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Abstract

A functional protein rich fish based granola bar was
developed and effect of various storage conditions
on the quality and stability were evaluated. Granola
bar was fortified with omega-3 fish oil, which was
emulsified with milk protein and lyophilized to get
fish oil microcapsules. Ingredients and process
optimization were carried out based on the physical
and sensory evaluation. Granola bar was fortified
with omega-3 (2%) and extra supplemented with
highly digestible dehydrated fish protein (5%)
providing higher calorific value of 395-400 kCal 100
g’l. Bars were convenient, ready-to-eat, contributing
about 17.25% protein, 82 mg Eicosapentaenoic acid
(EPA) + Docosahexaenoic acid (DHA) 100 g for
meeting the Recommended Dietary Allowance
(RDA). The physico-chemical stability of the bars
packed in laminated (Paper-Al foil-LDPE) films
were analysed under 30+2°C, 37°C and -18°C in
order to simulate different storage conditions. The
low moisture content and water activity established
microbial safety and maximum extension of shelf
life. Oxidative stability was little affected in fortified
bars stored at 37°C. Textural analysis showed the
development of hard or tough texture in protein
bars during storage. The study revealed that
fortification of granola bars with fish oil and fish
protein enhanced the nutritive value without signifi-
cantly affecting the safety and stability.
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Introduction

The world food market is focusing more on
functional and nutraceutical foods, which provide
not only nutritive values but also health benefits to
humans by supplementing nutrients or by curing/
preventing diseases. Now these food products are
rapidly growing in the market and scientific
research also greatly proliferating in this area. Food
fortification is a convenient and efficient means,
which allows one to have an assortment of foods
fortified with different micro and macro nutrients.
Supplementation of omega-3 through intake of
fortified foods will meet the body’s metabolic needs
better than a dietary supplement or pills (Maki et
al., 2003). Fish oil, an excellent dietary source of
omega-3 fatty acids like - EPA and DHA, is
beneficial for the healthy functioning of the heart,
brain and nervous system. But fish oil has a strong
odour and unless it is protected, oil will easily get
oxidized. So a possible method of protecting the
highly unsaturated oil is by microencapsulation
techniques. Microencapsulation is a process by
which oil is transformed into a solid ingredient,
where the small droplet of oil is surrounded by
protein/carbohydrate coating, which helps in retard-
ing oxidation (Ahn et al, 2008). Now micro-
encapsulation technique has drawn considerable
attention in the food industry. Similarly, fortification
of fish protein in the convenient foods offers high
quality digestible protein with fewer calories than
similar sized portion of meat. Fish protein having
a high biological value, readily broken down and
absorbed in the body, can balance the low lysine and
sulphur-containing amino-acids (methionine & cys-
teine) in cereals based diet.

The changing lifestyle adds to the requirement of
nutritious energy supplements along with a pleas-
ing food portability method. The nutritious energy
bars have gained more importance and popularity
in the global market during recent years has
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provoked the food manufacturers to develop food
bars that provide nutrition and convenience (Izzo &
Niness, 2001). The food bars are snacks of good
sensory and nutritional characteristics due to their
high carbohydrates, proteins, lipids and mineral
content. Cereal bars are ready-to-eat convenient
products occupying larger space in the consumer
market which not only satisfy the hunger, but prove
as a quality source of nutrients and a convenient
means of replacement of a meal (Catherine &
Johnston, 2012). These ready-to-eat foods are often
susceptible to lipid oxidation, irrespective of lipid
content, acquire considerable flavour and odour,
and thereby reduce sensory perception, nutritional
quality and safety of foods during storage (Esterbaur,
1993; Forss, 1995; Kubow, 1992). The easiness of
carrying in hand made the product subjected to
wide range of climatic zones like extremely cold to
slightly elevated temperatures. So in the present
study, a granola bar was formulated with cereals
bases fortified with fish proteins and omega-3 and
the shelf stability under different storage tempera-
tures (30+2°C, 37°C and -18°C) were evaluated.

