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Variation in the proximate composition of shrimp, Fenneropenaeus
penicillatus at different stages of maturity
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Abstract: Fenneropenaeus penicillatus (also called Penaeus penicillatus) is an abundant species on Pakistan Coast, locally called as
“Jaira”. The proximate chemical composition was determined in mid gut gland, ovary and muscle during different stages of ovarian
development that was found to be varied among the different tissues examined. Accumulation of different organic constituents was
significant in midgut gland and ovary, whereas, muscle did not show any significant variation during maturation process. The lipid content
was highest in the midgut gland as compare to ovary and muscle and the quantity was found increasing throughout the ovarian development
in midgut gland and ovary while fluctuating in muscle. The increase in the protein content was not as significant in the midgut gland and
muscle as that of the ovary during different stages of sexual maturation. The carbohydrate content did not show any significant change in
any tissue though found to be highest in midgut gland as compared to ovary and muscle. The present study suggests that there was no
mobilization of lipids from midgut gland to ovaries during ovarian maturation and the lipid increase was due to the intake through diet.
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INTRODUCTION

From Pakistan, twenty five species of penaeid
shrimps have been recorded'. Out of these 25
species, only 12 species are exploited commercially”.
The annual shrimp catch during 1971-2007 ranged
between 16,050 to 34,920 metric tons with an
average production of 24,937+4341 metric tons
(Fishery Statistics of Pakistan, 2002, unpublished
data).  Fenneropenaeus penicillatus (also called
Penaeus penicillatus) is a commercially important
and abundant species of Pakistan Coast; it constitutes
the bulk of the catch of large size category of shrimp
(Jaira) together with F. merguiensis (also called P.
merguiensis). The relative abundance and economic
importance of F. penicillatus in Pakistan and its
significance as a suitable candidate species for
culture due to its high temperature and salinity
tolerance’ deserves in depth studies on its
reproduction and maturation. In Pakistan, work on
the species remained restricted mostly to the
taxonomic®” and biological studies®'’. Data related
to biochemical studies are scarce and refer only to
the determination of proximate biochemical
composition of the tail muscle of Penaeus spp'' ™.
Such data have limited significance, since it is not
species specific or related to either physiological (e.g
the stage of gonadal maturation or moulting cycle) or
ecological parameters (e.g time of the year,
temperature and food availability)".

The changes in proximate composition of
shrimp ovary, midgut gland and muscles (gonads)
have been regarded as an indicator of progress of
maturation process due to the accumulation of
organic constituents. Such changes have been
previously observed in shrimps, Metapenaeus affinis,
Penaeus indicus, Parapenaeopsis hardwicki, P.

aztecus and P. setiferus'®!®. The variations in the

biochemical composition have been documented as
the species specific; in P. aztecus protein content and
carbohydrate content of the midgut gland increased
with no change in lipid content during maturation,
whereas in P. setiferus, decrease in the lipid content
in midgut gland was associated with maturation'.

The proximate composition of the shrimps,
crustaceans and other aquatic organisms has found to
be varied due to the seasonal factors, climatic
factors, geographic factors, habitat, developmental
stage, sex, sexual maturation'®2*2¢. The
biochemical composition also varied in shell and
flesh of Fenneropenaeus indicus”’. Recently
Suryavanshi et al ** found the decrease in nutritional
value of shrimp, Metapenaeus monoceros due to the
effect of organochlorine pesticide, endosulfan;. the
sublethal doses of endosulfan significantly (P<0.05)
altered the levels of total protein, total carbohydrates,
glycogen, total free sugars and total lipids in test
shrimps. Concentrations of biochemical components
significantly varied with the duration of exposure but
were dose-independent (P<0.05). In some species of
shrimps and other decapods ovarian lipids may be
derived from the diet whereas, in some others lipids
may be accumulated and later transported to the
ovaries during gonad maturation”. In view of many
variables exerting their affect on the proximate
composition, it became quite imperative to study the
proximate composition of F. penicillatus at different
maturity stages, which has not been under taken
previously.

