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Abstract: The present study quantifies the concentrations of proteins, carbohydrates, and lipids in the hemolymph, ovary, hepatopancreas,
and muscle of Fenneropenaeus merguiensis and F. penicillatus during ovarian maturation. Proteins were the major constituent in the
hemolymph and ovaries of the 2 species, while lipids were the major constituent in the hepatopancreas. The protein, carbohydrate,
and lipid contents in the ovaries of both species increased as ovaries matured. The increase in the protein, carbohydrate, and lipid
contents in the ovaries during maturation indicates that the ovaries utilize these constituents to mature. Concentrations of lipids in the
hepatopancreas decreased with ovarian maturation in both species. It appears that the lipid demands of ovarian maturation are met by
the hepatopancreas reserves, as lipid decrease in the hepatopancreas coincided with an increase in fully mature ovaries. The increase of
protein, lipid, and carbohydrate contents in the hemolymph with ovarian maturation in both species shows that the hemolymph serves
as a vehicle for the mobilization of organic reserves. Proteins, carbohydrates, and lipids in the muscles of the 2 species did not seem to be
related to ovarian maturation. In the present study, both the gonadosomatic index and the hepatopancreatic index also increased with
ovarian maturation in F. merguiensis and F. penicillatus.
Key words: Penaeid shrimps, ovarian maturation, proximate composition

1. Introduction
Information on biochemical changes and metabolic
processes that occur during maturation are important
for understanding crustacean reproduction. Therefore,
a number of crustacean species have been examined for
biochemical changes in the gonads, hepatopancreas, and
muscle during maturation and molting (Pillay and Nair,
1973; Gehring, 1974; Kulkarni and Nagabhushanam, 1979;
Read and Caulton, 1980; Castille and Lawrence, 1989;
Rosa and Nunes, 2002; Hasek and Felder, 2005).
Two species, Fenneropenaeus merguiensis and F.
penicillatus, are abundant in the shrimp catches of Pakistan,
in the northern Arabian Sea (Zupanovic, 1971; van Zalinge
et al., 1987), but over the past decade overfishing has caused
tremendous stress on their stocks, which is evident from
the decline in shrimp catches despite the increase in the
number of fishing trawlers (Marine Fisheries Department,
2006). This decline can be alleviated by the development
of shrimp farming in the country. The above-mentioned 2
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species are among the species cultivated in various parts of
the world (Qingbo et al., 1988; Chen et al., 1998; Hoang,
2001).
The establishment of the aquaculture industry has led
to an increased interest in studying ovarian development
and maturity, particularly in penaeid shrimps. Gonadal
maturation in female shrimps can be evaluated visually on
the basis of ovary size and color (Cummings, 1961; Brown
and Patlan, 1974) or the examination of histological
changes in the ovaries (Yano, 1988; Tan-Fermin and
Pudadera, 1989; Ayub and Ahmed, 2002a). Maturation
can also be evaluated on the basis of biochemical changes
in the gonads, which are sites of intensive biochemical
synthesis during gametogenesis. Increases in the
carbohydrate, protein, and lipid contents of the ovaries
during maturation have been reported in the shrimps
Metapenaeus affinis (Pillay and Nair, 1973), Penaeus
duorarum (Gehring, 1974), Parapenaeopsis hardwickii
(Kulkarni and Nagabhushanam, 1979), Penaeus indicus
(Read and Caulton, 1980), Penaeus aztecus, and P. setiferus
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(Castille and Lawrence, 1989). Ovarian maturation in
decapods also requires neuropeptides, ecdysone, and
methyl farnesoate, which are synthesized in the body
through nutrients from the diet (Nagaraju, 2011). A
number of neuropeptide hormones, such as vitellogenesisinhibiting hormone (VIH), gonad-stimulating factor
(GSF), crustacean hyperglycemic hormone (CHH), and
molt-inhibiting hormone (MIH), play an essential role
in controlling gonad maturation in crustaceans. CHH is
known to regulate not only reproduction but also glucose
levels in various organs of crustaceans. Ecdysteroids
have been considered as molting hormones, but recent
studies indicate that they play a major role in regulating
vitellogenesis, ovarian maturation, and protein synthesis
in decapods (Brown et al., 2009). It has been reported that
crustaceans are reproductively active when the titers of
VIH and ecdysteroid are low and those of GSF and methyl
farnesoate are high (Chang et al., 2001; Nagaraju, 2007).
In contrast to other biological and fishery information
on F. merguiensis and F. penicillatus from Pakistan and
the northern Arabian Sea (Zupanovic, 1971; van Zalinge
et al., 1987; Ayub and Ahmed, 1992, 2002a, 2002b), there
is a lack of data from Pakistan related to biochemical
composition in relation to maturity (Nisa and Sultana,
2010). Vitellogenesis is an important physiological
process associated with female reproduction, which is
characterized by the synthesis and accumulation of yolk
protein (vitellin) in the developing oocytes, which acts
as a nutrient source for developing embryos (CharniauxCotton, 1985). Vitellin is synthesized from vitellogenin
precursors, which, depending on the species, can be
synthesized in the hepatopancreas, ovaries, or both
(Okumura et al., 2007). It is transported to the ovaries
through the hemolymph and, once inside the ovaries, it is
cleaved, forming lipovitellin subunits (Oberdorster et al.,
2000; Okumura et al., 2007). Vitellogenin and lipovitellin
are complex lipo-glyco-caroteno-proteins (Oberdorster et
al., 2000). The present study was undertaken to measure
protein, lipid, and carbohydrate concentrations in the
hemolymph, hepatopancreas, ovaries, and muscle of F.
merguiensis and F. penicillatus females with the progress
of maturation.
2. Materials and methods
Female shrimps of F. merguiensis and F. penicillatus were
captured by fishermen operating their trawler in the vicinity
of Karachi, Pakistan. A total of 108 F. merguiensis and 71 F.
penicillatus females were collected and transported to the
laboratory alive, kept in well-aerated containers. It took
10 min to reach the laboratory, where the shrimps were
transferred to 4 well-aerated circular tanks (diameter:
3.6 m, depth: 0.8 m, capacity: 8 m3) at room temperature
(26 °C). Immediately from each shrimp, the hemolymph

