August 2008

Trave Science Inc.

Volume 2 | ssue 2

LioSechn o/oyy

A Indian Yournal

—=— FyLL PAPER

BTAIJ, 2(2), 2008[111-122]

Effective methods for postharvest intervention in processing
of Bombay duck (Harpodon neherius)

Krishna Prasad Nooralabettu

Department of Biotechnology, P.A.Collegeof Engineering, Nadupadavu, Near M angalore Univer sity,

Mangalore-574153, Kar nataka, (INDIA)

Phone: 0091 9448529048
E-mail: lodhariad1@Ilycos.com

Received: 2™ April, 2008 ; Accepted: 7" April, 2008

ABSTRACT

Predrying chilling and holding of the dressed Bombay duck samplesat 0°C
registered lower levels of mesophilic, proteolytic and lipolytic bacterial
count compared to the samples held at 28°C for 16 hours, and the reduction
in the rate of bacterial proliferation and spoilage correlates well with the
reduction in temperature of storage. Even though inverse relationship ex-
ists between the salt concentration and the microbial proliferation, high
concentration of salts results in the products with rancid flavors which
correlate well with the decreasing preference. If the material isto be held
prior to drying, holding DBD in mixture of 200 1U/g of nisin, 50ug/g of
lysozymeand 0.3 mM EDTA (NIS+LY S-28C/16H-DBD) synergigtically re-
duce the spoilage bacteria than each alone. Untreated sundried Bombay
duck was unfit for human consumption. Bombay duck treated with the
mixture of nisin, lysozymeand EDTA, artificial dried at 45°C werejudged
superior by sensory evaluation than salted or chilled, artificial dried dressed
Bombay duck.  © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Extenson of shelf lifeof driedfish could haveasig-
nificant effect on the dried fish produced around the
world. Initia freshnessof thefreshfishhasadirectim-
pact on the keeping quality of thedried fish products.
At ambient temperaturefresh fish becomesunsuitable
for human consumptionwithin 12 hourg¥ andtwo hours
delay beforecoalinginiceagpproximatedy havesthestor-
agelife?, but coolingfishto-2°C or just above actua
freezing temperature, should have apositive effect on

extending biochemicd life, evenin comparisonto stor-
ageinmdtingiced. Shdf lifeof sdted seafood depends
onthehurdleeffect and generaly, salted productscon-
taininglow amountsof sdtshavehighest qudity. Fresh
fish held with bacteriolytic or bacteriostatic agentslike
nisin, lysozymeand EDTA, often hasan additive, or
even asynergetic effect when added togethert:
Bombay duck (Harpodon neherius), isasingle
speciesfishery of high magnitudeand oneof thelargest
produced and relished dried fish along Gujarat and
Maharastrian coast of India. Almost entire catch of
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Bombay duck isdried in sun without salting, asitis
unsuitablefor usein fresh or frozen form dueto high
moi sture content of 90.98%. Depending uponthedis-
tancefrom thefishing ground to shoreit takesmore
than 4 hoursto reach landing centreand dryingin sun
takesthree or many days depending upon theweather
condition®. Surfaceskinand viscerd partsof Bombay
duck have characterigtic floraof their own and possess
powerful enzymes and bacteriawhich areresponsible
for the spoilag€e'®. Proteolytic and li polytic enzymatic
activitiesof microorganismsarethemostimportant cause
for food spoilage”. Increased trimethylaminelevelsin
tissues are considered to be characteristic of marine
fish spoilage®. Quality of thedried fishanditskeeping
quality isinfluence by the nature of theraw material,
predrying dday, unhygienic handling, unpredictabledry-
ing condition, improper salting methods, improper dry-
ing practiceand unprotected storage, and arethemain
reason for the availability of most of thelow quality
dried fishadong the Tamilnadu and M aharastrian coast'®
1 Initial freshnessof raw materid affectsthequality of
thefinal dried products'? and the sun dried fish prod-
uctswereof poorer quality compared to other meth-
odsof drying™*?,

Fishdryingisthefirst to start with and last to de-
velop inthefishindustry. Even today hardly any so-
phisticated equipmentslikeartificia drier or machinery
isemployed for the production of dried fish. Most of
the drying operations are carried out right along the
beaches or roadsi de pavements making it possibleto
contaminate by both micro and macro organisms. Dry-
ing techniqueis often considered to produce energy
saving ascompared to frozen productsandlittle or no
additional energy isrequired and hence considerable
scopeexistsfor improving qudity of dried fish produced
inIndiato feed the poor people by improving the pro-
ng techniques.