In female shrimps maturity stages of the ovary
are determined by one or a combination of following
factors: i) visual changes, ii) histological changes,
iii) gonadal indexes, and iv) biochemical changes.
The visual changes were associated with changes in



size and color of the ovary and correlated with the
histological changes in the ovaries’*. Sultana®
described the structures of ovary and maturation
stages in F. penicillatus; five stages have been
recognized including the spent on the basis of colour
and histological studies. Later Ayub and Ahmed**'
recognized six stages of ovarian development on the
basis of color and histological observations and
include two additional stages, the resorbing and
resorbing / developing as compatible to spent stage.
For the present study to determine the variation in
the proximate composition during maturation, four
stages viz, 1) immature ii) early maturing, iii) late
maturing, and iv) ripe were considered leaving the
spent or resorbing stages.

MATERIALS AND METHODS

F. penicillatus were collected from commercial
catches at Korangi Creek Harbour. Females were
sorted according to the maturity stages of the ovary.
Shrimps were transported to the laboratory in ice in
insulated boxes. Maturity stages of ovary were
recognized by visual observation, which is based on
color and size of ovary. Following maturity stages
were recognized:

Stage 1: Immature (the transparent to opaque un-
pigmented)

Stage 2: Early maturing (light green ovaries, the
middle lobe not visible)

Stage 3: Late maturing (bright green, swollen and
slightly turgid lobes)

Stage 4: Fully mature (dark olive green ovaries,
occupies more than 2/3 part dorsally).

The tissues from several individuals were pooled to
obtain a sufficient amount for analyses. All samples
were stored at —40°C until analyzed. Protein,
moisture and ash were determined as per AOAC
method *2. Carbohydrate was determined by the
method by Dubois et al. **. Lipid was determined by
Folch et al.*. The energy content was calculated as:
proteins 4.27 kcal/g wet weight, lipids 9.02 kcal/g
wet weight, carbohydrates 4.11 kcal/g wet weight (1
keal=4.184 kJ)*.

RESULTS AND DISCUSSION

The wvariation in the proximate chemical
composition of the mid gut gland, ovary and muscle
at different maturity stages of F. penicillatus have
been determined on wet weight basis (Table 1) to
elucidate the relationship between biochemical
composition and the ovarian maturation. The dry
matter in midgut gland increased from 25.4 % (stage
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I) to 29.65 % (stage IV) of the midgut gland wet
weight. Lipid increased progressively from initial
level of 4.9 % at stage I to 8.0 % at stage IV, lipid
content was found to be highest in the midgut gland
as compared to ovary and muscle, whereas protein
increased slightly from 17.2 % (stage 1) to 18.0 %
(stage 1V) showing no significant variation
throughout the maturation process. Carbohydrate
content ranged from 1.9 % (stage I) to 2.1 % (stage
IT &II). The carbohydrate was higher in midgut
gland than ovary and muscle where it slightly
decreased between immature and early mature stages
and increase between early mature and fully mature
stages of ovarian development. Ash ranged between
1.40 % (stage I) to 1.68 % (stage III). The moisture
content decreased from 74.6 % (stage I) to 70.35 %
(stage IV). The energy content increased from initial
value of 523 kJ (stage I) to 656 kJ (stage IV).Higher
concentration of energy was found in midgut gland
as compared to other tissues examined. The midgut
gland is the main storage organ of organic and
inorganic reserves in decapods crustaceans **
Accumulation of the organic constituents and energy
reserves in different species depend upon the food
resources that fluctuate in their availability.

The ovary exhibited the pronounce changes in
the proximate composition and has been found well
in agreement with those reported in other penaeid
species *" ' ! The proximate chemical composition
in the ovary of F. penicillatus depicts an increase in
the dry matter from 21.00 % (stage I) to 28.00 %
(stage IV). The lipid content varied from 2.60 %
(stage I) to 6.80 % (stage IV), showing a significant
increasing trend during maturation whereas, protein
increased from initial level of 15.90 % (stage I) to
18.40 % (stage IV). The increase in the protein
content was not so significant in the midgut gland as
that of the ovary during different stages of sexual
maturation, this increase in the protein in the ovary
may be attributed to several biochemical processes
going on during maturation **. Pillay and Nair *,
Jeckel et al. ¥ and Castille and Lawrence " also
reported an increase percentage of protein in the
ovaries of Metapenaeus affnis, Pleoticus muelleri,
Penaeus aztecus and P. setiferus throughout the
sexual maturation.

Carbohydrate was found to be lower in ovary as
compared to midgut gland it fluctuated from 0.70 %
(stage I) to 1.55% (stage II) with no significant
changes during ovarian development however
according to Harrison carbohydrates play
important roles in production of nucleic acids, as
intermediates in production of energy and as
component in ovarian pigments.
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Table 1: Variation in the proximate composition (% wet weight) of midgut gland, ovary and muscle of Fenneropenaeus. penicillatus

during maturation.

