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Silver bellies, Leiognathus splendens were studied for their spatial (south-west and south-east coasts of India), annual (2008–
2011) and seasonal (pre-monsoon, monsoon and post-monsoon) variations of protein, amino acids, vitamins and minerals.
The monthly mean Sea Viewing Wide Field-of-view Sensor data for the period from January 2008 to December 2011 were
taken into account to indicate the distribution of the photosynthetic pigment chlorophyll-a to test the hypothesis that surface
productivity might be related to nutritional biochemistry of this species. The four year average total protein content and
chlorophyll-a showed good correlation during monsoon on the south-west coast and monsoon/post-monsoon on the south-
east coast, suggesting that the protein content is prejudiced by the chlorophyll-a concentration. Amino acid scores observed
monsoon maxima along the south-west and south-east coasts. Significant seasonal variations in vitamin content were
observed at the study locations with high content of vitamins D3, E, K1 and C on the south-west coast. Na content was
maximal during pre-monsoon on the south-west coast, while post-monsoon maxima of Ca and K content were observed.
The Fe, Mn and Zn were abundant in the samples collected from the south-west coast. The concentration of Se exhibited
maximum values post-monsoon along the south-west and south-east coasts. The present study demonstrated L. splendens
as a valuable source of the protein, amino acids, minerals and vitamins, showing that this low-value species is a good
source of well balanced proteins with high biological value to be qualified as a preferred healthy food for human consumption.
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I N T R O D U C T I O N

Fish is an important component of a healthy diet, providing a
number of substantial nutrients that are essential for achieving
balanced nutrition for children and adults. Marine fish are
good sources of fats, proteins, vitamins and minerals. Fish
protein is regarded as quality protein, being rich in essential
amino acids with a high digestibility value. The amino acid
composition is one of the most important nutritional qualities
of protein, and the amino acid score is used to evaluate protein
quality world-wide (FAO/WHO, 1990). Studies on fish amino
acids are necessary as fish amino acids are important in
healing processes, and their composition in fish is comparable
to that in humans (Osibona et al., 2009). Fish can also trans-
port various minerals and vitamins necessary for human
health. Fish oil is a rich source of vitamins, including vitamins
A, D, E, K and C, which must be taken on a regular basis
because of their key roles in human health and metabolism
(Boran & Karaçam, 2011). Fish can contribute appreciable
amounts of dietary calcium, iron and zinc, nutrients that
tend to be low in human diets.

Silver bellies (pony fish or slip mouths), especially,
Leiognathus splendens (Cuvier, 1829) (Leiognathidae), are
a significant group of fin fish widely distributed in
Indo-Pacific waters (Kimura et al., 2005). The southern
coast is the most productive zone for silver belly in India,
accounting for about 85% of the total landings (Nair, 2005).
Although, several studies have been conducted on the proxim-
ate composition, osteological studies, maturation, spawning,
etc., in silver bellies along the Indian coast (Abraham et al.,
2011; Sebastian et al., 2011) no published studies are available
on its nutritional composition, viz. amino acid, vitamin and
mineral composition. The present study is designed to inves-
tigate the annual (2008–2011), spatial (south-west and south-
east coasts of India), and seasonal (pre-monsoon, monsoon
and post-monsoon) variations of protein, essential/non-
essential amino acids, fat soluble vitamins and minerals of
Leiognathus splendens collected from the south-west and
south-east coasts of India by studying its living environment,
viz. chlorophyll-a concentration derived from Sea Viewing
Wide Field-of-view Sensor (SeaWiFS) data, keeping in mind
the implication of such a variation for pharmaceutical pro-
ducts, food additives and dietary health supplements. The
chlorophyll-a concentration at the oceanic surface is expected
to give information about its relationship with the plankton
abundance. The nutritional indicators were corroborated
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with the chlorophyll-a concentration to understand their
effect on the nutritional signatures of L. splendens throughout
the study period.

M A T E R I A L S A N D M E T H O D S

Samples and study area
Fresh silver bellies were collected from the fishing harbours of
Mangalore, Calicut, Cochin (situated at the south-west coast
bordering the Arabian Sea) and Chennai, Mandapam,
Tuticorin (situated at the south-east coast bordering the Bay
of Bengal) during 2008–2011 on the fifteenth day of each
month (200 g each). In order to obtain information on the
seasonal variations, monthly data were grouped as pre-
monsoon (February –May), monsoon (June–September)
and post-monsoon (October–January). The results of the
three centres on each coast were pooled and average values
were used in the present study. Five pools of fish per collection
site, each composed of thirty specimens of comparable body
size were collected within each sample and washed in sterile
water before being transported to the laboratory in an ice
box (2188C) for analysis. The entire amount of pooled
edible portion (fish flesh) were then gutted and minced
before being used for analysis. The time interval between cap-
turing and the arrival of the fish at the landing sites was about
3–4 h. Although, age and sex differences in nutritional com-
position evidently could occur, we regarded the fish as a whole
food source, which was representative of the market and thus
totally used by the local population, without any age or sex
differences.

Total protein and amino acids
The protein content of the silver bellies was estimated by the
established method (Lowry et al., 1951). The protein content
of the sample was calculated from the standard curve of
bovine serum albumin, and expressed as g/100 g edible
portion. The amino acid content was measured using the
Pico–Tag method as described previously (Chakraborty
et al., 2013). Briefly, the sample was hydrolysed for 24 h at
1108C with 6 M HCl in sealed glass tubes filled with nitrogen.
The hydrolysed samples were treated with redrying reagent
(MeOH 95%: water:triethylamine, 2:2:1 v/v/v), and thereafter
pre-column derivatization of the hydrolysable amino acids
was performed with phenylisothiocyanate (PITC, or
Edman’s reagent) to form phenylthiocarbamyl (PTC) amino
acids. The reagent was freshly prepared, and the composition
of the derivatizing reagent was methanol 95%: triethylamine:
phenylisothiocyanate (20 ml, 7:1:l v/v/v). The derivatized
sample (PTC derivative, 20 ml) was diluted with the sample
diluent (20 ml, 5 mM sodium phosphate NaHPO4 buffer,
pH 7.4: acetonitrile 95:5 v/v) before being injected into the
reversed-phase binary gradient high performance liquid
chromatograph (HPLC) (Waters reversed-phase PICO.TAG
amino acid analysis system), fitted with a packed column
(dimethylocatadecylsilyl-bonded amorphous silica; Nova-
Pak C18, 3.9 × 150 mm) maintained at 38 + 18C in a
column oven, to be detected by their UV absorbance (lmax

254 nm; Waters 2487 dual absorbance detector). The mobile
phase eluents used were eluents A and B, where eluent A com-
prises sodium acetate trihydrate (0.14 M, 940 ml, pH 6.4)

containing triethylamine (0.05%), mixed with acetonitrile
(60 ml), and eluent B used was acetonitrile:water (60:40, v/v).
A gradient elution programme, with increasing eluent B was
employed for this purpose. An additional step of 100%
eluent B is used to wash the column prior to returning to
initial conditions. The standard (PIERS amino acid standard
H; Thermo Scientific) was run before each sample injection.
Samples (PTC amino acid derivatives) were injected in tripli-
cate, and the output was analysed using the BREEZE software
(Waters). The quantification of amino acids was carried out by
comparing the sample with the standard (PIERS amino acid
standard H; Thermo Scientific), and the results were expressed
in g/100 g edible portion.

Nutritional health indices and amino acid score
The total essential amino acids (TEAA), total non-essential
amino acids (TNEAA), total amino acids (TAA), total aro-
matic amino acids (TArAA), total sulphur containing amino
acids (TSAA) and the ratios of TEAA to TNEAA, TEAA to
TAA, TNEAA to TAA and leucine/isoleucine (Leu/Ile) were
calculated. The amino acid score (AS) for the essential
amino acids was calculated using the formula: amount of
amino acid per sample protein (mg g21)/amount of amino
acid per protein in reference protein (mg g21) (FAO/WHO,
1991), with respect to the reference amino acid requirements
for adults (FAO/WHO/UNU, 2007).

