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ARTICLE INFO ABSTRACT

Keywords: The study’s objective was to explore the chemical composition of Acanthurus sohal fish flesh and
Red sea their nutritional quality. Fish samples were caught in the Red Sea, prepared, and analysed for
Sohal proximate composition, fatty acid, amino acid and mineral content. The results revealed that fish
ll;i;tein flesh contained 71.1 % moisture, 20.7 % crude protein, 5 % crude lipids and 1.7 % ash. The fatty

acids were dominant by 61.93 % saturated fatty acids. Palmitic was the most common (40.35 %)
saturated fatty acids, while monounsaturated fatty acids and polyunsaturated fatty acids
accounted for 22.59 % and 15.48 %, respectively. The fish fat consisted of appreciable amounts of
odd-numbered fatty acids heptadecanoic and heptadecenoic acids standing for 1.62 % and 1.45
%, respectively. The fatty acids were predominated by C16, C18 and C20 fatty acids. The per-
centage of n-6/n-3 reached 2.26. Seventeen amino acids were identified in A. sohal flesh protein,
eight of which were essential amino acids (EAAs); they amounted to 375.47 mg/g crude protein.
Lysine was the most common EAA (64.49 mg/g crude protein). Aromatic amino acid and sulphur
amino acid constituted 112.43 and 47.56 mg/g protein, respectively. The following macroele-
ment concentration ranking was identified: Ca > P > K > Na > Mg, while the concentration of
vital elements was Fe > Zn > Cu > Cr > I > Se > Co.

and Minerals

1. Introduction

Recently, fish have received much interest as a food source due to their essential nutrient content that can fulfil a considerable
portion of the daily requirements of humans. For instance, fish contain polyunsaturated fatty acids (PUFAs), high-quality protein and
essential minerals. The n-3 PUFA family has been extensively documented for its ability to protect against various conditions asso-
ciated with cardiovascular diseases, excessive body weight, inflammation, diabetes mellitus [1] and certain forms of cancer growth
[2]. In addition, n-6 PUFA fatty acids produce positive health impacts on the circulatory system [3,4] Nutritionists suggest that the
desirable ratio of n-3: n-6 PUFAs should fall between 1/1 and 1/2. However, a ratio above this range increases the risk of cardio-
vascular diseases [5]. Therefore, the fat content of fish and the PUFA composition must be considered to suggest fish for consumption.
Acanthurus sohal is an exclusive species found in abundance in the Red Sea area of KSA, Jeddah Fisheries, and is one of the prevalent
herbivorous fish on coral reefs. To our knowledge, there is no information about the chemical composition of A. sohal. Hence, this
research was performed to explore the chemical composition of A. sohal fish flesh and its implications for human well-being. The
current investigation aimed to characterize the fatty acid and amino acid profiles and mineral content of A. sohal flesh. The nutrient
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Table 1
Proximate composition of Acanthurus sohal flesh.
Component A. sohal % Wet Basis "Means + SD A. sohal % dry weight “Means + SD "A. leucopareius “A. monroviae
% wet weight % "dry weight
Moisture 71.1 £ 0.07 81.7 13.2
Crude protein 20.7 £ 0.05 71.4 £ 0.10 14.3 65.4
Crude lipids 5+0.01 17.1 £ 0.07 0.7 6.25
Ash 1.7 +£ 0.02 5.81 £+ 0.02+ 1.3 8.58
@ Values are mean + standard deviation of three pooled samples.
b [14].
¢ [15].

profile of this fish would provide guidelines for dieticians and medical practitioners in prescribing diets for individuals.
2. Materials and methods
2.1. Obtaining and preparing samples

Fifteen A. sohal fishes were caught each month (January-March 2023) from the Red Sea, Jeddah Fisheries, Saudi Arabia, imme-
diately stored in an icebox and transported to the laboratory of Marine Biology, Faculty of Marine Science, King Abdulaziz University
where they were identified. The fish sample of each month was split into three groups, each having five fish. A pool sample of each
group was collected and used as a replicate sample. The fish’s wet mass and size were 660-733 + SD g and 41.51-42.15 + SD cm,
respectively. The fish samples were cleaned in distilled water and filleted, and the meat was chopped before being dried to a consistent
weight in an oven with heated air at 50 °C. Before chemical analysis, the dried samples were crushed into a fine powder and preserved
in sealed plastic bags at 4 °C.

