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1. Introduction

   Marine natural products have long been used as foods, 
fragrances, pigments, insecticides, medicines etc., 
Knowledge on biochemical composition of any edible 
organisms is extremely important since the nutritive value 
is reflected in its biochemical contents[1]. A new species 
should be recommended for human consumption only after 
assessing the nutritive value of the species with regards 
to its nutritional qualities[2]. The demand for protein rich 

food is increasing, especially in developing countries, 
stimulating the exploration of unexploited or non-
traditional resources. 
   Marine fish also provide high quality protein with all the 
dietary essential amino acids for maintenance and growth 
of the human body. Carbohydrates are major sources 
of energy in all human diets. The ratio of carbohydrate 
was less when compare to the other nutrients such as 
proteins and lipids in animal tissues, especially in aquatic 
animals[3]. Lipids are the major sources of metabolic energy 
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Objective: To assess the nutritions in Mene maculata (Bloch & Schneider, 1801) (M. maculata).
Methods: Fishes (14-16 cm) were obtained from the landings at Parangipettai for the evaluation of 
biochemical composition. The present study deals with biochemical composition such as protein, 
carbohydrate, lipid, amino acids fatty acids, vitamins and minerals which were evaluated in the 
moonfish. 
Results: The results of proximate composition in M. maculata showed that the percentage of 
protein was high in the tissue (23.16%), followed by the carbohydrate (1.3%) and lipid (2.62%). Totally 
20 essential and nonessential amino acids were present at the rate of 46.72% and 43.91%. In the 
analysis, the fatty acid profile by gas chromatography revealed the presence of higher amount of 
saturated fatty acid (palmitic acid 22.17%) than monounsaturated fatty acid (oleic acid 14.51%) and 
polyunsaturated fatty acid (alpha linolenic acid 16.07%). Vitamins were detected in M. maculata. 
Among them, vitamin A was found in higher levels (124.5 mg/g), whereas vitamin B6 was noticed 
as lower levels (0.34 mg/g). In the present study, totally 5 macro minerals and 2 trace minerals 
were reported. The macro mineral calcium (156.7 mg/g) was found at the highest level and other 
minerals such as sodium (31.98 mg/g), potassium (21.33 mg/g), copper (1.43 mg/g) and magnesium 
(0.341 mg/g) were also detected in the moonfish.
Conclusions: The result showed that the moonfish M. maculata tissue is a valuable food recipe 
for human consumption, due to its high quality protein and well-balanced amino acids.
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and essential materials for the formation of cell and tissue 
membranes[4]. The amino acids content varies not only from 
species to species but also from specimen to specimen and 
between different tissues. This variation depends upon the 
environmental conditions and the size of the individual 
species. 
   Aquatic animal fats are good sources of essential fatty 
acids that are not synthesized in the human body. Fatty 
acids in fish oil have a very distinctive character compared 
to fatty acids from other sources. They consist not only 
essential fatty acids, but also a significant source of 
omega-3 fatty acids-especially eicosapentaenoic acid (EPA, 
C20:5n3) and docosahexanoic acid (DHA, C22:6n3). These 
fatty acids play a vital role in human nutrition, disease 
prevention and health promotion. There are reports that EPA 
can prevent heart disease, since it decreases triglycerides 
and very low-density lipoprotein cholesterol[5]; whereas 
DHA is a primary component of membranes in the brain and 
possibly delays the onset of Alzheimer’s disease[6].  
   There remains no considerable study on moonfish with 
regard to their nutritive value. Though moonfish are being 
consumed in islands and other country, in India there is no 
evidence to support the Mene maculata (M. maculata) as 
edible. Hence, the present work was planned to study the 
proximate composition of M. maculata through estimating 
their major biochemical components such as total protein, 
carbohydrate and lipid content in the whole body tissue 
apart from the amino acids, fatty acids profile, vitamins and 
minerals content.