Fat soluble (A, D, E, K) and water soluble (C)
vitamins
Estimation of the fat soluble vitamins (A, D3, E and K1) was
carried out by a modified method of Salo-Vaananen et al.
(2000). The stock solutions (1, 10, 25, 50 and 100 ppm) of
vitamin standards (Sigma-Aldrich, St Louis, MO) were
stored at 2208C except vitamin D3, where the stock solutions
were stored at 48C. The lipids (0.1 g) were extracted using the
established method (Chakraborty et al., 2013), before being
hydrolysed (KOH/MeOH 0.5N, 2 ml) at 608C for 30 min.
The hydrolysed mixture (2 ml) was extracted with petroleum
ether (fraction of 40–608C, 15 ml) and washed with deionized
water (2 × 10 ml) to make it alkali-free. The non-saponifiable
portion was concentrated under vacuum and reconstituted in
MeOH. The latter was filtered through a syringe filter
(0.2 mm) before being injected (20 ml) in the HPLC
(Shimadzu, Prominence). The HPLC system was equipped
with a reverse phase column (Phenomenex, C18 250 mm
length, 4.6 mm I.D., 5 mm) that was housed in a column
oven (328C) and connected to a photodiode array detector.
The gradient programme was as follows: 20% methanol
(HPLC grade) up to 3 min, which was increased to 100% in
the next 5 min and held for 37 min with a complete run
time of 45 min. The flow rate was 1 ml min21. Vitamin C
was determined based upon the quantitative discoloration of
2,6-dichlorophenol indophenol titrimetric method (AOAC
International, 1995). In brief, ascorbic acid was extracted
from the fish (W, 15–20 g) using an acetic acid and meta-
phosphoric acid solution (HPO3 –CH3COOH, 10 ml × 2).
The extracts were transferred with distilled water into a
known volume (V, ml) and filtered rapidly. The known
volume (Z, ml) of the above solution was pipetted out and
titrated with the redox dye, 2,6 dichlorophenol indophenol
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solution until the faint pink colour persisted for 15 s. Ascorbic
acid was calculated as:

{(P − J) × F × V × 10}/(W × Z),

where P ¼ average volume for test solution titration (ml), J ¼
average volume for test blank titration (ml) and F ¼ mg ascor-
bic acid equivalent to one ml indophenol standard solution.
The vitamins A, D3, E, K1 and C were expressed as mg/
100 g fresh sample.

Mineral composition
The estimation of minerals was carried out by atomic absorp-
tion spectrophotometer (CHEMITO AA 203) following the
di-acid (HNO3/HClO4) digestion method with suitable mod-
ifications (Chakraborty et al., 2013). Phosphorus content was
analysed by an alkalimetric ammonium molybdophosphate
method as described by AOAC (AOAC International, 2002).

Chlorophyll-a concentration
Chlorophyll-a concentration was derived from the global
9 km monthly mean SeaWiFS data for the period from
January 2008 to December 2011 (Chakraborty et al., 2013,
2014) to indicate the distribution of the photosynthetic
pigment chlorophyll-a, and expressed as mg m23.

Statistical analysis
Statistical evaluation was carried out with the Statistical
Program for Social Sciences 13.0 (SPSS Inc, Chicago, USA,
v.13.0). Analyses were carried out in triplicate, and the
means of all parameters were examined for significance by
analysis of variance (ANOVA). The level of significance for
all analyses was P , 0.05.

R E S U L T S

Inter-annual and seasonal variability
in chlorophyll-a concentration along
the south-west and south-east coasts of India
The variance in the spatial distribution of chlorophyll-a
during 2008–2011, with respect to three seasons (pre-
monsoon, monsoon and post-monsoon) have been computed
in earlier studies (Chakraborty et al., 2013, 2014), which
demonstrated relatively low values in pre-monsoon (four-year
pre-monsoon average of 0.3 mg m23), reaching monsoon
maxima (1.2 mg m23), and subsequently decreased through-
out the post-monsoon season (0.5 mg m23) on the south-west
coast. On the south-east coast, chlorophyll-a recorded a
maximum at 0.8 mg m23 during the monsoon and post-
monsoon seasons, and a minimum during pre-monsoon
period (0.7 mg m23).

Total protein content and amino acid
composition
The protein content of L. splendens varied between 9.2 and
19.2% on the south-west coast and between 8 and 20.1% on

the south-east coast (Table 1A, B, respectively). The four
years mean protein content was observed at its maximum
during the monsoon along the south-west (18.4 g/100 g) and
south-east (18.1 g/100 g) coasts. The essential and non-
essential amino acid compositions of L. splendens from the
south-west and south-east coasts are recorded in Table 1A,
B, respectively. On the south-west coast, EAAs dominated
the protein content in the silver bellies during pre-monsoon
(four year average of 4.8 g/100 g) with a greater content of
valine (four year average of 0.51 g/100 g) and arginine (four
year average 0.68 g/100 g). However, during the monsoon
and post-monsoon seasons, the NEAAs were found to be
greater (four year average of 9.1 and 4.8 g/100 g, respectively)
with significantly greater content of glutamic acid (four year
average of 3.0 g/100 g) and tyrosine (four year average of
2.5 g/100 g), respectively (P , 0.05). Similarly, the EAA
showed pre-monsoon maximum (4.1 g/100 g) in the
samples from the south-east coast, whereas those from the
monsoon and post-monsoon exhibited greater values of
NEAA (8.3 and 6.4 g/100 g).

Inter-annual and seasonal variability of
nutritional indices and amino acid scores in
L. splendens collected from the south-west and
south-east coasts of India
The nutritional indices with respect to different amino acid
ratios of L. splendens collected from south-west and south-east
coasts of India are shown in Table 1A, B, respectively. The
TEAA/TNEAA ratio observed maximum during pre-
monsoon on the south-west (four year average of 1.36) and
south-east (four year average of 1.27) coasts of India.
During the pre-monsoon period, the EAA/TAA ratios of
silver bellies were found to be significantly greater (greater
than 0.5) than those from the other seasons (P , 0.05). The
seasonal average TArAA in silver belly showed post-monsoon
maxima on both the coasts (3.6 g/100 g). The seasonal
average TSAA showed greater values during the monsoon,
and did not significantly differ between the sampling locations
(2.0 g/100 g). The Cys:TSAA ratio also showed greater
values in silver belly during the monsoon period (0.6).
Correspondingly, the average leucine:isoleucine ratio showed
greater values during post-monsoon (7.3) on the south-west
and south-east coasts (3.4). The amino acid scores were
found to be greater during the monsoon with respect to
TSAA, valine, leucine and lysine along the south-west coast
(Table 2). However, during post-monsoon, amino acid
scores with respect to threonine, valine, isoleucine and
lysine were recorded at their maxima in the samples collected
from the south-east coast.

Vitamin composition
The vitamin contents of L. splendens collected from the south-
west and south-east coasts of India are shown in Table 3. No
significant differences (P . 0.05) in vitamins A, D, E and K
contents were observed between the samples collected from
the south-west and south-east coasts over four years (2008–
2011). The average vitamin A content was significantly
greater during the post-monsoon season with respect to the
samples collected from the south-west coast (6.5 mg/100 g)
and during pre-monsoon in the samples from the south-east

nutritional attributes of silver belly 819

https://doi.org/10.1017/S0025315414001155 Published online by Cambridge University Press

https://doi.org/10.1017/S0025315414001155


Table 1A. Protein (g/100 g edible muscle) and amino acid composition (g/100 g edible muscle) of Leiognathus splendens collected from south-west coast of India during 2008–2011 in three different seasons (pre-
monsoon, monsoon and post-monsoon).

