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Abstract Kalakand, a popular traditional milk sweet of
Indian sub-continent, was packaged under air and modified
atmospheric packaging (MAP) conditions (98 % N,, 98 %
CO;, and 50 % N,: 50 % CO,). The samples were stored at 10,
25 and 37 °C and evaluated for various physico-chemical,
microbial, textural and sensory changes, in order to establish
the applicability of MAP for storage of Kalakand. 1t could be
established that the MAP conditions of 50 % N,: 50 %
COsand storage at 10 °C, were the most suitable conditions
for preserving the Kalakand for upto 60 days.

Keywords Kalakand - Modified atmospheric packaging -
Shelflife - Texture

Introduction

Milk based sweets are an integral part of the dietary system of
Indian sub-continent. These sweets are specially served on
various occasions such as weddings, festivals and celebra-
tions. Traditional milk products in India have great commer-
cial importance as they account for over 90 % of all the milk
products consumed in the country (Aneja et al. 2002). Being
the largest producer in the world, India has produced about
140 million tons of milk annually in the year 2013 (Govt. of
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India Report 2013). It is estimated that about 50-55 % of this
milk produced is converted into traditional dairy products like
heat desiccated milk products viz., Khoa, Basundi, Lalpeda,
Rabri, Kalakand etc., coagulated milk products viz., Dahi,
Shrikhand, Paneer, Chhana and Chhana based products and
heat clarified products viz., butter oil, Ghee etc., which have a
strong social and cultural heritage in the Indian society.

These dairy foods have a limited shelf life as many deteri-
orative changes take place during storage. Milk based sweets
during storage undergo several physical, biochemical and
microbiological changes making them unfit for human con-
sumption (Londhe et al. 2012). Several studies have been
reported on the use of hurdle technology, water activity and
increase in sugar content to increase the shelf life of these
traditional dairy foods (Kumar and Srinivasan 1982; Biradar
et al. 1985; Thakur et al. 1992; Kumar et al. 1997; Sharma
et al. 2001), however, scientific information on the use of
MAP for extending the shelf life of traditional dairy foods is
still limited. Reports have been published on the application of
MAP for preservation of Peda (Biradar et al. 1985), Paneer
(Rai et al. 2008; Thippeswamy et al. 2011), Malai peda
(Sharma et al. 2003), brown peda (Londhe et al. 2012) and
Lal peda (Jhaetal. 2013) which shows that this technology
holds a promise for enhancing the shelf life of tradi-
tional dairy foods.

Kalakand is prepared by blending sugar with ‘danedar’
Khoa and heated for giving it a pleasant caramel flavor and
granular texture. The color of Kalakand varies from off white
to light caramel (Aneja et al. 2002). Kalakand is manufactured
on a small scale and it is generally consumed fresh because of
its limited shelf life of just a few days limited to just few days
at ambient temperature.

Shelf life of the product can be increased by changing the
environment to which it is exposed and/or the packaging
system (Harte and Gray 1987). The deteriorating agents of
the food quality are oxygen contained in the air and
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microorganisms (bacteria and mold). Oxygen promotes sev-
eral types of deteriorative reactions in foods including oxida-
tion of fat, browning and pigment oxidation. Oxygen is the
key element required for the growth of common spoilage
bacteria and fungi. Therefore, to increase the shelf life of
foods, the package atmosphere should contain a low concen-
tration of residual oxygen (Sandhya 2010). The addition of
chemical additives (preservatives, antioxidants, colorants,
etc.) has frequently been associated with certain health prob-
lems, including allergies, and other more serious illnesses
such as the initiation of carcinogenesis (Helliwell et al. 1995).

MAP technique can be effectively used to reduce or elim-
inate the need of chemical preservatives while maintaining a
desired shelf life for the packaged food product (Fernandez
etal. 2006). The gases that are mostly used are carbon dioxide
(CO,) and nitrogen (N,). CO, is both fungistatic and bacteri-
ostatic and prevents insect growth in packaged and stored
food products. Nitrogen is an inert, tasteless gas and used as
a filler gas. Generally, O, concentration in MAP must be
below atmospheric levels (i.e. < 21 % v/v) (Farber 1991;
O’Conner et al. 1992). MAP can alter the respiration rate,
microbial growth and oxidation reactions (Mangarj and
Goswami 2009).

