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Preface

Bangladesh Fisheries Research lnstitute (FRl) was established under an

ordinance of the covernment of the Peoples' Republic of Bangladesh in 1984 as

a national institute for Carrying out and:'coordinate fisheries research in

Bangladesh. The lnstitute was reorganized and upgraded through 'Bangladesh

Fisheries Research lnstitute (Amendment) Act, 1996'in line with the structure

of the National Agricultural Research lnstitutes. Keeping in view of immense

potential of the fisheries sector in fulfilling the national 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 aquaculture and scientific management of the

country's fisheries resources. FRI's broad spectrum of activities cover research

and training on scientific fisheries thus enabling it to address the constraints

facing promotion of sustainable development of the sector.

The overall research and planning activities of the lnstitute are carried out ln

close cooperation and colla#ration with various regional and international

institutes and agencies involved in fisheries R & D activities. The lnstitute also

maintains liaison with national Universities/ lnstitutes of the country for

implementing collaborative research and manpower development. Thus, FRr as

a nodal institution provides leadership in fisheries sector R & D activities. The

institute plays an important role in planning and earrying out appropriate research

to evolove new and appropriate technologies to disseminate to the farmers,

entrepreneurs and scientific communities in order to contribute to sustainable

resource development.

Considering the significant accomplishment of FRI in generaling technical

information through a strong feed-back system in the overall research approach

of the lnstitute, it is indeed necessary to publish a scientific journal for

documentation of findings for the propose of scientific use by researchers and

development workers working in this field. Keeping this in view, FRI has initiated



to publish regularly a journal in the title of Bangladesh fournal of Fisheries

Research.

The publication of BJFR marks another milestone in the brief history of the

lnstitute. The Journal will serve as an effective mechanism for the dissemination

of fisheries research and othei relevant infor?nation to scientists of not only this

lnstitute but also other institutions at home and abroad. The maintenance of the

journal should be the role of the scientists, researchers, development workers

who 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.

Dr. M.A. Mazid
Director Ceneral
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Abstract

The study was conducted to investigate the efficacy of chlorine and UV
irradiation in disinfecting aquarium effluent. A non-agglutinating, avirulent strain
o{ Aeromonas salmonicida (NCIMB 1102) was used as the test organism.
Effluents from a fish tank were inoculated with a suspension of test organisms
and subsequently treated with different concentrations of hypochlorite and W
irradiation separately and simultaneously. when used alone, 1 .0 ppm
hypochlorite reduced the viable cell count from 6.5 log to 3.0 log within 20
minutes of contact period. on the otherhand, when used in combination with
UV irradiation only 0.5 ppm hyfochlorite exerted the same bactericidal effect
within the same contact period as was observed with 1.0 ppm hypochlorite
alone. This result indicated that required dose of disinfectant for the disinfection
of aquarium effluents can be considerabry reduced when it is used in
combination with UV irradiation.

Key words : Disinfection, Effluent, Chlorination, UV

lntroduction

Effl uents 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 *ull in the aquatic
environment. In order to prevent the possible spread of such pathogens in the
environment, disinfection of waste water is of utmost importance (Austin and
Austin 1993).

Chlorine is a strong oxidizing agent and rapidly penetrates microbial cells
and kills the microorganism. Death results from the chemical reaction of
hypochlorous acid with the enzyme triphosphate dehydrogenase which is
essential to Iife process of the cell (White 1972). Chlorine. at a concentration of
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1.0to0.2mglml,hasbeendemonstratedtoefficientlyremovebacterial
pathogenslikeAeromonassalmonicidaandYersiniaruckerifromnaturallake
waters within one minute (Wedmeyer and :Nelson 1977) whereas infectious

hematopoietic necrosis virus (lHNVi and infectious pancreatic necrosis virus

(IPNV) were more resistant and required 0'7 to 1'0 /mg ml for inactivation'

Fishpathog"nicU".te'ia,ingeneralailpeartobesensitivetoUVlightand
unlike halogen disinfectants UV lrradiation of water does produce undesirable

by-products toxic to fish (oliver and Carey 1976).Doses of 1.5 to 3.4 mws/cm2

have been reported to inactivate gg.g% of vibrio salmonicida, v' anguillarum'

Yersinia ruckeriana a' salmonicida(Sako and Sorimachi 1985)' High intensities'

viz,4 to10 mws/cm'*"r" required for human pathogenic and water quality

indicator bacteria like salmonella, Escherichia coli and vibrio sp' (Chang et a/'

1985 and Harris et al. 1987)'

CombinedapplicationofachemicaldisinfectantandUVirradiationmay
result in increased "iti.u.y 

with lower levels of chemicals' Several investigators

haveexpresseainterestinthecombinedorganiccompoun,dsineffluentsand
for enhanced disinfection (Venosa et al' 19S4 and Claze et at' 1991)' Combining

halogens and UV have not received the attention in water treatment studies' But

inarecentstudiesitwasshownthatUVandchlorinebaseddisinfectanthada
,yn"rgOii. effect (Liltvet and Landfald 1995' unpublished data)'

Theaimofthisstudywastoinvestigatethedisinfectionefficiencyofchlorine
andUVirradiationinuq*',iu*effluentandtodetermineifsimultaneous
application of chlorine/UV in these increased the efficacy'

Materials and methods

Test organism and growth procedure

A non-agglutinating, avirulent strain of Aeromonas salmonicida (NCIMB

1 102) was used as a riodel bacterium in this study because virulent strain of

this organism is highly pathogenic to salmonid fish causing septicemia and

abundant in both freih water and marine environment in the colder region' The

bacteria were grown at 22"C for 3 days in tryptone soya aSar (TSB, Unipath,

Basingstoke). cells were harvested by centrifugation at 25O0 rpm for 10 minutes

and the resultant p"ll", *u, resuspended in 
-o.as7' 

sterile saline solution' The

suspension was further diluted to give a concentration of approximately 108 cfu

iml.

Preparation of disinfectant and neutralizing solutions

Chlorinestocksolutionswerepreparedfromasodiumhypochlorite:olY:]ol
(14"/. wlv available chlorine). Appropriate volumes were added to distilled

deionizedwatertoobtainlo,20,30and40ppmfreechlorine.Stocksolutions

2
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(11,22,33 and 44 ppm) of a neutralizing solution for hypochlorite were
prepared by dissolving appropriate quantities of sodium thiosulfate in distilled
water. Four separate stock solutions of hypochlorite 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 'l gm of active chlorine is

effectively rernoved by 2 gm of thiosulfate (Hom 1971), stock solutions of
sodium thiosulfate from 1 1 lo 44 ppm were prepared so that when 1 ml was

added to the 10 ml test sample there will be a concentration ratio of 2:1.

Fish tank and uV assemhly

Twenty five rainbow 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 top of the

tank but below the level of the fish tank outlets. A submersible pump with
integral float switch was mounted inside the sump tank to pump water through
the UV unit (Aquarium sterilizer-Model 30) and then to waste. A side 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 f,vas collected from the sump tank in a sterile
conical flask and brought to the laboratory. The water contained dissolved and

suspended organic matter from feed pellets, faecal materials and other waste.

The sample was heated at BO.C for 10 min in a water bath to kill the indigenous

bacteria and was subsequently cooled'to 7oC.

Hypochlorite treatment

Heat treated and cooled water sample was inoculated with the previously

prepared bacterial suspension to obtain a suspension of approximatety 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 hypochlorite were added. Petri plates with the samples were

immediately put in an ice bath (ice-water temperature 7oC) placed over a

magnetic stirrer. After the required contact periods with stirring 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 to total viable
count according to drop count method (Miles and Misra 1938). The experimental
procedure has been summarized in Fig. 1.
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Required Chlorine
Dosage (ppm)

Concentration of free
Chlorine in prepared
stock solution (ppm)

Concentration of Na2S2O7
in prepared stock
solution (ppm)

FREE CHLORINE tnnm)

0.5 1.0 L5 2.0

Incubate 48 houis at 22oC
i?

'*"' uiT.T;: :f :','#:'"''

Fig. 1. Experimental procedure to assess bactericidal effect of sodium hypochlorite.

Combined UV-hypochlorite treatment

Effluent in the sump tank with indigenous and added bacterial inoculum was
treated with calculated amount of hypochlorite solution to give the desired
concentration of chlorine and mixed quickly and thoroughly by vigorous agitation.
After selected time intervals (10, 2A and 30 min) the effluent water was passed
through a UV unit by using a submersible pump. UV treated water sample was
collected from the discharge point and quickly dechlorinated by sodium
thiosulfate and subjected to total viable count (Miles and Mirsa 1938).

Temperature of the aquarium effluent was around 7oC.

Results

Fig. 2 shows the logarithmic number of colony forming units (cfu) of bacterial
cells/ml versus contact time of bacteria with different concentration of chlorine.
A general trend in the loss of viability of the cells was observed with the

4
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increase of contact time as well as concentration of chlorine. with 0.5 ppm
chlorine, one log reduction was achieved within 5 minutes of contact period,
thereafter the reduction was slow and 6radual. There was a more rapid and
massive reduction of bacterial number at the -l.0 ppm free chlorine
concentration level. At this concentration two log reduction could be achieved
within 5 minutes and three log reduction in I5 miputes, which is equal to99.9o/o
reduction in the viable count. The rate of reduction was rapid during the first 5
minutes with 0.5 ppm and the first 15 minutes with I .0 ppm chlorine but after
that, the slope of the curve levelled off. With 1.5 ppm and 2.0 ppm the number
of viable cells fell below the level of detection within 5 minutes, which means
the .99,9995% reduction in the cell number could be achieved in 5 minutes with
1.5 ppm chlorine under this experimental condition.

Fig. 2. Loss in viable count of chlorine exposed Aeromonas salminicida in aquarium
effluent.

Fig. 3 shows the logarithmic number of colony forming units versus UV
treatment and combined UV + hypochlorite treatment 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
combined 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 alone Showing that required chlorine alone showing that required
chlorine. concentration is only 50% when it is used in combination with UV
treatment. ln the UV study test organisms were a mixed population because

.6
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indigenous bacterial flora of the aquarium effluent were not eliminated by

treatment as was done when only hypochlorite was used. This was necessary

to see the combined effect of UV and chlorine in the actual aquarium system'

Fig. 3. Effect of UV, chlorine (0.5 ppm) and combined UV/chlorine (o.5 ppm) treatments

on the viability of bacteria ir#aquarium effluent.

Discussion
From the experimental result of the present .study it is apparent that

freshwater effluents from laboratory based aquarium systems could be

effectively 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

lower doses.

lncomplete oxidative destructivc of bacterial cells has been suggested to

arise because of chlorine reacting with other substances (White 1972)'

Polprasert and Rajput (1984) demonstrated the reduction of chlorine residual

and colicidal efficiency by increasing the suspended solid concentration in the

chlorinated effluent.
The composition of effluents from different sources may vary considerably,

depending on operational practice. Compared to commercial aquacultural

,.iiuiti", ihe effluents used in this study had a low concentration of suspended

matters. Doses and contact times used in this study can be compared to treated

surface waters which are usually satisfactorily chlorinated with dose of 0.5 to 1 .0

mg/1. Higher doses upto 5 mg/l are required for purification with high levels of

6
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suspended matter or for the complete oxidation of ammonia and organic matter
(Hom 1971).lt is quite obvious then that chlorine demand will vary in different
situations and depend on the nature of the organism in the effluent, nature and
condition of water and temperature.

A combined treatment of UV and chlorine ,uy in.ruure the effectiveness of
chlorination in destroying bacteria in the effluents,, The present study showed
that required chlorine concentration could be reduced by so% when used in
combination with UV treatment. Effectiveness of UV treatment of waste water is
generally 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
made to reduce the quantity of suspended matter by filtration prior to
disinfection.
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Nursery rearing of Macrobrachium rosenbergii (de
Man) using hapa-nets : effects of slocking density

M.f. Alam, M.E. Hoq, D.A. fahan and M.A. Mazid

Freshwater Station, Bangladesh Fisheries Research lnstitute
Mymensi ngh-2 20 1, B angl adesh

Abstract

An experiment was conducted in two phases for 45 days each to study the
effects of six stocking densities (phase-l: 100, 200 and 300 pllm2 and phase-ll:
250,500 and 750 PL/m2) on growth and survival of h4acrobrachium rosenbergii
postlarvae(PL) in nylon hapa-nets (1 .8 m x 1.8 m x .1.4 m) installed in a pond.
stocking densities of 100,200 and 300 pLls/m2 resulted in sirnilar (p < 0.05)
body length (47 -48 mm) and survival rate (84 - 88,/o), while body weight (0.62

g) in PL with 300/m2 was significantly lower than that (0.70 g) in pL with 100 and
2OO/m2. The growth (body length 47 mm and weight 0.64 g) and survival (84%)

of PL stocked at 25O PL/m2 densif.were significantly higher (p < 0.05) than rhat
of PL at 500 and 750/m2. Besides the variation in groMh and survival in pL at
six test stocking densities, a sharp increase in body weight of pL was observed
beginning at the 4th week of rearing.

Key words z M. rosenbergii, Stocking'density, Hapa-net

lntroduction
Nulsery rearing of newly raised M. rosenbergiipostlarvae (PL) for 'l-3-month

period, prior to stocking in the grow-out pond, is an important step in freshwater
prawn aquaculture. Though 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 hai
significant effects in order to improve survival, grow-otl't inventory control and
ultimately to optimize the production (Malecha 1986). prawn nursery is also
useful particularly, in a country like Bangladesh, where climatic conditions and
intermittent water availability restrict the length of pond growing season and
prevent continuous culture to market size (New 1990).

For successful prawn nursery operation, commercial nursery operators
must need to know the effects of factors such as stocking density of pL, habitat
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complexityand,feedsandfeedingschedule.Anumberofpublishedreportson
prawn nursery systems (Sandifei and Smith 1977' Smilh and Sandifer 1979'

smith et al. 1983, Heinen and Mensi 1991) are available, but there have been

no research ,"portr, **.upt Angel'l':('l 994)' on prawn nursery system in

Bangladesh conditions. The presentltudy was designed to optimize the stocking

densityofprawnel,aimlngut'"'ultirtg'in,highersurvival.andgrowth'inhapa-net
nursery system. on." if"ru standird jensity is known' research and

developmenteffortswouldbefocusedonreducingthecostofproductionand
irprouing the yield, using appropriate feeds and feeding management'

Materials and methods

Preparation and installation of hapa'net

Ninenylonhapa-netsof0.3mmmeshsizemeasuringl.Bxl.Bxl.4m3
each-were installed in a 0.4 ha ponil at the Freshwater station of Fisheries

Researchlnstitute,f"fyrn*'ingt't'Duringhapainstallation'thepondwasunder
carpcultureandasitwasnotpossibletomakethepondcompletedrained-out
andsun-driedduetoperiodicalraining,mostofthefisheswereharvestedby
repeated netting. Monoammonium sulp[ate (21-0-0) and lime were applied in a

1:10 ratio atthe rate of 1.5 kg/decimal. Underground waterwas supplied through

central drainage system and ihe water depth ranged from 85.- 90 cm during the

study period. only blmboo poles were diiven inio the pond bottom and used to

make the supporting4,"'" ;t hapa-nets' The upper and lower corners of each

hapa-net *ere fust"ned with bamboo poles in such a. way that the nets

remained suspended in the water column without touching the pond bottom

about 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 t., tf," prawn PL' A feeding tray (1'2 m x 1'2 m) made of

plastic mosquito screen sewn to a wire framl was provided with each hapa-

n ets.

Stocking of PL

Phase-|.'Three stocking densities such as 100' 200 and 300 PLlm2 were

assigned in a randomized block design with three replications for each' Ten-day

oldM.rosenbergiiPLwerecollectedfromanearbyprawnhatcheryand
iranrport"d to tf,e pond site using oxygenated plastic bags' The PL were

acclimated to pond conditions and stockedk t Z.OO h in the hapa-nets according

to the assigned densities' The initial body length (BL) of 
?'U T' -and 

body

weight(BW)ofa*g*","recordedbyrandommeasuringofPL(n=100).

phase-tt.. Three stocking densities of 250,500 and 75Olm2 ol M' rosenbergii

PL12(BL=,l0.5mmandBW=9mg)withthreereplicationsforeachwere

'10l
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tested. Transportation and stocking procedures were similar to that followed in

the Experiment l.

Feeding to PL

The prawn were fed with a commercial shrimp feed (Saudi-Bangla nursery
feed-1 and 2) at the rate of 25"/o of body weight .during 1st week, 1 5% during
2nd week and 10% during restof 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

S.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 feeding trays were
washed thoroughly prior to each feeding.

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

Parameters % composition

Moisture

Crude protein

Crude lipid

Crude fibre

Ash

Source : Saudi Bangla Fish Feed Ltd., Dhaka, Bangladesh

Data recording and analysis

For the estimation of increment in groMh, total BL (from tip of the rostrum
to end of the telson) and BW of randomly sampled prawn (n = 50) were
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.
temperature, dissolved oxygen (DO), pH, ammonia and alkalinity were recorded
weekly using a HACH Kit (Model FF-2). The water quality parameters were
within the acceptable limits for prawn culture in ponds (Table 2). The growth and
survival data were subjected to a one-way analysis of variance (ANOVA) and
Duncan's Multiple Range Test (DMRT) at 5% level of significance using a PC
equipped with statistical package (Statgraphics, Version 4.0).

12
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Table 2. Mean values of water

phase-ll)

quality parameters during the experiment (phase-l and

Water quality
parameters Days from the initiation of experiments

42352B2114

Temperature (oc)

Do (mg/l)

pH

Ammonia (mg/l)

Alkalinity (mg/l)

29.5 28.0 2B.B

4.0 5.0 6.1

27.8 27.9 28.0

4.0 7.O 4.O

8.0

0.2

170

8.0

0.2

160

8.5

0.2

146

28.6

4.2

8.5

0.4

139

8.0

0.3

140

8.0

0.3

141

8.0

0.2

155

Results and discussion

The production data of 45-day nursery rearing of M. rosenbergii PL at

different itocking densities are given in Table 3. The BL, BW and survival rates

(SR) were inversely related to stocking densities of 250 - 750 ?Llm2, though

were not to 100 - 300 PLlm'. ln the phase-l experiment, M. rosenbergii PL

stocked ar 25Olm2 attained significantly higher (P < 0.05) BL (46.8 ! 1,.27 yry),
BW (635.3 + 0J2 mg) and Sn (A+.: t 3.7o/o), while those at 75olm' had the

lowestvalues. tn the [H&se-ll experiment, all the test stocking densities resulted

in similar (P < 0.05) average gain in SL (47 - 49 mln) and SR (84 - B8%). The final

body weight attained Oy ei {t 100 and 200?Llm2 were significantly higher (P.<

0.05) thai that at 3OO PLlm2. The rate- of progressive increase in body weight

was also higher in PL with 100 - 300/m2, though a sharp increase in body weight

was observid in PL at each stocking density beginning at the 4th week of

nursery rearing (Fig. 1).

i t.b
Etr
L:
6

2 t-t.4

z-
U

D1

01?

Fig.1. Weight gain in M
system (A : pahse-l; B

12

343678O',t 234567ts
REARING IfEEKS

, Rosenbergii PL at different stocking densities in hapa-net nursery

: pahse-2).

2
100 PL,/m.
zoaiPLib;
300 r'PLi'm

lro Pllms'2
5oo/PL/m,
750/'Plv'D
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Table3. Crowth and survival ol M. rosenbergii PL at different stocking densities in hapa-
net nursery for 45 days

Stocking Mean body Mean.body

density (ptlm2) ength (mm) weight (mg)
Mean survival
rate (%)

Phase-l

750

500

250

Phase-ll

300

200

'100

37.0 + 0.86b

3g.2 + O.g2b

46.8 + 1.27^

47.7 + O.5B^

4g.5 + 1.01u

47.O + 1.59^

37g.6 X O.g4b

403.1 + 1.03b

635.3 + 0.72^

624.8 + 0.80b

697.4 +,O.6Bu

702.6 + 0.214

60.9 + 4.0b

72.8 + 7.5b

84.3 + 3.7^

85.1 + 4.04

83.8 + 5.2'

BB.2 + 4.24

Means with the same superscripts are not significantly different P < 0.05)

The results obtained at different test stocking densities indicate that a

stocking density within the range of 100 - 300 PLlm2 may results in a desirable
growth of 47 - 49 mm BL, 635 - 702 mg BW and 84 - BBo/o SR for a hapa-net M.
rosenbergii nursery rearing systenprThe final body lengths attained by prawn at
each stocking density (Table 3) are higher than those are desired in stocking the
grow-out ponds. Stockin6 of ponds with 25 mm juvenile prawn is suggested to
reduce initial losses and allow a more predictable pond survival rate (Ling 1967).