Pre-monsoon Monsoon Post-monsoon

2008 2009 2010 2011 2008 2009 2010 2011 2008 2009 2010 2011

Protein 17.01 + 1.63a 13.24 + 0.31a 15.68 + 0.29a 15.58 + 0.5a 19.2 + 0.89a 18 + 0.31b 18.1 + 0.76ab 18.1 + 0.96a 9.25 + 0.54c 13.8 + 0.75b 9.69 + 0.41c 9.25 + 0.1c

Histidine (His)1

(1.9 mg/100 g)
0.49 + 0.01ab 0.24 + 0.01a 0.32 + 0.02a 0.57 + 0.02ab 0.2 + 0.01a 0.56 + 0.02ab 0.78 + 0.04b 0.32 + 0.03a 0.32 + 0.02a 0.32 + 0.01a 0.33 + 0.01a 0.33 + 0.02a

Arginine (Arg)1 0.68 + 0.02bc 0.37 + 0.02b 0.82 + 0.02c 0.84 + 0.02c 0.38 + 0.01b 1.28 + 0.18d 0.45 + 0.03b 0.12 + 0.01a 0.13 + 0.01a 0.15 + 0.01a 0.16 + 0.01a 0.14 + 0.01a

Threonine1 (Thr)
(3.4 mg/100 g)

0.56 + 0.05b 0.26 + 0.01a 0.38 + 0.01a 0.46 + 0.02ab 0.47 + 0.02ab 0.9 + 0.01c 0.99 + 0.01c 0.73 + 0.02bc 0.28 + 0.01a 0.28 + 0.02a 0.29 + 0.04a 0.28 + 0.04a

Valine1 (Val)
(3.5 mg/100 g)

0.87 + 0.12b 0.24 + 0.03a 0.47 + 0.07ab 0.45 + 0.06ab 0.24 + 0.03a 0.67 + 0.1ab 0.96 + 0.18b 0.7 + 0.1ab 0.18 + 0.03a 0.16 + 0.02a 0.15 + 0.02a 0.16 + 0.02a

Methionine1 (Met) 0.66 + 0.02b 0.21 + 0.03a 0.3 + 0.03ad 0.4 + 0.04d 0.46 + 0.04bd 0.68 + 0.03b 0.97 + 0.06a 0.76 + 0.04ba 0.41 + 0.03d 0.41 + 0.02d 0.42 + 0.02d 0.41 + 0.01d

Isoleucine1 (Ileu)
(2.8 mg/100 g)

0.68 + 0.1cd 0.19 + 0.03b 0.4 + 0.06c 0.37 + 0.05c 0.13 + 0.02ab 0.47 + 0.07c 0.8 + 0.11d 0.07 + 0.01a 0.04 + 0.01a 0.04 + 0.01a 0.04 + 0.01a 0.04 + 0.01a

Leucine1 (Leu)
(6.6 mg/100 g)

0.75 + 0.23b 0.33 + 0.05a 0.68 + 0.1b 0.67 + 0.1b 0.45 + 0.06ab 1.1 + 0.16c 0.95 + 0.28c 1.06 + 0.15c 0.29 + 0.04a 0.29 + 0.04a 0.3 + 0.04a 0.3 + 0.04a

Phenylalanine1

(Phe)
0.85 + 0.15bc 0.45 + 0.05a 0.43 + 0.06a 0.61 + 0.09abc 0.71 + 0.1bc 0.84 + 0.12bc 1.05 + 0.15c 0.84 + 0.12bc 0.6 + 0.09abc 0.62 + 0.09abc 0.64 + 0.09abc 0.62 + 0.09abc

Lysine1 (Lys)
(5.8 mg/100 g)

0.98 + 2.01cd 0.4 + 2.01b 0.83 + 2.01bcd 0.81 + 2.01bcd 1.05 + 2.01cd 1.3 + 2.01d 1.25 + 2.01d 1.02 + 2.01cd 0.2 + 2.01a 0.21 + 2.01a 0.2 + 2.01a 0.2 + 2.01a

Alanine (Ala)2 1.08 + 0.15c 0.33 + 0.05ab 0.69 + 0.1b 0.72 + 0.1b 0.3 + 0.04ab 0.7 + 0.10b 1.3 + 0.19c 0.9 + 0.13c 0.2 + 0.03a 0.2 + 0.03a 0.2 + 0.03a 0.2 + 0.03a

Cysteine (Cys)2 0.22 + 0.03b 0.05 + 0.01a 0.03 + 0.01a 0.06 + 0.01a 0.34 + 0.05bc 1.11 + 0.16cd 2.24 + 0.32d 1.33 + 0.19cd 0.14 + 0.02ab 0.13 + 0.02ab 0.14 + 0.02ab 0.13 + 0.02ab

Glutamic acid (Glu)2 0.81 + 0.51ab 0.79 + 0.11ab 1.47 + 0.21b 1.6 + 0.23bc 2.89 + 0.19c 3.1 + 0.44cd 2.56 + 0.82c 3.46 + 0.49d 0.62 + 0.09a 0.7 + 0.1a 0.62 + 0.09a 0.66 + 0.09a

Glycine (Gly)2 0.58 + 0.08b 0.27 + 0.04a 0.58 + 0.08b 0.65 + 0.09bc 0.24 + 0.03a 0.47 + 0.07ab 0.79 + 0.11c 0.23 + 0.03a 0.26 + 0.04a 0.3 + 0.04a 0.26 + 0.04a 0.26 + 0.04a

Proline (Pro)2 0.57 + 0.08bc 0.29 + 0.04a 0.46 + 0.07b 0.65 + 0.09bc 0.71 + 0.1c 0.9 + 0.13cd 1.37 + 0.2d 0.38 + 0.05ab 0.36 + 0.05ab 0.35 + 0.05ab 0.36 + 0.05ab 0.37 + 0.05ab

Serine (Ser)2 0.65 + 0.01b 0.38 + 0.03a 0.45 + 0.04ab 0.71 + 0.02bc 0.84 + 0.03c 0.71 + 0.01bc 0.65 + 0.09b 0.73 + 0.01bc 0.74 + 0.01bc 0.76 + 0.07bc 0.74 + 0.01bc 0.75 + 0.05bc

Tyrosine (Tyr)2 0.88 + 0.03ab 0.3 + 0.04a 0.47 + 0.07a 1.56 + 0.22b 3.03 + 0.43d 1.81 + 0.26bc 0.74 + 0.11ab 2.68 + 0.38c 2.18 + 0.31bc 2.71 + 0.39c 2.18 + 0.31bc 2.72 + 0.39c

TEAA 6.52 + 0.08c 2.69 + 0.04a 4.63 + 0.08bc 5.18 + 0.09bc 4.09 + 0.03b 7.8 + 0.07d 8.2 + 0.11d 5.62 + 0.03c 2.45 + 0.03c 2.48 + 0.04a 2.53 + 0.04a 2.48 + 0.39c

TNEAA 4.79 + 0.08b 2.41 + 0.04a 4.15 + 0.08b 5.95 + 0.09b 8.35 + 0.03b 8.8 + 0.07d 9.65 + 0.11d 9.71 + 0.03c 4.5 + 0.04b 5.15 + 0.04b 4.5 + 0.04b 5.09 + 0.04b

TAA 11.31 + 0.08c 5.1 + 0.04a 8.78 + 0.08bc 11.13 + 0.09c 12.44 + 0.03c 16.6 + 0.07cd 17.85 + 0.11d 15.33 + 0.03cd 6.95 + 0.04bc 7.63 + 0.04bc 7.03 + 0.04bc 7.57 + 0.04bc

TEAA/TNEAA 1.36 + 0.08c 1.12 + 0.04c 1.12 + 0.08c 0.87 + 0.09b 0.49 + 0.03a 0.89 + 0.07b 0.85 + 0.11b 0.58 + 0.03ab 0.54 + 0.04a 0.48 + 0.04a 0.56 + 0.04a 0.49 + 0.04a

