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Preface

Bangladesh Fisheries Research Institute (FRI) was established under an
ardinance of the Government of the Peaples” Republic of Bangladesh in 1984 as
a naticnal instilute for Carrying out and coordinate fisheries research in
Bangladesh, The Institlute was recrganized and upgraded through ‘Bangladesh
Fisherles Research Institute (Amendment] Act, 1996 in line with the structure
of the National Agricultural Research Institutes. Keeping in view of immense
potential of the fisheries sector in fulfilling the naticnal protein requirement and
emancipating rural economic development, the institute was mandated to
undertake appropriate research programmes with sound and scientific base to
maximize fish production through aquaculiure and scientific management of the
country's fisheries resources, FRI'S broad spectrum of activities cover ressarch
and training on scientific fisheries thus enabling it to address the constraints

facing promation of sustainable development of the sector.

The overall ressarch and planning activities of the Institute are carried out in
close cooperation and collaboration with various regional and Internatonal
Institutes and agencies Invelved in fisheries R & D activities. The Institute also
maintains lizison with national Universities/ Institutes of the country for
implementing collaborative research and manpower development. Thus, FRI as
a nodal instittion provides leadership in fisheries sector R & D activities, The
institute plays an important role in planning and carrying out appropriate research
to evolove mew  and appropriate technologies to disseminate to the farmers,
entrepreneyrs and scientific communities in order 1o contribute to  sustainable
resaurce development,

Considering the significant accomplishment of FRI in generating technical
information through a strong feed-back system in the overall research approach
of the Institute, it is indeed mecessary to publish a scientific journal for
documentation of findings for the propose of scientific use by researchers and
devalopment warkers working in this field, Keeping this in view, FRI has initiated




to publish regularly a journal in the title of Bangladesh Journal of Fisheries
Research.

The publication of BIFR marks another milestone in the brief history of the
Institute. The Journal will serve as an effectivie mechanism for the dissemination
of fisheries research and other relevant information o ecientists of not only this
Institute but also other institutions at home and abroad. The maintenance of the
journal should be the role of the scientists, researchers, development workers
whit we wish may find the journal useful, Thanks to those who submitted
manuscripts, We invite more manuscripts and also personal as well as
institutes’ subscription.

D, MAL Mazid
Director General
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Disinfection of aquarium effluents by chlorination and
UV treatment

LA m“__ur M.AR. Faruk' and V. Inglis
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 Depariment of Fisheries Technakgy
Bangladesh Agriciliweal University, Mymensingh-2202, Sanglackesh
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Abstract

The study was conducted to investigate the sificacy of chlorine and UY
irradiation in disinfecting aquarium effluent. A non-agelutinating, avirubent strzin
of Aeromonas dalmanicida (NCIMB 17020 was used as the test arganism.
Efffuents from a fish tank were inoculated with a suspension of test Organisms
and suhsequently treated with different concentrations of hypochlorite and LV
irradiation  separately and simultaneously, When uwsed alone, 1.0 ppm
hypochborite reduced the viable cell count frem 6.5 log to 3.0 lop within 20
minutes of contact period. On the atherhand, when used in combination with
LV irradiation only 0.5 ppm hygochlorite exened the same bactericidal effect
within the same contact period as was observed with 1.0 ppm hypochiorite
alene. This result indicated that required dose of disinlectant for the disinfection
of aguarium effluents can be considerably reduced when It s used in
combination with LY irradeation,

Key wards : Disinfection, Effluent, Chlorination, Ly

Introduction

Effluents from aquacultural activities are a potential source of
microorganisms pathogenic to fish and shellfish in the wider environment.
scientific laboratories working with the infected fish and pathogens in particular,
are high risk activities since many of these species survive well in the aguatic
enviranment. In order to prevent the poswible spread of such pathagens in the
environment, disinfection of waste water is of utmost importance (Austin and
Austin 1993

Chlorine is a strong oxidizing agent and raptdly penetrates microbial cells
and kills the microorganism. Death results from the chemical reaction of
hypochlorous acid with the enzyme triphosphate dehydrogenase which s
essential 1o life process of the cell (White 19732}, Chlorine, at a concentration of
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1.0 1o 0.2 mg/ml, has been demonstrated to efficiently remove bagterial
pathogens ke Agromonas salmanicida and Yersinia ruckeri from natural lake
waters within one minute [Wedmeyer and Nelson 19771 whereas infectious
hematopaiatic necrosis virus (IHNY) and infectious pancreatic necrosis virus
(1PN were more resistant and required 0.7 to 1.0 /mg ml for inactivation.

Fish pathogenic bacteria, in general appear to be sensitive to UV light and
unlike halogen disinfectants LY ircadiation aof water does produce undesirable
boy-products toxic o fish (Oliver and Carey 1976), Doses of 1.3 19 3.4 mWsfem’
have been reported to inactivate 39.9% of Vibrio salmonicida, V. anguiflarum,
versinia ruckeri and A. salmonicida (5ako and Sorimachi 1985). High intensities,
viz, 4 1o 10 mwsfcm® were required for human pathogenic and water quality
ncicator bacteria like Salmonefla, Escherichia coli and Vibrio sp. [Chang ef al.
1985 and Harris et al. 1987),

Combined application of a chemical dicinfactant and UV Trradiation may
sesult in increased efiicacy with lower levels of chemicals. Several investigators
have expressed interest in the combined organic compounds in effluents and
far enhanced disinfection (Venosa et al. 1984 and Glaze ef al. 1991). Combining
halogens and LY have not recpived the attention in water treatment studias. But
in a recent studies it was shown that UV and chlorine based disinfectant had a
synergistic efiect (Lifvet and Lancfald 1995, unpublished datal.

The aim of this study was 1o investigate the disinfection efficiency of chioring
and UV irradiation in aqaarium effluent and to determine if simultaneous
application of chlorine/UV in these increased the efficacy.

Materials and methods

Test organism and growth procedure

A non-agghutinating, avirulent strain of Aecromonas salmonicida [NCIMB
1102 was used as a model bacterium in this study because virulent strain ot
this organism Is highly pathogenic to calmonid fish causing septicemia and
shundant in both fresh water and marine environment in the colder region. The
hacteria were grown at 22°C for 3 days in tryptone soyd agar [TSB, Unipath,
Basingstoke). Cells were harvested by contrifugation at 2500 rpm for 10 miniutes
and the resultant pellet was resuspended in 0.85% sterile saline solution. The
suspension was further diluted 1o give a concentration of approximately 10" cfu
fml.

Preparation of disinfectant and neutralizing solutions

Chlarine stock solutions were prepared from a sodium hypechlorite soluticn
{14% wiv available chlorine). Appropriate volumes were added to distilled
deionized water 1o obtain 10, 20, 30 and 40 ppm free chlorine, Stock solutions
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{11, 22, 33 and 44 ppml of a neutralizing solution for hypochlorile were
prepared by dissolving appropriate quantities of sodium thiosulfate in distilled
water. Four separate stock solutions of hypochlonite were prepared so that when
0.5 ml was added to 9.5 ml of the test sample the required concentration range
of 0.5 to 2.0 ppm was attained. Similarly, since 1 gm of active chlorine is
effectively removed by 2 gm of thicsulfate [Hom 1971}, stock solutions of
soddium thiosulfate from 11 to 44 ppm were prepared so that when 1 ml was
added to the 100ml wst sample there will be a concentration ratio of 2:7.

Fish tank and LV ascenbly

Twenty five rainbenw trout (100-150 gm each] were introduced in a tank of
100 gallon capacity and held for several days with standard feeding and
husbandry. The tank was fitted with a pipe in the middle to discharge the
effluent into sump tank (100 gallon plastic tank) mounted on the floor below the
fish tank. The sump tank had two overflow pipes mounted near the op of the
tark but below the level of the fish tank outlers. A submersible pump with
integral float switch was mounted inside the sump tank te pump water through
the UV unit (Aquarium sterilizer-Model 301 and then to waste. A tide arm with
valve was also present to control the rate at which water was pumped from the
SUMp.

Water sample preparation

The effluent from the fish tank Was collected from the sump tank in a sterile
conical flask and brought o the laboratory. The water comained dissolved and
suspended organic matter from feed pellets, faecal materials and other waste.
The sample was heated at B0°C for 10 min in a water bath to kill the indigenous
bacteria and was subsequently cooled 1o e,

Hypochlorite treatment
Heat treated and cooled water sample was inoculated with the previoushy

prepared bacterial suspension to obtain a suspension of approximately 107
cells'ml, From this suspension 9.5 ml aliquots were taken in 4.5 cm diameter
sterile plastic disposable petri plates and 0.5 ml stock solutions of different
concentrations of hypochbonite were added. Petri plates with the samples were
immediately put in an ice bath {ice-water temperature 70 placed over a
magnetic stirrer, After the required contact periods with stirming 1.0 ml of stock
solution of different concentrations of neutralizing solution was added to each
sample. After neutralizing for 1 min samples were subjected 1o total viable
count according o drop count method [Miles and Misra 1938), The experimental
procedure has been summarized in Fig. 1.
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Fig. 1. Experimental procedure bo assess bactericidal effect of sodiem hypochborite.

Combined Liv-hypochlorite treatment

Effluent in the sump tank with indigenous and added bacterial inoculum was
treated with calculated amount of hypochlorite solution 1o give the desired
concentrativn of chlorine and mixed quickly and thoroughly by vigorous agitation.
After selected time intervals (10, 20 and 30 min) the effluent water was passed
through a LUV unit by using a subsmersible pump. UV treated water sample was
collected from the discharge point and quickly dechlorinated by sodium
thiosulfate and subjected o total wviable count (Miles and Mirsa 19381
Temperature of the aquarium effluent was around 7°C.

Results

Fig. 2 shows the lagarithmic number of colony forming units (ciu) of bacteral
cells!ml versus contact time of bacteria with different concentration of chlorine.
A genesal trend in the loss of viability of the cells was observed with the
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increase of contact time as well as concentration of chlorine. With 0.5 ppm
chlaring, one log reduction was achleved within 5 minutes of contact prericd,
thereafter the reduction was slow and gradual. There was a more rapic and
massive reduction of bacterial number at the 1.0 ppm free chlorine
concentration level. At this concentration two log reduction could be achieved
within 5 minutes and three log reduction in 15 minutes, which is equal 10 99.9%
reduction in the viable count. The rate of reduction was raplel during the first 5
minutes with 0.5 ppm and the first 15 minutes with 1.0 ppm chlorine but after
that, the slope of the curve levelled off. With 1.5 ppri and 2.0 ppm the number
of viable cells fall below the level of detection within 5 minutes, which means
the .99 0995% reduction in the cell number could be achieved in 5 minutes with

1.5 ppm chlorine under this experimental condition,

Lo o, of CFLmL.

Fig. 2. Loss in viable count of chlorine exposed Aeremonas salminicida in aguarium
effluent

Fig. 3 shows the logarithmic number of colony forming units versus LV
treatment and combined UV + hypochlarite treatmant for different contact
periods. With UV treatment alone a log value of 6.35 of starting suspension was
reduced to 4.80 which means a reduction by more than 1.5 log. With a
cembined treatment of UV and 0.5 ppm chlorine log value was reduced to 3.0
within 20 minutes of contact time, This effect is identical with the effect of 1.0
ppm chlorine alore Showing that required chlorine alone showing that required
chlorine, concentration is only 50% when it is used in combination with UV
treatment. In the UV study test organisms were a mixed population because

(93]

S



Disinfeciion of aquanam efffwent

indigenous bacterial flora of the agquariem effluent were not eliminated by
treatment as was done when only hypochlorite was used. This was necessary
to e the combined effect of UV and chloring in the actual aquarium system.

1 m Dinhy chlorime (0.5 pins}
08 Cllri;'illli- ElEpension

i

[™

Laog mo, of CFUml
il

B

% & L 1D min Uy +£1 Jmin UV 1L 10 min
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T

Flg. 3. Effect of LV, chlorine {0.5 ppm} and combined U/chioring (0.5 ppmi treatments
an the vishility of bacteria infaquarium effluent.

Discussion

From the experimental result of the present study it is apparent that
frashwater effluents from laboratory based aguarium systems could be
affectively disinfected with low doses of chlorine. The efficiency of disinfectant of
a bacterial suspension in the effluent is proportional to the initial hypochlorite
dose and contact time, therefore, complete destruction may be difficult with
loweer doses,

incomplete oxidative destructive of bacterial cells has been sugpested 1o
arice because of chlorine reacting with other substances [White 1972).
Paolprasert and Rajput (1984) demanstrated the reduction of chlorine residual
and colicidal efficiency by increasing the suspended solid concentration in the
chlorinated effluent.

The composition of efiluents from different sources may vary considerably,
depending on operational practice. Compared to commercial agquacultural
activities the effluents wsed in this study had a low concentration of suspended
matters. Dhoses and contact times used in this study can be compared 1o treated
surface waters which are usually satisfactorily chlorinated with dose of 0.5 10 1.0
ma/ |, Higher doses upta 5 mg/l are required for purification with high levels of

]




M. N, Ielam ar al,

suspended matter or for the complete oxidation of ammonia and organie matter
{Hom 19711 It Is quite obwvious then that ehlorine demand will vary in different
gituations and depend on the nature of the arganism in the efiluent, nature and
candition of water and temperature.

A combined treatment of UY and chlorine may increase the effectiveness of
chiorination in destroying bacteria in the effluents, The present study showed
that required chlorine conceniration could be reduced by 50% when used in
combination with UV treatment. Effectiveness of UV treatment of waste water is
genetally reduced due to protective effects to bacteria by particulate matter in
the water (Qualls and Johnson 1983, Whitby and Palmater 1993). Such
protection is a limiting factor in disinfection efficiency. Every effort should be
mace to reduce the quantity of suspended matter by filiration prior 1o
disinfection,
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Nursery rearing of Macrobrachium rosenbergii (de
Man) using hapa-nets : effects of stocking density

M.J. Alam, M.E. Hog, D.A. Jahan and M.A. Mazid

Froshwaer Stationy, Bangladesh Ficheries Research instiude
Mypmensingh-2201, Banpladash

Abstract

An experiment was conducted in twa phases for 45 days sach 1o study the
effects of six stocking densities {phase-t; 100, 200 and 300 PL/m? and phase-Ii
250, 500 and 750 PLIm?) on growth and survival of Macrabrachiom rosenbengil
postlarvae [PL) in nylon hapa-nets (1.8 m x 1.4 m x 1.4 m] instalbed in a2 pond.
Stocking densities of 100, 200 and 300 PL,o/m2 resulted in similar (P < 6.05]
body length (47 - 48 mim) and surdval rate (84 - B83%L), while body weight {062
g in PL with 300/m was significantly lower than that {070 g} in PL with 100 and
200/m?, The growth (body length 47 mm and weight 0.64 gl and survival (84%)
of PL stocked at 250 PL/m? densit were significantly higher (P < 0.05) than that
of PLat 500 and 750/m?, Besides the vasiation in growih amd survival in PL at

siy test stocking densities, a sharp Increase in body weight of PL was ohserved
beginning at the 4th week of rearing.

Key words : M. rosenbergil, Stocking density, Hapa-net

Introduction

Mursery rearing of newly ralsed M. rosenbergii postlarvae [PL) far 1-3-manth
periad, prior to stocking in the grow-out pond, is an important step in freshwater
prawn aguaculture. Thaugh direct stocking of 1-4-week old PL to grow-out pond
is practiced by many farmers elsewhere [Alston 1989), incorporation of nursery
rearing into both traditional and non-traditional prawn culture systems has
significant effects in order to improve survival, grow-out inventory control and
ultimately to optimize the production (Malecha 19861, Prawn nursery is also
useful particularly, in a countey like Bangladesh, where elimatic conditions and
intermitient water availability restrict the length of pond growing season and
prevent continuous culture to market size [New 1930),

For successful prawn nursery operation, commercial NUIsery operators
must need o know the effects of factors such as stocking density of PL, habitat
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complexity and, feeds and feeding schedule. A number of published reports on
prawn nursery Systems (Sandifer and Smith 1977, Smith and Sandifer 1979,
smith ef al. 1983, Heinen and Mensi 19491} are available, but there have bean
no research  reports, except Angell [1994), on prawn nUrsety system in
Bangladesh conditions, The present study was designed 10 optimize the stocking
density of prawn PL, aiming at resulting in higher survival and growth, in hapa-net
nursery system, Once the standard density is known, research and
development efforts would be focused on reducing the cost of production and
improving the yield, using appropriate feeds and feeding management.

saterials and methods

Preparation and installation of hapa-net

wine nylon hapa-nets of 0.3 mm mesh size measuring 1.8 x 1.8 x 1.4 m
each were installed in a 0.4 ha pond at the Freshwater Station of Fisheries
Research Institute, Mymensingh, During hapa installation, the pond was under
carp culture and as it was not passible to make the pond complete drained-out
and sun-dried due to periodical raining, most of the fiches were harvested by
repeated netting. Mancammonium sulphate (21-0-0 and lime were applied in a
1:10 ratio at the rate of 1.5 kg/decimal. Underground water was supplied through
central drainage system and the water depth ranged from 85 - 90 cm during the
study period. Only bamboo poles were driven into the pond bottom and used to
make the suppurtirg"irame for hapa-nets. The upper and lower comers of each
hapa-net were fastened with bamboa poles in such a way that the nets
remained suspended in the water column without touching the pond bottom
shout 10 cm above the pond bottom. At each hapa-nets, a few dry coconut
leaves were positioned horizontally in the water column to serve as shelters as
well as substrates for the prawn PL. A feeding tray (1.2 m x 1.2 m) made of
plastic mosquito screen sewn 10 wire frame was provided with each hapa-

nels.

Stocking of PL

Phase-l + Three stacking densities such as 100, 200 and 300 PLim® were
assigned in a randomized block design with three replications for each. Ten-day
old M. rosenbergil PL were collected from a nearby prawn hatchery and
transported to the pond site using oxygenated plastic bags. The PL were
acclimated to pond conditions and stocked at 17.00 b in the hapa-nets according
1o the assigned densities. The initial body length (BL) of 9.6 mm and body
weight (BW) of 8 mg were recorded by random measuning af PL (n = 100).

Phase-ll : Thies stocking densities of 250, 500 and 750/m” of M. rasenbergii
PLy [BL = 10.5 mm and BW = 9 mg) with three replications for each were

10
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tested. Transportation and stocking procedures were similar o that followed in
the Experiment 1.

Feeding to PL

The prawn were fed with a commercial shrimp feed {Saudi-Bangla nursery
feed-1 and 2) at the rate of 25% of body weight during 15t week, 15% during
2nd week and 10% during rest of the culture period. The proximate composition
of the feed is given in Table 1. The amount of feed was adjusted based on the
estimated progressive gain in total biomass and observations of leftover feed on
feeding trays. The daily ration was equally apportioned into two feedings: one at
8.00 h and another at 17.00 h. The feed was spreader on the feeding trays,
which were hung close to the bottom of hapa-nets, The feading frays were
washed thoroughly prier 1o each feeding,

Table 1. Proximate composition (dry matter basis) of prawn feed

Parameters o compasition
Maoisture 12
Cride profein 40
Crude lipid
Crude fibre J. f
Ash 5

Source : Sawdi Bangla Fish Feed Lo, Dhaka, Bangladesh

Data recording and analysis

For the estimation of increment in growth, total BL (from tip of the rostrum
to end of the telsont and BW of randomly sampled prawn (n = 50) werne
measured from each hapa-nets once in a week, The survival rate was estimated
finally at the end of study by direct counting. Water quality parameters i.e.
termperature, dissolved oxygen (DO, pH, ammonia and alkalinity were recorded
weekly using @ HACH Kit (Model FF-2). The water quality parameters were
within the acceptable limits for prawn culture in pords (Table ). The growth and
survival data were subjected to a one-way analysis of variance [ANDVAL and
Dunean's Multiple Range Test [DMRT) at 5% level of significance using a PC
equipped with statistical package (Statgraphics, Version 4.01,

11
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Table 2. Mean values of water quality parameters during the experiment (phase-l and
phase-1l}

Water quality ;
parameters Days from the initiation of experiments
1 7 14 21 28 35 42

Temperature i"c) 795 8.0 288 286 278 7.9 180
DO (mgl 40 50 &1 42 40D F.0 40
pH .0 8.0 8.5 8.5 8.0 8.0 8.0
Ammonia [mgfl 0.2 0.2 0.2 0.4 0.3 0.3 0.2
Alkalinity (mg] 170 160 146 139 140 14 155

Results and discussion

The production data of 45-day nursery rearing of M. rosenbergii PL at
difierent stocking densities are given in Table 3. The BL, BW and survival rales
[SR) were inversely related to stocking densities of 250 - 750 PLim”, though
were nat to 100 - 300 PLim”. In the phase-l experiment, M. rosenbergii PL
stocked at 250/m’ attained significantly higher (P < 0.05) BL [46.8 + 1.27 mm),
BW [635.3 + 0.72 mg) and SR (84.3 £ 3.7%), while those at 750/m” had the
lowest values, In the phse-l| experiment, all the test stocking densities resulted
in similar (P < 0.05) average gain in BL (47 - 49 mm) and SR (B4 - 55%). The final
body weight attained by PL at 100 and 200 PLim< were significantly higher (P <
0,05} than that at 300 PL/mZ. The rate of progressive increase in body weight
was also higher in PL with 100 - 300/m 2, though a sharp increase in body weight
was observed in PL at each stocking density beginning at the 4th week of
nursery rearing (Fig. 1) -
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Fig- 1. Weight gain in M. Eosenbevgil PL at differert stocking densities in hapa-net nursery
syitern (A @ pahse-1; B ; pahsa-2).
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Table 3. Growth and survival of M, roserbergil PL at difierent stocking densities in hapa-
net nursery for 45 days

Stocking Mean body Mean body Mean survival
density (PLUim?}  ength (mm} weight {mg) rate (%)
Phase|

750 37.0 0.86" 1796 + 0.94" 60.9 + 4.0
500 19.2 + 0.92" 403, % 1.03" 72B+ 75"
250 4684127 635.34072° 843437
Phase-

300 47.7 + 0.58" 624.8+0.80" 851+ 4.0"
200 48.5 £ 1.01" 6O7.4 + 068" BiB+52"
100 4704 1.59" 7026+ 021" B8.2+4.2"

Aegans willy ple saeme Ssuperscripls are nod sigrifcanty oiffersm (F o 00

The results obtained at different test stocking densities indicate that a
stocking density within the range of 100 - 300 PLU/m? may results in a desirable
growth of 47 - 49 mm BL, 835 - 702 mg BW and 84 - B8% SR jor a hapa-net Ad.
rosenbergii nursery rearing systemy The final body lengths attaired by prawn at
each stocking density (Table 3} are higher than those are desired in stocking the
grow-out ponds. Stocking of ponds with 25 mm juvenile prawn is suggested 1o
recluce initial losses and allow a more predictable pond survival rate (Ling 19671
The final body weights of 0.6 - 0.7 g obtained with 100 - 300 PL/m2 in the
present experiment are also comparable with 0.4 - 0.9 g {Smith et al. 1983), 0.4
- 0.6 g (Heinen and Mensi 1991) final weight in postlarval prawn reared for 60 -
90 days at variable stocking densities of 500 - 1000 PL/m2. MacLean and Ang
11394), however, reported a final weight gain of 1.75 g with 53% SR for 38 days
rearing of prawn PL in net enclosures, but the stocking density was only 10
PL/m”.