(0.09 mL) was collected through the pericardial cavity
and mixed with 10% EDTA (0.01 mL). The hemolymph
was immediately centrifuged at 12,000 × g for 20 min, and
supernatants were stored at –20 °C until further analysis.
Shrimps were sacrificed and frozen. Each shrimp was
measured for total length (cm) and weight (g) and then
dissected on ice, and a 1.27-cm piece of tail muscle and the
whole hepatopancreas and ovaries were removed. Females
were classified as immature, maturing, and fully mature on
the basis of the color of the ovaries, as per the criteria of
Ayub and Ahmed (2002a). The ovary and hepatopancreas of
each shrimp were weighed to calculate the gonadosomatic
index (GSI) and hepatopancreatic index (HPI). The GSI
was equal to the ovary weight divided by the total body
weight multiplied by 100 (Giese, 1966). HPI for females
was equal to hepatopancreas weight divided by total body
weight minus ovary weight multiplied by 100 (Clarke,
1977). Tissue samples were placed in sample vials and
stored at –20 °C until required.
2.1. Biochemical analysis
The total protein was estimated as per the Folin–Ciocalteu
method of Lowry et al. (1951) with bovine serum albumin
(BSA) as the standard. One gram of wet tissue of the
ovary, hepatopancreas, and muscle was homogenized in
a homogenizer (Model Polytron PT-MR 2100, Kinematic
AG, Switzerland) with 10 mL of 0.1 M phosphate buffer.
Next, 1 mL of tissue homogenate and 1 mL of 0.1 N NaOH
were taken and kept for 30 min at room temperature.
Subsequently, 8 mL of distilled water was added and
centrifuged (Model 80-2, Seico, Pakistan) at 4000 rpm for
30 min. Only 0.1 mL of supernatant was taken, and 0.9 mL
of distilled water was added to make up a volume of 1 mL.
Next, 5 mL of alkaline reagent (2 g Na2CO3 in 0.1 N NaOH,
4% Na-K tartrate, and 2% CuSO4, 200:1:1) was added and
left for 30 min at room temperature. Finally, 0.5 mL of
Folin phenol reagent was added and left for 40 to 45 min
at room temperature. The color intensity was measured at
750 nm against a reagent blank on a spectrophotometer
(Model 6306, Jenway, United Kingdom). The supernatant
obtained was used for the estimation of carbohydrate
content following the method of Dubois et al. (1956).
The lipids were quantitatively determined by the
sulfo-phospho-vanillin method of Barnes and Blackstock
(1973). For this, 1 g each of the wet tissues of the ovary,
hepatopancreas, and muscle from each reproductive
stage taken in clean dry test tubes was homogenized in
10 mL of chloroform and methanol mixture (2:1, v/v) and
centrifuged at 4000 rpm for 20 min. After centrifugation,
0.5 mL of supernatant containing the lipids was taken in a
test tube and evaporated in a warm water bath. The process
of evaporation continued until dryness. The tube was left
at room temperature for 3 min and, after the addition of 2
mL of concentrated H2SO4, it was covered with aluminum
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foil and placed in boiling water for 10 min. The tube was
then kept in cold water for 5 min. In another test tube, 0.1
mL of mixture was taken from the cool test tube, 5 mL of
phospho-vanillin reagent was added, and the mixture was
incubated for 15 min at 37 °C. The absorbance was read at
540 nm against the blank on a spectrophotometer (Model
6306, Jenway, United Kingdom). A calibration curve
using cholesterol as a standard was constructed. Phosphovanillin reagent was prepared by mixing 1.2 g of vanillin,
200 mL of distilled water, and 800 mL of orthophosphoric
acid.
2.2. Statistical analyses
Biometric differences among maturation stages in F.
merguiensis and F. penicillatus were analyzed by one-way
ANOVA. Differences in the biochemical composition of
the hemolymph, ovary, hepatopancreas, and muscle with
species and maturation stages as factors were analyzed
by 2-way ANOVA. If factors were significant, the data
were rechecked with one-way ANOVA and a Tukey test
(multiple comparison test) to see which factors were
different. Regression analysis was used to determine the
relationship between GSI and ovarian or hepatopancreatic
biochemical constituents. Pearson correlations between
GSI and ovarian or hepatopancreatic biochemical
constituents were computed. SPSS 14.0 was used to analyze
the data.