TArAA 2.22 + 0.08b 0.99 + 0.04a 1.22 + 0.07ab 2.74 + 0.09bc 3.94 + 0.1d 3.21 + 0.13c 2.57 + 0.2bc 3.84 + 0.05cd 3.6 + 0.05cd 3.65 + 0.05cd 3.6 + 0.05cd 3.67 + 0.05cd

TSAA 0.88 + 0.18bc 0.26 + 0.05a 0.33 + 0.06a 0.46 + 0.1ab 0.8 + 0.12bc 1.79 + 0.10c 3.21 + 0.09d 2.09 + 0.1cd 0.55 + 0.11b 0.54 + 0.11b 0.55 + 0.11b 0.54 + 0.11b

Leu: Ileu 1.1 + 0.43a 1.74 + 0.04a 1.7 + 0.07a 1.81 + 0.22a 3.46 + 0.43b 2.34 + 0.26b 1.19 + 0.11a 15.14 + 0.38d 7.25 + 0.38c 7.25 + 0.39c 7.25 + 0.38c 7.5 + 0.39c

Cys: TSAA 0.25 + 0.08b 0.19 + 0.04ab 0.09 + 0.07a 0.13 + 0.09a 0.43 + 0.10bc 0.62 + 0.13c 0.7 + 0.2b 0.64 + 0.05c 0.25 + 0.05b 0.24 + 0.05b 0.25 + 0.05b 0.24 + 0.05b

TEAA/TAA 0.58 + 0.18c 0.53 + 0.05bc 0.53 + 0.06bc 0.47 + 0.1b 0.33 + 0.12a 0.47 + 0.10b 0.46 + 0.09b 0.37 + 0.1ab 0.35 + 0.11a 0.33 + 0.11a 0.36 + 0.11a 0.33 + 0.11a

TNEAA/TAA 0.42 + 0.03a 0.47 + 0.04b 0.47 + 0.07b 0.53 + 0.02ab 0.67 + 0.04b 0.53 + 0.05ab 0.54 + 0.01ab 0.63 + 0.03b 0.65 + 0.03b 0.67 + 0.03b 0.64 + 0.03b 0.67 + 0.2b

1, essential amino acids; 2, non-essential amino acids; TEAA, Total amino acids; TNEAA, total non-essential amino acids; TAA, total amino acids; TArAA, total aromatic amino acids (histidine + phenylalanine +
tyrosine); TSAA, total sulphur containing amino acids (methionine + cysteine); data are expressed as mean + standard deviation (N ¼ 3); different superscripts (a–d) within a row denote significant differences
(P , 0.05). FAO/WHO reference pattern (1990) for evaluating proteins (mg/100 g) are indicated in parentheses (FAO/WHO, 1990). Tryptophan was not determined.
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Table 1B. Protein (g/100 g edible muscle) and amino acid composition (g/100 g edible muscle) of Leiognathus splendens collected from south-east coast of India during 2008–2011 in three different seasons (pre-
monsoon, monsoon and post-monsoon).

Pre-monsoon Monsoon Post-monsoon

2008 2009 2010 2011 2008 2009 2010 2011 2008 2009 2010 2011

Protein 8.56 + 2.43a 8.05 + 9.98a 8.96 + 6.95a 12.25 + 0.68ab 17.4 + 0.53 16.2 + 0.35 20.12 + 0.65bc 18.69 + 0.18 17.25 + 0.69c 13.25 + 1.05bc 17.47 + 1.43bc 16.26 + 2.41bc

Histidine (His)1 0.23 + 0.03ac 0.2 + 0.03ac 0.24 + 0.03ac 0.32 + 0.05ac 0.3 + 0.04ac∗ 0.71 + 0.1bc 1.43 + 0.2b∗ 0.55 + 0.08ac 0.49 + 0.07c 0.39 + 0.06ac 0.33 + 0.05ac 0.21 + 0.03ac

Arginine (Arg)1 0.55 + 0.08a∗ 0.59 + 0.08a 0.71 + 0.1a 0.75 + 0.11ac 0.43 + 0.06a 1.35 + 0.19bc 0.56 + 0.39b 0.68 + 0.29bc∗ 0.25 + 0.2c∗ 0.24 + 0.03a 0.35 + 0.05a 0.6 + 0.09a

Threonine1 (Thr) 0.26 + 0.04a∗ 0.28 + 0.04a 0.37 + 0.05ac 0.63 + 0.09ac 0.82 + 0.12c 0.8 + 0.11bc 0.54 + 0.24b 0.56 + 0.2b∗ 0.41 + 0.15bc∗ 0.44 + 0.06ac 0.38 + 0.05ac 0.28 + 0.04a

Valine1 (Val) 0.33 + 0.05a∗ 0.35 + 0.05ac 0.44 + 0.06ac 0.7 + 0.1ac 0.76 + 0.11c∗ 0.64 + 0.09ac 0.36 + 0.19b 1.23 + 0.18b∗ 0.11 + 0.12bc∗ 0.16 + 0.02a 0.23 + 0.03a 0.43 + 0.06ac

Methionine1 (Met) 0.23 + 0.03a∗ 0.19 + 0.03a 0.21 + 0.03a 0.27 + 0.04a 0.66 + 0.04a 0.44 + 0.06a 0.89 + 0.13b 0.68 + 0.1b 0.66 + 0.09b 0.6 + 0.09b 0.46 + 0.07a 0.26 + 0.04a

Isoleucine1 (Ileu) 0.32 + .05ac∗ 0.310.04ac 0.36 + 0.05ac 0.48 + 0.07ac 0.45 + 0.06c 0.49 + 0.07ac 0.56 + 0.15b 0.99 + 0.14b∗ 0.11 + 0.1bc∗ 0.12 + 0.01a 0.15 + 0.02ac 0.32 + 0.05ac

Leucine1 (Leu) 0.5 + 0.07a∗ 0.46 + 0.07a 0.57 + 0.08a 0.67 + 0.1a 0.98 + 0.09a 1.1 + 0.16ab 1.02 + 0.32b 1.24 + 0.31b 0.54 + 0.23b∗ 0.47 + 0.07a 0.47 + 0.07a 0.52 + 0.07a

Phenylalanine1 (Phe) 0.34 + 0.05a∗ 0.3 + 0.04a 0.34 + 0.05a 0.52 + 0.07a 0.55 + 0.08a 0.52 + 0.07a 0.35 + 0.15b 0.98 + 0.15b 0.56 + 0.15b 0.95 + 0.14b 0.72 + 0.1a 0.37 + 0.05a

Lysine1 (Lys) 0.75 + 0.11a∗ 0.79 + 0.11a 0.73 + 0.1a 0.95 + 0.14a 0.99 + 0.14a 1.5 + 0.22ab 0.99 + 0.39b 0.68 + 0.38b∗ 0.66 + 0.27b∗ 0.33 + 0.05a 0.49 + 0.07a 0.8 + 0.11a

Alanine (Ala)2 0.36 + 0.05a∗ 0.42 + 0.06ac 0.65 + 0.09ac 1.02 + 0.15bc 0.87 + 0.12c∗ 0.65 + 0.09ac 1.32 + 0.19bc 1.47 + 0.21b∗ 1.080 + .15bc∗ 0.31 + 0.04a 0.33 + 0.05a 0.39 + 0.06ac

Cysteine (Cys)2 0.03 + 0.01a 0.02 + 0.02a 0.23 + 0.03a 0.82 + 0.12b∗ 1.65 + 0.24c∗ 1.15 + 0.16bc 2.31 + 0.33b 0.23 + 0.03a∗ 0.22 + 0.03a 0.19 + 0.03a 0.13 + 0.02a∗ 0.03 + 0.00a

Glutamic acid (Glu)2 1.01 + 0.14a∗ 1.07 + 0.15a 1.26 + 0.18a 1.52 + 0.22a 1.43 + 0.2a 2.66 + 0.38bc 5.35 + 0.76b 4.68 + 0.67bc 2.14 + 0.51c∗ 1.34 + 0.19a 1.23 + 0.18a 1.06 + 0.15a