Besides growth, final survival rate of M, rosenbergii PL is a major factor to
be considered in nursery rearing, as the internal rate of return {IRR) in prawn
nursery has been reported very sensitive to varlations in survival (Angell 1994
Several studies in elsewhere (Sandifer and Smith 1975, Willis ef al. 1976, Smith
and Sandifer 197%a, Kneale and Wang 1979, Saha et 2/, 1989, Heinen and
Mensi 1991} have shown that prawn PL stocked at rates between 100 - 700/m 2
for 45 - 60 days of nursery systems may result in final survival rates of 60 - B0%.
Though Smith er al, (1983] recorded about 90% survival of prawn PL at stocking
densities of 1000 - 1500/m in a an enclosed nursery system, only 28 - 37%
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survival has been reported (Angell 1994), for nearly the same range of stocking
density, in a cage nursery system in Bangladesh condition. Nursery reanng of M.
rosenberghl PL in earthen ponds is fimited (Williams and Berrigan 1977). Though
Saha ef al, (1989) reported 52% survival at the stocking density of 175 PLim” in
30 days of rearing in earthen ponds and a desirable mean final weight of 1 -2 8
after 40 - 90 days may be achieved in earthen pond nursery (Corbin et al. 1986/,
the survival rate is not always known due to problems in complete harvesting of
benthic juvenile.

The fact s that the stocking density and survival of prawn PL are highly
variable and depend on nursery systems, rearing conditions and management
practices including feeds and feeding. The results of the present experiment
reveal that the nursery of prawn in hapa-nets has the advantages of reducing
mortality and full recovery of prawn juvenile. The higher grewth and survival of
prawn juvenile might also be influenced by introducing the artificial habitat in
nursery compartment (Smith et al. 1979b) and multiple feeding [McSweeney
1977) with food having 40% dietary protein {Table 1). It has been reported that
M. rosenbergii postlarvae may need a minimum dietary protein level of abiout
30 - 35% {D'Abramo and Reed 1948). Though feeding prawn PL once dally has
been found to result in good survival, growth and yields of postlarval M.
rosenbergii (Heinen and Mensi 1991], juvenile prawn activity patterns lend
support for the need of multiple feeding {Corbin er al. 1986}, The multiple
feeding is also necessary to achieve better feed utilization and 1o prevent the
accumulation of uneaten food: However, another experiment is necessary on
the best formulation of food using locally available ingredients and on the out-
door feeding schedule as well,

Conclusions

The results of the present study show that nursery rearing of M, rosenbergii
postlarvae in hapa-nets at densities as high as 300/m < may offer benefits of
rearing of sufficient numbers of postlarvae to allow them to grow to a desirable
stocking size and to survival, and o faster wmover for both the hatchery and
nursery operators. The present study also indicates the possibility of holding and
rearing prawn postlarvae, eithet produced in hatchery or caught from nature in
late season (September - October), at high stocking density over the winter
period for stocking at the beginning of the next grow-cut season.
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Abstract

The larval ontogeny of a developmental series (1.2-8.3 mm body length, BL) of
Synagraps philippinensis from Kaposhima Bay, Southem [apan is described and
ilustrated. The yolk was completely sbsorbed in larva of 21.5 mm BL.
Notochord flexion commenced at about 3.5 mm BL and was completed hy
about 4.0-4.5 mm BL, 5 philippinensis larvae were distingulshed frem their
congeners based on melanophore fatterms, head spination and fin spines and
rays. Larvae of 7.5-8.3 mm BL were characterized by anteriorly serrated pelvic
spine, twe anal spines, nine Inner preopercular spines and no melancphare on
lateral side of the caudal peduncle; 7.0 10 7.5 mm BL larvae by the above
chatacters excapt serration on pehvic spine; and yolk-sac, preflexion, flexing and
postilexion larvae up to 7.0 mm BL by unique melanophores on lower lobe of
pectoral finfoddfin,

Key words : Synagrops philippinensis, Larval ontogeny

Introduction

The genus Synagraps is the most speciose in the family Percichthyidae with
more than 10 species (Schultz 1940, Kotthaus 1970, Garzan and Acero 1986}
and Is distributed in tropical and subtropical waters of Western Atlantic Ocean,
Gult of Mexico, Caribbean sea, Suriname, the Philippines, Indonesia, Australia,
India, Japan, the Western Pacific, the Hawaiian Islands, the indian Ocean and
South Africa (Fujii 1983, Mochizuki 1984, Mochizuki and Sano 1984).

The fishes of the genus Synagrops are characterized with the following: body
elongated, laterally compressed, covered with large decidusus eycloid scales:
eyes large, upper side of the head with muciferous cavities, mouth large and
oblique; a narrow band of villiform teeth in the jaws, on the vomer and palatine
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bones, with the addition of a pair of canine teeth in the upper jaw, and a series
of similar teeth in the lower; operele with two flat spines, margins of subopercle
and interopercle finely serrated; two separate darsal fins, the fiest with VIII-X
spines and the second with ane spine and 8-10 softrays; anal with (11l spines
and -0 softrays; pectaral with 15-18 softrays; and pelvic with ane spine and five
softrays (Fujii 1983, Goode and Bean 1984, Mochizuki and Sano 1984, Leis and
Tenski 1989),

According 1o Hataoka {1993), the followang five species occur around Japan:
3, japonicus (Steindachner &t Daderein), §. philippinenss iGinther), 5 spinosus
iSchultzl, 8. serratospinosus (Smith et Radcliffe) and 5. analis [Katayama), In
Kagashima Bay, Imai and Nakahara (1969) reported 5. japonicus and 5
philippinensis as adults. The body shape and colour of S philippinensis
resemble those of S japonicus and 5. analis, but the former is easily
distinguishable by the following characters: anteriorly serrated pelvic spine, anal
fin with two spines and seven softrays and 16 rays in pectoral fin (Mochizuki
1964).
Konishi (1988) reported very belefly some characiers of a 10.7 mm BL larva
of 5. japonicis and a few larvae larger than 2.8 mm BL of 5. philippinensis.,
Dring the ichthyoplankton survey in Kagoshima Bay, among the Synagrops
species only 5. philippinensis larvae were identified and it was found that the
descriptions of Konishi (1968} are now considered to be incomplete with some
characters being nat illustrated that may be of diagnostic value for species
identification. In this papér, the early ontogeny of 5. philigpinensis Is described
including important diagnostic characters.

Materials and methods

The specimens used in this stdy were collected from Kagoshima Bay
iorinightly or menthly fram October ‘83 to December '93 on board the RV
wShiranami® (1.5 tons) of the Laboratory of Fisheries Biology, Kagoshima
Liniversity, Japan, |:|rir|||:||:.|all':||I from 14 fixed stations (Fig. 1)

A cylindrical-conical type net (1.3 m in diameter, 4.5 m in length and 0.51
e in mesh sizel was towed in step hauls using 50 and 100 m rope lengths {5
min for eachl at a speed of about 2 knots, A flowmeter (TSK] was set at the
centre of the mouth of net to get data necessary for computation of the volume
of water filtered.

£arh set of collections in the middle and inner parts, usually required a full
day, was ermed a crulse. In each month, samples were collected during
daytime just after the middle o each month nomally in two consecutive days,
one day for nine fixed stations of the micidle part and on the ather day for five
fixed stations of the inner part (Fig. 1). In addition, from Movember ‘B3 o
October 'B4, an additional cruise was made just after the beginning of each
manth. Due to bad weather condition and/or mechanical problems, sometimes
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it was not possible to collect the samples. In total, 1556 collections fram 121
cruises were made for the study.,
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Fig. 1. Ichthvoplankion sarpling stattons in Kagoshema Bay.

On board, the samples were cleaned of any twigs, leaves, large
ctenophores and coelenterates and were immediately preserved in
approximately 5% buffered formalin in sea water. In the laboratory, fish larvae
were sorted out under a magnifying glass and were preserved in 70% ethyl
alcohol. A total of 3656 (1.2-8.3 mm BL} 5. philippinensis larvae were identified
after Konishi {1988), and Leis and Trnski {1989). To identify the smallest larvae
(the yolk-sac bearing ones, about 1.2-1.4 mm BLI from other ichthyoplankton in
the samples, a developmental size-series from the largest available specimen to
the smallest one was sorted out tracing the external morphological characters
discernible on the largest to the smallest specimens. The series was linked
together by myomere counts, pigment patterns, head spination and in larger
larvae and juvenile specimens, counts of other meristic characters (fin spines,

rays etc.).

All of the Synagrops larvae collected from the bay were classified as 5.
philippinensis with the following diagnostic characters: 27.5 mm BL larvae and
early juveniles with anteriorly serrated pelvic spine, two anal spines, nine inner
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preopercular spines, and no melanophore an lateral side of the caudal peduncle;
= 0o 7.5 mm BL larvae with all of the above characters except serration on
pelvic spine; ancd yolk-sac, preflexion, flexing and postflexion larvae up w 7.0
mm BL by melanophoras an lower labe of pectoral finfold/in The larvae were
examined under a dissecting microscope and measured using an ocular
micrameter. Some larvae were temporarily stained with methylene blue for
cliear ohservation of spines and finrays. For definifions and measurements Leis
and Trnski 11989) was followed. Body lengthe (BL) were notochord length in
larvae prior to the completicn of ard flexion and standard length
thereafter.

Resulls

Early sntogeny

The yolk was not completely absorbed in the smallest larvae (1.2-1.4 mm
BL) of the present samples (Fig. 2A). MNotocherd flexion was found to
commence at about 3.5 mm BL and completed at about 4.0-4.5 mm BL {Fig.
20, All of the finrays became clear at about 8.0 mm BL (Fig. 205,

Fg. L Larvae of Synagrops philippineasic. A, 1.4 mm BL; B, 2.1 mm BL; C. 34 mm BL;
0. 4.2 mm BL: E, 5.5 mm BL: F, 7.0 mm BL: G, 8.3 mm BlL; H, 6.1 mm BL {dossal viewl:
I, 5.5 mm BL lventral view).




Larval development of Synagraps philippinensis

Body form

Body was found to be elongated and compressed laterally (Fig. 2). Head was
farge {about 30-35% of BL), The snout was shart, initially concave but became
rounded at the beginning of flexion. Eves wete round and large in preflexion and
flexing larvae (about 35% of HLI (Fig. 2A-D0 and moderate in postilexion larvae
and early juveniles {about 30% of HL). Maouth was |a rge, remarkably oblique and
was almost vertical when closed, The maxilla almost reached the horizontal line
from the anterior edge of pupil. A short prejection was present at the tip of
tower jaw in larvae of 27.0 mm BL (Fig. 2F-C).

Teeth

Minute villiform teeth developed on both jaws at about 2.1 mm BL, and
were found to remain small throughout early ontogeny. Large canine teeth were
not developed even in the largest collected specimen.

Head spination

small to moderate spines developed on precpercle, supracccipital crest,
supraacular ridge, supracleithrom, maxillary, subopercle, interopercle,
posttenporal in this order (Fig. 2). A strong opercular spine developed at about
3.2 mm BL (Fig, 2C). The larvae less than 2.0 mm BL were devoid of head
spination. Three smaoth spines appeared on the outer margin of precpercle at
about 2,1 mm BL {Fig, 28) and increased in number up to 17 of different sizes
with development, decreasing upwards and anteriorly with the largest spine at
the angle, and the number of anterior spines was more than the posterior
spines (Fig. 2C-G), On the inner margin of preopercle three small spines
appeared at about 2.5 mm BL, increased to a fixved number of nine almost aqual
tn size at about 7.0 mm BL (Fig. 20). A single spine of supracceipital crest
appeared at about 2.1 mm BL (Fig. 2B) and increased in number to mostly 3 ar
rarely 4 with development. Supraocular ridge with single spine appeared ar
aboit 3.0 mm BL and remained the same in larger specimens (Fig, 2C-G). A
small spine developed on supracleithrum at about 3.0 mm BL and Increased
inte two in specimens beyond aboul 5.5 mm BL (Fig. 2C-G). Two maxillary
spines, one very small and one a linle larger, appeared at about 3.0 mm BL. A
subopercular spine and an interopercular spine appeared at about 3.5 mm BL
(Fig. 2C-D), and the number of subopercular spine became twe at about 6.0
mm BL. A small postiemporal spine appeared at about 7.5 mm BL. A frontal
spiny ridge on each lateral side appeared at about 4.2 mm BL {Fig. 2D). All the
spines and ridges progressively degeneratad after the beginning of juvenile
stage.

P
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Fin formafion

Completion of fin development in 3, philippinensis occurred in the
sequence as follows: caucal and Tirst dorsal [almaost simultaneously), spcond
dorsal, anal and pelvic (almost simultanecusty), and pectoral.

Pectoral finfald with rudimentary rays became visible in larvae of about 2.0
mm BL. Rudiments of hypural elements like wiangular thickening, anlage of
doesal and anal fins and pelvic bud as slight swellings on either zide of the gul
developed almost cimultaneously just prior o or at the beginning of caudal
flexion at about 3.2-3.5 mm BL (Fig. 2], Principal rays, 9 + B of caudal fin and 1%
spines of first dorsal were the first to complete at about 5.5 mm BL. The second
dorsal fin {one spiny and nine softrays) completed with the maodification of the
anteriormast finray into spine at shout 6.0 mm BL. Followed by anal (two spiny
and seven softrays) and pelvic fins lone spiny and five softrays) almost
simultaneously at 6.2-6.5 mm BL. The seration at the anterlor edge of pelvic
spine appeared at about 7.5 mm BL (Fig. 2G). The pectoral finrays (16 rays)
developed at about B.0 mm BL.

Pigmentation

The larvae of 5. philippinensls were moderately pigmented. The major
characteristic pigments wefé on the lower lobe of pectoral fin, fore and
hindbrain, nape, base uf"thc firet dorsal fin, on the gut and surface af gas bladder
(Fig, 21

The smallest larvae (1.2-1.4 mm gL had melanophores on the tip of lower
jaw, angle of lower jaw, farehead, on il droplet, lower lobe of pectoral finfold
and on gut {Fig. 2A). The melanophores on the lower lobe of pectoral fin were
present In larvae up 10 70 mm BL [Fig. 2F). At about 1.7-2.0 mm BL,
melanophores appeared on tore and hindbrain, opercle, mape, chin and gas
bladder, and those on forehead in yolksac larvae moved on the tip of upper jaw
(Fig. 2B). At about 3.5 mm BL, melanophoses appeared between the mandibles
(Fig, 2C-G, 21} and those an opercle increased in number and spread throughout
thee opercle. The melanophores an hindbrain intensified and those on nape
extended posteriorly as 2 double row (Fig. 2C, 2H) 10 the base of first darsal fin
anfage. At about 4.2 mm gL, melanophores appeared at the bases of second
darsal {20, 2H) and anal fins and dorsally on caudal peduncle (Fig. 20). At about
5.5 mm BL, melanophores appeared ventrally on raudal peduncle, those on
angle of lower jaw disappeared and thase an tip of lower jaw reduced 1o a
minute dat shape, becama internal and sometimes nat discarnible. Al about 7.0
mm BL, melanophores on opercle reduced in number and intensity, those on
jorebrain and lower lobe of pectoral fin became {aint, and those on caudal
peduncle dorsoventrally increased in number and Intensity. Beyond 7.5 mm BL
melanophores on forebrain and lower lobe of pectoral fin disappeared (Fig- 2G).
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Discussion

Considering the area of collection of samples for the present study
(Kagoshima Bay, Southern Japan), Synagrops larvae could be one of the two
resident species as adult in the area (Imal and MNakahara 19690 5. japoricus or
5. philippinensis. The presence of anteriorly serrated pelvic spine and two anal
spines [characteristics of adult §. philippinensis) and smooth preopercular spines
in the largest specimens collected eliminated the chances for them to be 5.
japonicus, having smooth pelvic spine and serrated preopercular spines (Konishi
1988), in the identification of the larvae, The adults of 5. analis and 5.
serratospinosus bear anteriorly serrated pelvic spine. 5. analis has three anal
spines in contrast with two in £ philippinensis, and 5. serratospinosus has 17
pectoral finrays and distinctly serrated second spine of anal fin, second spine of
fiest dorsal fln and spine of second darsal fin in contrast with 16 pectoral finrays
and smooth dorsal and anal spines in § philippinensis (Mochizuki 1384). These
characteristics confirms identification of the present specimens as 5.

philippinemnsis,

Some of the pigmentation of S, philippinensis larvae described here are
similar to those illustrated by Konishi (1988). The melanophores on the lower
lobe of pectoral fin were not described or illustrated and the head spination (e.g.,
preopercular, supraocular and supraoccipitall were not clearly described in
Konishi {1988) which may be the useful diagnostic characters for the species,

In this study, the yolksac bearing larvae of S, phillppinensis were identified
with two melanophores on lower lobe of pectoral finfold, 25 myomeres and
elongated body shape. Preflexion, flexing and postflexion larvas up to 7.0 mm
BL were identified with melanophares on lower lobe of pectoral fin, smoath
preopercular spines, only one supraocular spine and three rarely four spines an
supracccipital crest. Larvae of 7.0-7.5 mm BL with nine small inner preopercular
spines, in addition to above characters except melanopheres on pectoral fin;
and those of 27.5 mm BL and early juveniles in addition to above characters
with anteriorly serrated pelvic spine and two anal spines which are characteristic
to adults,
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Abstract

Comparative study on growth of fry in nursery system of Genetically Trmproved
Farmed Tilapla (GIFT] and Existing strain of Nile tilapla {Oreochromis nilaticus)
wis perforrned. The trials were conducted in a series of hapa for two months.
The initial mean weight of CIFT and Existing stralng of lilapia were 103 and
1.12g, respectively and the stocking dersity for both the grains was maintained
at 150/m”. Fishes were fad with supplementary feed 31.29% of pratein fevel,
After i months the final cumulative mean weight of GIFT and Existing strain
were observed to be 8.38 and 5.5 |ag: respectively. The net gain for weight of
GIFT and Existing strain were estimated 1o be 666% and 368% and the mean
survival were 95.75% and B1.25%, respactively. The GIFT strain showed
significantly IP<0.05] highes net gain in growth in weight and also higher (F<0,01}
sunvival than that of Existing srain,

Key words @ £, nilofices, GIFT, Hapa-nat

Introduction

Tilapia culture is increasing significantly in Asia particularly in China,
Indonesia, Philippines, Srilanka, Thailand and Vietnam and elsewhere in the
Indian subcontinent and Pacific region countries, llapia has been dubbed the
“Aguatic Chicken" {Maclean 1984) of which the most widely farmed stock is the
Mile tilapia (Creochromis niloticus). Mile tilapia are widely recognized as one of
the most important tilapia specigs for farming in a wide range of aguaculture
systems from single small scale waste fed fish ponds to intensive culture
svetems (Pullin 1985),

The introduction of tilapia in Bangladesh from Thailand was first initiated in
1954 with O, mossambicus (Ahmed 1956) and later with € niloticus (Fahman
1985) with a hope that it would make a significant contribution in fish pr-:duc!:'nn
but the attempt was not successful because of very little efforis were made 1o
unckerstand the culture management by the farmers. Fisheries Research Institute
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again brought a fresh batch of O. niloticus from Thailand in 1987 and developed
low input and low-cost culture technologies.

Recently the International Centre for Living Aquatic Resources Management
ICLARM) has developed after four years of research, the ‘Genetically Improved
Farmed Tilapia' known as GIFT strain through several generations of selections
involving eight different pure breed Mile tlapia, O. niloticus, strain. In on-farm
wials, the GIFT fish grew, on an average of 60% better in growth and 50% in
curvival than a normal farmed breeds, The GIFT strain has been introducesd in
Bangladesh from Phillippines in july 1934 threugh International Metwork on
Genetics in Aquaculture (INGA) under ICLARM.

Fisheries Research Institute has, therefore, initlated GIFT strain evaluation
resparch in connection with the implementation of DEGITA Bangladesh project
with the objective to compare the performances in prowth and survival between
GIFT and Existing strain, O, piloticus in nursery conditions.

Materials and methods

The study was conducted at the Fisheries Research Institute under its
Frashwater Station for a period of two months (January to tarch'asl, Eight nylon
net hapas [mesh size of 1.5 mmy, 3.0 m’ each (2.0x1.5x 1.0 m"} were set In a
small well prepared 1000 m’ pond with bamboo poles in two columns. Four
hapas under treatment-l were stocked with fry of GIFT (1,02 20,12 g) and the
rest four hapas under treatment-Il with existing Mile tilapia (117 £ 0.03 gl at a
stocking density of 150 fry/m’.

A prepared supplemental jeed consisted of ingredients of rice bran {25%),
wheat flour (30%), mustard oll cake [15%) and fish meal (30%:} with crude
protein level of 31.19% were supplied to the fishes twice a day at 8% [according
to Cuerrero 19871 of the tatal body weight.

Thirty fry from each hapa were sampled at forpightly intervals to assess the
growth and feeding ration was adjusted on the basis of estimated weight of fish
biomass. Water samples were taken at weekly intervals between 6:00 and 7100
am. from inside the hapas during the trial and analysed for assessing some
environmental parameters viz, water emperature, pH and dissolved oxygen
(DO

Statistical analysis with student's t-test was incorporated on the data 1o see
whether the two strains show any differences or not i.e,, to identify the level of
significance in differences, if any, in growth patterns and survival during
experimental period.

Results

The data of growth in length and weight, formightly gain, net gain and daily
gain as mean values of GIFT and Existing strain of Mile tilapia (O, nifoticus) are
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given in Table 1. The initial mean fength and weight of GIFT and Existing strains
were 3.75 and 3,79 cm and 1.03 and 1.12 g, respectively. After 60 daye, the
final cumulative mean growth in length and weight were recorded at 7.59 £ 0.77
and 6.44 + 0.21 cm and 8.39 * 1.87 and 5.51  0.29 g. The net gain for length
and weight were estimated o be 102 & 70% and 666 & 368%, respectively, The
mean survival rate of GIFT and Existing strains of tilapia were 95 and 81%,
respectively.

Table 1. Average cumulative growth of GIFT and existing strain of tilapta [Crrecchromi
niloticush in terms of increase in length leml and weight () and fortnightly gain in
percentage (in parenthesisl over a poriod of G0 days

Crorevih

£th

Freatment | 158 Ind 3nd Sh Mg Craity
[EETFE samgiling, | samgpling sampling | samaling | sampling | g#n gain
o 375 44 536 FOm 759 A& (046
1 +01. 14 H0.20 H1. 26 L& #1177 40.m
(31,04 663 (3220 Cr2r (HZAT)
Length
_ 3,79 437 .78 .74 6.4 2,64 .04
11 H0, 50 &1, 0. 16 10,22 =011 H1.40
e LLE D] {2140 {1137
1.02 259 152 6572 A.18 Fas ki
1 4002 #0317 061 4160 186 0,03
1155.25) [IeR7 [BG43) (8008 I6h&a.1T
Wigha
gl 1.1 1.80 270 418 5.50 4.39 .07
11 0.0 3.9 #0.63 .18 .24 H.00
(61461 {56,340 (56,05 31,58 3640

On the sequential fortnightly estimated mean values of length and weight of
hoth the strains, the student t-statistic indicates insignificant differences (P=0.05)
between the two strains in only the initial sampling whereas significant
differences (P<0.05 and P<0.01) were found in all other sampling, with an
exception for weight (P>0.05] in the 3rd sampling. GIFT strain showed
significantly higher (P<0.05} net gain and daily gain in growth (length and weight)
and also higher (P<0.01) survival than that of Existing strain [Table 2{al & 2{bil.
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Table 2{a). taes for data of nursery trials length and weight)

Trial M. Caloiaied f-stafistics
CIFT Esiating Length | Waight

Langrh Wegth Lengeh Wit

1ea 175 102 A in
Sampling H14 2012 #1113 M
Ired 4594 259 458 1.8
Sampling H3d 0.1 #0246 +0.38

‘ind 536 352 478 270
Samgling #0.36 #0163 0. 26 0,24

ath s hil 579 418
Samgling 0 21 60 2O 3P 2018

] 759 .38 hal 5.50
Samgding &7 2184 0,21 0.2

Meifie M-hﬂ-ﬂ&mﬁnﬂﬂ (L85 candidence Umal Le, PsiL05
* - Sigmificant ar [L95 confidenoe limir Le, Pollos
= - Shgnificant ar Q8% confidence limil Le., Pl
{Li05- 2. 447 with a.f &

by - 3,707 with d.f &

Table 2(h), sty or nursery trials (net gain, daily gain and survival rate)

Trial No, Calculated means t-statistic Degrees of

freedom

GIFT Existing

et gain 3.63 .64
in length +0.76 #0.30

MEL Bain 7.35 4,39
in weight 1.80 0.28

Daily gain LR .07
in weight #0.03 #.00
Daily gain 0.06 0.04
in length #0.01 #0.00

Survival rate O5.75% i41.25
4267 42,75

Mode o * Sipnificant at 0,95 confidence §mit le, Poll 08
= Rigrificant at 099 confdence fimit Lo, Po07
I
(05 2447 with dlf, &

:ﬂ.ﬂiln 3707 with 6L &




Lomprrson of growth of GIFT and existing tilapia

The physico-chemical parameters of water revealed that the values of water
temperature, pH and dissolved oxygen ranged from 18,67 £ 1.21 to 25.16 +
2.29°C, 7.87 + D48 to B.01 4 0.25 and 4.05 + 1.36 10 597 £ 1.18 megfl,
respectively during the study period {Table - 3 |,

Table 3. Physico-chemical characteristics of pond water during the study period

Farameter January February Parch
Water temperature [1C) 18.6/7 21.87 25.16
+1.21 T 247 220
Dissolved oxypen (mgl) 4.05 .04 5.97
136 T .94 T 116
pH 7.90 7.BY 8.01
i 0.32 T 048 T 0.25
Discussion

The present study investigates on  nursery tral of GIFT strain in comparizon
to Existing strain of O niloticus in hapas, placed in pond with 2 view to observe
their comparative performances . Apparently literature is rarely available on
nursery tial of O. niloticus in cages or hapas in pond, Maost of the lileratures are
confined on grow out trial of tlapia in cages and earthen pond. Cruz and Ridha
(1989) are probably the only group of workers who pravide information on
nursery trial of tilapia in floating cages.