3. Results
3.1. Biometric data
Carapace length, total length, and body weight did
not differ among the females of F. merguiensis and F.
penicillatus in different maturation stages (Table). As
ovarian maturation progressed in F. merguiensis, ovary
weight and GSI increased significantly (F = 67.28, df = 2,
P < 0.001; F = 106.89, df = 2, P < 0.001, respectively). The
same result was found in F. penicillatus, where ovary weight
and GSI increased significantly during ovarian maturation
(F = 49.74, df = 2, P < 0.001; F = 93.73, df = 2, P < 0.001,
respectively). Similarly, the hepatopancreatic weight and
HPI were significantly different from one level of ovarian
maturation to another in F. merguiensis (F = 11.08, df = 2,
P < 0.001; F = 28.17, df = 2, P < 0.001, respectively) and F.
penicillatus (F = 20.87, df = 2, P < 0.001; F = 24.46, df = 2,
P < 0.001, respectively) (Table).
3.2. Biochemical composition of the hemolymph
The percentage of proteins in the hemolymph of
F. merguiensis varied from 11.7% to 20.0%, that of
carbohydrates from 0.02% to 0.04%, and that of lipids
from 0.07% to 0.13%. In F. penicillatus the percentage of
proteins in the hemolymph varied from 13.0% to 20.0%,
that of carbohydrates from 0.02% to 0.04%, and that
of lipids from 0.07% to 0.14%. Protein was the major
constituent in the hemolymph of both species.

Table. Biometric mean ± standard deviation for females at different stages of ovarian maturation. CL = carapace length; TL = total body
length; BW = body weight; GW = gonad weight; GSI = gonadosomatic index; HPW = hepatopancreas weight; HPI = hepatopancreatic
index. Values in a row with different superscripts (a, b, c) are significantly different (P < 0.05). Values without a superscript are not
significantly different.
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F. merguiensis

Immature (n = 25)

Maturing (n = 52)

Fully mature (n = 31)

CL (mm)
TL (mm)
BW (g)
GW (g)
GSI
HPW (g)
HPI

57.5 ± 5.7
152.8 ± 11.1
32.6 ± 13.9
0.8 ± 0.2 a
2.7 ± 0.7 a
0.7 ± 0.3 a
2.1 ± 0.5 a

55.3 ± 5.7
154.2 ±15.4
32.4 ± 11.2
1.9 ± 0.7 b
5.9 ± 1.8 b
0.8 ± 0.3 b
2.8 ± 0.7 b

