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Abstract: This study attempts to look into the energetic status of demersal fish species with their maturity
stages and evaluate their energetic condition. Demersal fish species from wild were captured, total length and
weight of each fish were measured and gonads were observed, weighted and collected with fish flesh.
Gonadosomatic index, water content of gonad and flesh and gonadal and somatic caloric values were measured.
Gonadosomatic index varies between 0.16 (Plectohinchus pictus) and 7.53 (Sphyraena jello). The percent water
content of gonad ranging between 3.61 (Trichiurus lepturus) and 99.06 (Sphyraena jello) and percent somatic
water content varies between 31.46 (Epinephelus sexfasciatus) and 85.95 (Arius maculates). The gonadal
energy content varies between 2136 cal/g (Priacanthus tayenus) and 6173 cal/g (Trixiphichthys weberi).
Similarly, somatic energy content was also variable, ranging from 2429 cal/g (H. pictus) to 5581 cal/g
(Epinephelus sexfasciatus). Mature fish contains more energy in their gonad and less energy in their muscle.
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INTRODUCTION advantage to the aquaculturist to limit the growth of

Energy, defined as the capacity to do work, is fish undergo seasonal changes in growth and energy
required by all organisms to sustain life. Work done in a storage [10-12] as energy from diet and body reserves is
biological system drives the chemical reactions required partitioned between maintenance, somatic growth and
to build new tissue, maintain salt and water balance, reproduction [13-15]. Similar changes in energy content
moves food through the digestive tract, respires, can be occurred in culture fish. Although it is preferable
reproduces and moves the muscles to provide for fish in aquacultural situations to be marketed before
locomotion. Fish obtain the energy they require from their reaching sexual maturity [16], considerable information
food or in periods when they are deprived of food, from can be obtained from the study of energetics in their adult
body stores. Keleliber [1] has described the history of wild counterparts. Data from wild animals provide baseline
bioenergetics from its early beginnings in the 18  century information on energetic value and reproduction, which isth

and also has emphasized [2] the importance of the   classic useful in evaluating the quality and physiological
work of Brody [3]. The study of energy budgets for fish condition of cultured animals. Additionally, knowledge of
was   pioneered  by  Ivlev  [4-6].  Although  the  work  of energy content in wild fish can elucidate physiological
Fry  [7-9] has  been  chiefly  on  respiration  of  fish,  it controls of growth and nutrient utilization that may aid in
has had a pronounced influence on the study of the enhancement of growth or final product quality in
energetics. cultured fish. Although there are lots of  researches

In aquaculture, fish containing high calorific value is carried out about the energy budget and their relation to
considered to be high quality of fish. Gonadal growth the fish growth but unfortunately studied are very few
results in the diversion of large amounts of energy away about the relationship of energy content and the maturity
from growth of muscles. As such is generally of stages of fish.

gonads in fish being produced for sale. Wild temperate
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Taking into account the utility of knowing the energy Laboratory Work: Total length (cm) and total weight (g)
requirement of fish to be matured and to investigate their of each fish were measured and dissected to take out the
condition, the aim of this work is to look for the relation gonad and muscle. The gonads were weighted and
for energy content and the maturity stages of demersal different stages of maturity were identified based on
fish species. Thus the objectives of this study were to microscopic observation (i.e. color, shape, transparency
investigate the gonadal and somatic calorific values as and vascularisation of ovaries). Gonads were retained
well as to correlate the maturity stages and calorific value with the muscles of fish and stored in dry ice. In the
of fish. laboratory samples were preserved in deep freezer at -20

MATERIALS AND METHODS Samples were freeze dried until no moisture was

Sample Collection: The demarsal fish sample was Water contents of each fish muscle and gonad were
collected from South Chaina Sea around the island “Pulau calculated by the difference between wet and dry mass
Perhantian” in Malaysia (Figure 1). The China Sea is a part and then explicated as percentage of body mass. Energy
of the western Pacific Ocean. Reaching from Japan to the can only be measured as it is converted from one form to
southern end of the Malay Peninsula, it is divided by the another. In determining the energy contained in fish, the
island of Taiwan into two sections. The northern section energy must be converted to heat. This is done because
is the East China Sea, which covers an area of some energy is punitively converted to heat, which is then
290,000 sq miters (751,100 sq km), has a maximum depth of relatively easily measured. Direct calorimetry using an
8,912 ft (2,717 m). The southern section is the South China oxygen bomb calorimeter is considered to be the most
Sea, often called simply the China Sea, which covers an reliable method for measuring the value of biological
area of 1,423,000 sq mi (3,685,000 sq km), has a maximum material [17]. In this study, calorific value of fish and
depth of about 16,000 ft (5,000 m). gonad was determined by bomb calorimeter (Model

