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Abstract The aim of this research was to explore amino acids pattern and fatty acids composition of the most common
consumed fish in Saudi Arabia. This study was just a trial to encourage Saudi residents to increase their consumption of
fish and fish products. To achieve this goal, eleven fresh fish species were randomly collected from the Central Fish Market,
El-Kaakia, Makkah, Saudi Arabia, beheaded, eviscerated, filleted and minced. Amino acids and fatty acids composition were
determined. In case of essential amino acids (EAA), the major amino acids are lysine (4.47-6.28%), leucine (4.14-5.80%)
and valine (3.23-4.37%). Predicted protein efficiency ratio (P-PER) ranged from 1.18 in Indian oil sardine to 1.84 in grey
mullet. The percentage of total saturated fatty acids ranged from 34.19+1.70% in golden thread fin bream to 54.67+3.61%
in grey mullet. Oleic acid (C18:1) was identified as the primary monoenoic fatty acid in all studied fish flesh samples. Total
polyunsaturated fatty acids of studied fish flesh samples ranged from 20.48+1.53% to 43.19+0.17% in sabaki tilapia and
golden thread fin bream, respectively. Among omega-3 (®-3) series, C22:6 docosahexaenoic acid (DHA) was the most
common fatty acid in all studied fish samples. Golden thread fin bream had the highest value of biological value (1.7),
followed by job fish which recorded 1.41. Finally, these studied fish species were considered vital sources of essential
amino acids and polyunsaturated fatty acids especially DHA, ®-3 fatty acid. The results suggested that the necessity to
change the nutritive pattern of people in Saudi to encourage them to increase their fish consumption.
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preservation or preparation. Where the protein content of
1. Introduction fish ranged from 15 to 20%. Fish also contains high amounts
of the essential amino acids, particularly lysine in which
cereals are relatively poor. Therefore fish protein can be used
to complement amino acid pattern and rise the overall
protein quality of a mixed diet. Moreover, the sensory
properties of an otherwise bland diet can be improved
through fish products, thus facilitating and contributing to
greater consumption [FAO, 2013].
This is particularly true for the countries of the Arabian
Gulf which are dominated by desert regions. Whereas these
Tucker, 1990 & Usydus, et al., 2008]. countries have poor agricultural potential and thus have to

In 'additi.on, .seafoo.d is a rich source ,Of high-quality import large quantity of their food, they are to a large extent
proteins, vitamins, mineral elements. It is the only the self-sufficient in seafood [Kadidi, et al., 1988]
significant source in the human diet of -3 polyunsaturated P :

fatty acids (PUFA), that play beneficial and protective role
towards cardiovascular, chronic and inflammatory diseases
[Calder, 2013 & Khawaja et al., 2014].

Fish products are similar to meat and dairy products in
nutritional quality, depending on the methods used in

Seafood is one of the most important food constituents in
human nutrition and has an economic value. Besides,
seafood has become a part of healthy and functional foods. It
is well known that fish are important source of protein rich in
essential amino acids, micro and macro elements (calcium,
phosphorus, fluorine, iodine), oils that are valuable sources
of energy, oil-soluble vitamins, and polyunsaturated fatty
acids that have an anti-arteriosclerosis effect [Pigott &

Burger et al. (2014) examined fish consumption behavior
and rates in Saudis and non-Saudis. They found that for
Saudis, 3.7% of males and 4.3% of females do not eat fish;
for non-Saudis, the percent not eating fish is 6.6% and 6.1%
respectively. Saudis ate 2.2 fish meals/week, while expats
ate 3.1 meals/week. Grouper (Epinephelus and

] Cephalopholis) were eaten by 72% and 60%, respectively.
* Corresponding author: .

h N The pervious study confirmed that there was a real need
yshmtulO@mans.edu.eg (Shady M. ElShehawy) . . . .
Published online at http://journal sapub.org/food to do effort for increasing the Saudis fish consumption,
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capita in Saudi Arabia. This ratio was very low in
comparable with the world ratio (18.9kg) [FAO, 2015].

Tao et al. (2012) stated that the biochemical composition
of fish is affected by many parameters such as biological
variations (species, sex, size, and age), diet, environmental
conditions (temperature, pH, salinity, etc.), and seasonal
changes.

In Saudi Arabia, Three highly handled fish in Saudi
market were evaluated for their fatty acids. The fish species
were locally known as Kanad, Hammour and Hammam in
Saudi market. The fatty acids composition in the muscle of
fish species was evaluated. C16:0 and C18:0 were the main
saturated fatty acids (SFA), C18:1 and C16:1 were the main
monounsaturates (MUFA), while C22:6 (DHA) and C20:5
(EPA) were the main polyunsaturated fatty acids (PUFA)
[Tawfik, 2009].

Meanwhile, in Italy, fatty acid pattern was determined in
red mullet (Mullus barbatus) caught from the Central
Tyrrhenian and Central Adriatic seas. The obtained results
showed that polyunsaturated fatty acids (PUFA) were
significantly higher in spring (30-40% of total fatty acids),
when fish was lean, than in autumn (20%), while
monounsaturates were significantly higher in autumn
(35-38%) than in spring (18-29%). Saturated fatty acids were
almost stable throughout the year (34-39% of total fatty
acids). Red mullet from the two sites had a good nutritional
value; in particular they proved to be a good source of ®-3
PUFA, which recorded for 75-80% of total PUFA, without
taking into account the fishing season [Di Lena et al., 2016].