Midgut gland
Maturity
stages Lipid Protein Carbohydrate Ash Dry matter Moisture
Stage I 4.9 17.2° 1.90° 1.40° 25.40° 74.6°
Stage I 6.5° 17.5° 2.10° 1.47° 27.57% 72.43°
Stag I1T 7.5 17.8% 2.10° 1.68° 29.08" 70.92°
Stage IV 8.0 18.0° 2.00 1.65° 29.65° 70.35°
Percent increase/decrease 63 .0 4.65 5.26 17.85 16.73 -5.69
Ovary
Stage I 2.60° 15.9* 0.70° 1.80° 21.00° 79.00°
Stage I 430° 17.50° 1.55° 1.90° 25.00° 75.00°
Stage 111 6.13° 18.00° 1.17* 2.20° 27.80 72.20ab
Stage IV 6.80° 18.40° 1.00° 2.00b 28.20 71.80°
Percent increase/decrease 161.5 15.72 42.85 11.11 34.29 -9.11
Muscle
Stage I 1.30° 18.40° 0.99 1.86° 22.53° 77.47°
Stage I 1.50° 19.00° 0.66° 1.85° 22.94® 77.06®
Stage III 1.20° 18.68" 0.87° 1.81° 23.20° 76.80°
Stage IV 1.50° 19.00° 0.66" 1.86° 23.00° 77.00°
Percent increase/decrease 15.38 3.26 -33.33 0.0 % 2.08 -0.0606

Values within a column with same superscript letters are not significantly different. (P<0.05)

The moisture content significantly decreased
from 79.00 % (stage I) to 71.80 % (stage IV). Lpid
and protein content increased and moisture decreased
throughout maturation whereas, carbohydrates
increased from immature to early maturing ovary
and continue to decrease till the fully ripe stage. An
inverse relationship exists between the moisture and
other organic reserves, during the ovarian
development’". Jeckel et al.,* reported decrease of
moisture content in Pleoticus muelleri with the
increase of lipid and protein in the ovary during
maturation. Variation in the biochemical
composition with particular reference to the protein
,lipid and glycogen in ovary and midgut gland have
also been reported for shrimp Parapenaeosis
hardwickiii by Kulkarni and Nagabhushanam'® the
values reported are not comparable to the values of
present study. They reported percentage of lipid,
protein in very low concentration in relative to
glycogen which was in abundance and that organic
reserves were mobilized from the digestive gland to
the ovary, whereas, in the present study organic
reserves were not mobilized. Similar finding were
observed for P. aztecus by Castillle and Lawrence'”.
The energy content increased significantly
throughout  ovarian  development  showing
accumulation of energy. The main difference found

between the proximate composition of ovary and
MG was the higher percentage of lipid in MG than
that of the ovary.

There was no significant increase observed in
organic constituents of the muscle during the ovarian
maturation and showed no correlation with the
reproductive activity. The lipid content in muscle
increased from 1.20 % (stage III) to 1.50 % (stage II
& 1V); the protein ranged from 18.40 % (stage I) to
19.0 % (stage II & IV); Carbohydrate content ranged
between 0.66 % (stage I & IV) to 0.99 (stage I); ash
content was 1.81 % at stage III to 1.86 % at stage I
& IV, whereas, the moisture content followed an up
and down trend with ranged from 77.45 % (stage 1)
to 76.99 % (stage IV). The increase in dry matter in
muscle was almost negligible i.e., from 22.55 %
(stage I) to 23.02 % (stage II). The energy value also
followed up and down trend ranged between 394 kJ
(stage I and Stage II) to 408 kJ (stage II and stage
v).

Despite the fact that the hepatopancreas has
been considered as the universal organic reserve
organ, not all decapods transport measurable lipid
reserves from it to the ovaries'®'”. During the
present study, in spite of accumulation of energy
reserves in the mid gut gland during ovarian
development, no indication for utilization of energy




reserves supplied from mid gut gland to the ovaries
was found.

Therefore, shrimp species derived energy for

reproduction directly from feed rather than using the
stored energy. It may be concluded that effect of
maturation process is not as pronounce in mid gut
gland and muscle as that of ovary, where significant
variations were found.
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