To evaluate the two strains of 0. miloticus, same ecological conditions ie.,
same environment was maintained where the fry of GIFT and Existing sfrains

representing similar size were stocked at a density of 150 fishim® and fed a
formulated feed containing protein level of 31.29% for &0 days. Thus the GIFT
strain was proved to be a significently fast growing fish (P<0.05).

Cruz and Ridha (1989) chserved the performances of O, spiltrus in nursing
phase for 68 days in seawater cages, They found no significant differences in
mean individual final weight, daily growth rate and survival raie among three
stocking densities, but considerable higher yields were obtained when stocked
with 400 and 600 fishim” cam pared with that of 200 fish/m”. The fry were fed
with a diet containing 55% crude protein throughout the experimental period
after which they observed the weight of 28.65 -38.61 g However, much lower
final weight attained by both the strains in the present experiment in comparison
ta that of Cruz and Ridha {1989 could be the effect of sea water.

Whatever might be the stocking densities in nursery system for tilapia in
pend cages in different experiments conducted by some authors, the
supplemental feeding ration contained 70% rice bran and 30% fish meal at 5 -
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20%, of body weight (Eknath 193], 20% Ipil-ipil, 40% copra meal and 10% fish
meal at 10 - 20% of body weight (Guerrera 1987]. On the other hand, the
feeding ration in the present experiment was quite low [ & - 10% of body weight
} as to why the final body weight attainment of fish was comparatively lower 1o
the others. It is evident from the present experiment that the GIFT strain showed
higher (P<0.01) survival than existing, strain of Nile tilapia. Eknath et al. (1993)
ohserved that the introduced African wild strains of tilapia perfarmed better than
the most widely farmed Asian strains. The experimental GIFT strain is also a
derivative of these better performed strains of tilapia. However, this
phenamenon of the better performance of GIFT strain might be the cause of
stock improvement through several generation of genetic selection.
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Ahstract

& limnohicdogical imvestipation was conducted in Chanda beel over a perlod of 8
msanthe from June' 35 to January' 96, The flocdplain showed emposal spatial
anct vertical variation in physico-chemical as well as bologlcal conditions. During
study period, physico-chemical parameters were with In the sultable rangs for
lish cultere. Plankton population was higher In true beel areas. Both
phytoplankton and rooplankion showed direct relationship among themselves.
Fresence of several indication plankion genera showed that the floodplain was
ulraphic in nature,

Key wards 1 Floodplain, Phyloglankion, fooplankion

Introduction 4

Bangladesh is very rich in water resources, Her floodplaings cover an
estimated area of 2.833 million ha, while that of beels stand at 0.174 millicn ha
(Mazid et al, 1996). These openwater flondplaing fbeels were once exceptionally
rich in fisheries resources, coniributing significantly to meet the naticnal
nutritional requirements. In recent years, fish production from these sources has
alarmingly declined due to various reascns. The floadplain by virtue of their
continuows productivity, constitute one of the front-line areas capable of vielding
at least 0.5 million MT of fish per year. Floodplain fisheries have received
particular attention because of encrmous potential with managerial lssues critical
to sustainable development (DOF 1995). Encrmous investigations have been
accomplished in various aspects of limnology but in Bangladesh, Moodplain sl
remains a virgin field for such investigation,

Chanda beel having a total area of 10,870 ha (BCAS 1991) at the Faridpur-
Madaripur belt of Bangladesh plays an important role in the economy of
surrounding people, providing fish and fishery product. Recently government of
Bangladesh has taken a massive programme on releasing fingerlings alming
sustainable increase of fish production. This study was wnderaken for
understanding the ecological status of a natural fisadplain beel ecosystem, ‘the
Chanda beel”,
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Materials and methods

Physico-chemical data and plankton samples were collected fortnightly from
nine different spats which were siratified into several categaries considering the
coverage of area and different habitat conditions. Samples were collected
between 08.00 hours and 11,00 hours. Temperature, turbidity, pH and
dissolved oxygen were measured with the help of Aquamnate (Model WOA-TA-
Japan) and conductivity by a conductivity meter {Model 44600 Hach-USAJ.
Rainfall data was collected from local office of Bangladesh Water Development
Board.

For plankion study water was collected by Kemmerer water sampler (Model
1904-E-307] from the selected spots. Phytoplankion was sampled after
settlement of collected water. To make zooplankton sample, 10 lire water were
sampled and subsequent filtration was performed through a 55mm mesh
plankton net and concenwated to 20 ml. The filtrates were immediately
preserved in 5% formalin. Microscopic identification was performed up to
genera. Each sample was stirred smoathly just before microscopic analysis.
One ml frem agitated sample was then withdrawn with wide mouth graduated
pipette and poured in a Sedge-Wick Rafter counting cell. Identification and
enumeration of each sample were done by a binocular microscope | Model
Clallymrus CK-2, ULWCD-Japanl. The mean of 3 of such estimates was then
calculated for each component occurring in the total count. Finallif the existi
phytoplankyon and zooplankton were expressed in no/ml and noll,

respectively, Maonthly quantitative Auctuation and percent composition of various
groups were also determined. Qualitative studies were done according to
Presscott {19641, Needham and Needham (1972), Statistical analysis was E
to find cut the deviation of different parameters from the mean and to determine
the extent of correlation amongst different parameters,

Results

Depth : Water invaded the Chanda beel in May-June, reached maximum in
September and then drapped sharply ( Fig 1), In January, there was some rise in
water level,
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Fig. 1. Monthly flecteation of rainfall frmm) and water depth {ml.
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Alr temperature : Air temperature was the highest in the month of June and the
lowest in the month of January. It ranged between 33.67 "C and 26.6 "C (Fig 2).

Water temperature 1 It ran almost parallel to ambient air temperature in most
parts of the floodplain, The highest temperature (31,7 %y was recorded in the

. PR v AL ;
manth of June and the lowest (15.2 "C) in January (Fig 23, Air temperature and
water lemperature showed strong positive (r=0.89} correlation,
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He 2. Monthly flucteation of air temp. 17, water temp. (°0), conductivity (ns)  and
terbidity (gam), .

Turbidity : The water of Chanda besl was not highly trbid. Water was
cnmpamli’mly more turbid in August and Jangary (Fig 21 Canal water showed
mare wrbid and it was cleady different from the rest parts of the beel, Turbidity
showed negative and weak relationship (rs-0025) with temperature,

Dissolved oxygen : Dissolved oxygen (D) content prevailed around or above &
ppm, The highest value (6.96 ppm) was recorded in December and the lowest
(5,46 ppm) in August. DO content showed negative relationship {r=-0.39) with
lemperature,

pH : The pH values remained around neutral throughout the study pericd. It
showed a sharp rise during July-August, January was the month when the pH
value [7.46) was the highest. Seasonal and temporal fluctuation of pH was very
conspicuous. pH values were more acidic at the bottom layer than the surface.
Felationship of pH with termperature was not significant {r=0.03).

Conduchivity 1 Conductivity values remained between 144 msfom and 240063
ms/cm during the study period (Fig 2). It showed a strong negative relationship
[r=-0.63) with temperalure.

EE)
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Phytoplankion : The monthly abundance of total phytoplanktan varied from
30E10/ml (Julyl to 66219/ml {Cctoberl, The temporal and spatial fluctuation of
total number of phytoplankton in diffesent areas are shown in Fig 3. In the area of
true beel portion the content of phytoplankton was always relatively high.
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(4 = Aman paddy area, B=true bes| area, C= canal, D=deep waterbyscingh area)
Fig- 3. Temporal and spatial fluciuation of total number of phytoplankton (nos/ml].

A tatal of 43 genera of phytnf.lanktnn were identified. Among these the
moal abundant genera were Chlorella, Scenedesmus, Spiragyra,  Ulothix,
Aphanocapsa, Anabaena, Lyngbya, Diaroma, Havrru.l'a Synedra, Phacus,
Closterium etc. All phyfoplankton genera I::neh:mgﬂd la five groups and these
were Chlorophyceae, Myxophyceae, Baclllariophyceae, Desmid and Protozoa.
The percent c g-nsql;run of these groups in different months are shown in Fig 4.

& an vtes showed their maximum abundance in June ta

Chlanﬁf
August whereas Pr-::tuman; and Desmids were higher in percent composition
during winter.
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Chinrophyceae and Myxophyceae were the most dominant groups followed by
Bacillariophyceae, Desmid and Protozea. Yearly mean phytoplanktan population
during nvestigation was 462£10/ml. Relationship of phytoplankton  with
tempetature (r=0.19 and with turbidity (r=-0.22} were naot significant,

Zooplankton : The average number of rooplankton fluctuated between 496290/
and 735#52/]. The temporal and spatial fluctuation of tatal number of
zooplankton Inos/ll in different areas of the flocdplain are shown in Fig 5
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Fig. 5. Temporal and spatial fluciuatsen of tefal number of zooplankion (nos )
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Fig. & . Temporal variation in percent composition of various rooplakton proups.
Like phytoplankion, zooplankton population was also relatively high in true
beel area. A total of 26 genera of zooplankion were identified. Among these the

most abundant genera were Cpolops, [aptomows, Bosmina, Daphnia,
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Diaphanosoma, Sida, Moina, Brachionus, Keeatella, Lecane and Polyarthra. All
zooplankion genera belonged to four groups which are Rotifera, Copepoda,
Cladocera and Nawplius, Menthly variation in percent composition of various
rosplankion groups is shown in Fig 6. Rotifera and MNauplius were higher in
percent compositien during winter whereas Copepoda and Cladocera were
found to be higher in percent compaosition during summer. Rotifera was the
mast dominant group follewed by Nauplius, Copepoda and Cladocera.

¥early mean of zooplankton population was 575&9(0¢/|. Relationship of
rooplankion with temperature (r=-0,18) and turbidity {r=-0.08) was negative and
insignificant. Phytoplankion and zooplankton showed positive correlation
r=0.41).

Discussion
Matural waterbody is an ecosystem with a complicated netwark of various
physico-chemical and biclogical parameters and its biota,

Depth : Chanda reached in maximum water depth in the month of September,
similar phenomena was observed by Hasanat et al. {1996) in the river of Old
Brahmapulra. In January there was come rise in water lewel in the canal due
occasional rain. Minimum depth was registered in winter, Leaching and
evaporation were supposed to be important operatives behind lower water

depth,

&

Water temperature : Water temperature is highly synergistic with the air
temperature. The water lemperature is influenced by the air temperature, hours
of sunshine, rainfall, depth of water and overall weather condition.

Chanda showed the highest temperature in June and the lowest
temperature was found in the month of January is supported by Mathew {1975
Tempetature between surface and bottom water did not differ notably
threughout the study period possibly due to flow of water and wave action. Data
pertaining to temperature showed that water temperature fairly followed air
temperature as it is generally known except few exceptions. Water femperature
showed direct relationship with air temperature, also reported by lsmail et al,
{1984) and Begum ef al. {19689},

Turbidity : The twrbidity of water is caused by silting, microorganisms and
suspended organic matter in the water (Hutchinson 1957), Waterbody showed
two distinct maxima, one in monsoan ie. in the month of August and another in
dry season. Hussainy (1967 registered the highest water turbidity in the month
of August. Ahmed et al. (1992] recorded the lowest waler fransparency in
January in Kaptai lake. The turbidity of the canal and rest parts of the beel were
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clearly different, canals being more turbid, perhaps due to continuous
movement of water,

Dissolved axygen : As oxygen regulates the mast af the vital process of plants
and animals, it is the most important factor in bath aguatic and terrestrial
environment (Rahman 1992, DO content in Chanda was in expected |evel
thraughout the study period, The highest values of DO were recorded in Wi
and the lowest in summer, Similar was recorded by Dewan {197 3)

The high concentration of dissolved oxygen content was possibly because of
low temperature, low rainfall and low pH, Due to low temperature and low
rainfall, the decompaosition of organic matter was less with low production of free
€Oz and low consumption of DO, The low DO content during summer and
autumn was possibly due te high temperatore and heavy rainfall which
enhanced the oxidation of organic matter by the consumption of DO and the
high production of free CO3. Annual average DO content was around the
optimurn productive range 5-7 ppm.

PH : pH is considered as an important factor in fish culture, It indicates the
acidity-alkalinity condition of a waterbody., Observed pH value was alkaline in
mature with small variation. Rutiner (1953} stated that a eutrophic lake normally
maintains alkaline pH. Comparatively low values of pH in monsoon agree with
the findings of Banerjea and Roy {1970, The floodplain showed i highest pH
values in the month of January angd October, pH values had been observed 1o
be more acidic at the bottam water than the surface.

Conductivity : Electrolytic conductivity s the ability of a solution te pass an
electric current and the reciprocal of the salution resistivity, It is closely related o
the cherical purity of water, the amount of dissolved solids in a solution and the
efficiency of various treatments processes. Conductivity was observed 1o
increase during winter months, Similar observation was made by Ahmed af af
(1992}, and Khondker and Parvesn {1992),

Phytoplankton : The praductivity of a waterbody has a direct bearing upon the
welfare of fish life and the role of plankton in the ropic cycle has been well
recognized. During the present study a distinet fluctuation of both phytoplankton
and zooplankton in different months as well as seasons was observed. Similar
observations were noted by Chawdhury and Sultana (1989) and Mathias (1991)
in various hablmais

It is evident from the observation that a variation with the months existed in
the phytoplankton standing crop. It varied between 30+10¢ml and 60&1%/ml,
More or less similar was found in some other floodplains (FRI 19350 The
phytoplankion bic-mass showed mainly two peaks in the present siudy, the first
peak in October and the second peak in January, Patra and Azadi [1987)
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registered two high peaks, one in February and another in August, minimum
count was in May

Chiorophyceae and Myxophyceae were the most abundant group followed
by Bacillaricphyceae, Protozoan and Desmid. Chlorophbytes and Myxophytes
showed their maximum abundance in June to August whereas, Protozoans and
Desmids was higher in percent composition during winter. Findings of Mathew
[(1975) that Desmids though represented by several species, formed a very
limited part of the plankton, were similar to present investigation. Kaliyamurhy
(1974) observed Protozoan plankters were very rare in Pulicat lake in India.

Total number of zooplankton also varied with the months as well as
seasans, between 496290/] and 7352520, Like phytoplankton, zooplankion also
showed two peaks, first peak in October and second peak in January. Patra and
Azadi (1987) found two peaks of zooplankton, ene in August and another in
February.

Rotifera was the most dominant group followed by MNauplius, Copepoda and
Cladocera. Rotifera and Nauplius were higher in percent composition in winter,
whereas Copepoda and Cladocera were found 1o be higher in percent
composition in summer. Patra and Azadi (1957) noted that zooplankton was
mainly dominated by Copepoda, Cladocera and Rotifera. They added that
Copepoda attained the highest peak in June, minimum in December. Ahmed er
al. {1992) found Rotifera was the most dominant group followed by Copepoda
and Cladocera in Kaptal lake.

Both phytoplankton ang zeoplankton showed direct relationship between
themselves, Similar relationship were found by Kalfiyamurthy (19740 in Pulikat
lake, India; Patra and Azadi (1987} in Halda river. Several plankton obtained in
present observation composed of typically eutrophic. Melosira,  Ceralivm,
Anabaena , Anacystis etc. are mentioned as indicator of eutrephic nature
Mathew (1975},

The physico-chemical parameters of Chanda beel were in the suitable
range. Obtained planktons also indicate that this beel is eutrophic in nature,
Through stocking with carp fingerfings fish production may be increased in this
beel.
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A study on damage caused to crustacean and finfish
larvae during collection of Penaeus monodon (Fab.)
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Abstract

A year tound investigation in the estuaries of Barguna district revealed that for
each Penseuws monodon postlarvae (PL), about 37 larvae of other shrimp
specles, 12 finfishes and 10 macrozooplankiers are destroyed during the
process ot shrimp seed collection. Although abundance of P. monaden PL was
not recarded throughout the year, a sipnificant number of ather shrimp spp., fin
fishes including macrozooplankters 3re being damaged by the chrimp seed
coflectors, This Indiscriminate destruction of aquatic arganisms during P
manodon PL collection is serious threat 1o aquatic blodiversity,

Key words : P. monodon PL, Finfish larvae, Coloszal loss

Introduction

Shrimp exports contribute a very positive impact on the national economy of
Bangladesh. Recent expansion of farming areas and the trend of selsctive
stocking of P. monodan postlarvae [PL) by farmers has resulted in tremendous
demand of seed (PL) of this species, The high demand of P. menodon PL has
stimulated a large number of pecple in shrimp seed collection along the coastal
belt. Shrimp seed are extensively collected by push net and fixed bag nets, and
the seed collectors transfer their catches o earthen bowls, which are carried to
the river bank. £, monodon PL locally known as "Bagda pona® are then sorted
out and the rest are discarded along the dry shore, result in large wastage of
bath penasid larvae and other commercially important aquatic arganisms.

Some previous investigations gave some information on zooplankton with
special reference to penaeid postlarvae (Zafar and Mahmood 1994, Hossain
1984) in estuaries of this country. The first information on colotsal loss 1o
zooplankton during shrimp seed collection in the estuarine waters of Chakaria
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sundarban, Satkhira and Khepupara are given by Mahmood (19901, The present
year-round study was carried out in two river-estuaries of Barguna with the
objectives of identification of seasonal and spatial pattern in crustacean and fin
fish larval distribution, although, the main objective was o assess the quantum
of damage caused to shell and finfish larvae while collecting P. monodon seed,

Materials and methods

Field methods

Samples wera drawn from two major rivers viz. Baleshawr and Bishkhali of
Barguna coastal district during December'92 through MNevember'93, Three
stations were selected in each river.

Sample were drawn al fortnightly intervals, A rectangular drag net made of
nylon metting (mesh skze 1 mm) and bamboo spilt structurel . &x0.6m) was used
for sampling. The net was operated in shallow waters af the river against current
far about 10 minutes. Two samples were collected at day time during low and
high tides. Immediately after collection samples were preserved in 5% bufiered
formalin solution, Salinity of water was recorded weekly by direct reading
refractometer. Water temperature was measured weekly by a alcohol
thermometer.

Laboratory analysis 2

In the laboratory P, monodon PL were identified and separated following
Muthiu (1978) and Motoh and Buri (1980), and other shrimp and fin fishes larvae
including zooplankters were ldentified Into major taxonomic group following
Dravis (1985}, Fischer and Witchead {1974) and George (19691,

Results and discussion
Hydrographic conditions

Average monthly water temperature and salinity values have been shown in
Fig. 1. Water temperature ranged between 20.4 to 30.8°C in both the rivers,
During the period between July and December safinity attained '0° in both rivers.
This lowest salinity may be due to monsoon effects, during other part of the year
(lanuary-June) salinity ranged betwsen 1 to 6 ppt with highest in May.
Abundance of P. monodon PL were probably related w.ili'l presence of salinity,
during '0" salinity perice almost ne P, moneden FL was recorded. Average
salinity was lower than the rivers of Patuakhali and Bagerhat districts (FRI 199a).

42




£ monodon PL collechian

EBalestyear River

5] =1
W A . S
B ¥ =
o "
[§-]
mn
Ll " _----. e |
S R .
4 = = . e n S T
Bec. fan Welk, MWar. dpr. May JudA.  Jul.  dug. Sap. el Mar
Maomths
= Temipeealures]nl = Salinity 1ppl)
kil River
h —
H) B
i e T
] _
i |
Bl - 2 —
13
14
§ b ke
. .y __,—F- -\'-\-_1-\-
B T 4 - " "
Bec. fum  Feb, Mir ApF May Jem  Jul  dsg. Rep.  Ord.  Mow
Mamnths
== Tempery/lurs] e —+— Zalinity Ippll

Fig. 2. Monthly distribution of water temperature and salinity In two rivers of Barguna
district dufing sudy period

Distribution of indnidial taxs

Monthly quantitative distribution (individualsfunit effort] of P MGREOa
postlarvae, larvae of other shrimps, finfishes and macrozooplankiers in two
rivers of Barguna district have shown in Table 1. Mo P monodon PL was found
during the manths of July to October when there was no salinity in river, On the
other hand, abundance of other shrimp spp. increased during the months of
August through January, and the maximum was recorded in October, There was
2 sudden decrease of other shrimps in November, but the finfish larvae
gecurred in abundance during this month, There was no wuniform pattern in
distribution of both finfish larvae and macrozooplankters, their abundance
fluctuated from one month te another. Finfish larvae and zooplanklers were
mare abundant in post monscon period than other time of the year,
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Composition and dominant taxa

F. manodon PL comtributed a small fraction to the total catch compaosition,
1.75% in Balechawr and 1.60% in Bishkhali river. Other shrimp spp., finfishes
and macrozooplankters showed mare or less similar pattern in distribution in the
two rivers. Orther shrimp species included P. jndicus, Metapenacus monoceros,
M. brevicarnis, Macrobrachivm cpp. Finfishes included Lates calcarifer, Letipina
phasa, Giossogabius spp., Liza spp. and ather macrozooplankters were lsopods,
Copepod, Acetes sp., Mysids, Alima, and crab larvae ete, Abundance of shrimp
PL cther than P, monodon reflected majority [63.21%) in Bishkhali river followed
by Baleshawr river (62%). Finfishes occupied 21.91% and 17.76% in Baleshawr
and Bishkhali river respectively. Other zooplankton population occupied only
17.43% in Bishkhali and 14.35% in Baleshawr river,

Relative abundamce and colossal logs

Due to high demand of F. monodan PL, the number of shrimp fry collectars
increased to a great extent in the coastal region af this country. All suitable sites
for shrimp fry collection along the coastal rivers are exploited by them using fine
meshed nylon nets. This causes a great loss 1o other agquatic organisms at the
early stage of their life cycle, The present altempt to guantify the damape as a
resull of such exploitation, revealed that on an average the catch composition
(%) of P. monodon PL were only 1.67%, other shrimps 62.60%, finfishes
19.84% and macrozoaplankters 15.89% (Table 2). This observation revealed that
for collecting single P. monodon PL, 37 other shrimps, 12 finfishes and 10
macrozooplankters are being gestroyed by shrimp fry collectors. Mahmood
[1990) reported from Chakaria Sundarban, Satkhira and Khepupara estuaries that
for fishing single P. monodon PL, 14 other shrimp PLs., 21 finfishes and 1631
rooplankions were killed, The variations in zooplankten population with the
present observation might be due to difference in mesh size of the collection
net. The microzooplankters could not collected for this study due to large mesh
size {1 mm) of the gear used.