In the present work, Kalakand samples were packaged
using MAP technique under different combinations of N,
and CO; (98 % CO,, 98%N, and 50:50 % CO,:N,) and stored
at three different temperatures viz. 10, 25 and 37 °C. The effect
of MAP on the microbial, textural, sensory and physico-
chemical properties of Kalakand was studied during
the storage.

Materials and methods

The present work was carried out in the laboratory of Centre
of Food Science and Technology, Banaras Hindu University,
Varanasi, India. Kalakand was manufactured using the buffalo
milk standardized to 6 % fat and 9 % SNF. Milk was
procured from Dairy Farm of Banaras Hindu University,
Varanasi, India. Sugar was procured from the local market of
Varanasi, India.

Manufacturing of Kalakand Kalakand was prepared by the
procedure suggested by Aneja et al. (2002) with slight mod-
ifications. Standardized milk was taken in a jacketed vessel
and heated to simmering temperature (85-90 °C) with contin-
uous stirring by a wooden ladle in a circular motion with
occasional scraping of the heating surface. After 1015 min
of boiling, 0.02%of citric acid (in the form of solution) was
added to milk to facilitate granulation with vigorous stirring
obtain a good quality product. The intensity of heating was
reduced when semi-solid state was reached. To this prepara-
tion, 6 % sugar (by weight of milk) was added, while

continuously stirring the product. The finished product
was transferred to tray previously greased with ghee for
cooling and setting at room temperature. The process
diagram along with the mass balance for manufacturing
Kalakand is shown in Fig. 1.

Packaging and storage of Kalakand under MAP Kalakand
samples (100 g) were packed in polyethylene pouches packed
in five layered polyethylene (dimensions: 26 x 15 cm of
0.1 mm) using MAP equipment Reepack®, VAC-STAR, S
220 MP, Switzerland and MAP mix 9,000 Gas mixer,
manufactured by PBI DANSENSOR A/S, Ringstead,
Denmark. The five layers comprised of an alternate layer of
low density polyethylene (LDPE) film with bonding layer.
The oxygen transmission rate of the LDPE film was 480 cc/
0.001 inch/100 inch?*24 h/ atm O, and the water vapour
transmission rate of the LDPE film 1.2 g/100” inch/24 h at
90 % RH. The packaging material was procured from
Suprabha Protective Products Pvt. Ltd., Pune, India. Two
different combinations of gases i.e. 98 % CO, (with 2 %
oxygen impurity), 98 % N, and 50 % N,:50 % CO, were
used to pack the Kalakand samples. The samples packed
under air were kept as control. The samples were stored in a
BOD incubator (Remi Elektrotechnik Ltd., New Delhi, India)
at 10, 25 and 37 °C at 60 % relative humidity and analyzed for
microbial, sensory, textural and physico-chemical changes at
an interval of 10 days up to 60 days.

Microbial analysis All the samples were subjected to total
plate count (TPC), yeast and mold count (YMC) and coliform
count. The TPC was determined by surface spreading the
homogenate (prepared by macerating the Kalakand samples
in mortar and pestle) with 1072 dilutions on plate count agar
(PCA) and incubated at 37 °C for 24 h. For mold and yeast
detection, appropriate dilutions (102) of sample was spread
on potato dextrose agar (PDA) and incubated at 25 °C for
24 h. Coliforms in the samples were estimated by plating
appropriate dilutions (10%) on Violet Red Bile Agar
(VRBA) before being incubated at 37 °C for 24 h.

Texture profile analysis (TPA) TPA on samples was per-
formed by using the Texture Analyser TA.XT plus,
Exponent Lite (Stable Micro Systems, Surrey, UK) to charac-
terize the hardness, adhesiveness, springiness, cohesiveness
and gumminess of Kalakand. The samples of Kalakand were
cut into 1.5 cm” size pieces and their temperature maintained
at 25 °C during the textural analysis. The samples were
subjected to mono axial compression of 5 mm height. The
force distance curve was obtained for a two bite compression
cycle with the test speed of 1 mm/s and trigger force of 5 g.

