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ABSTRACT

In this study, the effect of pulsed light (PL) treatment on the shelf life extension of yellowfin tuna (Thunnus albacares)
steaks was investigated. Tuna steaks of 1 cm thickness weighing 80 g packed in 300 gauge cast polypropylene pouches were
subjected to PL treatment using Xenon pulse light machine RC-847. The samples were stored at 2+1°C and analysed at
specific time intervals. Shelf life studies were carried out in terms of reduction of aerobic flora as inferred from the total plate
count (TPC) and the psychrophilic count. The samples were also evaluated in terms of colour (L* a" b"), biochemical and
sensory parameters. The initial reduction as well as lower rate of increase in the microbial count on the PL treated samples
clearly highlighted the efficiency of PL technology as a novel non-thermal preservation technique. Low values of chemical
indicators of spoilage and better values of sensory and colour values of PL treated samples also suggested the efficacy of
PL treatment in microbial inactivation. An overall extension of 13 days of shelf life was achieved for PL treated samples

whereas control samples were rejected on 13™ day.
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Introduction

Tunas are highly migratory fish having a universal
distribution in temperate as well as tropical oceans and are
one of the highest traded fish among all the commercially
available ones in the world market. Yellowfin tuna
(Thunnus albacares) is a species of high commercial
importance worldwide, particularly in the raw sashimi
market of Japan. Hence, decontamination of raw tuna
meat for the extension of its shelf life finds commercial
importance in the seafood industry. Seafood is one of the
highly perishable groups among all the muscle foods,
as they are extremely prone to rapid textural changes
and quality deterioration (Ashie ef al., 1996). The initial
loss of freshness is caused by enzymatic and chemical
reactions whereas microbial activity predominates during
the latter part of storage period (Gram, 1995; Gram and
Huss, 1996).

Thermal methods are one of the most common
conventional food processing techniques prevalent in
the current food processing industrial setup. However,
the heating effects of these techniques generally cause
deterioration in terms of nutrition and sensory quality
which has led to a shift of research interest in the recent
years towards non-thermal processing methods (Palmieri
and Cacace, 2005; Bang-Yuan ef al., 2015). Among the
novel non-thermal techniques, pulsed light technology

(Muredzi, 2012; Vanderroost et al., 2014) is found to be
advantageous, as decontamination is achieved mainly by
the action of UV rays on microorganisms (Tatiana ef al.,
2009; Fernandez and Hierro, 2016). This is a very fast
technique with very small heating effects and negligible
reduction in sensory attributes of the food matrices, while
being eco-friendly and cost effective (Butz and Tauscher,
2002; Leistner, 2002; Palmieri and Cacace, 2005; Sofos,
2005;0ms-Oliu et al., 2010; Ortega-Rivas, 2012) and
Food and Drugs Administration (FDA) of the United
States has approved its use for decontamination of food
and food surfaces (FDA, 1996). This technology can
be used for decontamination of equipments and food
packaging materials as well (Dunn ef al., 1995).

PL equipment works with Xenon flash lamps that can
emit several short pulses of high intensity broad spectrum
light ranging from UV to near infrared. The intensity of
the light produced is 20000 times that of sunlight received
at the surface of the earth (Dunn et al., 1995; MacGregor
et al., 1998). Light pulses are produced by power
amplification methods, wherein the electrical energy is
stored in a capacitor for small fractions of a second, which
is then released by efficient pulse compression techniques,
within much shorter time duration of the order of
microseconds. This provides amplification of power with
a minimum amount of additional energy consumption
(Go'mez-Lo pez et al., 2007). This current energises the
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Xenon gas inside the chamber of the lamp unit, to produce
short intense bursts of light.