Table 2. Average catch composition of F. monodon, other shrimgp spp., finfishes and
macrozooplanklersy froam tivers ol Barguna

Miajor Taxa Yearly average catch Mumber of other species
-] destroyed for each P,
B monadon PL collection
. monadon 1.67 -
Other shrimp spp. 6260 17
Finfishes 1584 12
Macrozooplankters 15.89 10
Total 1 0000 59
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Composition smd dominant taxa

P. monodon PL contributed a small fraction to the total cateh composition,
1.75% in Baleshanwr and 1.605: in Bishkhali river. Other shrimp spp., finfishes
and macrozooplankters showed more or less similar pattern in distribution in the
Pwo rivers. Other shrimp species included P. indicus, Melapenaeus monoceros,
M. brevicomnis, Macrobrachium spp. Finfishes included Lates calcarifer, Setipina
phasa, Glossogobius spp., Liza spp. and ather macrozooplankters were Impl.ndsr
Copepod, Acefes sp., Mysids, Alima, and crab larvae ete, Abundance of shrimp
PL ather than P. manodon reflected majority (63.21%) in Bishkhali river followed
by Baleshawr river (62%). Finfishes accupied 21,919% and 17.76% in Baleshaws
and Bishkhali river respectively. Other zooplankton population occupied anly
17.43% in Bishkhali and 14.35% in Baleshawr river,

Relative abundance and colossal loss

Due to high demand of P. monodon PL, the number of shrimp fry collectars
increased to a great extent in the coastal region of this country. All suitable sites
ter shrimp fry collection along the coastal rivers are exploited by them using fine
meshed nylon nets. This causes a great loss to other aquatic organisms at the
early stage of their life cycle, The present attempt 1o guantify the damage as a
result of such exploitation, revealed that on an average the catch composition
(%! of F. monodan PL were only 1.67%, other shrimps 62.60%, finfishes
19.84% and macrorooplankiers 15.89% (Table 2). This observation revealed that
for collecting single P. monodon PL, 37 other shrimps, 12 finfishes and 10
macrozooplankters are being destroyed by shrimp fry collectors. Mahmood
(1990) reported from Chakaria Sundarban, Satkhira and Khepupara estuaries that
for fishing single P. monodan PL, 14 other shrimp PLs., 21 finfishes and 1631
rooplankions were killed, The variations in zooplankion population with the
present. observation might be due o difference in mesh size of the collection
net, The microzooplankters could not collected for this study due to large mesh
size {1 mm) of the gear wsed,

Table 2. Awerage catch composition of P, mosodon, other shriimp spg., (infishes and
mracroraoplankiers from rlvers of Barguna

Major Taxa Yearly average catch Mumber of other species
(%) destroved for each P.

- manodon PL collection

F. monodon 1.67 -

Oither shrimp spp. 6260 a7

Finfishes 19.84 12

Macrozooplankters 15.8% 10

Toal 100,00 59
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An estimate was made on the P. monodon PL, harvested from rivers of
Barguna district revealed that about 1.3 billion P. monodon PL were callected
during the year 1993, resulied damage of large number of other crustaceans
and finfishes during shrimp fry collection. According to Funegaard (1986}, about
2000 shrimp fry/net’day wese collected by the collectors of Satkhira district in
1982 which were reduced to 200 fry/net/day in 1986- reflected the adverse
effect of indiscriminate sheimp fry collection in the coastal region of this country.
Immediate steps should be taken 1o stop this practice to conserve the aguatic
biodiversity,
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Impact of stocking density on growth and survival rate
of mud crab (Scylla serrata Froskal)
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Abstract

A Tlweeks culture trial of mud crab, Sovifa seerara in brackishwater earthen
pond was conducted in different stocking densities. The aim of the experiment
was 1o kdentify a suitable stocking density for optimum production. There were
three treatment as 5000 crablings/ha, 10000 crablings/ha and 15000
crablingstha of each with three replications, The initial mean weight of eraklings
were samie (5.5 £ 0,13 gl. The experirnental month was June "95 to Augusl ‘95
Tha size af Bach poad was 500 m il maintain a good watear |'.|u.:||i|:,- weaber was
exchanged in wvery cpring tide. The salinity during the experiment were 2-18
ppt. Prepared feed of about 32% protein consisting fish meal, MOC, rice bran
and wheat flour was used at 5% oftheir body weight. In terms of production,
survival rate, growth and carapace width, the stocking density having 10000/ha
snowed the best (P<.051 perdormance followed by 5000/%a and 15000/ha.

Key words @ 5. serrata, Stocking density

Introduction

Bangladesh has a ceast line of about 480 km and about 628,780 ha of
patential mangrave tidal flats (Mac-Mac 1974), where capture and culture of mud
crab can be undertaken profitably. Many rivers and tributaries terminating in the
Bay have formed an intricate nerwork of cross-channels and creeks in
Bangladesh's estuarine area. Mahmaod (1977 reported 16 crab species of the
coast of Bangladesh, In spite of having a culture favour brackishwater
environment a crab fishery has not yet been established in Bangladesh.
Literature suggests that the optimum range for better growth of mud crab is 15-
30 ppt, and for larval rearing the salinity should above 17 ppt. And the year
round occurrence of the larvae In Mathamuhury estuary even at a very low
salinity [2ppt] was reported by Ahmed (1991},

Mud crab as a good export item In live condition from Bangfadesh has been
growing higher demand in world market day by day. In view of the gradual
mcreasing importance of the commedity study was carried oul for the
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development of culture technology of mud crab at different stocking densities in
the brackishwater envirenment of Bangladash.

Materials and methods

The experiment was conducted in the brackishwater ponds of Fisheries
Research Institute at Paikgacha, Khulna and continued for 70 days, The
experimental conditions are given in Table 1. After construction of dykes and
gates, the ponds were allowed for sun deying for 15 days. All the ponds were
fenced by bamboo slits at about 0.5m deep in the soil to prevent escaping and
burioawing of crab. Lime was applied at a rate 125 kg'ha in all the ponds followed
by application of cowdung at a rate of 500 kg'ha after 7 days of liming and the
ponds were filled by tidal water of Kapotakhya river.

Table 1. Experimental conditions of mud crab {Sepllz serratal

Conditions Recorded data
Experimental period 70 Days

Water source Kapotakhya river
Experimental months June- August

Water depth 0.B-0.5M

Water exchange S0%/spring tide
Feeding frequency & 5% body weight/day
Pand size 500 sgm
Treatment Three stocking density
T 5000 crabling/ha

T 10000 crabling/ha
Ts 15000 crabling/ha
Range of water temperature 29.33°C

Salinity range 2.18 ppt

pH range B.4-8.6

Dissolved oxygen range 5.6-6.5 ppm

Crablings collected from natural source by trapping, baiting and netting
duting shrimp seed collection. There were three treatments having three
replications of each such as stocking density of 5000/ha crablings (T,), 10000
crablingstha (T4} and 15000 crablings/haiT,) respectively, Crablings were
acclimated to the laboratory condition for 7 days prior to stock in the
experimental ponds,
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Formulated feed prepared by fish meal, mustard il cake, rice bran and
wheat flour were fed wice daily at 12 hourly intervals batween 06:00 and 18:00
howrs ar a rate of 5% body weight per day for all treatments, Ingredients of feed
and proximate composition are given in Table 2

Table 2, Formulation and nutritional value of feed geed during the experimeantal period

Composition Proximate compesition of ingredienis
_U[_i”ﬁ_!rﬂdi“mﬁ Dry matter  Pratein Fa Ash CF MFE
Fizh meal £9.04 56.00 1600 28.00 - -
hustard il cake 9014 35.35 16.81 G, 36 13.40 B.04
Rice bran 9245 17.88 10.45 .40 27.85 4442
Wheat flour 92.14 12458 1.32 2.11 214 81.95
Percent of nutrient 3z 1219 11.8 1002 3369

Water exchange by at least 50% was done during the high tides of new and
full moon throughout the experimental period. Sampling for growth performance
and water quality parameters were done weekly. Specific growth rate, food
conversion ratio (FCR), carapace width of crab, total production and survival rate
were calculated following the guide lines of European Inland Fisheries Advisory
Commission (1980). All crabs were harvested by complete drain oul of the
pond wates. Comparison of treatment means was carried oul using one-way
analysis of vasiance (ANOVA) and Duncan's Multiple Range Test [P<0.05).

Results

The growth responses and production in three different stocking dengities
are presented in Table 3 and 4 respectively.

Table 3. Growth responses of Scyila serrata crablings at different stocking density over
the 70 days experimantal period

Tresat dean oty weaight {g)
mants Culture period (Wesk)

Initial | 2 3 4 3 fa r il 9 110
T 5.5 Bh 145 258 M4 462 557 bHS B2 843 11343
Tz 5.4 67 040 244 154 300 B16 632 Fh4 B4 930D
T3 h.h BS 141 240 326 371 440 532 B1.7 O FO3 T

19



MR, Saha ot al

Table 4. Growth, production and sundval rate of med crab during the experimental period

Parameters Treatments

Ty Ta T, &E +
Initial weight () 5.50 5.40 5.500 0,13
Final weight (g 11313 a3.0" 73.00 214
Weight gain (g} 107.63 a7.60" 67507 3.66
Specific growth
rate (%) 1.88 177 175 0.03
Imitial carapace
width [em) 1.0 230" 2.40" 0.20
Fimal carapace
width {cm} 5.50° &g 5.00 0,17
Food conversion ratio 2.56 218" 2.67" 047
Survival rate (%) 28 A | A |
Production (Kghal 158.4" 286.7" 138.3° 1]

Figures in the same column wilfs same leffers are mot significant different (P=0L05!

Differences in the initial :velghiﬁ of the crablings used in three treatment
were insignificant but at termination of the experiment the performance differ=d
significantly (P<0,05). Growth was more or less similar in the first two weeks,
bt from the third week a variation in the growth was appeared which was more
prominent from the fourth week (Table 3). The best production was recorded in
T, (338.25 kg'hal followed by the T, (2887 kh/ha) and Ty (158.37 kg/hal
respectively, The survival rate of T4 and T, were (31%) same. The performance
of specific growth rate was best in T, (1.88] followed by T, (1.77) and Ts {1.75}
respectively. The change of carapace width during the experiment were
homogenous. Though apparently there were slight variation of final carapace
width but there were no significant different among three treatments. The lowest
weight gain was found in T (67.5 gl followed by T, (87.6 g and T, 1107.625 gl.
The food pedormance in T, was best (FCR 2,18} than other two freatments.

Water quality parameters was monitored from each pand throughout 1he

sxperimental period. The temperature range from 29-33°C, pH 8.4-8.5, salinity
218 ppt, dissolved axygen 5.6-6.5 ppm and ransparency 3240 cm.

S0
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Discussion

Although the apparent production of crab in T, was highest but not
statistically significant different frarm T, The lowaest value of food conversion ratio
found in T, among three treatment indicate low. production cost in stocking
density having 10000/ha. The same carapace width also confirm the same
market price of harvested crab in all treatments. In terms of carapace size the
present study reveals, that stocking density having 5000/ha have the highest
carapace size which is supported by the finding of Balioao and Gerochi [1981)
where author showed relation between highest average carapace size and
percentage of survival, so positive impact of low stocking density on carapace
alre Bas been assumed |:|'!,-' R ﬂl}tkil]ﬂ |,|{‘~n-;.||,5-'. Todal ']r-:_u;il,l{tiq]ll of erab h.h-'illﬂ
stocking density of 15000ha was found higher than 10000Mha, withoul any
significant variation, Higher production oblained from stocking density of
10000/ha than 3000Wa suggest the best stocking densily among three treatrmeeni
which is supported by the satement of Fuad and Hanafi (1997}, Chaivakam and
Parnichsuka (1977} also studied the relation among the stocking density, survival
rate and production of mud crab. They found sur'-. ival rate of 57% with a yield of
171,68 kg/rai while stocked with 1 II'!|'|I'|.'!-|'|lJF.||."I'I'| , e survival rate was foumd low
[30%) with increase in vield (224,16 kg per rail. This studies confirmed the
present fndings, However, the overall iotal production of crabs in all treatonents
were found low than recorded by Chaivakam and Parnichsuka (1977 and 1978),
Bensam (1980}, Lapie and LiLlrl:rg {19791 which may be due 1o low feeding rate
and short culture period. Althouph the sumvival rate of crab in present study
were low but was similar to the findings after Raphae {1972), The low survival
may in cause fow salinity in the last three weeks of the expermental period,

Conclusions

Considering the average weight gain, total production and survival rate of
crah, it may be concluded from this experiment that optimum stocking density
for the culture of mud crab equal o or greater 1000%ha. More growth trial with
longes culture period may be carried out to support of the present results in
ronn and polyculture of mud crab.
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Abstract

Three different stocking rates in a semi-intensive pilot shrimg project was
adoptad in duplicates of Theee treatments designated as Ty, T and Ty having
imitlal per metre square stocking density of shrimp of 40, 44 and 51 respectively
of 0035 g size post larva. The study was conducted for 84 days. Commercia
pelleted diets designated as starter - 1, 2. 3 and grower were fid at 2 satiation
level during the study perlod with a feeding frequency of 4 to 5 times per day
Feed rationing was based on the survivability, body weight and tray checking
Five to twenty five percent of the pond water was exchanged daily, Sampling
was done for growth after every 2nd week. Monthly sampling was done for
rmrtality im the ponds. Mean weipght paln of the shrimp in treatments T i Ty and
Ty were 16,96 1 1,14, 16.04 £ 1368 and 14.08 £ 1.17 g respectively and T , with
a low stocking density showed a significantly best growth among the treatments.
Total mortality #n treatments Ty, Ty and Ty owere as 3000, 3977 and 31.37%
respectively, Significantly higher feed conversion ratie (FCR] of 1.87 was
ahtained with shrimp in treatment Ty followed by shrimp in Ty and T, with FCR
valpms of 1,70 and 141 respectively. A positive correlation of growah and salindty
wias observed during the study. Total production per unit area was the highes in
the treatment T3 {49248 kgrhaband fellowed by Ty (4747 kg /ha) and T (4251 ky'
hal, The result show significantly negative correlation between individual growth
and density.

Key wards : . monodon, Stocking density, Fermulated diets

Introduction

Bangladesh has about 2.5 million ha of coastal tidal lands, of which 2.2
million ha of lands may be suitable for brackish water aquaculture. Total shrimp
production of Bangladesh in 1994 - 95 is reported to be 10,1778 mt of which
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47,830 mt comes from inland water, 23,445 mt comes from marine water and
30,503 mt from coastal area of which 80% of total shrimp production comes
from natural sources {Paul 1%996). Maost shrimp farms in Bangladesh are
operated on a very extensive basks, relying on natural preductivity and have lintle
of no managements. A few farmers are claiming production levels of 900 kg / ha
Myear with improved cultural practices. This can be achieved to an average
production of 4,500 to 7,200 kg'ha ! year by encouraging the introduction of
more intensive shrimp farming methiods.

It Is reported that 30,000 ha of potential area at Cox's Bazar is suitable for
developing semi-intensive culture farm of Peneaid shrimp (C. P. Shrimp Mews
1994], Watural tidal fluctuations of this area permit easy entrance and elimination
of expected saline water, Depending on the stability of alinity 2 crops per year
may be obtained by culturing Peneaid species, Mareover, Peneaid thrimp
species may be stocked at a higher density than Macrobrachium sp. which
return a higher yield in comparison to later. Considering potentials, Peneaid
shrimp is much more suitable for semi-intensive culture system. Semi-intensive
cufture of Penaeid shrimp in this country has developed recently, In
semi-intensive culture of penaeid shrimp a good water quality management and
proper utilization of supplied food may afford a fruitful result. In this aspect
proper food rationing plays an important role.  Howewver, high feeding rates
results in organic load which alter pond environment leading to mass mortality of
shrimp particularly in ponds stocked with high densities (Clifford 1992}, The
optimum stocking densite together with water quality management and feed
rationing paves for developing semi-intensive culture of Penaeid shrimp.

For sustainable development of semi-intensive farming system, the study
has been undertaken with the objectives to Investigate the effect of stocking
density on the growth and survival of tiger shrimp { Penaeus monodon) using
commercial pelleted diets in order 1o assess the growth performance and feed
utilization efficiencies.

Materials and methods

The experiment was conducted between September 1993 and December
1993 in six culiure ponds of Beximeo Fisheries Lid. located at Khurushkul, on
the bank of the rlver Bakkhali in the coastal district of Cox's Bazar, Bangladesh,
A total area of about 5.5 hectares comprising 3.93 hectares of water area was
selected for the study. The farm consisted of 7 ponds, a single reservair, a
network of water discharge and feeder canals. A good water supply and drain-
out systern was there in the farm where water could be pumped to the
resarvoir (during spring-tide water entered in the reservoir through the sluice
gate via the lift-valvel, to get in to the feeder canal. The water In the reservoir is
treated 1o settle the suspended material. A coarse and fine meshed net
protected the entrance of undesirable paiii.l: and |::r¥,anism to the feeder canal.
Discharge of water was maintained Ig'; ravitational forces through PVC pipes
which was set at three different levels of water for elimination of desired level
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water as per requirements. 5ix paddle wheels for each pond were used for
agration and elimination of waste product.

For the study a total eof sis ponds comprising two replicates for each of
treatment Ty, treatment Ty and treatment Ty with stecking densities of 40, 44
and 51 nos. post larvae of shrimps per metre square respectively were
selected. Before slarting of the experiment, black sofl of the pond battoms were
removed followed by sun drying for 7 days, Lime was used at a rate of 250
kgha on the botiom and slope of these ponds, The water depth of the ponds
were kept up to 1 meter. Urea and Triple-super-phosphate [TSP) at a rate of 7
kgha and 4 kg / ha respectively were then sprayed on paddle wheel for
production of Phytoplankion and Zoa-plankton. Tea seed cake, at a rate of 8
ppm  was applied three days after entering water for killing of unexpected
arganisms in ponds, After three days, the ponds were ready for stacking shrimp
iy,

The fry (PLyg 10 PL jab having mean weight of 0.025 g and mean length of
18.00 mm) of tiger shrimp ( Fenaeus mnnmﬁurr] were collected from "The Miribili
private nursery and hatchery, Ltd", Cox's Bazar, Bangladesh, Commercial
pelleted diets designated, Starter-1, starter-2, starter-3 and grower obtained
from Saudi-Bangla fish feed Ltd., Mymensingh containing 30.37, 38.00, 18,00
and 36.00% crude protein mostly fish meal based respectively were used in the
feeding trials (Table 1). Blind feeding was continued 7 days after stocking,
considering 10% mortality, Weekly sampling was done for geming mean weight
of shrimps in each pond. Feeding frequency varied between 4 - 5 times per day
depending on the mean weight of the shrimps, Starter-1 was fed wpto 0.1 g
mean body waight of shrimp. Startes-2, starter-3 and grower were fed upto 0.5
£ 3 gand 20 g size respectively from the lower Himit,

2 R ) .
Table 1. Proximate comgasition of the commarcial diets (% dry matter bagsisl  used in the
feeding trials [obiained from Sowdi-Bamgla Fish Feed Lid, Bangladeshi

FEETY

Components Starter-1 Sharier-1 ﬁl.a.[IEj::'l Cirower
Ciry matter a1.50 H7.40 lli?'.El:.'-' BA.00
Crude protein 3750 41.47 41.42 40190
Crude lipid 144 327 147 404
Ash 2208 .02 1600 1363
Crude filsre 4.29 414 628 4.68
'Nllm;gr:n free exaract (MFE) 320 28.80 0.63 5.75

i.Th 3.91 @00 4.13

- ¥ L
Ciross energy Il'!.'L.al.';_..:.

' Mitrogen free extract as 108 - %{violsiure + crude protein + crude figld  + Crude fitiee + ash)
* The energy vialue of the feeds coicolated as adoged by Dare and Sdwards (18751 condigering
profein =55 Kealiplipio = 945 Koalg and  catwbypdrate = 4,2 Keallg

L
i
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For feeding, 1 m- hanging-feeding-tray platforms for each 1600 m® water
areq were set at 2 to 3 meters far from the bank by a pair of bamboo pole and a
strang plank. Total dally ration allecated for feeding tray was divided by the no. of
trays per pond and spread out on the tray during feed broadcast. The unfed food
on trays were collected, pocled and dried for each pond and wsed 1o adjust
subsequent feed ration, Gut contents of shrimp were checked for under feeding
and full feeding,

Routine waler quality measurement was done during the experimental
period. Among these, dissolved oxygen was measured by Y31 57 DO meter
before sun rise and at 4.00 p.m. daily. Temperature, pH, salinity and
wansparency {secchi-tise methed) were measured once daily and ammonia
was measured by field method) monthly, Depending on the requirements
water was exchanged about 5 to 25% daily and water depth was maintained 1
meter up to 30th day of culture and up to 1.75 meters for the rest. At the
primary culture stage a small amount of water was exchanged for maintaining
expected phytoplarkton and zooplankton level which are natural food for fry and
also a controlling facter of *lab lab" and dissolved axygen. Fertilization was done
as per requirements for maintaining transparency at expected level af 30 to 40
em.  Lab lab was collected by scoop net immediately after floating. Lime was
applied in the pond water, 30 days after stocking at a rate of 5 ppm and
continued weekly for rest of the culture period. Paddle wheels of 2 HF In each
pond were used for occasional agitation upto 20 days of culture period. Sampling
by cast net was dong after etery 2nd week of stocking. One hundred shrimps
were weighed and measured for each pend, For estimation of mortality, cast net
was operated randomly in 5 1o 7 pre-selected places and the captured shrimps
were counted. The area covered by the sampling cast net was measured and
compared by some terrestrial casting. Efficiency of cast net was considered at
BO% (Pers. com. Uddin, Farm Manager, Beximeo Fisheries Ltd., Cox's Bazar),
Tatal stocking was then determined by using following formula.

Mean Mo, of shrimp per capture X Total area of pond
Estimated stock = Measured mean area covered by cast net X 0.8

Then survivability was caleulated. Initial harvesting was done by cast net and
finally by lantern net and hand picking. During harvesting, mean welght and
number of harvested shrimps were recorded and finally survivability was
calculated,

The experimental diets, carcass composition of shrimps under the
experiment were analyzed for proximate analysis by the method described in
AOAC (1980). For initial carcass analysis of shrimp a group of significant number
of fry (weighing about 20g fry from the initial stockl were sacrificed at the
beginning of the experiment, and used for proximate analysis for moisture,
crude protein, crude lipid and ash, and considered as initial carcass
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composition. The final carcass composition of harvested shrimp samples from
each replicate was dried in oven at 105°C for 24 hours and ground by meat
grinder to be analyzed in the same Process,
The following nutritional performances were measured from the recorded
clata,
la)  Weight gain (%ol = [(final weight - initial weightlinitial weight] X 100
) Specific growth rate (SGR %widay) = [ln final weight - In inftial welghtitime (in days)
X 100where, In w natural log. log base 2,303
Ll Food conversion ratio (FCR) = dry food fedfive weight gain
) Frotein efficiency ratio (PER) = live weight gain/protein fed
i Apparent net protein utilization (AMPUL = protein retained/protein ingested] X 100
One-way analysis of variance [ANOVA] was done to find the significant
difference among the treatment means followed by the Duncan's new multiple
range test using minitak {Rhyan & Joiner 1985} as package ol eracomiputer,

Results

The water quality in respect of temperature, dissolved axygen, salinity,
transparency, ammonia etc. have been shown in Table 2. Temperature during
the experimental period in different period in different treatments T,, T, and T,
ranged between minimum value of 244 and maximum value of 29.5°C having
na significant variation in weekly temperature. Similarly, dissolved oxygen ranged
from 4.28 to 5.88 mg/l in the morning and 7.45 o 598 mgl in the evening
showingt no significant variation fp=0.035] on weekly observation among the three
treatments (Table 20, Salinity varied within a range between 17.2 and 25.8 ppt.
having no significantly different {p>0.03] values within weekly observation. The
mean pH values in different weeks in the treatments Ty, T; and T, were 7.78 to
8.6% 787 1o B.73 and 7.72 to B.B2 respectively and did not vary on weekdy
values, Transparency of the pond water varied from 31.77 om in T, at the start o

72,0 cm at the end (Table 2). Ammonia was always below 0.002 mg /1.