2. Materials and methods 

   The moonfish, M. maculata were collected from the 
the landing centre of Parangipettai (Lattitude 11°49’ N 
Longittude 79°76’ E) Southeast coast of India. M. maculate is 
purely marine fish, they were brought to the laboratory; the 
fish tissue was collected and dried at 55 °C in an oven and 
used for biochemical analysis. The proximate compositions 
of the experimental sample were determined by using 
standard methods, viz., protein, carbohydrate and lipid[7-9]. 
The experimental fish samples were dried at 55 °C for 24 
h in an oven and the dried samples were finely ground 
for estimating the amino acids in the high performance 
liquid chromatography (Merck Hitachi L-7400) following 
the method[10]. For fatty acid analysis, the samples (body 
tissue) were homogenized with chloroform: methanol (2:1 
v/v) mixture and the samples were extracted using the 
method[11]. After the fat was extracted, it was esterified 

with 1% H2SO4 and fatty acid methyl esters were prepared 
by following the procedure of AOAC[12]. Identification 
and quantification of fatty acids were done using gas 
chromatography (Hewlett Packard 5890, USA). The minerals 
were estimated soft tissue M. maculata by following the 
method in previous study[13]. The vitamins were estimated 
the fat soluble vitamins A, D, E and K and the water soluble 
vitamins B1, B2, B6, B12 and C were analysed in the high 
performance liquid chromatography  (Merk Hitachi L-74000, 
USA) following the method[14]. The folic acid was estimated 
by following the calorimetric procedure[15]. The pyridoxine, 
panthothenic acid and vitamin B12 were estimated by 
following methods suggested in USP NF 2000 Asian edition.

3. Results

   The proximate composition (%) such as protein (23.16%) 
carbohydrate (1.30%) and lipid (2.62%) contents of M. 
maculate are presented. The percentage compositions of 
essential and non-essential amino acids are presented in 
Table 1. The total amino acids were 90.63%, among which 
essential amino acids were found to be as 46.72% and non-
essential amino acids were 43.91%. Among the essential 
amino acids methionine were found high as 8.11% on dry 
matter basis and the other essential amino acids were found 
fluctuating in the following order: lysine>arginine>histi
dine>phenylalanine>leucine>valine>isoleucine>threoni
ne>tryptophan in moon fish muscle (Table 1). Among the 
non-essential amino acids glycine were found maximum 
as 7.14% on dry matter basis and the other non-essential 
amino acids (Table 1).
Table 1
The percentage (%) of essential and non essential amino acid found in 
M. maculate.
EAA % of amino acids NEAA % of amino acids
Phenylalanine 5.50 Glycine 7.14
Lysine 6.16 Serine 5.71
Histidine 5.65 Glutamic acid 6.13
Methionine 8.11 Cystine 6.14
Arginine 6.13 Glutamate 4.72
Leucine 4.61 Alanine 4.67
Threonine 2.52 Proline 3.21
Isoleucine 3.51 Aspartate 4.50
Valine 4.11 Tyrosin 1.56
Tryptophan 0.42 Aspertic acid 0.13

EAA: essential amino acids, NEAA: Non-essential amino acids.

   In the present study, 7 different fatty acids were 
found. They are three saturated fatty acids (SFA), 
one monounsaturated fatty acids (MUFA) and three 
polyunsaturated fatty acids (PUFA) in M. maculata. Among 
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the SFAs C16:0 were the major acids. In MUFA C18:1 and 
in PUFA C18:0 were the major fatty acids. The percentage 
availability of SFA content was 43.17% in the moonfish. The 
percentage of MUFA and PUFA contents are given in Table 2.
Table 2
The percentage (%) composition of fatty acid profile of M. maculata.
Fatty acids  Carbon atom (n)  % of fatty acids
SFA Palmitic acid C16:0 22.17

Margaric acid C17:0   9.97
Stearic acid C18:0 11.71

MUFA Oleic acid C18:1 14.51
PUFA Linolenic acid C18:3 13.27

Alpha linolenic acid C18:3 16.07
Stearidonic or moroctic acid C18:4  1.57

   The details of the vitamins detected in the moonfish are 
presented in Table 3. Among them, vitamin A and D were 
found in higher levels, whereas vitamin E and B6 were 
noticed as lower levels (0.45 and 0.34 mg/g). 