Another example, butter catfish (Ompok bimaculatus) has
high amount of polyunsaturated fatty acids. The percentage
of total polyunsaturated fatty acids was 40.92% followed by
26.54% of total monounsaturated fatty acids, indicating
excellent nutritive value of this fish species. Amino acids
analysis showed that fish flesh contains significant amount
of some essential amino acids such as leucine, lysine,
threonine, phenylalanine, valine and isoleucine. The ratio
between essential and non-essential amino acid is 0.89
indicating its high protein quality [Sayad et al., 2016].

An investigation into amino acids pattern in three species
of Nigerian fish: Clarias anguillaris, Oreochromis niloticus
and Cynoglossus senegalensis was carried out. The obtained
results indicated that the most common amino acid was
glutamic acid (10.8-11.8% of crude protein) and leucine was
the most abundant essential amino acid (5.80-6.47% of crude
protein). While total amino acid content was 61.8-63.7% of
crude protein, the total essential amino acid content recorded
48.6-50.0% with histidine, but 45.8-47.0% without histidine
[Adeyeye, 2009].

Finfish have higher levels of polyunsaturated fatty acids
and lower levels of saturated fatty acids than other sources of
protein. The proportion of saturated, monounsaturated, and
polyunsaturated fatty acids in beef are approximately
40-45%, 50% and 4-10% [Sabry, 1990].

The fatty acid composition of chicken (30-35% saturates,
35-40% monounsaturates, and 25-30% polyunsaturates)
comes between that of fish and beef. Dairy products have

higher saturated fat component (40-65%), similar
monounsaturated percentage (30-45%), and much lower
polyunsaturated levels (5%) than fish. Protein efficiency
ratio (PER) is a measure of protein quality, usually
calculated by putting young animals on diets with many test
proteins and noticing their growth (PER = gain in body
weight (in grams)/grams of protein consumed). The P-PER
of fish (3.55) is higher than beef (2.30) and milk proteins
(casein=2.50) and close to egg (3.92) [Sheeshka & Murkin,
2010].

The aim of this work was to explore amino acids pattern
and fatty acids profile of the most common consumed fish
in Saudi Arabia. And to encourage Saudi residents to
increase their consumption of fish and fish products.

2. Materials and Methods

2.1. Materials

Three replicates of eleven fresh fish species were
randomly collected from the Central Fish Market, El-Kaakia,
Makkah, Saudi Arabia during spring 2015. They were
classified and named as follows: grey mullet Liza ramada,
sabaki tilapia Oreochromis spilurus, indian oil sardine
Sardinella longiceps, golden thread fin bream Nemipterus
Japonicas, gilt head bream Sparus aurata, asian seabass
Lates calcarifer, job fish Apharus rutilanus, spangled
emperor Lethrinus nebuloses, dusky grouper Epinephelus
marginatus, rusty parrot fish Scarus ferrugineus and half
spotted grouper Cephalopholis hemistiktos. These species
are commonly consumed by the local population in Saudi
Arabia. Fish samples were mixed with soft ice, put in ice box
and transported to Biology department Lab, Faculty of
Applied Science, Umm Al-Qura University, Makkah.

2.2. Methods

Samples preparation:

All fish samples were manually beheaded, eviscerated and
filleted. Muscle tissues, below the dorsal fin were taken as
the samples. The fish flesh was minced. Moisture content
was determined, then fish flesh was dried at 70°C, grinded
and stored at -18°C until chemical analysis.

2.3. Chemical Analysis

Amino acids pattern:

Amino acids pattern of fish flesh samples was analyzed
out in Food and Feed Quality Laboratory, Regional Center
For Food and Feed (RCFF), Agricultural Research Center,
Egypt using the method described by AOAC (2012).

Fish flesh samples were digested using 6N HCI for 24 h.
Amino acids were determined using the Beckman Amino
Acid Analyzer (model 6300; Beckman Coulter Inc.,
Fullerton, Calif., USA) employing sodium citrate buffers as
step gradients with the cation exchange post-column
ninhydrin derivatization method. The data were calculated
as grams of amino acid per 100g crude protein of fish
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sample.

The predicted protein efficiency ratio (P-PER) was
calculated using one of the equations of Alsmeyer et al.
(1974) as adapted by Adeyeye (2009).

P-PER =-0.468 + 0.454(Leu) - 0.105(Tyr)
Fish oil extract:

Fish oil was extracted from dried minced fish samples
using the method described by Bligh and Dyer (1959).
Extracted oil was kept into dark glass bottles at -18°C until
fatty acids analysis.

Fatty acids composition:

Fatty acids profile of fish oil samples was analyzed out in
The Central Laboratory Unit, High Institute of Public
Health, Alexandria University, Egypt.

Preparation of fatty acid methyl ester (FAME) was
carried out according to Siew et al. (1995) and Jumat et al.
(2006).

A standard mixture of fatty acid methyl esters were used
to identify of the peaks by their retention time. The different
fatty acid methyl esters (FAMEs) were determined and
identified using a gas chromatography (Hewlett Packard
6890) equipped with a flame ionization detector (FID). A
HP-5 column (30m, 0.32mm ID, 0.25um film thickness)
[5% diphenyl, 95% dimethyl polysiloxane] was used.

