C18:3n6 2.54 £0.02 3.20+0.02 -0.66 (-0.74; -0.59) .000*
C22:4n6 0.17 £0.01 0.32+0.01 -0.15 (-0.18; -0.12) .000*
n-3 29.35+0.33 21.1740.33 8.18 (7.21; 9.15) .000*
C18:3n3 17.81+0.11 11.12+0.11 6.69 (6.36; 7.03) .000*
C18:4n3 2.06 + 0.03 0.79+0.03 1.27(1.19; 1.34) .000*
C20:5n3 (EPA) 2.22+0.05 1.07 + 0.05 1.14 (0.99; 1.288) .000*
C22:6n3 (DHA) 5.631 +0.22 6.19 +0.22 -0.56 (-1.21; -0.92) .000*
C22:5n3 1.63 +0.06 1.99 £+ 0.06 -0.36 (-0.54; -0.19) .000*
n-3/n-6 ratio 0.86 +0.01 0.77+0.01 0.08 (0.45; 0.13) .000*
DHA/EPA ratio 255+0.12 5.77+0.12 -3.22 (-3.57; -2.87) .000*

- Total lipid is expressed as mean weight (g/g) + SD. Fatty acid values are expressed as % of total
fatty acid methyl esters; mean + SD.
- EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic acid; NMC: National Mariculture Centre.
*Statistically significant at P<0.05.

The condition of increased total n-6 PUFAs concentration in farmed fish (P<0.05)
compared to wild under the study (Table 3 and 5) was reported by other studies related to
the type of farmed fish diet (Alasalvar et al., 2002; Fuentes et al., 2010; Hossain, 2011;
Hossain et al., 2012; Rincon et al., 2016). The dominancy of linoleic acid (C18:2 n6)
among n-6 series in farmed fish (Table 3) is probably related to the exsistance of this
fatty acid in the oftenly used plant oils in farmed fish feed that accumulates largely
unchanged (Alasalvar et al., 2002; Fuentes et al., 2010; Rincon et al., 2016; Hossain,
2011; Lenas et al., 2011; Amoussou et al., 2019). Therefore, the proper choice of dietary
lipid would allow the fatty acids composition of farmed fish to provide the beneficial
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health aspects to meet the consumers’ demands (Alasalvar et al., 2002; Amoussou et al.,
2019).

There was difference between the local and imported farmed Gilthead Seabream
regarding the total n-3 PUFASs in which imported fish showed statistically higher amount
of n-6 and n-3 PUFAs than the local farmed from NMC (Table 4). The most possible
reason for that superiority is probably the content of nutrients in farmed fish feed
(Amoussou et al., 2019). Although the current study did not provide detailed information
about farmed fish diet, it is obvious that each groups had a dissimilar diet, which leads to
intergroup variation in fatty acid composition (O'Neill et al., 2015; Begum et al., 2019).

In Bahrain and other countries, fish (wild and farmed) have been identified as the
primary source of n-3 fatty acids, that contain considerable high n-3 PUFAS
concentrations that far exceed their n-6 PUFAs (Al-Arrayed et al., 1999; Abbas and
Jamilah, 2009; Fuentes et al., 2010; Musaiger and Drsquo, 2011; Usydus et al., 2011;
Hossain, 2011; O'Neill et al., 2015). In the current study, common feature was
noticeable for all wild fish species (except for Greasy Grouper) in which they showed
higher total n-3 PUFAs than their total n-6 PUFAs concentrations (Table 2). However,
the above finding was reversed for farmed fish as their total n-6 PUFAs concentration
exceeded their total n-3 PUFAs, because all farmed fish showed higher total n-6 PUFAs
concentration than n-3 PUFAs (Table 2). The increased n-6 PUFAs amount in farmed
fish (including the local kinds) reduces its nutritional value. This is because the metabolic
products of both n-3 and n-6 PUFAs result in different and almost opposite physiological
effects (Balk and Lichtenstein, 2017; Kones and Rumana, 2017).