But even after being single speciesfishery of high
magnitude and one of thelargest produced dried fish
aong Gujarat and M aharastrian coast not much attempt
isbeing madeto improvethe age old method of sun
drying and to study the affect of different methodson
themicrobiologica floraand on the quality of thefinal
dried productsduring processing. So, thisisan attempt
to study the effect of temperature, sdt, nisin, lysozyme
and ETDA onthe spoilage bacteriaand itsimpact on
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thequdity of thefind dried product.
MATERIALSAND METHODS

Fresh Bombay duck (FBD) and Dr essed Bombay
duck (DBD)

Fresh Bombay duck (FBD) used for the present
studieswas obtai ned from thefishing boats caught us-
ing ‘dol’ net. ‘Dol’ net is a large conical nylon net bag
with rectangular mouth portion and tapering end por-
tion. Thetimelapsed between catching at the fishing
ground and landing at ‘Sasoon dock’, Bombay, may
not exceed over four to Sx hours. The FBD was brought
inaninsulated container after adequately icingthemin
the proportion of 1:1 fishtoice, to thelaboratory of
Centra Institute of Fisheries Education (ICAR),
Bombay withintwo hours. The FBD samplesbel ong-
ing to sizegroup of 21-23 cmlong; weighing around
80-85 g were sorted out on asanitized stainless steel
working table. The FBD sampleswerewashed using
chilled running water sysem maintained between 2-4°C.
Thedressed Bombay duck (DBD) sampleswere pre-
pared by splitting open the bel ly without removing the
heed, finsor tail under aseptic conditionsand washing
again under chilled running water system so asto re-
moveblood, dime, dirt etc.

Predrying holding with or without treatment

To study the preprocess spoil age, untrested dressed
Bombay duck samples(UT-DBD) werekept at 28°C
(UT-28C/16H ) or super chilled DBD &t 0°C (UT-0C/
16H ) inthermogtatically controlled coolingincubator
(Rotek, Cochin) in polythene pouchesfor varioustime
intervals. To study the effect of nisinand/or lysozyme
on the preprocess spoilage, DBD samplesweretreated
at 28 or 0°C with 200 1U/gof Nisnand 0.3mM EDTA
(N1S-28C/16H-DBD or NI1S-0C/16H-DBD), 50ug/
g of Lysozymeand 0.3 mM EDTA(LY S-28C/16H-
DBD or LY S-0C/16H -DBD), or in acombination of
200 1U/gof Nisin, 50ug/g of Lysozyme and 0.3 mM
EDTA (NIS+LY S-28C/16H -DBD or NIS+LY S-0C/
16H -DBD ) for varioustimeintervas. Sampleswere
drawnfromNIS-28C/16H-DBD, N1S-0C/16H-DBD,
LYS-28C/16H-DBD, LYS-0C/16H -DBD,
NIS+LY S-28C/16H -DBD and NIS+LY S-0C/16H —
DBD for analysisregularly. Dressed Bombay duck
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(DBD) sampleswereal so treated with 10, 20 and 36
% (Saturated) salt solution for studying the effect of
sodium chloride onthe preprocess spoilage. Theratio
of fishto brinewasoneliter solution for oneand ahalf
kilograms of material. In another batch, DBD samples
weresalted intheratio of 1:6 saltsto fish proportion.
During sdting utmost carewastaken so asto haveuni-
formavailability of fineand coarsesdt for dl thesamples.
Localy procured common sat having around 99% so-
dium chloridewiththe sizeof 3-5mmof coarsesatin
2/3 partsand thesizeof 1-0.5mmfinesdtin 1/3 parts
wereusedin 1: 6 proportioninsalt tofishratio. The
samplesweredrawn from DBD treated with 10% so-
dium chloridesolution (SA10-28C/16H -DBD), 20%
Sodium chloride solution (SA20-28C/16H -DBD),
saturated sodium chloride solution (SA36-28C/16H -
DBD) and dry salt (SADS-28C/16H -DBD) during
16 hoursof sdtingor briningat 28°C for andysis. Prior
to drying SA20-28C/16H -DBD samplesweredipped
in3.5% salt solutionsand drai ned.

Sundrying

Untreated sundried dressed Bombay duck (UT-
SD24-32-DBD) was prepared by drying DBD in sun,
by hanging the fish on 2 cm diameter ropes hung at
about 3meter height and tied onfixed polesat intervals
of 4 meters. The DBD sampleswere hung after inter-
locking thejawswith heads up and tailsdown. Around
30-40 fisheswere hung per meter. The ambient tem-
perature varied between 24-32°C, air velocity was
between 0.053-0.502 meter per second and relative
humidity was between 55-68%.