As this experiment required a large number of fish C4000). Benzoic acid was used for calibration. 
species, total of 23 demersal fish species were collected The gonadosomatic index was expressed as a
from different location of South China Sea by bottom percentage of body mass. It was calculated to assess
water trawl net. The sampling was carried out on 2, 3 and maturity by using the following equation,
6 September, 2006. All the hauls were made during day
times. The selections of trawl stations were chosen by the
local experienced fishermen (Table 1 and Figure 2). All the
demersal fish caught were sorted into species group and
preserved for further study. (Clean body weight)

0

C temperatures for estimating energy content.

appeared and reweighed to determine water content.

Fig. 1: Location map of Pulao Perhantian
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Fig. 2: Different location of sample collection

Table 1: Date, location, duration, speed and range of sampling

Location
---------------------------------------------------

Day Start End Duration (hour) Speed (knot) Range (km)

2/9/2006 6°00'N,102o47'E 6°05'N,102o39'E 3.45 3 19.17
3/9/2006(A) 5°58'N,102o44'E 6° 01'N,102o38'E 2.4 2.8 12.45
3/9/2006(B) 6°01'N,102o38'E 6°02'N,102o42'E 2.05 2.2 8.35
6/9/2006 5°51'N,102o47'E 5°50'N,102o48'E 3.05 2.3 12.99

RESULTS

The total length of Demersal fish species collected in
this study ranged from 7.56 cm (Epinephelus sexfasciatus)
to 39.09 cm (Trichiurus lepturus), whereas the total
weight varied between 7.48 g (Inegocia harrissi) and
288.91 g (Arius maculates) (Figure 3 and 4). The
calculated values of gonadosomatic index ranged from
0.16 (Plectohinchus pictus) to 7.53 (Sphyraena jello) and
varied according to the gonad maturity of different fish
species (Table 2). The result of estimated water content is Fig. 3: Mean total lengths (cm) of collected fish species
summarized in Table 2. The percent water content of
gonad for each species was ranging between 3.61 The calorific value varies according to their gonadal
(Trichiurus  lepturus)  and  99.06 (Sphyraena   jello). maturity. Mature fish contains more energy in their gonad
The dry weight of gonad ranged from 0.009 g (Nemipterus and less energy in their muscle. (Figure 5). In contrast, the
peronii) to 0.65 g (Terapon theraps). On the other hand calorific value and percent water content of fish muscle
percent somatic water content ranges between 31.46 was less correlative (R  = 0.123) but the correlation
(Epinephelus sexfasciatus) and 85.95 (Arius maculates). between percent water content and calorific value of

There were also variation in the calorific values in gonad was comparatively higher (R =0.1804). The calorific
gonad and muscle. The gonadal calorific value varies value of gonad was strongly correlated (R = 0.294) with
between 2136 cal/g (Priacanthus tayenus) and 6173 cal/g gonadosomatic index. On the other hand, there was very
(Trixiphichthys weberi).  Similarly,  somatic  calorific poor correlation between GSI and somatic calorific value
value were also  variable,  ranging from 2429 cal/g (R =0.0314). The gonadal and somatic calorific values
(Halichoeres pictus)  to 5581 cal/g (Epinephelus were also not highly correlated. Similarly we found very
sexfasciatus), (Table 2). poor  correlationship  between  body weight and calorific

2
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2
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Table 2: Calculated values of GSI, Water content and calorific values of fish flesh and gonad according to maturity
Calorific value (cal/g) Water content (%)
------------------------------------------------ ----------------------------