2.2. Proximate composition analysis

The standard methods of AOAC [7] were used for the determination of crude lipids, crude protein (N x 6.25), moisture and ash
contents.

2.3. Fatty acid analysis

The lipid content was determined following previous methods [8,9]. In brief, 10 g of sample powder was added to 10 mL of
concentrated HCl and subjected to digestion by employing a bath of boiling water and vigorous stirring before the substance turned
brown. Three times of vigorous shaking with 30 mL of diethyl ether were used to separate the lipid fraction from the mixture.
Following the evaporation of the solvent, the amount of lipid was determined. To turn fatty acids into their equivalent methyl esters,
the procedure described by Radwan [10] was employed. Samples consisting of 50 mg of lipids were dissolved in 2 mL of benzene
followed by the addition of 2 mL aliquots of methanolic sulphuric acid (1 %, v/v). The tubes were sealed with nitrogen and heated at
90 °C in a water bath for 90 min. Subsequently, 8 mL of water was added, and it took 5 mL of petroleum ether to extract the methylated
fatty acids. This combination was then dried by evaporation. Injecting 2 L of the fatty acid methyl ester solution was done into an HP
(Hewlett Packard) 6890 GC system. The GC system was equipped with a splitless injector mode, a flame ionization detector (FID) and

Table 2

Fatty acid profile of Acanthurus sohal fat.
Fatty acids “% of total fatty acids Fatty acids “% of total fatty acids
C14:0 3.21 £0.03 Cl6:1n7 7.57 £ 0.06
C16:0 40.35 £ 0.14 C16:1n9 0.64 + 0.02
C17:0 1.62 + 0.02 C17:1 1.45 + 0.02
C18:0 8.98 £+ 0.06 C18:1n9¢c 9.10 + 0.07
C20:0 3.62 £ 0.02 C18:1n9t 2.20 + 0.01
C22:0 4.15 £ 0.01 C20:1 1.63 + 0.05
STSFA 61.93 SMUFA 22.59
C18:2n6 4.47 £ 0.02 > IFA 100
C18:2n6t 1.10 £ 0.02 >"PUFAn-3 4.72
C18:3n6 5.19 £ 0.01 > PUFAn-6 10.76
C18:3n3 1.41 £0.01 >"PUFAn-3:) PUFAn-6 0.44
C20:3n3 3.31 £ 0.02 > "PUFAn-6:) PUFAn-3 2.26
S"PUFA 15.48 S"ONFA 3.07

@ Values are means = standard deviation of three pooled samples.
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Table 3

Amino acid composition of Acanthurus sohal flesh protein.
Essential amino Content (mg/g crude % of total individual FAO pattern Non-essential Content (mg/g % of total individual

acids protein) “Mean + SD amino acids 2013 amino acids crude protein) amino acids
“Mean + SD
Histidine 24.93 + 0.07 2.56 15 Aspartic 117.62 £ 0.11 12.08
Isoleucine 46.02 + 0.05 4.72 30 Alanine 72.00 £ 0.09 7.45
Leucine 55.24 + 0.03 5.67 59 Arginine 53.98 + 0.06 5.54
Lysine 64.49 + 0.03 6.62 45 Cysteine 8.99 + 0.02 0.92
Methionine 38.57 £ 0.03 3.961 16 Glutamic 140.89 £+ 0.10 14.47
Phenylalanine 44.05 + 0.06 4.52 - Glycine 41.18 + 0.03 4.22
Threonine 39.01 + 0.04 4.00 23 Proline 53.38 + 0.03 5.48
Valine 63.16 + 0.02 6.48 39 Serine 41.84 + 0.04 4.29
"STEAA 375.47 Tyrosine 68.38 £ 0.02 7.02
% EAA 38.56 ST NEAA 598.26
S AAA 112.43 % NEAA 61.44
IS 1AA 973.73 °SSAA 47.56
% SAA 4.88

@ Values are mean + standard deviation of three pooled samples.
b Essential amino acids.