Artificial drying

All other samples processed under various condi-
tions(UT-DBD, UT-28C/16H-DBD, NIS+LY S-28C/
16H-DBD and SA20-28C/16H-DBD) weredried at
45°CinaTory kiln by thermostatically controlled 18
KW dectricd heater grids, air velocity of 1.003 meter/
second acrossthetrolley driven by apowerful blower
which wasdriven by amotor of 0.75 HP andrelative
humidity of air wasmaintained at 60+2% controlled by
air inlet and re-circul ation damper. The sampleswere
hung on onemeter long iron rodsafter interlocking the
jaws; theiron rods were mounted on wooden frames,
whichwereplaced on anangleirontrolley. After load-

ing thetrolley, it was placed in the drying chamber of
theTorry-kiln. Thedoor was closed and thedrier was
switched on. Thetemperature, air velocity and humid-
ity wasmonitored regularly, recorded at regular inter-
valsof timeand maintained at constant rate. Samples
drieda 45°C (UT-AD45-DBD, UT-28C/16H-AD45
DBD, NIS+LY S-28C/12H-AD45-DBD and SA20-
28C/16H-AD45-DBD) areused for further studies.

Chemicals

All thechemicasused were of andytical gradeand
were obtained from Merck Limited (Mumbai, India).

Proximateanalysis

The wet fish sampleswere blended in ahomog-
enizer a 3,000rpmfor 10 minutesand dried fish samples
were powdered in awaring blender at 22,000 rpm for
10 minutes. Analysis of samplesat different stages of
processing was performed in quadruplicate. Moisture
content of the samples were estimated as per* and
expressed as percentage moisture. Salt content of
samples were estimated as per™™ and expressed as
percentage of salt. Thetotal lipid in the fish was ex-
tracted and free fatty acids (FFA) of thelipidswere
estimated by themethod described by and were ex-
pressed as percentage of oleic acid on lipid basis.
Trichloro acetic acid extract was prepared as perl*
and used for measuring non-protein nitrogenous sub-
stances (NPNs) liketrimethylaminenitrogen (TMAN)
andtotal volatilebasesnitrogen (TVBN). TMAN and
TVBN content of the sample was determined by the
micro diffusion method asdescribed by and the val -
ueswereexpressed asmg/100g of fish muscle.

Microbiologica methods Glasswareand prepared
mediawere sterilized usng moist heat at 121°Cfor 15
minutes. Petri dishes, homogenizers, pipetteswerester-
ilizedusing dry heat at 180°C for 1 hour. 10% skimmed
milk, 10% trybutyrin solution were sterilized by
Tynddlisation method, wheresolutionwasfreesteamed
for onehour onfirst day and for thirty minuteson the
next two successive days. Mesophilic bacteria count
(MBC) wasdetermined as per(*® method. MBC was
enumerated and expressed as mesophiles per gram of
sampleondry weight basis. Proteol ytic bacteria count
(PBC) was determined using the method of*¥. Pro-
teolytic pogitivebacteria colony formsclear zonearound
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the colony and was expressed asnumber of proteolytic
bacteriaper gram of sample on dry weight basis. Li-
polytic bacteria count (LBC) wasdetermined by the
method explained by using Trybutyrineagar. Hydroly-
gsof tributyrin resultsin dearing of medium and forma-
tion of aclear zone around the colony, which wasenu-
merated and expressed aslipolytic count per gram of
sampleondry weight basis.

Sensory evaluation

Physca characterigticsof freshand driedfishsample
werenoted in relation to appearance, colour, odor, tex-
ture, and flavor. Organoleptic properties were con-
ducted using aten member panel of trained profession-
as. The panelistswere provided with clean water to
rinsethelr mouth after tasting each sampleand samples
were already placed in separate booths and each
samplewas|abeled in such away that the pandlist will
not be abletoidentify them. The sampleswere evalu-
ated using anine point hedonic scalebasis (9 =like
extremdy, 8=likevery much, 7 = likemoderately, 6 =
likedightly, 5=neither likenor didike, 4=didikedightly,
3=didikemoderately, 2=didikeverymuchand 1=
didikeextremdy)i4,

Satistical analysis

One- and two-way ANOVA was performed using
Statographics 2.1 (STSC Inc., Rock vile, MD). The
differenceinmeanswasanalyzed usngaTurkey HSD
test (p<0.05).