The detector and injector temperatures were 280°C and
220°C, respectively. Sample size 3 pul, spilt ratio 50:1.

Nitrogen was used as carrier gas at a flow rate of 1 ml/min.
Oven temperature was programmed as:

- Set point (initial temperature) 150°C for 2 Min.

- Rate 10°C/min to 200°C.

- Rate 5°C/min to 250°C and hold for 9 Min.

The concentrations of fatty acids were calculated as
following equation:

Fatty acid% = peak area + overall area of peaks x 100.

2.4. Statistical Analysis

Statistical analysis such as mean, standard error and
analysis of variance (one way ANOVA) test were done using
SPSS (2008) version 17 program for windows. While
comparisons were made using Duncan's test at P<0.05 level
of significance.

3. Results and Discussion

Amino acids composition (g/100g crude protein) of the
most important studied fish flesh samples were presented in
Table (1). Results reflected that glutamic acid
(14.47-15.89%) is the abundant amino acid as a percentage
of total amino acids followed by aspartic acid (8.98-10.78%)
compared to other amino acids. Data in Table (1) had been
expressed in grams of amino acid per 100g of fish sample.

Table (1). Amino acids content (g/100g crude protein) of studied fish flesh samples

Amino acids A . Glutami
P a.rtlc Threonine Serine " z‘lmlc Proline Glycine Alanine
acid acid
\Sp THR SER GLU PRO GLY ALA
Fish species
llet
f,rey m ; 6.79+40.46% | 333+0.06% | 2980.01° | 10.1040.14° | 2.59+0.02% | 3.75:0.03% | 5.36+0.13"
1za ramada
Sabaki tilapia abed abe abe abe abe bed abe
Oreochromis spilurus 6.56+0.80 3.07£0.39% | 2.65£020" | 927+4123™ | 2.44+033™ | 3.4040.40%' | 4.94+0.56
Indian ol sardi \ \
s" d’.a" l;" lsar e 544+0.119 | 2.66+0.08° | 236+0.06° | 7.8840.11° | 2.7940.16™ | 3.9240.13% | 4.38+0.07%
ardinelia longiceps
Golden thread fin b
;)v en ) reac iin bream 7.06£0.11° | 3.4940.02" | 2.93+0.03" | 10.54+0.12% | 2.63+0.19% | 3.42£0.01°¢ | 4.94+0.14%
emipterus japonicus
Gilt head b , , , , N e ,
; e re?m 6.74+0.10™ | 349+0.03® | 2.96+0.03* | 9.90+037% | 2.6140.06™ | 3.53+0.02% | 4.58+0.18%
parus aurata
Asian seab
. j'a“ s;’a z;s 6.97+0.02% | 3.3940.02% | 2.8940.03% | 10.2940.03° | 2.94+0.04* | 4.01£0.07° | 5.28+0.11°
ates calcarifer
Job fish abe ab ab ab abe bed ab
Apharns rutilanus 6.63+0.21 348£0.05° | 2.90£0.10® | 9.74:039% | 2794031 | 3.36+0.08 5.1440.18
Spangled
L;Z'r'ii;s ::;':l’;::s 5604031 | 2.7140.17° | 2.29+0.13° | 8.32+033% | 2.15£032° | 2.69+0.15° | 4.02+033°
Dusk \ \ ‘
o "Z lygm"pe_r ) 6.06£0.20% | 2.93+0.13" | 2.50£0.10b° | 8.86+0.36™ | 2.30+0.09% | 2.88+0.11% | 4.17+0.27"
'pinephelus marginatus
Rust t fish , , , . e , ,
P s y;am’ o 6.9120.40° | 3324027% | 2.842023% | 10.37:0.80° | 2.6240.25% | 3.26:028% | 4.77+0.52%¢
carus jerrugineus
Half spotted grouper . 2 ab a a abe a
ol 726+020° | 3.52+0.08° | 2.87+0.02" | 10.54£0.18" | 3.0120.13* | 3.75+0.12 5.330.13
ephalophnolis hemistikios
F value 3.00 3.84 3.88 3.39 1.61 6.07 272

Mean values * standard error (n=3). Means of samples having the same letter(s) within a column are not significantly different (P<0.05).
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Table (1). Continue