¢ Aromatic amino acid.

4 Individual amino acids.

€ Sulphur amino acid.

f Nonessential amino acids.

an HP-5 column. The HP-5 column had a composition of 5 % diphenyl and 95 % dimethyl polysiloxane, with dimensions of 30 m
length, 0.32 mm inner diameter and a film thickness of 0.25 pm. The operating parameters were set as follows: the injector was
maintained at a temperature of 220 °C, and the temperature programme for the oven consisted of a primary temperature of 150 °C for
2 min. Subsequently, the temperature was ramped up at a rate of 10 °C/min. The final temperature was 250 °C, and the carrier gas used
was nitrogen, flowing at a rate of 1 mL/min. A mixture of fatty acid standards underwent the same procedures as the samples and was
utilized for the recognition and quantification of the fatty acids present in the samples.

2.4. Amino acid analysis

The samples (0.2 g) were defatted, kept in a sealed tube and hydrolysed with 6 N HCI (10 mL) at 100 °C for 24 h. Deionized water
was put into the hydrolysates to a terminal volume of 25 mL. Five millilitres of each hydrolysate was evaporated to remove any HCl and
then dissolved in citrate buffer [11]. To identify and quantify amino acids, the amino acid analyser AAA-400 (INGOS, Czech Republic)
was used. It was equipped with a 200 x 3.7 mm ion-exchange column (OSTION LG ANB, INGOS) and a flow photometer detector.
Different pH gradients of sodium citrate buffers were employed for elution. AMIK software 3.0 (Czech Republic) was applied for
processing chromatographic data, including peak areas of separated amino acids and retention time calculations. As external stan-
dards, a mixture of amino acids (INGOS, Czech Republic) was employed.

2.5. Mineral analysis

Digestion of fish flesh was performed as outlined by Amin et al. [12]. In brief, the procedure involved the following steps: 0.5 g of
fish flesh powder was subjected to digestion using 4 mL of concentrated nitric acid and 1 mL of HClO4. After cooling and filtration using
filter paper Whatman No. 4, the resulting supernatant was diluted to 50 mL using distilled water. The same process was executed for
blank samples. Inductively coupled plasma-optical emission spectrophotometry ICP-OES (Varian, 720-ES, Varian Inc., Palo Alto, CA,
USA) was used to estimate the mineral concentrations of the digested diluents. A standard multi-element solution from Campro
Scientific (Berlin, Germany) was used for calibration. Additionally, the spectrophotometric method elucidated by Hua et al. [13] was
adopted to determine the phosphorus content.

Table 4
Mineral contents of Acanthurus sohal flesh.
Minerals "Mean + SD mg kg’ Minerals "Mean + SD mg kg~
Phosphorus 7100 Iodine 0.21
Potassium 2700 Zinc 18.07
Calcium 7400 Chromium 0.24
Sodium 1800 Cobalt 0.11
Magnesium 428.83 Copper 3.93
Iron 35.16 Selenium 0.15

@ Values are mean + standard deviation of three pooled samples.
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3. Results and discussion
3.1. Proximate composition

The nutritional compositions of A. sohal flesh are shown in Table 1. The contents of moisture, crude protein, lipids, and ash were
71.1 %, 20.7 % 5 %, and 1.7 %, respectively. These nutritional element values were comparatively higher than those of Acanthurus
leucopareius and Acanthurus monroviae, which were (wet weight) moisture 81.7 + 0.0, crude protein 14.3 £ 0.1, crude fat 0.7 + 0.0 and
ash 1.3 £ 0.0 [14]; and (dry weight) moisture 13.2 %, crude protein 65.4 %, crude fat 6.25 % and ash 8.58 % [15], respectively. The
results suggest that protein constituted the largest quantity of dry matter in A. sohal fish flesh. According to the Ackman [16] clas-
sification of fish based on their fat content, A. sohal belonged to the medium-fat category. The abundance of ash suggested that A. sohal
might be a good source of minerals.