RESULTS

Predrying holding of untreated Bombay duck at
280r 0°C

When UT-DBD sampleswere held at 28°C (UT-
28C/16H-DBD) for 16 hours, mesophilic bacterial
count (MBC) increased by 538.46+0.25 folds, but as
thetemperature of the storage of the sampl esreduced
to 0°C (UT-0C/16H-DBD) theincrease of MBC re-
duced drastically to 7.89+0.025 folds. UT-28C/16H-
DBD registered higher (p<0.05) levelsof MBC than
UT-0C/16H-DBD samples. Proteol ytic bacteria count
(PBC) increased by 79.57+0.022 folds at 28°C, but
only by 15.53+0.021 folds at 0°C. Itisinstructiveto
note herethat the devel opment of TMAN and TVBN
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reduced drastically (p<0.05) asthe storage tempera-
tureof the samplesreduced to 0°C(Figurel). Similarly
during 16 hours of holding, lipolytic bacteria count
(LBC) increased by 81.5+0.025 folds at 28°C, but only
by 17.2+0.023 folds at 0°C. Accumul ation of freefatty
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Figurel: Changesin MBC, PBC and NPNsin UT-DBD
during storageat 0°C or 28°C
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during storageat 0°C or 28°C
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acids (FFA) increased remarkably (p<0.05) during the
storage of UT-DBD at 28°C, but there was consider-
ablereduction (p<0.05) in the development of FFA as
recorded in UT-DBD samplesheld at 0°C (Figure 2).
UT-DBD held at 28°C beyond 4 hours were found
unacceptabl e by the sensory pand and scored lessthan
5 pointson Hedonic scale. FFA, TMAN and TVBN
registered at this point of storagewere6.76+0.02% of
oleic acid, 11.83 mg%, and 35.17+0.15mg% respec-
tively. Freshly caught Bombay duck (FBD) contained
semitransparent body, Slvery whiteabdomen and trans-
parent fins, but turned grayish, translucent and found
unsuitablefor human consumption during 16 hours of
holding at ambient temperaturewithout treatment

Predrying holding of dressed Bombay duck in
different concentrationsof salt at 28°C

During predrying holding of DBD samplesat dif-
ferent concentrations of saltsat 28°C, MBC increased
respectively by 1.4+0.002 and 1.28+0.003 folds in
SA10-28C/16H-DBD and SA20-28C/16H-DBD
samples, but decreased respectively by 0.32+0.003 and
0.26+0.002 folds in SA36-28C/16H-DBD and
SADS-28C/16H-DBD samples. During these period
PBC decreased by 0.52+0.002, 0.46+0.001,
0.440.003, and 0.40+0.002 folds (Figure 3), and LBC
decreased by 0.31+0.003, 0.28+0.002, 0.23+0.001,
and 0.2+0.002 folds in SA10-28C/16H-DBD, SA20-
28C/16H-DBD, SA36-28C/16H-DBD and SADS-
28C/16H-DBD samplesrespectively (Figure4). It can
be noted from thefigure 3and 4 that FFA, TMAN and
TVBN increasesgradually (p<0.05) with thetreatment
period, but rate of increase of va uesdecreases (p<0.05)
with theincreasein the concentration of sdt. At theend
of thesdting period moisture content was 86.19+0.035,
81.29+0.04, 70.56+0.03, and 68.02+0.03% in SA10-
DBD, SA20-DBD, SA36-DBD and SADS-DBD
samplesand salt content was 4.11+0.1, 10.89+0.02,
13.01+0.03, 16.66+0.02 and 18.02+0.02% respec-
tively on dry weight basis. Sensory panelists consid-
ered SA20-28C/16H-DBD wasthe best amongst the
sated samplesand scored highest for flavors(Hedonic
scaleof 8.6+1.4.)

Predrying holding of dressed Bombay duck with
nisin and/or lysozymeat 28 or 0°C

———————y FULL PAPER
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Six setsof DBD samplesweretreated either witha
mixture of 2001U/g of nisinand 0.3mM EDTA, 50ug/
ml of lysozymeand 0.3mM EDTA, or 2001U/g of ni-
sin, 50pg/ml of lysozymeand 0.3 mM EDTA for 16
hoursat 28°C (N1S-28C/16H-DBD, LY S-28C/16H-
DBD, or NIS+LY S-28C/16H-DBD respectively), or
0°C (NIS-0C/16H-DBD, LY S-0C/16H-DBD, or
NIS+LY S-0C/16H-DBD respectively).