In PL technology, the inactivation of microorganisms
is mainly achieved by the photochemical action of the
UV-C part of the light spectrum with a wavelength range
of 200-280 nm (Rowan et al., 1999; Wekhof, 2000;
Wang et al., 2005; Go'mez-Lo'pez et al., 2007). The
absorption peak of microbial DNA is in the UV range
and thus exposure to PL strongly induces lethal chemical
changes to its structure, wherein the pyramidine bases
are transformed to pyramidine dimers and degradation
of its cell wall. Such changes in the DNA chain imparts
irreversible damage preventing further replication and
ultimately leads to cell death (McDonald et al., 2000;
Gomez-Lopez et al., 2007). Experiments on enzymatic
repair of DNA post-exposure to pulse light treatment,
have shown that the extent of damage is severe enough to
prevent DNA repair (Pure Pulse, 1999). The high energy
content of short intense pulses amplifies the destruction
mechanisms of individual wavelength contents. A few
studies have also been reported on the photo thermal action
of PL (Takeshita et al., 2003; Turtoi and Nicolau, 2007),
though the effect depends on factors like the fluence of
the irradiated light and absorption properties of the food
matrices (Pataro et al., 2011).

Multitudinous studies have been conducted on the
effect of PL on various food matrices in the past decade
(Fernandez and Hierro, 2016). However, only very few
studies have been reported on its effect on fish and fishery
products as compared to meat products (Fernandez and
Hierro, 2016). Even among the few studies conducted
on the effect of PL on microbial inactivation on fish
samples, most of the studies were carried out on samples
inoculated by specific microbes. Very few studies have
been conducted till date on the natural microflora for fish
samples (Fernandez and Hierro, 2016). The present study
was carried out to evaluate the effect of PL treatment
on the quality and shelf life extension of yellowfin tuna
steaks stored at chilled condition, in terms of biochemical
changes, colour changes and sensory evaluation scores.

Materials and methods
Sample collection and preparation

Yellowfin tuna having a mean weight of 3 kg were
purchased from local fish market and brought to the
laboratory in iced condition. These fish samples were
cleaned, gutted and washed in potable water. Steaks
weighing 80 g each were prepared from the fish muscle
after removal of red meat and bones, from which steaks
with uniform thickness of 1 cm were carefully selected
for the experimental analysis. The steaks were packed in
300 gauge cast polypropylene pouches of size 14 x 18 cm
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to hold these l1cm thick steaks. The pouches were further
divided into 2 batches of 25 each, one for control and one
for PL treatment. All pouches were placed in flake ice in
the ratio 1:2 (fish: ice) and were stored in a chill room
maintained at 2+1° C for further analysis.

Pulsed light treatment

The samples were subjected to pulsed light treatment
using XENON Steripulse XL 3000 RC847. This model
consists of 16” Xenon gas lamps and a quartz table inside
a polished stainless steel treatment chamber enclosed in a
metal housing. The lamp is capable of producing flashes
of broad spectrum white light in the range of 100-1100
nm. Fifty-four percent of the total energy of the broad
spectrum light falls in the UV range (Krishnamurthy
et al., 2010). The lamp generates 3 pulses per second and
delivers 1.27 J cm™ per pulse for an input voltage of 3800V
at the quartz table as per the manufacturer’s specification.
Each pouch was individually exposed to PL for 6 sec. The
time of exposure was estimated to a value of 6 sec from
the photodiode readings and the manufacturer directions
so as to fix the fluences level within 12J cm?to confirm
with the FDA regulations (FDA, 1996).

Sampling procedures, reagents and media

Sampling was carried out at periodic intervals by
drawing two pouches atrandom from each of the control and
PL treated sample batch, one for microbiological and the
other pouch for chemical and sensory evaluation. Sampling
was done in triplicate groups for statistical studies of the
mean values. Chemicals used for the experiments were
of Fisher Scientific Brand, AnalaR-grade or guaranteed
reagent grade. Dehydrated bacteriological media used for
analysis was plate count agar (PCA, DIFCO).

Microbiological analysis
Total plate count

From each of the sample groups, 10 g portion of
the steak was weighed and transferred to a stomacher
bag to which 90 ml of sterile normal saline (0.85%) was
added and homogenised for 60 s at 230 rpm using a lab
stomacher (Seward Stomacher Model No. 400, England).
Homogenised sample was diluted tenfold with normal
saline (0.85%) for microbiological analysis. These
homogenates were spread on the surface of plate count
agar (DIFCO). The inoculated plates were incubated at
35+2°C for 48 h. Total plate counts (TPC) were determined
by the spread plate method (AOAC, 2002).