Amino acids
Valine Isoleucine Leucine Tryptophan | Phenylalanine Histidine Lysine Arginine
Fish . VAL ILE LEU TYR PHE HIS LYS ARG
ish species
Grey m““et a ab a a a a a ab
i d 4.37+0.13 3.74+0.04 5.80+0.20 3.08+0.07 3.29+0.04 2.32+0.10 6.22+0.23 4.80+0.07
iza ramada
Sabaki tilapia b b b b b b b b
Oreoch i< spil 3.78+0.41%° | 3.28+0.40" | 5.34+0.66" 2.68+0.31° 3.17+0.28" 2.06+£0.25"¢ | 5.86+0.65 | 4.29+0.52%¢
reochromis spilurus
Indian oil sardine be ab . abed . :
Sardinella lonei 3.39£0.06™ | 2.64+0.04 4.14+0.05° 2.16+0.03¢ 2.52+0.09¢ 2.024+0.11*° 4.47+0.02° 3.67+0.04°
ardinella longiceps
Golden thread fin
bream 4.13+0.03" | 3.55+0.02" | 5.63+0.00" 3.02+0.03" 3.36+0.05" 1.83£0.00°° | 6.26£0.04* | 4.72+0.01®
Nemipterus japonicus
Gilt head bream b b b b
S . 4.10£0.27* | 3.65+0.13° 5.63+0.29" 2.97+0.03* 3.23+0.10° 2.21+0.02° 6.08+0.34" 4.68+0.12°
parus aurata
Asian seabass b b bed b b
Lat learife 3.824+0.03"° | 3.57+0.05° 5.48+0.07° 2.92+0.06" 3.22+0.03" 1.93+£0.01°** | 6.02+0.07° 4.65+0.02°
ates calcarifer
Job fish " . , . ab abed ab ab
Aph il 3.98+0.13" 3.84£0.01* | 5.53+0.20" 3.04+0.12° 3.15+0.05° 2.02+0.02" 5.85+0.17% 4.7240.11°
Ipharus rutilanus
Spangled emperor ¢ ab be be ¢ e be ¢
Lethri bul 3.23+0.23 2.87+0.20° 4.50+0.21 2.41+£0.21 2.50+0.11 1.58+0.12 5.10+0.19 3.71£0.13
ethrinus nebuloses
Dusky grouper
Epinephelus 3.37+0.13% | 3.08+0.16® | 4.83+0.18" | 2.60£0.12 | 2.71£0.13" 1.66£0.07% | 5.36£0.18™ | 4.06£0.19™
marginatus
Rusty parrot fish abe ab a ab ab cd ab ab
s f . 3.82+0.31"° | 3.43+0.29 5.49+0.48 2.89+0.24 3.08+0.29" 1.79+£0.16*° | 6.10+0.48 4.56+0.44
carus ferrugineus
Half spotted grouper
Cephalopholis 3.85+0.09™ | 2.04+1.58° | 5.69+0.13° 2.95+0.07° 3.40+0.10° 1.90+0.04°% | 6.28+0.17° 4.95+0.09"
hemistiktos
F value 3.09 1.17 3.54 4.14 5.34 4.26 3.84 3.87

Mean values * standard error (n=3). Means of samples having the same letter(s) within a column are not significantly different (P<0.05).

In case of essential amino acids (EAA), the major amino
acids are lysine (4.47-6.28%), leucine (4.14-5.80%), valine
(3.23-4.37%) followed by threonine (2.66-3.52%) and
phenylalanine (2.5-3.36%) which have a close link with
previous results found in butter catfish [Sayad et al., 2016].
On the other hand, non-essential amino acids (NEAA) such
as arginine, histidine, alanine and glycine were found to
range from 3.67% in Indian oil sardine to 4.95% in half
spotted grouper, 1.58% in spangled emperor to 2.32% in
grey mullet, 4.02% in spangled emperor to 5.36% in grey
mullet and 2.69% in spangled emperor to 4.01% in Asian
seabass, respectively. Moreover, spangled emperor sample
had the least value of serine (2.29%), while grey mullet
sample had the highest value recorded 2.98%. Proline
ranged from 2.15% in spangled emperor to 3.01% in half
spotted grouper.

The ratio between EAA to NEAA is an index to define
the quality of the protein [Swendseid et al., 1963]. Optimal
EAA to NEAA ratio has been stated in gilt head sea bream
(Sparus aurata) which is 0.71 and signify a high quality
protein; on the other hand a very high ratio was recorded in
squid roe recorded 0.93 and a low value was reported in sea
urchin roe (0.65) [Pinto et al., 2007]. The total essential
amino acids content without methionine and tryptophan

(which were not determined) ranged from 24.00 g/100g
crude protein in Indian oil sardine to 32.15 g/100g crude
protein in grey mullet, while total non-essential amino acids
content ranged from 28.78 to 37.71 g/100g crude protein in
spangled emperor and half spotted grouper, respectively.
These previous results were close to the value for egg
reference protein (56.6 g/100g crude protein) [Paul et al.,
1980]. The current contents of TEAA are comparable to
some literature values; i.e. 35.1 (Zonocerus variegatus) and
35.0 (Macrotermes bellicosus) [Adeyeye, 2005a, b]. The
EAA to NEAA ratio of studied fish flesh samples were
calculated to range from 0.79 in half spotted grouper and
Indian oil sardine to 0.90 in gilt head bream (Figure 1).
These ratios were in accordance with those obtained by
Pinto et al. (2007). The higher value represents excellent
protein quality.

The predicted protein efficiency ratio (P-PER) of studied
fish flesh samples were calculated and illustrated in Figure
(2). From illustrated data, it could be seen that P-PER ratio
ranged from 1.18 in Indian oil sardine to 1.84 in grey mullet.
Generally, all of P-PER ratios were comparable to 2.22 (C.
anguillaris), 1.92 (O. niloticus) and 1.89 (C. senegalensis)
[Adeyeye, 2009].

Statistical analysis showed that there were significant
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differences at P<0.05 between all studied fish species in
some amino acids content. For example, F value was 1.17 in
isoleucine and 6.07 in glycine.

Dietary protein plays an important function providing
amino acids for the bio built of the body proteins. It is very
important to provide all essential amino acids to human in
an appropriate amount for optimal protein synthesis. Fish
proteins comprise all the essential amino acids necessary for
human nutrition which expand the overall protein quality of
a diet [Mohanty & Kaushik, 1991].