Tahle 2, ‘Water quality parameters in respect of temperature, dissabved oacpgen, salinity,
pH and transparency of the different treatments during expermental perod

Treaiment Temperatued 10 Dissolved Sallnity pH Transpanency
Cuygen img M (ppa) fcmb

Biimi- B Mink Masi Mink Maxi o Mini- Maxa Mini- Maxi Min- Mo

T1 X3 295 4.3 2.b f 50 174 I5.8 7.0 g7 333 51.B

Tz 44 Z29.4 4.7 5.4 75 Q.0 17.2 154 7. BY 317 714D

Iy 25 2845 43 54 75 Q.0 17.5 155 i dF 337 457

L
e |
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The mean body weight gain of shrimps during the experiment in different
treatments are presented in Fig 1. Significantly higher (p<0.03) growth was
observed with shrimp in treatment T, (lowest stocking density) followed by
treatment Ty and Ty  respectively, The nutritional parametess of shrimp, P
monadon measured in various treatment groups during experimental perlod are
shown in Table 3. Specific growth rate (SGR) of shrimp in teatments Ty, T; and
T, were 3,41, 3.38 and 3.31 respectively and were not significantly different
[p=0.05) whereas, significantly different (p<0.05] values of food conversion ratio
(FER) of the treatments Ty, Ty and T, were 1.70, 1.41 and 1.87 respectively
(Table 3},

H =
M =a- T1
16 -~ —T1

Body weight gain (g)
=1
|

R | | | | | l
0 2 4 8 8 10 12
Week (s)

Fig. 1. Welght gain of Pengeus mondon in thres treatment groups fed an different diets
during 12 weeks of experimental period.
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Table 3. Different growth patameters of Penaeus manodon in various treatment groups
during 84 days of feeding trial

Farameters Treatments
Ty T; T3
Initial mean waight ig/No.} (025 0025 0.5325
Final mean weight (g, 16.96G 16.04 14,04
1+1.14) (#1.34) (+1.17]
Mean weight gain (g/ho,) 16,93 T ras 14.05°
45 {H0.35) 10 65]
specific growth rate (SGR| 3.41° 338 3.31°
i+0.07) [+0.04) (+0.05)
Food eonversion ratio (FCR) 170" 1.41" 1.67°
|+40.0088 014 | =(r06
Protesin efficiency ratio (PER) 1.58" 1918 1.43°
{+0.05] {+0.12) {008
Apparent net protein 26.43" 11.84" 23.88°
utilization (AMPLIN [95)
Survivabsility (%) 70,00 &0.23 G563

Production (Kgha) _ara7 4151 4904

Differont superscripts ot s ow repagsenr significant difiorence fp<0l05) of mean valoes

The food conversion ratic |FCR) values were calculated ignoring the effects
of matural diets but on the basis of fed supplemented dry pellots only, The
protein efficiency ratio (PER} of the treatment T was significantly higher (p<0.05)
(1.91) than other treatments (Tabla 3). Apparent net protein utilization (ANPL)
values hy the shrimp in different treatments fed various diets were 2642, 31.84
and 2388 for T, T, and T; respectively,

survival rate was estimated twice during the experimental period and finally
after harvesting. A massive monality was occurred in the treatment T, just after
stocking. Survivability was highest (70%) in treatment T, followed by T, (BR.63%)
and Ty (B0.23%).

Although, final mean weight-gain of individual shrimp in the weatment T,
was the highest (16.96 g} (Table 3), total production per hectare was not the
highest in this treatment due to its lower stocking density. However, the
praduction calculated on the basis of final harvesting were 4747, 4251 and 4928

kg ha™ inthe T,, Tz and T, treatments respectively,

Discussion

Salinity in the range of 15 1o 25 ppt were usually considered more suitable
for P. monodon grow-oul (Boyd 1959), Chiu (1988) also reported that the

5O
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optimum range of salinity for P, monadan farming should be within 20 to 25 ppt.
The salinity in this experiment, was found within this limit which indicates a
favourable condition for growth and survival of F. monodon.

Liao and Murai (1986) repored that the oxygen respiration rate of P
monodon remained constant at dissalved oxygen (DO} concentrations above
3.0 to 4.0 mgl. In the present study dissolved oxygen {DD) measured in the
marning (before sun rise) in the treatments were within the safe level {Table 2.

In the present study pH values in ponds were not below 7.72 (Table 21, This
ehows a reciprocal relationship between the salinity and pH values. Nakra (1994
stated that the optimum range of secchi disc reading should be between 30 and
60 em during Juvenile stage, above and between 25 and 40 cm 1o the sub-aduli
and final stage. In this study among the mean transparency level of three
treatments, the mean value in the treatment T, was above the optimum level of
Juvenile shrimp. Massive mortality during the experimental period in the
treatment T; might be due to the low productivity [Makra 1994). However, the
transparency in  teatment Ty was oplimum from beginning of the stocking
pericd and a greater survivability in that treatment might be due to optimum
natural productivity.

The initial stocking density of the treatments in the present study were much
higher in comparison to the stocking density practiced at other farms of the
Cox's Bazar coast [Pers. comm. with other farm Managers). The stocking
densities of the treatment T,, Ty and T, finally reduced to 28, 26.5 and 35 per
metre square respectiveld due to uneven and massive mortality. However, the
individual growth achieved by shrimp in the treatment Ty was the highest
(16.96g), Roy (1992 recorded pond water temperature in the winter season
30-30°C and in the summer season 25-32.5°C in his experiment, conducted at
Aquaculture Farm Lid., Cox's Bazar, takra (1994) stated the optimum range of
temperatura for the Black Tiger Shrimp (F. monodon) was between 28"c-30'C,
Chiu (1988] also pointed out the temperature range of 25-32°C was the
optimum for P. monodon farming. Therefore, lower individual weight of /.
monodon in this study might he affected by the temperature below the
aptimum level {Apud etal. 1985),

In spite of these, individual weight gain by the shrimp of treatment T, was
highest and followed by T3 and Ty (Table 3). It might be due 1o the lower density,
maintained from initial stocking in the wreatment Ty, Significant difference of
individual weight gain was observed In the treatment T (14.08) compared to T,
(16.96) and T, (16.04)_ 1t may be explained as the stocking density of treatment
T, was much higher (51/m*} than T, (40/m?} and T, {4dim?) treatments. Wyban
{1987} showed a negative co-relation between stocking density and growth,
similarly, values of 3,41, 3.38 and 3.31 for specific growth rate (SGRI found in
treatments Ty, Tz and Ty might also be due to the efiect of stocking density.
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Chanratchakool ef af. (1993) stated that the total FCR varies depending on
the stocking density; quality of feed and the size at which the shrimps are
harvested, but ideally it should not be higher than 2. They also stated that weekly
FCR varies over the production cycle and between populations, but as a rovgh
guide it should be between 1 and 1.5 in the early stages of the cycle and 1.5 and
2.5 in the later stages. Tahle 3 showed the FCR values of three treatments which
were not greater than ideal value, but inspite of higher stocking density in the
treatment T, FCR was lower than treatment Ty, It might be due 1a the higher
maitality in the T; treatment which lowered the stocking density of weammem T,
in comparison to T,. The values of FCR in all the treatments indicates that the
feeds (Starter - 1, 2, 3 and grower) were in category of good guality dists as
because the mean FCR values were 1.70, 1.41 and 1.87 in T, T, and T,
respectively. Similar result was obtained by Sedgwick {1979) with shrimp, He
reported that FCR increased with level of rations fed and with the mean weight
of the prawn as they grew,

It may be explained that prowth was affected by the increase of total
biomass due to higher stocking density which ultimately decreased the
efficiency of food conversion with higher FCR value. From Fig, 1 it is seen that
individual weight gain in chrimp in treatment T, was lower than those in Ty and T,
from the beginning of culture but FCR was higher than other two treatments.
According to Sedgwick {1979) it seemed o be logical. He found that greatest
efficiency of food conversion was achieved with relatively poor growth rate and
he supgested to sacrifice some cpnversion efficiency to take full advantage of
growth rate.

Apparent net protein wtilization [ANPU} was the highest in the treatment T,
{31.684) followed by Ty (26.42) and T; (23.88), Pratein efficiency ratio value was
also highest in treatment T4 (1.91) followed by T, (1.58) and T, {1.43). The ANPU
and PER values in the present study indicates the better utilization of dietary
protein.

Result of the study showed that stocking density affected the individual
weight gain of shrimp but mortality may not be correlated with the stocking
density. Therefore, similar experiment should be conducted with lower stocking
density to compare the growth efficiency and mortality. Considering the disease
problem of neighboring farms it was also recommended that farms should be
situated at a reasonable distance from each other for aveiding entrance of
pEl”IJ[El'r weater -glischa Fpi,

References

All, 3.4, 1982, Relative efficiencies of pelleted feed compound with different
animal proteins and the effect of protein level on the growth of prawn
Penaews indicus, Proc. Symp. Coastal Aquaculture, 1: 321-328,

1




5.C. Chakrabuorty et al.

ADAC [Association of official Analytical Chemists), 1980, Oificial Methads of
Analysis of the Association of Official Analytical Chemists. [ ed. W.
Morwitzl. Association of Official Analytical chemists, 13th edition,
Washington, D.C.

Apud, F.O., |.H. Primavara and P.L. Torres Jr, 1985, Farming of prawn and
shrimps [3rd edition). Aquaculture Extension Manual No. 5. Tigbaun, llollo,
Philippines, SEAFDEC Aquaculture Department. 67 pp.

Boyd, €.E., 1989, Water quality management and aeration in shrimp farming.
Fisheries and Allied Agquaculture Departmental Series No. 2, Aubum
University, Alabama. 83 pp.

Castiell. 1.0, ane K. Tiews (eds.), 1980, Report of the EIFAC, IUNS and ICES
waorking group an the standardization of the methodalogy in fish nutrition
research, Hamburg, Federal Republic of Germany. 21-23 March 1579.
EIFAC Technical Paper. pp.26.

Chanratchakool, P., LF, Turnbull and C. Limsuwan, 1993, Health Management in
shrimp Ponds. Published by Aquatic Animal Health Resesarch Institute,
Department of Fisheries, Kasetsarl Liniversity Campus, Bangkok,

Chiu, ¥, M., 1968, Considerations for planning prawn farm profects, In: Technical
Consideration for the Management and Operation of Intensive Prawn Farms,
leds. ¥.M., Chiu. L. M. Santos and RO ulianol U.P. Aquaculture Society,
lilo City, Philippines. ip. 25-28.

Clifford, H. ., 1992, Maripe shrimp pond management: A review. In: Technical
Bulletin (ed. |. Wybanl, Proc. Special Session on Shrimp Farming. Warld
Anquaculture Society, Baton Rouge, LA, UISA.

A .3 Shrin']p News, 1994, A successful shimp farm in Bangladesh. A
Bimonthly Publication of C.P. Aquaculture Business Division. 12th Fir. C P
Tower. 313 Silom Bangrak, Bangkok 10500. Thailand. 24},

Liag, L.C. and T, Murai, 1986. Effects of dissolved oxygen, femperature ard
salinity on the oxygen consumption of grass shrimp, Penacus monodan. i
|.L. Machlean, L.B. Dizon and L, ¥. Hosillos (eds.). The First Asian Fisheries
Forum, Asian Fisheries society, Manila, Philippines. pp. 641-646.

Nakra, M., 1994, Prawn Farming Manual. Published by Shri G. A Raju, General
Manager for the Waterdase Ltd, Ananthapuram, Village, Nellore 52344,
India. 113 pp.

Paul, 5. K. 1996, Chingri: Adhunik Chash Projukti O Upakulyo Paribesh
Babosthapona. Published by Monika Paul, 22 Elephant Road, Dhaka -1205.
269 pp. (in Banglal

LTF




Srfa.-:.l-.-lg ety of B manodoe

Roy, A. K, 1992, Semi-intensive culture of tiger shrimp, Penaeus monodon with
artificial diet, A4.5c. Thesis, Dept. of Fisheries Technology, Bangladesh
Agricultural University, Mymensingh, 63 pp.

Ryan, B.F. and B.L. loiner, 1985, Minitab Handbook. Duxbury Press, Boston,
179 pp.

sedgwick, 1979, Effect of ration size and feeding frequency on the growth and
food conversion of juvenile Penasus merguiensis de Man, Agquacuiture, 16
279-298.

Whyban, LA, C5. Lee, V.T. Sato, |M, Sweeney, and W.K, Richards |r, 1987,
Effect of stocking density on shrimp growth rates in manure fertilized Ponds,
Aguaculture, 61; 23-32

ifdruscmpr recelveg 9 iy 1996)

63



Bangladesh I Flsh. Re<, 101} ; £5-72
Bangladh'h Fisherie: Besearch Institute

Digestible protein and energy value of fish meal,
dextrin, fish oil and soybean oil for Thai sharpunti
(Puntius gonionotus Bleeker)

M. A, Hossain, .M. Rahman' and 5. C. Ch.a_krﬂhnrt}-1

Depaniment of Aguacuitare
Hangladesh Agnicolfaral Dindversity Mpmensingh-2202, Hanglackesh

r.':'aparrmm.' o Fisheorkps r.:-\.'.'ur.q'u'u_'ulg-}-_ CETH .'.-!g.-'m._:-n;l'."rg.h

Abstract

A laboratory tnal was conducted to detormine the dipestible protein and energy
walue of fish meal, dexirin, fish oil and soybean oil fior Thal sharpunt] {Punnius
gonionalus Bleeker|. A reference diet containing 35% proteln was formulated in
which fish meal was the sole source of protein, Flve test diets were foemulated
wsing reference diet and individuzl test ingredients (fish meal, dexirin, fish ail
and soybean oill. Fach treatment had theee replicates with 15 fish per replicate,
Fish wore fed twice daily af the rafe of 3% of their body weight. The result of the
sy inchicated that the disgtary |:-r"u:-tr=-n i both reference and test diets were well
digested and the apparent protein digestibility (APD) values of test diets ranged
Betwesen 8281 and B5.99%, The APD value of fish meal protein was 88,05%,
Thar apparent digestible energy (ADE) value for the test ingredients ranged
Batwesn F0.79 apd B5.80% with 5.-::-':.'|:|:1:|n ol having tha highesl and fish meal
the lowest value. The ADE values calcubated in terms of Kcallg of ingredients
ware 3,68, 3.2, 4.38 and 4,44 H.'-r.nh";_g for fish meal, dextrin, fish oil and Syiean
il respectivaly,

Key words @ P, pomanons, Proten, Energy, Fish meal

Introduction

In feed formulation and manufacture, it might be useful to have an
understancling on the digestibility of main ingredients of a diet as well as the
whole diet, It appears that the ingredients in question could be treated as a diet
and usual digestibility determination method could be used to determine its
digestibility. This is not always possible. For example, the ingredient by itself
might not behave in the same way as It would as a component of a
compounded diet. Alternately, the fish may not ingest the ingredients itself,
Ingredients with low protein can not be wsed as a single protein source in a diet,
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Again, for determination of optimum digestible prelein 1o energy ratio,
digestibility of pratein and energy of each of the ingredient is necessary.

The method that is presently used for estimating digestibility of an ingredient
was first introduced by Cho et al. (1974} in which a reference diet and a test diet
Is used. Test diet is prepared by mixing 30% or 20% of the ingredienis to be
tested with the reference diet, The present study was undertaken to determine
the digestible protein and energy value for fish meal, dextrin, fish oil and
sovhean oil for Thai sharpunti | Puntivs gonionotus Bleeker|.

Materials and methods

The experimental system used in the study consisted of 15 glass aquaria of
55 | capacity. All the aquaria were kept on 1 m high platiorm 1o facilitate better
observation and accessibility, An adequate level of dissolved axygen in each
aguarium was maintained through artificial aeration.

Fry of Thai sharpunti, F. gonionatus (Bleeker] were collected from
Freshwater Station, Fisheries Research Institute (FRI), Mymensingh, After
receiving fry were given prophylactic treatment with 0.5 ppm KMnO , solution
for 30 minutes, Before starting the experiment, fish fry were acclimated to the
experimental system for one week. The fry were fed with formulated feed
containing 35% protein during acclimation pericd.

There were five treatments each with three replicates. Uniform sized
fingerlings of Thai sharpunti were randomly distributed at the rate of 15 fish per
aguarium with a mean initidh weight of 4.5g. Water in each aguarium was
changed partially twice daily during the removal of uneaten food or faeces,

For formulation of experimental diets, fish meal was collected from Saudi
Bangla Fish Feed Ltd, Bhaluka, Mymensingh which was originally imparted from
Singapore. Cod liver ail was used as fish oil (Seven 5eas, British Cod Liver Oils
Ltd, England}. Good quality soybean oil was collected from Mymensingh local
market. Dextrin, alpha-cellulese and carboxymethyl cellulose were obtained
from Sigma Chemical Company, England. Mineral and Vitamin premixes
{Embavit Fish Premix} was collected from Ehone Poulenc (Bangladesh).

Prior to the formulation of diet, the fish meal was analysed and the
proximate composition (% dry matter} was protein 65, 18%, lipid 11.24%. ash
21.51%, crude fibre 0.50% and nitrogen free extract 1.57%. A basal or
reference diet was formulated wsing fish meal as the sole source of protein
(Table 1}. Test diets were formulated using reference diet and individual test
ingredients (Table 2}, Formulated diets contained 0.5% chromic axide to study
protein digestibility. Diets were prepared by using a Hobart pellet mill {Hobart
AZ00), Diets were subjected 1o proximate compasition analysis and the results
arit shawn in Table 3.

By
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Ingredienis

Fercent of ingrediemnts

Fish meal 53.70

Dextrin 33.30
Alpha-cellulose F 00

Binder (CMC) 2.00
Vitamin-mineral premix (Embavit)’ 1.00

Total | O, 00

II Carbopmerhy ceflalose {gh visoosig)
" Obtanied from Rhone pavulenc Hangiadesi)

Table 2. Formulation of 1es deests

Diets (4]

Ingredients Erterence Fish msal Dlextrin Fichodl  Sovhean ol
Bagal mixiurne 99 .50 7967 Q.67 #9.50 /950
Fish meal - 19.63% <
Dextrin - 2 19.83 z

Fizh nil - . 10,00

Saybean qil e ; . . 101,000
Chromic oxide 0.50 0.50 Q.50 0.%0 .50
Tirtad 10000 Too.0n 000 Yoo.0n 1ECH. (D
Table 3. Proximate composition of the experimental diet (% dry mattes)

. Criets

Components Reference  Fish meal  Dextrin Fish ol Soybean u.ll
Dry matter bh 32X Bis, 62 §5,92 6,12 F.08
Prodein 857 i2x33 0,94 34.73 1245
Lipici 4.0F 526k 4,12 1255 T4
Ach 13.71 17.55 11.34 13,12 1294
Crude filkre 938 .44 7.79 <, 200 BB
FFE 34.25 26,31 45.81 30.40 3043
Chromic mxide .49 0,49 0.50 48 0.45
Cirnss eneegy (Kealfzl 4.49 444 456 5.20 5.148

T .
Mitragon free extract calowlsted as 100 < Radmadsune + prorein + lparash + crude e
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Fish were fed experimental diets in the morning (at 9.00 h1 and afternoon (at
17.00 h) daily at the rate of 5% of their body weight.

Faeces collection started four days after feeding to allow evacuation of all
previously ingested matesial, Uneaten food or fasces were removed from each
aquarium by siphoning after 30 minutes of feeding. Faeces were collected
separately for each replicaie twice daily in the moming and aftemoon for four
weeks. Collected facces were dried in an oven at 60°C and kept in air- tight
container for subsequent chemical analysis.

The water quality parameters such as temperature, pH and dissolved
oxygen were monitored weekly and the ranges were temperature 27.5-32°C:
pH 6.8-7.4 and dissolved oxygen 6.2-7 .4 mg/l.

Proximate composition of the dietary ingredients, diets and faeces were
analysed according to AQAC (19800, Energy content in feed and faeces were
analysed by a Adiabatic Bomb Calorimeter, Chromic oxide comtent was
determined following the wet-digestion technique of Furukawa and Tsukahara
{1966}, Estimates of the apparent nuirient digestibility of experimental diets were
derived from the following equation (Maynard and Loosli 1965).

Apparent nutrient digestibrility

I - % Chromic oxide in feed % nutrient in feed
=10 '( * % Chromic oxide in faeces % nutrient in faecEEJ

The apparent nutriemt di[&stiblliw of the feed ingredients were estimated
using the following equation (Cha el al, 1982,

100 digestibility coefficient 80 digestibility coefficient
20 [ of test diet T o0 of reference diet ]

Statistical analysis of the data was performed by analysis of variance
(ANONA) followed by Duncan's New Multiple Range Test (Duncan 1955).

Results

The proximate composition of the experimental diets are shown in Table 3.
The protein, lipid and energy content in different diets ranged besween 32.45 fo
42.22%, 4.00 to 14.70% and 4.49 o 5.20 Kealig respectively.

The protein, energy and chromic oxide content in faeces of fish fed
experimental diets are shown in Table 4. The protein content was highest in
faeces fish of fed reference diet whilst fish fed reference + soybean oil diet
produced the lowest {14.14%] fzecal protein.
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Tahle 4. Protein, energy and chromic oxde content in faeces af fish fed experimantal
diets

Diets
Reference  Ref, + Ref. + Bef. +  Bed 4
et Fish meal Diexctrin Fiash exl Soybean il
Prodiein (%) 18.0% 1D 1674 17.19 14.18
Chicemie Oacicle (%) .57 1.53 1.54 1.44 1.44
Energy (Kealig) 4,44 4,48 d.d4 448 4.44

The apparent protein digestibility (APD} and apparent digestible energy
lADE) value of the test diets are shown in Table 5. There was no significant
difference [F=0.05] between the APD values of reference diet, reference + fish
meal diet and reference + soybean oil diet. But these values were significantly
[P=0105) higher than those of reference + dextrin diet and reference + fish oil
diet.