Sensory evaluation The sensory analysis of samples was car-
ried out at 25 °C by a trained panel of 9 judges drawn from the
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Fig. 1 Process diagram for the
manufacture of Kalakand along

Buffalo milk 36.1 kg (standardized at 6% Fat and 9% SNF)

with mass balance

A

Heated at simmering temperature (85-90°C) with
continuous stirring

Added citric acid (0.02% of the milk)
at stage of boiling

A

Stirred vigorously (10-15 min)

A

Sugar was added @ 6% by weight of milk, with continuous stirring; when the

product became semi-solid

l

The finished product (Kalakand) (10.5 kg) was then transferred to greased trays (ghee)

(Moisture content- 30.89%, fat- 17.74%, protein- 13.54%, sucrose- 34.84%, ash- 2.99%)

staff and students of the Department of Animal Husbandry
and Dairying and the Centre of Food Science and Technology
of the Banaras Hindu University, Varanasi, India. The judges
were asked to score for the sensory attributes viz. color and
appearance, flavor, body and texture, sweetness and overall
acceptability on a 9-point Hedonic scale.

Moisture and nutritional component analysis The moisture
content and the nutritional composition in Kalakand samples
were analyzed using the AOAC (2000) method.

Hydroxy methyl furfural (HMF) The HMF content in
Kalakand was determined by following the method of
Keeney and Bassette (1959) with slight modifications.
Kalakand (0.5 g) sample was thoroughly mixed with 9.5 mL
distilled water. Then, 5.0 mL of 3 N oxalic acid was added and
the tubes were kept in boiling water bath for 60 min. The
contents of the tubes were cooled and 5 mL of 40 % trichlo-
roacetic acid solution was added. The precipitated mixture
was filtered through Whatman No. 42 filter paper. Filtrate
(0.5 mL) was pipetted out into a 5 mL test tube and added
with 3.5 mL of distilled water and 1 mL of 0.05 M thiobarbi-
turic acid solution (aq.) and mixed well. Tubes were kept in
water bath at 40 °C for 50 min. After cooling to room tem-
perature, absorbance was measured at 443 nm (UV-1800, UV
Spectrophotometer, Shimadzu Corporation, Kyoto, Japan). A
blank was run in the same manner as those for the samples,
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A4

Cooled to room temperature (25 °C) |

A

| Cut into small pieces of size 1.5 cm® |

substituting distilled water for Kalakand. A standard curve of
HMF concentration and absorbance at 443 nm was drawn by
using a range of 1.0 to 10 umol/mL (0.5 mL aliquot) HMF
concentrations.

Thiobarbituric acid (TBA) The extent of oxidation of fat in
Kalakand was measured in terms of Thiobarbituric acid-
reactive substances (TBARS) value. The extraction method
of Strange et al. (1977) was adopted with slight modifications.
For estimation, 2 g sample was taken and blended with 50 ml
of 20 % TCA (trichloroacetic acid) and 50 mL of distilled
water. The contents were left undisturbed for 10 min followed
by filtration. Further, 5 mL of filtrate was pipetted out in each
test tube and added with 5 mL of 0.01 M 2-thiobarbituric acid.
The test tubes were heated in boiling water bath for 30 min at
95 °C for colour development. The contents were then cooled
to 30 °C and absorbance determined at 532 nm. Blank deter-
minations were made using distilled water in place of sample.
TBA value was expressed as absorbance at 532 nm.

Free fatty acid The method prescribed by Deeth et al. (1975)
was used to determine the free fatty acid (FFA) content in
Kalakand samples.

Statistical analysis All the data were expressed as mean+
standard deviation of mean calculated from three independent
experiments. One-way analysis of variance (ANOVA) was
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applied and Duncan multiple range test was performed to
measure the test of significance by post hoc test using SPSS
16.0 software (SPSS Italia, Bologna, Italy).

Results and discussion

Microbial analysis Table 1 depicts the TPC, YMC and coli-
form count in Kalakand samples.