Gas chromatography was used to establish identities of
fatty acids extracted from studied fresh fish flesh samples.
Results reported in Table (2) showed mean of saturated
fatty acids profile (%) of the eleven studied fish flesh as
percentage of total fatty acid methyl esters, standard error

and significance between all studied species. Figure (3)
showed standards and examples of fatty acids gas
chromatography chromatogram. The percentage of total
saturated fatty acids of studied fish were higher than 50%
for most fish species which ranged from 34.19+1.70 % in
golden thread fin bream to 54.67+3.61 % in grey mullet.
Meanwhile, palmitic acid (C16:0) was the primary saturated
fatty acid, contributing 46.27% and 61.83% of total
saturated fatty acids of the lipids for gilt head bream and
grey mullet, respectively. Stearic acid (C18:0) came in the
second order in saturated fatty acids, which ranged from
11.05+0.89% in golden thread fin bream to 24.78+0.50% in
sabaki tilapia. Meristic acid (C14:0) came in the third order
of saturated fatty acids (0.92+0.23 - 9.04+1.54).
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Figure (1). Essential amino acids (EAA), non-essential amino

acids (NEAA) and EAA/NEAA ratio of studied fish flesh samples
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Leucine and tyramine content (g/100g crude protein) and predicted protein efficiency ratio (P-PER) of studied fish flesh samples
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Figure (3). Fatty acids GC chromatograms, A: Standard chromatogram, B: asian seabass, C: half spotted grouper and D: indian oil sardine

Table (2). Saturated fatty acids profile (%) of studied fish flesh samples as percentage of total fatty acid methyl esters

Fatty acids Total
. - C14:0 C15:0 C16:0 C17:0 C18:0
Fish species Saturated
G et
rey mute 3.18+0.52 0.92+0.08 33.80+1.86" 2.47£0.00 15.82+1.18" 54.6743.61°
Liza ramada
Sabaki tilapi
aad apt 1.76£0.17 0.0040.00 | 24.88+1.92° |  0.00+0.00 24.78£050° | 5141£2.01°
Oreochromis spilurus
Indian ol sardi
ndian off sarcine 9.04=1.54 0.75:0.00 31.7341.02 0.000.00 11.7320.40° 52.9442.51°
Sardinella longiceps
Golden thread fin b
o'den threac fin bream 2.0120.18 0.52+0.13 23.78+1.18% 0.000.00 11.050.89° 37.19:1.70°
Nemipterus japonicus
Gilt head b
tt head bream 2.70+0.18 0.3140.01 22.54+1.19° 0.79:40.02 22.02+0.87° 48.711.78°
Sparus aurata
Asian seab
Stai seabass 453+0.64 0.43+0.10 24.1941.77% 1.08+0.05 22.06£2.87° | 52.31+4.49°
Lates calcarifer
Job fish
ob TSt 0.4120.00 1.00£0.11 23.2320.60° 1.84+0.18 13642123 | 40.17:0.86°
Apharus rutilanus
Spangled
pangied emperor 3.25+1.34 0.94£0.01 | 26.76+0.66* |  2.07+0.05 17.55¢0.80° | 51.27+0.65°
Lethrinus nebuloses
Dusk
| usky grouper 1484091 0.6920.05 30.8043 38" 1.910.14 16.6120.64" 51.86:+1.98°
Epinephelus marginatus
Rust t fish
HSTY parrot IS 0.92+0.23 028£0.00 | 27.83+3.86™% |  120+0.53 23754051 | 54.14+425°
Scarus ferrugineus
Half spotted
Tl spotted grouper 4.47£037 0.7120.02 29.86:£0.67 1.92+0.13 16.7320.72" 54.03+0.24"
Cephalopholis hemistiktos
F value 8.72 11.14 3.91 5.19 16.68 5.00

Mean values + standard error (n=3). Means of samples having the same letter(s) within a column are not significantly different (P<0.05).
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Table (3). Monounsaturated fatty acids profile (%) of studied fish flesh samples as percentage of total fatty acid methyl esters

Fatty acid
) ) Ly aclds Cl4:1 c16:1 c18:1 C20:1 Total
Fish species monounsaturated
Grey mullet Liza ramada 0.00+0.00 5.49+0.64" 10.21+0.74¢ 0.00+0.00 16.28+0.73%
baki tilapi
0 Saha N ap.lla 0.000.00 1.39£0.20% 22.20+0.87" 450£0.14 28.10+0.77"
reocnromis spl urus
Indian oil sardi
p " d',a"l;n lsar e 0.200.04 42920301 6.09+1.23¢ 11.34£0.39 21.92+1.45%
arainella onglceps
Golden thread fin b . .
ONe;fpte:ﬁ:,-a;EniZme 0.00:£0.00 1.3520.17% 11.84+1.90¢ 6.43£0.79 19.62:1.53¢
Gilt head b
;pa:j; au::?am 0.00:£0.00 1.81£0.08% 21.61+1.01° 3.7040.11 27.59+1.14°
Asian seab
L;Z‘L:f:ar;:r 0.00:£0.00 2.6240.24% 17.06+1.38° 4.1420.49 24.592.75%
Job fish .
Ap harzs r:ﬁlanus 4.19+0.16 2.3140.13% 7.29+0.28¢ 0.00+0.00 14.19+£0.49°"
Spangled ‘ .
L;Z':ii:s ::;)‘:;;:ers 1814177 2.86+0.64° 7.02+0.614 0.000.00 11.25£0.98"
Dusk ,
Epine;;ezafl::;;atus 4.07+0.41 3.05£0.51°¢ 5.65+0.54¢ 0.000.00 11.4242.30%
R t fish
Sc::;yg;;rr:;m':m 0.000.00 0.63+0.13¢ 6.69+0.50° 0.000.00 7.3140.538
Half spotted
T spotted grouper 0.000.00 2.37+0.60 6.89+0.72¢ 0.000.00 9.26+1.258
Cephalopholis hemistiktos
F value 9.03 12.55 39.83 46.80 26.49

Mean values + standard error (n=3). Means of samples having the same letter(s) within a column are not significantly different (P<0.05).

