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ABSTRACT

Effect of fluctuating conditions of sun drying on the spoilage microbes,
non protein nitrogenous substances and lipids of the freshly caught Bombay
duck during drying and the final dried Bombay duck (Harpodon neherius)
were studied. Effortswere made to reduce the deteriorative changes during
sundrying and storage by artificial drying at 45°C and packingin polyethyl-
ene pouches. Rate of increase of free fatty acids, trimethylamaine nitrogen
and total volatile bases can be reduced by drying in artificial dryer at 45°C.
Even though there was no difference in the rate of increase of peroxide
value in either artificial drying or sundrying, formation of peroxides can
only be reduced by reducing the drying period. Freshly caught sundried
fish was found unfit for human consumption at the end of the sundring and
remained so during storage but artificial dried fish wasfound acceptabletill
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two months of storage.

INTRODUCTION

Harpodon neherius, commonly called asBombay
duck, isasingle speciesfishery of high magnitudeand
oneof thelargely produced and rdished dried fishdong
Gujarat and M aharashtracoast of India. AlImost entire
catch of the Bombay duck isconsumedinunsalted and
sundried form asit isunsuitable to use either in fresh
form or infrozen form dueto itshighest moisture con-
tent of 90.98%™. Bombay duck issundried by hanging
on scaffoldingsand drying in sun which takes about
three or more days depending upon the weather condi-
tion?. As aroutine practice they are spread on the
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beachesor roadsidesfor further drying making it sus-
ceptibleto contaminate by micro and macro organisms.
Dried Bombay duck isstored in gunny bagsor ‘cadjan’
leaveswoven basketsor bamboo stripsbaskets. Quality
of thedriedfish and itskeeping quality isinfluenced by
the nature of theraw materid, predrying delay, unhy-
gienic handling, unpredictableweather condition and
unprotected storage, and these are the main reasons
for theavailability of most of thelow quality dried fish
along the Kerala, Tamilnadu and M aharashtra coast
[3-5]

Changesintheconcentration of non protein nitrog-
enous substance and products of lipid deteriorationin
fish muscle servesasameasure of freshness or stale-


mailto:lodhariad1@lycos.com

84 Changes in non-protein nitrogenous substances and deteriorative

BCAIJ, 2(2-3) December 2008

Regular Poper ==

nessof seafood®. Totd volatilebasesnormally formed
by bacteria or tissues hydrolysisthrough deaminases
from freeamino acidsand nucl eotide catabolites” and
higher levelsresulting in unacceptability of product for
human consumption®®. Surface skinand viscera parts
of Bombay duck have characteristic floraof their own
and processespowerful enzymeand bacteriawhichare
reponsiblefor the spoilage”. Total volatilebasesfrom
unfrozen seafood consist primarily of ammoniaandtri-
methylamine Trimethylaminehasacharacterigtic of “fish
odour” and is formed due to bacterial trimethylamine
oxidaseé™™. Free amino acids are someof the precur-
sorsfor theformation of aminesintotal volatile base
nitrogen, but hydrolysisof thetissueproteinsoccur in
deed fish through endogenousor microbia proteases®Y.
Fishlipidsare highly unsaturated and easily susceptible
for oxidation either dueto contact with atmosphericair
or endogenous muscular cytochrome oxidase liberat-
ing hydroperoxides?. Hydroperoxidesare odourless,
flovourless compounds and not related directly to the
actua sensory quality of the product, but may indicate
apotential for latter formation of sensoria objection-
ablecompoundsof rancification™. Lipid hydrolysisin
fishiscatalysed by lipasewhich releasesfreefatty ac-
idsfromtriglycerides and phospholipidg*. Accumula
tion of freefatty acidsinfish oil isundesirabledueto
secondary reactions calaysed likeincreased suscepti-
bility to oxidation and development of off rancid
flavourd®™ and accumulation of protein denaturaionin
fish(*l, Spoilage during sundrying can bereduced to
greater extent by reducing the period of drying by arti-
ficid dryer2,

Evenafter being animportant fishery of Maharaghtra
and Gujarat coast not much attempt hasbeen madeto
improvethe age old method of processingand sundry-
ing. Drying techniqueis often considered to produce
durableproduct of energy saving onecompared to fro-
zen products and little or no additional energy isre-
quired, and hence considerable scope existsfor im-
proving quality of dried fish producedin Indiatofeed
the poor people by improving the processing techniques.
Thisisan attempt to study theimpact of deteriorative
changestaking place during sundrying on thekeeping
quality of thefind dried product, and wehavemadean
effort to reduce the rate of deterioration in Bombay
duck by gutting, artificia drying and packing.