The final body weights of 0.6 - 0.7,g obtained with 100 - 300 PLlm2 in the
present experiment are also comparable with 0.4 - 0.9 g (Smith et al. 1gB3), 0.4
- 0.6 I (Heinen and Mensi 1991)final weight in postlarval prawn reared for 60 -
90 days at vaiiable stocking densities of 500 - 1000 PLlm2. MacLean and Ang
(-1994), however, reported afinal weightgain of 1.75 gwith 63% SR for 3B days
rearing of prawn PL in net enclosures, but the stocking density was only 10

PL/m2.
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 (lRR) in prawn
nursery has been reported very sensitive to variations in survival (Angell 1994).
Several studies in elsewhere (Sandifer and Smith 1975, Willis etal. 1976, Smith
and Sandifer 1979a, Kneale and Wang 1979, Saha et al. 1989, Heinen and
Mensi 1991)have shown that prawn PL stocked at rates between 100 - 7OOlm2
for 45 - 60 days of nursery systems may result in final survival rates of 60 - Bo%.
Though smith ef al. (1983) recorded about 90% survival of prawn pL ai stocking
densities of 1000 - 1500/m2 in a an enclosed nursery system, only 28 - 37%
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survival has been reported (Angell 1gg4), for nearly the same range of stocking

density, in a cage nursery system in Bangladesh condition. Nursery rearing of M'

rosenbergiipL in earthen ponds is limited (Williams and Berrigan 1977). Though

Saha etal. (.1989) reported 52Yo survival at thegtocking density o't 175 PLlm2 in

30 days of rearing in earthen ponds and a desirable mean final weight of 1 - 2 g

after 40 - 90 dayi 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 is 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 growth 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). lt has been reported that

M. rosenbergil postlarvae may need a minimum dietary protein level of about

30 - 35% (D'Abramo and Reed 19BB). Though feeding prawn PL once daily 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 flr the need of multiple feeding (Corbin et al. 1986). The multiple

feejing is also necessary to achieve better feed utilization and to 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 2 
^uy 

offer benefits of

iearing of sufficient numbers of postlarvae to allow them to grow to a desirable

stockiig size and to survival, and to faster turnover for both the hatchery and

nurr"r/op"rators. The present study also indicates the possibility of holding and

rearing prawn postlarvae, either produced in hatchery or caught from nature in

late slason (September - October), at high stocking density over the winter

period for stocking at the beginning of the next Srow-out season'
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Abstract

The larval ontogeny of a developmental series ('l .2-8.3 mm body length, BL) of
synagrops philippinensis from Kagoshima Bay, southern Japan is described and
illustrated. The yolk was completely absorbed in larva of 2'l .5 mm BL.
Notochord flexion commenced at about 3.5 mm BL and was completed by
about 4.0-4.5 mm BL. s. philippinensis larvae were distinguished from their
congeners based on melanophore fatterns, head spination and fin spines and
rays. Larvae of 7.5-8.3 mm BL were characterized by anteriorly serrated pelvic
spine, two anal spines, nine inner preopercular spines and no melanophore on
lateral side of the caudal peduncle; 7.0 to 7.5 mm BL larvae by the above
characters except serration on pelvic spine; and yolk-sac, preflexion, flexing and
postflexion larvae up to 7.0 mm BL by unique melanophores on lower lobe of
pectoral finfold/fin.

Key words z Synagrops philippinensis, Larval ontogeny

lntroduction
The genus Synagrops is the most speciose in the family Percichthyidae with

more than 10 species (Schultz '1940, Kotthaus '1920, carzon and Acero 1986),
and is distributed in tropical and subtropical waters of Western Atlantic Ocean,
culf of Mexico, Caribbean sea, suriname, the philippines, Indonesia, Australia,
lndia, Japan, the western Pacific, the Hawaiian lslands, the rndian ocean and
South Africa (fujii 1983, Mochizuki 1984, Mochizuki and Sano tg}4).

The fishes of the genus Synagrops are characterized with the following: body
elongated, laterally compressed, covered with large deciduous cycloid 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 pilatine
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bones, with the addition of a pair of canine teeth in.th" 
'pl^"-i1-"w' 

and a series

ofsimilarteethintheIower;operclewithtwoflatspines,marginsofsubopercle
andinteroperclefinelyserrated;twoseparatedorsalfins,thefirstwithVlll-X
spines and the r".oni with one spine and,8-10 softrays; anal with ll-lll spines

and 6_g softrays; pectoral with 1s-ie softrayi and pelv.ic with one spine and five

softrays(FujiilgB3,CoodeandBeanlg}4''MochizukiandSanolgB4'Leisand
Trnski 1989).

AccordingtoHatooka(1993),thefollowingfivespeci"::-ttutaroundJapan:
S.japonicuststuina,.nn"retDoderlein),S.phitippinensis(Ct]nthed,S.spinosus
(schultz), s. serratospinosus (smith et Radcliffei and s. analis (Katayama)' ln

Kagoshima aay, tmli and Nakahara (196g) reported 5. i.aponicus and s'

philippinensrsasadutts.Thebodyshapeandcolouroff.philippinensis
resemble those ot l ' iaponicus 

'and S' analis' but the former is easily

distinguishable by the foilowing characters: anteriorly serrated pelvic spine' anal

fin with two spines and seven softrays and 16 rays in pectoral fin (Mochizuki

1984).
Konishi(1988)reportedverybrieflysomecharactersofalo.TmmBLlarva

of S. iaponicus and a few larvae larger than 2'B mm BL of 5' philippinensis'

During the ichthyoplankton survey in Kagoshima Bay'.uTong lhe Synagrops

speciesonlyS.phitippinensislarvaewere"identifiedanditwasfoundthatthe
descriptions of ronisiri (1gBB) are now considered to be incomplete with some

characters neing not illustrated that may be of diaS133tic. value for species

identification. rn trris pap(*, the early ontogeny of 5. phitippinensis is described

including important diagnostic characters'

Materials and methods

ThespecimensusedinthisstudywerecollectedfromKagoshimaBay
fortnightly or monthly from October '83 to December '93 on board the R/V

,,shiranami,, (t.s tons) of the Laboratory of Fisheries Biology' Kagoshima

University, Japan, principally from 14 fixed stations (Fig' 1)'

Acylindrical-conicaltypenet(1.gmindiameter,4.5minlengthand0.51
mm in mesh size) was towed in step hauls using 50 and 10! m rope lengths.(5

minforeach)at,'p""aofabout2knots.A"flow.meter(TSK)wassetatthe
Centreofthemouthofnettogetdatanecessaryforcomputationofthevolume
of water filtered.

Eachsetofcollectionsinthemiddleandinnerparts,usuallyrequired.afull
day,wastermedacruise.lneachmonth,sampleswerecollectedduring
daytimejustafterthemiddleofeachmonthnormallyintwoconsecutivedays,
one day for nine fixed stations of the middle part and on the other day for five

fixed stations of the inner part (Fig. 1). rn addition, from November'83 to

october ,84, an additional cruise was made just after the beginning of each

month. Due to bad weather condition and/or mechanical problems' sometimes
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it was not possible
cruises were made

Larval development of Synagrops philippinensis

to collect the samples. ln total, 1556 collections from 121

for the study.

31'40',N

130ts0' 130'45'E

Fig. 1. lchthyoplankton sampling stations in Kagoshima 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. ln the laboratory, fish larvae
were sorted out under a magnifying glass and were preserved in 70o/" elhyl
alcohol. Atotal of 3656 (1.2-8.3 mm BL) S. 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 BL) 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.
philippinensrs with the following diagnostic characters: >7.5 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 on lateral side of the caudal peduncle;

i.O i. Z.S *, eL iuruu" with all 6f tne above characters except serration 
-on

.,"lui. soine; and volk-sac, preflexion, flexing and postflexion larvae up to 7.0

ffi ;i'br;"iun,lpf'or"r'on lower lobe of [ectoral finfold/fin.The larvae were

examined under a dissecting microscope' and measu.red using an .ocular
*i..-"i"r. Some turui" W"iL t"rporarily stained with .methylene blue.for

li"rioUr"rration of spines and finrayl. Foi definltions and measurements Leis

anJ rrnski (1g8g) *r! ioLto*"d. Body |engths (BL) were notochord length in

i;;;r; p;i.; ir in" iorpi"titn of riotoc"hord flexion and standard length

thereafter.

Results

Early ontogenY

The yolk was not completely absorbed in the smallest larvae (1.2-1.4 mm

BL) of th" pr"r"nt ron.,[-f"r (fig. Zn). Notochord flexion was found to
.or*"n." ai about :.1 r-ii, eL a"nd completed at about 4.0-4.5 mm BL (Fig'

iol. Af f of the finrays became clear at about B'0 mm BL (Fig' 2G)'

l

l

l

l

l

i

i

i

I

I

I

I

I

I

Fig. 2. Larvae of Synagrops philippinensis. A,
D, 4.2 mm BL; E, 5.5 mm BL; F, 7.0 mm BL;
l, 5.5 mm BL (ventral view)..

1.4 mm BL;8,2.1 mm BL; C, 3.4 mm BL;

G, 8.3 mm BL; H, 6.1 rnm BL (dorsal -view);
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Body form

Body was found to be elongated and compressed laterally (Fis. 2). Head was
large (about 30-35% of BL). The snout was short, initially concave but became
rounded at the beginning of flexion. Eyes were round dnd Iarge in preflexion and
flexing larvae (about 35% of HL) (Fig. 2A-D) and moderate in postflexion larvae
and early juveniles (about 30% of HL). Mouth was iarge, remarlably oblique and
was almost vertical when closed. The maxilla almost reached the horizontal line
from the anterior edge of pupil. A short projection was present at the tip of
lower 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 preopercle, supraoccipital crest,
supraocular ridge, supracleithrum, maxillary, subopercle, interopercle,
posttemporal in this order (Fig. 2). A strong opercular spine developed ai about
3.2 mm BL (Fig. 2c). The larvae less than 2.0 mm BL were devoid of head
spination. Three smooth spines appeared on the outer margin of preopercle at
about 2.1 mm BL (Fig. 28) and incre3sed in number up to I t of diff"rent sizes
with development, decreasing upwaids and anteriorly with the largest spine at
the angle, and the number of anterior spines was more than the posterior
spines (Fig, 2C-c). on the inner margin of preopercle three smail spines
appeared at about 2.5 mm BL, increased to a fixed number of nine almost equal
in size at about 7.0 mm BL (Fig. 2C). A single spine of supraoccipital crest
appeared at about 2.1 mm BL (Fig. 28) and increased in number to mostly 3 or
rarely 4 with development. Supraocular ridge with single spine appeared at
about 3.0 mm BL and remarned the same in rarge*p".ir"n, tfig. zc-c). n
small spine developed on supracleithrum at about 3.0 mm BL and increased
into two in specimens beyond about 5.5 mm BL (Fig. 2c-c). Two maxillary
spines, one very small and one a little 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 subopercurar spine became two at about 6.0
mm BL. A small posttemporal 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 degenerated after the beginning of juvenile
stage.
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Fin formation

Completion of fin development in S' philippinensis' occurred in the

sequence as follows: caudal and first aorr]u't-t"ir"tt simultaneously)' second

:'rH,;;J ""J 
p"r"ni"i*t" simultaneouslv)' and pectoral'

pectoral finfold with rudimenrrry ,uy.r"LJcame visible in larvae of about 2'0

mm BL. Rudiments of hypural "r"n]"n,riitJ'iriungurut 
thickening' anlage of

dorsal and anal ti"' J"a'iil't nua u"l'ght '*ellirlgs:":lll:t 
side of the gut

developed almost simultaneously iust p'io' 
'o 

or a"t the beginning of caudal

flexion at about 3.r-;.; ; aL trig.'zci. erin.',pur-try', 9-18 o? caudal fin and lX

spinesoffirstdorsalwerethefirsttocomplete.atabout5.5mmBL.Thesecond
dorsal fin (one sprny and nine softraysf-ti*of""J with the modification of the

anteriormost finray into spine at about 6 ;;; BL' Followed by anal (two spiny

and seven ,ott'uy'i" 'ni pelvic tin' tJn" 'piny 
and five' softrays) almost

simultaneously at o:-i.; ;* BL. The ."rtl'J^ ,t tr'" anterior edge of pelvic

soine appeared at ffi; 7'5 mm BL (F;';;i' in" pectoral finrays (16 rays)

jeueloPed at about B'0 mm BL'

Pigmentation

The larvae of s.phitippinensis.were moderately pigmented' The maior

characteristic pigmerlt; ;;'" on the .lower 
lobe of pectoral fin' fore and

hindbruin, nup", urr"nJ'ryil"=;;J;;;ri r'",'"" trr" gut and surface of gas bladder

(Fig. 2).

The smallest larvae (1 '2-1'4 mm BL) .had 
melanophores on the tip of lower

iaw, angle of lower ;;) ;;;"'J'.on oil ;;pi"1;il1r lobe'of 
pectoral finfold

andongut(Fig'Znl'fnemelanophor"'onth"lowerlobeofpectoralfinwere
i,J,"","'" d':-:1,# jl#[J;,,.;h,*: .il,;::1',,1;1 i!T[ !:,
il:ltT::filll3l; ro,J"ua in yorr.,u. iu,*e'moved on the tip of upper jaw

(Fig. 2B). At about ''i ''" ut' '"i"noptto'l' 
upp""'"d between the mandibles

(Fig. 2C-C, 2l) and those on opercle int'*'"a in'nu*bu' and spread throughout

the opercle. rf'u rn"iunopf.ro'"' on hindbrain intensified and those on nape

extended posteriorly-a' u aouUf" 'o* tf ig'"Zt' 
'nl 

to fe b'ase of first dorsal fin

anrage. At about 42-;;;i; m"rrnoph'or*-"fp"rr"a.rr ,1", bases of second

dorsal (2D, zu) ana-anai i'"' '"a 
ao*uf fy on #a't peduncle (Fig' 2D)' At about

5.5 mm al, met'nJpiores appeared ueni'ally on caudal peduncle' those on

ansle of to*"' ;uJ"5i;#";lJJ!"J tr'os" '" tip of lower iaw reduced to a

minute dot shape, ;;J'internal and sometim", no, discernible' At about 7'0

mm BL, ,n"runophoiJJ'"" "f""r" 
t".'Y:lJ in n'mb"' and intensity' those on

forebrain una to*J,loU-" ot'p".toral fin became faint, and those on caudal

p"d u n' r "' " "'": :n[il':""x'; sJl tr:l ;:l#i li]'L liJ::*J i? I til
melanoPhores on tr
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Larval development of Synagrops philippinensis

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 (lmai and Nakahara 1969): S. japonicus or
S. philippinensis. The presence of anteriorly serrated pelvic spine and two anal
spines (characteristics of adult S. philippinensis) 26d 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

19BB), in the identification of the larvae. The adults of S . analis and 5.
serratospinosus bear anteriorly serrated pelvic spine. S. analis has three anal
spines in contrast with two in S. philippinensis, and 5. serratospinosus has 17
pectoral finrays and distinctly serrated second spine of anal fin, second spine of
first dorsal fin and spine of second dorsal fin in contrast with 16 pectoral finrays
and smooth dorsal and anal spines in S. philippinensis (Mochizuki 1984). These
characteristics confirms identification of the present specimens as S.

philippinensis.

Some of the pigmentation of S, philippinensis larvae described here are

similar to those illustrated by Konishi (198S). The melanophores on the lower
lobe of pectoral fin were not described or illustrated and the head spination (e.g.,

preopercular, supraocular and supraoccipital) were not clearly described in

Konishi (1988) which may be the useful diagnostic characters for the species.

ln this study, the yolksac bearihg larvae o( S, philippinensis were identified
with two melanophores on lower lobe of pectoral finfold, 25 myomeres and

elongated body shape. Preflexion, flexing and postflexion larvae up to 7.0 mm
BL were identified with melanophores on lower lobe of pectoral fin, smooth
preopercular spines, only one supraocular spine and three rarely four spines on
supraoccipital crest. Larvae of 7.0-7.5 mm BL with nine small inner preopercular
spines, in addition to above characters exeept melanophores 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 whieh are characteristic
to adults.
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Abstract

Comparative study on growth of lry in nursery system of cenetically lmproved
Farmed Tilapia (CIFT) and Existing strain of Nile tilapia (Oreochromis niloticus)
was performed. The trials were conducted in a series of hapa for two months.
The initial mean weight of clFT and Existing strains of tilapia were 1.03 and
1 .12g, respectively and the stocking density for both the strains was maintained
at 150/m3. Fishes were fed with supplementary feed 31 .29,/, of protein level.
After two months the final cumulative mean weight of CIFT and Existing strain
were observed to be 8.3g and 5.51 ,5, respectively. The net gain for weight of
clFT and Existing strain were estimated to be 666% and 36g1, and the mean
survival were 95.75o/o and 8.1 .25o/o, respectively. The clFT strain showed
significantly (P<0.05) higher net gain in growth in weight and also higher (p<0.01)
survival than that of Existing strain.

Key words : O. niloticus, CIFT, Hapa-net

!ntroduction

Tilapia culture is increasing significantly in Asia particularly in china,
lndonesia, Philippines, srilanka, Thailand and vietnam and elsewhere in the
lndian subcontinent and Pacific region countries. Tilapia has been dubbed the
"Aquatic Chicken" (Maclean 1984) of which the most widely farmed stock is the
Nife tilapia (oreochromis niloticus). Nile tilapia are widely recognized as one of
the most important tilapia speci6s for farming in a wide range of aquaculture
systems from single small scale waste fed fish ponds to intensive culture
systems (Pullin 19S5).

The introduction of tilapia in Bangladesh from Thailand was first initiated in
1954 with o. mossambicus (Ahmed 1956) and later with o. niloticus (Rahman
'1985) with a hope that it would make a significant contribution in fish production
but the attempt was not successful because of very little efforts were made to
understand the culture management by the farmers. Fisheries Research lnstitute

-
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again brought a fresh batch of o. niloticusfrom Thailand in 1987 and developed

low input and low-cost culture technologies'

Recently the lnternational Centre for l-iving Aquatic Resources Management

(ICLARM) has develof"d ,ftu, four years 6f reiearch' the rCenetically lmproved

Farmed Tilapia, known as clFT strain through several.generations of selections

involving eight different pure breed Niie'tilapia, O. niloticus, strain' ln on-farm

trials,theCIFTfishSrew/onanaveraSeot60,/.betterinSrowthand50%in
survival than a normal farmed breeds. The clFT strain has been introduced in

arnglad"sh from ehillippines in luly 1lg+ through lnternational Network on

Cenetics in Aquaculture (INCA) under ICLARM'

Fisheries Research lnstitute has, therefore, initiated clFT strain evaluation

research in connection with the implementation of DECITA Bangladesh project

withtheobjectivetoComparetheperformancesingrowthandsurvivalbetween
CIFT and Existing strain, O. niloticus in nulsery conditions'

Materials and methods

ThestudywasconductedattheFisheriesResearchlnstituteunderits
-Freshwater Station for a period of two months (January to March'95)' Eight nylon

net hapas (mesh slze o,f'2.5 mm), 3'0 m3 each (2'0 x 1'5 x 1'O n.'') *"'" set in a

small well prepared 1000 m2 pond with bamboo poles in two columns' Four

hapas under treatment-t.were ito.k"d with fry of CIFT (1.02 t 0.12 $ and the

,"rt iou,. hapas under t€atment-ll with existing Nile tilapia (1'1 1 t 0'03 g) at a

stocking densitY of 150 frYlm3 '

Apreparedsupplementalfeedconsistedofingredientsofricebran(25oh),
wheat flour (30%), mustard oil cake (15%) and fish meal (30%) with crude

protein level of 31.1g% were supplied tq the fishes twice a day at 8% (according

to Cuerrero 1987) ol the totaf body weight'

Thirtyfryfromeachhapaweresampledatfortnishtlyintervalstoassessthe
groMh and feeding ration was adjusted on the basis 9f estimated weight of fish

biomass. Water samples were taken at weekly intervals between 6:00 and 7:00

a.m.frominsidethehapasduringthetrialandanalysedforiissessingsome
environmental parameters viz. water temperature, pH and dissolved oxygen

(Do).' 
statistical analysis with student's t-test was incorporated on the data to 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, fortnightly gain, net gain and daily

gain as ,""n uufu"s of CIFT ind Existing strain of Nile tilapia (O' niloticus) are
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given in Table 1. The initial mean length and weight of CIFT and Existing strains

were 3.75 and 3.79 cm and 1.03 and 1.12 g, respectively. After 60 days, 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 t 0.29.g. The net gain for length

and weight were estimated to be 102 & TOoh and 666 & 3680/0, respectively. The

mean survival rate of CIFT and Existing strains:of.,tilapia were 95 and Blo/o,

respectively.