During thetrestment of DBD sampleswith 2001U/
gof nisnand 0.3mM EDTA at 28°C (N1S-28C/16H-
DBD), MBC, PBC and LBC increased by 431+0.19,
76.91+0.029, and 76.91+0.035 folds (Figures 5 and
6), and in untreated samples (UT-28C/16H-DBD),
countsincreased by 538.46+0.25, 79.57+0.022, and
81.5+0.025 folds by 16 hours respectively (Figures 1,
2,5and 6). It isinteresting to note herethat therewas
no significant difference (p>0.05) intherate of change
of TMAN, TVBN and FFA wereregistered between
untreated (UT-0C/16H-DBD) and treated (N1S-0C/
16H-DBD) samplesduring 16 hours of holding, and
NIS-28C/16H-DBD beyond 4 hours was found un-
acceptabl e by the sensory pand (Hedonic scale of less
than 5).

It can be noted here that during the treatment of
DBD sampleswith 50pg/ml of lysozyme and 0.3 mM
EDTA at 28°C for 16 hours (LY S-28C/16H-DBD),
MBC, PBC and LBC decreased by 0.535+0.002,
0.662+0.002, and 0.74+0.003 folds(Figures 5 and 6).
Itisingtructiveto note herethat MBC, PBCand LBC
reduced significantly (p<0.05) in N1S-28C/16H-DBD
samples, and smilarly therate of accumulation of free
fatty acidsand devel opment of non-protein nitrogenous
substances reduced significantly (p<0.05). Sensory
panel observed that the NIS-28C/16H-DBD samples
were unacceptabl e beyond 8 hours of storage at 28°C
(Hedonic scaeof lessthan 5).

It isinstructive to note here that when the DBD
sampleswereheld at 28°C in combination of 2001U/g
of nisin, 50pug/ml of lysozymeand 0.3 mM EDTA for
16 hours (NIS+LY S-28C/16H-DBD), MBC, PBC
and LBC decreased by 0.16+0.002, 0.27+ 0.002, and
0,17+0.003 folds respectively (Figures 5 and 6). Simi-
larly therate of accumulation of freefatty acids, oxida:
tion of trimethylamineand devel opment of volatilebases
were decreased drastically (p<0.05) during holding
period and sensory panel observed that theNISHLY S-
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28C/16H-DBD samples were acceptabl e even after
16 hours of storage at 28°C (Hedonic scaleof 6.2).
But it isinteresting to note here that therewas no
sgnificant (p<0.05) differencein therate of increase of
proteolytic and lipolytic mesophilic bacteria, accumu-
lation of freefatty acids, oxidation of trimethylamine
and development of volatile bases between untreated
(UT-28C/16H-DBD) and treated (NIS-28C/16H-
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DBD, LY S-28C/16H-DBD or NIS+LY S-28C/16H-
DBD) samples(Figures7 and 8).
Sundrying (SD24-32) or Artificial Drying (AD-45)
of DBD

During the sun drying (SD24-32) of UT-DBD

samplesMBC, PBC and LBC increased respectively
by 357+1.23,233+1.12, and 309+1.32 folds(Figures
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9 and 10). It took around 60 hours to reduce water
concentration from 90.43+0.21 to 16.16+0.23%, while
ambient temperature varied between 24-32°C, air ve-
locity between 0.053-0.502 meter per second and rela
tivehumidity between 55-68%. When thetemperature
of air drying wasraised to 45°C with theair speed of
1.003 meter/second and relative humidity of 60%, the
period of dryingwaslower than sundrying. During arti-
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ficid drying (AD-45) of UT-DBD samples, MBC, PBC
and LBC increased by 75.94+1.55, 11.32+1.23 and
8.3+1.45 folds respectively. It is interesting to note that
the TMAN, TVBN and FFA was more (p<0.05) in
UT-SD24-32-DBD samples, than UT-AD45-DBD, as
it took 60 hoursfor sun drying (SD24-32), but only 40
hoursby artificial drying (AD-45). Sensory panelists
considered that UT-AD45-DBD sampleswere better
and scored highest for flavors (Hedonic scale of
7.0£1.4), than SD24-32-DBD, which was found un-
acceptableat theend of thesundrying (Hedonic scale
of lessthan 5 points).