Glycine (Gly)2 0.21 + 0.03a∗ 0.31 + 0.04ab 0.5 + 0.07b 0.73 + 0.1b 0.19 + 0.03a 0.35 + 0.05ab 0.69 + 0.1b 0.75 + 0.11b∗ 0.58 + 0.08b 0.23 + 0.03a 0.23 + 0.03a 0.26 + 0.04a

Proline (Pro)2 0.26 + 0.04ac 0.29 + 0.04ac 0.41 + 0.06ac 0.59 + 0.08bc 0.47 + 0.07c 0.58 + 0.08ac 1.16 + 0.17b 0.56 + 0.08ac 0.57 + 0.08ac 0.56 + 0.08ac 0.44 + 0.06ac 0.28 + 0.04ac

Serine (Ser)2 0.25 + 0.04a∗ 0.24 + 0.03a 0.3 + 0.04a 0.45 + 0.06a 0.38 + 0.05a 0.35 + 0.05a 0.67 + 0.1b 1.21 + 0.17bc 1.24 + 0.18c 1.22 + 0.17bc 0.87 + 0.12bc 0.27 + 0.04a

Tyrosine (Tyr)2 0.14 + 0.02a∗ 0.14 + 0.02a 0.14 + 0.02a 0.21 + 0.03a 0.24 + 0.03a∗ 0.18 + 0.03a 0.34 + 0.05a 1.21 + 0.17a 2.56 + 0.43c 2.84 + 0.86b∗ 2.59 + 0.56bc 2.56 + 0.02a∗

TEAA 3.51 + 0.11a∗ 3.47 + 0.11a 3.97 + 0.1a 5.29 + 0.14a 5.94 + 0.14a 7.55 + 0.22ab 6.7 + 0.39b 7.59 + 0.38b∗ 3.79 + 0.27b∗ 3.7 + 0.05a 3.58 + 0.07a 3.79 + 0.11a

TNEAA 2.26 + 0.15a 2.49 + 0.18a 3.49 + 0.22a 5.34 + 0.2a 5.23 + 0.38bc 5.92 + 0.76b 11.84 + 0.67bc 10.11 + 0.51c∗ 8.39 + 0.18c 6.69 + 0.17bc 5.82 + 0.12bc 4.85 + 0.04a

TAA 5.77 + 0.04ab 5.96 + 0.07b 7.46 + 0.1b 10.63 + 0.03a 11.17 + 0.05ab 13.47 + 0.1b 18.54 + 0.11b∗ 17.7 + 0.08b 12.18 + 0.43c 10.39 + 0.86b∗ 9.4 + 0.56bc 8.64 + 0.02a∗

TEAA/TNEAA 1.55 + 0.06ab 1.39 + 0.06ab 1.14 + 0.05ab 0.99 + 0.06ab 1.14 + 0.07ab 1.28 + 0.07ab 0.57 + 0.05ab 0.75 + 0.06ab 0.45 + 0.04ab 0.55 + 0.01ab 0.62 + 0.05ab 0.78 + 0.06ab

TArAA 0.71 + 0.01a∗ 0.64 + 0.04a 0.72 + 0.07a 1.05 + 0.1a 1.09 + 0.12a 1.41 + 0.16ab 2.12 + 0.06b 2.74 + 0.11b 3.61 + 0.23b∗ 4.18 + 0.07a 3.64 + 0.07a 3.14 + 0.07a

TSAA 0.26 + 0.01a∗ 0.21 + 0.02a 0.44 + 0.03a 1.09 + 0.14a 2.31 + 0.14a 1.59 + 0.12ab 3.2 + 0.31b 0.91 + 0.08b∗ 0.88 + 0.07b∗ 0.79 + 0.05a 0.59 + 0.07a 0.29 + 0.11a

Leu: Ileu 1.56 + 0.11a∗ 1.48 + 0.11a 1.58 + 0.12a 1.4 + 0.14a 2.18 + 0.14a 2.24 + 0.22ab 1.82 + 0.19b 1.25 + 0.13b∗ 4.91 + 0.27b∗ 3.92 + 0.15a 3.13 + 0.27a 1.63 + 0.11a

Cys: TSAA 0.12 + 0.19a 0.1 + 0.19a 0.52 + 0.19a 0.75 + 0.19a 0.71 + 0.19a 0.72 + 0.19a 0.72 + 0.19a 0.25 + 0.19a 0.25 + 0.19a 0.24 + 0.19a 0.22 + 0.19a 0.1 + 0.19a

TEAA/TAA 0.61 + 0.05a∗ 0.58 + 0.06ac 0.53 + 0.01ac 0.5 + 0.02bc 0.53 + 0.04c∗ 0.56 + 0.03ac 0.36 + 0.04bc 0.43 + 0.01b∗ 0.31 + 0.02bc∗ 0.36 + 0.04a 0.38 + 0.01a 0.44 + 0.04ac

TNEAA/TAA 0.39 + 0.27a 0.42 + 0.27a 0.47 + 0.27a 0.5 + 0.27a 0.47 + 0.27a 0.44 + 0.27a 0.64 + 0.27a 0.57 + 0.27a 0.69 + 0.27a 0.64 + 0.27a 0.62 + 0.27a 0.56 + 0.27a

Data are expressed as mean + standard deviation (N ¼ 3). Other notations are as indicated in Table 1A; ∗, represents a significant difference (P , 0.05) between the values of south-east coast with respect to the corre-
sponding values of south-west coast.

n
u

t
r

i
t

i
o

n
a

l
a

t
t

r
i
b

u
t

e
s

o
f

s
i
l

v
e

r
b

e
l

l
y

8
2

1

https://doi.org/10.1017/S0025315414001155 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0025315414001155


Table 2. Essential amino acid scores (%) of Leiognathus splendens collected from the south-west and south-east coasts of India during 2008–2011 in
three different seasons (pre-monsoon, monsoon and post-monsoon).

Pre-monsoon Monsoon Post-monsoon

2008 2009 2010 2011 2008 2009 2010 2011 2008 2009 2010 2011

South-west coast
Amino acids

His (1.9) 152 96 108 194 58 163 228 88 182 122 179 188
Thr (3.4) 97 58 72 87 76 146 162 112 89 60 88 89
Val (3.5) 146 52 86 83 38 106 152 104 56 33 44 49
Met + Cys

(2.5) 207 79 85 119 177 396 713 435 238 157 231 234
Ile (2.8) 143 51 92 85 26 93 159 13 15 10 15 15
Leu (6.6) 67 38 66 65 38 92 80 84 48 32 47 49
Phe + Tyr

(6.3) 162 90 92 222 328 232 158 291 477 383 462 573
Lys (5.8) 99 52 92 90 100 124 120 92 37 26 36 37

South-east coast
Amino acids

His (1.9) 141 131 141 138 91 231 374 156 150 156 100 68
Thr (3.4) 89 102 121 152 139 145 79 89 70 98 64 51
Val (3.5) 110 124 140 164 125 113 51 189 18 35 38 76
Met + Cys

(2.5) 121 104 196 357 531 393 637 196 205 239 136 72
Ile (2.8) 134 138 143 141 92 108 100 190 23 32 31 71
Leu (6.6) 89 87 96 83 85 103 77 101 48 54 41 49
Phe + Tyr (6.3) 89 87 85 95 72 69 54 187 288 456 302 287
Lys (5.8) 151 169 140 134 98 160 85 63 66 43 49 85

The reference values for adults standard FAO/WHO (1991) (g/100 g protein) are given in parentheses.

Table 3. Vitamin compositions (mg/100 g) of Leiognathus splendens collected from the south-west and south-east coasts of India during 2008–2011 in
three different seasons (pre-monsoon, monsoon and post-monsoon).