Tabte I. Average cumulative groMh of CIFT and existing strain of tilapia (Oreochromis

niloticus) in terms of increase in length (cm) and weight (8) and fortnightly gain in

percentage (in parenthesis) over a period of 60 days

Crowth
parameter

Treatment 1st
sampling

2nd
sampling

3rd
sampling

4th
sampling

5th
sampling

Net
gain

Daily
gain

3.833.75

10.14

(31.84)

4.94 5.36

10.20 +0.26

(s.63) G2.21)

7.08, 7.59

10.60 +0.77

(7.27) (02.41)

5.79 6.44

+0.22 t0.21

121.4O $1.37)

6.72 8.38

t.t.60 +1 .86

(89.08) 666.17)

0.06

r0.01

0.04

r0.00

0.o7

+0.03

4.39 0.07

+0.00

Length
(cm)

Weight

€)

3.79 4.37 4.78

11 +0.10 +0.26 +0.26

(1s.70) o.44)

1.02 2.59 3.52

'l +0..1 2 +0.31 " +0.63

(1ss.2s) (J6.87\ (89.43)

7.3s

1.1 1 1.80 2.70 4.18 5.50

1 1 +0.01 .+0.31 +0.63 10.18 +0.28

(61.46) (s6.39) (s6.0s) (31.s8) (368.46)

On the sequential fortnightly estimated mean values of length and weight of

both 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 samplinS, with an

exception for weight (P>0.05) in the 3rd sampling. CIFT strain showed

significantly higher (P<0.05) net gain and daily Sain in Srowth (length and weight)

and also higher (P<0.01) survival than that of Existing strain [Table 2(d & 2(b)].
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Table 2(a). t-test for data of nursery trials (length and weight)

'I st

Sampling

2nd
Sampling

3rd
Sampling

4th
Sampling

5th
Sampling

3.75
+0.1 4

4.94
+0.20

5.36
+0.26

7.OB

r0.60

7.s9
+o.76

1.02

i0.12

2.59
+0.31

3.52
+0.53

6.72
+1 .60

8.38
+1 .86

3.79
+0.13

4.38
+0.26

4.78
+0.26

5.79
+o.22

6.42
+0.21

3.20 
*

2.40 
Ns

3.12+

3.04*

1.1 'l 0.455 
Ns 

1.45 
*s

+0.01

1.8 3324*
+0.38

2.70 3.120*
!{.24

4.18 4.03 1*+
+0.18

5.50 3.242*
+0.28

6.

Note : NS - Not-significant at 0.95 confidence limit i.e., P>0.05
* - Significant at 0.95 confidence limit i.e., P<0.05
** - Significant at 0.99 confidence limit i.e., P<0.01

0.05- 2.447 with d.f. 6

'o.or- 3.702 with d.f.6

Table2(b). t-tests for nursery trials (net gain, daily gain and survival rate)

Trial No. Calculated means t-stati sti c Degrees of
freedom

GIFT Existing

Net gain

in length

Net gain

in weight

Daily gain

in weight

Daily gain

in length

Survival rate

3.83
+0.76

7.35
+1.80

0.12
+0.03

0.06
+0.01

95.7s
+2.62

2.64
+0.30

4.39
+0.28

o.o7
+0.00

0.04
+0.00

81.25
!2.75

2.90

3.24

3.24

2.90

7.61

Note ; *- Significant at 0.95 confidence limit i.e., P<0.05
** - Significant at O.99 confidence limit i.e., P<0.01

'o.or- ,.oo, with d.f. 6

'o.or- 3.20, with d.f. 6

2B

Trial No. Calculated t-stati sti cs

CIFT Existing Length Weight Degree of
freedom

Length Weigth Length Weight
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The physico-chemical parameters of water revealed that
temperature, pH and dissolved oxygen ranged trom 1g.67
2.29oC,7.87 + 0.48 to 8.01 + 0.25 and 4.05 + 1.36 to
respectively during the study period (Table - 3 ).

the values of water
+ 1.21 to 25.16 +

5.97 + 1.18 mg/l,

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

Parameter January February March

Water temperature (oC)

Dissolved oxygen (mg/l)

pH

't8.67
+ 1.21

4.05
+ 1.36

7.90
+ 0.32

21.87
!.2.47

5.84
+ 0.94

7.87
+ 0.48

25.16
+ 2.29

5.97
+ 1.18

8.0'l
+ 0.25

Discussion

The present study investigates on nursery trial of CIFT strain in comparison
to Existing strain of o. niloticus in hapas, placed in pond with a view to observe
their comparative performances . Apparently literature is rarely available on
nursery trial of O. niloticus in cages or hapas in pond. Most of the literatures are
confined on grow out trial of tilapia iqcages and earthen pond. Cruz and Ridha
(1989) are probably the only group 6f workers who provide information on
nursery trial of tilapia in floating cages.

To evaluate the two strains of O. niloticus, same ecological conditions i.e.,
same environment was maintained where the fry of CIFT and Existing strains
representing similar size were stocked at a density of 150 fish/m3 and fed a
formulated feed containing protein level of 3l.2go/, for 60 days. Thus the clFT
strain was proved to be a significrntly fast growing fish (p<0.05).

Cruz and Ridha (1989) observed the performances of O. spilurus in nursing
phase for 68 days in seawater cages. They found no significant differences in
mean individual final weight, daily growth rate and survival rate among three
stocking densities, but considerable higher yields were obtained when stocked
with 400 and 600 fish/m3 compared with that of 2oo fish/m3. The fry were fed
with a diet containing 55% crude protein throughout the experimental period
after which they observed the weight of 28.65 -3g.61 g. However, much lower
final weight attained by both the strains in the present experiment in comparison
to 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
pond cages in different experiments conducted by some authors, the
supplemental feeding ration contained Tooh rice bran and 30% fish meal at 5 -
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2Ooh o! body weight (Eknath 1993), 207o ipil-ipil,4O'/o copra meal and 10% fish

mealatlo.20%ofbodyweight(CuerrerolgsT).ontheotherhand,the
feedingrationinthepresentexperimentwasquitelow(B-10%ofbodyweight
I u, tJ*ny the final'body weight attainment of fish was comparatively lower to

the others. lt is evident tro, tf","" present Lxperiment th.at the CIFT strain showed

higher (p<0.01) survival than'existingl,stJain of Nile tilapia' Eknath et a/' (1993)

observed that the introJ*ua African"wiid strains of tilapia performed better than

the most widely farmed Asian strains. The experimental clFT strain is also a

derivative of these 
-better 

performed 't"in' 
of tilapia' However' this

phenomenon of the better peiformance of clFT strain might be the cause of

Iio.t irprovement through several generation of genetic selection'
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Abstract
A limnobiological investigation was conducted in Chanda beel over a period of 8
months from June' 95 to January' 96. The floodplain showed temporal spatial
and vertical variation in physico-chemical as well as biological conditions. During
study period, physico-chemical parameters were with in the suitable range for
fish culture. Plankton population was higher in true beel areas. Both
phytoplankton and zooplankton showed direct relationship among themselves.
Presence of several indication plankton genera showed that the floodplain was
eutrophic in nature.

Key words : Floodplain, Phytoplankton, Zooplankton

lntroduction a-

Bangladesh is very rich in water resources. Her floodplains cover an
estimated area of 2.833 million ha, while that of beels stand at 0.114 million ha
(Mazid et a|.1996). These openwater floodplains /beels were once exceptionally
rich in fisheries resources, contributing signifieantly to meet the national
nutritional requirements. ln recent years; fish production from these sources has
alarmingly declined due to various reasons. The floodplain by virtue of their
continuous productivity, constitute one of the front-line areas capable of yielding
at least 0.5 million MT of fish per year. Floodplain fisheries have received
particular attention because of enormous potential with managerial issues critical
to sustainable development (DoF 1995). Enormous investigations have been
accomplished in various aspects of limnology but in Bangladesh, floodplain still
remains a virgin field for such investigation.

Chanda beel having a total area of 1O,B7O 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 aiming
sustainable increase of fish production. This study was undertaken for
understanding the ecological status of a natural floodplain beel ecosystem, "the
Chanda beel".
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Materials and methods
physico-chemical data and plankton.samples were collected fortnig.htly from

nine different spots which were stratified int6 several categories considering the

coverage of aiea and different habitat_ conditions. Samples,were collected
betwee"n 08.00 hours and 11.00 hodrs. Temperature, turbidity, pH and

dissolved oxygen were measured with the help of Aquamate (Model WQA-I4-
laoan) and l6nductivity by a conddbtivity meter (Model 446A0 Hach-USA).
iiiinfrtt data was collected'from local officb of Bangladesh Water Development
Board.- - 

for plankton study water was collected .by Kemmerer water sampler (Model

1gO4-E-'307) from the selected spots. Phytoplankton was sampled after
settlement of collected water. To make zooplankton sample, 10 litre water were

samoled and subsequent filtration was performed thiough a 55mm mesh

.i"r'i[ton net and cbncentrated to 20 int. ftre filtrates were immediately

breserved in 5o/o formalin. Microscopic identification was performed u.p to

["n"r". Each sample was stirred smdothly just before microscopic analysis'

bne ml from agitated sample was then wiihdrawn with wide mouth graduated

[ip"tt" and poirred in a 'Sedge-Wick Rafter counting. cell.. ldentification and

Lnumeration'of each sample 
"were done by a binocular microscope ( Model

Olympus CK-2, ULWCD-japan). The mean of 3 of such estimates was then
calculated for each component occurring in the total count. Finally the existing
phytoptankyon and zooplankton we're expressed in no./ml and no./1,

|"tb".iir"lu.'Monthlv quaniitative fluctuation and percent composition of various
groups were also Setermined. Qualitative studies were done according to
Fresscott (1964), Needham and Needham (1972). Statistical analysis was done
to find out the deviatio4 of different parameters from the mean and to determine
the extent of correlatidtt amongst different parameters.

Results

Depth : Water invaded the Chanda beel in MayJune, reached maximum in

September and then dropped sharply ( Fig 1). ln January, there was some rise in

water level.
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Fig. 1. Monthly fluctuation of rainfall (mm) and water depth (m)
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Air temperature z Air temperature was the highest in the month of June and the
lowest in the month of January. lt ranged between 33.67 

oC 
and 26.6 

oC 
{fig Z).

water temperature : lt ran almost parallel to ambien& air temperature in most
parts of the floodplain. The highest temperature (31 .7 0c) was recorded in the
month of June and the lowest (25.2 oC) in January (Fig 2). Air temperature and
water temperature showed strong positive (r=0.89) correlation.

Fig.2. Monthly fluctuation of air temp. (oC), water temp. (oC), conductivity (ps) and
turbidity (ppm). A'

Turbidity: The water of Chanda beel was not highly turbid. Water was
comparatively more turbid in August and January (Fig 2). Canal water showed
more turbid and it was clearly different,from the rest parts of the beel. Turbidity
showed negative and weak relationship (r=-0.25) with temperature.

Dissolved oxygen: Dissolved oxygen (DO) content prevailed around or above 6
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
temperature.

pH : The pH values remained around neutral throughout the study period. lt
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.
Relationship of pH with temperature was not significant (r=0.03).

Conductivity: Conductivity values remained between 144 mslcm and 240.63
ms/cm during the study period (Fig 2). lt showed a strong negative relationship
(r=-0.63) with temperature.
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Phytoplankton : The monthly abundance of total phytoplankton varied from
30+10/ml (July) to 66+"19lml (October). The temporal and spatial fluctuation of
total number of phytoplankton in different areas are shown in Fig 3. ln the area of
true beel portion the content of phytoplanllfon was always relatively high.

(A = Aman paddy area, B=true beel area, C= canal, D=deep waterhyacinth area)

Fig. 3. Temporal and spatial fluctuation of total number of phytoplankton (nos/ml).

A total of 43 genera of phytoplankton were identified. Among these the
most abundant genera were Chlorella, Scenedesmus, Spirogyra, Ulothrix,
Aphanocapsa, Anabaena, Lyngbya, Diatoma, Navicula, Synedra, Phacus,
Closterium etc. All phyfdplankton genera belonged to five groups and these
were Chlorophyceae, Myxophyceae, Bacillariophyceae, Desmid and Protozoa.
The percent composition of these Broups in different months are shown in Fig 4.
Chlorophytes and Myxophytes showed their maximum abundance in June to
August whereas Protozoans and Desmids were higher in percent composition
during winter.
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Chlorophyceae and Myxophyceae were the most dominant groups followed bv
Bacillariophyceae,.Desmid and Protozoa. yearly mean phytoflankton populatioir
during investigation was 46+1o/ml. Relationship'of ptrytoplani<ton with
temperature (r=0.19) and with turbidity (r=-0.22) were not significant.

Zooplankton: The average number of zooplankton fluctuated between 496+90/l
and 735+5211. The temporal and spatial fluctr,ration of total number of
zooplankton (nos/l) in different areas of the floodplain are shown in Fig 5

(A= Aman paddy area, B= true beel area, C=canal, D= deep waterhyacinth area)

Fig. 5. Temporal and spatial fluctuatibn of total number of zooplankton (nos./l)

Fig. 6 . Temporal variation in percent composition of various zooplakton groups.

Like phytoplankton, zooplankton population was also relatively high in true
beel area. A total of 26 genera of zooplankton were identified. Among these the
most abundant genera were Cyclops, Diaptomous, Bosmina, Daphnia,
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Diaphanosoma, Sida, Moina, Brachionus, Keratella, Lecane and Polyarthn. All
zooplankton genera belonged to four groups which are Rotifera, Copepoda,
Cladocera and Nauplius. Monthly variation in percent composition of various

zooplankton groups is shown in Fig'6.-Rotifera and Nauplius were higher in

percent composition during winter whereas Copepoda and Cladocera were

found to be higher in percent compoSition during summer. Rotifera was the

most dominant group followed by Nauplius, Copepoda and Cladocera.

Yearly mean of zooplankton population was 575+90/1. Relationship of

zooplankton with temperature (r=-0.18) and turbidity (r=-0.08) was negative and

insignificant. Phytoplankton and zooplankton showed positive correlation
(r=0.41).

Discussion
Natural waterbody is an ecosystem with a complicated network of various

physico-chemical and biological parameters and its biota.

Depth:Chanda reached in maximum water depth in the month of September.

Similar phenomena was observed by Hasanal et al. (1996) in the river of Old

Brahmaputra. ln January there was some rise in water level in the canal due to

occasional rain. Minimum depth was registered in winter. Leaching and

evaporation were supposed to be important operatives behind lower water

depth. 
r,!

Water temperature : Water temperature is highly synergistic with the air

temperature. The water temperature 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).

Temperature between surface and bottom water did not differ notably

throughout 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 temperature

showed direct relationship with air temperature, also reported by lsmail et a/.

(1984) and Begum et a/. (1989).

Turbidity: The turbidity of water is caused by silting, microorganisms and

suspended organic matter in the water (Hutchinson 1957). Waterbody showed

two distinct maxima, one in monsoon i.e. in the month of August and another in

dry season. Hussainy (1967) registered the highest water turbidity in the month

of August. Ahmed et at. (1992) recorded the lowest water transparency 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 oxygen: As oxygen regulates the most. of the vital process of plants
and animals, it is the most important factor in 6oth aquatic and terrestrial
environment (Rahman 1gg2). DO content in chanda was in expected level
throughout the study period. The highest values of DO were recorded in winter
and the lowest in summer. similar was recorded by Dewan (r973).

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 decomposition of organic rnatter was less with low production of free
Co2 and low consumption of Do. The low Do content during summer and
autumn was possibly due to high temperature and heavy rainfall which
enhanced the oxidation of organic matter by the consumption of Do and the
high production of free co2. Annual average Do content was around the
optimum productive range 5-7 ppm.

pH : pH is considered as an important factor in fish culture. lt indicates the
acidity-alkalinity condition of a waterbody. observed pH value was alkaline in
nature with small variation. Ruttner (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 its highest pH
values in the month of January and october. pH values had been observed to
be more acidic at the bottom water than the surface.

conductivity: Electrolytic conductivity is the ability of a solution to pass an
electric current and the reciprocal of the solution resistivity. lt is closely related to
the chemical purity of water, the amount of dissolved solids in a solution and the
efficiency of various treatments processes. Conductivity was observed to
increase during winter months. similar observation was made by Ahmed et a/.
(1992), and Khondker and Parveen (1992).

Phytoplankton : The productivity of a waterbody has a direct bearing upon the
welfare of fish life and the role of plankton in the tropic cycle has been well
recognized. During the present study a distinct fluctuation of both phytoplankton
and zooplankton in different months as well as seasons was observed. Similar
observations were noted by Chowdhury and sultana (1989) and Mathias (1991)
in various habitats.

It is evident from the observation that a variation with the months existed in
the phytoplankton standing crop. lt varied between 30+10/ml and 60+19lml.
More or less similar was found in some other floodplains (FRl 1995). The
phytoplankton bio-mass showed mainly two peaks in the present study, the first
peak in october and the second peak in January. patra and Azadi (1987)

)1
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registered two high peaks, one in February and another in August, minimum

count was in May.
Chlorophyceae and Myxophyceae were the most abundant group followed

by Bacillariophyceae, Protozoan and Desmid. Chlorophl'tes and Myxophytes

showed their maximum abundance in June to August whereas, Protozoans and

Desmids was higher in percent composition during u'inter. Findings of Mathew
(1975) that Desmids though represented by several species, fcrmed a very

limited part of the plankton, were similar to present inrest Iati-r:. Kalivamui-thy

(1974) observed Protozoan plankters were very rare in Pu icat a.e rn lndia.

Total number of zooplankton also varied w,ith the m.riis as 
"vell 

as

seasons, between 496+90ll and 735+5211. t-ike phytoplanktc,r z:,rp ankton also

showed two peaks, first peak in October and second pea( in :---3i\. Patra and

Azadi (1987) found two peaks of zooplankton, one in \u:-.: a.:l another in

February.
Rotifera was the most dominant Sroup followed b1 \aL,l *. C:ceooda and

Cladocera. Rotifera and Nauplius were higher in percent c:r--'--,s.l' in winter,

whereas Copepoda and Cladocera were found to b: - r-=' ir percent

composition in summer. Patra and Azadi (1987) noted in:::---: ankton was

mainly dominated by Copepoda, Cladocera and Rotifer-: -^:, added that

Copepoda attained the highest peak in june, minimum in l=:=--r--:i'. \hmed et

al. (1992) found Rotifera was the most dominant group ic' l:,,'..: b" Copepoda

and Cladocera in Kaptai lake.

Both phytoplankton and zooplankton showed direct rel": '-ship between

themselves. Similar relationship were found by Kaliyamurth.' I 9, + in Pulikat

lake, lndia; Patra and Azadi (1987) in Halda river. Se','eral p 3nr.3r obtained in

present observation composed of typically eutroph ic. \ i; ;-;,i,';, Ceratium,

Anabaerta , Anacystis etc. are mentioned as indicator c,; eutrophic nature

Mathew (1975).

The physico-chemical parameters of Chanda beel lrere ln the suitable

range. Obtained planktons also indicate that this beel is eutrophic in nature.

Through stocking with carp fingerlings fish production may be increased in this

beel.
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Abstract

A year round investigation in the estuaries of Barguna district revealed that for
each Penaeus monodon postlarvae (pL), about 37 larvae of other shrimp
species, 12 finfishes and 10 macrozooplankters are destroyed during the
process of shrimp seed collection. Although abundance of p. monodon pi was
not recorded throughout the year, a significant number of other shrimp spp., fin
fishes including macrozooplankters 6re being damaged by the shrimp seed
collectors. This indiscriminate destruction of aquatic organisms during p.
monodon PL collection is serious threat to aquatic biodiversity.

