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m Abstract : Storage studies of snack foods, developed from the three combinations of cereals
(rice and wheat) flour, legume (gram) flour and vegetable (carrot) powder, were conducted in this
research. These snack foodswere packed in high density polyethylene (HDPE) and al uminum foil
(AF) pouches and kept at ambient temperature (28+2°C) and relative humidity (65£2% RH). The
shelf life of sampleswasanalyzed on the basis of bio-chemical properties; moisture content (MC),
free fatty acids (FFA), peroxide value (PV) and thiobarbutyric acid (TBA) at every 15 days of
intervals along with sensorial characteristicsfor 90 days. The moisture content, FFA, PV and TBA
werefound to beincreased linearly in both pouches during the storage. All parameters, except FFA
(R?>0.62), werefound to be correlated strongly (R%>0.88) with storage periods. The sample packed
in AF pouches had superior quality than the samples packed in HDPE pouches. However, no
consistent pattern was observed for sensorial characteristics. All samples were found acceptable
after 90 days of storage.
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arket for nutritious snack foodsisonincreasing
M trend across the word with the constantly
growing popul ation and international interest
in healthy eating. The snack foods are integral parts of
dietsdescribed asasmall quantity of food eaten between
meals or in place of ameal. Demands of production of
highly nutritious, cost effective and highly acceptablefried
snack foods are increasing continuously. The value of
snack food industry isabout Rs. 100 billionwhileitsworth
intermsof volumeisover 4,00,000 tonnesaccordingto
the ministry of food processing. Snack food generally
comprisesthe bakery products, ready-to-eat mixes, chips,
namkeen and other light processed foods, etc. The
industry has been growing around 10% for the last three

years, whilethe branded segment isgrowing around 25%
per annum to stand at Rs. 5,000-Rs. 5,500 crore (Biju
and Ravindran, 2013).

According to consultancy firm McKinsey and Co,
theretail food sector in Indiaislikely to grow fromaround
US$ 70 billion in 2008 to US$ 150 billion by 2025,
accounting for alarge chunk of theworld food industry,
whichwould grow to US$ 400 billion fromUS$ 175 billion
by 2025 (Anonymous, 2010). Though, the Indian snack
food market is one of the largest markets in the world,
the share of organized sector accounts only half of the
market. However, it’s expanding at a rate of 20% per
annum, the imports, though growing quickly, are still
marginal at just US$30 million/annum. Dueto high import
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duties, acomplex distribution network and availability of
cheaper domestic products. In addition, consumption of
commercia savoury snacksin urban is 10 times higher
than that in the rural markets (Anonymous, 2008).
Around 1000 snack items and 300 types of savouries
are sold in India. The segment is largely dominated by
potato chips and potato-based products with over 85%
share of the salty snack market (Merchant, 2008). In
thefiscal year 2016, Indiaexported nearly $ 2.8 million
worth of savoury snacksincluding extruded or expanded
products (Sondarva, 2017).