Table (4). Polyunsaturated fatty acids profile (%) of studied fish flesh samples as percentage of total fatty acid methyl esters

F id
) Lattyacids | ¢18:2 w6 C18:3 C20:3w3 C20:3w6 C20:5w3 C22:6w3 Total
Fish species polyunsaturated
Grey mullet 7.790.90° 1.0340.37 0.00-£0.00 0.00-£0.00 8524276 | 10.42+1.69% 20.1144.36%
Liza ramada
Sabaki tilapia b de
tap! 13.38:0.63 0.00£0.00 0.00£0.00 0.000.00 1.49+0.26 5.61£0.77¢ 20.48+1.53
Oreochromis spilurus
Indian oil sardi
ndian off sarcine 6.48+1.03% 0.000.00 7.48+0.82 0.000.00 0.00£0.00 | 11.170.52°% 25.1441.99%
Sardinella longiceps
Golden thread fin
bream 8.34+0.76% 1544034 5.49+£0.62 0.00£0.00 0.00£0.00 | 27.82+1.24° 43.19£0.17°
Nemipterus japonicus
Gilt head b
!t head bream 15.86+0.83° 0.15£0.02 0.00£0.00 0.00£0.00 0.00£0.00 6.41£0.648 23.70£0.98%
Sparus aurata
Asi b - \
stan seabass 11.17£1.35% | 0.1120.00 1.74+0.51 1.420.00 0.000.00 9.59+0.50% 23.13+1.87%
Lates calcarifer
Job fish . ab a
! 4014031 0.180.03 4.65£0.20 7.0940.71 0.16£0.02 | 2643052 42.510.48°
Apharus rutilanus
Spangled \ R \
PANGIEE eMPEror | ¢ 3541 gt 0.300.08 5.29+0.42 8.17+0.17 0.46£0.19 | 13.54+1.90 34.09+0.88
Lethrinus nebuloses
Dusky grouper
Epinephelus 3.33£0.74° 0.23£0.07 3.16£0.35 5.12+0.18 0.44+0.00 | 22.28+4.22% 34,2643 85"
marginatus
R t fish
usty parrot fis 3.35£0.80° 0.19£0.00 6.59+0.54 10.89+0.58 0.00£0.00 | 16.27+2.26% 37.69+3.44%
Scarus ferrugineus
Half spotted grouper
Cephalopholis 3.48+0.50° 0.41£0.07 2.61£0.44 3.58+1.24 0.00£0.00 | 20.87+0.53 32.67£0.76"
hemistiktos
F value 6.40 13.54 16.90 6.23 2035 11.56

Mean values + standard error (n=3). Means of samples having the same letter(s) within a column are not significantly different (P<0.05).
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Eboh et al. (2006) reported that palmitic acid was the respectively. Moreover, there were significant differences at
most common in all species with mean values of 8.50%  P<0.05 between all fish species in total polyunsaturated fatty
(catfish), 31.90% (tilapia), 36.20% (ilisha), 37.50% (bonga acids with F value of 11.56. Among -6 series of the fatty
fish) and 9.94% (mudskipper). In general, fish are acids, gilt head bream sample had the highest level of C18:2
comparatively low in saturated fatty acids (<30%), except ©-6 (15.86% represented 66.92% of total polyunsaturated
for certain species. This higher SFA content in this study fatty acids), in despite of the low value of TPUFA recorded
was probably due to the high temperature in Saudi Arabia 23.70%. On the other hand, dusky grouper had the least
[Ackman, 1989]. These previous findings were in close link  value of C18:2 ®-6 (3.33+£0.74%). C20:3 -6 fatty acid was
with those obtained by Zuraini et al. (2006) and Tawfik also present in six samples of the studied fish with highest
(2009). Statistical analysis showed there were significant value of 10.89% in rusty parrot fish.
differences at P<0.05 between all studied fish species in Among ®-3 series, C22:6 docosahexaenoic acid (DHA)
C16:0, C18:0 and TSF with F value of 3.91, 16.68 and 5.09,  was the most common fatty acid in all studied fish samples. It
respectively. recorded the highest value in golden thread fin bream

