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ABSTRACT

Spotted catfish is highly perishable due to the liberation of ammoniadue to
the degradation of ureaby bacterial enzyme urease, hence maintenance and
monitoring of urease degradation is of utmost importance in fish freshness.
We have developed a urease biosensor to assess the quality of spotted
catfish by immobilizing urease on apH €electrode using sodium alginate and
calcium chloride solution. Enzymatic degradation of the ureainto ammonia
by immobilised urease resultsin change in the potentials across glass el ec-
trode that can be measure by a potentiometric transducer. Spotted catfish
stored at 30 °C showed a linear relationship between the degree of urea,
liberation of the ammonia, deterioration of the freshness and the devel op-
ment of potentials across the urease biosensor. Hence, urease biosensor is
areliable, smple, and rapid method for the measurement of freshness of the
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fish flesh with high urea

INTRODUCTION

According to Marine Produts Export Devel op-
ment Authority, Cochin, Indian seaf ood exports dur-
ing 2010-2011 is aggregated to 6,78,436 tonnesin
volumeand 2.13hillionUSDallar invaue. Eventhough
demand for Indian marineitemsisincreasing andfish
resourcesis depleting dueto post-harvest handling
lossesremain at astaggering 25 % of thetota catch™.
Deteriorative changesin the organol eptic characteris-
ticsof thefish dueto improper handling and process-
ing are associated with thefreshness?. Timely inputs
from objective non-sensory and subj ective sensory
evaduationarecrucid tomaintain freshnessof thehighly
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perishablefish products starting from fish catch to the
find consumption®. Presently available objective non-
sensory eva uation methodsaretime consuming, cum-
bersome, devel oped in temperateregionsand gives
no direct clueto the sensory attributes of the Indian
fishthat are crucial for consumer acceptability. The
loss of freshness of fish dependson several intrinsic
and extrinsic factors such as the nature of thefish,
spawning, feeding habits, temperature of the water,
method of catch, handling, and storage conditiong“.
Thecartilaginousfisheslike sharks, skates, catfishand
rays have very high ureacontent in their blood and
tissues as part of their osmoregul atory physiology®™.
Oncethesefish diesureabreaks downinto ammonia
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and carbon dioxide that imparts astrong smell and
odor to themeat, and may betoxic at high concentra-
tions. Henceit isrequired to maintain the acceptable
quality of these fish by aprecise and rapid quality
evaluation tool. Biosensorscan beusedto rapidly as-
sess changesin fish quality, and significant devel op-
mentsinthisfield started since 19805°. M easurement
of enzymatic conversion of theanalytesuch asurea
using biosensor of immobilised urease into another
component such asammoniacan easily be measured,
guantified, and displayed in auser-friendly way!".
Urease can beimmobilized using sodium aginateon
the pH probes using alginate gel entrapment method.
When the enzymatic reaction resultsinachangein
pH, apH electrode can be used as a potentiometric
transducer and are used in applied research for nearly
fifty yeard®. We have made an effort to devel op ure-
ase biosensor that is based on the action of ureaseon
urealiberatingammoniathat in turn changesthe po-
tentials of the transducer for the evaluation of urea
content in catfish (Pungasius pungasius) fish at the
landing centre so asto overcomethe difficulties of
ddayed |aboratory andys sof fish sampleswhichmight
take days.

MATERIALSAND METHOD

Enzymepreparation

Spotted Catfish (Arius maculatus) caught using
trawl netsfrom the Arabian Seawere obtained from
thefisning boatslanded in ‘Bunder area’, Mangalore
between September and November month. Thetime
el apsed between catching and landing may not exceed
over four to five hours. A 10 kg portion of thefreshly
caught catfish belongsto size group of 18-24 cmlong;
each weighing around 175-260g was sel ected for the
present study. Thematerid wasbroughtinaninsulated
container after adequately icing theminthe proportion
of 1:1fishtoice, to thelaboratory within two hours.
Enzymeand chemicals

Standard buffer tablets were obtained from
Qualigense Fine Chemicas, Mumbai, Ureasetablets
were obtained from SigmaChemicals Co., and other
chemicasandingredientswere of anayticd gradeand
were manufactured by Merck Ltd., Mumbai, India.