Psychrophilic count

The tenfold diluted homogenised samples were
spread on the surface of plate count agar (DIFCO)
and incubated at 7°C for 10 days for determining the
psychrophilic bacterial counts (APHA, 2015).
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Biochemical analysis

Chemical analysis was carried out on the fish muscle
which was ground using mortar and pestle. Total volatile
base nitrogen (TVB-N) was estimated by the micro-
diffusion method (Conway, 1950). TVB-N was expressed
in mg 100 g' of the sample. Free fatty acid (FFA) values
and peroxide values (PV) were estimated as per AOAC
(2002) and expressed as mg oleic acid 100 g' of fish
sample and miliequivalents of O, kg™ of fat respectively.
Thiobarbituric acid (TBA) value of the fish samples was
estimated spectrophotometrically (Tarladgis et al., 1960)
to assess the oxidative stability of the fish samples and
expressed in mg malonaldehyde kg! of fish sample.

Colour measurement

Colour of the samples was measured using the
Hunter Lab Colourimeter Model No D/8-S (Miniscan XE
Plus) with geometry of diffuse/8° (sphere 8 mm view) and
an illuminant of D65/10° (Shah, 1991). The L*, a* and b*
value or CIE Lab colour space is an international standard
for colour measurement adopted by the Commission
Internationale d’ Eclairage (CIE) in 1976.

Sensory evaluation

Sensory analyses of the samples were carried out
by 12 panellists, based on the 9-point hedonic scale
(Meilgaard et al., 1999). Sensory acceptability of the
control and PL treated samples were conducted on samples
cooked for 10 min in 2% salt solution. Panellists were
provided with a sensory evaluation sheet containing all the
sensory attributes to evaluate the overall acceptability of
the sample. A value of 4 was considered as the border line
of acceptability. Average overall acceptability value of the
12 panellists for each sample was calculated for control
and PL treated samples.

Statistical analysis

Experiments were conducted in triplicate and the
mean values were statistically analysed using SPSS 11.0.
One way ANOVA was conducted to assess the significance
of differences in the mean values of each of the tests with a
significance level of 0.05.

Results and discussion
Changes in TVBN

The changes in TVBN values of PL treated and
control samples, with respect to the storage days are
shown in Fig.1. During the initial days, though the TVBN
values of the control and the PL treated samples were
very low, values of control samples were higher than that
of PL samples (p<0.05). This indicates the efficiency of
PL in achieving control over the microbial action on the
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fish muscle. The increase in TVBN values with respect to
storage days was observed to be statistically significant
(p<0.05) for both the samples. During the initial storage
days, the increase was very slow, whereas after the 12" day,
a sharp increase in the values was observed for the control
sample which persisted till the end of the storage period.
In the case of PL treated samples, the rate of increase was
much smaller compared to that of control. The differences
widened extremely towards the end of the storage period
due to the considerably slow rate of increase of TVBN in
the PL samples. Throughout the storage days, the TVBN
values of PL group was considerably lower than control
samples and the differences were statistically significant
(p<0.05).
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Fig. 1. Changes in TVBN content of control and PL treated
yellowfin tuna steaks stored in chilled condition (2+1° C).