Table (3) showed monounsaturated fatty acids profile (%) (27.82+1.24%), followed by job fish (26.43%) without any
of the studied fish flesh sample as percentage of total fatty significant differences. While, it was 5.61+£0.77% in sabaki
acid methyl esters. Oleic acid (C18:1) was identified as the tilapia (the least value), followed by gilt head bream (6.41%).
primary monoenoic fatty acid in all studied fish flesh In addition, C20:5 eicosapentaenoic acid (EPA) w-3 ranged
samples. The highest value of oleic acid was found in sabaki  from 0.44% to 8.52% in rusty parrot fish and grey mullet,
tilapia sample representing 22.20+0.87%, while the least respectively.
value was noticed in dusky grouper sample recorded Among the total percentage of -3 polyunsaturated fatty
5.65+0.54%. The second monounsaturated fatty acid was acids, it is higher than ®-6 in all studied fish species except in
C16:1 which ranged from 0.63% in rusty parrot fish to 5.49%  sabaki tilapia, gilt head bream and Asian seabass. As referred
in grey mullet. However, total monounsaturated fatty acids in earlier research, fish contain high amounts of ®-3 and low
showed wide range in the elven studied fish samples where it amounts of ®-6 PUFA. The lipids of marine fish are
ranged from 7.31% to 28.10% in rusty parrot fish and sabaki  characterized by their high ratio of polyunsaturated fatty
tilapia, respectively. Statistical analysis showed there were acids, such as the nutritionally important EPA
significant differences at P<0.05 between all studied fish (eicosapentaenoic acid) and DHA (docosahexaenoic acid),
species in C18:1, C16:1 and total monounsaturated fatty which are highly susceptible to autoxidation because of their
acids with F value of 39.83, 12.55 and 26.49, respectively.  high degree of unsaturation [Gunstone & Norris, 1983].
These results were similar to those reported by Tawfik Biological value is an index of nutritional evaluation of oil
(2009). or fat calculating as a ratio between total unsaturated fatty

Mean of polyunsaturated fatty acids profile (%) of studied acids and total saturated fatty acids. The increase of
fish flesh samples were presented in Table (4). Tabulated biological value, the high nutritional value of fat or oil
data showed that total polyunsaturated fatty acids of studied occurred. Total unsaturated fatty acids, total saturated fatty
fish flesh samples ranged from 20.48+1.53% to 43.19 + acids and biological value of studied fish flesh samples were
0.17% in sabaki tilapia and golden thread fin bream, illustrated in Figure (4).

mTotal saturated OTotal unsaturated EBiological value
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Figure (4). Total saturated, total unsaturated fatty acids and biological value of studied fish flesh samples as percentage of total fatty acid methyl esters
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From obtained results it could be noticed that total
saturated fatty acids ranged from 37.19% in golden thread fin
bream to 54.67% in grey mullet. Meanwhile, the highest
value of total unsaturated fatty acids was found in golden
thread fin bream (62.81%), the least value was recorded in
half spotted grouper (41.94%). Consequently, golden thread
fin bream had the highest value of biological value (1.7),
followed by job fish which recorded 1.41. It has been
reported that fish feed was the main factor that influence on
the type and amount of fatty acids in fish tissues, but other
factor may also affect on their fatty acid composition. Size or
age, reproductive status, geographic location and season all
influence fat content and composition of fish muscle
[Ackman, 1989 & Satio, et al., 1999].

4. Conclusions

Taking into account all previous findings, it could be
concluded that all studied fish species highly found in Saudi
Arabia and Arabian Gulf countries had higher nutritive
value as compared with other pervious studied animals such
as camels, cows, lambs and chickens. These fish species
were considered vital sources of essential amino acids and
polyunsaturated fatty acids especially DHA, ®-3 fatty acid.
So it is necessary to change the nutritive pattern of Saudis
and residents to encourage them to increase their fish
consumption benefitting the high content of essential amino
acids and polyunsaturated fatty acids, the acceptable prices
of fish and the higher digestibility of fish.

ACKNOWLEDGMENTS

The authors would like to thank Institute of Scientific
Research and Revival of Islamic Heritage at Umm Al-Qura
University (Project ID 43405028) for the financial support.

REFERENCES

[1] Ackman, R.G. (1989). Nutritional composition of fats in
seafood. Progress in Food & Nutrition Science, 13(3-4):
161-241.

[2] Adeyeye, E.I. (2005a). Amino acid composition of variegated
grasshopper, Zonocerus variegatus. Tropical Science, 45(4):
141-143.

[3] Adeyeye, E.I. (2005b). The composition of the winged
termites, Macrotermes bellicusus. Journal of Chemical
Society of Nigeria, 30(2): 145-149.

[4] Adeyeye, E.I. (2009) Amino acid composition of three
species of Nigerian fish: Clarias anguillaris, Oreochromis
niloticus and Cynoglossus senegalensis. Food Chemistry,
(113): 43-46.

[5] Alsmeyer, R.H., Cunningham, A.E. & Hapich, M.L. (1974).
Equations to predict PER from amino acid analysis. Food
Technology, (28): 34-38.

[6]

(7]

(8]

[10]

AOAC (2012). Association of Official Analytical Chemist,
Official Methods of Analysis, 19th Ed.,. AOAC international,
Suite 500, 481 North Frederick Avenue, Gaithersburg,
Maryland 20877-2417, USA.

Bligh, E. and Dyer, W.A. (1959). Rapid method of total lipid
extraction and purification. Canadian Journal of Biochemistry
and Physiology, 37: 911-917.

Burger, J., Gochfeld, M., Batang, Z., Alikunhi, N., Al-Jahdali,
R. etal. (2014). Fish consumption behavior and rates in native
and non-native people in Saudi Arabia. Environmental
Research, (133): 141-148.