The TPC of the Kalakand samples showed significant
(P<0.05) variations among samples packed under all three
compositions of gases and different temperatures. The TPC in
control (air filled) samples increased and varied significantly
among samples stored at 10, 25 and 37 °C, during the storage
period of 30 days, after which it was rendered unacceptable on
sensory basis. However, the samples stored at MAP conditions
were found to be acceptable up to 60 days and the microbial
quality was better than the control samples. However, the
samples were unacceptable after 60 days of storage, hence
discarded. Among MAP samples, the general trend in increase

in the TPC and YMC was 50:50::N,:C0,<98 % CO,<
98 % N,, during the storage period of 60 days. No coliforms
were detected in any of the samples. The microbiological
quality of the Kalakand samples at the time of packaging was
good, without working under sterile conditions of aerobic
microorganisms. The control samples supported the growth of
microorganisms, due to the presence of oxygen in the packets.
The samples stored in 98 % N, showed delayed microbial
proliferation as nitrogen does not support microbial growth.
The samples stored at 98 % CO, showed better microbial
control than 98 % N,, which could be due to the microbial
inhibiting property of CO,. However, it was observed that the
samples stored at 50 % N,: 50 % CO,, inhibited the microbial
growth with greater efficiency than those of the former. This
could be attributed to the combined benefits of N, and CO, as
reported by several workers (Daniels et al. 1985; Banks and
Annis 1990; Davis 1998; Devlieghere and Debevere 2000;
Arvanitoyannis et al. 2011; Ghayal et al. 2013; Jha et al.
2013). Smith et al. (1986) reported that crusty rolls packed in
MAP (40 % Ny: 60 % CO,) remained mold free even for as

Table 1 Microbial changes in Kalakand packaged under air and MAP stored at 10, 25 and 37 °C

Storage period (days) Atmosphere Total plate count (log;, cfu/g) Yeast and mold count (log; cfu/g)
10 °C 25°C 37 °C 10 °C 25°C 37 °C
0 4.87+0.04** 4.87+0.04™ 4.87+0.04** 2.85+0.02°8  2.85+0.02°B 2.85+0.02°
10 Control 4.95+0.0254 4.97+0.03% 5.01+0.04%  2.90+0.01°*  2.94+0.03°*B  2.99+0.04°5
98 % CO, 4.88+0.01°4 4.89+0.02*B  4.93+0.02°P 2.85+0.02°4  2.87+0.01**B  2.90+0.02°5
98 % N, 4.90+0.03*4 4.92+0.02*4 498+0.03%8  287+0.02*4  2.88+0.03*AB  2.92+0.01%8
50:50:CO,:N,  4.87+0.02%4 4.88+0.03% 492+0.02**  2.85+0.01*  2.86+0.02°B  2.89+0.02%8
20 Control 5.34+0.01°4 5.43+0.04B 5.58+0.03°C 3.02+0.02°  3.05+0.0198 3.12+0.02%€
98 % CO, 4.89+0.02°4 494+0.02%8  4.99+0.02%¢ 2.92+0.01°*  2.95+0.02°* 3.03+0.02°8
98 % N, 4.93+0.03%* 4.97+0.03%* 5.08+0.04°5  2.98+0.03*  3.01+0.02°* 3.08+0.03B
50:50:CO.:N,  4.88+0.01%* 4.90.+£0.01°A 4.95+0.02°8 2.87+0.02°*  2.89+0.01°* 2.93+0.01%8
30 Control 6.46+0.03°* 6.69+0.0298 6.82+0.019C  3.34+0.03%  3.42+0.029 3.55+0.039C
98 % CO, 4.96+0.04°A 498+0.03"*  5.14+0.02°®  2.99+0.04°*  3.09+0.03°8 3.19+0.02°¢
98 % N, 5.09+0.03%8 5.01+0.01%4 5.2240.02°¢ 3.06£0.02°4  3.15+0.01°P 3.26+0.04°C
50:50:CO»:N,  4.94+0.02°4 4.96+0.02°* 4.99+0.038 291+0.03*A  2.94+0.03% 3.01+0.02°3
40 98 % CO, 5.32+0.04%4 5.38+0.01°4 5.52+0.04°5  3.12+0.02°*  3.18+0.03%® 3.28+0.03%
98 % N, 5.55+0.054 5.73+0.03B 5.87+0.03°C 3.18+0.03°4  3.32+0.02"B 3.45+0.02°¢
50:50:CO.:N,  5.03+0.02°4 5.10+0.03%8 5.16+0.03°C  2.94+0.01**  3.12+0.03%° 3.19+0.02%¢
50 98 % CO, 5.76+0.02°4 5.89+0.03°8 5.98+0.039C  3.17+£0.019*  3.39+0.04°® 3.45+0.02°¢
98 % N, 5.95+0.04% 6.15+0.04°% 6.31+0.03°C 3.23+0.02°4  3.48+0.03°F 3.59+0.03°¢
50:50:CO:N,  5.21+0.02°* 5.28+0.02%8 539+0.02°C  2.98+0.03**  3.18+0.02%® 3.28+0.04%¢
60 98 % CO, 6.48+0.04%8  6.57+0.02B 6.19+0.02°  3.26+0.039  3.47+0.02°B 3.58+0.03°C
98 % N, 6.67+0.03°4 6.79+0.03%8 6.92+0.03°C  3.30+0.02°*  3.61+0.03 3.76+0.04°C
50:50:CO:N,  5.43+0.01°* 5.65+0.02%8 5.78+0.02%¢ 3.04+0.03**  3.26+0.02°P 3.35+0.02°¢