In the current study, wild Greasy Grouper was the only fish that showed different
trend, it had lower amount of total n-3 PUFAs than its total n-6 PUFAS similarly to other
farmed fish samples (Table 2). That exceptionality can be due to many factors including
the age of fish, gender, diet, pregnancy period, metabolism, reproduction state, season of
fishing and the water temperature as well (O'Neill et al., 2015; Mardani et al., 2016;
Kouroupakis et al., 2019).
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Table 5: The fatty acids composition of wild and local farmed Sobaity Seabream fish samples.

Sobaity Seabream  Sobaity Seabream (Wild-NMC) P-Value
(Wild) (NMC) A Change (CI 95%) (sig.*)

Total Lipid (g/g) 0.11+£0.01 0.13+0.01 -0.01 (-0.04; 0.01) .256
Fatty acids (%0)

SFA 26.02£0.21 30.31+0.21 -4.29 (-4.91; -3.67) .000*
C16:0 2.87 £0.09 427 +£0.09 -1.40 (-1.74; -1.07) .000*
C18:0 23.15+£0.17 26.04 +£0.17 -2.89 (-3.51; -2.27) .000*
UFAs 48.62 £ 0.49 60.89 £ 0.49 -12.28 (-13.70; -10.86) .000*
MUFAs 1453 £0.23 15.29£0.23 -0.76 (-1.43; -0.09) .027*
C16:1n7 4.01+0.13 6.31+£0.13 -2.30 (-2.78; -1.82) .000*
C18:1n9 7.35+0.17 5.62 £+ 0.17 1.73 (1.12; 2.35) .000*
C20:1n9 0.97 £ 0.04 0.58 + 0.04 2.38 (0.23; 0.54) .000*
C22:1n11 2.20+0.08 2.78 +0.08 -0.58 (-0.88; -0.28) .000*
PUFAs 34.09+0.38 45.60 £ 0.38 -11.52 (-12.62; -10.41) .000*
n-6 14.59 £ 0.16 28.77 £0.16 -14.18 (-14.65; 13.71) .000*
C18:2 n6 11.24 +0.13 25.91+0.13 -14.67 (-15.12; -14.22) .000*
C18:3n6 2.83£0.06 2.63+0.06 0.20 (-0.02; 0.42) .081
C22:4 n6 0.52 £ 0.04 0.22 +0.04 0.29 (0.14; 0.45) .000*
n-3 19.50 £ 0.30 16.84 +0.30 2.66 (1.80; 3.53) .000*
C18:3n3 215+0.14 9.33+0.14 -7.18 (-7.69; -6.68) .000*
C18:4 n3 0.64 +0.03 0.50 +0.03 0.14 (0.05; 0.24) .002*
C20:5n3 (EPA) 8.06 £0.13 0.71£0.13 7.34 (6.87; 7.82) .000*
C22:6 n3 (DHA) 7.08+0.14 5.09+0.14 1.99 (1.47; 2.52) .000*
C22:5n3 1.57£0.12 1.20+0.12 0.36 (-0.05; 0.78) 101
n-3/n-6 ratio 1.34 +0.02 0.59 £0.02 0.75 (0.71; 0.80) .000*
DHAV/EPA ratio 0.88+£0.29 7.32+0.29 -6.44 (-7.29; -5.59) .000*

- Total lipid is expressed as mean weight (g/g) £ SD. Fatty acid values are expressed as % of total
fatty acid methyl esters; mean + SD.
- EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic acid; NMC: National Mariculture Centre.
- *Statistically significant at P<0.05.
The n-3/n-6 ratio
Numerous studies (Alasalvar et al., 2002; Mnari et al., 2007; Fuentes et al.,
2010; Hossain, 2011; Lenas et al., 2011; Usydus et al., 2011; Hossain et al., 2012;
O'Neill et al., 2015; Rincon et al., 2016; Begum et al., 2019; Hossain and El-Dakour,
2019) have promoted and used the n-3/n-6 ratio and some of those studies (Usydus et al.,
2011; Hossain et al., 2012; O'Neill et al., 2015; Begum et al., 2019) mentioned the
suggested optimal n-3/n-6 ratio for good human health that should be 1:5 (0.2). However,
those recommendations have been undergone to further studies as FAO/WHO (2008)
stated that there is no recommended ratio for the n-3 to n-6 fatty acids since they are
consumed according to the established recommendations in the report. If the n-3/n-6
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theory become further advocated to be true in the future, then all the fish species (wild
and farmed) in the current study would show higher ratios of n-3/n-6 than the optimal
ratio (0.2) as shown in Table 2. Consequently, all commonly consumed (wild and
farmed) fish in Bahrain, that were selected in this study, promote human health and are
nutritionally beneficial (Simopoulos, 2006; Hossain et al., 2012; O'Neill et al., 2015).