BIOCHEMISTRY (mm—

MATERIALSAND METHODS

Fish samples

Fresh Bombay duck (FBD) used for the present
studieswas obtai ned from thefishing boats caught us-
ing ‘dol’ net. The time lapsed between catching at the
fishing ground and landing & ‘Sasoon dock’, Bombay,
may not exceed over four to six hours. The FBD was
brought in aninsulated container after adequately icing
themintheproportion of 1:1fishtoice, tothelabora-
tory of Centra Ingtitute of FisheriesEducation (ICAR),
Bombay within two hours. The FBD samplesbel ong-
ingtosizegroup of 21to 23 cmlong; weighing around
80 to 85 gweresorted out on asanitized stainless steel
working table. The FBD sampleswerewashed using
chilled running water system maintai ned between 2-4°C.
Fresh Bombay duck procured inthismanner were used
for sundrying or artificia drying.

Effect of fluctuatingtemperature, air velocity and
relative humidity of sundrying (SD24-32) on the
quality of the dressed Bombay duck (SD24-32-
DBD)

To study theeffect of naturd conditionsof sundrying
on the quality of the Bombay duck, freshly caught
Bombay duck (FBD) sampleswere dressed by split
opening the bd ly without removing thehead, finsor tall
under sanitary conditions, washed under chilled run-
ning water systemand dried in sun by hanging thefish
on 2 cm diameter ropes hung at about 3 meter height
and tried on fixed poles at an intervals of 4 meters.
Around 30to 40 fisheswere hung per meter. Theam-
bient temperature varied between 24 t0 32°C, air ve-
locity was between 0.053 to 0.502 meter per second
and relative humidity was between 55 to 68%.

Effect of artificial drying (AD-45) on thedeterio-
rativechangesin dressed Bombay duck (AD-45-
DBD)

To study theeffect of artificial drying onthe dete-
riorative changesin Bombay duck during drying pe-
riod, dressed Bombay duck (DBD) samplesweredried
inaTorrykiln (Torry Research Sation, UK) a thetem-
perature of 45°C, air velocity of 1.003 meter/second
and relative humidity of 60+2% (AD45-DBD). The
sampleswere hung on one meter long iron rods after
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interlocking thejaws;, theiron rodswere mounted on
wooden frames, which were placed inthedrying cham-
ber of thekiln. Thetemperature, air vel ocity and hu-
midity was monitored regularly, recorded at regular in-
tervasof timeand maintained a congtant rate. Samples
weredrawn a regular intervasof timefor anaysis.

Effect of sundryingor artificial dryingon thekeep-
ing quality of thefinal dried product during stor age

To study the sundrying or artificial drying onthe
keeping quality of thefinal dried product during stor-
age, samplesdried a fluctuating conditionsof sundrying
(SD24-32-DBD) and controlled conditionsof artificid
drying (AD45-DBD) dried samples were kept in
bundlesof 25 numbers, tied with nylonthreadsat three
equidistant placesand kept in 100 gauge sedl ed poly-
ethylene pouches, properly labeled and storageat nor-
mal room temperature of 28-30°C respectively. Samples
weredrawn at regular interva sfor further analysis.

Chemicals

All thechemicalsused were of andytica gradeand
were obtained from Merck Limited (Mumbai, India).

Proximateanalysis

The wet fish sampleswere blended in ahomog-
enizer a 3,000 rpmfor 10 minutesand dried fishsamples
were powdered in awaring blender (Philips, India) at
22,000 rpmfor 10 minutes. Anadysisof samplesat dif-
ferent stages of processing was performed in quadru-
plicate. Moisture content of the sampleswereestimated
asper FAO and expressed as percentage moisture.
Thetotd lipidinthefish wasextracted using chloro-
formmethanol phaseseparation and peroxidevaue(PV)
of thesampleswere estimated by the method described
by Limaand otherg*® and expressed asmillimol es of
oxygen/kg of fat. Freefatty acids (FFA) of thesample
were estimated by themethod described by 1S: 5734119
and isexpressed as percentage of oleicacidonlipid
basis. Trichloro acetic acid extract was prepared as
per FAO and used for measuring nonprotein nitrog-
enous substances (NPNs) liketrimethylaminenitrogen
(TMAN), total volatilebasesnitrogen (TVBN) and a-
phaamino nitrogen (AAN). TMAN and TVBN con-
tent of the sample was determined by themicro diffu-
sion method as described by Martin? and the values
were expressed asmg/100g of fishmuscle. TheAAN

=== Regular Paper

inthesampleswere estimated by the method described
by Pope and Stevens?Y and valueis expressed asmg/
100gfishmuscle,

Microbiological analysis

Sterilization: Glassware and prepared mediawere
sterilized at 121°C for 15 minutes. Petri dishes, ho-
mogenizers, pipettesweresterilized a 180°Cfor 1 hour.
10% skimmed milk, 10% trybutyrin solution werester-
ilized by tendylisation method, wheresolutionwasfree
steamed for onehour onfirst day and thirty minuteson
next two successive days. Mesophilic bacteria count
was determined as per APHA??2 method. Total mould
count, proteolytic bacterial and mould count was de-
termined using the method of Leo™. Lipolytic bacte-
rial and mould count was determined by the method
explained by Collines® using Trybutyrineagar.