Year Vitamin A Vitamin D3 Vitamin E Vitamin K Vitamin C

South-west coast
Pre-monsoon 2008 2.24 + 0.32a 569.71 + 48a 0.81 + 0.12abc 0.04 + 0.01ac 11.45 + 1.64a

2009 2.33 + 0.33a 573.89 + 82.08a 0.83 + 0.12abc 0.04 + 0.01ac 11.39 + 1.63a

2010 2.42 + 0.35a 628.6 + 89.9a 0.81 + 0.12abc 0.12 + 0.02ac 11.29 + 1.61a

2011 2.46 + 0.35a 849.83 + 121.54ab 0.72 + 0.1abc 0.34 + 0.05bc 9.08 + 1.3a

Monsoon 2008 2.38 + 0.34a 1216.74 + 174.02b 0.59 + 0.08b 0.62 + 0.09c 7.52 + 1.08a

2009 2.4 + 0.34a 1205.3 + 172.99b 0.6 + 0.09ab 0.38 + 0.05ac 8.78 + 1.26a

2010 2.79 + 0.4a 1140.42 + 163.1b 0.64 + 0.09abc 1.18 + 0.17bc 11.97 + 1.71a

2011 4.24 + 0.61ac 921.18 + 13.75ab 0.81 + 0.12abc 2.22 + 0.32a 10.21 + 1.46a

Post-monsoon 2008 6.75 + 0.96bc 543.5 + 77.73a 1.09 + 0.16c 4.04 + 0.58d 8.17 + 1.17a

2009 6.23 + 0.89c 546. + 78.1a 1.04 + 0.15abc 3.7 + 0.53bd 8.5 + 1.22a

2010 4.84 + 0.69bc 555.19 + 79.4a 0.96 + 0.14abc 2.39 + 0.34b 9.53 + 1.36a

2011 8.2 + 0.12b 283 + 0.12a 0.7 + 0.12a 3.5 + 0.12b 6.1 + 0.12b

South-east coast
Pre-monsoon 2008 6.75 + 0.96a∗ 543.5 + 77.73a 1.09 + 0.16a 4.04 + 0.58a∗ 8.17 + 1.17ab

2009 2.54 + 0.36b 516.11 + 73.81a 0.91 + 0.13a 0.63 + 0.09b 9.13 + 1.31b

2010 2.44 + 0.35b 533.54 + 76.31a 0.69 + 0.1b 0.27 + 0.04b 8.31 + 1.19ab

2011 2.21 + 0.32b 433.28 + 61.97a∗ 0.34 + 0.05bc 0.53 + 0.08b 7.52 + 1.08ab

Monsoon 2008 1.11 + 0.16b 355.87 + 50. 9a∗ 0.24 + 0.03c 0.56 + 0.08b 6.99 + 1ab

2009 1.06 + 0.15b 484.18 + 69.25a∗ 0.42 + 0.06bc 0.55 + 0.08b 6.09 + 0.87a∗

2010 1.17 + 0.17b 430.11 + 61.51a∗ 0.37 + 0.05bc 0.56 + 0.08b∗ 4.21 + 0.6a∗

2011 1.69 + 0.24b∗ 445.08 + 63.66a 0.4 + 0.06bc 0.57 + 0.08b∗ 5.78 + 0.83ab

Post-monsoon 2008 2.63 + 0.38b∗ 471.65 + 67.45a 0.47 + 0.07bc∗ 0.59 + 0.08b∗ 7.69 + 1.1ab

2009 2.66 + 0.38b∗ 506.39 + 72.42a 0.47 + 0.07bc∗ 0.6 + 0.09b∗ 7.58 + 1.08ab

2010 2.69 + 0.38b 505.98 + 72.36a 0.46 + 0.07bc 0.6 + 0.09b∗ 7.73 + 1.1ab

2011 2.66 + 0.38b 487.21 + 69.68a 0.46 + 0.07bc 0.59 + 0.08b 7.69 + 1.1ab

Vitamins A, D3, E, K and C are represented in mg/100 g. Data are expressed as mean + standard deviation (N ¼ 3); different superscripts (a–c) within a
column denote significant differences (P , 0.05); ∗, represents a significant difference (P , 0.05) between the values of south-east coast with respect to
the corresponding values of south-west coast.
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coast (3.5 mg/100 g). The vitamin D3 content in samples col-
lected from the south-west coast was significantly greater in
monsoon (~121 mg/100 g), whereas the silver bellies collected
from the south-east coast demonstrated no significant sea-
sonal differences (428–507 mg/100 g). A post-monsoon
maxima of vitamin E content on the south-west coast
(0.95 mg/100 g) and pre-monsoon maxima on the south-east
coast (0.8 mg/100 g) were noted. However, vitamin K
content observed post-monsoon maxima (3.4 mg/100 g) in
the silver bellies collected from the south-west coast and pre-
monsoon maximum (1.4 mg/100 g) on the south-east coast.
The vitamin C content was found to be greater in the silver
bellies collected during pre-monsoon from the south-west
and south-east coasts (10.8 and 8.3 mg/100 g, respectively).

Macro and micro mineral composition
The macro (Na, K, Ca and P) and micro (Fe, Mn, Zn, Se)
mineral concentrations in silver bellies collected during the
three seasons over four years from the south-west and south-
east coasts of India are shown in Table 4. No remarkable var-
iations in mineral compositions were observed between the
samples collected from the south-west and south-east coasts
over four years (2008–2011) and different seasons. No sig-
nificant differences were observed in the mean seasonal
Na/K ratio along the sampling locations (P . 0.05). The
Na content recorded a maximum during pre-monsoon
in the silver bellies collected from the south-west coast,
whereas Ca and K maxima were observed post-monsoon. Fe
(260–10,000 mg/100 g), Mn (20–170 mg/100 g) and Zn
(1990–6130 mg/100 g) were found to be greater in the
samples collected from the south-west coasts than the south-
east coast. The Se concentration ranged from 10 to 20 mg/
100 g in the silver bellies from the south-west coast and
from 10 to 30 mg/100 g from the south-east coast. The Se
content recorded a maximum in the silver bellies collected
during the post-monsoon and was found to be independent
of the sampling locations.

D I S C U S S I O N

Proteins are an essential nutritional component of L. splen-
dens, and are essentially required by human beings for
growth and survival. The amino acid profile of silver bellies
from two different coasts (south-west and south-east) of the
Indian subcontinent demonstrated that the essential amino
acids were significantly greater in concentrations, when com-
pared to the reference pattern (FAO/WHO, 1990), which
implied that the proteins present had a higher biological
value. A good correlation was observed between protein and
chlorophyll-a content off the south-west coast during the
monsoon season (r2 ¼ 0.792) (Figure 1A). Similarly, the
chlorophyll-a concentration during and post-monsoon
showed high correlation with the protein content (r2 ¼

0.896 and 0.995, respectively) on the south-east coast
(Figure 1B, C). It is interesting to note that a significant nega-
tive correlation between total essential amino acids (TEAA)
and chlorophyll-a content off the south-west coast (r2 ¼