Values represents Mean+standard deviation of triplicates (n=3)

Values represented with capital alphabets as superscripts among rows are significantly different at P<0.05 for each test Values represented with small
alphabets as superscripts among columns are significantly different at P<0.05 for each test

MAP=Modified atmospheric packaging
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Fig. 2 Moisture content of Kalakand samples stored under air (control)
and MAP at different storage temperatures a) 10 °C b) 25 °C ¢) 37 °C

much as 60 days, as the O, concentration never exceeded
beyond 0.05 %. Current observations are in accordance with
their findings.

Changes in moisture content Moisture content of any product
is a critical parameter in determining the textural and organo-
leptic parameters of the product. The average moisture content
of the Kalakand samples decreased with increase in the stor-
age period (Fig. 2). Moisture content was also affected by the
temperature of the storage. The reduction in moisture content
was the least in the samples stored at 10 °C (Fig. 2a), while it
was the highest in the samples stored at 37 °C (Fig. 2c). The
moisture content of the Kalakand also varied with packaging
conditions. The reduction of moisture content was highest in
samples packed under air, while it was the lowest in the
samples packed under 50 % N,: 50 % CO,, at all the temper-
atures under study. Ghayal et al. (2013) and Jha et al. (2013)
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showed similar changes in the control and the MAP packed
Rabri and Lal peda samples, respectively.

Changes in textural characteristics The textural properties of
any product areimportant criteria to determine the acceptabil-
ity of the product. Table 2 depicts the textural changes in
Kalakand during storage.

There was a gradual increase in the hardness of the
Kalakand samples with an increase in the storage period for
the control samples and for the MAP samples. The hardness
varied significantly with variation in the gas composition and
the storage temperature. Table 2 shows that the hardness of the
Kalakand samples increased significantly (P<0.05) with in-
crease in the temperature, the hardness of the samples packed
under air increased to a greater extent than those packed under
the MAP conditions. The hardness of any product is directly
related to its moisture content. It can be observed from
Table 2, that the samples packed under 50 % N,: 50 % CO,
showed the minimum changes in hardness, which could be
attributed to its better moisture retention (Fig. 2) under the
MAP conditions.

Adhesiveness of a product is related to its sensory sticki-
ness. Table 2 shows that the average adhesiveness of the
Kalakand samples decreased gradually, with increasing the
storage period. The average adhesiveness of the samples had
no significant change with increase in temperature from 10 to
25 °C, however it varied significantly with further increase in
temperature form 25 to 37 °C. This decline in the adhesive-
ness could be due to the decrease in free moisture during the
storage. Similar trend in adhesiveness was observed in the Lal
peda samples by Jha et al. (2013).

Springiness of a food refers to its ability to return to its
original form after compression. It is the height that the
product recovers between the first and the second compres-
sion. The springiness for Kalakand samples did not vary
significantly (P>0.05) for upto 10 days of storage at all the
temperatures in the control and the MAP samples. However,
the springiness increased with further increase in storage
period and varied significantly (P<0.05) with variation in
the temperature and gas composition. Jha et al. (2013)
reported similar observations in Lal/ peda samples stored
under MAP conditions. The springiness values in Kalakand
were lower than those reported in Lal peda (Jha et al.
2013), but higher than those reported in brown peda by
Londhe et al. (2012).