Artificial drying (AD-45) of UT-DBD, UT-28C/
16H-DBD, SA20-28C/16H-DBD and NIStLY S
28C/16H-DBD samples

During artificial drying (AD-45) of UT-AD45-
DBD, UT-28C/16H-DBD, SA20-28C/16H-DBD and
NIS+LY S-28C/16H-DBD samplesMBC, PBC and
LBCincreased (p<0.05) gradudly fromtheinitid vaue
(Figures 11 and 12), but there was no significant
(p>0.05) differencein therateof increase of bacterial
countswere observed in both treated (SA 20-28C/16H-
DBD or NIS+LY S-28C/16H-DBD)and untreated
(UT-AD45-DBD or UT-28C/16H-DBD)samples at
any given point of drying period. Eventhough therate
of increase of MBC, PBC and LBC during artificial
drying remained respectively at arate of 75.85+1.5,
11.51+0.58 and 8.4+0.25 folds, higher (p<0.05) lev-
elsof MBC, PBC and LBC wasregisteredin UT-28C/
16H-AD45-DBD samples, followed by SA20-28C/
16H-AD45-DBD, UT-AD-45-DBD, and least count
wasobserved inNIS+LY S-28C/16H-AD45-DBD at
theend of thedrying period. Similar trend wasregis-
tered in FFA, TMAN and TVBN values even after
havingvariedinitial values. In generd termsUT-SD24-
32-DBD, UT-AD45-DBD, NIS+LY S-28C/16H-
AD45-DBD, SA20-28C/16H -DBD, and UT-28C/
16H-AD-45-DBD samplesscored 4.2+0.1, 7.0+1.4,
8.4+1.6, 8.2+1.4, and 4.2+1.2 points respectively on
Hedonic scale.

DISCUSSION

When untreated dressed Bombay duck (UT-DBD)
washeld at ambient temperature of 28°C for 16 hours,
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mesophilic, proteolytic and lipolytic bacterial count
(MBC, PBCand LBC) increased sgnificantly (p<0.05),
but the microbial proliferation reduced drastically
(p<0.05) asthe temperature of the holding decreased
to 0°C. Ratereductionintheproliferation of mesophilic
bacteriaat reduced temperature may be duetothein-
hibition of mesophilic bacteriaand reduced autolytic

- VEC-EA0-230MEH-AD45-DED
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enzymatic activity at low temperature of storagel?>23,
It isimportant to note herethat intropica and subtropi-
cd regionsmesophilicgram positivebacterid activity is
the primary cause of fish spoilage®. In untreated
samples (UT-28C/16H-DBD) accumulation of fatty
acids, oxidation of trimethylamineand formation of vola-
tilebases correlates (p<0.05) well with the prolifera-
tion of mesophilic, proteolytic and lipolytic bacteria.
Results based on proteolytic and lipolytic bacterial
count, protel n degradation products, total volatilebase
and trimethylamine contents, showed that fish stored at
ambient temperature deteriorates at higher ratethanin
ice®2, Eventhough therate of proliferation of meso-
philic bacteriadecreaseswith the decreasein thetem-
perature of storage, therewasasignificant (p<0.05)
increasein proteolytic and lipolytic mesophilic bacte-
ria, accumulation of fatty acids, oxidation of thetrim-
ethylamineand formation of volatilebaseswereregis-
tered at 0°C (UT-0C/16H-DBD), which may attribute
to the domination and spoilage of proteolytic
Pseudomonads over the spoilagefloraof aerobically
chill stored prote naceousraw mest effecting quaity!?”.
The principa spoilage organismsare Pseudomonassp
and Alteromonas putrefaciens during iced storage,
while Bacillus sp, Pseudomonas sp, Alteromonas
putrefaciensand Proteus dominatesthe spoilageflora
at ambient temperature, and TMAN and TVBN proved
toberdiablequdity indicesduringambient Soragewhile
their reliability asqudity indicesduringicestorageis
questionabl€?- In the present study untreated samples
stored at 28°C for 16 hours (UT-28C/16H-DBD) were
judged unfit for human consumption by the sensory
pandl.