55.5 ± 6.4
155.9 ± 16.3
34.5 ± 13.6
3.2 ± 1.1 c
9.5 ± 2.1 c
1.0 ± 0.3 c
3.5 ± 0.9 c

F. penicillatus

Immature (n = 28)

Maturing (n = 26)

Fully mature (n = 17)

CL (mm)
TL (mm)
BW (g)
GW (g)
GSI
HPW (g)
HPI

58.3 ± 4.0
160.9 ± 9.3
35.8 ± 5.6
1.1 ± 0.4 a
3.2 ± 0.8 a
0.8 ± 0.2 a
2.2 ± 0.4 a

59.1 ± 4.8
163.3 ± 14.3
36.2 ± 12.4
2.4 ± 1.0 b
6.7 ± 1.4 b
1.0 ± 0.3 b
2.9 ± 0.6 b

61.7 ± 6.8
170.3 ± 22.7
43.2 ± 17.8
4.2 ± 1.5 c
9.7 ± 2.5 c
1.3 ± 0.4 c
3.6 ± 1.0 c
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The concentrations of total proteins, carbohydrates,
and lipids in the hemolymph showed no significant
differences between the 2 species. The concentration of
proteins and lipids in the hemolymph of F. merguiensis
(Figure 1) and F. penicillatus (Figure 2) varied significantly
(P < 0.001) with maturation in the ovaries, being lowest in
immature shrimp (147.0 mg mL–1 protein and 75 mg dL–1
lipid in F. merguiensis and 143.0 mg mL–1 protein and 71.4
Hemolymph
N =108

40
30

12

b
a

Carbohydrate mg g –1

Carbohydrate mg dL
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50

mg dL–1 lipid in F. penicillatus) and highest in fully mature
shrimp (191.0 mg mL–1 protein and 126 mg dL–1 lipid in F.
merguiensis and 188.0 mg mL–1 protein and 129.0 mg dL–1
lipid in F. penicillatus). The concentration of carbohydrates
in the hemolymph was not different in immature (25.7 mg
dL–1) and maturing females (30.1 mg dL–1) of F. merguiensis,
but it was significantly different (P < 0.05) in fully mature
females (36.2 mg dL–1) (Figure 1). The concentration of
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Figure 1. Mean ± standard deviation of proteins, lipids, and carbohydrates in the hemolymph and muscle of F. merguiensis
in different stages of maturation. Means with different letters are significantly different at P < 0.05.
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Figure 2. Mean ± standard deviation of proteins, lipids, and carbohydrates in the hemolymph and muscle of F. penicillatus
in different stages of maturation. Means with different letters are significantly different at P < 0.05.

carbohydrates in the hemolymph of F. penicillatus varied
significantly (P < 0.001) with maturation stages (Figure 2).
3.3. Biochemical composition of the ovary
The percentage of proteins in the ovarian tissue of
F. merguiensis varied from 6.0% to 21.3%, that of
carbohydrates from 0.3% to 2.7%, and that of lipids from
1.1% to 5.2%. In F. penicillatus the percentage of proteins
varied from 8.9% to 22.5%, that of carbohydrates from
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1.1% to 3.1%, and that of lipids from 1.2% to 6.0%. Protein
was the major constituent in the ovary of the 2 species.
In the ovarian tissue there were significant differences
in concentrations of proteins, lipids, and carbohydrates
between F. merguiensis and F. penicillatus. Ovary protein,
lipid, and carbohydrate concentrations increased
significantly in ovary tissue as the ovary stage advanced
in F. merguiensis (Figure 3). Similar significant increases
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Figure 3. Mean ± standard deviation of proteins, lipids, and carbohydrates in the ovaries of F. merguiensis in
different stages of maturation. Logarithmic ovary protein, lipid, and carbohydrate regressed against logarithmic
GSI. Means with different letters are significantly different at P < 0.05.

in biochemical contents were observed in the ovary tissue
of F. penicillatus with increase in maturation (Figure 4).
The GSI in F. merguiensis showed a statistically significant
(P = 0.01) positive correlation with ovary protein, lipid,
and carbohydrate concentrations (r2 = 0.582, r2 = 0.681,
and r2 = 0.5041, respectively) (Figure 3). The GSI in F.
penicillatus showed a statistically significant positive
correlation with ovary protein (r2 = 0.654, P = 0.01), lipid