TVBN represents the total amount of various
nitrogenous compounds, released by the decomposition of
the stored fish due to microbial action (Dalgaard, 2000).
The TVBN of fresh fish has been reported to be in the
range of 5-20 mgN 100g"' (Muhammet and Sevim, 2007)
and a value of 25-35 mgN 100g™! has been proposed as the
rejection criterion for commercial fresh fish. According
to these criteria, the control sample of the present study
reached the rejection limit of 25mgN 100g™ on the 20™ day
of storage. On the same day it was only 16.89 mgN 100g"
! for the PL treated sample, which is comparatively very
low and falls well within the accepted criteria (Dalgaard
et al.,2000; Amegovu et al., 2012). The TVBN values are
reported to be highly dependent on the bacterial activity
(Yusuf ef al., 2010; Amegovu et al., 2012) and in general
the sudden increase of TVBN values in fish muscles is
considered to be due to putrefaction (Huss, 1995). The
escalation in TVBN values with respect to storage days
indicate the enhanced degradation of fish muscle caused
by the action of more and more microbes produced by
replication. No such escalation was observed in the
TVBN values of PL treated samples, which indicated
that the muscle degradation due to microbial action was
controlled considerably.
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Autolytic microbial spoilage due to breakdown
of trimethylamine oxide into trimethyl amine (TMA),
dimethyl amine (DMA), ammonia, formaldehyde and
other volatile amines are reported to be much stronger
than autolytic enzymatic action (Huss, 1994). Low levels
of TVBN values can indicate either reduced bacterial
population or the reduced efficiency of the bacteria in
carrying out oxidative deamination of nitrogenous and/
or non-nitrogenous compounds (Banks et al., 1980).
The lower TVBN observed in PL samples reaffirms the
efficiency of PL technology in damaging microbial DNA
thereby arresting further multiplication thus achieving
control over increase in microbial counts and associated
spoilage of fish muscle.

Changes in FFA, PV and TBA

The changes in FFA, PV and TBA values of the PL
treated and control samples are shown in Fig. 2a-c. The
FFA values of both control and PL showed increasing
trend with the storage period (Fig. 2a) which was found
to be statistically significant (p<0.05) in both the cases.
The FFA values increased slowly until the 8" day in both
the cases and thereafter increased rapidly till the 16™ day
followed by a steady increase till the end of the storage
period. The FFA values and its rate of increase for the PL

128

treated samples were significantly lower (p<0.05) than
that of the control sample, throughout the storage period
with values ranging between 1.69 to 5.7% oleic acid 100
g'. A similar increasing trend of FFA has been observed in
chilled and iced stored samples of steaks of sutchi catfish
(Vijiet al.,2014) and steak of rainbow trouts (Haghparast
et al., 2010) both treated with sodium acetate.

FFA formation during storage is generally caused
due to the hydrolysis of fat in the fish muscles which
will further lead to secondary lipid reactions causing
considerable quality deterioration. FFA formation by
itself does not cause any loss in the nutritional quality of
fish muscle. However, FFA and its oxidative products will
interact with protein in the fish muscle thus deteriorating
quality indices leading to reduction of acceptability. Lipid
deterioration is found to affect the shelf life of seafoods
especially oily fish (McDonald and Hultin, 1987; Cho et
al., 1989). The FFA further undergoes oxidation producing
low molecular weight compounds releasing rancid off
flavours. Therefore, the low FFA values of PL treated
samples and its slower rate of increase throughout the
storage period indicates the effectiveness of PL treatment
in preserving freshness of the fish samples.
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Fig. 2. Changes in lipid degradation indices of control and PL treated yellowfin tuna steaks stored in chilled condition (2+1°C); (a) Free
fatty acid value, (b) Peroxide value and (c) Thiobarbituric acid value
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Fig. 2b shows the changes in the PV for the control
and PL treated samples with respect to storage period. PV
which is an indicator of primary lipid oxidation, showed
zero value for the control sample whereas a slightly higher
value of 1.34 was observed for the PL sample on day 0.
These results are in concurrence with that of earlier studies
on fresh yellowfin tuna samples (Rodriguez-Turienzo
et al., 2013; Biji et al., 2016). The photo oxidative effect
of PL can be a plausible reason for this slightly higher
value of PV on day 0 of storage. The pattern of evolution
of PV values were similar in control and PL samples,
however, the rate of increase was much slower in the case
of PL treated samples. Though UV light has an oxidative
effect on lipids, it is also well documented that these rays
applied in pulsed form for short duration will limit the
reaction times through the short half-life of n(pi) bonds
(Fine and Gervais, 2004). This could explain the short
duration of the observed higher PV of PL compared to
control sample during the initial storage period. With
further increase in the storage period, a reduction in the
peroxide concentration was observed from the 20" day to
the 26 day. It is noteworthy that throughout the study
period, the PV never crossed the acceptability limit of 20
meqO, kg™ fat (Lakshmanan, 2000) for both samples.