Key words : P. monodon pL, Finfish larvae, Colossal loss

lntroduction

shrimp exports contribute a very positive impact on the national economy of
Bangladesh. Recent expansion of farming areas and the trend of selective
stocking of P. monodon postlarvae (pL) by farmers has resulted in tremendous
demand of seed (PL) of this species. The high demand of p. monodon pL has
stimulated a large number of people in shrimp seed collection along the coastal
belt. shrimp seed are extensively coilected by push net and fixed big nets, and
the seed collectors transfer their catches to earthen bowls, which are carried to
the river bank. P. 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
both penaeid larvae and other commerciaily important aquatic organisms.

some previous investigations gave some information on zoLplankton with
special reference to penaeid postlarvae (Zafar and Mahmood 1994, Hossain
1984) in estuaries of this country. The first information on colossal loss to
zooplankton during shrimp seed collection in the estuarine waters of Chakaria
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sundarban, Satkhira and Khepupara are given by Mahmood (1990). 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 to assess the quantum
of damage caused to shell and finfish larvae w.hile collecting P. monodon seed.

Materials and methods

Field methods

Samples were drawn from two major rivers
Barguna coastal district during December'92
stations were selected in each river.

Sample were drawn at fortnightly intervals. A rectangular drag net made of
nylon netting (mesh size 1 mm) and bamboo spilt structure(1.6x0.6m) was used
for sampling. The net was operated in shallow waters of the river against current
for about'10 minutes. Two samples were collected at day time during low and
high tides. immediately after collection samples were preserved in 5% buffered
formalin solution. Salinity of water was recorded weekly by direct reading
refractometer. Water temperature was measured weekly by a alcohol
thermometer.

Laboratory analysis

ln the laboratory P. monodon PL were identified and separated following
Muthu (1978) and Motoh and Buri (1980), and other shrimp and fin fishes larvae
including zooplankters were identified into major taxonomic group following
Davis (1985), Fischer and Witchead (1974) and Ceorge (1969).

Results and discussion

Hydrographic conditi ons

Average monthly water temperature and salinity values have been shown in

Fig. 1. Water temperature ranged between 20.4 to 30.80C in both the rivers.
During the period between July and December salinity attained '0' in both rivers.
This lowest salinity may be due to monsoon effects, during other part of the year

flanuaryJune) salinity ranged between 1 to 6 ppt with highest in May.
Abundance of P. monodon PL were probably related with presence of salinity,
during '0' salinity period almost no P. monodon PL was recorded. Average
salinity was lower than the rivers of Patuakhali and Bagerhat districts (FRI 1996).

vrz. Baleshawr and Bishkhali of
through November'93. Three
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Baleshwar River

-
P. monodon PL collection

,b. Uar. Apr. May Jun Jul. Aug. SeP

Months

- 
Temperature(oC) + salinity (Ppt)

n. Feb. Mar. Apr, ltay Jun. Jul. Aug. Sep. Oet. Nor

Months

- 
Tenperature(oC) + Salinity (ppt)

Fig. 2. Monthly distribution of water temperature and salinity in two rivers of Barguna

district during study period.

Distrihution of individual taxa

Monthly quantitative distribution (individuals/unit effort) of P. monodon

postlarvae, larvae of other shrimps, finfishes and macrozooplankters in two

rivers of Barguna district have shown in Table 1. No P. monodon PL was found

during the months 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

a iudden decrease of other shrimps in November, but the finfish larvae

occurred in abundance during this month. There was no uniform pattern in

distribution of both finfish larvae and macrozooplankters, their abundance

fluctuated from one month to another. Finfish larvae and zooplankters were

more abundant in post monsoon period than other time of the year.
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P. monodon PL collection

Composition and dominant taxa

P. monodon PL contributed a small fraction to the total catch composition,
1.75% in Baleshawr and 1 .6ooh in Bishkhali river. other shrimp spp., finfishes
and macrozooplankters showed more or less similar pattern in distribution in the
two rivers. other shrimp species included P. indicus, Metapenaeus monoceros,
M. brevicornis, Macrobrachium spp. Finfishes,.included Lates calcarifer, Setipina
phasa, Clossogobius spp., Liza spp. and othei iiacrozooplankters were lsopods,
Copepod, Acetes sp., Mysids, Alima, and crab larvae etc. Abundance of shrimp
PL other than P. monodon reflected majority $3.21%) in Bishkhali river followed
by Baleshawr river (62%). Finfishes occupied 2131% and 17.760/o in Baleshawr
and Bishkhali river respectively. Other zooplankton population occupied only
17.43% in Bishkhali and 14.35o/o in Baleshawr river.

Relative abundance and colossal loss

Dueto high demandof P. monodon PL, the number of shrimp fry collectors
increased to a great extent in the coastal region of this country. AII suitable sites
for 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 to quantify the damage as a
result of such exploitation, revealed that on an average the catch composition
(%) of P. monodon PL were only 1 .67o/o, other shrimps 62.600/0, finfishes
19.84% and macrozooplankters 15.89% (Table 2). This observation revealed that
for collecting single P. monodon PL,37 other shrimps, 12 finfishes and 10
macrozooplankters are being 5lestroyed by shrimp fry collectors. Mahmood
(1990) reported from Chakaria $undarban, Satkhira and Khepupara estuaries that
for fishing single P. monodon PL, 14 other shrimp PLs.,21 finfishes and 1631
zooplanktons were killed. The variations in zooplankton 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 P. monodon, other shrimp spp., finfishes and

macrozooplankters from rivers of Barguna

Major Taxa Yearly average catch
(%)

Number of other species

destroyed for each P.

monodon PL collection

P. monodon

Other shrimp spp.

F i nfi shes

Macrozooplankters

Total

1.67

62.60

19.84
'15.89

100.00

37

12

10

59

45
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P. monodon PL collection

Composition and dominant taxa

P. monodon PL contributed a small fraction to the total catch composition,
1 .75% in Baleshawr and 1 .600/o in Bishkhali river. other shrimp spp., finfishes
and macrozooplankters showed more or less sirnilar pattern in distribution in the
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phasa, clossogobius spp./ Liza spp. and other'macrozooplankters were lsopods,
Copepod, Acetes sp., Mysids, Alima, and crab larvae etc. Abundance of shrimp
PL other than P. monodon reflected majority (63.21%) in Bishkhali river followed
by Baleshawr river (62%). Finfishes occupied 2191% and 17.76./o in Baleshawr
and Bishkhali river respectively. other zooplankton population occupied only
17.43% in Bishkhali and 14.35o/o in Baleshawr river.

Relative abundance and colossal loss

Dueto high demandot P. monodon PL, the number of shrimp fry collectors
increased to a great extent in the coastal region of 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 to other aquatic organisms at the
early stage of their life cycle. The present attempt to quantify the damage as a
result of such exploitation, revealed that on an average the catch composition
(%) of P. monodon PL were only 1 .670/o, other shrimps 62.60o/o, finfishes
19.84% and macrozooplankters 15.89% (Table 2). This observation revealed that
for collecting single P. monodon PL,37 other shrimps, 12 finfishes and 10
macrozooplankters are being dgstroyed by shrimp fry collectors. Mahmood
(1990) reported from Chakaria Sfrirdarban, Satkhira and Khepupara estuaries that
for fishing single P. monodon PL, 14 other shrimp PLs.,21 finfishes and 1631
zooplanktons were killed. The variations in zooplankton population with the
present observation might be due to difference in mesh size of the collection
net. The microzooplankters could nbt collected for this study due to large mesh
size (1 mm) of the gear used.

Table 2. Average catch composition of P. monodon, other shrimp spp., finfishes and
macrozooplankters from rivers of Barguna

Major Taxa Yearly average catch
(%)

Number of other species

destroyed for each P.

monodon PL collection
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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 collected
during the year 1993, resulted damage of Iarge number of other crustaceans
and finfishes during shrimp fry collection. According to Funegaard (19g6), about
2000 shrimp frylnetlday were collected by the collectors of Satkhira district in
1982 which were reduced to 200 frylnet/day in 1986- reflected the adverse
effect of indiscriminate shrimp fry collection in the coastal region of this country.
lmmediate steps should be taken to stop this practice to conserve the aquatic
biodiversity.
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Abstract
A 10-weeks culture trial of mud crab, Scylla serrata in brackishwater earthen
pond was conducted in different stocking densities. The aim of the experiment
was to identify a suitable stocking density for optimum production. There were
three treatment as 5000 crablings/ha, 10000 crablings/ha and 15000
crablings/ha of each with three replications. The initial mean weight of crablings
were same (5.5 t 0.13 g). The experimental month was June ,95 to August '95.
The size of each pond was 500 m2. To maintain a good water quarity water was
exchanged in every spring tide. The salinity during the experiment were 2-1 B
ppt. Prepared feed of about 32'h protein consisting fish meal, MOC, rice bran
and wheat flour was used at 5% o$thei body weight. ln terms of production,
survival rate, growth and carapace width, the stocking density having 10000/ha
showed the best (P<0.05) performance followed by 5000/ha and 1s000/ha.

Key words z S. serrata, Stocking density

lntroduction
Bangladesh has a coast line of about 480 km and about 628,780 ha of

potential mangrove tidal flats (Mac-Nac lg74), where capture and culture of mud
crab can be undertaken profitably. Many rivers and tributaries terminating in the
Bay have formed an intricate network of cross-channels and creeks in
Bangladesh's estuarine area. Mahmood (1977) reported 16 crab species of the
coast of Bangladesh. ln 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 l5 -
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 reporred by Ahmed (1991).

Mud crab as a good export item in live condition from Bangladesh has been
growing higher demand in world market day by day. rn view of the gradual
increasing importance of the commodity study was carried out for the
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development of culture technology of mud crab at different stocking densities in
the brackishwater environment of Bangladesh.

Materials and methods , ,
The experiment was conducted in the brackishwater ponds of Fisheries

Research lnstitute at Paikgacha, Khul,na. 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 drying for 15 days. All the ponds were
fenced by bamboo slits at about 0.5m deep in the soil to prevent escaping and
burrowing of crab. Lime was applied at a rate 125 k{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 (Scylla serrata)

Conditions Recorded data

Experimental period

Water source

Experimental months

Water depth

Water exchange

Feeding frequency 4'

Pond size

Treatment

T1

T2

T3

Range of water temperature

Salinity range

pH range

Dissolved oxygen range

70 Days

Kapotakhya river

June-August

0.8-0.6M

50%/spring tide

5% body weighVday

500 sqm

Three stocking density

5000 crabling/ha

10000 crabling/ha

15000 crabling/ha

29-330C

2-1 B ppt

8.4-8.6

5.6-6.5 ppm

Crablings collected from natural source by trapping, baiting and netting

during shrimp seed collection. There were three treatments having three

replications of each such as stocking density of 5000/ha crablings (Tr), 10000

crablings/ha (T2) and 15000 crablings/ha(T3) respectively. Crablings were

acclimated to the laboratory condition for 7 days prior to stock in the

experimental ponds.

4B
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Formulated feed prepared by fish meal, mustard oil cake, rice bran and
wheat flour were fed twice daily at 12 hourly intervals between 06:00 and .l 

B:00
hours at a rate of 5% body weight per day for all treatments. lngredients of feed
and proximate composition are given in Table 2. r

Table 2. Formulation and nutritional value of feed used during the experimental period

Composition

of ingredients

Proximate composition of ingredients

Dry matter Protein Fat Ash CF

Fish meal

Mustard oil cake

Rice bran

Wheat flour

Percent of nutrient

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 gui{-e Iines of European lnland Fisheries Advisory
Commission (1980). All crabs were harvested by complete drain out of the
pond water. Comparison of treatment means was carried out using one-way
analysis of variance (ANOVA) and Duncan,s Multiple Range Test (p<0.05).

Results

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

Tabte 3. Crowth responses of Scylla serrata crablings at different stocking density over
the 70 days experimental period

89.04

90.14

92.45

92.14

56.00

35.35

1 1.BB

12.48

32.29

16.00

16.81

10.45

1.32

12.19

28.00

6.36

5.40

2.11

1 1.81

13.40 8.04

27.85 44.42

2.14 81.9s

10.02 33.69

Treat

ments

Mean body weight (g)

Culture period (Week)

lnitial 1 10

T1

r2

T3

5.5 8.6 1 4.5 2s .B

5.4 8.7 14.0 24.4

5.5 8.5 14.1 24.0

36.4 46.2 55.7 68.5 82.1 '98.3

35.4 39.0 51.6 63.2 76.4 80.4

32.6 37.1 44.0 53.2 61.7 70.3

113.13

93.0

73.0

49
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Table 4. Cromh, production and survival rate qf mud crab during the experimental period

Parameters Treatments

T3T2T1

lnitial weight (g)

Final weight (g)

Weight gain (g)

Specific growth
rate (%)

lnitial carapace
width (cm)

Final carapace

width (cm)

Food conversion ratio

Survival rate (%)

Production (Kg/ha)

5.50

1 13.1 3'

107.63

1.BB

4.Ou

_ - ^a
5.5 U

n -.d1.)O

1Q

1 58.4 "

5.40

93.0b

87.606

1.77b

2.30^

5.30'

2.1 Bb

31

288,7^

5.50

73.00

67 .50'

1.75b

2.40^

5.00

2.87u

31

338.3'

2.14

3.66

0.03

0.20

0.17

11.1

Figures in the same column with same letters are not significant different (P>0'05)

Differences in the initial *eights of the crablings used in three treatment

were insignificant but at termination of the experiment the performance differed

significan"tly (P<0.05). Crowth was more or less similar in the first two weeks,

br]t 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

T3 (338.25 kg/ha) followed by the T2 Q88.7 kh/ha) and T1 (158.37 kg/ha)

respectively. ihe survival rate of T3 and T2 were G1%) same. The performance

of ipecific growth rate was best in Tr (1.88) followed by T2 (1 .77) and T3 (1.75)

respectivelr. 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 diffeient among three treatments' The lowest

weight gain was found in t, (oz.s g) followed by T 2 @7.6 g) and r , 107 .625 8).

The food performance in T2 was best (FCR 2.18) than other two treatments'

Water quality parameters was monitored from each pond throughout the

experimental period. The temperature range from 29-330C, pH 8.4-8.6, salinity

2-18 ppt, dissolved oxygen 5.6-6.5 ppm and transparency 32-40 cm'

50
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Discussion
Although the apparent production of crab in T3 was highest but not

statistically significant different from T2. The lowest value of food conversion ratio
found in T2 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. ln terms of carapace size the
present study reveals, that stocking dehsity having 5000/ha have the highest
carapace size which is supported by the finding of Balioao and Cerochi (1981)

where author showed relation between highest average carapace size and
percentage of survival, so positive impact of low stocking density on carapace
size has been assumed by low stocking density. Total production of crab having
stocking density of '15000/ha was found higher than 10000/ha, without any
significant variation. Higher production obtained from stocking density of
10000/ha than 5000/ha suggest the best stocking density among three treatment
which is supported by the statement of Fuad and Hanafi (1991). Chaiyakam and
Parnichsuka (1977) also studied the relation among the stocking density, survival
rate and production of mud crab. They found survival rate of 57% with a yield of

171.68 kg/raiwhile stocked with 1 individual/m2, the survival rate was found low
(30%) with increase in yield (224.16 kg per rai). This studies confirmed the
present findings. However, the overall total production of crabs in all treatments
were found low than recorded by Chaiyakam and Parnichsuka (1977 and 1978),

Bensam (1980), Lapie and Librerq (1979) which may be due to low feeding rate

and short culture period. nlthorfth the survival rate of crab in present itudy
were low but was similar to the findings after Raphae (1972). The low survival
may in cause low salinity in the last three weeks of the experimental period.

Conclusions

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

Three different stocking rates in a semi-intensive pilot shrimp project was
adopted in duplicates of three treatments designated as T1, T2 and T3 having
initial per metre square stocking density of shrimp of 40,44 and 5'l respectively
of 0.025 g size post larva. The study was conducted for 84 days. Commercial
pelleted diets designated as starter - 1, 2, 3 and grower were fecl at a satiation
level during the study period wit[-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
mortality in the ponds. Mean weight gain of the shrimp in treatments T1, T2 and
T3 were 1 6.96 + 1.1 4, 1 6.04 + 1 .38 and 1 4.08 + 1.1 7 g respectively and T 1 with
a low stocking density showed a significantly best groMh among the treatments.
Total mortality in treatments T1, T2 and T3 were as 3O.OO, 39.77 and 31 .37,/,
respectively. Significantly higher feed conversion ratio (FCR) of 1.g7 was
obtained with shrimp in treatment T3 followed by shrimp in T1 and T2 with FCR
values of 1.7O and 1.41 respectively. A positive correlation of growth and salinity
was observed during the study. Total production per unit area was the highest in
the treatment T 3 @928 kg/ha) and followed by T1 @747 kg / ha) and T2 (4251 kF/
ha). The result show significantly negative correlation between individual growth
and density.

Key words : P. monodon, Stocking density, Formulated diets

lntroduction
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 1 0,1778 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 BO% of total shrimp production comes
from natural sources (Paul 1996). Most shrimp farms in Bangladesh are
operated on a very extensive basis, relying gn natural productivity and have little
or no managements. A few farmers are claiming production levels of 900 kg I ha

/year with improved cultural practices..This can be achieved to an average
production of 4,500 lo 7,200 kg/ha / year by encouraging the introduction of
more intensive shrimp farming methods.

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 News
19941. Natural tidal fluctuations of this area permit easy entrance and elimination
of expected saline water. Depending on the stability of salinity 2 crops per year
may be obtained by culturing Peneaid species. Moreover, Peneaid shrimp
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
culture of Penaeid shrimp in this country has developed recently. ln
semi-intensive culture of penaeid shrimp a good water quality management and

proper utilization of supplied food may afford a fruitful result. ln this aspect
proper food rationing plays an important role. However, 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 densitp,.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 to assess the growth performance and feed

uti I ization efficiencies.

Materials and methods
The experiment was conducted between September 1993 and December

1993 in six culture ponds of Beximco Fisheries Ltd. located at Khurushkul, on
the bank of the river'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. reservoir, aselected for the Study. lhe tarm conslsted oI / pOnOS, a Slngle. reseryolr/ a

network of water discharge and feeder canals. A good water supply and drain-
out system was there in the farm where water could be pumped to. the
reservoir (during spring-tide water entered in the reservoir through the sluice
gate via the lift-valve), to get in to the feeder canal. The water in the reservoir is

treated to settle the suipended material. A coarse and fine meshed net
protected the entrance of undesirable parl,-i- and organism to the feeder canal.
iti.rharpe of water was maintained bv sravitational forces throueh PVC pipesDischarge of water was maintained by itational forces through PVC pipesDischarge of water was maintatned by Sravltatlonal Iorces tnrougn rvL. plpes
which was set at three different levels of water for elimination of desired level
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water as per requirements. six paddle wheels for each pond were used for
aeration and elimination of waste product.

For the study a total of six ponds comprising two replicates for each of
treatment T1, treatment T2 and treatment T3 with stocking densities of 40, 44
and 51. tos.. post larvae of shrimps per metre square respectively were
selected. Beforb starting of the experiinent, black s'oil of the ponb botto#s were
removed followed by sun drying for 7 days. Lime was used at a rate of 25o
kgiha .on the bottom and slope of these pondd. The water depth of the ponds
were kept up to 1 meter. Urea and Triple-super-phosphate (TSp) at a rate of 7
kg/ha and a kg / ha respectively were then spray6d on paddle wheel for
production of Phytoplankton and Zoo-plankton. Tea seed cake, at a rate of B
ppm was applied three days after entering water for killing of unexpected
organisms in ponds. After three days, the ponds were ready for stocking shrimp
try .

The fry (P116 to PLzo) having mean weight of 0.025 g and mean length of
18.00 mm) of tiger shrimp (Penaeus monodon) were collected from "The Niribili
private nursery and hatchery, Ltd", Coxrs Bazar, Bangladesh. Commercial
pelleted diets designated, Starter-1, starter-2, starter-3 and grower obtained
from Saudi-Bangla fish feed Ltd., Mymensingh containing 30.57,38.00, 38.00
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 getting 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-l was fed upto 0.1 g
mean body weight of shrimp. Starter-2, starter-3 and grower were fed upto 0.5
g, 3 g and 20 g size respectively from the lower limit.