There are wide spectrums of ingredients and
formulations for production of a cheaper domestic
product and variety of snacks. Wheat or rice flour or
oatsflour isthe principal basisfor most fried and baked
products (Blandino et al., 2003). Accordingto Mishraet
al. (2006), the bengal gram flour (besan) is atradition
ingredient and reported that the gram flour (besan) can
be used as alimiting factor for the production of snack
foods due to its high cost. Thus, the bengal gram flour
(besan) can be partially substituted by RF (rice flour)
and WF (wheat flour) to overcomethe limitation of cost.
Similarly, to maintain thenutritional and sensorial qualities
of snack foods, CP (carrot powder) can be blended. The
technical basisof blending of wheat flour isitslow cost,
availability and it’s (except oat flour) richness in proteins,
minerals and vitamins among the cereal flours used as
principle basis for the most fried snacks. Wheat flour
impartsextensibility, elasticity and strength to the dough.
Riceflour resisted oil absorption better (Shih and Daigle,
1999) and develop viscosity between gram and wheat
flours. Also, it has some popularity owing to its stability
inacidic system. Similarly, carrot powder isbest source
of an essential nutrient carotenei.e. precursor of vitamin
A (Solomons, 2006). This is a combined protein—energy
source for maintaining health and preventing vitamin A
malnutrition in developing countries. Vitamin ‘A’
deficiency isamajor micronutrient problem among young
children and most expensive to ensure adequate intake
of vitaminA inthediet. So, to enhanceintake of vitamin
A, carrot powder can be used in snack foods. Carrot
powder also contains oxy-carotenoids such as lutein
(Slattery et al., 2000) is very protective agent for colon
cancer in men and women (Akubor, 2005). In addition,
there is a need to process and preserve carrot like
vegetables in the season and incorporate for use in off
season
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The shelf life of fried snack foods depends, to a
large extent, on the quality of the frying medium because
significant quantities of the frying medium are absorbed
by thefood. Later on deterioration of absorbed fat takes
place because of hydrolytic reactions and auto oxidation
of fat. However, the thermo-oxidative and hydrolytic
reacti ons causes deterioration of fat during the deep fat
frying (White, 1991) and forms peroxides, aldehydes and
ketones (Bordin et al., 2013). The chemical reactions
that occur in oil during frying processare not limited just
to thermal oxidation and auto-oxidation, they are more
complex (Pedreschi, 2009). In addition to frying, the shelf
lifeof fried products also depends on packaging material,
ingredients (Thakur and Arya, 1990) and storage
conditions such aslight, temperature, relative humidity,
etc. These factors are responsible for developing or
accel erating the rancidity of fried product which causes
off-flavour. The oxidative rancidity isthe major problem
in fried foods and a cause for the deterioration and
unacceptability of food quality (Firestone et al., 1991).
Rancidity causestheloss of nutritional quality aswell as
cause of concern for food safety, asthe oxidized fatsin
avery high dosage have been shown to have toxic effects
(Sen and Sen, 1993).Thus the frying medium and
packaging material influenced the rate of peroxidation
and changes in sensory scores of snacks during storage
(Thakur and Arya, 1990). Gray (1978) hasreported that
the sensory parameters (texture, appearance, smell, taste,
etc) of deep fried products depend on the extent of
oxidation of fats and oils due to the formation of
peroxides, aldehydes, and ketones. Thus, assessing of
deep-fried snacks is an important task. The BIS (1989)
has recommended the most common tests for assessing
the quality of deep-fried snacks. Among them, the
moisture, acid-insoluble ash and fat contents, peroxide,
and acid values of extracted fat are very important.

Inthelight of abovediscussion, the main objective
of our researchisto investigate some important quality
parameters, which indicate the shelf life of deepfat fried
snacks.

B METHODOLOGY
Raw materials preparation :

Multipurposeflours (rice, wheat and gram), spices,
sat, vanaspati oil and yellow carrot were purchased from
the local market of Aligarh (Utter Pradesh). Blends
comprising rice, wheat and gramflourin1:1:1, 1:1:2 and
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1:2:2 ratios were made in order to devel op snacksfood
with the different levels (0 to 15%) of incorporation of
carrot powder (Table 1). In order to prepare carrot
powder (CP), fresh yellow carrots (better suited for
drying) were scrapped to remove the stalks and tips and
washed to clean the dust and dirt particles then cut into
the slices of 0.5 cm thickness. Sliced carrots were
blanched in boiling common salt solution of 2 to 4 per
cent strength for 5 minute to inactivate harmful enzymes
and then placed over the blotting paper to remove the
surface moisture. To dry the carrot dlices, dices were
loaded on thetrays and placed in tray dryer (M/S Khera
Instruments Pvt. Ltd., New Delhi) at 60°C for 11 hour.
The dried carrots were unloaded and cooled to room
temperature and crushed to small pieces using hammer
in muslin cloth. Using the grinder (KenStar, M F0204,
India) in Post Harvest Engineering and Technology
laboratory, carrot powder was prepared and stored in
HDPE pouches. Using Small Scal e Sao making machine
(Economode Food Equipment Pvt. Ltd, India), dl samples
of snacks were prepared, fried in open pan and cooled
to room temperature before storage (Patel et al., 2013).