Table 5. Apparent protein digesdibility and digestible energy value of experimental diets

i Ciets

Reference Ref, + thH.- + I.s‘,ei + Ref, + 3o Ef
 diet Fish meal Dextrin Fish ol Sovhean ail

APD{%) B5.10° 85.69° 828"  B2e1"  m4m2’ 0.36
ADE(%) &8.50" 70,36 " 59,19 70.08* 70.23" 0.53

. -
Figures in the same row having Hie seone superscripts are nob signiffcantly diferent 20,05

2 ;
Standard erroe of treatment meon calewlated fom the residual mean squane @ e analysis of
wanames

There was no significant (P=0.05) differences between the ADE values of
reference diet and test diets which ranged between 68.50 and 70.386%. The
APD value of fish meal and ADE value of test ingredients such as fish meal,
dextrin, fish oil and soybean il are shown in Table 6. There was no significant
difference (P=0.05) between the ADE of fish oil and soybean oil. But there was
significant {P<{L.05) difference between the ADE value of fish meal {74,69%) and
dextrin (70.79%). The digestible energy (DE) values of fish meal, dextrin, fish oil
and sovbean ofl calculated in lerms of Kcal/g of the ingredients are also shown in
Table 6. These values were 368, 3.22, 4.38 and 4.44 Kcalg for fish meal,
dextrin, fish oil and soybean oil respectively,

&4
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Table 6. Apparent protein digestibility (APD] and apparent digestible energy LADE] values
for test ingredients

Ingredients
Fish meal Dhexdrin Fishoil Soybeanoil  +5p°
AP B86.05 R : - .
ADEa) 74.69" 70.79° 24.30° 580" 0.48
DE (Keabigl 366 32" 438" 444" 0,03

' Figures i the same row havig the same superscripts dre nat - significantly difforont (P0.05)

2 ciandard evror of treatment aredrs calculated from the residual  mean squave fn dhe analpsis of
Varkence

Discussion

The protein, lipid and NFE content varied between experimental diets due to
the variation in the amount of test ingredients mixed with the reference diet. The
ranges of water quality parameters monitored during the study period were well
within the limit for fish life and could not have hampered the growth of fish
{Jhingran 1983,

The result of the present study indicated that the dietary protein in baoth
reference and test diets were well digested, The APD value of the reference diet
in the present study is 85.10%. This value is similar to the value reported by Law
(1984} and Khan (1994) fof reference diet consisting of fish meal, soybean,
copra cake, maize and rice bran for jefawat | Leptobarbus hosveniil and tropical
calfish {Mystus nemurus). The APD values of the test diets ranged between
82,81 1o 85.99%. The high APD values obtained in the test diets may be due to
the fact that all the test diets contained maore than about 0% of the reference
diet and in reference diet fish meal was the only source of dietary protein.
According to NRC (1977) carp can digest up to 95% of the protein in fish meal.
However, the value can decrease to 80-85% depending on the origin and
processing of the fish meal used (Ogino and Chen 19731 Brown ef al. (1985)
reported an APD value of Bo% for fish meal in charnal fish.

in the present study, there was no significant [P=0.05) difference between
the ADE value of reference diet and test diets and the values ranged between
£2.50 andd 70.36%. Khan (1994) reported an ADE value of 78.5% for a reference
diet for Mystus nemurus which is higher than the value obtained in the present
study [68.50%). However, ADE (68.50%) value obtained in the present study is
similar to the value of 69.41%: reported by Law (1984) for Jelawat (L. hoevenii).

The APD walue of fish meal was calculated from the formula by Cho et al.
(1982] used to calculate apparent digestibility value for est ingredients. The APD
value of fish meal in this study is B8.05% which is slightly lower than the AFD
value of fish meal (90.81%) reported by Law (1986} for jelawat (L. hoeveniil but

T
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higher than the value reporied by Khan (1994) for catfish (M. nemurus),
Mandeesha et al. (1991} reported a higher APD value of 90.40% for fish meal in
Carfa capla using fish meal a: 30% of the reference diet, On the other hane,
Hasan el al. (1990) reported a somewhat lower APD value of 79% for fish meal
in Labeo rohita.

The ADE value for fish meal in the present study is similar to the value
174%) reported for rainbow trout by Windell ef al. (1978) but lower than the
vilue obtained by Smith et al.(1980) 95% and Cho et al. {1282] 91% for the
same species, Khan [1994) also reported a somewhat higher ADE value
77 .88%) for fish meal in catfish (8. pemorus),

The ADE value of fish oil and soybean il were significantly higher than ADE
of fish meal and dextrin [Table 6). The higher ADE value of fish oil and sovbean
cil might be related o the high lipid digestibility of fish ol and soybean ail.
Hossain et al. (1992) reported 59.96% and 93.24% digestibility of lipid in fish
meal and soybean meal diet respectively for tilapia { Oreochromis
mossambicus). Singh (1991) reported a lipid digestibility of 22.10 o 98.10% for
feedsiuff and pelleted feed of plant origin Circhinus mrigala yearlings. He also
reported a lipid digestibility of 87.10 to 96.70% for conventional and
unconventional feedstuff of plant origin In grass carp (Clenaphanmgodon idefia)

The ADE value of dextrin was the lowest (70.79%) which might be related 1o
the digestibility of dextrin as carbohydrate source in fish feed. Hasting (1969)
reported a digestion coefficient of 74.8% for dextrin as carbohydrate source in
ralnbow trout diet.

The result of the present exgeriment indicated that fish meal, fish oil,
soybean oil and dextrin used as fish feed ingredients have been well digested by
Thai sharpunti as dietary protein, lipid and carbohydrate source respectively, The
digestible energy values in terms of Kcal'g of the ingredients are 3.68, 3.22, 4.38
and 4.44 Kcalfg for fish meal, dextrin, fish ail and soybean oil respectively,
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Abstract

The 66 kilo-Dalton (kDa) protein split off from the: crosslinked miyasin heavy
chaln ICMHC] formed due o the setting of Alaska pollack surimi, frozen-storage
of Pacific cod flesh, and vinegar-curing of Pacific mackerel mince was identified
a5 4 light meromycsin (LMM), Puncture and stress-relaxation tests showed that
the actomynsin subunils (AME) af Alaska pollack surimi, upon setting al 30°C,
transtormed into gel, although the elagicity of this gel was very low when
compared to the gels from surimi er actomyosin (AM). Electrophoretic studies
showed that the band due 1o LMM in the gel from AMS gradually disappered
with the progress of setting but higher molecular weight polyrmer did mot form,
The intensity of the bands due to4ther myosin sub-fragments decreased a little,
The findings supgest that at setting tempesature, LMM of MHC molecule leads
1o an unfolding resulting in an intramelecular aggregation through non-covalent
interactions, and thus plays a significant rmle in the cromslinking of MHC.

Key worids ¢ Surimi, Light meromipnsin, Mon-covalent ageregation

Introduction

In the manufacturing process of kamaboke, a viscous water-washed and
salt-ground fish paste {surimi paste) is usually heated at a low temperature (0-
40°C) prior o cooking at a higher lemperature (80.90°C). This process of heating
at low wemperature, called “setting”, is performed to improve the elasticity of
kamaboko. The surimi paste turns to an elastic, semi-transparent gel, called set
gel or "suwarl in lapanese, at this time. During setting myosin heavy chain
IMHC] of fish myosin crosslinks to form high molecular weight crosslinked
myasin heavy chain (CMHC) (Lee et al, 1990, Numakura er al. 1985, Numakura
et al.1990),

In our previous experiments (Nowsad et all 1993a, Nowsad er al. 1993h), it
was observed that the CMHC was formed during the setting of Alaska pollack
surimi by the aggregation of MHC and 66 kilo-Dalton (kDa) protein through weak
hydrophobic and hydrogen bonds, from the fact that the CMHC split into MHC
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and &6 kDa protein upon repeated extraction with concentrated urea and
electrophoresis, Some low molecular weight protein components including 66
kDa peotein were also split off from the CMHC formed during frozen-storage of
Pacific cod flesh and detwdration of Alaska pollack surimi (Miwa et al, 1993], The
results suggested that the 66 kDa protein might play an important role in the
crosslinking of MHC. In this study, the 66 kDa protein was tentatively identified as
a light meromyaosin (LMM} and the role of this MHC subfragment in the setting of
surimi was examined.

Materials and methods

SA-grade (Super-A prade) wnsalted frozen surimi of Alaska pollack from
Golden Alaska Seafoods Inc., Seattle, WA, U.S.A. was used. Pacific cod Gadus
macracephalus and Pacific mackerel Pneematophorus japonicus were
purchased from a retail fish store in Tsu iy, lapan, Both trypsin (bovine
pancraas} and trypsin inhibitor (soybean) were obtained from Sigma Chem. Co.
LLS.A.

Extraction of AM

Mince of Alaska pollack surimi and dorsal and lateral muscles of Pacific cod
wise washed three times with 5 volumes of 3.38 mM NaHzPOs-15.5 mM
MazHPCy (pH 7.5], followed by centrifugation at 6,000 x g for 10 min. AM was
extracted for 3 h with 5 vglumes of 0.8 M KCI-3.38 mM KH 2PO5-20.5 mM
NagHPOy { pH B.0), followed by a dilution precipitation with water, One part of
AM was concentrated by dialyzing against polyethylene glycol # 20,000 and the
other part was dissolved in 0.5 M KCI-0.05 M Tris-maleate buffer ipH 6.2] for
subsequent digestion by trypsin, All the procedures were dane at 4°C.

Preparation of AM subunits containing 66 kDa protein [AM(5} ]

AM was digested with trypsin at an enzyme myosin ratio of 1 . 10 [l at
10°C for 2 h at an AM concentration of 15 mg /ml in 0.5 M KCI-0.05 M Tris-
maleate buffer [pH 6.2) according to the method of Tsuchiya and Matsumolto
{1975). The reactlon was terminated by the addition of a 3 fold higher by weight
of soybean trypsin inhibitor salution, The digest was dialyzed against distilled
waler overnight, cenitrifuged at 30,000 x g for 30 min and dehydrated by
dialyzing against polyethylene glycol @ 20,000, All the products were used within
a week,

Seffing, frozen-storage, and vinegar-curing

Thawed surimi, AM, and AM(S) from Alaska pollack wers, respectively,
ground together with 3 % MalCl, 1 % sterilizer (Ueno Fine Chem. Co., Japan,
solmightyl, and varied amount of water to maintain a final moisture content of 88
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% by a monar for 10 min at 4°C. The resulling pastes were stuffed ino glass
tubes (10 mm in inner diameter, 45 mm in length), set ina water bath ar 30°C
after wrapping bath ends by parafilm (American Mational Can, Greenwich, CT,
LLS.AD and conled in running tapwater.

For frozen-storage, 1 g of Pacific cod mince kept in a stoppered Erlenmeyer
flask was stored in a freezer at -20°C for 30 days and thawed at room.
temperature before the preparation of sample for electrophoresis. For vinegar-
curing, 1 g of Pacific mackere| paste ground with 3 % NaCl was stuffed into
cellophane tube and cured in 5 % acetic acid at 4°C for 48 b,

Measurement of elasticity

a. Punciure test

Puncture test of the et gels sliced into 15 mm height was done by using a
theometer (Fudoh Kogyo Co., Japan, MRM 2010]-CW)] with a spherical plunger
{5 mm in diameter} at a table speed of & cm/min.

b, Strass-relaxation fest

The same rheometer with a flat plunger (20 mm in diameter) was used to
carry oul the compression stress-relaxation test. The gel of the same shape was
compressed at a table speed of 30 cm/min with a constant strain of 0.1, Stress-
relaxation curves recorded for five min after compression were analyvsed by a
four-element mechanical model &Fhere two sets of Maxwell's model were
connected each other in parallel. An instantanecus elastic modulus of this
mechanical model (G0, the elastic modules of a spring coil of the Maxwell's
model showing the longer relaxation time (G1), the modulus of anather
Maowell's model showing the shorter relaxation time (G2), the viscosity of a
dashpot constructing the formes model [h1), and the viscosity of a dashpot of
the latter model (h2) were obtained by the progressive approximate method
{Tobalsky and Murakami 1959) through the following equation:

n
Pt} = el (E£.Gie-thi)

=1
where, Pil = siress, e,= constant strain, L = lUme, Gf = elastic modulus of i-th
alement, G, = G + Ga + ...+ G, the instantaneous elastic modulus); and T
=i/ Gj 1 is the viscosity of the i-th element,

Sodium dodecyl sulfate- polyacrylamide gel electrophoresis (SDS-PAGE)
SDS-PAGE of the gels, frozen-stored flesh, vinegar-cured meat, AM ard

AMIS) were carried out as reported previously (Mowsad ef al. 1993a) after
dissalving in 8 M urea- 2 % 5D5-2 % 2-mercaptoethancl-20 mid Tris-HCI (pH

3
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B.0). AM and digested AM were dissolved in 0.5 M KCL005 M Tris-maleate
ipH 6.21, dialyzed against the same buffer and electrophoresed as above lop citl.

Extraction of CMHC

CMHC remained at the top of the disc gel after the SD5-PAGE was
extracted in 8 M urea-2 % 505-2 % 2-mercaptoethanol-20 mM Tris-HCI (pH
8.0) by the method described previously (Mowsad et al. 1993a).

Results and discussion

In Fig.1, SDS-PAGE patterns are shown for Alaska pollack surimi set at 30°C
for 10 h [A), Pacific cod mince frozen-stored at -20°C for 30 days (B) and Pacific
mackerel paste cured in acetic acid for 48 h (C). Three main bands were
observed in all the discs - at their top as CMHC, at 205 kDa as MHC and just
helow 45 kDa as actin (Ac), similarly as in the case we described before
(Mowsad af al. 1993a, Miwa ef al. 1993). The intensity of MHC bands decreased
with the progress of setting of Alaska pollack surimi, frozen- storage of Pacific
cod mince and vinegar-curing of Pacific mackerel paste and in comespondence,
the intensity of CMHC bands increased in all the cases, The bands for Ac did
not change. The results supported the views that with the progress of either
setting or frozen-siorage or vinegar-curing MHCs were crosslinked to higher
molecular weight CMHC.

4
B c

A
MEQE = TRy CMIC
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Flg.1. SDE-PACE patteras for seting (A), frozen-sorage 18) and viregar-curing] CI of fish pasies. a,
5.:!H:-gm|nd Alaska pollack surmi; b, that st ar 30°C for 1 b; ¢, that et for 5 h; d, that et for 10 h; &,
Pacilic cod mince: £, that fregon-sored at .20°C for 10 .d; g, that sored for 20 d; b, that stored far 30
d: i, Macific mackerel passe; |, that vinegar-cuned for 17 h; &, 5al cured for 24 h I, that cured fior 4100 he
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fvolvement of light meromyasin in the setting of surimi

Fig. £ shows the SO5-PAGE pattern for AM, digested AM, and CMHC
extracts. CMHCs were extracted from the discs d, h and | for the setting  of
Alaska pollack, frozen-storage of Pacific cod and vinegar-curing of Pacific
mackerel, respectively, These CMHC exiracts were elecirophoresed to the
discs o, p and g of Fig. 2, respectively. In all of these three discs |t was seen that
CMHCs formed by the above treatments, were dissociated o MHC and 66 kDa
protein subunit. The disc m was for AM extracted from Alaska pollack and the
dige 5 was that from Pacific cod, The disc M was for the molecular weight
marker. However, by the digestion with trypsin, MHC molecules of AMs from
both Alaska pollack and Pacific cod were cleaved into 170, 145, 87, 78, and 66
kDa subfragments (disc n and rl. Each mobility was in good agreement with that
of the tryptically digested abalone myosin (Asakawa and Azuma 1990) in which
the first {170 kDal was assigned to an intra-cleavage of MHC, the third (87 kDa)
tor myosin subfragment-1 (5-1), and the last {66 kDa) to LMM. Chan ef al. {1993}
purified LMM from cod and herring myosin at a molecular weight of 66 kDa.
During prolonged digestion by a-chymotrypsin and trypsin, thermally acclimated
carp myosin was cleaved imo various subfragments, where a number of protein
bands coresponding to the molecular weight from 66 to 70 kDa were
indentified to be the LMM (Watabe ef al. 1992}, From the comparison of these
results, 66 kDa subfragment split off from CMHCs could also be assigned io
Liisd, although it was stll obscure whether the LMM was formed after the
aggregation af MHC or from MHC before its agpregation and then entangled
with the parent MHC melecule to torm CMHC.

CMHLC,
MHT § W5

170
E - 145
|- 114

-G
B7
6
Ao |

mnnrﬁ."d

Fg. 2. SD5-PAGE palterns for AM, rr'r'-r.ﬂil:aﬂ':,' di&::s.-!nd Al and CMHC estracts. m, Al
od Alaska |_14:|F|.1d:: r, that HFB{':;IEH h:r' I!r','FmEn; o, CMHC estract froem 5-&11Ir'|,q; P ChiHC
exiract from frozen-storage; g, CMHO extract from wvinegar curing; r, tryptically digested
AMd of Pacific cod; s, AM of Pacific cod; M, molecular wejH'h'I markes,
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Several studies (Chan et al, 1993, Samejima et al. 1981, Sano af &l 19940,
Tapguchi et af. 1987) have demonstrated an active involvernent of LMM in the
MHC aggregatiocn phenomenan, where maost of the works have been done with
purified LMM from different fish sources. The dynamic viscoelastic behaviour
and trbidity studies of isalated carp heavy meromyosin (HMM) and LMM
suggested that the initlal gel formation was attributed mainly to LMM at 30-44°C
[5ann ef al. 1990), However, the purification process can affect the stability of
protein (Otani ef al. 1983, Park and Lanier 1989}, It is important to determine the
gedling characteristics of model protein not anly in the purified form but also in a
less purified system (Beas ef all 1991). Therefore, in order to understand the
role of MHC subunits including LMM in surimi gelation, AM{S) from Alaska
pollack was used in the present study. The objective was to understand the
influence and interactions of these subunits in the crosslinking phenomenon ina
condition of set gel which maore or less resembled set gel of AM, where MHC
was completely cleaved by a prolonged digestion with the enzyme but the
subfragments were nat isolated ar separated,

Fig. 3 shows the elasticity of set gel in respect of punclure test, Both surim
and AM showed increased setting ability at 30°C as their breaking strength and
breaking deformation increased rapidly at the initial stage and then gradually il 6
h of setting, On the cther hand, the paste of AMIS) although transformed into
gel, the breaking strength and breaking deformation were very low and reached
a constant after an increase tll 4 b, The elastic modulil and viscosities of these
gels are presented in Fig. 4. GO, G1, G2, 1, and h2 rapidly increased in the gels
from surimi and AM 1ill 6 b of setting, but slowly increased in the gel from
AMIS). The increment of elasticity in the gel from AMIS) was very small when
compared ta the strong elasticity of surimi and AM. Nevertheless, the results
confirmed that the gelling characteristics of MHC also persisted in its
subiragments. The influence of Ac in this gelation could be nullified, since it has
bieen demonstrated from the turbidimetric and electrophoretic studies that actin
does nat invalve in the gelation and protein crosslinking phenomena {Samejima
et al. 1969).
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Several studies (Chan et al. 1993, Samejima & al. 1981, Sano et al. 1990,
Taguchi et al. 1987) have demonstrated an active invalvement of LMM in the
MHC aggregation phenomenon, where maost of the works have been done with
purified LMM fram different fish sources. The dynamic viscoelastic behavious
and turhidity studies of isolated carp heavy meromycsin (HMM] and LMM
suggested that the initial gel formation was attributed mainly 1o LMM at 30-44°C
{Sano et al. 1990), However, the purification process can - affect the stability of
proten (Ciani ef al. 1983, Park and Lanier 1989). It is important to determine the
gelling characteristics of model protein not only in the purified form but also in a
less purified system {Beas et al. 1991), Therefore, in order to understand the
role of MHC subunits including LMM in surimi gelation, AMIS] from Alaska
pollack was wsed in the present study. The objective was to understand the
influence and interactions of these subunits in the crosslinking phenomenan in a
condition of set gel which more o less resembled set gel of AM, where MHC
was completely cleaved by a prolonged digestion with the enzyme but the
subfragments were not isolated or separated.

Fig, 3 shows the elasticity of =t gal in respect of puncture test. Both surimi
and AM showed increased setting ability at 30°C as their breaking strength and
breaking deformation increased rapidly at the initial stage and then gradually till &
h of setting, On the ather hand, the paste of AMIS) although transformed into
gel, the breaking strength and breaking deformation were very low and reached
a constant after an increasze fill 4 h. The elastic modulii and viscosities of these
gels are presented in Fig. 4. G0, G1, G2, hl, and h2 rapidly increased in the gels
from surimi and AM till & h of setting, but slowly increased in the gel from
AMIS). The increment of elasticity in the gel from AMIS) was very small when
compared to the strong elasticity of surimi and AM. MNevertheless, the results
confirmed that the gelling characteristics of MHC also persisted in its
subfragments, The influence of Ac in this gelation could be nullified, since it has
been demonstrated frem the tusbidimetric and electrophoretic studies thal actin
does not involve in the gelation and protein crosslinking phenomena (Samejima
et al. 1969).
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Fig. 5. SO5-PAGE patterns for the gel prepared from the AMIS) pastes. 1, AM of Alaska
pollack: u, AMISE v, salt-ground AMIS); w, that set at 30°C or 1 h; =, that set for 2 b; v,
that set for 4 h; z, that set for & h,

Fig. 5 shows the SD5-PAGE pattern for the gel prepared from the paste of
AMIS), Due to prolonged digestion, MHC was completely cleaved and most of
the other higher molecular weight subunits like HMM and $-1 split into smaller
units, but LMM remained intact. The rale of MHC subunits in the low
temperature gelation had Been studied by many authors (Chan et al. 1993,
Samejima ef al, 1981, Sano ef al, 1990, Taguchi et al. 1987). However, as
mentioned earlier, the objective of this study was to find whether the 66 kDa
protein, tentatively identified as a LMM, could go croselinking in a lass purified
form. 1t was ohearved from the electrophoretic study that during setting at 30°C
the band due to LMM disappeared (discs w, x, y, 2} and the Intensity of the
bands due to other MHC subfragments gradually decreased. However, high
molecular weight polymer was not formed. Since the fact that only
intermolecular interactions would lead to formation of high motecular weight
polymers (Chan et al. 1992}, the polymerization occurred among MHC
subfragments in this study as observed due to their disappearance during setting
would be intramolecular. Furthermore, the polymerization of subunit prateins
during setting was predominantly non-covalent, since the enzyme
transglutaminase, responsible for the occurrence of covalent crosslinking, might
be washed away during AM extraction and digestion process, as had been
explained previously (Nowsad et al. 1994). The demonsiration af non-covalent
crosslinking by simple SD5-PAGE system is very oiten precluded because SD3
readily breaks hydrogen, hydrophabic and electrostatic bonds (Chan et al. 1991},
However, from the results that the intensity of the band due to LMM during
setting decreased more among the subfragments in the present experimental
condition, it was presumed that LMM involved more in the crosslinking process
at the temperature around 30°C. Samejima &t al. (1981] mentioned that the tail
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portion of myosin rod in rabbit myosin was apparently responsible for the
tormation of a gel network, presumably by hydraphobic interaction. The same
authors also reported such entanglement of protein malecules at temperatures
around 30-35°C in the setting of fish paste. Gill and Conway (1989} studied
chymotryplic cleavage of thermally aggregated cod myosing and concluded that
the initial stages of thermal crosslinking of myasin were mediated primarily by
the HMM-5-2 and LMM region of heavy chain, i.e., by the myosin tail rather than
the head. Chan et al. (1992) reported the involvement of bath HMM and LMM in
the thermal crosslinking of cod and herring myosin and explained a mechanism
which pxpressed the view that an initial aggregation might be occurred by the
unfolding and interaction at 30-40°C range and further agaregation might be
mediated by the interaction of LMM to form clusters of aggregates at 40-55°C,
The results of the present study apparently differ from that of Chan et al. lop cif)
since LMM was mostly crosslinked within ane hour of setting at 30°C. In fact,
larger myosin subfragments like HMM and $-1 were mostly cleaved into smaller
ones in this study. Therefare, the exact influence of these subfragments can not
be understood and explained from these results, Monetheless, it seems that
MHC maolecule may lead to an unfolding of the super helix of the tail at setting
lemperatures, exposing hydrophobic residues te the polar environments,
resulting in the intramaolecular crosslinking through non-covalent bonds among
the subfragment proteins that cleaved from the tail portion of the molecule. This
may be further entangled with the intermalecular crosslinking of MHC itseli and
locked up in CMHC at the top of the SD5-PAGE disc gel which could 5,|,}.|i1 afff
again from CMHC in concentrated urea, as we explained elsewhere [Mowsad
et al, 19931, *
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Abstract

Chanpes in the texture [elastic naturel of the fesh of barrel salted herring during
the ripening process at 4°C have beon monitored, The method employs the
analysis of sress-relaxation curves after compression to half of the sample
thickness on an Irdtron Mocdel 1112, The pararmsater T for each 5..u1:|:||¢-.
represents the reciprocal of the gradient of 3 line connecting P and '|!'|-.,_3ﬁﬁp_ This
parameter characteristic of sach sample's texture was caloulated as the ratio of
TP where, T is the relaxation time and is defined as the time required for a
siress at constant sirain o dvecr-z-_g_se to Ve of lts ariginal valwe, where "¢ is the
base of natural logarithms {2.7183) Since e = 0368, the relaxation time it (e
time required for the force fo decay to 36.8% of its original value. P is the peak
height of the curve (e, the force value at the maximum heightl, This method was
adopted from the bakery indusiry for testing the degree of gluten development in
laread d:nlgh. The “T/P values abfainsd over the cowrse of rip-rn'lnl.'.: ior -|_'|i|'fr:.r{'n|;|:,-
treated 5.3.|I:L'd-|1|.=r|i|1g_ in barrels r.m_!.',e:i:l bietweeen 1 amd 12, The trends in "T/P
value, during ripening period for the different samples, appeared to be paraliel
|::|'|.||L_g|.-e:q. in lexiung perceivecd i:-:,I RENEY cHsErwation |ju|;,:-j!;ﬂ'tiu’{' mesAsurement),
i_l.ll:l'l-;l-ll!'_l‘ thae |'|-e'|:r'r\-:'||:';.*m-'-:rl.|'- nature of the 'E.|'Il'l'||'l|r‘"I RavE stamdard deviations,
about the replicate sample mesn, around 5%, The method appears promising as
an objective measure for monitoring this aspect of the texteral quality of barrel
salted-herming through ripening if reproductibility of test results can be improved
by rvrre careful standardization of sample preparation and best protocol,

Key words : Salted herring, Texture, Ripening

Introduction

The concept of texture is wide and its definition varies from discipline to
discipling, Even in the same discipling, eg. in food science, the definition of
texture can vary from one product 1o anaother, The texures of cheese, meat and
crigp will certainly be defined in different ways, What constitutes an ideal texture
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in any given fish product has rarely been defined, although most sensory
schemes, avallable for organcleptic testing of such products, require that some
assessment of testure be made (Bourne 1982). Texture is an Important attribute
when the degree of maturation/ ripening of a particular sample of barrel-salted
herring Is being assessed. In general, the textural attributes of a fishery product
are essential factors in the determination of its overall quality (Borresen 1986).
The “ripening’ process for heavily salted (1 part salt = 4 parts fish) herring,
whereby the salt dissolves in the agueous extract from the fish in a sealed
barrel, involves a gradual change in sensory characteristics over a petiod of 12

menths or more at 4°C. A major factor in this change is textural. Initialky, the fish
retaing its elastic, raw texture but becomes firmer due to exosmosis to the
forming *blood-pickle’ and inward diffusion of salt. Subsequently, a graclsal
tenderisation occurs, ideally to the point, coinciding with optimum flavour
maturity, where the flesh is firm enough to retain its integrity but is reither too
rubbery nor too ready to disintegrate to a palate-clinging paste on mastication.