Table 3
Vitamin content in M. maculata.
Vitamins Vitamin content (mg/g)

Retinol (A)  124.50
Calciferol (D)   13.40
Tocopherol (E)     0.45
Vitamin   (K)     1.13
Pyridoxin (B6)     0.34
Cobalamin (B12)     1.09
Vitamin (C)    12.45
Total  153.36

   Totally 5 macro minerals and 2 trace minerals were 
detected in M. maculate tissues (Table 4). Among the macro 
minerals, calcium (156.7 mg/g) and magnesium (0.34 mg/
g) were observed at higher and lower levels, whereas other 
macro-minerals sodium, potassium and copper were in 
negligible level. The trace minerals such as iron (0.24 mg/g) 
and zinc (0.14 mg/g) were also detected.
Table 4
Minerals content (mg/g) in M. maculata.
Minerals Minerals content (mg/g)

Macro Calcium 156.70
Sodium   31.98
Potassium   21.33
Copper    1.43
Magnesium    0.34

Trace Iron    0.24
Zinc    0.14

4. Discussion

   Biochemical components such as protein, carbohydrates 
and lipids are essential for body growth and maintenance. 
Protein is essential for the sustenance of life and exists 

in largest quantity of all nutrients as a component of the 
human body[16]. The present investigation revealed that 
the maximum level of protein content in M. maculata 
is 23.16%. Similarly, Nawzet Bouriga et al.[17] reported 
that protein (19.41依1.44)%, (19.11依1.63)% and (17.86依1.14)% 
is the major biochemical component in Atherina boyeri 
(A. boyeri), Atherina lagunae (A. lagunae) and Atherina 
sp. The estimated maximum level of protein in Gadus 
macrocephalus is 17.9%[18]. The high protein contents and the 
moderate lipids levels in this small inshore fish are similar 
to that found in other species such as horse mackerel and 
sardine[19]. The principle constituents are protein (15%-
24%) at maximum value in fishes[20]. Gopakumar K et al.[21] 
studied the lantern fish Benthosema pterotum and found that 
protein composition is 16.1%. On a global scale, fish and fish 
products are the most important source of protein in human 
diet. This protein is relatively of high digestibility compared 
to other protein sources. It comprises of all the ten essential 
amino acids in desirable quantity for human consumption. 
All these properties bring the fish flesh to be in the same 
class as chicken protein and are superior to milk, beef 
protein and egg albumen[22].
   In the present study the percentage of carbohydrates 
in the body tissue of M. maculata is 1.30%. Ghulam Nabi 
Hajam et al.[23] reported that the carbohydrates constituents 
from the ovary of Schizothorax niger at maturation II stage 
is high value (0.93依0.60)%. In M. maculata, generally the 
carbohydrate content was found to be low as it is high when 
compared to other fish. Lipids are highly efficient as sources 
of energy and they contain more than twice the energy of 
carbohydrates and proteins[16]. In the present study lipid 
content of M. maculata were 2.62%. Ghulam Nabi Hajam et 
al.[23] reported that the lipids constituents from the ovary 
of Schizothorax niger at maturation III and IV stage is high 
value (11.83依1.00)% and (16.33依1.04)%. Lipids comprise 
only 20% dry weight of their ovaries[24], and protein in the 
principle energy, source for gonadal development[18].  In 
a study of Gopakumar K et al.[21], lipid composition in the 
lantern fish Benthosema pterotum was found to be 3.40%[21].
   In general, the finfish have a balanced distribution of all 