(r2 = 0.774, P = 0.01), and carbohydrate (r2 = 0.748, P =
0.01) concentrations (Figure 4).
3.4. Biochemical composition of hepatopancreas
In F. merguiensis the percentage of proteins in the
hepatopancreas varied from 7.0% to 14.7%, that of
carbohydrates from 0.4% to 3.8%, and that of lipids from
6.0% to 20.0%. In F. penicillatus the percentage of proteins
in the hepatopancreas varied from 5.9% to 13.5%, that
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Figure 4. Mean ± standard deviation of proteins, lipids, and carbohydrates in the ovaries of F. penicillatus in different
stages of maturation. Logarithmic ovary protein, lipid, and carbohydrate regressed against logarithmic GSI. Means
with different letters are significantly different at P < 0.05.

of carbohydrates from 1.1% to 3.8%, and that of lipids
from 8.5% to 18.0%. From these data, lipids are the major
constituent in the hepatopancreas of the 2 species.
The concentrations of total proteins, carbohydrates, and
lipids in the hepatopancreas showed significant differences
between the 2 species. The concentrations of total proteins
and carbohydrates in the hepatopancreas of F. merguiensis
and F. penicillatus were found to increase with the progress
of ovarian development (Figures 5 and 6, respectively). The
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concentrations of lipid in the hepatopancreas were highest
in F. merguiensis (136.2 mg g–1) (Figure 5) and F. penicillatus
(141.9 mg g–1) (Figure 6) with immature ovaries, and
lowest in fully mature ovaries. The GSI in F. merguiensis
showed a statistically significant positive correlation with
hepatopancreas protein concentrations (r2 = 0.498, P =
0.01) and carbohydrate concentrations (r2 = 0.426, P =
0.01); however, the GSI of this species showed a statistically
significant negative correlation with hepatopancreas lipid
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Figure 5. Mean ± standard deviation of proteins, lipids, and carbohydrates in the hepatopancreas of F. merguiensis
in different stages of maturation. Logarithmic hepatopancreas protein, lipid, and carbohydrate regressed against
logarithmic GSI. Means with different letters are significantly different at P < 0.05.

concentration (r2 = –0.520, P = 0.01) (Figure 5). The GSI
in F. penicillatus showed a statistically significant positive
correlation with hepatopancreas protein concentrations
(r2 = 0.662, P = 0.01) and carbohydrate concentrations
(r2 = 0.694, P = 0.01), while the GSI showed a statistically
significant negative correlation with hepatopancreas lipid
concentration (r2 = –0.487, P = 0.01) (Figure 6).

3.5. Biochemical composition of muscles
In F. merguiensis, the percentage of proteins in the muscle
varied from 6.0% to 21.0%, that of carbohydrates from
0.2% to 1.4%, and that of lipids from 0.3% to 1.6%. In F.
penicillatus, the percentage of proteins in the muscle varied
from 9.8% to 21.0%, that of carbohydrates from 0.7% to
1.3%, and that of lipids from 0.8% to 1.2%. Protein was
found to be the major constituent in the muscle.
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Figure 6. Mean ± standard deviation of proteins, lipids, and carbohydrates in the hepatopancreas of F. penicillatus
in different stages of maturation. Logarithmic hepatopancreas protein, lipid, and carbohydrate regressed against
logarithmic GSI. Means with different letters are significantly different at P < 0.05.

The concentrations of total proteins, carbohydrates,
and lipids in the muscle showed significant differences
between the 2 species. Muscle protein, lipid, and
carbohydrate concentrations were lowest in immature
females of F. merguiensis (Figure 1) and differed
significantly (P < 0.001) from both maturing and fully
mature females. The concentration of these constituents
was not different between maturing and fully mature
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females of F. merguiensis (Figure 1). The concentration of
proteins and carbohydrates in the muscle of F. penicillatus
was not significantly different in maturing and fully mature
females, but it was significantly different (P < 0.001) in
immature females (Figure 2). Muscle lipid concentration
was not different in immature and maturing females of F.
penicillatus, but it was significantly different (P < 0.05) in
fully mature females (Figure 2).
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3.6. Comparison of proteins, carbohydrates, and lipids in
the hepatopancreas, hemolymph, and ovary
The comparison of the concentrations of protein in the
hepatopancreas, hemolymph, and ovary showed that the
hemolymph had the highest concentrations of protein
while the hepatopancreas had the lowest in immature,
maturing, and fully mature females. The concentrations of
carbohydrates were highest in the hemolymph and lowest
in the ovaries in immature, maturing, and fully mature
females; however, lipids were highest in the hepatopancreas
in immature and maturing females, while in fully mature
female lipids were comparatively higher in the hemolymph
than in the hepatopancreas. This trend was found in both
species, F. merguiensis and F. penicillatus (Figure 7).