Sample selection :

For standardization of flour composition, twenty one
samples (Table A) were formulated and conducted
sensory evaluation. Samples included for study or
excluded were completely based on sensory evaluated
by panelist. Hardness, appearance and taste
characteristics of samples were the highlighted by
panelist. Samplesin A-group were completely excluded
due to their more hardness while samples in B-group
were acceptable but the taste was not upto the mark.
More hardness of group-A samples might be due
insufficient quantity of gram and wheat flour to counter
thegel like character (i.e. gel-like gelatinized starch) of

rice flour. The amylose content of rice flour affects the
quality of bread, including its shape and hardness (Araki
et al., 2016). On the other hand the above problem was
found almost negligible in group-C samples, from 0 to
7.5 % blend of carrot powder. Sufficient quantities of
gram and wheat flour, in group-C samples, countered
the unacceptabl e effect of rice flour. The other samples
ingroup-C, had 10to 15% carrot powder, were excluded
due to unacceptable flavor after frying. Beyond the 7.5
% blend of carrot powder, the unacceptable flavor
increased as the level of carrot powder had increased.
Samples C1, C2 and C3 were selected for the study
namedasS, S,, and S, found acceptable and rated best

by every panelist.

Sorage Studies :

All selected sampleswere packed in two packaging
material namely high density polyethylene (HDPE) and
aluminum foil (AF) pouches and stored under ambient
condition (28+2°C, 65+3% RH). In both packaging
materials, air packaging system (APS) was experimented
for storage study. Samples were analyzed at 0, 15, 30,
45, 60, 75 and 90 daysfor their quality.

Quality evaluation :

Proximate composition such as moisture and fat of
snack foods were determined according to the
procedures of AOAC (1995). Protein content was
determined by K hedjahl method (Pearson, 1976). In order
to cal cul ate protein content from nitrogen determination,
conversion factor used was 6.25. The pH value of the
products was determined using Digital pH meter (Indian
Make) as discussed by Strange et al. (1977). Peroxide
value (PV) and freefatty acid (FFA, asOleic Acid) were
analyzed by AOAC (1975). Similarly, thiobarbutyric acid

Table A : Standardization of snack food formulations using cereals, pulsesand carrot powder
Sample A Sample B SampleC
Flour ratio Carrot Flour ratio Carrot Powder, Flour ratio Carrot
(rice: wheat : Bengal Powder, % (rice: wheat : Bengal % (rice: wheat : Bengal gram) Powder, %

gram) 1:1:1 gram) 1:1:2 1:2:2
Al 0.0 B1 0.0 C1 0.0
Al 25 B2 25 c2 25
A2 5.0 B3 50 C3 5.0
A3 75 B4 75 c4 75
A4 10 B5 10.0 C5 10.0
A5 125 B6 125 C6 12.5
A7 15 B7 15.0 Cc7 15.0
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(TBA) number was measured by the method as
described by Strange et al. (1977).

Textural analysis :

5-bladed Kramer Shear Cell (HDP/K S5), using 25
kg load cell, heavy duty platform (HDP/90), 2.0 mm/s
test speed and 10 mm/s post- test speed was used to
measure fracturability of snacks food. The texture
analyzer used for the study was TAHD type, Stable
Micro System (SM S England), has system of attachment
of different type probes for variety of products.

Sensory evaluation :

Sensory eval uation was carried using the procedure
outlined by Ranganna (1994). The change in colour,
flavour, texture, taste, crispness, buying intention and
overall acceptability was determined based on nine-point
hedonic scale (9-like extremely, 8-like very much, 7-like
moderately, 6-like slightly, 5-neither like nor dislike, 4-
didikedightly, 3-disike moderately, 2-didike very much
and 1-dislike extremely) after 90 daysof storage. Sensory
evaluation of products was done by 25 panelist
comprising trained (teachers and scientists in the age
group 32-56 years) and untrained (students aged
between 22-26 years). The panelist evaluated the three
deep-fried products packed in HDPE and AF pouches
for sensory characteristics at every 15 daysinterval for
three months of storage.

Satistical analysis:

All experiments were carried out in triplicate.
Experimental data obtained were statistically analyzed
using SPSS software (version 15) to test significance by
multivariate analysis for RCBD. Comparisons of the
treatment and storage means were done using Duncan’s
Multiple Range Test.