Cohesiveness of a product is the ratio of the area under the
second bite curve before reversal compression to under the
first bite curve. It is the measure of the extent to which the
structure of product was disrupted during the first compres-
sion. The average cohesiveness of the samples remained fairly
constant throughout the storage period with no significant
variation. Also, change in temperature had a minimal effect
on the cohesiveness during 40 days of storage, but varied
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Gumminess

Springiness Cohesiveness

Hardness (g)

Table 2 (continued)
Storage period (days)

@ Springer

419.75+0.62°¢
357.26+0.34C
443.26+0.24°C

347.22+0.64°B
324.74+0.53°8

315.25+0.48%*
268.75+0.24°*
390.55+0.86%
355.55+0.94%4
335.25+0.51*

0.45+0.03%8
0.48+0.01°B

0.52+0.03*
0.48+0.02°4
0.59+0.02°8
0.62+0.07°8

1121.7240.58**
1185.56+0.82°4

953.47+0.57°*
1465.65+0.34"

40

418.46+0.48°3
372.36+0.82°8
364.14+0.62°B
394.25+0.32°B

0.42+0.01%4

468.24+0.64°C
393.25+0.82¢C
414.72+0.34°C
536.53+0.93%
452.95+0.42°C
503.95+0.64°C

0.44+0.03%8

50

0.47+0.02B
0.41+0.02°8
0.45+0.03°8

0.52+0.02848
0.49+0.02°€

0.65+0.03°8

1545.3+0.28
1398.35+0.53%4

374.7+0.47%
415.75+0.65%
375.35+0.39°A
460.93+0.43*A

436.24+0.58°B

0.65+0.012°AB

1665.4+0.72%4
1725.35+0.69°*

60

396.18+0.64°8
467.36+0.92"8

0.59+0.05%48
0.68+0.02°8

0.42+0.01%B

1575.65+0.78*

3)

Values represented with capital alphabets as superscripts among rows are significantly different at P<0.05 for each test

Values represents Mean=+standard deviation of triplicates (n

Values represented with small alphabets as superscripts among columns are significantly different at P<0.05 for each test

MAP

Modified atmospheric packaging

significantly after 40 days with temperature variation. The
cohesiveness increased initially during the storage period,
however it decreased marginally thereafter. These observa-
tions are similar to those reported by Londhe et al. (2012) in
brown peda and Jha et al. (2013) in Lal peda. Loss in moisture
content could be the reason for loss of cohesiveness with the
progression of storage period. Gupta et al. (1990) also report-
ed similar findings in Khoa with increase in total solids.
Gumminess is the product of hardness and cohesiveness. It
can be seen from Table 2, that the average gumminess of
Kalakand was significantly (P<0.05) affected by variation
in the temperature. It was lower in samples stored at 10 °C,
which gradually increased with increase in the storage tem-
perature from 25 to 37 °C. The variation in gas composition
had a significant (P<0.05) effect on gumminess of the
Kalakand samples. However, it showed no significant
(P>0.05) variation during the storage period (Table 3).

Changes in sensory properties The average score for all sen-
sory attributes decreased significantly (P<0.05) with storage
period. The control samples were found to be unacceptable
after 30 days, hence discarded from further sensory evalua-
tion. The samples packed under 50 % N,: 50 % CO,, scored
the maximum among all the samples for all the sensory
properties at their respective storage temperatures and storage
periods. The sensory scores for color and appearance, flavor,
sweetness and body and texture varied significantly (P<0.05)
among MAP samples after 30 days of storage at all the
temperatures. Increase in the temperature had a detrimental
effect on the sensory score of the product. The color and
appearance, flavor and body and texture were affected the
most by an increase in the storage temperature with progres-
sion of storage period. Nonetheless, the samples stored at
10 °C packed under 50 % N,: 50 % CO, showed the highest
sensory characteristics of the samples.