The desired textural development, during ripening, Is characterized
theologically by an increase followed by decrease in firmness superimposed by
a gradual foss of elasticity. Subjectively, over short periods of ripening, these
textural changes are difficult for taste panels to perceive, let alone guantify.
Ohbjectively, mechanical devices with graphical printout-linked attachments and
programmes 1o represent the variety of our textural perceptions of food during
biting and mastication have been employed.

The extent 1 which cmﬁ:onents of our perception of food texture can be
separately quantified in this way and, moreover, related back to taste panel
scores, has been the subject of many years of debate amongst researchers in
this area of investigation. Howgate (1977} mentloned the instruments used by
carlier researchers to monitor the texture of raw and cooked fish as it is
modified by normal processing methods, but the relationships between data
obtained from such objective texture assessment methods and texture data
fram senscry panel tests on fish, in its whole or filleted form, seemed (EnuUous.
Borderias et al. [1983] found better correlation between instrumental and
sensory data with fish mince. This has alwo been the case far those like Les and
Chung (1989) and Knudsen et al. (1987) assessing the texture of surimi,

Performing instrumental texture analysis on fish mince rather than natural
flesh overcomes the problem of data variability due to the heterageneity of the
flesh, but relating data thus obtained 1o the changes percedved by the sensory
panel over the ripening peried may prove difficult. A prospective purchaser of
fish may assess the freshness of raw fish subjectively by squeezing the flesh
between finger and thumb. The imprint so made would disappear
instantanecushy with the release of this pressure if the fish was fresh but remain
for a moment or longer if the fish was not so fresh. This could provide a clee (o
the sort of instrumental device to be sought for an objective assessment of
festure.
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A device which represents our initial perception of focd texture {as we first
bite through focd) is the shear cell which, linked to 2 scale, records extent and
manrer of the food's resistance to an increasing cutting force, This has been
used exlensively to quantify the degree of toughness or renderness particularly
in meat products {Bourne 1982). Whilst toughnessftenderness is a parameter of
relevance (as it appears, subjectively, to follow a particular pamern of
development in the dpening of salt-herring) it could not be used to estimate the
ripening stage reached in an unkmown sample. This is because the
maximum/minimum value characteristically occurs during the ripening process
rather than initially or terminally,

Efasticity, however, is partly responsible for the wndesirable ‘raw herring’
perception at the beginning of the ripening period; whilst the lack of it is partly
responsible for the similasly undesirable textural “pastiness’' of the over-ripened
product. Elasticity is a cructal characteristic of bread dough texture and 2 method
of quantifying this parameters, by recording the relaxation time from the peak to
a standard fraction of the peak stress on the siress-relaxation curves, as
obtained from an Instron, has been published by Frazier et af, [1973).

In spite of the physical dissimilarity of the foed materials, with respect 1o
shape regularity and structural homogeneity, this methodology was adapted to
obtain stress-relaxation time data on the fillets taken from different baiches of
salt-herring as they ripened, As the relaxation curves appeared typical of an
exponential decay (Fig. 1) the relaxation times from the peak aof the
compresiion relaxation trace to 0.368 [ =1/e ) of the peak force value were
recarded, Each fillet was compressed to 50% of its thickness at a standard
position. As different fillet thicknesses in the replicates led to different peak
heights, the data was presented as a series of graphs of relaxation time divided
by peak force (T/P] against ripening time,

Warss kg

Fig. 1. |nstion recorder trace for compression and relaxation of the sampe
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Materials and methods

Herring from Morth Sea of composition shown in Table 1 were salted in
polypropylene barrels and stored at 4°C to ripen for 12 months as follows :
1. Whaole fish + Mew salt
2. Whaole fish + Used salt
3. Gipped fish + New salt
4. Gipped fish + Lised salt

Table 1. Composition and initial characteristics of herring caught from Narth Sea in July'92

Parameter Result
Miaisture 6%
Fat 1 7%
Protein T9%
pH £33
Histamine 0,29 mg/100 g
Temperature 0.2°C
Average weight 731 g (165 - 290"
:"‘I“?'E* length 27 em (22 - 30"

il Silvery

FAN e 52 mg/100 g
P 8.4 m egkg oil
THARS 23 m eq MAKg ail

-
fange is shown in parenthesis

The ratio of salt to fish was 1:4 (i.e. 1 part salt to 4 parts fish). The salt
concentration in the herring during the study pericd was 11% two weeks after
salting, rising to 16% after 12 months of ripening.

Small sections of samples from the fillets were prepared from the dorsal,
skinless muscle at 3 month intervals theough the ripening period. The samples
were of approximately 1 em? surface area. These small pieces of samples were
kept chilled until the experimental work,

Instrument setting

An Instran Model 1112 was used In the present study with the following
L up =

50 kg load cell

Chart speed : 50 cmyfmin

Crass head speed ; 10 cmmin
The probe attachment was a brass cylinder of 14 mm diameter.

A . W RN E.rE W L.

e



Texture of salted herring

Determination

Dwiring determination the samples were taken into a stainless steel dish and
placed on the load cell table of the Instron. The diameter of the metal dish was
much less than the diameter of the load cell (load cell diameter was 15 om;
meetal dish diameter was 8§ em). The sample was then subjected to compression
between parallel plates Le. load cell table and the cross head. The crossead
control was p-mErar'nmed w0 stop its downward movement when the sample
Was Compr to 50% of its thickness. The sample was then allowed for
relaxation at constant deformation, The compression and stress relaxation was
traced on a continuous chart at a chant speed of 50 cm/min. For each
determination at least 10 replicates were carried out because of the non-
homogeneous nature of the 55@511. During determination the sample
ternperature was hetween 8 and 10°C.

Calcwlation

The parameter characteristic of each sample's texture was calculated from
the relaxation curve as the ratio of - T/P

Whera, T is the relaxation time and is defined as the time required for a
siress at constant strain to decrease to 1/e of its uriiénal value, where “e' is the
base of natural logarithms (2.7183). Since 1/e = 0.368, the relaxation time is the
time required for the force ta decay to 36.8% of its original value {Bourne, 19521,
P is the peak heipht of the curve 1i.e, the force value at the maximum heightl,
From the relaxation curves T 3pg were determined and the texture paramiter
was calculated [T/P). o

values of T/P were taken as the texture parameter characterizing each
relaxation curve and plotted against the time of ripening in each of the difterently
prepared batches of herring.

Results and discussion *

Results of the present study have besn shown In the Figures 2.1 to 1.2
Before discussing the results the following texture-affecting phenomena should
be taken into consideration which are occurring simultanecusly during the
ripening of salied herring

w

- =

o [ ——

1] 3 & L] [} n i L] a i ] ] L] il & 1%
Tims proemyg Tire pezrd]
[S\Whca Eeh = iigced k) [ e . o T,

Fig2. Changes in texture of salted herring Fig.2. Changes in texture of salted herring

during the ripening in bamels at 4% using during the ripening in barrels al 4% using
new salts. used salts,
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Al the beginning of the process -

i Salt is diffusing into the fish flesh causing it to stiffen, that is to become
firmer but not more or less elastic;

il Water is diffusing into the brine until there Is osmatic enquilibrium between
the aqueous medium in the fish and the surrounding brine - this will
similarty cause the flesh 1o become firmer without affecting its elasticity;

fiill Removal of water from the protein gel matrices might cause the proteins to
aggregate and exclude even more water - this might result in increased
elasticity in the same way as a gelatin pel becomes mare rubbery thee
greater the concentration of gelatin;

fivl On the other hand, penetration of Nat and C ions into such matrices
would favour greates retention of water,

The following phenomena take place during the ripening process:

v} Autolytic activity, very gradually proceeding in such high lenic
concentrations, includes proteolysis which would reduce elasticity
progressively until the flesh eventually liquefied as occurs in the ambient
temperature production of fish sauce;

[vi) Some of the products of the ripening process, like free fatty acids - the
products of lipalysis, and the products of oxidative scission of the
unsaturated hydrocarbon chains of glyceride, can attack proteins denaturing
them, or even causing breaks in their chains;

(will Onher breakdown products, like formaldehyde have been implicated in the
iarmation of cross-Ihks between protein molecules which would increase
their firmness and affect elasticity.

The concept of sensory textural attributes (hardness, sofiness, toughness,
tenderness) may also be taken Into consideration for the better understanding of
the results of present study, The definitions of these sensory textural attributes
had been deveioped by the Intemational Organization for Standardization,
Standard 5492/3, 1979 (Bourne 1982).

Hardness i the product textural awribute which infers that, it displays
substantial resistance to deformation or breaking.

Softness, on the other hand, infers that it displays only slight resistance to
deformation.

These attributes which are the opposite to one another are most frequently
used to describe the texture of amorphous, nenfibrous food. For example a
ginger biscuit is hard and a banana is soft. “Firmness’ is frequently used in place
of “hardness’ when referring to flesh but has the same meaning. Toughness and
tenderness, however, are attributes mare frequently used o describe fibrous
gel foods like meat and fish,

Toughness infers resillence on mastication, A tough product regains its
dimensions quickly and repeatedly on the repeated compression-relaxation
cycles of mastication, A tough product fs often described as *Chewy' or "Elastic',
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Texture of salted hemring

Tenderness, which is the opposite to toughness, infers little resilience to
repeated compression-relaxation cycles during mastication, Flesh which is
tender does not regain its original dimensions quickly when compressed and is
soon broken down o a paste on mastication.

The instrumental texture parameters “T/P' of the presemt study, relates to
the above definitions. An increase in “T/F* value determined by Instron tests
indicate a loss of resilience or elastic nature in the product and, hence, an
increase in tendermess.

From a sensory point of view, the ripening continues until the required
mature flavour and tender eating texture has been achieved, This is said to take
12 months at 4°C. The expected textural change during the ripening of salted
herring is the tenderisation of the fish flesh. The texture of the properly
matured/ripened fish is softer and less elastic than the raw unsalted fish, The
process is very slow and the difference is not very great between the raw flesh
and the maturefripened flesh. Such trend of textural change was evident in
Instron results, During the periodic sensory observations the flesh of all of the
samples show toughening and then gradually becomes tender and the final state
was tenderized flesh (Table 2J. Such intermediate toughening was also
supparted by the Instron results which are presented in the Figs. 2.1 and 2.2,
The decrease in the value of T/ during the ripening period signifies the increase
of firmness of the samples. The reasons might be the phenomena mentioned in
points 1 1o 7 before.

.
T;hl! Z. Sensory observation on the texture of salied herring during ripening in barrels at
4°C

Ripening Wimle fish Whale fish Gipped fish Gipped fish
time = * * +
Menths) | Mew salt Lised salt Mew salt Used salt
3 : Similar po Lamilar e Similar b Sirmilar to
riw herring raw herring raw heming raw herring
6 Tough Tough Tough Tough
g Slightly Slighly Slightly Slightly
tender tenger tender tender
12 Tender Terder Tender Tender

At the end of the ripening process all of the samples were found to be
tender and less elastic [instrumental) than the original unsalied fish. The saled
whole fish were found to be more tender than the gipped fish when the process
of ripening was complete. This was ocbvious both by Instron results {Fiip. 2.1 and
2.2} and sensory observations {Table 2|, during the study period. It is likely to be
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due ta the difference in the degree of protealysis taking place during the ripening
process, Le. the influence of proteolytic enzymes present in the gut.

Results of the present study using the compression and relaxation of the
sample under certain experimental conditions show that it permits the
guantification of texture change of a pasticular set of samples during the ripening
of salted hering. These objective results correlated with those of sensory
observations, Comparing the results of the present study, there does nat seem
to be any agpmrlnhle significance 1o texiural development in the use of either
new ef used sall.

This method for objectively monitoring changes in lexture of salted-herring
during ripening appeared promising in that the trends identified by sensory
ohservations were, to some extent, vindicated instrumentally. With careful
preparation of sample, standard presentation of each sample to the Instron
probe and standard test te ature, the standard deviation of the replicate
sample mean for the same sa herring sample typically remained around 5%
of the mean T/P value [with extremes of 1.3% and 12.5%].
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R Abstract
and Hilsa [ Hilsa ilishal caught by gill net were immediately killed by cranial spiking,
also Three fish were kept in jce (0°C) and three other at room temperatare (33°C] o
o1 of follow development of rigor mortis and changes in muscle pH. The rest were
froren stored al -20°C, Rigor stared 15 minutes after death in all fish and
reached full rigor {100%) state in 2 and 4 hours respectively in fish kept at 335C
| and {0°C). The fish at 33°C deteriorated 16 hours after while in full rigar but
.H;;:} those at 0"C lasted 26 hoursad death without deterioration. Freshly caught hilsa
Dy had a musche pH around 7 which decreased with time rapidly at 33°C and
FTA slowly at 0°C, The relative propomtion of protein fraction in white and dark
muscle of fish stared at 0°C and -20°C were also studied. The propation of dark
- musscle was 30.34% of the white muscle, White muscle In fish at 0°C was found
) b contain 32.0% sarcoplasmic, 57.6% myofibrilla, 9.4% alkali-soluble and 1.1%
b stroma protein whereas these proteins in dark muscle were 29.9%, 58.4%,
mical OB and 1.9% respectivaly, The protein fractions of white muscle in frazen-fish
were found 27.6% sarcoplasmic, 64.7% myofibrilla, 6.0% alkali-soluble and
k. G L.7% of sroma progein wheraas they were 3006%, 58.6%, B.9 and 1.9% for dark
Lid muscle, Seme changes ocowrred in protein composition duting frozen storage.
> The relative amaounts of sarcoplasmic, alkali soluble and stroma protein fractions
- decreased while myofibrilla fraction increased in frozen condition. This may be
= ! attributed to drip loss of soluble protein during thawing,.
ey words : T flisha, Rigor-monis, White and dark muscle, Protein composition
s by

Introduction

Rigor-mortis is the result of important physical and biochemical changes in
muscle occurring in an animal soon after death, The physical changes are those
which concermn with appearance, texture and stiffening of the body. Thers are
three stages of rigormortis-pre-rigor, in-rigor and past-rigor. The time invelved in
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each stage of development, duration and subsequent resolution of rigor-mortis
depends on many factors such as species, catching methad, handling af fish,
termperature and the physical condition of fish. Althaugh it is generally accepted
that the onset and duration of rigor-mortis is more rapid at high temperatures, it
has been ohserved in certain tropical fish that the biochemical changes and the
rigor-maortis, may actually be stimulated at 0°C compared with 22°C (Poulter ot
al. 1981). The state of rigor and changes in pH influence the keeping quality of
fish,

It is well known that changes in muscle pH largely depend upen the state of
rigor. The muscle pH of pelagic fishes such as sardine and mackerel decreases
very quickly after death, easily reaching below 6, in contrast to bottom fish
{Ishikawa ef al. 1979, Fukuda et al. 1984), Pelagic fishes such as hilsa usually
have high metabolic rate and it is of interest to see if it would follow a similar
rigor-mortis process as that of bottom tropical fishes.

In most fish, the myotomal musculature consists mainly of twa
homegenous populations of muscle fibers: the white or ordinary muscle and the
dark muscle. Most fish muscle tissue is white but depending on species, many
fich contain a cefain amount of dark tissue of a brown or reddish colour, The
proportion of dark to white muscle is known to vary with the length of fish. The
chemical composition of dark and white muscle s different. The dark muscle is
generally higher in lipid content and lower in malsture and crude protein content
than the ordinary muscle, (Kanoh et al. 1986), The chemical composition of fish
musele varies depending on developmental stage, season, fishing ground and
scheols. Major research effort in the area of biochemistry has been to identify,
isalate and characterize the muscle proteins. Muscle proteins are generally
classified on the basis of solubility. Cn these basis fish muscle protein consists
of myofiteillar, sarcoplasmic, alkali soluble and stroma protein fractions. While
considerable information on the muscle type and its protein composition are
available for the fish from the cold and temperate waters such as sardine, tuna,
mackerel, etc. very litthe 15 known about the fish from trapical water. In order to
develop new techniques of processing technology of a value added product,
adequate Information on the yields and characteristics of muscle protein of the
fish is very important.

The present study deals with the rigor-mortis, typical yields and protein
composition of dark and white musche of hilsa fish (Hilsa ilisha)

Materials and methods

Fresh hilsa ( Tenualosa ilishal, average body weight and length, 700-800g and
30-32cm respectively, were caught by gillnet from the river Meghna near
Chandpur. Six |ive hilsa were killed by cranial spiking immediately after capture
on board of a vessel. Three of those fish were kept in ice (0°C) in an insulated
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rtis box and the other at room temperature (33°C) to follow rigor-mortis
fish, development and changes in muscle pH.
sted The remaining fishes were brought to the laboratory of Fisheries Technology
i i Department, Bangladesh Agricultural University, Mymensingh in iced condition
[ the In an insulated box and frozen stored at-20°C for subsequent studies.
i ef
by Of H.‘Igﬂrfﬂliﬁl

*Rigor index" of the fish was measured essentially according to Bito e al,
e of (1983 and used as a parameter of rigor tension, Briefly, the fish was placed on a
ases herizantal table with hali of its body ftail part} kept out of the table (Fig. 1}, At
fish selected time intervals, rigor index was calculated by the following equation:
:::L‘: Rigor index (%) = ES;-, ®x 100

Where Dy and D represent the distances of the base of caudal fin from

two harizontal line of the table immediately after catch of the fish and at subiseguent
J the slorage periods respectively.
pany
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Fig. 1. Determination of “rigor-index® of flsh.
D Measurement of muscle pH
pH value of the muscle homogenate prepared by blending 10g of fish
muscle with 40 ml chilled water was measured by Corning pH meter,

b and ‘ Typical yields and determination of protein fraction
e Fresh jce-stored and frozen-stored hilea fishes were used for the study,
pture Frozen fishes were partially thawed in ice. Transversal sections through the trunk
flated representing the layout and relative distribution of the dark and ordinary muscles

fram fresh Hilsa ilisha are shown in Fig. 2. The fish were welghed individually
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and different body pars - head, edible flesh, scale, fin, intestine, egg, gills, skin
and bone were separated with the help af a sharp knife, weighed and expressed
in percentage of the total weight. For study of the protein compasition, after
removing the head and caudal fin, the specimen were filleted laterally inta two
parts, The white and dark muscles were carefully excised to minimize Cross
contamination of fibee type. The ordinary muscle was dissected from the dorsal
part, while the dark myotomal muscle from the whale trurk under the lateral
line. Twenty grams of each muscle were fractionated into various profein fraction
iollowing the procedure Hashimaoto of et al. (1979] All the operations were doee
at 3-4° The protein obtained after fractionation was determined by Hiuret
method and non-protein nitrogen of TCA extract by Kjeldahl method.

Fig. 2. Trarsversal sections through the trunk of the dark and ordinary muscles from fresh
hilsa fish.

Results and discussion

Progress of Rigor-martis and changes in muscle pH

Rigor-index of hilsa fish stored at room temperature (33°C) and in ice 0°c)
are shown in Fig. 3.1 and 3.2. Rigor started in all fish within 15 min after death
but the progress of rigor was faster in fish stored in ice {0°C) than in those stored
at room temperature. The fishes stored in ice attained full rigor {(100%) 2 hrs
after death, whereas the rigor index of the flshes stored at room temperature
reached about B5% in 2 hours and attained full rigor (100%] 4 hrs aftes death.

Hilsa fishes stored at room temperature were discarded after 16 hrs of
death while in full-rigor conditions after emitting an offensive odour, Al this stage
the fishes were found 1o be organoleptically unacceptable, On the ather hand,
the fishes stored in ice remained in full rigor up to 26 hrs and then started to
relax fram rigor. They relaxed 1o about 50% after 52 hrs of death without
showing any perceptible sign of spoilage.