Material and Methods

The ingredients used in the granola bars preparation
were rolled oats (Avena sativa), wheat (Triticum
aestivum), corn flour, corn flakes, skimmed milk
powder (Nandini brand), flattened rice and dried
fruits like almond (Prunus dulcis), cashew (Anacardium
occidentale), peanuts (Arachis hypogaea), raisins, honey
(Dabur brand), salt, date syrup (Lion dates brand),
sugar, cardamom, vanilla essence (Bush brand) and
red grape juice procured from market. Dried fish oil
microcapsules were added for fortification of
omega-3 in granola bar. Microencapsulation of fish
oil was done using freeze drying technique accord-
ing to Keogh et al. (2001). The emulsion was
prepared by adding milk powder contained both
protein and lactose (23%) to deionized water (65.5%)
having pH 7 and kept at 50 to 60°C temperature.
After cooling the solution to 20-25°C emulsion was
made with fish oil (11.5%) under constant homog-
enizing, and then centrifuged @ 11000 RPM. The
total solid content of the emulsion was calculated
as 34.5%. The emulsion microstructure was captured
using an optical microscope (Leica ICC50 HD)
equipped with microscope digital camera with an
objective magnification of 40X. An image of the
emulsion was acquired using digital image process-
ing software (Image-pro plus™, version 6). The
emulsion stability was measured as percentage of

131

separation, which is calculated based on the ratio of
height of cream layer to initial emulsion height.

Percentage of separation =
(Upper phase height/Emulsion initial height) *100

The emulsion was dried by using freeze drying
technique for 24 h to make dried fish oil
microcapsules. The microencapsulated powder was
then used as an ingredient in optimization of fish
based granola bars at different levels, to enrich with
omega-3.

In addition, freeze dried fish protein powder from
Rohu (Labeo rohitha) was used as major protein
ingredient in granola bar preparation. Cultured
Rohu fish, procured from the local fish market of
Mysore was used for the preparation of fish protein
powder. All the chemicals used for the analysis were
of analytical grade and obtained from M/s. Merck
(India) and Hi-Media, Mumbai.

Granola bars are snack foods prepared from oats,
wheat, puffed rice, corn, nuts and almonds usually
baked till crispy and mixture is heated with
continuous stirring to maintain a loose but cereal
type consistency. Ingredients were standardized
based on the physical and sensory properties (Table
1). The ingredients like oats and wheat flour were
mixed and roasted at 140°C for 3 min in a hot pan
to get-the roasted aroma. Good quality rice flakes,
corn flakes and corn flour were then mixed and
roasted to have a proper puffing and crispiness.
These ingredients contributed to the base formula-
tion. Dried fruits like raisins and dates were slightly
warmed and added to make the bar rich in calories.
Almond and cashew nuts were roasted at 220°C for
3 min, peanuts for 2-3 min before adding into the
hot binder mixture.

The binder formulation was prepared by adding
sufficient quantity of sugar (18-20%), glycerin,
honey and red grape juice in to the boiling water
(35%) and thoroughly mixed. The temperature of the
solution was intermittently checked for standardiz-
ing the stickiness. Once the temperature reached
100°C, the mixture was maintained at that tempera-
ture for further 3-4 min to get thick consistent syrup.
The pre-weighed roasted ingredients were added to
the hot binder mixture with a through mixing under
low flame and consequently supplemented with
freeze dried fish protein and fish oil microcapsules
to fortify the bar with essential amino acids and fatty
acids especially omega-3
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Table 1. Optimized ingredients for the formulation of
Fish based Granola bar (100 g)

Ingredients Quantity (100 g)
Base Mixture 50-55 g
Oats 10
Wheat 5.0
Flattened rice 7.5
Corn flakes 5.0
Corn flour 2.5
Milk powder 25
Almonds 5.0
Cashew 25
Peanuts 2.5
Raisins 5.0
Dates 2.5
Binder 30-35 g
Fish oil microcapsules 2g
Fish protein powder 5¢g
Water 10 ml

The hot mix was then immediately transferred into
a stainless steel rectangular mould (40 cm x 30 cm)
having 50 small rectangular sections (7.5cm x 2.5 cm
x 1.5 cm), evenly filled and pressed hard with a
small handled steel presser to obtain bars of uniform
shape and size. Samples in the mould were kept in
chilled condition for 20 min to get proper setting.
Bars were demoulded and individually packed in
PFP laminate. Two lot of samples, control-T1 and
fortified samples-T2 were prepared and kept under
different storage conditions like room temperature-
RT: 28+2°C [T1-RT & T2-RT], elevated temperature:
37°C [T1-37 & T2-37] and sub-zero temperature: -
18°C [T1-18 & T2-18] for simulating different
environment. The stored bars were analysed for
nutritional composition, sensory, physico- chemical
and microbial quality at a regular interval of 10 days
for a period of one month. All samples were taken
in triplicates for the analysis.