B RESULTS AND DISCUSSION

Theresults obtained from the present investigation
as well as relevant discussion have been summarized
under following heads:

Proximate composition :

The devel oped snack food had cylindrical shape of
1 mm diameter was based on rice flour, wheat flour,
gram flour and carrot powder. Table 1 shows proximate
composition of these major ingredients. Gram flour
contained higher proteinlevel i.e. 21.60%. However, the
other ingredients rice flour and wheat flour had lower
level of 5.7 and 10.80%, respectively and carrot powder
contained lowest protein content, 0.80%. The proximate
composition of fried snack foodsisalso presented in the
Table 1. The fat content of snack food was noticed
between 28 to 35.0%. The snack food without carrot
powder had higher fat content. As carrot powder
increased from O to 5%, the fat content reduced from
35.15%to 27%. Thiswas might bedueto theincreasing
the CP proportion gave an increase in the bulk density
and higher moisture absorption capacity of sample
because of hydrophilic carbohydrates presence in CP
which rel ease moisturerapidly during thefrying and takes
lessfrying time consequently less absorption oil. Similar
result has also been reported by Echendu (2004) found
that thefat content of snack food decreased withincrease
in level of CP. Tiwari et al. (2011) has reported that as
the cereal flour (rice flour) increased (40% to 50% ) in
composition of snack thefat content wasincreased from
23.2% 10 30.0%. In savory snacks devel oped by Senthil
et al. (2002) based on wheat and soyaflour, oil content
was between 33.57 and 39.75 % is conformity of present
finding. In addition, the other proximate composition
except protein content was al so reduced aslevel of carrot
powder was increased. It was seen that al products had

Table1: Proximate compositions of major ingredientsand developed products

Samples Moisture (%) Fat (%) Protein (%) PV FFA TBA
Major ingredients

Rice Flour 9.2+0.25 0.60+0.01 5.7+0.03 nd nd nd
Wheat Four 12.86+0.03 1.20+0.08 10.80+0.25 nd nd nd
Gram Flour 8.5+0.01 4.50£0.13 21.6+0.56 nd nd nd
Carrot Powder 9.0+11 0.60+0.1 0.80+0.06 nd nd nd
Savory snacks

S, (0% CP) 2.2+0.05 35.0£0.68 13.41+0.06 4.30+0.00 0.34+0.01 0.085x0.005
S (25%CP) 2.0+0.08 33.0£0.22 13.50+0.10 4.17+0.05 0.33+0.005 0.080+0.003
S: (5% CP) 1.5+0.17 28.0+0.89 13.67+0.19 3.72+0.11 0.30+0.00 0.075x0.009

*Values are on dry basis; nd- not detected
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less than 2.2 % moisture as the most of the moisture
was lost during deep fat frying (Senthil et al., 2002).
Thisfinding isin agreement with Jean et al. (1996) and
Kulkarni et al. (1994). According to Jean et al. (1996),
the snack food should have moisture content of lessthan
5 % to make the product brittle while Kulkarni et al.
(1994) have reported that the product remained crisp
upto 2.8 % moisture content. In savory snacks S, S,
and S, protein content was 13.41, 13.50 and 13.67%
which isin agreement with the reports of Tiwari et al.
(2011) for deep fat fried snack prepared from rice and
gram flour. This report indicated the protein in snack
products between 13.8t0 17.5%. However, present study
does not confirm the results provided by Senthil et al.
(2002) for snack food based on wheat flour and soya
flour might be due differenceiningredients. They have
reported protein content in developed snack products
between 20.75 and 27.50%

Storage studies :
Moisture content :