Satistical analysis

A completely randomized design was performed
using quadruplicate samplesthrough the study. One-
and two-way ANOVA was performed using
Statographics 2.1 (STSC Inc., Rock vile, MD). The
differenceinmeanswasanalyzed usngaTurkey HSD
test (p<0.05).

RESULTSAND DISCUSSION

Deteriorative changes during sundrying and ef-
fect of artificial dryingon thequality of theBombay
duck

Sundrying took around 60 hoursto reduce mois-
ture content from 90+43 to 16.16+0.23, while ambi-
ent temperature varied between 24-32°C, air vel ocity
between 0.053-0.502 meter per second, and relative
humidity between 55-68% (Figure 1). Whenthetem-
perature of air wasraised and maintained at constant
rate of 45°C, with the controlled air speed of 1.003
meters per second, and relative humidity of 60%, the
period of drying was 40 hoursto reach the moisture
level lower than the sundried products (Figure2). De-
terioration of initia freshnessof fishis predominantly
dueto enzymatic, chemical and physical process|ead-
ingtotheaccumulation of undesirablecharacteristicsof
thefish. Study was conducted on the proteol ytic and
lipolyticmicrobia count during Sundrying (SD24-32)
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Figure2: Changesin micraobial count of Bombay duck
(DBD) duringartificial drying (AD-45)

or Artificia Drying (AD-45) dongwiththeformation
of fatty acids, development of peroxidesand volatile
bases. During Sundrying (SD24-32) of DBD samples
PBC and PMC increased by 233+0.01 and 27+0.04
folds, but only 11+0.01 and 18+0.01 foldsrespectively
duringatificia drying (AD-45). Increaseof TVBN reg-
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Figure3: ChangesinthePBC, PMC and TVBN during
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istered was 1.8+0.02 and 1.8+0.01 folds during 40
hoursof Sundrying (SD24-32) and atificid Drying (AD-
45) respectively, but TVBN was more (p<0.05) in
SD24-32-DBD samples, than AD45-DBD asit took
60 hoursfor sun drying (SD24-32), but only 40 hours
by artificial drying (AD-45) (Figure 3). Spoilage or-
ganismsuse non-protein nitrogenous substances present
inthefish particularly compoundssuch astrimethylamine
oxideto producevariety of volatile compounds espe-
cidly trimethylaminewhichisbelievedtoreact withfish
fatsto producethetypical spoilage odour associated
with fish beyond their prime?!. The concentration of
non-protei n nitrogenous substances changes dueto the
activity of endogenous and bacterial enzymes, it can
serveto measureeither freshnessor stalenessof fishi9,
Similarly during sundrying (SD24-32) of DBD samples
LBC and LM C increased by 309+1.32 and 164+0.02
folds, but only 8+0.02 and 40+0.02 foldsrespectively
duringartificial drying (AD-45). Increaseof FFA regis-
tered was 5+0.02 and 4.8+0.02 folds during 40 hours
of Sundrying (SD24-32) and artificia Drying (AD-45)
respectively. It isinteresting to note that the FFA was
more (p<0.05) in SD24-32-DBD samples, thanAD45-
DBD (Fgure4). Accumulation of freefatty acidsinfish
fleshisundesirable dueto secondary reactionsleading
to the devel oped of off rancid flavord?! and accel er-
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ated protein denaturationin fishi?, At theend of the
sundrying the PV, FFA, TMAN, TVBN andAAN val-
ueswere 34.99+0.025% oleic acid, 43.42+0.03 milli-
moles of oxygen/kg of fat, 23.81+0.025 mg%,
66.20+0.03 mg%, and 143.15+0.025 mg%, and for
artificial dried products valueswere 28.96+0.025%
oleicacid, 28.96+0.03 millimolesof oxygen/kg of fat,
17.5+0.03 mg%, 41.234+0.03 mg%, and 89.92+0.03
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Figure 6: Changes in the TMAN and AAN during

sundrying (SD24-32) or artificial drying (AD-45) of DBD

mg% (Figure 3-6). There was not much difference
(p>0.05) in the rate of change of PV either during
sundrying or during artificia drying asboth areexposed
to aerobic conditions |eading to oxidation?®. Even
though hydroperoxidesare odorlessand flavorl esscom-
pounds and not related directly to the actual sensory
quality of the product, may indicate apotentia for a
latter formation of sensoria objectionable compounds
of rancification and yellowish and brownish
discol ouration aswe have observed inthefinal dried
products®. Asit took almost 60 hoursto dry freshly
caught Bombay duck samples by sunshine (SD24-32-
DBD) and only 40 hoursto dry freshly caught Bombay
duck samplesby artificia drying (AD45-DBD), FFA,
PV, TMAN, TVBN and AAN vaues were more
(p<0.05) informer than | atter, even though no signifi-
cant (p<0.05) differenceintherate of change of these
valuesobserved at any given point of time.