essential amino acids required for an adult per day. In the 
present study the essential amino acids in M. maculata, 
methionine (8.11%) was maximum and the minimum 
tryptophan (0.42%); and nonessential amino acids, glycine 
(7.14%) was maximum and minimum as aspartic acid (0.13%), 
both essential and nonessential amino acids comprise totally 
90.63%. Nonessential amino acids as glycine were 79.34, 
63.06 and 82.4 in A. boyeri, A. lagunae and Atherina sp.[17], 
and essential amino acids, methionine was 0.73, 0.60 and 
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0.71 in A. boyeri, A. lagunae and Atherina sp. Feng Zhao, 
et al.[25] analysed amino acid and fatty acid nutritional 
quality of muscles of Pampus sp. and they reported that 
pomfret protein contained a high amount of glutamic 
acid. Oluwaniyi OO et al.[26] reported the higher amount of 
glutamic acid in all four species (Clupea harengus, Scomber 
scombrus, Trachurus trachurus and Urophycis tenuis) in their 
study. Veeramani T repoted the higher amount of essential 
amino acids and non-essential amino acids in Myrophis 
platyphynchus in which the amino acids range from 47.28% to 
52.72%[27]. The present study showed that total of 10 essential 
amino acids exhibited high levels of methionine followed 
by lysine and arginine, based on the quantum of availability 
of essential amino acids in the tissue of M. maculata. The 
result revealed in this study showed that moonfish, M. 
maculata muscle is a potential source for food value due to 
high quality protein, as well as balanced essential amino 
acids. 
   In the present study, 7 different fatty acids were identified, 
three SFA, one MUFA and three PUFA. Among the SFAs C16:0 
were the major acids. In PUFA C18:3 were major acids. The 
percentage availability of SFA, MUFA and PUFA contents 
was 43.85%, 14.51% and 30.91% respectively in M. maculata. 
Ravichandran S, et al.[28] reported that the palmitic acid 
showed its higher level in both species (5.78% and 3.89%) in 
Dussumieria acuta and Sardinella brachysoma, respectively. 
Fresh water fish oils contain small amount of C22, but large 
amount of palmitic acids and C18 unsaturated acids[29]. In 
the present study, M. maculata showed the dominance of 
saturated fatty acids, palmitic acid (16:0) which were found to 
be 22.17%. The moon fish could be a better alternative source 
(against tubercle bacilli and bactericidal effect), since it 
contains palmitic acids.
   The suggested fats are all monounsaturated or 
polyunsaturated fats because of their benefits to health. 
In the present observations M. maculata showed 18:1 acid 
levels of 14.51%. Bouriga N et al.[17] contributed that the total 
monounsaturated fatty acids (especially C16:1 and C18:1) 
were more abundant in A. lagunae, A. boyeri and Atherina 
sp. (36.2%, 25.37% and 32.65% respectively).
   Polyunsaturated fatty acids are energy source and 
also function in the body as components of membranes, 
modulators of gene expression and precursors for ecosanoids 
(self-healing agent). The percentages of PUFA were higher 
than the percentages of SFA and double the percentages of 
MUFA[30]. Kumaran R et al.[31] studied the nutritional value 
of Stolephorus waitei, Chirocentrus nudus and Pomadasys 
kaakan and their suitability for consumption. In which 
the SFA, MUFA and PUFA fatty acids range from 35.87% to 