Fatty acid composition of fish oil and the fish oil
microcapsules was determined in a Varian gas chro-
matograph (Varian CP-3800, USA). Extraction of
lipid from the samples was done following Folch
method (Folch et al., 1957) and transesterification
was performed according to the method of AOAC
(2000). Retention time and peak areas of each fatty

acids were recorded and expressed as percentage out
of total area of all identified peaks.

The proximate composition (moisture, total protein,
total fat and total ash content) were estimated
according to AOAC (2003). The crude carbohydrate
and the gross energy values were calculated by
(Bhat & Sridhar, 2008) using the following equa-
tions:

Total crude carbohydrate (%) = 100—- [Moisture (%)
+ crude protein (%) +crude lipid (%) + total ash (%)]

Gross energy kCal 100 g = (protein x 4 kCal g)
+ (fat x 9 kCal g1) + (carbohydrate x 4 kCal g™)

The pH of sample was determined by homogenising
the test sample in distilled water (1: 5 W/V) and
measuring using glass electrode digital pH meter
(Cyberscan pH tutor, Eutech instruments). The
measurement of water activity was carried out using
Novasina Lab Master-aw, (Novasina AG, CH-8853
Lachen, Switzerland) set at 21°C using Novalog
software. The peroxide and free fatty acid value of
the samples was estimated as per AOAC (2000).
TBARS (thio Barbituric acid reactive substances)
values in samples were determined as per Taraldgis
method (1960).

The colour of samples was measured by using Lab
scan XE — spectro-colorimeter (Hunter Associates
Laboratory Inc. Reston VA, USA) using Hunter &
Harold (1987) method. The shear strength of the bar
was measured with Warner Bratzler Blade set of
Texture Analyser, (TA Plus, Lloyd Instruments,
Hampshire, UK) (Fig. 8) using a single hardness test.
The samples were cut horizontally using blade probe
to get an imitation of cutting and biting. From graph,
parameters like maximum load and work done to
rupture were measured and calculated using Nexigen
software.

Aerobic plate count was carried out by pour plate
technique according to the standard methods
(APHA, 1992). Enumeration of coliforms was done
by plating 1 ml aliquot in a molten agar VRBA and
Yeast and mould in molten PDA acidified with 10%
tartaric acid and incubated at 37°C for 24 h and 30°C
for 72-120 h respectively.

Hedonic sensory evaluation of the fish based
granola bar was carried out by serving the bars to
a panel of 10 judges. Snacks were evaluated for
different sensory attributes like colour, texture,
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taste, aroma and overall acceptability. Attributes
were scored on a 9-point hedonic scale grading from
9 (like extremely) to 1 (highly disliked samples)

Statistical analyses of data were carried out using
statistical package for social science software (SPSS
VERSION 16.0, Chicago IL. USA). Analysis of
variance (ANOVA) was done to analyze the data
and the significant difference among the treatments
and days were determined by Duncan’s Multiple
Range Test (DMRT). The level of significance was
set up at pd=<0.05. All the analyses was carried out
in triplicates and expressed as mean * SE.

Results and Discussion

Fish oil microencapsulation was effectively done
with a higher encapsulation efficiency (74%) using
freeze drying technique. The ability of emulsion to
resist changes in physicochemical properties over
time is often referred as the emulsion stability (Mc
Clements, 2005). The encapsulant used was skimmed
milk powder for fish oil in the ratio of 2:1. (skimmed
milk powder: fish oil, on w/w basis). The emulsion
stability, expressed as the percentage of separation
was found to be 2.38%, indicating a larger contri-
bution of unseparated fraction (97.62%). The emul-
sion microphotograph, (P1) showed the oil droplets
were without any coalescence or aggregation and
seemed to be separated from each other. The absence
of coalescence or aggregation can be attributed as
one probable reason for the higher emulsion
stability.