The Table 2 shows that the moisture content of all
deep fat fried savory snack food whether it packed in
HDPE pouches or in aluminum foil (AF) pouches
increased significantly (P<0.05). The sampleswerefound
to be absorbed moisture at ambient condition throughout

the storage period of 90 days. Thisincreasein moisture
content was might be due to the absorption of moisture
from the headspace air present packaging materials. In
addition, the permeation of outside air into the packaging
material was also responsiblefor increasing of moisture
content during storage period. Snack food packed in AF
pouches had lower moisture (3.79 -2.93%) content than
the snack food packed in HDPE pouchesi.e. 4.43-3.19%
at 90 day of storage. At 90 day of storage, the lowest
moisture content (2.93%) was evaluated for the snack
food sample S, incorporated with 5% CP packed in AF
pouches. Moisture absorption for all three sampleswas
linearly correlated (Table 3) with the storage period
(R?>0.88) isan agreement to the finding by Tiwari et al
(2011). The strongest correlation was noted for the
sample had 5% carrot powder packed in AF pouches.
Further, the incorporation of 5% carrot powder in
sample packed in HDPE pouches, decreased the mean
value (at 90 day of storage) of MC for about 31%, from
3.3 1% (at 0 % CP level) to 2.26 % (at 5% CP level).
Similarly, it was decreased about 17 %, from 2.78% (0%
CPleve) to 2.10 % (at 5% CPlevel) in the case of AF
packaging system. This decrement was found to be
statistically significant (P<0.05) which isimportant to
maintain the crispness of the snack products. The
crispness quality of snack food isdesirable. If moisture

Table2: Changesin moisture content (%) of deep fat fried savoury snacks during 90 days stor age periods

Storage periods (days
Products 0 15 30 45 5 go car 75 90 Mean Std error
HDPE packed
s, 2.2d 2.67cd 293¢ 3.18bc 357b 417a 4.43a 331 0.061
S 2.0c 2.19c 2.32c 2.40c 2.80b 3.35a 3.60a 2,67 0.047
S 1.5d 1.73d 1.85d 2.20c 2.62b 2.75b 3.19 226 0.044
AF packed
s, 2.20d 2.26¢d 2.35bc 2.48b 2.86b 354a 3.7% 2.78 0.055
S 2.00e 2.12de 2.23cd 2.31c 2.68b 311a 3.25a 253 0.019
S 1.50e 1.67de 1.76cd 1.94c 2.37b 2.54b 2.93a 210 0.029

*Values followed by same letter are not significant (p<0.05)

Table 3: Regression equations and corresponding regression co-efficient for MC, PV, FFA and TBA

Snack food Moisture content R’ PV R’ FFA R? TBA R’
HDPE packed

S y=0.365x+2.246 0.948 y=0.066x+3.611  0.938  y=0.02071x+0.333  0.634  y=0.02142x+0.077 0.950
S, y=0.272x+1.851 0.920 y=0.050x+3.515  0.946  y=0.0193x+0.3191  0.762  y=0.0215x+0.068 0.955
Ss y=0.281x+1.419 0.951 y=0.036x+3.351  0.948  y=0.01786x+0.300 0.869  y=0.022x+0.0612 0.958
AF packed

S y=0.280x+1.943 0.887 y=0.050x+3.875  0.961 y=0.0189x+0.329  0.627  y=0.0199x+0.0701 0.960
S, y=0.221x+1.866 0954  y=0.042x+3.6065 0.975 y=0.0162x+0.317  0.728  y=0.0200x+0.0663 0.964
Ss y=0.237x+1.391 0.956 y=0.031x+3430  0.8983  y=0.0135x+0.307  0.837  y=0.0199x+0.0626 0.963
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content of productsincreased during the storage period,
it devel oped sogginessand ultimately it leadstorejection
of product (Taoukis et al., 1988). In addition to this,
absorption of moisture content by the snacks food also
leads to the quality degradation in terms of hydrolytic
rancidity. Thistype of rancidity results development of
off-flavor and issues of some texture like sensory
attributes. According to Kartz and Labuza (1981), the
product’s crispness is lost if excess moisture is absorbed
(a,>0.35-0.50) by the snack foods and as it also gives
medium for microbial growth (Labuza and Schmidl,
1985). Thus, the absorption of moisture by the products
reducesits shelf life.