0.869) during the post-monsoon season was apparent
(Figure 1D). The increase of TEAAs rather than NEAAs pre-
monsoon along the sampling locations was mainly due to the
significant increase of arginine and lysine. Arginine is involved

in many metabolic processes and important in the treatment
of heart diseases and high blood pressure, whereas lysine is
involved in the growth and maintenance of positive nitrogen
balance, and also used in protein cross-linking, especially col-
lagen (Furuya et al., 2012). The lysine content noted in the
silver bellies was comparable with the reference egg protein
(0.63 mg/100 g). It is significant to note that a reduced
supply of lysine in the diet may lead to mental and physical
handicaps because it is an important precursor for the de
novo synthesis of glutamate, the most significant neurotrans-
mitter in the mammalian central nervous system. The TEAA/
TAA ratio in the samples was greater than 50%, mainly during
the pre-monsoon and monsoon seasons, well above the
adequate limits of 39% for ideal protein food for infants,
26% for children, and 11% for adults (FAO/WHO/UNU,
1985; FAO/WHO, 1990). The EAA/NEAA ratio, which
showed more than 1.0 in the samples harvested during the
pre-monsoon seasons off south-west and south-east coast,
indicated that silver bellies in these seasons could provide
high quality proteins or well-balanced protein deposition.
The EAA/NEAA ratio greater than 1.0 is considered to be
optimum for balanced amino acid nutrition. Therefore, it
can be concluded that silver bellies from both coasts, especially
during the pre-monsoon season are sources of well-balanced
proteins and a high-quality protein source in respect of
EAA/NEAA ratio. The significant correlation between the
sulfur containing essential amino acid methionine of the
edible muscle of silver belly along with chlorophyll-a concen-
tration off the south-east coast during the monsoon season
(r2 ¼ 0.818) (Figure 2A) revealed that it is possible to correlate
the important nutritional qualities of this marine species with
chlorophyll-a concentration. The average EAA/NEAA ratio of
many fish species, as explained by Iwasaki & Harada (1985),
was considerably less than the present study. In the present
investigation, the total aromatic amino acids (TArAA),
which are the precursors of adrenaline and thyroxin hor-
mones, were found to be high during the post-monsoon in
the south-west and south-east coasts. The sulphur-containing
amino acid, methionine cannot be synthesized de novo in
humans. A strong correlation was observed between the
methionine content (g/100 g) and chlorophyll-a content
(mg m23) (r2 ¼ 0.876) (Figure 2B) among the silver bellies
collected from the south-east coast of India during
monsoon. Likewise, cysteine can be made from homocysteine,
but cannot be synthesized on its own. In the present study,
greater TSAA contents were recorded in the silver bellies col-
lected during the post-monsoon season off both the coasts.
The leucine/isoleucine ratios of the samples collected from
the different sampling locations were typical of the ideal
ratio suggested by FAO/WHO (FAO/WHO, 1990). The
amino acid score is indicative of the maximum percentage
of protein that may be retained for growth; these results coin-
cide with the hypothesis proposed by an earlier study (Garcı́a
& Valverde, 2006).

The lipid of L. splendens was found to be a good source of
fat soluble vitamins, including vitamins A, D3, E and K1,
which must be taken on a regular basis because of their key
roles in human health and metabolism. The spatio-seasonal
disparity observed in these vitamin levels could be the inter-
active results of the season, life stage or availability of nutrition
in the ocean. The vitamin A content in L. splendens was
recorded to be significantly lower (2–6.5 mg/100 g in south-
west and 1.2–3.5 mg/100 g in south-east) as compared to an
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Table 4. Macro and micro mineral composition of Leiognathus splendens collected from the south-west and south-east coasts of India during 2008–2011 in three different seasons (pre-monsoon, monsoon and
post-monsoon).

Year Na K Na/K Ca P Ca/P Fe Mn Zn Se (mg/100 g)

South-west coast
Pre-monsoon 2008 177.31 + 15.6a 121.56 + 17.9a 1.46 142.62 + 20.4a 117.93 + 12.8c 1.21 2647.1 + 84a 226.6 + 12a 2884 + 65a 370 + 21b

2009 155.93 + 12.3a 115.58 + 16.3a 1.35 189.53 + 12.8a 105.29 + 10.6c 0.85 2369.3 + 55a 309 + 15a 3471 + 45ab 348 + 13b

2010 175.5 + 15.1a 191.12 + 17.3b 0.92 224.62 + 12.3a 197.73 + 13.9b 1.14 1792.2 + 65ab 298.7 + 24a 4490 + 60ab 61.8 + 8c

2011 191.17 + 17.4a 160.67 + 12.8ab 1.19 330.12 + 17.2ac 210.54 + 14.81ab 1.57 2636.8 + 45a 360.5 + 18a 6859 + 66b 133.9 + 10c

Monsoon 2008 160.93 + 9.02a 122.47 + 15.2a 1.31 291.22 + 14.6ac 190.84 + 12.7b 1.53 1493.5 + 87b ND 2492 + 52a 82.4 + 5c

2009 120.59 + 10.8a 119.58 + 17.1a 1.08 311.18 + 24.1ac 274.41 + 11.04ab 1.13 1421.4 + 72b ND 4356 + 32ab 72.1 + 9c

2010 136.05 + 12.6a 136.89 + 19.8a 0.99 283.63 + 15.6ac 198.29 + 11.6b 1.43 1761.3 + 120ab 92.7 + 11b 3141 + 22a 51.5 + 2c

2011 144.53 + 14.7a 118.95 + 17.1a 1.22 222.43 + 16.8a 160.61 + 4.20b 1.38 2595.6 + 92a 103 + 10b 1256 + 26a 20.6 + 3c

Post-monsoon 2008 137.55 + 8.6a 131.49 + 18.1a 1.05 250.95 + 30.8a 174.91 + 11.2b 1.43 2317.5 + 83a ND 2669 + 11a 355 + 41a

2009 143.12 + 10.7a 163.18 + 13.4ab 0.88 514.85 + 24.6c 327.01 + 12.9a 1.57 1781.9 + 21ab ND 2824 + 12a 288 + 18b

2010 182.05 + 6.4a 193.82 + 17.2b 0.94 353.31 + 23.5ac 235.8 + 9.12ab 1.50 2132.1 + 46ab 257.5 + 9a 1668 + 35a 545.9 + 4a

2011 189.85 + 17.1a 194.13 + 22.6b 0.98 112.84 + 16.1a 92.1 + 6.25c 1.23 2114.9 + 66ab 319.3 + 19a 3048 + 89a 463.5 + 2ab

South-east coast
Pre-monsoon 2008 137.55 + 15.7a 203.59 + 20.2b 0.68 250.95 + 15.8ad 194.91 + 18.2b 1.29 2317.5 + 92a 999.1 + 66a 2669 + 16a ND

2009 126.42 + 18.8a 155.97 + 16.1a 0.81 149.9 + 16.4d 96.07 + 9.7c 1.56 2406.6 + 73a 731.3 + 20a 2523 + 22a 154.5 + 5a

2010 145.45 + 20.8a 147.82 + 14.4a 0.98 492.38 + 30.2a 320.64 + 12.8a 1.54 1905.5 + 83ab 927 + 52a 3491 + 30ab 103 + 6a

2011 108.39 + 15.5a 135 + 9.3a 0.08 401.43 + 155.1a 321.68 + 9.5a 1.25 1421.4 + 88b 937.3 + 60a 4614 + 18b ND

Monsoon 2008 171.22 + 19.9ab 159.76 + 14.5a 1.07 419.34 + 202.9a 281.88 + 10.3b 1.49 1236.4 + 75b 245 + 14b 2132 + 23a ND
2009 194.93 + 17.8b 155.43 + 22.3a 1.25 370.99 + 53.6a 333.47 + 12.3a 1.11 1318.4 + 71b 422.3 + 52ab 1751 + 65a 226.6 + 12a

2010 114.62 + 16.9a 191.34 + 17.6b 0.60 138.04 + 19.4ad 91.25 + 7.8c 1.51 1297.8 + 91b 391.4 + 32ab 1988 + 45a 195.7 + 10a

2011 188.37 + 16.4b 143.77 + 20.6a 1.31 203.1 + 18.5ad 195.17 + 13.8b 1.04 1689.2 + 120ab 226.6 + 22b 1812 + 87a 154.5 + 16a

Post-monsoon 2008 148.17 + 21.9a 144.66 + 20.9a 1.02 166.25 + 18.8d 82.39 + 7.76c 2.02 1575.9 + 50ab 236.9 + 26b 2111 + 72a 195.7 + 11a

2009 183.38 + 16.3b 150.79 + 21.7a 1.22 167.91 + 14.1d 126.49 + 12.8c 1.33 1452.3 + 12b 360.5 + 11b 2307 + 12a 339.9 + 25b

2010 147.05 + 21.3a 147.96 + 21.6a 0.99 153.57 + 12.6d 127.33 + 12.6c 1.21 1555.3 + 35ab 339.9 + 18b 2358 + 39a 412 + 19b