3.2. Fatty acid composition

The data in Table 2 reveal that 17 fatty acids were recognized in the fat of A. sohal. Saturated fatty acids (SFAs) were the dominant
(61.93 %). SFAs may raise the likelihood of developing atherogenic diseases [19]. Palmitic acid (C16:0) was the major SFA, consti-
tuting 40.35 % of the total detectable fatty acids. Various studies also stated that palmitic acid was predominant in A. nigrofuscus,
explaining 45-52 % [17], in the fats of Acanthurus lineatus and A. bariene (24.3-39.0 %) [18] and in pomfret fats, signifying 30.3 %
[20]. Among the detectable fatty acids, monounsaturated fatty acids (MUFAs) were the second most abundant, with a prevalence of
22.59 % in the total composition. Contrarily, PUFAs were the least prevalent, denoting 15.48 % of the total detectable fatty acids. Oleic
acid (C18:1n9) and palmitoleic acid (16:1n7) were the most common MUFAs, comprising 9.10 % and 7.57 %, respectively. The main
PUFA was y-linolenic acid (C18:3n6), describing 5.19 % of the total detectable fatty acid, followed by linoleic acid (C18:2n6) (4.47 %).
Appreciable amounts of the odd-numbered fatty acids (ONFAs) heptadecanoic acid (C17:0) and heptadecenoic acid (C17:1), 1.62 %
and 1.45 % of the total detectable fatty acids, respectively, were identified in A. sohal fat. Such fatty acids have been stated to enhance
insulin efficiency and decrease the risk of type 2 diabetes [21,22], while they are inversely related to the likelihood of developing
cardiovascular disorders [6]. The findings also claim that the fatty acids of A. sohal fat were predominated by C16, C18 and C20 fatty
acids. The quality of dietary fat can be assessed based on n-6 to n-3 fatty acid ratio. When the n-6: n-3 ratio is lower in the fat consumed
in the human diet, it can lead to a reduction in cholesterol levels in the blood, thereby helping to prevent coronary heart disease.
Conversely, a higher ratio of n-6: n-3 may elevate the risk of cardiovascular disease. This information was highlighted by Simopoulos
[23]. In the case of fat measurements from A. sohal, it was determined that the ratio of n-6: n-3 was 2.26. This ratio aligns with the
recommendation set by the UK Department of Health [24], which suggests maintaining a ratio below 4.0 to prevent cardiovascular
disease. Therefore, consuming A. sohal flesh may be beneficial for health, as it meets the recommended n-6: n-3 ratio.