Within the increase and decrease of PV between the
&M and 26" day, the difference between the control and PL
samples were statistically significant (p<0.05) on all the
days. Similar pattern of initial increase and further decrease
of lipid deterioration was observed in sutchi catfish steaks
under chilled and iced storage and skipjack tuna under iced
storage (Mazorra et al., 2000). Such a pattern of an initial
peak followed by a drop is considered to be the result of
secondary oxidation of the hydroperoxides formed by
the primary lipid oxidation. The initial higher levels of
PV indicate the initial formation of primary oxidation
products. The reduction in PV in the later phase of storage
can be caused by decomposition of primary oxidation
products (Boselli et al., 2005; Ozogul et al., 20006).

The changes in TBA values with respect to storage
period for the control and PL groups are shown in Fig. 2c.
TBA value which is an index of secondary lipid oxidation,
showed an increasing trend during the storage period. TBA
values are generally accepted indicators of organoleptic
properties of meat (Salih ef al., 1987) and a value of
2 mg malonaldehyde kg of fish is usually considered as
the maximum value of acceptability (Lakshmanan, 2000).
On day O of storage, the values differed significantly
(p<0.05) between the two sample groups but the values
were very low which was found to increase steadily with
the storage days. On the 12 day of storage, the control
group crossed the acceptability limit with a value of
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2.1+0.06 mg malonaldehyde kg' whereas the PL group
had lower value of 1.8+0.07 mg malonaldehyde kg on
the same day. Both the samples showed an increasing
trend with respect to increase in storage days, which
was also found to be statistically significant (p<0.05) for
both the groups. The differences in TBA values between
the groups also showed statistical significance (p<0.05)
throughout the storage days. It is noteworthy that the
PL sample group crossed the limit only on the 23 day
reaching a value of 2.024+0.05 mg malonaldehyde kg'.
The increasing trend of TBA values has been generally
observed in various storage studies and TBA is considered
as an efficient indicator of oxidative rancidity (Nolan
et al., 1989; Huang et al., 1994; Manju et al., 2007).

Changes in microbial Counts

To study the effect of PL on the microbial load, the
total plate count and psycrophilic counts were calculated
for all the treated samples and the changes are shown in
Fig. 3a and b respectively. On day 0, the TPC for the
control sample was as high as 4.7+0.03 log cfu g! whereas
it was 4.3+0.02 log cfu g! for PL treated sample (Fig. 3a).
It was observed that there was a significant reduction
(p<0.05) in microbial load for PL treated sample with
respect to the control sample throughout the storage
period. Statistical analysis showed that the TPC increased
significantly (p<0.05) with respect to the period of storage
for both the samples. However, the TPC of control samples
exhibited a fast growth with respect to storage period. The
control sample crossed the maximum acceptable limit of
5.7 log cfu g (ICMSF, 1986) on the 13" day, whereas
the PL sample remained well within the limit until the
26" day. Though the TPC of PL samples also showed an
increasing trend, the growth was relatively slower and the
TPC values were significantly lower (p<0.05) compared
to control on all days of storage.