Peroxide value :

Peroxides are first compounds formed during
oxidation of fats and oil. The peroxide value is one of
the most common tests that are used to determine
oxidation, sharply. Peroxide value measures the
concentration of peroxidesand hydro peroxides, formed
inthe beginning stages of oxidation of fatsand oils(Addel
and Samiha, 2000) and are used as indicators of lipid
oxidation (Gray 1978). Peroxide valueincreased linearly
(Table 3) for all snack products (R?>0.938) during three
month of storage at ambient temperature which is an
agreement with the results reported by Tiwari et al.
(2011). Strongest correlation was noted for sample S,
which had 5% CP and packed in AF pouches. The rate
of per-oxidation washighest (10.27 meg/kg of ail) inthe
sample having no CP and packed in HDPE pouch.
However, the lowest value of per-oxidation (6.45 meg/
kg of oil) was evaluated for the sample with highest per
cent (5%) CP and packed in aluminum foil (AF) pouch.
But, asignificant (p<0.05) increasein PV was observed
in both packaging materials during the storage periods.
Thisincreasein PV value of the productsduring storage

might be due to permeability of oxygen in the packaging
materials and moisture content in products. Since, the
moisture hydrates trace metal ions which catalyse the
auto-oxidation of fats (Lapuza, 1978) and at very high
moisture content, the auto-oxidation enhanced due to
increased maobility of metal catalystsand swelling of the
matrix which exposes new catalytic sites (Thakur and
Arya, 1990). Thus, theincrease in PV suggests that the
peroxides are formed in the oils during storage.

Furthermore, since, the carrot powder has
antioxidant propertieswhich slow down the per-oxidation
rate of oil during the ambient temperature storage. The
incorporation of CP caused the lowering of peroxide
value. Thus, the sample with highest percentage of CP
incorporation found to havelowest peroxidevaluein both
packaging materials (Table 4). Thus, the incorporation
of carrot powder can be used to enhance the shelf life
of the deep fat fried food product. Consequently, the
synthetic antioxidant such as butylate hydroxy anisole
(BHA) and butylate hydroxy toluene (BHT) which have
devastating effects such as liver damage and
carcinogenesis(Grice, 1986; Wichi, 1988) can beavoided.
The need of safer natural antioxidantsin foodsand other
industrial applications can be, thus, achieved by using
carotenoid like antioxidant in carrot. In addition, as,
samples fried in vanaspati oil developed off-odours at
the peroxide value of 22 meq O,/kg fat (Thakur and
Arya. 1990) and as per the BIS (Bureau of Indian
Standards, 2000) standards the maximum upper limit for
peroxidevaueis20 meg/kgin edibleoils, these samples
were acceptable after 90 days of storage.

Free fatty acid :

Freefatty acid is a measure of the amount of fatty
acid chains hydrolyzed off the triglycerides backbone
(Satier, 2001). The FFA in the fried savory snacks was

Table4 : Changesin peroxide value (Meq/Kg of oil) of deep fat fried savoury snacks

Storage periods (days
Products 0 15 30 25 ageop ca 7)5 90 Mean Std error
HDPE packed
S, 4.30f 4.71¢f 5.15de 5.95d 7.12¢ 8.75b 10.27a 6.61 0.159
S 3.83f 4.43¢ 4.92d 5.45d 5.99¢ 7.3b 8.66a 5.80 0.121
S 3.56f 392 4.48d 4.75d 5.15¢ 5.95b 7.05a 498 0.086
AF packed
S, 4.30f 4.68¢ 5.13d 5.75d 6.68¢ 7.76b 8.85a 6.16 0.120
S 3.83f 4.37e 4.65d 5.23d 5.97¢ 6.86b 7.65a 550 0.099
S 3.56e 3.86e 4.35d 4.80c 5.13b 5.68b 6.45a 483 0073

*Values followed by same letter are not significant (p<0.05)
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found to beincreased linearly (R>>0.62) with the storage
period (Table5) whichisclose conformity to thefindings
presented by Tiwari et a. (2011). But, the value of R?
differ totheir (R>>0.93) finding might be dueto difference
iningredient aswell asin storage periods. Thisincrement
in values of FFA at 90 day of storage were found to be
significant (P<0.05) (Table6). Similar observationswere
a so reported by Gullaand Waghray (2012) and Kalra et
al. (1998). This increase in FFA results mainly from
secondary degradation products of hydroperoxidesrather
than dueto hydrolysisof triglycerides (Thakur and Arya,
1990). But, according to Camireet al. (1990), production
of free fatty acid is due to hydrolysis of triglycerides,
mainly because of lipase enzymes or non enzymatic at
high temperatures. However, the changes in free fatty
acids also followed similar pattern as those of the
peroxidation rate. The mean value of FFA of snack
productswas ranged from 0.354+0.005 to 0.40+0.013%
and 0.345+0.004 to 0.386+0.012% as oleic acid at 90
days of storage in HDPE and AF pouches, respectively
which isin agreement with finding of Thakur and Arya
(1990). The author aso indicated that the salted snacks
remained stablefor 360 dayswhen processed in vanaspati
oil. Thus, productswerefound safe at 90 days of storage