The fish oil microcapsules prepared were analysed
for the fatty acid composition before incorporation
in the granola bar. The Table 2 showed the fatty acid
profile of the fish oil and the fish oil microcapsules.
Encapsulation process with freeze drying technique
did not significantly affect the fatty acid composition
in fish oil microcapsules. Even though freeze drying
techniques had a negative impact on lipid oxidation,
degradation of major fatty acids was not detected,
which is beneficial in the fortification of omega 3
fatty acids. The fatty acid profile of fish oil was
mainly contributed by 18 fatty acids of which
saturated fatty acids 17-20%, monounsaturated 42%
and poly unsaturated 25% of the total fatty acids. The
EPA and DHA contributed to 8.71 and 11.56% in the
oil and 8.43 and 10.75% in the oil microcapsules. The
results showed a higher retention of the major fatty
acids during encapsulation with freeze drying
technique.
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The fish oil microcapsule was added in different
concentrations of 0.5, 0.6, 1, 1.5, 2, 4, 6 and 10% in
the granola bar as an omega-3 supplement and an
optimum concentration of 2% was giving good
sensory acceptance. A higher concentration of oil
microcapsules created off flavor to the product and
was not acceptable by the sensory panels. Carda-
mom was added along with fish oil powder, in order
to mask the fish oil off flavor at higher concentra-
tions. Kolanowski et al. (2007) reported that the
presence of oxygen strongly decreases the sensory
quality of fish oil-fortiied instant foods during
storage in air-permeable conditions but the presence
of a flavouring substance allows higher level of Gish
oil addition to instant foods due to masking of
undesirable off-flavour.

Granola bar was enriched with highly digestible fish
protein at 5-10%. An incorporation of 5% level was
optimised based on sensory acceptability. The level
of incorporation in the present study was little lower
when compared to a similar study on the fortifica-
tion of corn snack with 3, 5, 7 and 9% fish protein
powder from saithe (Pollachius virens) surumi by
Shaviklo et al. (2011). Authors reported that snack
containing 9% fish protein powder had significantly
lower likings for sensory characteristics than other
3 prototypes and snack containing 7% was selected
as acceptance.

Based on sensory acceptability the final composition
of granola bar was formulated with 5% fish protein,
2% fish oil in 32.5% cereal base mixture (oats, wheat,
flattened rice, corn flour and corn flakes) and 17.5%
dried fruits (peanuts, cashew, almonds, dates and

P1: Microstructure of fish oil emulsion before spray
drying
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raisins.) along with binder mix. A control granola
bar was prepared without fortification of fish oil and
protein and the nutritional composition of control
(T1) and fortified bar (T2) summarized Table 2.

Table 3 shows the nutritional composition of the
developed granola bars. The granola bars (T1 and
T2) were observed to have low moisture content of
6.5%, which helps in extending shelf life of the
product. The total ash content didn't show a
significant variation with samples and observed as
23% in T1 and 2.08% in the T2. A significant
variation was observed in the protein content of two
granola bars. The granola bars having a protein
content of 14.5 and 17.27% in T1 and T2 respectively
contributed from the protein ingredients like nuts,
almonds, cashew and dates and also supplemented
from fish protein in T2. The crude fat was observed
to be 4.63%, 5.89% in T1 and T2 samples respec-
tively. The addition of 2% fish oil microcapsules,
contributed to the slight increase in total fat content.
The carbohydrate was calculated as difference of
other components from 100. The calorific value was
calculated using the factors: protein 17 kJ /g (4 kcal
g™, fat 37 k] g (9 kcal g), carbohydrate 17 kJ g
(4 keal gl (FAO/WHO/ONU, 2004) for granola bars
(Roberfroid, 1999). The T1 and T2 contributed 386.71
kCal 100 g and 394.81 kCal 100 g respectively.
So fortification with fish oil and protein could
slightly enhances the calorific values than control
bars. Thus the developed bars can be categorized as
nutrient enriched low calorie nutritional bars.
Aigster et al. (2011) reported nutritional composi-

tion values in similar resistant starch supplemented
granola and cereal bars, where moisture in the range
of 5.74-7.14%, ash 1.95-2.25%, carbohydrate 62.2-
66.4%, with a change in lipid (21.5-22.4%) and
protein content (5.87-6.38%).