Spno Species name Maturitystage GSI Gonad Flesh Difference Gonad Flesh
1 Nemipterus peronii II 0.18±0.1 4587 4284 303 94 70
2 Selar  crumenophthalmus IV 1.89±0.0 4581 2564 2017 75.96 66.64
3 Sillago sihams III 2.12±0.2 4957 3245 1712 70 64.82
4 Pentapodus bifasciatus I 0.08±0.0 2689 2666 23 60 70.52
5 Selaroides leptolepis III 4.88±1.0 4806 5203 397 83.91 73.18
6 Saurida tumbil I 0.31±0.0 4463 4393 70 82.5 68.57
7 Upeneus sulphureous II 0.27±0.0 3452 3012 440 81.25 70.44
8 Carangoides  orthogrammus I 0.62±0.0 4189 4067 122 91.42 68.19
9 Halichoeres pictus I 0.54±0.0 2452 2429 23 91.33 70.28
10 Inegocia harrissi I 3.44±0.8 3998 3924 74 83.90 73.46
11 Alectes indicus I 0.79±0.1 4034 3960 74 70 68.03
12 Trixiphichthys weberi III 0.44±0.0 6173 4282 1819 91.44 71.07
13 Sphyraena jello IV 7.53±1.0 5499 3079 2420 99.06 85.32
14 Plectohinchus pictus I 0.16±0.1 4200 4186 14 85 84.27
15 Terapon theraps III 6.67±0.9 5602 4229 1373 86.02 84.41
16 Trichiurus lepturus II 0.29±0.0 3099 2850 249 3.61 71.45
17 Priacanthus tayenus III 0.41±0.2 2136 3828 1672 71.73 67.47
18 Arius maculates ND ND ND 5609 ND ND 85.95
19 Pseudorhombus arsius ND ND ND 3508 ND ND 75.21
20 Lagocephalus wheeleri ND ND ND 4531 ND ND 71.80
21 Istiogobius ornatus ND ND ND 3549 ND ND 59.84
22 Epinephelus  sexfasciatus ND ND ND 5581 ND ND 31.46
23 Gerres  filamentosus ND ND ND 4606 ND ND 58.39

Fig. 4: Mean total weights of collected fish species (cal/g) [17]. Demersal fish species showed remarkable

 Fig. 5: Different energy allocations between muscles and also increase. Sillago sihams (1712), Selaroides
their respective gonad at different Stages (I, II, II leptolepis (397), Trixiphichthys weberi (1819), Terapon
and IV indicating maturity stages) theraps (1373) and Priacanthus tayenus (1672) were in

value of muscle as well as body weight and calorific value
of gonad. There was no considerable relationship
between calorific value of gonad and dry weight of gonad.

DISCUSSION

The energy content of an organism is the total
amount of energy per individual (cal/individual), whereas
as the caloric value is the amount of energy per unit mass

fluctuation in gonadal and somatic caloric value
throughout its maturity stages, reflecting the
physiological state of this type of fish. It is well known
that somatic energy content of fish decreased with its
gonadal maturation [18]. This study also revealed that the
somatic caloric value of fish decreased with gonadal
development as well as the gonad energy content
increased with maturity stages (Figure 5). In case of
immature fishes the difference between  gonadal and
somatic caloric values are lower. For instance,
Plectohinchus pictus, Pentapodus bifasciatus and
Halichoeres pictus were in the stage I and the different of
gonadal and somatic caloric values were 14, 23 and 23
respectively. On the other hand, as the maturity increases
the difference between gonadal and somatic caloric value
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stage III. As a consequence their energy difference CONCLUSION
became higher. Selar crumenophthalmus and Sphyraena
jello were reached in the highest stage of their maturity The investigation of calorific value in demersal fish
and their gonadal and somatic caloric difference were 2017 species have suggested that in mature fish most of the
and 2420 respectively. Negative correlation ship between energy was used in gonad development. As a result, the
reproductive and somatic growth can be produced at the energy storage in somatic tissue became low. For this
individual level during gonad formation when energy from there was a strong positive correlationship between
somatic tissue is transferred to the gonads [19-21]. The gonadosomatic index and gonadal calorific value and very
findings of our research also confirming the need to use week correlationship between Gonadosomatic index and
energy for gonadal development of fish. somatic calorific value. Similarly the relationships between

Gonadal development and reproductive strategy water content and gonadal and somatic calorific values
have been described in many teleost fish species in an were also low. As a consequence it is suggested that the
effort to understand the time course and energetic cultured fish should be marketed before attaining the
consequences of reproductive effort [22]. But there are no maturity to have a good chunk of profit. This study opens
similar studies have been conducted about the energy a new door for our future research regarding the fish
content of demersal fish species. However, the findings of nutrition and fish feed formulation that can help our
this study were similar to other studies regarding the aquaculture practice. 
energy content of many marine fish species. Love [23]
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