as FFA value below 1%. Since, it is generally accepted
that when FFA% >1 in fried oil, productsis not safefor
consumption (Erickson and Frey, 1994).

Thio-barbituric acid :

TBA value of all samples increased linearly
(R?>0.95) asthe storage period increased (Table 3). This
observation is an agreement with the reports of Gulla
and Waghray (2012). The effect of storage and packaging
material on TBA vaueof all savoury snacksispresented
inTable 6. Table 6 showsthat the effect of storage period
onTBA of in S, (control) sampleeither packedin HDPE
or in AF packaging material was significant during the
90 days of storage. In contrast, TBA of samples S, and
S,, packed in AF pouches, initially increased
insignificantly. However, after 15 days of storage this
increment was found significant in both packaging
meaterials.

The maximum TBA value of snack products was
found to be 0.21 mg/kg of malonaldehyde for sample S,
packed in HDPE pouch while the lowest TBA value
was found 0.187 mg/kg of malonaldehyde for S, in AF
pouches at 90 day of ambient temperature storage might
be dueto the antioxidant property of carrot powder. Thus,

Table5: Changein freefatty acid (Asoleic acid %) of deep fat fried savoury snacks

Storage periods (days)
Products 0 15 30 25 =P 60 s 75 90 Mean Sd error
HDPE Packed
S 0.34a 0.35a 038 0.4a 0.43a 0.45a 0.46a 0.400 0.013
S 0.32b 0.337b 0.362ab 0.370ab 0.395ab 4.25a 0430a 0377 0.009
S 0.30c 0.323bc 0.34bc 0.343b 0.36b 0.40a 0.41a 0.354 0.005
AF packed
S 0.340a 0.34a 0.36a 0.38 0.41a 0.43a 0.44a 0.386 0.012
S 0.320b 0.328b 0.345ab 0.365ab 0.390eb 0.400a 0408a  0.365 0.008
S 0.300d 0.317bc 0.33bc 0.35ab 0.37a 0.372a 0377a 0345 0.004

*Values followed by same letter are not significant (p<0.05)

Table6: Changesin thiobarbutyric acid (mg/kg of malonaldehyde) of deep fat fried savoury snacks

Products Storage periods (days)

0 15 30 45 60 75 90 Mean Std error
HDPE packed
S 0.085f 0.090ef 0.109de 0.117d 0.154c 0.18b 0.210a 0.135 0.003
S 0.0848e 0.088e 0.104d 0.108d 0.150c 0.178b 0.207a 0.131 0.001
Sz 0.075f 0.086e 0.098d 0.100d 0.15¢ 0.176b 0.203a 0.127 0.001
AF packed
S 0.085f 0.09¢f 0.10e 0.112d 0.150c 0.175b 0.198a 0.130 0.001
S 0.082f 0.085f 0.098e 0.109d 0.143c 0.175b 0.193a 0.126 0.001
Ss 0.078f 0.08f 0.095e 0.105d 0.136¢ 0.174b 0.187a 0.122 0.001

*Values followed by same letter are not significant (p<0.05)
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it can be seen that the TBA val ue of snacks wasrelated
to the oxygen permeability of the packaging materialsas
well asto CPblend. Further, the effect of carrot powder
on TBA valuewas a so found to be significant (p<0.05)
in both packaging material s and thustreatment of carrot
power decreased the TBA significantly. Thiswas dueto
antioxidant property of (Ahmad et al., 2017) carotenoid
present in the carrot powder.