Table 1. Proximate composition of tli-e corrercial diets (%dry matter basis) used in the

feeding trials (obtained from Soudi-Bangla Fish Feed Ltd, Bangladesh)

FEED

Components Starter-1 Starter-2 Starter-3

Dry matter

Crude protein

Crude lipid

Ash

Crude fibre

lNitrog"n 
free extract (NFE)

2cros energy (Kcal/g)

' Nitrog", free ertract as 100 - %o(Moisture + crude protein + crude lipid + Crude fibre + ash)

'Thu "r"rgy 
value of the feeds calculated as adopted by Dare and Edwards (197il considering

protein =5.5 Kcal/g;lipid = 9.45 Kcal/g and carbohydrate = 4.2 Kcal/g

81,s0

37.50

3.44

22.08

4.29

32.70

3.76

87,40

43.47

3.27

20.02

4.34

28.90

3.91

87.50

43.42

3.47

16,00

6.28

0.83

4.01

BB.OO

40.90

4.04

13.63

4.68

5.75

4.13
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For feeding, 1 m2 hanging-feeding-tray platforms for each 1600 m2 water
area were set at 2 to 3 meters far from the bank by a pair of bamboo pole and a
strong plank. Total daily ration allocated 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, pooled and dried for each pond and used to adjust

subsequent feed ration. Cut contents of shrnimp were checked for under feeding

and full feeding.
Routine water quality measurement was done during the experimental

period. Among these, dissolved oXygen was measured by YSI 57 DO meter

before sun rise and at 4.00 p.m. daily. Temperature, pH, salinity and

transparency (secchi-disc method) were measured once daily and ammonia

was measured (by field method) monthly. Depending on the requirements

water was exchanged about 5 lo 25o/o 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 phytoplanlton and zooplankton level which are natural food for fry and

also a controlling factor of "lab lab" and dissolved oxygen. Fertilization was done

as per requirements for maintaining transparency at expected level of 30 to 40

cm. 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 weekiy for rest of the culture period' Paddle wheels of 2 HP in each

pond were used ior occasional agitation upto 20 days of culture period. Sampling

ty .rrt net was done after e$ery 2nd week of stocking. One hundred shrimps

were weighed and measured for each pond. For estimation of mortality/ cast net

*u, op"rit"d randomly in 5 to 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

B07o (Pers. com. Uddin, Farm Manager, Beximco Fisheries Ltd., cox's Bazar).

Total stocking was then determined by using following formula'

Mean No. 9f shrimp per capture X Total area of pond * O.UEstimated stock =* Measured ,.rn 
"r*I6Gr"d 

by.*t ''"t
Then survivability was calculated. lnitial harvesting was done by cast net and

finally by lantern nei and hand picking. During harvesting, mean weight 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

A9AC (1980). For initial .rr.uri analysis of shrimp a group of significant number

of fry (weighing about 2Og try from the initial stock) were sacrificed at the

beginning oi tf," experiment, and used for proximate analysis for moisture,

.rrd" 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 lor 24 hours and grounj by meat
grinder to be analyzed in the same process.

The following nutritional performances were -,measured from the recorded
data.
(a) Weight gain (%)= [(final weight - initialweight)/i;ritialweight] X 100(b) Specific SroMh rate (SCR 'Nday) = [(ln final weight - ln initial weight)/time (in days)J

X 100where, ln = natural log, log base 2.303
(c) Food conversion r:atio (FCR) = dry food fed/live weight gain
(d) Protein efficiency ratio (PER) = live weight gain/protein fed
(e) Apparent net protein utilization (ANPU) = 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 minitab (Rhyan & Joiner 1985) as package on microcomputer.

Results

The water quality in respect of temperature, dissolved oxygen, salinity,
transparency, ammonia etc. have been shown in Table 2. Temperature during
the experimental period in different period in different treatments Tt,f z and T3

ranged between minimum value of 24.4 and maximum value of 29.SoC having
no significant variation in weekly temperature. Similarly, dissolved oxygen ranged
from 4.28 to 5.BB mg/l in the morning and 7.45 to B.9B mg/l in the evening
showing no significant variation @>0.05) on weekly observation among the three
treatments (Table 2). Salinity varied within a range between 17.2 and 25.8 ppt.
having no significantly different (p>0.05) values within weekly observation. The
mean pH values in different weeks in the treatments T1, T2 and T3 were 7.78 to
8.69,7.87 to 8.73 and 7.72 to 8.82 respectively and did not vary on weekly
values. Transparency of the pond water varied from 31 .71 cm in T2 atthe start to

72.0 cm at the end (Table 2). Ammonia was always below 0.002 mg / l-.

Table2. Water quality parameters in respect of temperature, dissolved oxygen, salinity,
pH and transparency of the different treatments during experimental period

Treatment Temperature(oC)

Mini- Maxi Mini Maxi

T1 24.5 29.5 4.3 5.6

T2 4.4 29.4 4.7 5.9

T3 24.5 29.5 4.3 5.8

Dissolved
Oxygen (mg /l)

Mini Maxi Mini-

7.6 9.0 "17.4

7.5 9.0 17 .2

7.5 9.0 17.5

Salinity pH
(ppt)

Maxi Mini- Maxi

25.8 7.8 8.7

25.4 7.9 8.7

25.5 7.9 8.7

Transparency
(cm)

Mini- Maxi

32.2 51.8

31.7 72.0

32.7 45.7
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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<0.05) growth was
observed with shrimp in treatment T1 (lowest stocking density) followed by

treatment T2 and T3 respectively. The nutritional parameters of shrimp, P.

monodon measured in various treatment Broups during experimental period are

shown in Table 3. Specific growth rate (SGR) of shrimp in treatments T1, T2 and

T3 were 3.41,3.38 and 3.3.1 respectively and were not significantly different
(p>0.05) whereas, significantly different (p<0.05) values of food conversion ratio
(FCR) of the treatments T1, T2 and T3 were 1.70, 1.41 and 1.87 respectively
(Table 3).

Week (s)

Fig. 1. Weightgain of Penaeus mondon in three treatment Sroups fed on different diets

during 12 weeks of experimental period.
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Table 3. Different growth parameters of
during 84 days of feeding trial

Stocking density of p. monodon

Penaeus monodon in various treatment groups

Parameters Treatments

T1 T3T2

lnitial mean weight (g/No.)

Final mean weight (g/No.)

Mean weight gain (g/No.)

Specific grouh rate (SGR)

Food conversion ratio (FCR)

Protein efficiency ratio (pER)

0.025

16.96
(+1 .14)

16.934
(+0.45)

3.414
(+0.07)

1.704
(+0.04)

l.5Ba
(+0.05)

26.424

70.00
4747

0.025

16.04
(+1.38)

16.02b

Eo.3s)

3.3g4
(+0.04)

1.41b
(+0.14)

1 .91b
(+0.12)

31.84b

60.23
42s1

0.025

14.08
(+1.17)

14.05c
(+0.65)

3.31 
a

(+0.05)

1.g7c
(+0.06)

1.43c
(+0.0B)

23.BBc

68.63
4928

Apparent net protein

utilization (ANPU)(%)

Survivability (%)

Production (Kelha)

Different superscripts in the same row repl*sent significant difference (p<0.05) of mean values

The food conversion ratio (FCR) values were calculated ignoring the effects
of natural diets but on the basis of fed supplemented dry"pelletl only. The
protein efficiency ratio (pER) of the treatmenr T2 was significantiy higher (p<0.05)
(1.91)than other treatments (Table 3). Apparent ner protein utilizition inNpu)
values by the shrimp in different treatments fed various diets were 26.42, 31.84
and 23.88 for T 1, T2 and T3 respectively.

Survival rate was estimated twice during the experimental period and finally
after harvesting. A massive mortality was occurred in the treatment T2 just after
stocking. survivability was highest (70%) in treatment T1 followed by tr(aa.oz./")
and T2 (60.23%).

Although, final mean weight-gain of individual shrimp in the treatment T1
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
production calculated on the basis of final harvesting were 474;,42s1 and 4928
kg ha-1 in the T1, T2 and T3 treatments respectively.

Discussion
salinity in the range of 15 to 25 ppt were usually considered more suitable

for P. monodon grow-out (Boyd 19g9). Chiu (1988) also reported that the
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optimum range of salinity tor P. monodon 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 P. monodon.

Liao and Murai (1986) reported that. the oxygen respiration rate of P.

monodon remained constant at dissolved oxygen (DO) concentrations above

3.0 to a.O mg/.ln the present study dissolved oxygen (DO) measured in the

morning (before sun rise) in the treatments were within the safe level (Table 2).

ln the present study pH values in ponds were not below 7.72(Table 2). This

shows 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 cm during Juvenile stage, above and between 25 and 40 cm to the sub-adult

and final stage. ln this study among the mean transparency level of three

treatments, the mean value in the treatment T2 was above the optimum level of

Juvenile shrimp. Massive mortality during the experimental period in the

treatment T2 might be due to the low productivity (Nakra 1994). However, the

transparency in treatment T3 was optimum from beginning of the stocking

period 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 f t,Tzand T3 finally reduced to 28,26.5 and 35 per

metre square respective$"due to uneven and massive mortality. However, the

individual growth achieved by shrimp in the treatment T1 was the highest

(16.96g). Roy (1992) recorded pond water temperature in the winter season

20-3goc and in the summer season 25-32.50C in his experiment, conducted at

Aquaculture Farm Ltd., Cox's Bazar. Nakra (1994) stated the optimum range of

temperature for the Black Tiger Shrimp (P. monodon) was between 28oC-3OoC'

Chiu (1988) also pointed out the temperature range of 2542oC was the

optimum for P. monodon farming. Therefore, lower individual weighl ol P.

monodon in this study might be affected by the temperature below the

optimum level (APud et a/. 1985).

ln spite of these, individual weight gain by the shrimp of treatment T1 was

highest and followed by T2 and T3 (Table 3). lt miSht be due to the lower density,

maintained from initiai stocking in the treatment T1. Significant difference of

individualweightgain was observed in the treatment T3 (14.08) compared to T1

(16.96)andrf(t6.04). lt may be explained as the stocking density of treatment

T3 was much higher (511m2\ than T1 @Olm2) and T2 @41m2) treatments. Wyban

igazl showed a negative co-relation between stocking density and growth'

Similarly, values of {.+1,3.38 and 3.3'l for specific growth rate (SCR) found in

treatments Tt,rzand T3 might also be due to the effect of stocking density.
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Chanratchakool ef al. (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 rough
guide it should be between 1 and 1 .5 in the early stages of the cycle and t.5 and
2.5 in the later stages. Table 3 showed the FCR values of three treatments which
were not greater than ideal value, but inspite oi 'higher stocking density in the
treatment T2 FCR was lower than treatment T1. lt might be due to the higher
mortality in the T2 treatment which lowered the stocking density of treatment T2
in comparison to T1. The values of FCR in all the treatments indicates that the
feeds (starter -'1, 2,3 and grower) were in category of good quatity diets as
because the mean FCR values were 1.70, l.4l and 1.87 in f r,Tz and T3
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 growth 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 shrimp in treatment T3 was lower than those in T1 and T2
from the beginning of culture but FCR was higher than other two treatments.
According to sedgwick (1979) it seemed to be logical. He found that greatest
efficiency of food conversion was achieved with relatively poor growth rate and
he suggested to sacrifice some cgnversion efficiency to take full advantage of
groMh rate.

Apparent net protein utilization (ANPU) was the highest in the treatment T2
(31.84) followed byrt Q0.+z) and T, (23.8S). Protein efficiency ratio value was
also highest in treatment T2 (1.91) followed by T1 (1 .58) and T3 (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 avoiding entrance of
pol luted water-discharge.
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Abstract

A laboratory trial was conducted to determine the digestible protein and energy
value of fish meal, dextrin, fish oil and soybean oil for Thai sharpunti (Puntius
gonionotus Bleeker). A reference diet containing 35% protein was formulated in
which fish meal was the sole source of protein. Five test diets were formulated
using reference diet and individual test ingredients (fish meal, dextrin, fish oil
and soybean oil). Each treatment had three replicates with 15 fish per replicate.
Fish were fed twice daily at the ragr of 5% ol their body weight. The result of the
study indicated that the dietary protein in both reference and test diets were well
digested and the apparent protein digestibility (APD) values of test diets ranged
between 82.81 and 85.99%. The APD value of fish meal protein was 88.05%.
The apparent digestible energy (ADE) value for the test ingredients ranged
between 70.79 and 85.80% with sciybean oil having the highest and fish meal
the lowest value. The ADE values calculated in terms of Kcal/g of ingredients
were 3.68, 3.22, 4.38 and 4.44 Kcal/g for fish meal, dextrin, fish oil and soybean
oil respectively.

Key words z P. gonionotus, Protein, Energy, Fish meal

lntroduction

In feed formulation and manufacture, it might be useful to have an
understanding on the digestibility of main ingredients of a diet as well as the
whole diet. lt 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.
lngredients with low protein can not be used as a single protein source in a diet.
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Again, for determination of optimum digestible protein to energy ratio,

digestibility of protein 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 3Ooh or 20ok oi the ingredients 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

soybean oil for Thai sharpunti (Puntius gonionotus Bleeker).

Materials and methods

The experimental system used in the study consisted of 15 glass aquaria of

55 lcapacity. All the aquaria were kept on 1 m high plattorm to facilitate better

observation and accessibility. An adequate level of dissolved oxygen in each

aquarium was maintained through artificial aeration.

Fry of Thai sharpunti, P. gonionotus (Bleekeri \\/ere collected from
Freshwater Station, Fisheries Research lnstitute lFRl , r\11'mensingh. After

receiving fry were given prophylactic treatment with 0.5 ppm KMnO a solution

for 30 minutes. Before starting the experiment, fish frv rvere acclimated to the
experimental system for one week. The fry were fed uith formulated feed

containing 35% protein during acclimation period.

There were five treatments each with three replicates. Uniform sized

fingerlings of Thai sharpunti were randomly distributed at the rate of 15 fish per

aquarium with a mean initial weight of 4.5g. Water in each aquarium was

changed partially twice daily during the removal of uneaten food or faeces.

For formulation of experimental diets, fish meal w'as collected from Saudi

Bangla Fish Feed Ltd, Bhaluka, Nlymensingh vr'hich rv'as originally imported from
Singapore. Cod liver oil was useci as fish oil (Sev'en Seas, British Cod Liver Oils
Ltd, England). Cood quality soybean oil w'as collected from Mymensingh local

market. Dextrin, alpha-cellulose and carboxymethyl cellulose were obtained
from Sigma Chemical Company, England. Mineral and Vitamin premixes
(Embavit Fish Premix) was collected from Rhone Poulenc (Bangladesh).

Prior to the formulation of diet, the fish meal was analysed and the
proximate composition (% dry matter) was protein 65.18o/o, lipid 11.24oh. ash

21.51o/o, crude fibre 0.50% and nitrogen free extract 1.57%. A basal or
reference diet was formulated using 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 oxide to study
protein digestibility. Diets were prepared by using a Hobart pellet mill (Hobart

4200). Diets were subjected to proximate composition analysis and the results

are shown in Table 3.
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Table 1. Composition of basal or reference diet

lngredients Percent of ingredients

Fish meal

Dextrin

Alpha-cellulose

Binder (CMC)t

Vitamin-mineral premix (Embavit)2

100.00

53.70

33.30

10.00

2.00

1.00

Total

Carboxymethyl cellulose (high viscosity)

'Obtained from Rhone poulenc (Bangladesh)

Table 2. Formulation of test diets

lngredients

Diets (%)

Reference Fish meal Dextrin Fish oil Soybean oil

Basal mixture

Fish meal

Dextrin

Fish oil

Soybean oil

Chromic oxide

99.50 79.67

19.83

0.50

9.67

19.83

0.50

89.50

10.00

0.50

89.50

10.00

0.50

.:

0.50

Total 100.00 100.00 100.00 t00.00 100.00

Table 3. Proximate composition of the experimental diet (% dry matter)

Components

Diets

Reference Fish meal Dextrin Fish oil Soybean oil

Dry matter

Protein

Lipid

Ash

Crude fibre

NFEI

Chromic oxide

Gross energy (Kcal/g)

95.92 6.12

30.94 34.73

4.12 "t2.55

11.34 13.12

7.79 9.20

45.8"1 30.40

0.50 0.48

4.56 5.2A

96.32

38.57

4.09

13.71

9.38

34.25

0.49

4.49

96.62

42.22

5.26

17.55

8.46

26.51

0.49

4.49

7.OB

32.45

"t4.70

12.94

9.48

30.43

0.48

s.18
1 

Nirrog"n free extract calculated as 100 - lo(moisture + protein + lipid+ash + crude fibre)
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Fish were fed experimental diets in the morning (at 9.00 h) and afternoon (at

17.00 h) daily at the rate ol 5'/. of their body weight.
Faeces collection started four days after feeding to allow evacuation of all

previously ingested material. Uneaten food or faeces were removed from each

aquarium by siphoning after 30 minutes of feeding. Faeces were collected
separately for each replicate twice daily in the morning and afternoon for four

weeks. Collected faeces were dried in an oven at 60oC 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 temperalure 27.5-32oC;

pH 6.8-7.4 and dissolved oxygen 6.2-7.4 mg'|.
Proximate composition of the dietary ingredients, diets and faeces were

analysed according to AOAC (1980). Energy,content in feed and faeces were

analysed by a Adiabatic Bomb Calorimeter. Chromic oxide content was

determined following the wet-digestion technique of Furukawa and Tsukahara
(1966). Estimates of the apparent nutrient digestibility of experimental diets were

derived from the following equation ,\1ay'nard and Loosli 1969).

Apparent nutrient digesti bi I in'

% Chromic oxide in feed
=roo-(loo- % Chromic oxide in faeces

7o nutrient in feed* 
"/. nrtri"nt in fr"a"t

The apparent nutrient digbstibility of the feed ingredients were estimated

using the following equation (Cho ef al.19B2).

1 00 /digestibility coenkient B0 digestibility coefficient 
1

,0 [ "f 
t"rt d"t - lO0 ,' *f"*"* d"t ,

Statistical analysis of the data lvas performed by analysis of variance
(ANOVA) 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 between 32.45 lo
42.22o/o,4.09 to 1470% and 4.49 to 5.20 Kcal/g 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%) faecal protein.
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Table 4. Protein, energy and chromic oxide content in faeces of fish fed experimental
diets

Diets

Reference Ref. +
diet Fish' meal

Ref. + Ref. +
Fish oil Soybean oil

Ref. +

Dextrin

Protein (%)

Chromic oxide (%)

Energy (Kcal/g)

18.05
1.57
4.44

18.10
1.53

4.48

16.79
1.58
4.44

"17.19

1.44
4.48

14.18
1.44
4.44

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

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

Diets

Reference
diet

Ref. +
Dextrin

Ref.

Fish

+

meal
Ref. +
Fish oil

Ref. + +S.E2
Soybean oil

APD(%) 85.10'1

ADE(%) 68.s0'

85.89,

70.36^

82.82b

69.19'

82.81 
b

70.08'

84.B2a

70.234

0.36

0.53

_Figures in the same row having the same su.perscripts are not significantly different (P>0.05)
2 

Standard error of treatment mean calculated from the residual mean square in the analysis of
variance

There was no significant (P>0.05) differences between the ADE values of
reference diet and test diets which ranged between 68.50 and 70.36%, The
APD value of fish meal and ADE value of test ingredients such as fish meal,
dextrin, fish oil and soybean oil 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<0.05) 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 soybean oil calculated in terms of Kcallg of the ingredients are also shown in
Table 6. These values were 3.68, 3.22, 4.38 and 4.44 Kcal/g for fish meal,
dextrin, fish oil and soybean oil respectively.
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Tabte 6. Apparent protein digestibility (APD) and apparent digestible energy (ADE) values

for test ingredients

lngredients

Fish meal Dextrin Fish oil Soybean oil + S.E2

APD(%)

ADE(%)

DE (Kcal/g)

BB.O5

74.69'1

3.68'

70.7gd

3.22^

84.304

4.38'

' .Figrr", in the same row having the same superscripts are not significantly different e>0.05)

'Strndurd error of treatment means calculated from the residual mean square in the analysis of

variance

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

wit[in the limit for fish life and could not have hampered the growth of fish

flhingran 1983).

ihe result of the present study indicated that the dietary protein in both

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

(1g84) and Khan (1994) f#'reference diet consisting of fish meal, soybean,

copra cake, maize and rice bran for jelawat (Leptobarbus hoevenii) and tropical

catfish (Mystus nemurus). The APD values of the test diets ranged between

82.81 to 85.gg%. The high APD values obtained in the test diets may be due to

the fact that all the test diets contained more than about $O'h of the reference

diet and in reference diet fish meal was the only source of dietary protein'

Accordingto NRC (1977) carpcan digest up to 9570 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 1973). Brown et a/' (1985)

reported an APD value of 86o/otor fish meal in channel fish'

ln 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

68.50 and 70.36%. Khan (1994) reported an ADE value of 7B5% for a reference

diet for Mystus nemurus which is higher than the value obtained in the present

study (68.i07o). However, ADE (6S.50%) value obtained in the present study is

simiiar to rhe value ol 69.41% reported by Law (1984) for Jelawat (L. hoevenii).