Freshly caught Bombay duck werewith reddish
semitransparent body, silvery white abdomen and trans-
parent fins, and at the end of sundrying had turned
opague body, with longitudinal shrinkage, faint straw
colour, firmtexture and possessed pungent odour, while
artifida dried samplesweregrayishwhite, dry fishodour,
very firmwithlongitudina shrinkage. Infact direct com-
parison of sundried productsand artificia productsmay
not be hold true asthe sundrying was carried out under
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natural conditionsof temperature, relative humidity and
air velocity, but artificial dryingwascarried out at con-
trolled temperature, reative humidity and air vel ocity,
but theaim of the present work isto comparethe dete-
riorative changes of sundried samples produced under
natural conditionswith that of the samplesdried under
controlled artificid conditions.
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Figure9: ChangesintheTM AN, TVBN and AAN during
storageof sundried (SD-24-32) or artificial dried (AD-45)
DBD in sealed polyethylene pouches

Effect of drying conditions on the keeping quality
of thefina dried products: During 5 monthsof storage
in polyethylene pouchesat ambient temperaturedried
fish samplesdid not show any appreciable changein
moi sture content as polyethylenefilmisan effective
barrier against vapour. During the storage of sundried
and artificial dried products MBC increased by
1.22+0.02 and 1.62+0.03 folds, and TM C increased
by 0.79+0.02 and 1.16+0.01 foldsrespectively (Fig-
ure 7). Over 5 months of storage period, PV rose by
2.9+0.03 and 1.3+0.02 folds, while FFA by 1.7+0.01
and 1.3+0.01 folds (Figure 8) respectively in SD24-
32-DBD and AD45-DBD samples. TMAN increased
by 1.3+0.02 and 1.5+0.02 folds, TVBN increased by
1.3+0.01 and 1.71+0.01 folds, and AAN increased
by 1.2+0.01 and 1.4+0.01 (Figure 9) respectivelyin
SD24-32-DBD and AD45-DBD samples. Sundried
samples(SD24-32-DBD) werefound unfit for human
consumption at the end of the drying period and re-
mained so during storage, and artificia (AD45-DBD)
samplescolour changedto yellow or yellowish brown
especialy beyond two monthsand was considered un-
acceptablebeyond 3 months. A PV of 10-15 mg/kg of
lipids indicates rancidity!™. Lipids hydro-peroxides
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breakdown with timeat alow pH during the storage of
aproduct indicates both an early phase of auto-oxida-
tion and alate stage of aseverely oxidized product.
Itisquiteevident that TMAN and TVBN valuesre-
mained higher (p<0.05) during thestorageif theinitia
valueswerehighinthedried fish. Regardless of the
type of drying method used there was no significant
(p>0.05) differenceintherate of increase of TMAN
and TVBN at any point of storage period within seded
polyethylene pouches. Whilein dried fish, spoilagewas
quiteevident, when TMAN va uesreached 50 mg96°Y.
Connd 1™ suggested, that TVBN of 100-200 mg% on
dry weight basisasthelimit beyond which dried fish
could beconsidered as spoiled.

CONCLUSION

Both for economic and quality considerationsarti-
ficia drying can be adopted as a better option com-
pared to sundrying astheaccumulation of freefatty acids
and formation of non-protein nitrogenous substances
wasleast with better gppealing sensory characteristics.
Eventhough therewasno differenceintheformation of
peroxideseither in sundried productsor artificia dried
products, lower level swerefoundinartificid dried prod-
uct asit took only 40 hoursto reach amoisturelevel
during 60 hoursof sundrying. Sundried product isunfit
for human consumption even after being dried without
holding and onthe other hand artificid dryingisided to
yield astandard consistent product with least batch to
batchvariation asdryingiseffected continuoudyinan
efficient manner through controlled air vel ocity, tem-
peraureand reaivehumidity thought thedrying. Spoil -
ageduring drying hasadirect impact onthe quality of
thefina dried product. Dried samplesare advisableto
pack in suitablebundlesand placethemin sedled poly-
ethylene pouches.
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