2011 150.32 + 21.5a 146.35 + 20.3a 1.03 161.59 + 23.1d 114.22 + 11.2c 1.41 1555.3 + 89ab 288.4 + 21b 2224 + 25a 288.4 + 27ab

Data are expressed as mean + standard deviation (N ¼ 3); Different superscripts (a–d) within a column denote significant differences (P , 0.05). Macro minerals (mg/100 g wet sample) are Na, K, Ca and P; Micro
minerals (mg/100 g wet sample) are Fe, Mn, and Zn.
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earlier study of Harlioğlu (2012) on rainbow trout
(Oncorhynchus mykiss). Generally, the flesh of lean fish con-
tains 7.5–15 mg/100 g vitamin A, whereas in the fatty
species the vitamin content ranges from 30 to 1350 mg /100 g
(Sikorski et al., 1989). Hence, L. splendens can be considered
as fish with low content of vitamin A, like European catfish
Silurus glanis (6.30 mg/100 g) (Özyurt et al., 2009). Vitamin
A has a major role in the process of photoreception, and reg-
ulates gene expression, cell division, reproduction, etc.
Vitamin D3 plays a crucial role in the regulation of
calcium–phosphate balance, stimulating calcium absorption
by the small intestine and thus regulating bone metabolism.
Vitamin D3 promotes and enhances the absorption and
metabolism of calcium and phosphorus in the body (Trivedi
et al., 2003). The lesser level of vitamin E in the silver bellies
harvested from the south-east coast can be attributed to the
low fat content in their tissues. Vitamin E acts as an antioxi-
dant against peroxidation of fatty acid contained in the cellu-
lar and sub-cellular membrane phospholipids, leading to the
formation of phenoxy free radicals. Apart from the above fat
soluble vitamins, a considerable amount of vitamin K, which
play an important role in blood clotting and bone metabolism
pertaining to the prevention of osteoporosis and carotid artery
elasticity, was also present in L. splendens (Cranenburg et al.,
2007). Vitamin C is an essential antioxidative nutrient for
humans, but an additional external dietary source is required
because it is not synthesized by human metabolism (Jeevitha

et al., 2013). Significant correlation between the vitamin K
and C contents of the edible muscle of silver belly, along
with chlorophyll-a concentration off the south-west and
south-east coasts during the post-monsoon season (r2 ¼

0.864 and 0.898, respectively) (Figure 2C, D), revealed that
it is possible to correlate the fat soluble vitamin contents of
silver belly with chlorophyll-a concentration.

The greater quantities of the macro minerals in the silver
bellies from the south-east coast suggest that the samples
from this area could be used as good sources for these miner-
als. The variations recorded in the concentration of the differ-
ent mineral components in the fish could have been as a result
of the rate at which these components are available in the
water body, and the ability of the fish to absorb and convert
the essential minerals from the diet or the water bodies
where they live. Na and K are required to maintain osmotic
balance of body fluid and the pH of the body, which, in
turn regulate muscle and nerve irritability, control glucose
absorption and enhance normal retention of protein during
growth. Erkan & Ozden (2007) also reported significantly
greater values of K content compared to the current findings
(116–193 and 135–204 mg/100 g on the south-west and
south-east coasts, respectively), at the mean average of
459.7 mg/100 g in sea bass (Dicentrarchus labrax) and
393.8 mg/100 g in sea bream (Sparus aurata). The greater
Na/K ratio in the samples during pre-monsoon and monsoon
seasons on the south-west coast and monsoon/post-monsoon

Fig. 1. The correlation between chlorophyll-a (mg m23) and (A) protein content (g/100 g edible muscle) of silver bellies collected from the south-west coast of
India during monsoon, (B) protein content (g/100 g edible muscle) of silver bellies collected from the south-east coast of India during monsoon, (C) protein
content (g/100 g edible muscle) of silver bellies collected from the south-east coast of India during post-monsoon, and (D) TEAA (g/100 g) during
pre-monsoon along south-west coast of India bounding the Arabian Sea.
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on the south-east coast seems to be important because physio-
logical and epidemiological data suggest that a high Na/K ratio
intake can be associated with an increased risk of developing
high blood pressure and cardiovascular disease. The high
content of Ca and P were observed in the silver belly due to
the presence of the bones present in them. In general, a
food is considered ‘good’ if the Ca/P ratio ≥1.0 and ‘poor’ if
the ratio ≤0.5 (Erkan & Ozden, 2007). The richness in P
level in L. splendens can also be attributed to the fact that
the element is a component of protein.

Most of the micro minerals were found in greater concen-
trations in L. splendens and varied significantly inter-annually
and seasonally. These discrepancies might be explained in part
by seasonal changes in their concentrations and differences in
the annual reproductive cycle of the specimens. In addition,
differences in the concentrations of the mineral of the sur-
rounding seawater could also influence their levels in the
fish tissues. The trace mineral Mn is an essential co-factor
in a number of enzymes important in energy production
and antioxidant defences. Fe plays an active part in oxida-
tion/reduction reactions and electron transport associated
with cellular respiration. The iron content observed in the
present study was found to be greater compared to some
selected marine fish examined by Nurnadia et al. (2013),
with the exceptions noted in cockles and oysters. The Zn
level observed was significantly lower than the limit set by

the FAO/WHO (1984) (15,000 mg/100 g) (P , 0.05). Earlier
studies reported that Zn levels in three marine species
(Sparus aurata, Scorpaena porcus and Mullus barbatus)
from the Black Sea and Aegean Sea were found to be greater
than the legal Turkish limit of 5 mg/100 g (Özyurt et al.,
2009). Leiognathus splendens collected from different sam-
pling locations showed ,5 mg/100 g Zn content in its
edible portion. The Mn content in all samples, except the
samples from the pre-monsoon season along the south-east
coast (four year average 899 mg/100 g), was found to be
lower than the permissible limit set by FAO/WHO (FAO/
WHO, 1984), 5.4 ppm or 540 mg/100 g food. The abundance
of Fe, Mn and Zn among the samples collected from the
south-west coast was likely due to the greater bioavailability
of these elements arising in the fish by a high metal absorption
from the food chain as a consequence of high feeding activity.
The Se content in L. splendens was significantly greater than
cereals, fruits and vegetables (Levander & Burk, 1994).

C O N C L U S I O N

The long-term study of nutritional parameters of silver belly,
including amino acids, minerals, vitamins and amino acid-
based nutritional indices established this candidate species
as an ideal healthy food for human consumption and as a

Fig. 2. The correlation between chlorophyll-a (mg m23) and (A) methionine content (g/100 g) of silver bellies collected from the south-east coast of India during
monsoon, (B) methionine content (g/100 g) of silver bellies collected from the south-west coast of India during post-monsoon, (C) vitamin-K (mg/100 g) of silver
bellies collected from the south-west coast of India during post-monsoon, and (D) vitamin-C (mg/100 g) of silver bellies collected from the south-east coast of India
during post-monsoon along south-east coast of India bounding the Bay of Bengal.
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desirable food item from the consumer health perspective.
This study described how changes in the chlorophyll-a con-
centration influence the various nutritional parameters of
the fish. The significant correlation between the essential
amino acids of the edible muscle of silver belly along with
chlorophyll-a concentration revealed that it is possible to cor-
relate the important nutritional qualities of this marine species
with chlorophyll-a concentration. No significant variations in
the amino acid, vitamin and mineral composition were
observed between the samples collected from the different
sampling locations encompassing the Bay of Bengal and
Arabian Sea covering the south-west and south-east coasts
of India, respectively. This commercially important fish
species is available throughout the year, and is predominant
over other related species of tuna on the Arabian Sea and
Bay of Bengal coasts of the Indian subcontinent. This study
provides valuable information on the inter-annual, spatial
and seasonal variations in the protein, amino acid, mineral
and vitamin composition of L. splendens in order to use this
marine fish species in processing from a manufacturer’s
point of view, and to distinguish their nutritional value from
a consumer’s point of view.
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