The APD value of fish meal was calculated from the formula by Cho etal.

(1g82) used to calculate apparent digestibility value for test ingredients. The APD

value of fish meal in this study is 88.05% which is slightly lower than the APD

value of fish meal (90.81%) reported by Law (1986) for jelawat (L' hoevenii) but
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higher than the value reported by Khan ('lgg4) for catfish (M. nemurus).
Nandeesha et al. ("1991) reported a higher ApD value of 90.40% for fish meal in
Catla catla using fish meal as 30% of the reference diet. on the other hand,
Hasan etal. (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
(74"/o) reported for rainbow trout by windell et at. (1978) but lower rhan the
value obtained by smith er a/.(1980) g|oh and cho er al. (1982) 91o/o for the
same species. Khan (1994) also reported a somewhat higher ADE value
(77.88%) for fish meal in catfish (M. nemurus).

The ADE value of fish oil and soybean oil were significantly higher than ADE
of fish meal and dextrin (Table 6). The higher ADE value of fish oil and soybean
oil might be related to the high lipid digestibility of fish oil and soybean oil.
Hossain et al. (1992) reported 89.96% and 93.24o/o digestibility of lipid in fish
meal and soybean meal diet respectively for tilapia ( oreochromis
mossambicus). Singh (1991)reported a lipid digestibility of 92.10 to 9B.1Oo/"for
feedstuff and pelleted feed of plant origin cirrhinus mrigala yearlings. He also
.reported a lipid digestibility of 87.'lo to g6.7oo/o for conveniional and
unconventional feedstuff of plant origin in grass carp (Ctenopharyngodon idetta)

The ADE value of dextrin was the lowest (70.79o/o) which might be re{ated to
the digestibility of dextrin as carbohydrate source in fish feed. Hasting (1969)
reported a digestion coefficient of 74.8"h for dextrin as carbohydrate source in
rainbow trout diet.

The result of the present exferiment indicated that fish mear, 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 Kcal/g for fish meal, dextrin, fish oil and soybean oil respectively.
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Abstract

The 66 kilo-Dalton (kDa) protein split off from the crosslinked myosin heavy
chain (CMHC) formed due to the sefting of Alaska pollack surimi, frozen-storage
of Pacific cod flesh, and vinegar-curing of Pacific mackerel mince was identified
as a light meromyosin (LMM). puncture and stress_relaxation tests showed that
the actomyosin subunits (AMS) of Alaska pollack surimi, upon setting at 30oc,
transformed into gel, although the elasticity of this gel was very low when
compared to the gels from surimi or actomyosin (AM). Electrophoretic studies
showed that the band due to LMM in the gel from AMS gradually disappeared
with the progress of setting but higher molecular weight polymer did not form.
The intensity of the bands due to,6ther myosin sub-fragments decreased a Iittle.
The findings suggest that at setting temperature, LMM of MHC molecule leads
to an unfolding resulting in an intramolecular aggregation through non-covalent
interactions, and thus plays a significant role in the crossrinking of MHC.

Key words : Surimi, Light meromyosih, Non-covalent aggregation

lntroduction
ln the manufacturing process of kamaboko, a viscous water-washed and

salt-ground fish paste (surimi paste) is usually heated at a low temperature (0-
40'C) prior to cooking at a higher temperature (80-90"C). This process of heating
at low temperature, called "setting", is performed to improve the elasticity oi
kamaboko. The surimi paste turns to an elastic, semi-transparent gel, called set
gel or "suwari" in Japanese, at this time. During setting myosin heavy chain
(MHC) of fish myosin crosslinks to form high molecular weight crosslinked
myosin heavy chain (CMHC) (Lee et a1.,1990, Numakura et al.1985, Numakura
et al.199O).

ln our previous experiments (Nowsad et al. 1993a, Nowsad et a\.1993b), 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 66 kDa protein upon repeated extraction with concentrated urea and

electrophoresis. Some low molecular weight protein components including 66

kDa protein were also split off from the CMHC formed during frozen-storage of

Pacific cod flesh and dehydration of Alaska polJack surimi (Niwa et al. 1993). The

results suggested that the 66 kDa protein might play an important role in the

crosslinking of MHC. ln this study, the 66 kDa,protein was tentatively identified as

a light meromyosin (LMM) and the role of this MHC subfragment in the setting of

surimi was examined.

Materials and methods

SA-grade (Super-A grade) unsalted frozen surimi of Alaska pollack from

Colden Rlaska Seafoods lnc., Seattle, WA, U.S.A. was used. Pacific cod Cadus

macrocephalus and Pacific mackerel Pneumatophorus iaponicus were

purchased from a retail fish store in Tsu city, Japan. Both trypsin (bovine

pancreas) and trypsin inhibitor (soybean) were obtained from sigma chem. co.

U.S.A.

Extraction of AM

Mince of Alaska pollack surimi and dorsal and lateral muscles of Pacific cod

were washed three times with 5 volumes of 3.38 mM NaH2POa-15.5 mM

Na2HPO4 (pH 7.5), followed by centrifugation at 6'000 x g for 10 min. AM was

extiacted for 3 h with 5 vglumes of 0.8 M KCI-3.38 mM KH 2POa-20.5 mM

Na2HPO4 ( pH 8.0), followei 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 (pH 6.2) for

subsequent digestion by trypsin. All the procedures were done at 4"C.

Preparation of AM subunits containing 66 kDa protein {AM(S) }

AM was digested with trypsin at an enzyme myosin ratio of 1 : 100 (w/w) at

1O"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 Matsumoto

(1975). The reaction was terminated by the addition of a 3 fold higher by weight

of soybean trypsin inhibitor solution. The digest was dialyzed against distilled

water overnight, centrifuged at 30,000 x g for 30 min and dehydrated by

dialyzing uguinrt potyethylene glycol # 20,000. All the products were used within

a week.

Setting, frozen-storage, and vinegar-curing

Thawed surimi, AM, and AM(S) from Alaska pollack were, respectively,

ground together with 3 % NaCl, 1 oh sterilizer (Ueno Fine Chem. Co., Japan,

Solmighty), and varied amount of water to maintain a final moisture content of BB
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%by a mortar for 10 min at 4"c. The resulting pastes were stuffed into glass
tubes (10 mm in inner diameter,45 mm in length), set in a water bath at 30.C
after wrapping both ends by parafilm (American National Can, Creenwich, CT.
U.S.A.) and cooled in running tapwater.

Forfrozen-storage, 1 g of Pacific cod rnince kept'in a stoppered Erlenmeyer
flask was stored in a freezer at -20oC for 30. days and thawed at room.
temperature before the preparation of sample for electrophoresis. For vinegar-
curing,'l g of Pacific mackerel paste ground with 3 % NaCl was stuffed into
cellophane tube and cured in 5 7o acetic acid at 4"Ctor 48h.

Measurement of elasticity

a. Puncture test

Puncture test of the set gels sliced into 15 mm height was done by using a

rheometer (Fudoh Kogyo Co., Japan, NRM 201OJ-CW) with a spherical plunger
(5 mm in diameter) at a table speed of 6 cm/min.

b. Stress-relaxation test

The same rheometer with a flat plunger (20 mm in diameter) was used to
carry out 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 analysed by a
four-element mechanical model 6here two sets of Maxwell's model were
connected each other in parallel. An instantaneous elastic modulus of this

mechanical model (G0), the elastic modulus of a spring coil of the Maxwell's
model showing the longer relaxation time (C'l), the modulus of another
Maxwell's model showing the shortel: relaxation time (C2), the viscosity of a
dashpot constructing the former model (h1), and the viscosity of a dashpot of
the latter model (h2) were obtained by the progressive approximate method
(Tobolsky and Murakami 1959) through the following equation:

n

P(t) = eO (L Ci e -tlti )

i=1

where, P(t) = 51pstt, eo= Coostant strain, t = time, Ci = elastic modulus of i-th

element, (Co= C1 + G2 + ......* Cn, the instantaneous elastic modulus); and T1

= qi / C i, "q is the viscosity of the i-th element.

Sodium dodecyl sulfate- polyacrylamide gel electrophoresis (SDS-PAGE)

SDS-PACE of the gels, frozen-stored flesh, vinegar-cured meat, AM and

AM(S) were carried out as reported previously (Nowsad et al. 1993a) after

dissolving in B M urea- 2 % SDS-2 oh 2-mercaptoethanol-20 mM Tris-HCl (pH
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8.0). AM and digested AM were dissolved in 0.5 M KCI-0.05 M Tris-maleate
(pH 6.2), dialyzed a8ainst the same buffer and electrophoresed as above (op cit).

Extraciion of CMHC

CMHC remained at the top of the disc g"t ,ftur. the SDS-PACE was
extracted in B M urea-2 o/o SDS-2 o/o 2-mercdptoethanol-2O mM Tris-HCI (pH

S.0) by the method described previously (Nowsad et al. 1993a).

Results and discussion

ln Fig.1, SDS-PACE patterns are shown for Alaska pollack surimi set at 3OoC

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 43 h (C). Three main bands were
observed in all the discs - at their top as CMHC, at 205 kDa as MHC and just

below 45 kDa as actin (Ac), similarly as in the case we described before
(Nowsad et al.'1993a, Niwa et a|.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 correspondence,

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-storage or vinegar-curing MHCs were crosslinked to higher

molecular weight CMHC.
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Fig.1. SDS-PACE patterns for setting (A), frozen-storage (B) and vinegar-curing( C) of fish pastes' a,

,aTrgrorndAlaskapollacksurimi;d,thatsetat30"Cforl h;c,thatsetfor5h;d,thatsetforl0h;e,
Paciic cod mince; i, that frozen-stored at -20oC for 10 d; g, that stored for 20 d; h, that stored for 30

d; i, Pacific mackerel paste; j, that vinegar-cured for 1 2 h; k, that cured for 24 h; l, that cured for 48 h'
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Fig. 2 shows the SDS-PAGE pattern for AM, digested AM, and CMHC
extracts. CMHCs were extracted from the discs d, h and l.for the setting of
Alaska pollack, frozen-storage of pacific cod and vinegar-curing of pacific
mackerel, respectively. These cMHC extracts" were electrophoresed to the
discs o, p and q of Fig. 2, respectively. ln all of thesb three discs it was seen that
CMHCs formed by the above treatments, were dissociated to MHC and 66 kDa
protein subunit. The disc m was for AM extracied from Alaska pollack and the
disc s 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 r). Each mobility was in good agreement with that
of the tryptically digested abalone myosin (Asakawa and Azuma 1990) in which
the first (170 kDa) was assigned to an intra-cleavage of MHC, the third (BZ kDa)
to myosin subfragment-l (S-1), and the last (66 kDa) to LMM. Chan et at. (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 into various subfragments, where a number of protein
bands corresponding to the molecular weight from 66 to 70 kDa were
indentified to be the LMM (Watabe et al. 1992). From the comparison of these
results, 66 kDa subfragment split off from CMHCs could also be assigned to
LMM, although it was still obscure whether the LMM was formed after the
aggregation of MHC or from MHC before its aggregation and then entangled
with the parent MHC molecule torjorm CMHC.
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Fig.2. SDS-PACE patterns for AM, tryptically digested AM and CMHC extracts. m, AM
of Alaska pollack; n, that digested by trypsin; o, CMHC extract from setting; p, CMHC
extract from frozen-storage; q, CMHC extract from vinegar curing; r, tryptically digested

AM of Pacific cod; s, AM of Pacific cod; M, molecular weight marker.
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Several studies (Chan et al. 1993, Samejima et al. 1981, Sano et al. 1990,
Taguchi et al. 1987) have demonstrated an active involvement of LMM in the
MHC aggregation phenomenon, where rnost of the works have been done with
purified LMM from different fish sources. The. dynamic viscoelastic behaviour
and turbidity studies of isolated carp heavy meromyosin (HMM) and LMM
suggested that the initial gel formation was dttributed mainly to LMM at 30-44'C
(Sano et al. 199O). However, the purification process can affect the stability of
protein (Otani et al. 1983, Park and Lanier 1989). lt 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, 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 in a
condition of set gel which more or 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 set gel in respect of puncture test. Both surimi

and AM showed increased setting ability at 3OoC as their breaking strength and

breaking deformation increased rapidly at the initial stage and then gradually till 6

h of setting. On the other hand, the paste of AM(S) although transformed into

gel, the breaking strength andtreaking deformation were very low and reached

a constant after an increase tilt + tr. The elastic modulii and viscosities of these

gels are presented in Fig. 4.C0,C1,C2, h1, and h2 rapidly increased in the gels

from surimi and AM till 6 h of setting, but slowly increased in the gel from

AM(S). The increment of elasticity in the gel from AM(S) was very small when

compared to the strong elasticity of surimi and AM. Nevertheless, 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 from the turbidimetric and electrophoretic studies that actin

does not involve in the gelation and protein crosslinking phenomena (Samejima

et al. 1969).
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several studies (Chan et al. 1993,samejima et al. 1981, sano et ar. 1990,
Taguchi et al. 1987) have demonstrated an active involvement of LMM in the
MHC aggregation phenomenon, where rnost of the works have been done with
purified LMM from different fish sources. The dynamic viscoelastic behaviour
and turbidity studies of isolated carp heavy meromyosin (HMM) and LMM
suggested that the initial gel formation was attributed mainly to LMM at 3o-44"c
(Sano et al.1990). However, the purification process can affect the stability of
protein (Otani et al. 1983, Park and Lanier 1989). lt is important to determine the
gelling characteristics of model protein not only in the purified form but also in a
less purified system (Beas ef al. 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 in a
condition of set gel which more or less resem,bled 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 set gel in respect of puncture test. Both surimi
and AM showed increased settinB ability at 3OoC as their breaking strength and

breaking deformation increased rapidly atthe initial stage and then graduallytill 6
h of setting. On the other hand, the paste of AM(S) although transformed into
gel, the breaking strength and.breaking deformation were very low and reached

a constant after an increase i''It + t-.r. The elastic modulii and viscosities of these

gels are presented in Fig. 4.C0,Cl,C2, h1, and h2 rapidly increased in the gels

from surimi and AM till 6 h of setting, but slowly increased in the gel from

AM(S). The increment of elasticity in the gel from AM(S) was very small when

compared to the strong elasticity of surimi and AM. Nevertheless, 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 from the turbidimetric and electrophoretic studies that actin

does not involve in the gelation and protein crosslinking phenomena (Samejima

et al. 1969).
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800

Setting time (h)

fig.3. Breaking strength and breaking deformation of the gel prepared from surimi (S),

actomyosin (AM) and actomyosin subunits containing 66 kDa protein {AM(S)} from
Alaska pollack.

S e t t i n g t i m e (h)

Fig.4. Compression stress-relaxation of the gel prepared from surimi, AM and AM(S) of

Alaska pollack.
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tuvwYE
Fig.5. sDS-PAGE patterns for the gel prepared from the AM(s) pastes. t, AM of Alaska

pollack; u, AM(S); v, salt-ground nM(S); w, that set at 30oC or t h; x, that set for 2 h; y,

that set lor 4 h; z, that set for 6 h.

Fig. 5 shows the SDS-PACE pattern for the gel prepared from the paste of

AM(S): Due to prolonged digestion, MHC was completely cleaved and most of

the other higher moleiular weight subunits like HMM and S-1 split into.smaller

units, but iMM ,.ruined iniact. The role of MHC subunits in the low

temperature gelation had hteen studied by many authors (Chan et al. 1993,

Samejima et al. 1981, Sano etal, 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 crosslinking in a less purified

iorm. lt was obseived from the electrophoretic study that during setting at 30oC

the band due to LMM disappeared (discs w, x,Y, z) and the intensity ol ts
bands due to other MHC subfragments gradually decreased. However, high

molecular weight polymer wai n9t formed. Since the fact that only

intermolecular interactions would lead to formation of high molecular weight

polymers (Chan et a/. 1gg2), the polymerization occurred among MHC

subitagments in this study as observed due to their disappearance during setting

would"be intramolecular. Furthermore, the polymerization of subunit proteins

during setti ng was predominantly non-covalent, since the enzyme

trrnrgluturinaie, responsible for the occurrence of covalent crosslinking, might

be r,v'ashed away du;ing AM extraction and digestion pro.cess, as had been

explained previously (N"owsad et al. 1994). The demonstration of non-covalent

crosslinking by simple SDS-PACE system is very often precluded because sDS

readily brelks'hydrogen, hydrophobfc and electrostatic bonds (Chan et a|.1992\'

HowJver, f,,om ihe iesults that the intensity of the band due to LMM during

setting decreased more among the subfragments in .the present experimental

condiiion, it was presumed thai 1Utrzt involved more in the crosslinking process

at the temperature around 30"C. Samejima etal. (1981) mentioned that the tail
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portion of myosin rod in rabbit myosin was apparently responsible for the
formation. of a gel network, pr"rrrrbry by hydrophobic interaction. The same
authors also reported such entanglement'of protein molecules at temperatures
around 30-35'C in the setting of fish paste. Cill and Conway (1989i studied
chymotryptic cleavage of thermally aggregated cod myosins and concluded that
the initial stages of thermal crosslinking of myosin were mediated primarily by
the HMM-s-2 and LMM region of heavy chain, i.e., by the myosin tail rather'than
the head. Chan et al. (1992) reporred the involvemeni of both HMM and LMM in
the thermal crosslinking of cod and herring myosin and explained a mechanism
which expressed the view that an initial aggregation mighi be occurred by the
unfolding and interaction at 30-40"c range and furthei aggregation might be
mediated by fe interaction of LMM to form clusters of aggiegites at 40-55oc.
Theresultsof thepresentstudyapparentlydifferfromthatilCian etal.(opcit)
since LMM was mostly crosslinked within one hour of setting at 30oC. ln fact,
larger myosin subfragments like HMM and S-1 were mostly cleaved into smaller
ones in this study. Therefore, the exact influence of these subfragments can not
be understood and explained from these results. Nonethetess, it seems that
MHC molecule may lead to an unfolding of the super hetix of the tail at setting
temperatures, exposing hydrophobic residues to the polar environments/
resulting in the intramolecular crosslinking through non-covalent bonds among
the subfragment proteins that cleaved from the tail portion of the molecule. Thii
may be further entangled with the intermolecular crosslinking of MHC itself and
locked up in CMHC at the top of the SDS-PACE disc gel which could split off
again from CMHC in concentrated urea, as we explained elsewhere (Nowsad
et a/. 1993). ]t
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Abstract
Changes in the texture (elastic nature) of the flesh of barrel salted herring during
the ripening process at 4oC have been monitored. The method employs the
analysis of stress-relaxation curves after compression to half of the sample
thickness on an Instron Model 1 1 12. The parameter 'T/P' for each sample
represents the reciprocal of the gradient of a line connecting P and T6.3660. This

parameter characteristic of each sample's texture was calculated as the ratio of
'T/P' where, T is the relaxation time and is defined as the time required for a

stress at constant strain to decregge to'l/e of its original 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 to decay to 36.8o/o of its original value. P is the peak
height of the curve (i.e. the force value at the maximum height). This method was
adopted from the bakery industry for testing the degree of gluten development in
bread dough. The'T/P'values obtairied over the course of ripening for differently
treated salted-herring in barrels rariged between I and 12. The trends in'T/P'
value, during ripening period for the different samples, appeared to be parallel
changes in texture perceived by sensory observation (subjective measurement),
although the heterogeneous nature of the samples gave standard deviations,
about the replicate sample mean, around 5%. The method appears promising as

an objective measure for monitoring this aspect of the textural quality of barrel

salted-herring through ripening if reproductibility of test results can be improved

by more careful standardization of sample preparation and test protocol.