Changes in HMF content HMF is the byproduct formed
during browning reactions such as Maillard reaction. The
HMF content for samples are depicted in Fig. 3 (a, b and ¢).
The HMF content for the control samples varied with
variation in the temperature. The samples stored at 10 °C,
showed minimal change in the HMF content, as compared to
the samples stored at 25 and 37 °C. The HMF content of the
samples increased gradually with progression in the storage
period. It was found to be the lowest (6.04+0.66) in samples
packed under 50 % N,: 50 % CO, stored at 10 °C, while it was
the highest (9.17+0.81) in the samples packed under 98 % N,
stored at 37 °C at day 60. The control samples were found to
be unacceptable after 30 days on sensory basis. The HMF
content of the control samples reached its highest level (9.46+
0.85) at day 30. Thus, it could be stated that the HMF content
of the Kalakand was highly affected by the alteration in the
gas composition under which it is stored and the gas
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composition of 50 % N,: 50 % CO, was found to be the most
desirable in reducing the rate of formation of HMF. Londhe
etal. (2012) and Jha et al. (2013) reported that combination of
CO, and N, showed better results in the prevention of HMF
formation in the brown peda and the Lal peda, respectively.

Changes in TBA values Kalakand contains considerable

amount of fat (17.74 %), making it highly susceptible
to oxidation. Fig. 4 (a, b and c) show the TBA values

for Kalakand samples stored under air and MAP at 10,

25 and 37 °C.

The TBA values in the samples increased gradually with the
storage period and storage temperature was also found to be
affected by the variation in the gas composition in the MAP
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samples. The general increasing trend of TBA observed in the
MAP samples was 50 % N5: 50 % C0O,<98 % CO,<98 % N».
The control samples showed high TBA values during 30 days
of storage as compared to the MAP samples. The samples
stored at MAP underwent slow deteriorative changes as com-
pared to the samples packed under air. Similar observations
were reported by Jha et al. (2013). (Meshref and Al-Rowaily
2008) reported that increased TBA value for milk and other
dairy products were obtained when subjected to heat treatment.
As Kalakand is a heat desiccated dairy product, oxidation may
set in during the processing, thus increasing the TBA value.
Similar observations were made by Ghayal et al. (2013).

0.4 98% CO2=m=—98% N2 =e=—=50:50 CO2:N2 —#=Control
0.35
0.3
0.25
0.2
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0.1
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Fig. 4 Thiobarbituric acid (TBA) value of Kalakand samples

stored under air (control) and MAP at different storage temperatures a)
10°Cb)25°Cc)37°C

Changes in the FFA is a measure of the liberation of free fatty
acids from the fat globules because of processing or degrada-
tion of fat content during or after manufacturing. The FFA
content of the Kalakand samples is depicted in Fig. 5.

The FFA content of the samples showed an increasing
trend with progression of the storage period. Several workers
have reported similar increase in FFA content of Khoa during
the storage period (Jha et al. 1977; Kumar et al. 2010). It is
evident from Fig. 5 (a, b and c) that the FFA values were
highly affected by the temperature of the storage. The values
were found to be lowest for the samples stored at 10 °C
(Fig. 5a) which further increased in case of samples stored at
25 (Fig. 5b) and 37 °C (Fig. 5c). It can also be seen that FFA
content was also affected by the gas composition under which

a)
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Fig. 5 Free fatty acid (FFA) content of Kalakand samples stored under
air (control) and MAP at different storage temperatures a) 10 °C b) 25 °C
c)37°C
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product is stored in MAP. The general increasing trend of FFA
content observed in MAP samples was 50 % N»: 50 % CO,<
98 % C0O,<98 % N,. The control samples showed higher FFA
values during 30 days of storage as compared with MAP
samples. The delayed lipolysis in Kalakand samples stored
under MAP could be attributed to the absence of oxygen in the
package. Similar findings were reported by Londhe et al.
(2012), Jha et al. (2013) and Ghayal et al. (2013).

Conclusions

An attempt was made to evaluate the shelf life of Kalakand
stored under air and MAP with variation in gas composition
viz. 98 % N, 98 % CO, and 50 % N,: 50 % CO, during three
different storage temperatures (10, 25 and 37 °C). The samples
stored under air had a short shelf life of 30 days, while MAP
samples were acceptable upto 60 days. The control samples had
a comparatively higher HMF, TBA, FFA and microbial load.
Therefore, MAP could be considered as a better option for
storage of Kalakand. The samples packed under 50 % N,:
50 % CO, were optimally effective in preserving the microbial,
textural, sensory and physico-chemical properties of Kalakand.
This study could prove to be helpful in preservation of other
traditional dairy products using MAP.
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