3.3. Amino acid composition and protein quality

The analysis of amino acids of A. sohal flesh protein (Table 3) identified 17 amino acids, eight of which were essential amino acids
(EAAs) and nine were nonessential amino acids (NEAAs). Glutamic acid was the predominant NEAA, followed by aspartic acid in the
A. sohal flesh protein. This composition of AA may be due to the amino acid-related genes in A. sohal fish. These findings agreed with
those of Mohanty et al. [25] who indicated that the variation in the amino acid composition of fishes of the same species from different
locations was not appreciable. Lysine was the prevalent EAA; this finding is similar to that of Gencbay and Turhan [26,27], who studied
anchovy (Engraulis encrasicolus). Lysine, the limiting amino acid in grain, is hence abundant in the protein of A. sohal’s meat; it can
serve as a good protein and lysine supplement in cereal diets for children in poorer populations [28]. All of the EAAs in the A. sohal
meat protein (Table 2) corresponded satisfactorily to the equivalent amino acid reference that was suggested for adults by the FAO
[29], with the exception of leucine, which had a score somewhat below the suggested level. In addition, EAA amounted to 375.47 mg/g
crude protein, which exceeded the recommended value of the FAO [29] for adults (277 mg/g protein). The percentage of EAAs
equalled 38.56 % of the total individual amino acids (IAA). The study also displayed that the A. sohal flesh protein contained a
considerable amount of both aromatic amino acid (AAA) (112.43 mg/g protein) and sulphur amino acid (SAA) (47.56 mg/g protein),
which both significantly outperform the scoring pattern recommended by the FAO [29] for adults (38 and 22 mg/g protein,
respectively). Due to its destruction during acid hydrolysis, tryptophan was eliminated in this study. The outcomes clearly show that
meat protein from A. sohal can be regarded as an excellent source of high-quality protein.

3.4. Mineral content of A. sohal flesh

The contents of macro- and essential elements in A. sohal flesh are illustrated in Table 4. The most abundant element in A. sohal
meat (7400 mg/kg) is calcium that is required for the formation of bones and the operation of the nervous system [30]. The adult’s
daily need for calcium could be satisfied by a modest intake of 135.13 g of A. sohal meat each day (1000 mg/day) [31]. In addition, it
could be recommended for assisting hypocalcaemia therapy. Phosphorus was the second most abundant element in A. sohal flesh,
accounting for 7100 mg/kg. An intake of 98.6 g of A. Sohal flesh per day would fulfil the recommended dietary allowance of phos-
phorus for adults of 700 mg [31]. Moderate concentrations of sodium and potassium were determined in A. sohal flesh, and they play a
great role in regulating arterial pressure and pH balance [32,33]. With a Na/K ratio (0.66) that was lower than the advised value (1),
sodium was discovered to be present in lower concentrations than potassium [34], indicating that an A. sohal flesh diet is healthy for
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hypertension patients. An appreciable concentration (428.83 mg/kg) of magnesium was found in A. sohal flesh, which is needed for
preventing heart diseases and growth retardation [35]. A. sohal flesh can be regarded as a substantial supply of iron; hence, consuming
170.64 g of A. sohal flesh could provide the adult dietary reference requirement (6 mg/day) of iron, which is in line with previous
guidelines [31]. The amount of zinc (18.07 mg/kg) in the A. sohal flesh under study was moderate. Zinc is a mineral that is a part of
numerous enzymes and a variety of cellular and metabolic processes [36,37]. Copper and chromium in A. sohal flesh were estimated to
account for 3.93 and 0.24 mg/kg, respectively, and they are components of many respiration enzymes [38,39] and glucose tolerance
factors [40,41]. Appreciable concentrations of iodine, selenium and cobalt were found in A. sohal flesh, accounting for 0.21, 0.15 and
0.11 mg/kg, respectively, and they play a crucial part in continuously occurring regeneration processes, coping with persistent
oxidative stress in the bodily tissues and maintaining adequate immunity against infections [42]; [43].

4. Conclusion

The present study reports for the first time the nutritional profile of A. sohal flesh from the Red Sea. A. sohal flesh contains high
levels of protein, which is composed of well-balanced amino acid compositions containing eight essential amino acids, seven of them
meet the amino acids requirements for adults, that was suggested by FAO. A sohal lipid is rich in unsaturated fatty acids, mainly from
the n-6 family, with a ratio of n-6: n-3 was 2.26. The lipid also contains appreciable amounts of the odd-numbered fatty acids hep-
tadecanoic acid and heptadecenoic acid, such fatty acids have been stated to enhance insulin efficiency and decrease the risk of type 2
diabetes. In addition, A. sohal flesh is a rich source of important macro and microelements. Thus A. sohal flesh is of a high nutritive
value and, its intake can contribute to a healthy and well-balanced diet.
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