When DBD sampleswere held at 28°C with dif-
ferent concentration of salt (SA10-28C/16H-DBD,
SA20-28C/16H-DBD, SA36-28C/16H-DBD and
SADS-28C/16H-DBD), MBC, PBC and LBC de-
creased with theincreasein the concentration of salt,
which goeswdl with thefindingsof Buckle, Souness,
Putro, and Wuttijumnong?. Inversereationship exists
between sat content and total plate count’® Decreased
rate of accumulation of fatty acids, and formation of
volatilebaseswereregistered, asthe sat concentration
increased, which may attributeto theinhibition of li-
polyticactivity and proteolytic activity by sodium chlo-
riderespectively®l. Oncethe salt content of thefresh

tissue rises above 9%, the effect of most of the en-
zymesand bacteriahdtd*3, but hal ophilic bacteriagrows
successfully in the presence of sat®¥ The dressed
Bombay duck (DBD) samples held at 28°C in 20%
sat concentration (SA20-28C/16H-DBD) werejudged
superior by sensory panelists, but SA36-28C/16H-
DBD and SADS-28C/16H-DBD sampleswerefound
unacceptable by pandist even after havinglower MBC,
PBC, LBC, FFA, TVBN, and TMAN duetothehigh
salt content intheflesh, off color and rough texture.
Even though increasein concentration of the salt de-
creasesmicrobial load, it increasestherancidity and
order of therancidity correlateswell with decreasing
preference®.

Predrying holding of DBD with 2001U/g of nisin
and 0.3 mM EDTA (NIS-28C/16H-DBD), did not
have much (p>0.05) effect on the reduction of pro-
teolyticor lipolitic mesophiles, and hence on the accu-
mulation of fatty acids, oxidation of thetrimethylamine,
and formation of volatile basesa ambient temperature,
and these sampleswere found unacceptable beyond 4
hoursof storage. Nisinisprimarily activeagaing gram-
positive bacteria, but some gram-positivebacteriacan
becomenisin resistant™™!, Nisin sensitivity of Gram-
positive bacteriaisreported to vary considerably with
itsefficacy being dependent on the concentration of the
nisin and thenumber of sporesor bacteriapresent. Ef-
fects are reported to be enhanced when the bacteria
aregrowing and when nisinisused aspart of amullti-
preservation system®, But lysozyme at 50ug/g and
EDTA at 0.3mM waseffectiveinhibitorsof proteolytic
and lipolytic mesophilic bacteriaand hence accumula
tion of fatty acids, oxidation of thetrimethylamine, and
formation of volatilebasesinthesamples(LY S-28C/
16H-DBD) reduced significantly (p<0.05). Bacterio-
daticand bactericida propertiesof lysozymehavebeen
the subject of many studies, and over thelast 10 years,
severa authors haveproposed a novel antibacterial
mechanism of action for lysozymethat isindependent
of its 1,4-B-N-acetylmuramidase activity. When the
sampleswere held at 28°C inthe presence of combi-
nations of 200 IU/g of nisin, 50ug/g of lysozyme and
0.3 mM EDTA for 16 hours (NISt+LY S-28C/16H-
DBD), rateof inhibition of mesophilic, proteolytic and
lipolytic bacteriawas at much higher rate than those
recorded in those samples held only with lysozyme
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(LY S-28C/16H-DBD) and hencetherate of accumu-
lation of fatty acids, oxidation of thetrimethylamine, and
formation of volatilebasesreduced drasticaly (p<0.05).
Itisvery interesting to note herethat predrying holding
of DBD inthepresenceof 200 1U/g of nisin, 50ug/g of
lysozymeand 0.3 mM EDTA wasmuch moreeffective
inreducing the accumulation of fatty acids, oxideation of
thetrimethylamine, and formation of volatile basesthan
nisin or lysozyme alone. Nisin in combination with
lysozymeareeffectiveininhibiting gpoilagebacteriathan
each alond® ¥, Sdtsof EDTA havelong beenused as
antimicrobial agents, particularly against bacteria®9,
They have a so been effective as enhancers of other
antimicrobial agents, such aslysozyme or nisini+42,
EDTA synergisticaly enhanced the activity of nisn, and
lysozyme“3. But the presence or absence of nisin, or
lysinedid not have much effect on the proliferation of
mesophilic, proteolytic and lipolytic bacteriawhen the
samples were held at 0°C (UT-0C/16H-DBD, NIS-
0C/16H-DBD, LY S-0C/16H-DBD or NISt+LY S-0C/
16H-DBD), which may attribute to the reduced en-
zymeactivity at reduced temperature®4,