The fortification of bar did not significantly affect
the acidity of the product, which was measured in
terms of pH value. An initial pH value of 5.47 and
5.63 was observed in T1 and T2 samples, which
showed significant changes during storage. During
the ambient RT condition, pH started to increase
and after 30 days of storage it was observed to be
5.66 (T1) and 5.71 (T2). Whereas samples stored at
extreme conditions like 37°C and -18°C a decrease
was observed in pH values and the decrease was
more pronounced at 37°C. The changes in the pH
values are directly related to maturation stages of
the added ingredients like dried fruits in granola
bars. Da Silva et al. (2016) observed a significant
decrease in pH in the snack bars added with jeriva
fruit flour 20% (6.78) compared to control bars (6.92)
and such decrease can result from the low pH of
jeriva flour (4.96).

Water activity measurements helps in predicting the
mechanical properties, stability and shelf life of
foods. Table 4 shows the change in water activity
during different conditions of storage. All a , values
were found to be below 0.5, which indicated that
formulated bars were categorized under low mois-
ture foods, where a <0.6. This low a  values add
to the extended shelf life of the product even
without refrigeration. The possibility of mycotoxin

Table 2. The fatty acid composition of fish oil and fish oil microcapsules.

% Fatty acid to total fatty acid

Designation Fish oil Fish oil microcapsules
C14:0 Myristic 4.08 4.76
C16:0 Palmitic 10.14 11.51
C1e6:1 Palmitoleic 7.49 7.85
C18:0 Stearic 2.14 2.54
C18:1 Oleic 15.79 16.14
C18:2 Linoleic 1.80 1.87
C18:3 Linolenic 2.83 2.54
C20:1 cis -11- Ficosenoic 9.58 8.97
C20:5 Eicosapentanoic 8.71 8.43
C22:1 Erucic 9.05 8.41
C22:6 Docosahexaenoic 11.56 10.75
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was also minimal in case of water activity below 0.6.
Cereal bars are generally formulated to have
moisture between 10 and 15% (w/w) and a , value
less than 0.65 (Loveday et al., 2009). Also, the bars
are designed to maintain intermediate a , values
between 0.4 and 0.6 and can be stored at room
temperature without significant microbial growth.
Even though all values were below 0.5, the water
activity values were slightly increased during initial
storage phase. The low a, made the products more
susceptible to physical transformations such as lipid
oxidation and non-enzymatic browning (Maillard
reactions) during further storage phase. Aigster, in
2011 reported a similar increase in water activity of
the granola cereal bars with time. And the increase
in water activity from 0.22 to 0.45 reported during
storage might be due to retrogradation of starch
molecules with release of water instead of moisture
migration through the packaging material into the
product.

As fish oil microcapsules was incorporated in mixed
food composition, oxidative stability is an important
factor determining the shelf life of the product.
Higher unsaturation often susceptible to oxidative
stability and subsequently affects the flavor and
colour of the product. Oxidative stability was
measured in terms of PV (peroxide value) and
TBARS (Thiobarbituric acid reactive substance) and
hydrolytic rancidity was expressed as FFA (free fatty
acid value).

The trend in the peroxide value (Fig. 1) showed a
significant (p<0.05) increase in peroxide value of all
samples irrespective of conditions of storage. The T2
samples with fish oil microcapsules were shown
slightly higher PV values. During one month storage
bars stored under different conditions, PV values
were found to be below the (10 meqv. Kg™! sample)
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Table 3. The nutritional composition of the control and
fortified granola bars.

Nutritional Composition

(g 100 gt T1 T2
Moisture 6.5+0.56 6.54+0.5
Ash 2.3+.0.01 2.08+0.03
Protein 14.5+0.5 17.27+0.25
Fat 4.63+0.07 5.89+0.11
Carbohydrate 71.76+0.73 68.18+0.46
CALORIES (K cal 100 g™ 386.71 394.81

Values are indicated as mean #* standard deviation

maximum acceptable limit. Higher temperature
favours the lipid oxidation, and the subsequent
changes can be observed at 37°C. Similar trend was
observed by Padmashee et al. (2012) in composite
cereal bar stored at 37°C and room temperature,
with higher peroxidation value in 37°C stored
samples.