94




TR TS

Fastrmortern changes In T Aiskur

It is well known that pelagic fishes usually have very high metabolic rates.
Correspondingly, the post-mortem progress rate of hilsa was found to he
extremely high in the present study compared to those of bottom fishes
reported by others (Poulter er al, 1981, wamoto ef al. 1985, 1987 and 1988,
twamoto and Yamanaka 19861 The time involved in each stage of the rigor
development, duration and subsequent resolution of rigor-mortis depend on
many factors such as specles, size, catching method, handling of the fish,
temperature and the physical condition of the fish, Although it is generally
accepted that the onset and duration of rigor-martis Is more rap.idg:E at hi
tlemperatures, it has been observed in hilsa that rigor-mortis was actually
stimulated at 0°C compared with 33°C as reported for some other trapical
fishes (Poulter et al, 1981). Hilsa kept at 33°C spoiled 16 hours after death when
they were still in full “Fm condition. The off-odour was first detected in the area
around the abdominal cavity, This phenomenon is due 1o enzymatic activity in
the gut which caused degradation of belly which might happen within few hours
of capture at high temperature.
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Fig. 3.1. Riges-modis progress and change in muscle pH of hilsa fish during storage at
FoOm femperatuns.
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Fig. 3.2. Rigor-monis progress and change in muscie pH of hilsa fish during ice-storage in
an insulated box,

95



LI S

M.E. Haque et al.

pH change

Freshly killed hilsa had a muscle pH around 7.0 which tended to decrease
with time irrespective of temperature but the decline in pH was faster at room
temperature (33°C) than at 0°C (Fig. 3.1 & 3.7), At room lemperature the
muscle pH decreased rapidly from around 7.0 to 6.02 in 10 hrs, while in iced
condition It decreased slowly from around 7.0 to 6.28, After 10 hrs of staorage al
room temperature the pH began to increase steadily up to pH 6.6 after 16 hrs
when the fish were discarded. At this stage fishes were reddish in colour and
emitted an offensive odour,

¢In the other hand, the fish stored in ice remained at ultimate pH of 6.24
until 30 hrs of storage and then it increased slowly with time. The fish muscle
attained a final pH value of 6.43 after 52 hrs of storage when the fish relaxed
about 50% from rigor. The decreasing trend in muscle pH is similar to that
reported for catla [ Catla catla)l where muscle pH fell much faster in fish held at
room temperature (25°C) than at 0°C (Faruk et al. 1594). In general, when the
rigar is quicker and the duration s shorter, the values of pH decline much faster
than where rigor develops slowly and lasts longer. This change in pH s
attributed 1o the accelerated turnover of ATP at high temperature (Watabe ef al.
1991). Scopes (1974) reported that the rate of pH fall in post-martem musele s
entirely due to ATPase activity.

Typical yields and pratein compaosition

Table 1 shows that mEJ‘prnpnrtiun of dark to white muscle of hilsa was
30.34%, The results obtained from the present study is more or less similar to
those reported for pelagic fishes such as tuna, sardine and mackerel. These
fishes have a large amount of superficial dark muscle and some of them, such
as tuna have developed deep-seated dark muscle along with the superficial,
while ather pelagic fishes of relatively small size, such as sardine and mackerel
have only superficial dark muscle (Suzuki and Watabe 1987}, The proportion of
dark 1o white muscle varies with activity of the fish (Leve 1970, The proportion
of dark to white muscle of sardine and mackerel Is reported to be I0-30%
(Hashimoto et al. 1979, Suzuki and Watabe 1987) and is known 1o vary with the
length of the fish and from species to species. It is generally accepted that the
dark muscle is used for the slow and continuous swimming of fish, where as the
white muscle is called upen for a quick burst of activity. The red colour of the
dark muscle is due to the high content of hemoproteins, hemoglobin iHb,
myoglobin (Mb) and cytochrome C. Among these, the content of Mb is the
highest, followed by Hb (Suzuki and Watabe 19871
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Table 1, Propontion of dark to white muscle of hilsa fish

Mo, of specimen 10
Total weight of fish (g) 9850
Total muscle {gl 4570
Dark muscle (g) 1063
White muscle (g 3507
Propartion of dark to white MHEI:FEHHL:I 334

Table 2 shaws the typical vields of various body parts of hilsa, The yield of
edible flash was 46.4%, The head and viscera were 17% and 6.21% respectively,
The yield of edible flesh and other organs of fish varies from species to species,
Species having a large head such as cod give much lawer yvields of dressed fish
(34%) than those having a small head and slim contour such as tuna (73%)
(Stansby and Cleott 1963), Pelagic fishes such as Pacific herring { Clupea patiasi)
5 the most important fishery of the cald and temperate regions, The yield of
aclible flesh and organs [head and viscera) as percentage of fresh weight of the

herring were reported to be 42-65%, 8-18% and B-21%, respectively (TDRI
19E5],

Table 2. Protein composition of dark and white muscle of hilsa figh

IEi:l-n::li.ti-:-n Auscle £ ‘i’mteln Fran:l:!un [05)
sarcaplasmic Myofibrillar Allali-soluble Stroma
lced fish  Dark muscle 2900 S840 9_80 1.94
White muscle 3 Rt L7 LS Q.37 1.10
Forzen Drark muscle 3060 SA.60 290 1.590
White muscle 37 g0 % B iz, 00 1.70

In the present study, the protein compositions of white muscle of iced-
stored hilsa were 31.98% sarcoplasmic, 57.55% myofibrillar, 9.37% alkali-
soluble and 1.1% stroma pratein and in dark muscle it was 29.9%, 58.4%, 9.8%
and 1.9% respectively (Table 2), The protein compositions of frozen-stored hilsa
were found to be 27.6% sarcoplasmic, 64.7% myofibrillar, 5.0% alkall-scluble
and 1.7% stroma protein for white muscle, while it was 30.6%, 58.6%, 8,9 and
1.3% respectively for dark muscle (Table 2). This is within the range reported for
most pelagic fishes (Hashimoto et al, 1970, Kanch et al, 1986}, Some changes
occured in protein composition during frozen storage. As described above, the
protein of dark muscle are clearly distinct from those of white muscle in many
respects such as dark muscle contained higher percent of droma pratein than
the white muscle. The percentage sarcoplasmic, alkali soluble and stroma
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protein fraction decreased, while myofibriiia fraction increased when the fish
was kept frozen at -20°C. These resulte indicate that sarcoplasmic and alkali
soluble proteins are lost due to drip formation during frozen siorage, leading to
relative increase of myofibrillar proteins. _

In most teleost fishes the amount of extractable protein of various fractions
have been reported to be in the range af 20-30% sarcoplasmic, 50-70%
myofibrillar, 1-10% alkali-soluble and 1-3% stroma protein (Shimizu and Shimidu
1960). Pelagic fishes have been reported to contain a higher amount of
sarcoplasmic proteins and small amount af myofibrillar proteins compared to
other teleost. For example, protein composition of the dark muscle from sardine
was reported o he 23-29% sarcoplasmic, 62-66% myofibrillar, 6-9% alkali-
soluble and 2-3% stroma protein fraction. In ordinary muscle, protein
composition was 13.37%. 59-61%, 1-5% and 1-2% in the above order
respectively (Suzuki and Watabe 13671 In general the extractability of muscle
proteins from fish varies depending on fish species (Shimizu &f al. 1976 In
most bottom fishes, such as Alaska pollack and lizard fish the whaole
sarcoplasmic proteins have been reported to be extractalle even in water while
ior small pelagic fishes such as sardine and mackerel the amount of extractable
proteing in white muscle increased rapidly as the ionic strength of the
homogenate increased up 1o |=0.05 (Hashimote et al, 1979 where *I" stands for

lanic strength,

Conclusions

The fallowing conclusions can be drawn from the abowve study,

1 The rigor-mortis of hilsa fish started within 15 min after capture irrespective
of temperature, The progress of rigor was faster at 0°C than at 33°C.

3 The decline in muscle pH during rigor-martis period was faster al 33°C than
at 0°C,

3 The proportion of dark to white muscle was 30.34%. The muscle protein of
dark muscle are clearly distinct from those of white muscle in many
respects such as dark muscle contained more sarcoplasmic and stroma
pratein than the white muscle. The percentage sarcoplasmic, alkali soluble
and stroma protein fraction decreased, while myodibrillar fraction Increased
when the fish was kept frozen at -20°C.
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Abstract

Studies were conducted to evaluate the quality of hilsa fish during icing and
freezing storage at -20°C by determining organofeptic and bacteriofogical
agpacts. The fishes stored in ice were ogancleptically in accepiable condition
for 20 days, The bacterial load in muscles of 4 days ice stored fish was 2.5 x 10°
CFU/z which gradually increased & to 1.8 x 10" CFUE after 20 days when the
fishes were organoleptically in acceptable condition. The keeping qualities of
different days of ice stored fishes were also evaluated during their subseguent
frozen storage a1 -20°C. Both 4 and 7 days of ice ctored fishes wers
organofeptically in accoptable condition up 10 48 weeks bt the highest dogree
of ireshness was found for fish stored in lce for 4 days before freezing at -20°C.
The result indicates that the longer is the duration of ice storage before freezing,
the sharter is the shelf life of the fish, The initial bacterial load prioe to freezing of
the 4 and 7 days of ice stored samples were 2.5 X 10" CFU/g and 3.8 X 107
CFUE, respectively which reduced 10 2.21 % 10° CFUYg and 2.38 x 10° CFUYg,
respectively at the end of the 24 weeks of frozen slorage, However, after 40
weeks the bacterial load in the frozen stored sample fell below the detection
leswverf,

Key words : T. {fisha, organoleptic, Bacteriological changes, Frozen storage

4 Introduction

Fish is an exiremely perishable foodstufil and spoilage of fish begins as soon
as fish dies but there are wide differences in the degree of deterioration in fish
of different families, and even of the different species in a same family, Post-
mortem changes greatlly influence the quality of fish depending on the storage
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conditions. The changes include physical, biochemical and bacteriological. The
physical changes are those which are perceived with the senses, lLe,
appearance, odour, texture and taste and these changes are closely related to
the ireshness of a fish.

It is well known that during post-mortem period bacteria present on the
surface and in the guts multiply rapidly and gradually invade the flesh which
provide nutrition for their growth and multiplication. The hacterial population in
fish greatly influence the quality of fish and fishery products. There are some
recommended limits of bacterial load by which the quality of fish and fishery
products has been judged under various storage conditions. Investigations on
the changes in the bacterial flora in fish during ice storage could provide useful
information on the spoilage patter of the fishes.

One of the problems related to the increased utilization of tropical fish is the
poor handling, storage and prevention facilities found in many developing
countries like Bangladesh, Freezing is one of the means of preserving fish for
longer periads and frozen fish have become an important commedity both for
domestic and export markets in a number of countries of the world. In some
cases, distribution costs for frozen fish may compare favourably with those for
large scale distribution of iced fish. However, as with many other fields of fish
technology, most of the published data on frozen fish is available from cold and
temperate water species and lintle data is available on the relative frozen storage
stability of tropical fish. Poulter (1978) found that textural changes in frozen
indian mackerel Rastrelliger Brachysoma occurred rather more slowly than
would be expected from data on cold water fish. It should be mentioned here
that hilsa is the single largest fishery of the country and it has very good
domestic and export markets. The fish are exported in the form of frozen state
and therefore, scientific knowledge on the quality changes in fish during freezing
and subsequent frozen storage will provide a basis for supplying foods of better
quality

The papers deals with the physical and bactericlogical changes of hilsa fish
during ice and frozen storage.

Materials and methods

Hilsha fish (mean body weight 750g) were caught by gill net from the river
Meghna by the fishermen. The fish were kept in ice (fish to ice ratio 1:1] im an
insulated box immediately after catch on board of a vessel. The fishes were first
wansported 1o the Riverine Station of the Fisheries Research Institute, Chandpur
for repacking and then finally o the laboratory of Fisheries Technology
Department, Bangladesh Agricultural University, Mymensingh in iced condition
in an insulated bosx.

Twenty fishes were selected randomly and stored in ice in an insulated b
in the ratie of 1:1 {ish:icel. The box had a number of holes at the bottom to drain
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oul the melt water, Stowage in the box consisted of 3 bottom layer af ice, abour
5 om deep, layer of fish sprinkled with ice, and a final top layer of ice again about
3 cm deep.Fresh commercial black ice collected from the local market were
crushed into small pieces and used in storage experiment. The required amauni
of ice was replenished from time to time, The samples were abtained at time
interval {0, 4, B, 12, 16, 20 and 21th dayl to assess the quality of fish by
organcleptic and microbial studies,

To assess the changes in organcleptic qualities of different days of iced
stored fish during frozen storage, thirty specimens of 4 days old ice-stored hilsa
were frozen at -20°C in a lot and again 30 specimens of 7 dave old ice stored
hilsa were frozen in another lot. The shelf life of the fishes frazen in two lots
were determined by the organoleptic and bacteriological studies.,

Organoleptic assessment

Sensary methods were used for organoleptic evaluation. The guidelines anc
methods given here are based on the organaleptic characteristics of fish as

described by EC freshness grade for fishery products (Howgate er al. 1992) as
shown in Table 1 and 2, respectively,

Tabde 1. Determination of defect poinis

* Characteristics of Dedect characteristics Crefect Ciriecde
whale figh paints
1) Odour of neck &) Matural odotr 2 Acceptable
when broken bl Faint or sowr adowr 3 Repect
il Ohour of gills a)  Matural odour | Excellent
bl Faint sour odour 2 Acceptahle
ol Slight moderate sour odour 3 Acceptable
gl Moderate to strong sour odour 5 Reject
i) Colour o gills &) Slight pinkish red 1 Excellem
b Pinkish red or brownish red, some 3 Acceptable
mucus may be present
e Brown or gray colour covered with 3 Accepiable
Mk LS
) Bleached; thick yellow slime 5 R et
iv} Genaral al  Full bloom; bright; appearance 1 Excellent
shining: iridescent
bl Slight dullness and loss of bloom 2 Acceptable
o Definite dullness and loss of hloom 3 Acceptablo
ol Reddish lateral line; dull: no bloom 5 Rejerct
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v} Eyes al  Bulging with protruding lens 1 Excellent
transparent eye Cap;

bl Slight clouding of lens and sunken 3 Acceptable
¢d  Dull, sunken, cloudy 3 Accepiable
di Sunken eye coverad with pedllow 5
slime Reject
wii §lime a)  Usually clear, yransparent and 1 Acceptable
unifoernly spread but occasionaily may
be slightly apague or milky
bl becoming turbid epague and mitky, | Acceprable
with marked Increate in amount of '
slime present | skin
o Thick, sticky, yellowish is he greenish 5 Resject
in calour
viil Conslstency of a  Firm and elastic Excelient
flesh bl Moderately soft and some lass of Acceptable
elasticity
¢ Some softening Acceptable
& Limp and floppy Reject
Table 2. Grading of fresh fish
Grade Paints Degree of freshness
A <l Excellent / Acceptable
B * 2<s Good | Acceptable/
C ] Bad / Rejected
Bacterial load

Fish muscle were collected from the fish samples aseptically, weighed and
finely chopped by a scissor on waich glass. Then the stock suspensions of the
muscle were prepared separately by homogenizing 108 of sample with 90 mi of
physiological saline (0.85% NaCl) in a sterile blender jar giving a sample with
1:10 dilution. Total viable bacterial load expressed as colony forming units per
gram of fish muscle, gills or intestine (CFU/gl of the representative samples
were determined by standard plate count on plate count agar [Hi Media)
following consecutive decimal dilution technique. An amount of 0.1 ml of each
desired diluted samples were pipetied out and transferred to agar plate and
quickly spread on the agar surface by an L-shaped glass rod until the samples
were dried out. The plates were incubated at 30°C for 48 h and plates having 30
to 300 colonies were counted to estimate the standard plate count.
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Results and discussion

Organaleptic changes during ice and frozen storage

Table 3 shows the changes in arganaleptic qualities of hilsha fish during ice
starage in an insulated box. The fishes were organaleptically in acceptable
condition for 20 days, The pafiern of changes in organoleptic quality can be
roughly divided into 4 phases coresponding to perinds of 0 to 4, 510 &, 9 1 12,
13 to 20 days in ice. In the phase | the fishes were Just passes the rigor-mortis
and there was a very little change in texture, At this slage, the fishes were in
excellent condition with natural flaveur and oddour. In phase Il there was a slight
decrease in brightness, natural flavour and odour. But in phase 11 there was
considerable loss of characteristic odour and the flesh was neutral but had ng
off-flavour, In phase 1V there was signs of early spoilage with sour off-odour, In
the later part of this stage, the fish begins to taste stale, its appearance began to
show abvious sign of spoifage and the gills and belly cavity had an unpleasant
smell. In the previous study, the sheli fife of the hilsa fish obtained from the
landing centre at Chandpur was found 18 days in lce in an insulated container
(Uddin 1995). However, the pattern of quality changes ohserved in the present
study is almost similar to tha reported for the cod fish storage in jce (FAQ
1975},

Table 3, Changes in organoleptic qualities of Hilsa fish dring ice storage in an insulated
b

Days of Organaolaptic Defect Grade  Overall
storage qualities points tpuality
o Fresh, bright appearance; soft and 1.15 A Excellent
firm texture with characteristics of
fresh adour
4 Fresh, bright,slightly softer Excelient 137 A Exceflent
texture; natural fish odour
B A decrease in brightness; slight foss 2,14 g Acceptable
of natural flavour some slime on
surface
12 Considerable loss in brightness; 257 g Acceptable

Acceptable surface is covered with
slime; softer in texture; some loss o
natural Mavour
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16 slimy surface and soft texture; 272 B Acceplable
considerable loss of flavour and
odour: reddish in lateral muscle

20 Fish has dull appearance with blood 3.14 B In the limit
and slime on surface; Acceptance af
texture begin to show obwious sign of acceptance

spoilage. Gills and belly cavity had an
unpleasant smell

i The fish i putrid by all of the 500 C Reject
characteristics

Changes in aegancleptic qualities of 4 and 7 days of ice stored hilsa during
frozen storage at -20°C are shown in Fig.1. The paitern of changes in
arganaleptic quality can also be roughly divided into four phases corresponcding
to periods of 0 1o 24, 25 10 40, 47 o 48 and 43 to B0 weeks |n frozen storage. In
the phase | the fishes were in excellent condition with natral odour and flavour.
In phase I, a lile changes in odour, flavour, texture and brighiness were
occurred, But still then, they were in good condition. In phase 1l there were

considerable loss of characteristic odour and texture and the flesh was rweutral

but had no ofi-flavour. The fishes were in acceptable condition in this phase. In
phase 1V fishes lost their original guality. In the beginning of this phase
considerable loss of adour and Tlavour occurred. In the later part of this stage, its
appearance and texture already showed obvious signs of spoilage.Although in
both conditions the fishes were organoleptically in acceptable condition up to 48
weeks, yet with regard to the potential storage life of frozen fich, it can be said
that the highest degree of freshness can be maintained up to 48 weeks for hilsa
fish etored in ice for 4 days and subsequently frozen al ~20"C. The results also
shawed that the longer is the duration of ice storage before freezing, the sharter
is the keeping quality of the fish. This is in agraement with Partmann (1963) who
suggests that the keeping quality of fish can be maintained for a longer periad if
the fish are frozen befare resolution of rigor mortis, It would be noted that the 4
days of ice stored fishes were frozen in-rigor state, while 7 days of iced fish
wore frozen after resolution of rigor. Kietzmann {1969} has reported that a

storage temperature of -28°C is most favourable far fish freezing.
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Fig. 1. Changes in organoleptic qualities of 4 and 7 days of ice-stored hilsa flsh during
storage at 207C.

Bacteriological changes during ice and frozen storage

Changes in bacterial load in ice stored hilsa fish are shown in Takle 4. The
bacterial load of the fish musclé was nat getermined during first 3 days after
capture of the fish since the fishes were transported from the capture sites near
Chandpur to Mymensingh in iced condition and it took two days to reach the
samples where the actual experiment was started, Bacterial load in muscles of 4
days ice stored fish was 2.5 % I{I:EFLI,.'E; which increased gradually with the
storage period. At the end of 20 days of ice storage bacterial load increased to

1.8 x 10° CFU/g and at this stage the fishes were organoleptically in acceptable
condithon,

Table 4, Standard plale count of ice-stomed kil

Drays of storage l?_'I-LJ_-fF:__uf musche
4 2.5 x 10°

8 9.3 x 10°

12 1.7 x10°

16 B8 x 10

20 raxio

Ta7
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The increasing number of bacteria in fish muscle during the latter stages of
study period indicated the effective penetration of bacteria in fish muscles from
intestine, gills and body surface. This period could be linked o a period of
gradually accelerating phase associated with organoleptic changes in fish,
typically by the loss of characteristics of fresh fish flavour. The continued
increasing number in the latter stages could be explained by the the onset phase
of exponential growth triggered by post-rigor autolysis of fish which probably
provided excellent nutrition for the growth of bacteria. |oseph et al. HQHEJ
observed a s.rmlar inceeasing trend in bacterial population from 7.66 % 10 {‘FUJ'E
to 6.51 x 10° CFU/g after 20 days of ice storage in muscle of ruhu fish {Labeo
rohita). Shetty of af, (1991) also observed a similar trend during storage of oil
sardine in chilled sea water.

Table 5. Changes in bacterial load of 4 days and 7 days of ice- stored Hilsa during
freezing al -20°C

Storage period 4 days iced hilsa CFUfg 7 days iced hilsa CFU/g
of muscle of muscle

Initial 2.5 % 10° 3.8 % 10!

B Weeks 1.5 X 107 3810

24 Weeks 2.2 %10° 14 %x10°

40 Weeks Below the detection level Below the detection level

Table 5 showing the changes in the bacterial load of frozen stored (-20 °Ch
hilsa fish which were stored in ice for 4 and 7 days prior to freezmg The initial
l:l».actenal load of the samples prior to freezing were 2.5 X 10° CFL/g and 3.8 .‘-ll
10° CFU/g but after EI weeks of frozen storage the bacterial load were 3.5 X 10’
CFU/g and 3.8 X 10° CFU/g in 4 days and 7 days ice stored fish samples
respectively. After 24 weeks of frozen storage, the above bacterial load
decreased 1 2.21 x 10° CFU/g and 2.38 x 10 CFLp respectively. However,
after 40 weeks the bacterial load in the frozen stored sample fell below the
detection level. This is 1o be mentioned that, in healthy live and freshly caught
fish, the muscles are sterile, so bacterial contamination is found only on the
outer and inner surfaces, gills and intestine of the fish, Formerly, it was often
assumed that the bacteria Invaded the muscle tissue by way of the vascular
tissue or by penetrating the skin. However, histological examinations have
shown that in the case of chilled fish only very few bacteria invade the muscle
and only at a rather late stage, Microscopical examination of iced whole cod
stored for 12-14 days showed that the fillet as such still contained a very limited

Tiog
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rumber of bacteria. In contrast, the bacteria actually penetrated the flesh via the

collagen fibres when the fish were stored at higher temperatures (=+8°C).
{Shewan and Murray 1979), In the present study fish samples were ice-stored
almost immediately after catch, thercfore, it is expected that anly a few bacteria
could invade the muscle during the period of 7 days ice storage, Low initial count
in the fish samples &5 the proof of above assumption . Joseph and Salanki (1985}
examined the frozen storage characteristics of Elasmobranchs shark ( Scoliodon
laticaudus), They found the total bacterial count (TBC) of the fish sample
registered sharp decrease during frozen storage. Garg and Stephan {1985)
studied on the frozen storage condition of Raws (Eleutheronema tetradactylus).
They found that the total plate count decrease was significant after 4 weeks of
frozen storage.

Under the wsual conditions of siorage of frozen foods microbial growth s
prevented entirely. During freezing the ice crystals rapture tissue cells or even
microorganisms. The inltial killing rate during freezing is rapid, but it is followed
by a gradual reduction of microorganisms and is referred to as storage death,
The number of viable organisms decreases with lengthened time of storage
[Frazier and Westhoff 1990}, The results of the present study showed the same
phenomena the number of viable organisms in the frozen stored hilsa gradually
decraased with the increase of storage time,

Conclusions

1 Hilsa fishes stored in ice ir*an insulated box immediately after capture were
organcleptically in acceptable condition for 20 days compared to 18 days
for fishes abtained from landing centre under similar storage conditions.

2 The bacterlal load in 4 days ice stored fish muscle was 2.5 x 10° CFL/g
which increased gradually with the storage period. At the end of 20 days of
lce storage bacterial load increased 10 1.8 x 10° CFg and the fishas were
organaleptically in acceptable condition.

3} Regard to the patential storage life of frozen fish, it can be said that the
highest degree of freshness can be maintained up o 48 weeks for hilsa fish

stored in jce for 4 and 7 days and subsequently frozen at -20°C but it is
clearly indicated that the longer is the duration of ice storage before
freexing, the shorter is the shelf life of the fish.

4 The bacterial loads of 4 days ice stored fishes were 2.5 x 1'I:l-‘t and 3B x 10
CFLYE respectively which decreased drastically and fell below the detection
level after 40 weeks of frozen storage.

4
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