Entrapment of ureaseon pH probeand ureaseas-
say

Sodium alginate and calcium chloride solutions
were used to prepare alginate gel for immobilization
of urease. Aliquot amounts of sodium aginate were
mixed with 100mL of crude enzyme solution and
0.5ml bovine serum albumin solution isadded. Stan-
dardized glass pH e ectrode using standard pH buffer
solutions of pH 4, 7, 91 (REFERENCE). Electrode
was dipped in the mixture of sodium alginate and
urease and constantly stirred for 1 min, Glass elec-
trodeisthen dipped into 100 ml sol ution of excess
of 0.2M CaCl,, and was allowed to curefor 30 min.
A layer of calcium alginatewithimmobilized enzymes
was formed around the bulb of pH electrodethat in
turn coupled to apH meter for potentiometric mea-
surement, known as biosensort®. The main plug of
the pH meter isinserted in 230V AC outlet and the
mains are switched on. Both free and immobilised
urease activity was determined by the amount of
ammonialiberated during afixed timeperiod at a
saturating concentration of ureawas determined us-
ing prepared and calibrated Nessler’s reagent*® 1,
The yellow colored produced is measured at 405
nm, using ablank to calibrate, whichincludesall in-
gredientsincluded intest solution but excluding the
enzyme. Urease activity isexpressed inunit whichis
defined asthe amount of ureaserequiredto liberate
1 umol of ammonia in 1 min at pH 7.3 and 30 °C
whileusingamagnetic stirrer.

Evaluation of the biosensor

Potentiometric measurement of ureaseactivity was
made usi ng biosensor by immersing and incubating the
bulbin abeaker conssting of 0.05M Trisacetatework-
ing buffer of pH 7 & 30°C with constant stirring at mod-
erate speed. When the el ectrode potential acrossthe
two leads of the biosensor reachesastablevalue, ali-
guot amount of ureaat 20, 40, 60, 80 and 100 mg/ dL
was used for calibration and plotting graph. Microbio-
logical methods Glasswareand prepared mediawere
sterilized at 121 °C for 15 minutes. Petri dishes, ho-
mogeni zers, pipettes were sterilized at 180 °C for 1
hour. Viable bacterial count was determined as per
APHA method™,
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Evaluation of fresh fish sample

Fresh catfish samplewas chosen for our analysis
and dectricd potentidsof fish sampleafter every 1 hour
of incubation at 0 °C and at 30 °C werenoted upto 4
hours. Physical characteristicsof thefreshfish samples
were noted in rel ation to appearance, col or, odor and
texture. Sensory propertieswereeva uated usnganine
point hedonic scale(9=likeextremey, 8=likevery much,
7=like moderately, 6=likedightly, 5= neither like nor
didike, 4=didikedightly, 3= didikemoderately, 2= dis-
likevery much and 1=didikeextremdy)*3.

Satistical analysis

Oneandtwoway ANOVA (Analysisof Variance)
was performed using statographics 2.1 (STSC Inc.
Rockville, MD, USA). Thedifferencein meanswas
analyzed usingaTukey HSD test (p<0.05). Samples
weredrawn and assayed intriplicates.

RESULTSAND DISCUSSIONS

When freshly caught catfish was stored at 0 °C
and at 30 °Cfor variousintervasof timeviable bacte-
ria count increase steadily fromtheinitia viable count
of 2x10° cfu/g to 3x108 cfu/g at the end 4 hours of
incubation at 30 °C. However during the storage of
freshly caught catfish at 0 °C viable bacteria count
changed from 2+0.02 x 103 cfu/gto 2.3+0.01 x10? cfu/
g, only (Fgurel). Vigblebacterid countin catfish sored
at 30 °C increased significantly (p<0.05) sharply but
change in viable bacterial count was insignificant
(p<0.05) in samplesstored at 0°C. Rate of increase of
microbia count reduced drastically asthetemperature
reduced from 28 to 0 °C asicing of fish inhibitsthe
growth of mesophiled®4,

During the storage of spotted cat fishat 30°C urea
content inthefreshly caught fish decreased dowly from
theinitia concentration of 4+0.05mg/ml to 1.8+0.04
mg/ml by four hours. But on the other hand in those
samples stored at 0 °C ureacontent changed slightly
from the initial concentration of 4+0.05mg/ml to
3.6+0.05 mg/ml by four hours (Figure 1). Here changes
intheureaconcentration in catfish stored at 30 °C was
significant (p<0.05) but changein ureaconcentration
wasinsignificant (p<0.05) in samplesstored at 0°C.
Thisisbecause asfish diesureabreaksdown by bac-
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Figurel: Changesin viablebacterial count in spotted catfish
(Ariusmaculates) during storageat varioustempratures
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Figure2: Changesin ureain spotted catfish (Ariusmaculatus
during storageat varioustemper atures
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TABLE 1: Compar ative study of thespotted catfish stored at 0°C and 30°C