Changes in the FFA value is shown in Fig. 2. The
free fatty acid follows a similar trend of increase
with PV during storage. Higher FFA values were
observed in samples stored at 37°C. An initial lower
FFA values were reported (1.07 and 0.56%), which
agrees with the findings of Jeyarani et al. (1997) who
found 0.98% free fatty acids in cereal-pulse based
sweet-bars. Hydrolytic oxidation starts with storage,
and it was more pronounced at higher temperature.

The primary oxidation follows with secondary
oxidation, which is represented as TBARS value
(Fig. 3). TBARS value increased significantly during
storage and the increase in the value corresponds to
increasing PV and FFA. There was significant
difference between two samples, and the oxidation

Table 4. Changes in the water activity values of granola bars at different conditions of storage

Treatments 0th Day 10t Day 20t Day 30" Day

T1-RT 0.36 + 0.0820 0.37 + 0.06¢ 0.43 + 0.08¢ 0.45 + 0.06¢
T2-RT 0.34 + 0.057 0.35 + 0.04b¢ 0.42 + 0.024 0.45 + 0.02°
T1-37 0.36+ 0.042° 0.35 + 0.02° 0.37 + 0.03° 0.44 + 0.04b¢
T2-37 0.34 + 0.022° 0.36 + 0.03¢ 0.39 + 0.03¢ 0.43 + 0.02b¢
T1-18 0.37 + 0.02° 0.40 + 0.08¢ 0.38 + 0.02¢ 0.43 + 0.03°
T2-18 0.36 + 0.042° 0.33 + 0.032 0.36 + 0.022 0.40 + 0.06*

Values are indicated as mean + standard deviation. Superscripts indicates the changes in values with treatments
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was found to be more in samples kept at 37°C. High
temperature initiates the free radical mechanism
and lipid oxidation in the samples. Since the
fortification of fish oil microcapsules increased lipid
content, bars were susceptible to have a high rate
of oxidation. But the reported TBARS values of
samples stored under different conditions were
found to be below 0.5 mg Malondialdehyde (MDA)
Kg! sample, very low and highly desirable even
after 30 days of storage. A similar oxidation trend
was observed in cereal bars, stored in different
packaging material (Padmashee et al., 2012).

Colour is an important quality attribute of granola
bars which attracts the consumer. The formulation
contributes an appealing colour to the product,
which was unaffected during fortification. Change
in the lightness value is shown in Fig. 4a. The
samples stored at room temperature and -18°C
showed an increased lightness value, whereas, 37°C
stored samples were having decreased lightness.
The higher temperature favors the maillard reaction
in sugar-protein based foods, which might lower the
L* value. The presence of date syrup and red grape
juice in bar might favoured the maillard reaction.
Yousif et al. (1990), found that colour of the date jelly
varied during storage, due to non-enzymatic brown-
ing. Similarly, + a* value, (Fig. 4b) shows the redness
of the product, which increased during storage
especially in fortified room temperature and 37°C
stored samples due to the browning reaction,
happened to occur more at these conditions. A
similar kind of increasing trend was observed for
yellowness (b*) value, and is shown in Fig. 4c. Sun-
waterhouse et al. (2010) noticed a positive a* and b*
values of all the formulated bars, indicating a usual
redness and yellowness colour of all the snack bar
bases.

The granola bars having an appealing crunchy
texture, will attract the consumer. This unique
crunchy texture of the bar will often get affect with
different environmental conditions. Stored bars
were shown texture hardening under different
conditions. A sheer force of 50 N required for
cutting initially was increased to 250 N during
storage period. Simon et al. (2009) reported that the
shelf life of a protein bar often limited by the
development of a hard or tough texture which
become unpalatable for consumers. The develop-
ment of hard texture during storage may be
attributed to thiol-disulphide interchange reactions
during storage which lead to protein cross linking

© 2019 Society of Fisheries Technologists (India) Fishery Technology 56 :

aggregation and network formation. Hard texture
development may also be due to the migration of
moisture as well as formation of most ordered
secondary structure and lower surface hydrophobic-
ity of protein particles (Simon et al., 2009). Besides
this, Maillard reactions between reducing sugars
and reactive lysine residue play a part in the
hardening of a protein bar (Gerard 2002).