4. Discussion
In the present study, the translucent, white, cream, and
yellow ovaries of P. merguiensis and P. penicillatus were
considered immature; greenish white or light green
ovaries were considered maturing; and dark or dull
green ovaries were considered fully mature, based on
the study by Ayub and Ahmed (2002a). In their study,
Ayub and Ahmed (2002a) reported that in F. merguiensis
and F. penicillatus, translucent, white, cream, and yellow
ovaries upon histological examination were revealed to
be in an immature or spent stage; light green ovaries in
a nearly ripe stage; and dark green ovaries in a fully ripe
stage. The immature and spent females were grouped
together, as Suneetha et al. (2009) reported that in the
spent stage there is a decrease in the content of all body
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hemolymph, and ovary of immature, maturing, and fully mature females of two
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constituents of P. monodon, similar to that at the onset of
maturation. Similarly, Peixoto et al. (2003) concluded that
the morphology and color of the ovaries were very similar
in the immature and spent stage in female F. paulensis.
In the present study, both the GSI and HPI
increased with ovarian maturation in F. merguiensis
and F. penicillatus according to the data reported for A.
antennatus, P. longirostris, and N. norvegicus (Rosa and
Nunes, 2002). In the present study, though lipids decreased
in the hepatopancreas of females with fully mature ovaries
in both species, the HPI was observed to increase with
increasing maturation. This may be accounted for by the
fact that, although lipids are decreased, the concentrations
of proteins and carbohydrates are increased, which may
result in an increase in the weight of the hepatopancreas
and thus an increase in HPI.
The protein, carbohydrate, and lipid contents in the
ovaries of F. merguiensis and F. penicillatus were observed
to increase with ovarian maturation. This result is similar
to those of other studies, as increases in the organic
constituents of the ovaries during maturation have been
reported in the shrimps Metapenaeus affinis (Pillay and
Nair, 1973), Penaeus duorarum (Gehring, 1974), Penaeus
indicus (Read and Caulton, 1980), and Parapenaeopsis
hardwickii (Kulkarni and Nagabhushanam, 1979). The
lipoprotein present in the ovaries is termed lipovitellin,
which is first synthesized as the precursor, vitellogenin, in
the hepatopancreas, ovaries, or both, and then transported
via hemolymph to the oocytes, where it is cleaved and
accumulated, forming lipovitellin subunits (Oberdorster
et al., 2000; Okumura et al., 2007). The increase in the
protein, carbohydrate, and lipid contents in the ovaries
during maturation indicates that the ovaries have absorbed
these constituents for maturation.
In the present study, the concentrations of lipids in the
hepatopancreas of F. merguiensis and F. penicillatus were
highest in immature females and decreased with maturity,
being lowest in fully mature females. The decrease in
lipids in the hepatopancreas with maturity shows that
vitellogenin is synthesized in the hepatopancreas and later
transported to the ovaries such that the lipid contents
are at maximum concentration in fully mature ovaries,
suggesting that the reserves of lipids have been deposited
in fully developed oocytes. Mak et al. (2005) suggested that
vitellogenin is first synthesized in the hepatopancreas of
the crab Charybdis feriatus and afterwards taken up by the
ovary. Okumura et al. (2007) suggested that vitellogenin
is synthesized in the hepatopancreas, ovaries, or both
and then transported to the ovaries, where it is cleaved,
forming lipovitellin subunits in the penaeid shrimp P.
japonicus. The presence of increased levels of vitellogenin
in the ovary and hepatopancreas during yolk accumulation
has been reported in several penaeid shrimps (Avarre et