Key words : Salted herring, Texture, Ripening

tntroduction

The concept of texture is wide and its definition varies from discipline to
discipline. Even in the same discipline, eg. in food science, the definition of
texture can vary from one product to another. The textures of cheese, meat and

crisp 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, available for organoleptic testing of such products/ require that some

assessment of texture 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. ln 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 aqueous extract from the fish in a sealed

barrel, involves a gradual change in sensory characteristics over a period of '12

months or more at 4oC. A major factor in this change is textural. lnitially, the fish

retains its elastic, raw texture but becomes firmer due to exosmosis to the

forming 'blood-pickle' and inward diffusion of salt. Subsequently, a gradual

tenderisation occurs, ideally to the point, coinciding with optimum flavour

maturity, where the flesh is firm enough to retain its integrity but is neither too

rubbery nor too ready to disintegrate to a palate-clinging paste on mastication.

The desired textural development, during ripening, is characterized

rheologically by an increase followed by decrease in firmness superimposed by

a gradJal loss 
'of 

elasticity. Subjectively, over short periods of ripenin$, these

textural changes are difficult for taste panels to perceive, let alone quantify'

Objectively, riechanical devices with graphical printout-linked attachments and

programmes to represent the variety of our textural perceptions of food during

biting and mastication have been employed'

The extent to which co#ponents of our perception of food texture can be

,"p"rat"ly quantified in this way and, moreover, related back to taste panel

,.Lr"r, has'been the subject of many years of debate amongst researchers in

this area of investigation. Howgate (1-977) mentioned the instruments used by

earlier researcheri to monitoi the texture of raw and cooked fish as it is

,LJifi"a by normal processing methods, but the relationships between data

obtained from such objective"texture assessment methods and texture data

from sensory panel tests on fish, in its whole or filleted form, seemed tenuous'

Borderiaset,at.(1983)foundbettercorrelationbetweeninstrumentaland
r*rory data with fish mince. This has also been the case for those like Lee and

chung (1989) and Knudsen et al. (1987) assessing. the texture of surimi.

P6rforming instrumental texture analysis on fish mince.rather than natural

flesh overcomes the problem of data uaiirbility due to the heterogeneity of the

flesh, but relating daia thus obtained to.the changes perceived by the.sensory-

pun"l ou", the r'ipening period ,ay ptou" difficult. A prospective purchaser of

iirf' ,uy assess in" frErnn"ss of iaw fish subjectively by squeezing the flesh

between finger and thumb. The imprint so T1d" would disappear

instantaneous[y 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 clue to.

the sort of instrume"ntal device to be sought for an ob.iective assessment of

textu re.
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A device which represents our initial perception of food texture (as we first
bite through food) is the shear cell which, linked to a scale, records extent and
manner of the food's resistance to an increasing cutting force. This has been
used extensively to quantify the degree of toughness or tenderness particularly
in.meat products (Bourne 1982). Whilst toughness/tenderness is a parameter of
relevance (as it appears, subjectively, to follow a particular pattern of
development in the ripening of salt-herring) it could not be used to estimate the
ripening stage reached in an unknown sample. This is because the
maximum/minimum value characteristical ly occurs during the ripening process
rather than initially or terminally.

Elasticity, however, is partly responsible for the undesirable 'raw herring'
perception at the beginning of the ripening period; whilst the lack of it is partly
responsible for the similarly undesirable textural 'pastiness' of the over-ripened
product. Elasticity is a crucial characteristic of bread dough texture and a method
of quantifying this parameters, by recording the relaxation time from the peak to
a standard fraction of the peak stress on the stress-relaxation curves, as
obtained from an lnstron, has been published by Frazier et al. (1973).

. ln spite of the physical dissimilarity of the food materials, with respect to
shape regularity and structural homogeneity, this methodology was adapted to
obtain stress-relaxation time data on the fillets taken from dlfferent batches of
salt-herring as they ripened. As the relaxation curves appeared typical of an
exponential decay (Fig. 1) the relaxation times from the peak of the
compression/ relaxation trace to 0.368 ( =1/e ) of the peak force value were
recorded. Each fillet was compressed to 50% of its thickness at a standard
position. As different fillet thiclg.esses in the replicates led to different peak
heights, the data was presented ds a series of graphs of relaxation time divlded
by peak force (T/P) against ripening time.

Fig. 1. lnstron recorder trace for compression and relaxation of the sample.
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Materials and methods

Herring from North Sea of composition shown in Table 1 were salted in

polypropylene barrels and stored at 4oC to ripen tor 12 months as follows :

1. Whole fish + New salt

2. Whole fish + Used salt

3. Cipped fish + New salt

4. Cipped fish + Used salt

Table 1. Composltion and initial characteristics of herring caught from North Sea in July'92

Moisture
Fat

Protein
pH
Histamine
Temperature
Average weight
Average length
Colour
TVB-N
FAN
PO

TBARS

63%
17%
19%
6.33
0.29 mg/100 g
o.2"c
231 g(165 - 290).

27 cm(22-30).
Silvery
9 mg/100 g

52 mg/100 g

8.4 m edkg oil
23 m eq MA/kg oil

* 
rrng" 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 period was 'l1oh two weeks after

salting, rising to 16o/o after 12 months of ripening.

Small sections of samples from the fillets were prepared from the dorsal,

skinless muscle at 3 monih intervals through the ripening period. The samples

were of approximately 1 cm2 surface area. These small pieces of samples were

kept chilled until the experimental work.
lnstrument setting

An lnstron t,toa"t 1112 was used in the present study with the following

set up -
50 kg load cell
Chart speed : 50 cm/min
Cross head speed : 10 cm/min

The probe attachment was a brass cylinder of 14 mm diameter'

B6
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Determination
Durins determination the samoles were taken into a stainless steel dish and

olaced onihe load cell table of thi: lnstron. The diameter of the metal dish was
inuch less than the diameter of the load cell (load cell diameter was 15 cm;
metal dish diameter was B cm). The sample was then subiected to compression
between oarallel olates i.e. load cell table and the cro6s head. The crossead
control whs progrimmed to stop its downward movement when the sample
;; ;.;;;"it"8 io 5oo/o of its'thickness. The sampte was then allowed 'for

relaxatiori at constant deformation. The compression and stress relaxation was
traced on a continuous chart at a chart'speed of 50 cm/min. For each
determination at least 10 replicates were cdrried out because of the non-
homogeneous nature of thb sarlple. During determination the sample
tempeiature was between B and 10"C.

Calculation

The parameter characteristic of each samplers texture was calculated from
the relaxition curve as the ratio of -TlP

Wher", T is the relaxation time and is defined as the time required.for a

stress at constant strain to decrease to 1/e of its original value, where'e' is the
Uiie-oi niirral losarithms (2.7183). Since 1/e = 0.36'9, the relaxation time is the
tl*" i"ouirui iot fl-," force io decav to 36.8o/o of its original value (Bourne, 1982).
F iitn"'oeii neisnt of the curve'(i.e. the force value"at the maximum height).
From the relaxatio"n curves TO.:eA were determined and the texture parameter
was calculated (T/P).--V;ir;r oi Tip'were taken as the texture parameter ch.aracterizing each
relaxation curve and plotted against the time of ripening in each of the ditterently
prepared batches of herring.

Resutts and discussion t!

Results of the present study have been shown _in the Figures 2.1 lo 2.2.

aefor; Jiicuising the results th6 following texture-affecting plienomena should

be taken into c6nsideration which are 6ccurring simultaneously during the

ripening of salted herring :

02468101214
Time (month)

@
Fig.2. Changes in texture of salted^herring
during the ripening in barrels at 4"c using
new salts.

0 02468101214
Time (month)

(=WloG:l"'1tcot"a"t)

Fie.2. Changes in texture of salted herring

dtiring the ipening in barrels at 4oc using

used salts.
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'10

2
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At the beginning of the Process'
(i) salt is diffusing into the fish flesh causing it to stiffen, that is to beeome

firmer but not more or less elastic;

(ii) Water is diffusing into the brine until there is osmotic equilibrium between

the aqueou, ,uiiu* in the fish and the surrounding brine - this will

similaily cause the flesh to become firmer without affecting its elasticity;

(iii) 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 gel becomes more rubbery the

greater the concentration of gelatin;

(iv) On the other hand, penetration of Na+ and Cl'ions into such matrices

would favour Sreater retention of water'

The following phenomena take place during the ripening process:

(v) Autolytic aitivity, very gradually proceeding in . 
such high ionic

concentrationr,'in.lries proteolysis which would reduce elasticity
. progressively until the flesh eventually liquefied as oceurs in the ambient

temperature production of fish sauce;

(vi) some of the products of the ripening process, like. free fatty acids - the

products of lipolysis, and tl"re pro'ducts of oxidative scission of the

unsaturated hyjrocarbon chains of glyceride, can attack proteins denaturing

them, or even causing breaks in their chains;

(vii) Other breakdown prJdr.tr, like formaldehyde have been implicated in the

formation of cross-frRks between protein molecules which would increase

their firmness and affect elasticity'

The concept of sensory textural attributes (hardness, softness, toughness,

tenderness) may also be tai<en into consideration for the better understanding of

the results of present study. The definitions of these sensory textural attributes

had been developed uy ir'e lnternational organization for standardization,

Standard 549213, 1979 (Bourne 1982).

Hardness is the product textural attribute 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, nonfibrous 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 ittributes more frequently used to describe fibrous

gel foods like meat and fish' 
roduct regains itsToughness infers resilience on mastication' A tough p

dimensilns quickly and repeatedly on the repeated compression-relaxation

cycles of masiication. A tough product is often described as 'Chewy' or 'Elastic''

BB
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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 to a paste on mastication.

The instrumental texture parameters 'T/p' oi the present study, relates to
the above definitions. An increase in 'T/p' value determined by lnstron tests
indicate a loss of resilience or elastic nature in the product and, hence, an
increase in tenderness.

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 4oc. 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 mature/ripened flesh. such trend of textural change was evident in
lnstron 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 2). such intermediate toughening was also
supported by the lnstron results which are presented in the Figs. 2.1 and 2.2.
The decrease in the value of T/P during the ripening period signifies the increase
of firmness of the samples. The reasons might be the phenomena mentioned in
pointsl toTbefore.

?
Table 2. Sensory observation on the texture of salted herring during ripening in barrels at

4oc

Ripening

time

(Months)

Similar to

raw herring

Tough

Slightly

tender

Tender

Similar to

raw herring

Tough

Slightly

tender

Tender

Similar to

raw herring

Tough

Slightly

tender

Tender

Cipped fish

+

Used salt

Similar to

raw herring

Tough

Slightly

tender

Tender12

At the end of the ripening process all of the samples were found to be
tender and less elastic (instrumental) than the original unsalted fish. The salted
whole fish were found to be more tender than the gipped fish when the process
of ripening was complete. This was obvious both by lnstron results (Figs. 2.1 and
2.2) and sensory observations (Table 2), during the study period. lt is likely to be

Whole fish

+

Used salt

Cipped fish

+

New salt
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due to the difference in the degree of proteolysis taking place during the ripening

Drocess. i.e. the influence of pioteolytic enzymes present in the gut'
' Results of the present study using the.compression and relaxatton ol tne

sample under ."rtuin experimental"conditions show that it permits the

.rrfiil.rii"" of lexture change of a particular- set of samples during the ripening

;i;;iiJ'h;irinj. if,"r" obiective 'results correlated with those of sensorv

observations. Co"mparing the results of the.pr:esent,study, there does not seem

;;; ;;; ilpi..tJUf" ri'6nificance to textuial development in the use of either

new or used salt'
This method for objectively monitoring changes in texture. of salted-herring

during ripening upp"il"a proriting in. that the trends identified by sensory

observations were/ to some extent, vindicated instrumentally' With careful

pr"pri",lr" of s"mple, itandard presentation of each sample to the lnstron

orobe and standarO i6ri-Gr"p"ta[ure, the standard deviation of the replicate

Hiri"il:; f.;iir; r*" riii"a heriing sample.typically remained around 5%

of the mean T/P value (with extremes of 1 '3o/o and 12'5"/o)'
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Abstract
*, sa iHilsailisha) caught by gill net were immediately killed by cranial spiking.
-.ree fish were kept in ice (OoC) and three other at room temperature (33oC) to
'-, orv development of rigor mortis and changes in muscle pH. The rest were

''ozen stored at -20oC. Rigor started I5 minutes after death in all fish and
-eached full rigor (1 00%) state in 2 and 4 hours respectively in fish kept at 33 oC

and (OoC). The fish at 33oC deteriorated 16 hours after while in full rigor but
:iose at 00C lasted 26 hoursaof death without deterioration. Freshly caught hilsa

nad a muscle pH around 7 which decreased with time rapidly at 330C and
slorvly at OoC. The relative proportion of protein fraction in white and dark
muscle of fish stored at 00C and -200C were also studied. The proportion of dark
muscle was 30.34% of the white muscle. White muscle in fish at 00C was found
to contain 32.0% sarcoplasmic, 57 .6% myofibrilla, 9.4'/' alkali-soluble and 1 .1oh

stroma protein whereas these proteins in dark muscle were 29.9o/o,58.4ok,
9.Bok and 1.9% respectively. The protein fractions of white muscle in frozen-fish
were found 27.6o/o sarcoplasmic, 64.7"k myofibrilla, 6.0% alkali-soluble and
1 .7% of stroma protein whereas they were 30.6%, 58.6ok,8.9 and 1.9% for dark
muscle. Some changes occurred in protein composition during frozen storage.
The relative amounts 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.

T. ilisha, Rigor-mortis, White and dark muscle, Protein composition

!ntroduction

Rigor-mortis is the result of important physical and biochemical changes h
muscle occurring in an animal soon after death. The physical changes are those
which concern with appearance, texture and stiffening of the body. There are
three stages of rigormortis-pre-rigor, in-rigor and post-rigor. The time involved in
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each stage of development, duration and subsequent resolution of rigor-mortis

depends on many factors such as species, catching method, handling of fish,

temperature and the physical condition of fish. Although it is generally accepted

thatthe onset and duration of rigor-mortis is more rapid at high temperatures, it

has been observed in certain tropical fish that the biochemical changes and the

rigor-mortis, may actually be stimulated at Ooc gompared with 22oC (Poulter et

a:.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 upon the state of

rigor. The muscle pH of pelagic fishes such as sardine and mackerel decreases

vJry quickly after death,'easily reaching below 6, in contrast to bottom fish

(tshikawa et 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'

ln n..'ori firh, the myotomal musculature consists mainly of two

homogenous populations of muscle fibers: the white or ordinary muscle and the

dark muscle. Most fish muscle tissue is white but depending on species, many

fish contain a certain 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 is different. The dark muscle is

generally higher in lipid content and lower in moisture and crude protein content

ihan the orJinury muscle, (Kanoh et al. 1986). The chemical composition of fish

muscle varies depending on @velopmental stage, season/ fishing ground and

schools. Major researchlffort in the area of biochemistry has been to identify,

isolate and characterize the muscle proteins. Muscle proteins are generally

classified on the basis of solubility. On these basis fish muscle protein consists

of myofibrillar, 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 little is known about the fish from tropical water. ln 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 muscle of hilsa fish (Hilsa ilisha)

Materials and methods

Fresh hilsa (Tenualosa ilisha\, average body weight and length, 700-8009 and

30-32cm respectively, were caught by gillnet from the river Meghna near

Chandpur. Six live hiisa were killed by cranial spiking immediately after capture

on board of a vessel. Three of those fish were kept in ice (ooC) in an insulated
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Postmortem changes in T. ilisha

box and the other at room temperature (33oC) to follow
development and changes in muscle pH.

rigor-mortis

The remaining fishes were brought to the laboratory of Fisheries Technology
Department, Bangladesh Agricultural University, Mymensingh in iced condition
in an insulated box and frozen stored at-20oc for subsequeni studies.

Rigor index

"Rigor index" of the fish was measured essentially according to Bito et a/.
(1983) and used as a parameter of rigor tension. Briefly, the fish was placed on a
horizontal table with half of its body (tail part) kept out of the table (Fig. 1). At
selected time intervals, rigor index was calculated by the following equation:

Rigorindex(%)=HX 1oo

where D6 and D represent the distances of the base of caudal fin from
horizontal line of the table immediately after catch of the fish and at subsequent
storage periods respectively

":nd
- ear

:3iJfe
- =:ed

Fig. l. Determination of ,,rigor_index,, of fish.

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.

Typical yields and determination of protein fraction
Fresh ice-stored and frozen-stored hilsa fishes were used for the study.

Frozen fishes were partially thawed in ice. Transversal sections through the tru;k
representing the layout and relative distribution of the dark and ordiniry muscles
from fresh Hilsa ilisha are shown in Fig. 2. The fish were weighed individually
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and different body parts - head, edible flesh, scale, fin, intestine, egg, gills, skin

and bone were separated with the help of a sharp knife, weighed and expressed

in percentage of ihe total weight. For study of the protein composition, after

removing th-e head and caudal fin, the specirnen were filleted laterally into two

parts. Th'e white and dark muscles were carefully excised to. minimize cross

contamination of fibre type. The ordinary,nlpscle was dissected from the dorsal

part, while the dark myotomal muscle from the whole trunk under the lateral

iin". f*"n,y grams of each muscle were fractionated into various protein fraction

following the-procedure Hashimoto of et at. (1979) All the operations were done

at 3-4o The protein obtained after fractionation was determined by Biuret

method and non-protein nitrogen of TCA extract by Kjeldahl method.

Fig. 2. Transversal sections through the trunk of the dark and ordinary muscles from fresh

hilsa fish.

Results and discussion

Progress of Rigor-mortis and changes in muscle pH

Rigor-index of hilsa fish stored at room temperature 133"9iand 
in ice (0'c)

are shJ*n in Fig. 3.1 and 3.2. Rigor started in ail fish within 15 min after death

but the progress"of rigor was fastei in fish stored in ice (OoC) than in those stored

at room temperature. th" fith"t stored in ice attained full rigor (100%) 2 hrs

after death, whereas the rigor index of the fishes stored at room temperature

reached about 85% in 2 hoirs and attained full rigor (100%)4 hrs after death'

Hilsa fishes stored at room temperature were discarded after 16 hrs of

death while in full-rigor conditions after emitting an offensive^odour. Atthis stage

the fishes were founi to be organoleptically unacceptable. On. the other hand,

the fishes stored in ice remainJd in full rigor up to 26 hrs and then started to

relax from rigor. They relaxed to about 50oh after 52 hrs of death without

showing any perceptible sign of spoilage.
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It is well known that pelagic fishes usually have very high metabolic rates.
Correspondingly, the post-mortem progress 

'rate of hilsa "was found to be
extreme.ly high in the present study compared to those of bottom fishes
reported by others (Poulter et al.1981, lwamoto et a|.1985, l9B7 and 19g8,
lwamoto and Yamanaka I986). The time involved in each stage of the rigor
development, duration and subsequent resolution of rigor-moitis depend %n
many factors such as species, size., catching method,"handling of lhe fish,
temperature and the physical condition of the fish. Although ii is generally
accepted that the onset'and duration of. rigor-mortis is mire rapid" at high
temperatu.res, it has been observed in hilia that rigor-mortis was actual"ly
stimulated at OoC compared.with 33oc as reported ior some other tropicJl
fishes (Poulter et al. 19s1). Hilsa kept at 33oc spoiled 16 hours after death when
they were still in full rigor condition.'The off-oddur was first detected in the area
around the abdominal.cavity. This phenomenon is due to enzymatic activity in
the gut which. caused degraciation oi belly which might happen'within few h6urs
of capture at high tempeiature

Rigor index (Z) PII
100

0.8

6.6

16

Storage tlme (h)

- 
Rtcon.tNDEx(et) _r pH

Fig. 3.1. Rigor-mortis progress and change in muscle pH,
room temperature.

of hilsa fish during storage at

o4S.!2 1620242A4862
Storage time (h)

- RtGoR tNDEx(et) -r pH

Fig.3.2'Rigor-moltis progress and change in muscle pH of hilsa fish during ice-storage in
an insulated box.
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pH change' 
Frestily killed hilsa had a muscle pH around 7.0 which tended to decrease

with time irrespective of temperdture but the decline in pH was faster at room

temperature (33oC) than at 6oC (Fig.3.'l &.3.2). At room temperature the

muscle pH decreased rapidly from aiound 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 storaSe at

room temperature the pH began to increase steadily up to pH 6'6 after 16 hrs

when the fish were diicardeJ. At this stage fishes were reddish in colour and

emitted an offensive odour.

on 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 storaSe when the fish relaxed

about50%fromrigor.ThedecreasingtrendinmusclepHissimilartothat
reported for catla (Cattacatla) where muscle pH fell much faster in fish held at

room temperature (25oC) than at ooc (Faruk i:tat.1994). ln general, when the

rigor is quicker and the duration is shorter, the values of pH decline much faster

th"an where rigor develop+ slowly and lasts longer. This change in pH is

attributed to the accelerated turnover of ATP at high temperature (Watabe et a/'

1gg1). scopes (1974) reported that the rate of pH fall in post-mortem muscle is

entirely due to ATPase activitY.