Storage period in Storage Hedonic Sensory char acteristics
hours temperature scale y
0 30°C 8+0.07  Bright skin, transparent mucus, firm texture, fresh odour, grayish colour.
0°C 8+0.05  Bright skin, transparent mucus, firm texture, fresh odour, grayish colour.
30°C 740.06 Somewhat dull skin, opague mucus, somewhat dull colour, somewhat soft
1 ’ texture, neutra to slight fishy smell.
o°c 7.6+0.04  Bright skin, transparent mucus, firm texture, fresh odour, grayish colour
9 30°C 6:+0.08 Dull skin, milky mucus, soft texture, dull colour, fishy smell.
o°c 7.5£0.02  Bright skin, transparent mucus, firm texture, fresh odour, grayish colour
30°C 5+0.05 Dark skin, yellowish mucus, very soft texture, dull colour, sour smell.
3 0°C 7 240.08 Somewhat dull skin, opague mucus, somewhat dull colour, somewhat soft
A texture, neutra to slight fishy smell.
30°C 440,07 Very de_lrk chalky skin, yellowish mucus, very soft texture, dull colour,
4 ammoniacal smell.
0°C 710.06 Somewhat dull skin, opague mucus, somewhat dull colour, somewhat soft

texture, neutra to slight fishy smell.

terial ureaseresultingin the reduction of ureaconcen-
tration at ambient temperature but at 0°C as spoilage
intropica and subtropicd regionsareby mesophiles®,

Similarly at 30 °C freshly caught spotted cat fish
into ammoniaand carbon dioxide. Potentia acrossthe
biosensor electrodes during storage at 30 °C was
35+0.06, 41+0.05, 45+0.08, 64+0.09 and 80+0.06
mV during0, 1, 2, 3, 4 hours of storage, respectively.
However during storage at 0 °C was 35+0.08,
36+0.09, 38+0.06, 40+0.06 and 42+0.07 mV during
0,1, 2, 3, 4 hoursof storage, respectively (Figure 3).
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Figure 3 : Changesin ammonia in spotted catfish (Arius
maculates) during storageat varioustempratures

Therewasasignificant (p<0.05) increasein the poten-
tialsacross el ectrode of the biosensor, but changein
potentialsat 0 °C wasinsignificant (p<0.05). In spot-
ted catfish tored at 30 °C bacterid ureasebresksdown
ureainto ammoniaand carbon dioxide, and theammo-
nialiberated during thisdegradationimpartsastrong
smell and odor to the stored catfish meat. Ammonia
liberated during thisdegradative processin spotted cat-
fishisresponsiblefor changing the potentid sacrossthe
el ectrode of the biosensor.

A comparativestudy wascarried out tointer relate
viablebacterial count, ureaconcentration, potentials
acrossthe el ectrodes dueto ammonialiberation, and
sensory characteristicsand presented inthe TABLE 1.
Fishwasfound unsuitableat the end of thefour hours
of storage at 30 °C dueto the Very dark chalky skin,
ydlowish mucus, very soft texture, dull colour, anmo-
niacal smell and scored only 4 markson hedonic scale.
Pandistsdidiked thefish at theend of 4 hoursof stor-
age at 30 °C and associated urea concentration was
1.8+0.04 mg/ml and potentials were 80+0.06 mV. But
even after fours of storageat 0 °C ureaconcentration
was 3.6+0.05 mg/ml and potential was 42+0.07mV,
and scored highest score of 4+0.07.

CONCLUSION

Storage of spotted catfish at 0°C reducesthe deg-
radation of the ureainto ammonium and carbon diox-
ide. Spotted catfish stored at 30 °C showed increased
liberation of ammoniathat in turn showed linear rela
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tionship between theincreasesin thepotential sacross
thebiosensorsduring the storage. Liberation of theam-
monium during the storage as strongly associated with
thereductioninthe sensory characteristicsof thestored
spotted catfish asindicated by the score obtained on
hedonic scale. Deteriorating sensory characteristics of
the spotted cat fish hasadirect bearing on the fresh-
ness of the spotted cat fish stored at 30 °C compared
to thefish stored at 0 °C. Hence ureaseimmobilised
biosensor isaeffectivetool in determining thefreshness
of the spotted cat fish.
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