0.39%, 28.74% to 0.41% and 18.81% to 0.42%, respectively. The 
dominant PUFA was docosahexaenoic (22:6n-3), followed by 
eicosapentaenoic acid (20:5n-3), arachidonic acid (20:4n-6), 
linoleic acid (18:2n-6) and alpha-linolenic acid (18:3n-3). 
These results are in agreement with studies of fatty acids 
composition of fishes[32]. The PUFA content in the case of 
marine fish ranges from 28% to 57% with C20:5 and C22:6 
predominating and constituting about 50% in most cases[33]. 
In the present study, M. maculata showed the dominance 
of alpha linolenic acid (αC18:3) and linolenic acid (C18:3) of 
polyunsaturated fatty acids which constituted 16.07% and 
13.27%.
   In the present study, moon fish showed the dominance of 
vitamin A and vitamin D which constituted 124.5 and 13.4 
mg/100 g. Nair PGV et al.[34] reported that fish contained 
approximately as much riboflavin as beef. i.e. 0.2-0.3 
mg/100 g, vitamin C to the extent of 1-5 mg/100 g and whole 
vitamin D ranged from 500-3 000 IU/100 g. These findings 
are supported by the present study with respect to vitamin 
B level. Fish liver oils are the riches sources of vitamin A 
and D, and the flesh is rich in vitamin B complex, especially 
niacin and B6[35]. Vitamin A (retinol) is not synthesized by 
the fish, but reflects the vitamin A content of its food[36]. The 
vitamin A content of fish flesh ranged from 0 to 18 000 IU/100 
g[37]. Mori T et al.[38] established that the vitamin E content 
was highest in liver oil, followed by the oil in the pyloric 
appendages. Certain geographical and climatic factors 
influence the content B vitamin cod fish (Gadus morhua) 
from northern areas. In the present study vitamin B12 and 
B6 were reported as 1.09 mg and 0.34 mg on dry weight basis, 
respectively.
   Minerals also constitute important components of 
hormones, enzymes and enzyme activators in human 
nutrition[39]. Mineral deficiencies can cause biochemical, 
structural and functional pathologies which depend on 
several factors, including the duration and degree of mineral 
deprivation. Totally 5 macro minerals and 2 trace minerals 
were detected. The macro mineral, calcium (156.7 mg/g) at 
highest and other minerals such as sodium (31.98 mg/g), 
potassium (21.33 mg/g), copper (1.43 mg/g), magnesium (0.34 
mg/g) were also detected in M. maculata. Rajagopalan N 
et al.[41] explained the importance of Ca, Mg, and K in the 
human nutrition. Devadas R et al.[31] reported that sea foods 
in general are excellent sources of I, Ca, P, Na, Fe, Zn and 
oysters are good sources of Fe and Cu. When compared to 
the other fish, the calcium content of raw rainbow trout was 
found to be 63.2 mg/100 g[42]. Dean LM noticed the sodium 
content of finfish ranging from 30 to 150 mg with an average 
of 60 mg/100 g of muscle[37]. The potassium content of raw 
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rainbow trout was found to be 306 mg/100 g[42]. In the present 
study, the calcium and sodium were more in moon fish.
   In general, from the above observation it is clear that the 
tissue of the moon fish with rich nutritive value can be used 
for alternate source as a regular sea food which supplies 
nutrients for the growing children, pregnant women and 
people suffering from malnutrition.
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Comments 

Background
   The demand for protein rich food is increasing, especially 
in developing countries, stimulating the exploration 
of unexploited or non-traditional resources including 
moonfish. Thus information about nutrition value of the fish 
is needed.
  
Research frontiers
   The current study evaluated the nutrition value of the 
moonfish M. maculata from Parangipettai, Southeast coast 
of India focusing on the biochemical composition including 
protein, carbohydrate, lipid, amino acids, fatty acids, 
vitamins and minerals.

Related reports
   There are some reports on the nutrition value of moonfish, 
but not in India.

Innovations and breakthroughs
   Fish protein source comprises the important parts 
supporting for human consumption. In this paper, the author 
demonstrated that the moonfish is a valuable food recipe 
for human consumption, due to its high quality protein and 
well-balanced amino acids.
  

Applications
   The paper demonstrates that, moonfish can be used as 
valuable food for human. The research is also a valuable 
reference for other study related to nutrition value of other 
fishes.

Peer review
   In this study, the authors have demonstrated that 
moonfish M. maculata is a valuable food source for human 
consumption. The evaluation was based on common criteria 
such as protein, carbohydrate, lipid, amino acids, fatty 
acids, vitamins and minerals.
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