Typicat yietds and protein composition

Table 'l shows that the#iiroportion of dark to white muscle of hilsa was

30.34%. The results obtained from the present study is more or less similir to

those reported for pelagic fishes such as tuna, sardine and mackerel. These

fishes have a large amoint of superficial dark muscle and some of them, such

as tuna have developed deep-seated dark muscle along with the superficial'

while other pelagic fishes of relatively small size, such as sardine and mackerel

have only superfiiial dark muscle (Suzuki and Watabe 1gB7). The proportion' of

dark to white muscle varies with activity of the fish (Love 1970)' The proportion

of dark to white muscle of sardine and mackerel is reported to be 2o-3o%

(Hashimoto eta:.1979, Suzuki and watabe 1987) and is known to vary with the

length of the fish and from species to species. lt is generally accepted that the

dark muscle is used for the slow and continuous swimming of fish, where as the

white muscle is called upon for a quick burst of activity' The red colour of the

dark muscle is due to ih" high content of hemoproteins, hemoglobin (Hb),

myoglobin (Mb) and cytochrJme c. Among these, the content of Mb is the

highest, followed by Hb (Suzuki and Watabe 1987)'
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Table .1 . Proportion of dark to white muscle of hilsa fish

No. of specimen

Total weight of fish (g)

Total muscle (g) 
|

Dark muscle (g)

White muscle (g)

Proportion of dark to white muscle (%)

10

9850

4570

1 063

3507

30.34

Table 2 shows the typical yierds of various body parts of hilsa. The yield of
edible flesh was 46.4%. The head and viscera were 17o/o and 6.2yo 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 lower yielis of dressed fish
$4%) than those having a small head ind slim contour such as tuna (73%)
(stansby and olcott 1963). Pelagic fishes such as pacific herring (Clupea pallasi)
is_the most important fishery of the cold and temperate regiois. The yield of
edible flesh and organs (head and viscera) as percentage of fresh weight of the
herring were reported to be 42-6so/o, B-18"/; and a-Ltyo, respectivery (TDR|
l eBs).

Condition Muscle Protein fraction (%)

Sarcoplasmic Myofibrillar Alkali-soluble Stroma
lced fish

Forzen

Dark muscle
White muscle

Dark muscle
White muscle

29.90
31 .98

30.60
27.60

58.40
57.55

58.60
64.70

9.80
9.37

8.90
6.00

'1.90

1 .10

1.90
1.70

ln the present study, the protein compositions of white muscre of iced-
stored hilsa were 31.98% sarcoplasmic, 57.sioh myofibrillar, g.37o/o alkali_
soluble and 1.'l 7o stroma protein and in dark muscle itwas 2g.9o/,,5g.4yo, g.go/o
and 1 .9oh respectively (Table 2). The protein compositions of frozen_stored hilsa
were found to be 27.6'h sarcoplasmic,64.Toh myofibrillar,6.oo/o alkali_soluble
and 1.7o/" stroma protein for white muscle, while lt was 3oi.6o/o, 58.6o/0,8.9 and'1.97o respectively for dark muscle (Table 2). This is within the range reported for
most pelagic fishes (Hashimoto et al. 1979, Kanoh et al. 19s6). iome changes
occured in protein composition during trozen storage. As described above, iheprotein of dark muscle are clearly distinct from thoie of white muscle in many
respects such as dark muscle contained higher percent of stroma protein thanthe white muscle. The percentage sarco[rasmic, arkari sorubre and stroma

Table 2. Protein composition of dark and white muscle of hilsa fish
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protein fraction decreased, while myofibrilla fraction increased when the fish

was kept frozen at -20oC. These results indicate that sarcoplasmic and alkali

soluble proteins are lost due to drip formation during frozen storaSe, leading to

relative increase of myofibrillar proteins'

ln most teleost fishes the amount of extraitable protein of various fractions

frru"U"unreportedtobeintherange'gf20-30%sarcoplasmic'50-7Oo/o
mvofibrillar, 1-10%alkali-soluble and 1-3olo stioma protein (Shimizu and Shimidu

l#J;";;i;;;iirr.l", have been reported to contain a higher amount, of

sarcoplasmic proteins and small amount of myofibrillar .proteins 
compared to

otherteleost.Forexample,proteincompositionofthedarkmusclefromsardine
was reported to be 2i-;gi. sarcoplasmic, 62-66oh myofibrillar, 6-9o/o alkali-

soluble and 2-3oh il;; protein fraction. ln ordinary muscle, protein

compositionwas33'-37o/o,59-61o/o,1-5o/oand1-2o/ointheaboveorder
resoectivelv (Suzuki unJ W""U" 1gB7)' ln general'the^extractability of Ty.ttl"
ilffi;;;;t, jifi''r*i"s dependins on fish' species .(shimizu 

et at. 1e76). v,

most bottom fishei ,u.r, 'as AlIska pollack and lizard fish the whole

sarcoplasmic proteins rr*"'u"* reported to be extractable even in water while

;;;;"ii ,"lagic fishes such as ,urdinu and mackerel the amount of extractable

proteins in white *uscl" increased rapidly as the^ ionic, strength of the

homogenate in.r""rJup',o i=O.OS (t-tashimoio et al. 1979) where "1" stands for

ionic strength.

Conclusions
The following conclusioHi"can be drawn from the above study'

1 The rigor-mortis of hilsa'fish started within 15 min after capture irrespective

of temperature. The progress of rigor was faster at OoC than at 33oC'

2 The decline in muscle pH during rigor-mortis period was faster at 33oC than

at OoC.

3Theproportionofdarktowhitemusclewas30.34%.Themuscleproteinof
dark muscle are clearly distinct from those of white muscle in many

respects such as dark muscle contained more sarcoplasmic and stroma

proteinthanthewhitemuscle.Thepercentagesa-rcop.lasmic,alkalisoluble
and stroma protein fraction decreased, while myofibrillar fraction increased

when the fish was kept frozen at -20oC'
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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 organoleptic and bacteriological
aspects. The fishes stored in ice were organoleptically in acceptable condition
for 20 days. The bacterial load in muscles of 4 days ice storedfish was 2.5 x lO'?

CFU/gwhichgradually increased'f,p to t.B x 10sCFU/g 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 subsequent
frozen storage at -20oC. tsoth 4 and 7 days of ice stored fishes were
organoleptically in acceptable condition up to 48 weeks but the highest degree
of freshness was found for fish stored in ice for 4 days before freezing at -20"c.
The result indicates that the longer is the duration of ice storage before freezing,
the shorter is the shelf life of the fish. The initial bacterial load prior to freezing of
the 4 and 7 days of ice stored samples were 2.5 X 103 CFU/g and 3.8 X 100

CFtJ/g, respectively which reducedto 2.21 x to2 CfU/6 and 2.38 xl02 CFU/g,
respectively at the end of the 24 weeks of frozen storage. However, after 40
weeks the bacterial load in the frozen stored sample fell below the detection
level.

Key words : T. ilisha, organoleptic, Bacteriological changes, Frozen storage

lntroduction
Fish is an extremely perishable foodstuff 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 greatly 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 , i.Q.,

appearance, odour, texture and taste and these changes are closely related to

the freshness of a fish.
It is well known that during post-mortem plriod 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 bacterial 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. lnvestigations 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 periods and frozen fish have become an important commodity both for

domestic and export markets in a number of countries of the world. ln some

cases, distribution costs for trozen 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 little data is available on the relative frozen storage

stability of tropical fish. Poulter (1978) found that textural changes in frozen

lndian mackerel Rastrelliger brachysoma occurred rather morb slowly than

would be expected from data on cold water fish. lt 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' 
f'he papers deals with the physical and bacteriological 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) in an

insulated box immediately after catch on board of a vessel. The fishes were first

transported to the Riverine Station of the Fisheries Research lnstitute, Chandpur

for iepacking and then finally to the laboratory of Fisheries Technology

Department, Bangladesh Agricultural University, Mymensingh in iced condition

in an insulated box.
Twenty fishes were selected randomly and stored in ice in an insulated box

in the ratio of 1:'l (fish:ice). The box had a number of holes at the bottom to drain
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out the melt water. Stowage in the box consisted of a bottom layer of ice, about
5 cm deep, layer of fish sprinkled with ice, and a final top layer of ice again about5 cm deep.Fresh commercial block ice collected from the local market were
crushed into small pieces and used in storage expe"riment. The required amount
of ice was replenished from time to time.lhe samples were obtained at time
interval (0,4,8, 12, 16,20 and 21th day) to assess the quarity of fish by
organoleptic and microbial studies.

To assess the changes in organoreptic qualities of different days of iced
stored fish during frozen storage, thirty specimens of 4 days old ice-stored hilsa
were frozen ar -2ooc in a lot and again 30 specimens of 7 days old ice stored
hilsa were frozen in another lot. The shelf life of the fishes frozen in two lots
were determined by the organoleptic and bacteriological studies.

Organoleptic assessment

Sensory methods were used for organoleptic evaluation. The guidelines and
methods given here are based on the organoleptic characteristics of fish as
described by EC freshness grade for fishery projucts (Howgate et al. 1992) as
shown in Table 1 and 2, respectively.

Table 1. Determination of defect points

Characteristics of
whole fish

Defect characteri stics Defect Grade
ints

i ) Odour of neck
when broken

ii) Odourof gills

iii) Colour of gills

iv) Ceneral

a)

b)

a)

b)

c)

d)

a)

b)

c)

Natural
Faint or sour odour
Natural odour
Faint sour odour
Slight moderate sour odour
Moderate to strong sour odour
Slight pinkish red
Pinkish red or brownish red, some
mucus may be present
Brown or gray eolour eovered with
mucus
Bleached; thick yellow slime
Full bloom; bright; appearance
shining; iridescent
Slight dullness and loss of bloom
Definite dullness and loss of bloom
Reddish lateral line; dull; no bloom

2

3

i
2

3

5

1

3

Acceptable
Reject
Excellent
Acceptable
Acceptable
Reject
Excellent
Acceptable

Acceptable

Reject
Excellent

Acceptable
Acceptable
Reject

5

1

2

3

5

d)

a)

b)

c)

d)
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v) Eyes

vi) Slime

a) Bulging with Protruding lens

transparent eye cap;

b) Slight clouding of lens and sunken

c) Dull, sunken, cloudY.

d) Sunken eye covered with Yellow
slime

a) UsuallY clear, trans'!'afent and

uniformly spread but occasionally may

be slightly oPaque or milkY

b) becoming turbid opaque and milky,

with marked increase in amount of

slime Present i skin

c) Thick, sticky, yellowish is he greenish

in colour

vii) Consistency of a) Firm and elastic

flesh b) Moderately soft and some loss of

)
J

3

5

Excellent

Acceptable
Acceptable

Reject
Acceptable

Acceptable

Reject

Excellent
Acceptable

elasticity

c) some softening AccePtable

d) timp and floPPY Reject

Table 2. Crading of fresh fish

Crade Points of freshness

fxcellent / AccePtable
A
B

<2o 2to.5 Good / Acceptable/

C 5 Bad/Rejeeted

Bacterial load

Fish muscle were collected from the fish samples aseptically, weighed-and

finely chopped by a scissor on watch glass. Then'the stock suspensions of the

muscle were prepared separately by homogenizing 10 g of tuTpl" with 90 ml of

physiological saline tO.ASy" NaCl) in a sterile blender jar giving a sample with

1:10 dilution. Total viable bacterial load expressed as colony forming units per

ffi"jii;f.' ",rr.f ",-Sillt-;; 
intestine tC'rUlS) of the representative samples

were determined by standard plate count o"n plate count agar (Hi Media)

following consecutive decimal dilution technique. An amount of 0'1 ml of each

desired diluted rrrpr.t were pipetted out and transferred to agar plate and

qri.r.rv spread on the agar surface by an L-shaped glass rod until the samples

were dried out. The platJs *ur" incubated at 3OoC 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

Organoleptic changes during ice and frozen storage
Table 3 shows 

1l-" :n,"rr"r_in organoreptic quarities of hirsha fish during icestorage in an insurated box. The flshes were organorepticary in acceptabrecondition for 20 days. The pattern of changes in organoreptic quarity can beroughly divided into 4 phaser'.orr"rponding to periods of 0 to 4, 5 to B, g to 12,13to20 days in ice. rn the phase t'the-fishes were just passes the rigor_mortisand there was a very.rittre change in-texture. At this stage, the fishes were inexcellent condition with naturar frivou*na oaorr. ," pirr"" r, ,h"r" *r, a srightdecrease in brightness, natural fravour and odour. But in phase ilr there wasconsiderable ross of characteristic odour and the fresh was'neutrar but had nooff-flavour. ln phase IV there *"r rigrr;f earry spoirage with sour off_odour. rnthe later part of this stage,,the fish.o""gi*,to taste stare, its appearance began toshow obvious sign of sfoirage.una tr,3 gilrs and. bery cavity had an unpreasantsmell' tn the previous study, the sherf Tir" or the hirsa riril oitrirud from thelanding centre at Chandpui *r, fornJ te ary, in ice in 
"n'inrur","d container(Uddin 1995)' However, the.pattern oi qrutity changes our"rr"a in the present

;yi$ 
is almost similar to that ,"pou"j ror'th" coi rirn 1."r"g" in ice (FAo

;:l'" '' 
Changes in organoreptic quarities of Hirsa fish d4ring ice srorage in an insurated

Days of
storage

Organoleptic
qualities

Defect Crade
points

Overall
quality

Fresh, bright
firm texture
fresh odour

appearance; soft and
with characteristics of

1.15 Excellent

Excellent

Acceptable

Acceptable

Fresh, bright,slightly softer Excellent
texture; natural fish odour
A decrease in brightness; slight lossol natural flavour some slime on
surface

Considerable loss in brightness;
Acceptable surface is covered with
slime; softer in texture; some loss n
natural flavour

1.37

2.14

12
2.57
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16 Slimy surface and soft texlure;2'72 B

considerable loss of flavour and

odour; reddish in lateral muscle

20 Fish has dull appearance with blood'3'14 B

and slime on surface; AccePtarlce

texture begin to show obvious sign ot

spoilage' Cills and belly cavity had an

Acceptable

ln the limit
of
acceptance

Reject
21

unpleasant smell

The fish is putrid by all of the 5'00 C

characteristics

Changes in organoleptic qualities of 4 and 7 days of ice stored hilsa during

trozen storage at -20oC are shown in Fig.1.. The pattern of changes in

organoleptic {uality can also be roughly divided into four phases corresponding

to"periojs of b to 24, 25 to 40, 41to 48 and 49 to 60 weeks in frozen storage' ln

the phase I the fishes were in excellent condition with natural odour and flavour'

ln phase ll, a little changes in odour, flavour, texture and brightness were

occurred. But still then, they were in good condition. In phase lll there were

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

but had no off-flavour. The fishes were in acceptable condition in this phase' ln

phase lv fishes lost their original quality. ln the beginning of this phase

considerable loss of odour andflavour occurred. ln the later part of this stage, its

appearance and texture already showed obvious signs of spoilage.Although in

boih conditions the fishes were organoleptically in acceptable condition up to 48

weeks, yetwith regard to the potential storaSe life of frozen fish, it can be said

that the highest degree of freshness can be maintained up to 48 weeks for hilsa

fish stored in ice for 4 days and subsequently frozen at -20oC. The results also

showed that the longer is the duration of ice storage before treezing, the shorter

is the keeping quality of the fish. This is in agreement with Partmann (1963) who

suggests tiratine keeping quality of fish can be maintained for a longer period if

tfrJjlsn are frozen befol iesolution of rigor mortis. lt would be noted that the 4

days of ice stored fishes were frozen in-rigor state, while .7 days of iced fish

were frozen after resolution of rigor. Kietzmann (1969) has reported that a

storage temperature of -2BoC is most favourable for fish freezing.
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Storage period (Weeks)

I + Oaye ot kled hilea Nl 7 days ot iced hilsa

Fig. 1. Chan8_es in organoleptic qualities of 4 and 7 days of ice-stored hilsa fish during
storage at 200C.

Bacteriological changes during ice and frozen storage

Changes in bacterial load in ice stored hilsa fish are shown in Table 4. The
bacterial ioad of the fish ,rr.f6' was not determined 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 x lO2CfU/g which increased gradually with the
storage period. At the end of 20 days of ice storage bacterial load increased to
1.Bx 1os cru/g and at this stage the fishes *"r" org"noleptically in acceptable
condition.

Table 4. Standard plate count of ice-stored hilsa

Days of storage CFUIg of muscle

2.5 x 102

9.3 x .103

1.7 xlOa

8.8 x 1Oa

1.8x10s

4

B

12

"t6

20

't 07

o.5

o
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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 to a period of
gradually accelerating phase associated with qrganoleptic 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 gr:owth of bacteria. Joseph et a/. (1988)

observed a similar increasing trend in bacterial population from 7.66 x t O3 Cf U/g

to 6.51 x tOs CfU/g atler 20 days of ice storage in muscle of ruhu tish (Labeo

rohita). Shetty et at. (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 at -20oC

Storage period 4 days iced hilsa CFU/g

of muscle
7 days iced hilsa CFUIg

of muscle

lnitial

B Weeks

24 Weeks

40 Weeks

2.5 X 103

3.5 X 102

2.2 W'tOz

Below the detection level

3.8 X 104

3.8 X 102

2.4 X 102

Below the detection level

Table 5 showing the changes in the bacterial load of frozen stored (-20'C)

hilsa fish which were stored in ice for 4 and 7 days prior to freezing. The initial

bacterial load of the samples prior to freezing were 2.5 X 103 CFU/g and 3.8 X

104 CFU/g bpt after B weeks of frozenstorage the bacterial load were 3.5 X 102

CfUlgand 3.8 X 1O2CFU/g in 4 days and 7 days ice stored fish samples

respectively. After 24 weeks of frozen storage, the above bacterial load

decreased to 2.21 x 102 CFUIy and 2.38 x lO2CFUlg respectively. However,

after 40 weeks the bacterial load in the frozen stored sample fell below the

detection level. This is to 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
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number of bacteria. ln contrast, the bacteria actually penetrated the flesh via the
collagen fibres when the fish were stored at higher temperatures (>+Boc).
(Shewan and Murray 1979). ln the present study fish samples were ice-stored
almost immediately after catch, therefore, it is expected that only a few bacteria
could invade the muscle during the period of 7 days ice storage. Low initial count
in the fish samples is the proof of above assumption . Joseph and solanki (19s5)
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 lrozen storage. Carg 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 usual conditions of storage of frozen foods microbial growth is
prevented entirely. During freezing the ice crystals rapture tissue cells or even
microorganisms. The initial 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
decreased with the increase of storage time.

Conclusions

1 Hilsa fishes stored in ice id-an insulated box immediately after capture were
organoleptically in acceptable condition for 20 days compared to 1B days
for fishes obtained from landing centre under similar storage conditions.

2 The bacterial load in 4 days ice stored fish muscle was 2.5 x tO2Cf U/g
which increased gradually with the storage period. At the end.of 20 days of
ice storage bacterial load increased to 1.8 x 10s CFUIg and the fishes were
organoleptical ly in acceptable condition.

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

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

4 The bacterial loads of 4 days ice stored fishes were 2.5 x103 and :.'a * tO4
CFUIg respectively which decreased drastically and fell below the detection
level after 40 weeks of frozen storage.
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