Texture of products :

The texture of snacks prepared from blends was
affected by the storage periods as well as by the
packaging materials (Table 7). The hardness (peak shear
force, N) of snack food was found to be increased in
both pouches (HDPE and AF) as the storage periods
prolonged. Thisincrement was higher in HDPE pouches
than the AF pouches might be dueto thelessinfiltration
of moisture vapor from outsidetoinsidein AF pouches.
Since, the moisture causes degradation of fat and form
a gel like products at the surface which increased the
hardness of the products. The control samplewasfound
harder (> 52.25N) at 90 days of storage in comparison
to CP incorporated samples (<41.53N). The snack

Table7: Texturesof productsat day 0 and after 90 days of storage

products with highest per cent of incorporation of CP
had | owest hardness value might be dueto the hydrophilic
carbohydrates caused low bulk density of carrot powder
and anti-oxidant property of carotenoid which retarded
the degradation of fat and thusformation of lessgel like
property on the surface of snacks. Thus, the snack food
sample, S,, with 5% CP packed in AF pouches found
lowest value of hardnessi.e. 29.10N at 90 days of storage
at ambient temperature.

Sensory evaluation :

Sensory characteristicsin termsof colour, flavour,
texture, taste, crispness, buying intention and overall
acceptability wereevaluated at every 15 daysof intervals
during the ambient temperature storage. The results
obtained at day O (Patel et al., 2013) and after 90 days
of storage are presented in Table 8. The sensorial
characteristics of all samples packed in any packaging
system, either in HDPE or in AF, were found to be
decreased from 0 to 90 days during the storage. Products
have carrot powder (S, and S,) scored acceptable value
of sensory characteristics such as colour, flavor, and
taste, buying intention and overall acceptability either

Texture of products (Positive peak force, N)

Products

At day0 At day 90

HDPE packed

S 28.92 68.89
S 25.56 41.532
S 16.1 37.453
AF packed

S 28.92 52.25
S 25.56 38.104
S 16.1 29.104

Products Colour Flavour Texture Taste Crispness Buying intention Overall acceptability
Day 0

St 8.1 79 71 85 72 72 7.8
S 83 85 75 8.8 8.0 8.3 8.2
S; 82 84 74 8.7 7.8 7.8 81
After 90 days of storage (packed in HDPE)

S 6.9 6.8 5.8 6.6 6.4 6.1 6.4
S 7.6 7.6 6.2 8.0 6.9 75 7.3
S; 75 75 6.0 7.8 6.8 7.3 71
After 90 days of storage (packed in AF)

S 71 6.9 6.0 6.7 6.9 6.7 6.7
S 7.8 8.0 6.2 82 72 7.6 74
S 7.6 7.6 6.1 7.8 7.2 74 72
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packed in HDPE or in AF pouches. Since, according to
Chavez-Jauregui et al., 2003, panelist’s score of 7 or
higher (likemoderately) givento the product isconsidered
as sign of acceptability. However, the texture and
crispness (except crispnessof S, and S, in AF pouches)
of all products were scored unacceptable value. The
control sampl e showed acceptable only in terms of colour
when packed in AF pouches. All other sensory qualities
of control sample (S,) were scored unacceptable value
either packed in HDPE or in AF pouches and rancid
flavour was reported after 90 days of ambient storage.
Rancid flavour may corroborated with the increase in
FFA (%) during storage (Tiwari et al., 2011). On the
other hand, the products (S, and S,) with CP powder
were found free from rancid flavour even after 90 days
of storage might be due to the degradation of fat into
FFA (%) slowed down by the carotenoids presence in
the carrot powder that acts as antioxidant.

Conclusion :

The carrot like vegetable can be used to produce
nutritious snack food as well as simultaneously can be
minimized the losses by utilizing fresh vegetable. This
study shows that the shelf life of snack products
incorporated with carrot powder was better as compared
to control sample. Thus, the oxidativerancidity whichis
major problem in fried foods and also a major cause
deterioration can be reduced by blending of carrot
powder. Consequently, the carotenoids present in carrot
powder can be used as antioxidant. In addition, AF
poucheswere found more promising than HDPE pouches
for such deep fat fried snacks. This study, therefore,
indicatesthe potentiality of devel oping such products.
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