The average microbial counts were well below 10
CFU g in the initial period, irrespective of the
storage conditions. Staphylococcus, E. coli and Yeast
and mold were absent during the entire period of
storage. The countable colonies started appearing
after 20 days at room temperature stored and 37°C
due to the slow growth and proliferation of meso-
philic counts. The low moisture and a , remained in
the granola bar will favour the inhibition of growth
and proliferation of vegetative microbes, spoilage
fungus, yeast and molds and contributed towards
the safety during the entire storage period.

The sensory analysis of the granola bars was done
by a panel of 10 members on hedonic scale. The
sensory preference of the consumers had changed
after storage and the average sensory scores were
shown in the Table 5. Initially the control and
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Fig. 1. Changes in peroxide value of granola bars stored
at 3 different conditions of storage
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Fig. 2. Changes in Free fatty acid value of granola bars
stored at 3 different conditions of storage
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Fig. 3. Changes in TBARS value of granola bars stored
at 3 different conditions of storage

fortified granola bars recorded an overall acceptabil-
ity score of 8 (T1) and 8.3 (12) on a 9-point Hedonic
scale and the addition of oil microcapsules in T2
sample did not affect the aroma and taste preference
of the sensory panelists. This showed an initial
consumer acceptance towards the fortified bars. But
the different storage conditions affect the flavor and
overall acceptability of granola bars, especially at
high temperature storage. Aroma and taste scores
reduced in the fortified bars stored at high
temperature due to slight release of fish oil flavor
in the granola bars.
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An omega-3 fortified fish based granola bar was
developed and evaluated its shelf life under
different storage temperature. The omega-3 was
fortified in the bar at 2%, in the form of fish oil
microcapsules. The developed bar was also rich in
highly digestible fish protein optimized at 5% level
of incorporation and provides additional calories.
The bars were convenient, ready-to-eat contributing
about 17.25% protein, 82 mg EPA + DHA
100 g' for meeting the Recommended Dietary
Allowance. Since the bars are fortified with high
quality protein and omega-3 fatty acids, this high
energy food can be taken as supplement to meal
and/ or can be recommended for diet concerned
people, who prefer low calories nutrient enriched
foods. Standardizing the conditions for the develop-
ment of fortified bar and establishing its shelf life
will benefit the consumers to meet their require-
ments towards functional foods. The quality evalu-
ation comprehends the significant effect of different
climatic conditions on the quality and shelf stability
of the product. The developed bars had an expected
shelf life of more than one month in different
storage conditions without affecting the quality. A
further study needs to be carried out in optimizing
the maximum shelf life under different conditions.
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Fig. 4. Changes in colour values as indicated by L* a* and b* value of Granola Bar stored at 3 different conditions

of storage.
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Table 5. Change in Sensory scores during initial and final days of storage

138

Treatments Taste ITI;i[’tilre Aroma Colour Overall Acceptability
T1-RT 8.10 + 0.66 8.40+ 0.20 7.60+ 0.49 8.10 = 0.66 8.0 £0.32
T2-RT 8.04 + 0.14 8.10 = 0.66 7.85 + 0.67 8.60 = 0.19 8.30 £ 0.25
Final

Taste Texture Aroma Colour Overall Acceptability
T1-RT 7.18 £ 0.2%¢ 7.93 + 0.55% 7.3 £ 0.75%¢ 7.3 £ 0.41% 7.58 + 0.38
T2-RT 6.38 + 0.3 8.35 + 0.384 6.55 + 0.36° 8.03 + 0.684 7.08 + 0.08%°
T1-37 6.85 + 0.212° 7.68 + 0.34%¢ 7.08 + 0.682¢ 7.50 + 0.41bcd 7.20 + 0.49
T2-37 6.83 + 0.64%° 7.13 £ 0.22° 6.60 + 0.812° 6.83 £ 0.2° 6.63 + 0.41°
T1-18 7.40 + 0.37¢ 7.28 + 0.33% 7.43 + 0.38 7.43 + 0.38> 7.63 + 0.30°¢
T2-18 7.63 + 0.41¢ 7.35 + 0.38%° 7.70 £ 0.41¢ 7.95 + 0.29¢«d 7.93 + 0.264

Values indicated as mean + standard deviation. Within the columns values superscripted with different letters (a-e)

with mean indicate changes between treatments.
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