Calder, P.C. (2013). N-3 fatty acids, inflammation and
immunity: new mechanisms to explain old actions. Proc. Nutr.
Soc., 72: 326-336.

Di Lena, G., Nevigato, T., Rampacci, M., Casini, 1., Caproni,
R. et al. (2016). Proximate composition and lipid profile of
red mullet (Mullus barbatus) from two sites of the Tyrrhenian
and Adriatic seas (Italy): a seasonal differentiation. Journal of
Food Composition and Analysis, (45): 121-129.

Eboh, H., Mepba, H.D. & Ekpo, M.B. (2006). Heavy metals
contaminants and processing effects on composition, storage
stability and fatty acid profiles of five common commercially
available fish species in Oron Local Government, Nigeria.
Food Chemistry, 97(3): 490-497.

FAO (2013). Nutritional Elements of Fish. Fisheries and
Aquaculture Department, Food and Agriculture Organization
of the United Nations. http://www.fao.org/fishery/topic/1231
9/en.

FAO (2015). Fisheries Department Statistical Databases and
software. http://www.fao.org;
ftp://ftp.fao.org/fi/stat/summary/default.htm.

Gunstone, F.D. & Norris, F.P. (1983). Lipids in Foods,
Pergamon Press, New York.

Jumat, S., Mamot, S., Suria, R. & Mohamad, A. (2006). Oil
and Fat Analysis, UKM Press, Bangi, Malaysia.

Kadidi, S.M., Abushusha, L.T. & Kalantan, M.Z. (1988).
Studies and Reports on Fisheries in Saudi Arabia (2nd Ed),
Fisheries Research, Jeddah, Saudi Arabia.

Khawaja, O.A., Gaziano, J.M. & Djousse’, L. (2014). N-3
fatty acids for prevention of cardiovascular disease. Curr.
Atheroscler., Rep. 16, 450.

Mohanty, S.N. & Kaushik, S.J. (1991). Whole body amino
acid composition of Indian major carps and its significance.
Aquat Living Resour, (4): 61-64.

Paul, A.A., Southgate, D.A.T. & Russel, J. (1980). First
Supplement to McCance and Widdowson’s The Composition
of Foods, London, UK: HMSO.

Pigott, G, M, & Tucker, B.W. (1990). Seafood Effects of
Technology on Nutrition, Marcel Dekker, Inc. New York.

Pinto, J.F., Nunes, M.L. & Cardoso, C. (2007). Feeding
interruption and quality of cultured gilthead sea bream. Food
Chemistry, (100): 1504-1510.

Sabry, J.H. (1990). Nutritional aspects of fish consumption, A
report prepared for the National Institute of Nutrition. Ottawa,
Canada.



International Journal of Food Science and Nutrition Engineering 2016, 6(2): 32-41 41

Satio, H., Yamashiro, R., Alasalvar, C. & Konno, T. (1999).
Influence of diet on fatty acids of three subtropical fish,
subfamily caesioninae (Caesio digrumna and C. tile) and
family siganidae (Siganus canaliculatus). Lipids, 34 (10):
1073-1082.

Sayad, M., Alam, D., Karim, M.H., Chakrabortty, A., Amin,
R. & Hasan, S. (2016). Investigation of nutritional status of
the butter catfish Ompok bimaculatus: an important
freshwater fish species in the diet of common Bangladeshi
people. International Journal of Nutrition and Food Sciences,
5(1): 62-67.

Sheeshka, J, & Murkin, E. (2010). Nutritional Aspects of Fish
Compared with Other Protein Sources. Comments on
Toxicology, (8), 4-6: 375-397.

Siew, W.L., Tang, T.S. & Tan, Y.A. (1995). PORIM Test
Methods Vol. 1. Bandar Baru Bangi, Kuala Lumpur, Palm Oil
Research Institute of Malaysia.

SPSS (2008). Statistical Package for Social Sciences Program,
Version 17 for Windows, SPSS Inc, Chicago, IL, USA.

(28]

[29]

[30]

(31]

(32]

Swendseid, M.E., Villalobos, J. & Friedrich, B. (1963).
Ratios of essential-to-nonessential amino acids in plasma
from rats fed different kinds and amounts of proteins and
amino acids. Journal of Nutrition, (80): 99-102.

Tao, N.P., Wang, LY., Gong, Z. & Liu, Y. (2012).
Comparison of nutritional composition of farmed pufferfish
muscles among Fugu obscurus, Fugu flavidus and Fugu
rubripes. Journal of Food Composition and Analysis, 28:
40-45.

Tawfik, M.S. (2009). Proximate composition and fatty acids
profiles in most common available fish species in Saudi
market. Asian Journal of clinical Nutrition, 1 (1): 50-57.

Usydus, Z., Szlinder-Richert, J., Polak-Juszczak, L.,
Kanderska, J., Adamczyk, M. et al. (2008). Food of marine
origin: between benefits and potential risks. Part I. Canned
fish on the Polish market. Food Chemistry, 111: 556-563.

Zuraini, A., Somchit, M.N., Solihah, M.H., Goh, Y.M,,
Arifah, AK. et al. (2006). Fatty acid and amino acid
composition of three local Malaysian Channa spp. Fish. Food
Chemistry, (97): 674-678.



	1. Introduction
	2. Materials and Methods
	3. Results and Discussion
	4. Conclusions
	ACKNOWLEDGMENTS