344

al., 2003; Tiu et al., 2006; Phiriyangkul and Utarabhand,
2006; Raviv et al., 2006). Vitellogenin and lipovitellin are
complex lipo-glyco-caroteno-proteins (Oberdorster et al.,
2000). The present results are in accordance with those
obtained in different penaeid shrimps (Khayat et al., 1994;
Palacios et al., 2000; Vazquez Boucard et al., 2002) and
crabs (Khan and Natarajan, 1980; Nagabhushanam and
Farooqui, 1982; Mourente et al., 1994).
Unlike the present study, in which a decrease in
hepatopancreas lipids was found with ovarian maturation,
there are studies on some decapods in which no maturityrelated decrease in HP lipids was observed (Castille and
Lawrence, 1989; Cavalli et al., 2001; Rosa and Nunes,
2002). The authors of these studies reported that in such
cases the lipid requirements of the developing ovary
are dependent on the ingestion of dietary lipids rather
than on HP reserves. However, Antunes et al. (2010),
while studying seasonal variations in the biochemical
composition of the ghost crab, Ocypode quadrata, reported
that lipids seemed to be an important reserve of energy
used during reproduction, in both males and females,
whereas glycogen may be used during periods of intense
activity or fasting.
In the present study, the protein content in the ovary and
hepatopancreas increased significantly during maturation,
which is in accordance with the findings of Tuck et al.
(1997), who observed an increase in the protein content
of the ovary and hepatopancreas during maturation in N.
norvegicus, but not in accordance with those of Rosa and
Nunes (2002), who observed no significant increase in
protein in these tissues in the same species.
Carbohydrates showed significant increases in the ovary
of F. merguiensis and F. penicillatus as maturation advanced,
which contradicts the study by Rosa and Nunes (2002),
who found that carbohydrates did not show significant
variations throughout maturation in N. norvegicus, while
Tuck et al. (1997) found that carbohydrates decreased with
maturation in the same species. In the present study, the
GSI of both species was correlated positively with ovary
carbohydrate concentration, showing its possible role in
the maturation of the ovaries.
Crustaceans digest and absorb lipids in their feed and
transport them to the appropriate cells for utilization
or storage. The main storage organ for lipids in shrimp
is the hepatopancreas (Dall et al., 1990). Lipids are
hydrophobic in nature and thus require a special vehicle
for their transport through the aqueous hemolymph.
For this purpose, in crustaceans, as in other animals, the
lipids get associated with proteins, forming lipoproteins.
Two different lipoproteins, lipoprotein I and very high
density lipoprotein (VHDL), were isolated from the male
hemolymphs of crustaceans, while in females, in addition
to these, lipoprotein II was present, which seemed to be
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vitellogenin (Komatsu et al., 1993). Garcia et al. (2002)
also showed the presence of lipoproteins in crustacean
serum in Macrobrachium borellii, and termed them
HDL-1 and HDL-2. According to Garcia et al. (2002),
HDL-1 was present in the plasma of both males and
females, while HDL-2, also called vitellogenin, was only
present in females and carried the yolk precursors from
extraovarian synthesis sites to the oocyte. The presence of
proteins, lipids, and carbohydrates in the hemolymph of F.
merguiensis and F. penicillatus shows that vitellogenin has
been released from the hepatopancreas or ovaries, or both,
to be absorbed by the developing oocytes. The hemolymph
serves as a special vehicle for the mobilization of organic
reserves to the other tissues.
In the present study, proteins, carbohydrates, and lipids
in the muscles of the 2 species do not seem to be related to
the maturation stages. Protein was found to be the major
constituent in the muscle of the shrimp. No differences
in protein content between the 2 species were observed,
although F. penicillatus had a higher carbohydrate and
lipid content in the muscle than did F. merguiensis. On the
whole, the proximate composition of the edible part of the
2 species was found to be different. The same difference in

proximate composition has been reported in red shrimp
and pink shrimp (Rosa and Nunes, 2003), and in black
tiger shrimp and white shrimp (Sriket et al., 2007). The
proximate compositions of shrimp muscles are dependent
on factors such as species, growth stage, feed, and season
(Sikorski et al., 1990; Karakoltsidis et al., 1995).
The present study shows that the concentrations of
lipids in the hepatopancreas for both species were highest
in immature females and decreased with maturity, being
lowest in fully mature females. This shows that vitellogenin
(lipoprotein) is synthesized rapidly to its maximum in
the hepatopancreas when the ovary is immature, but as
maturity commences, the lipids in the hepatopancreas
start decreasing, as they are transported through the
hemolymph to the developing oocytes. The increase of
these contents in the ovaries with maturation shows that
the oocytes absorb vitellogenin from the hemolymph,
which is converted to vitellin in fully matured oocytes.
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