The results in the present study agreed with many other studies on other fish
species that reported higher n-3/n-6 ratio in wild fish than farmed counter types as the
ratio was significantly higher in wild fish comparing to farmed sampled fish (Table 3)
(Alasalvar et al., 2002; Fuentes et al., 2010; Hossain, 2011; Lenas et al., 2011; Usydus
et al., 2011; O'Neill et al., 2015; Amoussou et al., 2019). It was reported that the
location in which fish are caught is the main determinant of n-3/n-6 ratio because it
determines the composition of available diet in fish environments (Mnari et al., 2007;
Hossain, 2011; Mardani et al., 2016; O'Neill et al., 2015; Kouroupakis et al., 2019).
These findings showed that marine environment (the Arabian Gulf) is providing a fair
source of n-3 PUFAs rich food (Al-Arrayed et al., 1999; Musaiger and Drsquo, 2011).

The EPA and DHA values

Humans are poor convertor to EPA and DHA, thus all AA, EPA and DHA must be
obtained from the diet for good health and normal development (Simopoulos, 2006;
Lenas et al., 2011; O'Neill et al., 2015; Rincon et al., 2016). Fish, in general, contain
EPA and DHA; however their concentrations may vary between fish species and within
the same species due to various environmental conditions (Freije, 2009). Moreover, wild
fish contain higher levels of EPA and DHA than farmed fish (Alasalvar et al., 2002;
Fuentes et al., 2010; Hossain, 2011; Lenas et al., 2011; Usydus et al., 2011; O'Neill et
al., 2015; Amoussou et al., 2019). The current study showed comparable results to what
was reported, in which wild fish samples were significantly higher in EPA and
marginally higher in DHA value comparing to farmed (Table 3). The current findings
revealed that all wild commonly consumed fish included in the study (except for wild
Greasy Grouper) can offer higher amounts of EPA and DHA complexes for consumers
compared to farmed fish as part of a regular well-balanced diet. However, wild fish
ranking due to their content of n-3 PUFAs (high n-3/n-6 ratio and high EPA and DHA)
were as follow: Doublebar Bream (Faskar) followed by Spangled Emperor (Sha’ree) and
Rabbitfish (Saffy), Sobaity Seabream (Sobaity), Spanish Mackeral (Chana’ad), and
Greasy Grouper (Hamoor), which was the least as shown in Table 2.

CONCLUSION

It can be concluded that, all the selected fish samples (wild and farmed) from
Bahrain markets for this study are nutritionally beneficial for consumers because they
showed higher ratios of n-3/n-6 than the suggested optimal ratio (0.2). However, all wild
sampled fish (except for Greasy Grouper) are potentially healthier because they had
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higher n-3/n-6 ratios and can offer greater amounts of EPA and DHA complexes for
consumers as part of a regular well-balanced diet. Among wild fish samples, the top three
richest fish in n-3 PUFAs (highest n-3/n-6 ratio and highest in EPA and DHA content)
that can be the favourite choice for residents of the Kingdom of Bahrain to promote
health are: Doublebar Bream (Faskar), Spangled Emperor (Sha’ree), and then Rabbitfish
(Saffy). In contrast, the deficit in n-3 PUFAs content of farmed fish that lowered their
n-3/n-6 ratio (when compared to the wild fish) accounted for reduction in their nutritional
quality. This, in return, may have resulted from manufactured feed that usually contain
low quality lipids and could be harmful for consumers health.
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