With the varied ambient temperature, air velocity
and relative humidity, it took 60 hoursto dry by sun,
but when temperature, air velocity and rel ative humid-
ity of theenvironment wascontrolled by artificia means,
drying period reduced to 40 hours at 45°C to reach
moisturelevelslower than that obtained by sundrying.
Therateof increase of microbia count decreasessig-
nificantly (p<0.05) withtheincreaseintemperature us-
ing artificial dryer, because higher rate of drying de-
creasesthemicrobia growth prior tothe state of suffi-
cient dryness®, but lower (p<0.05) levels of microbial
count wasobserved during initia period of sundrying
which may attributeto theimpact of sunraysonmicro-
organisms. Even though no significant difference
(p>0.05) in the rate of change of both FFA, TMAN
and TVBN wasobserved in UT-SD24-38-DBD and
UT-AD45-DBD samples, vduesweremoreinformer
than | atter asit took 60 hoursby sun, but lesser a higher
temperature of artificial drying. Untreated sundried
samples (US-SD24-38-DBD) were unacceptable by
sensory pandists(withthe hedonic sca e of lessthan 5)
dueto prolonged drying period.

Itisinterestingto noteherethat initial microbia count
inwet fresh fish (FBD) hasadirect bearing onthe mi-

BioTechnology — o

crobial count of thefinished dried product (UT-AD45
DBD and UT-28C/12H-AD45-DBD). For those
samplesheldfor greater length of timeprior todrying
(UT-28C/12H-AD45-DBD), do have higher meso-
philic, proteolyticandlipolytic bacteria count compared
tofreshly dried samples(UT-AD45-DBD) not only in
thewet fresh fish but alsointhedriedfish. Ingeneral,
sated oneswere havinglower levelsof mesophilic bac-
teriainitialy compared to the unsalted ones® and this
trend continued till the end of thedrying. By sensory
evaluation, artificia dried samples(UT-AD45-DBD)
were better than sundried one (US-SD24-38-DBD)),
andinartificially dried samplestreated DBD with 200
[U/g of nisin, 50ug/g of lysozymeand 0.3mM EDTA
anddried at 45°C (NIS+LY S-28C/16H-AD45-DBD)
were rated superior than salted (SA20-28C/16H-
AD45-DBD) or untreated (UT-AD45-DBD or UT-
28C/12H-AD45-DBD) samples.

CONCLUSION

Predrying holding of dressed untreated Bombay
duck at ambient temperature (UT-28C/16H-DBD)
beyond 4 hours of storage was unfit for human con-
sumption (less that 5 points on hedonic scale), but
superchilling and reducing the storage temperature of
the samples (UT-0C/16H-DBD)to zero degree centi-
gradedrastically (p<0.05) reduced the spoilagerate.
Direct correlation exists between temperature reduc-
tionand ratereductionin proliferation of mesophilic,
proteolytic and lipolytic bacteria, and similar correla-
tion wasregi stered between mesophilic, proteolytic or
lipolytic bacteriaand theformation of trimethylamine,
tota volatilebasesor accumulation freefatty acidsre-
spectively. Thesdting of Bombay duck isbetter incon-
trollingmicrobial growththan chilling, especidly if the
raw fresh Bombay duck isto be held prior to drying.
Inverserelationshipwasrecorded between thesdt con-
centration and themicrobia proliferation, but direct
correl ation was established between microbial prolif-
erationandincreasein TMAN, TVBN and FFA val-
uesduring salting. Though lower microbia count isob-
served in samplestreated with saturated sodium chlo-
ridesolution and dry sdlt, by sensory evaluationit was
judged unsuitable, asincreasein thesalt concentration
of sdtscorrelated well with the devel opment of rancid
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flavorsand the order of therancidity correlateswell
with the decreasing preference. Hence predrying hol d-
ing of dressed Bombay duck in 20% salt solution (SA20-
AD45-DBD) wasjudged of superior quality by sen-
sory eva uation compared to other salted products. By
reducing thetemperature or salting prior to drying de-
creasesonly therate of bacterial proliferation but not
theactua bacterid |oad. Lysozymeincombinationwith
nisinand EDTA areeffectiveininhibiting mesophilic,
proteolytic and lipolytic bacteria, and therate of spoil-
agethan each alone. Sundried products without any
holding prior to drying (UT- SD24-32-DBD) are unfit
for human consumption at the end of drying, but un-
treated artificid dried samples(UT-AD45-DBD) were
acceptable by pandists. Initid bacterid loadintheraw
material hasadirect impact onthequality of thefinal
dried productsand rate of increase of the spoilage bac-
teriaremainsconstant duringdryinginal sampleseven
with varied bacterid load. Holding DBD in mixture of
200 1U/g of nisin, 50ug/g of lysozymeand 0.3 mM of
EDTA (NIS+LY S-28C/16H-DBD) isbetter ininhibit-
ing spoilage bacterial load if thematerial isto beheld
prior todrying.
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