Several studies have reported the efficiency of pulsed
light in the reduction of microbial load in various complex
food matrices (Fernandez and Hierro, 2006). However,
very few studies have been reported on the effect of pulsed
light on microbial load reduction and shelf life extension
of chilled fish samples. Among these studies, relatively
more investigations have been conducted on pathogen
inoculated fish samples and only very few studies have
been reported on the effect of PL treatment in inactivation
of natural microbiota. Among the inoculation studies,
Cheigh et al. (2013) observed a reduction of 1.7, 1.9 and
2.2 log cfu g’ of Listeria monocytogenes in flatfish, salmon
and shrimp fillets with treatment of 6.3 J cm™. Similarly,
Ozer and Demirci (2006) reported a load of 1 log cfu
ml"! of E.coli O157:H7 and L. monocytogens on skin and
muscle of raw salmon fillets and a 1log cfu g'! reduction of
L. monocytogens and Vibrio parahaemolyticus was
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obtained with PL treatment with 8.4 J cm? (Hierro et al.,
2012). In the case of inactivation of natural microbiota,
Nicorescu et al. (2014) observed that only a reduction
of 0.8 log cfu g could be achieved even at a fluence of
30 J cm? on raw salmon and a reduction between 1 and
3.4 log cfu g for fluences of 10 and 30 J cm™ for pork
samples. An extension of lag phase in catfish fillets, with
lower value of total plate count of 1.5-2 log cfu g ! with
120-180 mW c¢m? at 253.7 nm, was observed for the PL
treated samples as compared to the untreated samples on
the 9™ day (Figueroa-Garcia et al., 2002). The observation
from all these studies can be consolidated as that, the
inactivation of acrobic flora that could be achieved with
particular PL fluencies are generally lower in the case
of fish samples when compared to other food matrices.
Better pathogen inactivation is generally achieved with
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Fig. 3. Microbiological changes in control and PL treated yellowfin
tuna steaks stored in chilled condition (2+1° C); (a) Total
plate count, (b) Psychrophilic count

higher fluence for most of the food matrices.

From the results of our investigations, it can be
inferred that the lower fluences applied here for concurring
with the approved limits of FDA standards could achieve
only a relatively low microbial reduction of 0.3 log cfu
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gl on day 0. In addition, relatively small increase was
observed in the microbial count of PL samples within
each sampling interval when compared to control. This
supports the efficiency of PL treatment and its major mode
of photochemical action on arresting further growth of the
bacterial population.

The sterilisation effect of PL depends on various
factors like the absorption properties of the food substrate,
type of microorganisms, spectral distribution and fluence
(Ramos et al., 2012) and its inactivation effect on solid
substrates is more complex compared to that of liquids
(Izquier and Gomez, 2014). In the case of solid food
matrices, PL inactivation becomes more difficult due to
chances of light not getting into contact with the organism is
more due to shadow effect caused by surface irregularities
and other factors like internalisation and biofilm formation
(Izquier and Gomez, 2014). However, the slower growth
rate of microbial population is an extremely advantageous
and sought after feature for any food processing technique
and our experiments with PL treatment could achieve an
extension of shelf life upto 13 days in the case of yellowfin
tuna steaks in chill storage condition.

Fig. 3b shows the psychrophilic count of control and
PL treated sample groups. There was a general trend of
increase in the psychrophilic count for both the samples
and the differences were significant for both the groups
(p<0.05) throughout the storage period. In this case also
PL group crossed the acceptable limit of 5.7+0.03 log cfu
¢! only on the 26" day, whereas the control group crossed
the limit on the 13% day. Significant difference between the
counts of the two sample groups was observed on most
of the days throughout the study period (p<0.05). The
increase in the counts of PL samples for each sampling
interval is found to be very small when compared to that
of control sample throughout the storage period. This
indicates that PL treatment is efficient in arresting the
multiplication of microbes. From the above observations,
it can be inferred that pulsed light treatment can effectively
provide extension of shelf life up to 13 days on yellowfin
tuna steaks.

Changes in Instrumental colour scores

Fig. 4. shows the variations in L*, a* and b* values
of the control and PL treated samples. Though there was
fluctuations in the values, a general increasing trend was
observed in the Hunter’s L* values indicating lightening,
for both the samples with respect to increase in the storage
period. However, statistical significance was not observed
(p>0.05) in either of the cases. Similarly, no significant
differences (p>0.05) were observed in the comparison of
lightness between the sample groups.
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The redness of the samples represented by the a*
values showed a steadily decreasing pattern over the
storage period for both the samples. In the case of
PL treated sample group, the a* value remained high
throughout the whole storage period. The browning
which is mostly caused by oxidative conversions of the
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Fig. 4. Changes in L*, a* and b* colour values of control and PL
treated yellowfin tuna steaks stored in chilled condition
(2+1° C) with respect to storage days.

myoglobins in the fish samples is found to be very low in
the case of PL sample group.

The b* value (yellowness) of both the samples
generally showed a slight decrease during the storage
period which is considerably less compared to that of a*.
The b* values of the two sample groups did not differ
significantly (p>0.05) with respect to storage period. Even
the differences between the b* values of the two groups
were not found to be statistically significant (p>0.05) on
any of the storage days.

The overall observations indicate that lightness and
yellowness are not altered considerably throughout the
storage period and that the redness is almost preserved
until the last day of storage period. Generally, acceleration
of myoglobin oxidation is reported to be the major
cause of colour changes in meat (Genot, 2000). Hierro
et al. (2012) has observed that PL treatment will induce
negative effects on colour of tuna and beef carpaccio only
at fluencies higher than 8 J cm?. Keklik ef al. (2010)
have reported that though PL treatment at fluence of 60.2
J cm? induced adverse colour changes in vacuum-packed
chicken breast samples, lower fluences at 2.4 J c¢cm™ and
even 24.2 ] cm?did not affect the colour profile. Similarly
UV exposure between 2.7 and 5.4 J c¢cm did not produce
any undesirable colour changes in chicken breast samples.
The results of our studies also indicated that lower fluences
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that fall within the approved limits of FDA do not induce
drastic colour changes in yellowfin tuna steaks.

Changes in sensory evaluation scores

The results of sensory evaluation of control and PL
samples are depicted in Fig. 5. These results showed a
significant reduction in the sensory score with respect
to storage period for both the samples (p<0.05). The
acceptability of the samples was set at a value of 4 and it
was found that PL sample did not cross the acceptability
limit until the 26" day. In fatty fish, characteristic sensory
changes are brought about mainly by degradation of lipids.
In the present study, TBA values of the control sample
crossed the acceptability limit on the 12% day. From
the 12" day, the sensory evaluation scores also showed
sudden drop and crossed acceptability limit on 16" day.
The results indicated that changes in sensory quality were
mainly affected by deterioration in fat quality. The overall
evaluation implied that better organoleptic score was
attained by PL sample on any day throughout the storage

9.50
8.50

o

S 7.50 4

wa

£6.50 |

2

3 5.50
4.50

3.50
0 4 8 12 16 20 23 26

Period of storage (days)

——Control —— Pulsed light treated

Fig. 5. Changes in sensory scores of control and PL treated
yellowfin tuna steaks stored in chilled condition (2+1°C)
with respect to storage days.

study period and the PL samples achieved a shelf life of
26 days.

The results of the present study evidence the
effectiveness of PL treatment on extension of shelf
life of yellowfin tuna steaks through the inactivation of
microorganisms. PL is a novel non-thermal processing
technology and currently it is relatively the most under
investigated methods. Microbiological and sensory
parameters indicated that the PL treated samples were
acceptable up to 26 days of storage whereas the control
samples were rejected after 13 days. Though the difference
in TPC counts between the control and PL treated samples
was 0.3 log cfu, the increase in counts in each sampling
interval was very small for PL when compared to that of
control. This supports the claim of PL technology in its
effectiveness to damage the microbial DNA structure and
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cell wall (McDonald et al., 2000; Takeshita et al., 2003).
Also, the sensory and colour attributes of the PL treated
sample remained high up to the 26" day. Thus it can be
inferred from the overall observations that PL treatment on
yellowfin tuna steaks can provide an extension of shelf life
for up to 26 days compared to 13 days of control sample.

The present study established the efficacy of PL
treatment in microbial inactivation without affecting the
sensory attributes of the fish. The results are extremely
promising as the shelf life of yellowfin tuna is found to
be enhanced in multiples of time periods as compared
to conventional methods. Further detailed studies are
necessary for characterising the PL efficiency for various
food substrates and also for optimising the critical process
parameters to achieve target inactivation levels for specific
food applications without affecting their sensory quality.
Also, there is a need for designing novel technologies
for developing pulsed light equipment which are to be
compared with other non-thermal and conventional
thermal processes in terms of microbial inactivation and
preservation efficiency.
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