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Abstract 
Choco quinoa nutri bar was developed using quinoa as one of the ingredients 
to explore its nutritional benefits. Bars were packed in polypropylene (PP, 75 
µ) and metallised polyester (12 µ) low density—high density (MP, 100 µ) 
(with/without vacuum) films, stored under ambient and 37˚C temperature 
conditions for shelf life evaluation. Bar contained 14.43% protein, 14.93% fat 
with a calorific value of 426.75 k cal/100g. Chemical changes were observed 
significantly (p < 0.05) more in the samples stored at 37˚C than the ones 
stored at ambient conditions (15˚C - 34˚C). Bars showed maximum stability 
at 0.33 aw with less chemical changes. Oleic acid (36.06%) was found to be the 
major fatty acids in the bar followed by palmitic (29.35%), stearic (17.12%) 
and linoleic (12.05%) acids. Hardness of the bar enhanced significantly during 
storage, and was observed significantly (p < 0.05) higher in the samples 
packed in MP films (with/without vacuum) as compared to bars packed in PP 
films thus restricting the shelf life of the bar to 6 months in MP films 
(with/without vacuum) and 9 months in PP films at both the temperature 
conditions. 
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1. Introduction 

Quinoa (Chenopodium quinoa Wild) is referred to as a pseudo-cereal, produces 
seeds of pale yellow colour, but may vary from white through pink, orange or 
red to brown and black [1]. Quinoa is rich in its nutritive value, with remarkable 
protein content and its protein nutrient is comparable to that of milk protein [2] 
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[3]. It also has an excellent amino acid composition and amino acids like lysine, 
methionine and cysteine, also presents in higher amounts than common cereals 
and legumes [1] and can act as a potential protein substitute in food [4] [5]. 

Quinoa’s fat content goes up to 9.5% [2], contains beneficial fatty acids, higher 
content of tocopherols and is also a rich source of Ca, Fe, Zn, Cu and Mn [6]. 
Since quinoa is gluten free, ideal for persons suffering from celiac disease, can be 
used in different forms like flour, flakes, puffed grains etc. in the formulation of 
varieties of food preparations. 

Nutrition/snack/energy bars, generally termed as food bars, are convenient 
foods; mainly consist of cereals and other high energy ingredients. These bars 
provide good sensory and nutritional characteristics due to the presence of car-
bohydrate, lipids, proteins and minerals in them. The changes in life style and 
dietary pattern, increasing awareness about healthy food habits with adequate 
nutritional requirements and increased physical activity has made energy bars a 
perfect choice as a quality source of energy [7]. 

In the present study, quinoa has been used as one of the ingredients due to its 
high nutritional value along with the other ingredients viz cocoa powder, cocoa 
butter, raisins, nuts etc. for the preparation of choco quinoa nutri bar and eva-
luated for its oxidative stability by packing them in polypropylene (PP), Metal-
lised Polyester (MP, with and without vacuum), storing them at ambient (15˚C - 
34˚C) and 37˚C temperature conditions. 

2. Materials and Methods 

The ingredients used in the preparation of choco quinoa nutri bar consist of 
quinoa crispies obtained from M/s Quessentials Pvt Ltd, Ananthpur. Whey pro-
tein concentrate, procured from M/s Strategic Marketing and Research, Benga-
luru. Cocoa powder (Cadbury brand), cocoa butter, raisins, oats (Baggery 
brand), liquid glucose and almond obtained from local market of Mysuru. 

All the chemicals and solvents used in the present study were of analytical 
reagent grade. 

2.1. Preparation of a Bar 

The various ingredients used for the standardization of recipe for the prepara-
tion of choco quinoa nutri bar consists of quinoa crispies in the range of (15% - 
20%), raisins (5% - 8%), almonds (5% - 8%), cocoa butter (10% - 15%), oat 
flakes (5% - 8%), liquid glucose (2% - 5%), sugar (25% - 30%) and cocoa powder 
(5% - 8%). The standaridized formulation of choco quinoa nutri bar comprised 
of quinoa crispies (17.2%) dried in a hot air oven at 80˚C for 4 hr, raisins (6.9%), 
almonds (6.9%) cut in to small pieces and dried in a hot air oven at 70˚C till it 
reached 3% - 4% moisture and found crispy, melted cocoa butter (13.8%), oat 
flakes (6.9%) roasted up to 130˚C, liquid glucose (3.5%), sugar (27.5%) and co-
coa powder (6.9%). Each of the above ingredients required for making 90 
bars/batch was weighed consisting of 2.5 kg of the mixed material in total. 
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Binder solution was prepared by heating refined sugar and water (1:1) along 
with the liquid glucose to a temperature of 110˚C. Melted cocoa butter was add-
ed and mixed well. To the above hot binder syrup, mixture of dry ingredients 
was added and mixed. After mixing of the ingredients thoroughly with the bind-
er syrup, the contents were transferred to a mould and compressed by applying a 
pressure of 492 - 562 kg/cm2, cooled and packed in Polypropylene (PP) and Me-
tallised Polyester (MP) pouches (also packed under vacuum in MP pouches), 
stored at ambient and 37˚C temperature conditions for shelf life evaluation. 

2.2. Methods 

Moisture, fat, protein and total ash contents were estimated as per the standard 
methods of AOAC (1984) [8]. Peroxide value, free fatty acids as well as fatty acid 
profile were estimated by the method of AOCS (1990) [9]. Total sugar was esti-
mated as per the method described by Khan et al. (2008) [10]. Analysis of amino 
acid composition was carried out as per the procedure of Henderson et al. (2000) 
[11]. TBA value was determined by the method of Tarledgis et al. (1960) [12]. 
Antioxidant activity by DPPH was measured according to the method of Braca 
et al. (2001) [13]. Microbiological analysis of bar was carried out as per the me-
thod of APHA (1992) [14]. 

2.2.1. Measurement of Browning Index 
Browning intensity (OD) in choco quinoa nutri bar was carried out as per the 
method of Khan et al. [15] by shaking 5 g of powdered bar sample with 70:30 
ethanol/water for 2 h and measuring optical density at 420 nm. 

2.2.2. Effect of aw on Lipid Peroxidation 
The effect of water activity (aw) on lipid peroxidation was determined by keeping 
120 g samples in desiccators for 40 days at ambient temperature (15˚C - 34˚C) 
containing phosphorous pentoxide to obtain 0.0 water activity (aw) and saturated 
solutions of magnesium chloride, sodium bromide, sodium nitrate and barium 
chloride to obtain water activities (aw) of 0.33, 0.57, 0.73 and 0.90 respectively. 
Initially and periodically at an interval of 10 days, stored samples were analysed 
for moisture, peroxide value, free fatty acid value, thiobarbituric acid value and 
antioxidant activity. 

2.2.3. Texture Analysis 
The firmness of the sample as shear force was measured using a texture analyser 
(TA HD Plus, Stable Micro Systems, London, UK) equipped with 50 kg load cell 
and extended craft knife operated at a test speed of 5 mm/sec. Firmness was the 
maximum force recorded on the chart in kg. The data obtained from texture 
profile analysis were used for determining the toughness and shear value. 

2.2.4. Sensory Evaluation 
The sensory characteristics of samples were evaluated in terms of colour, aroma, 
taste, texture and overall acceptability using a 9 point Hedonic scale, grading 9 
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for excellent and 1 for highly disliked sample by a semi trained panel of judges 
consisting of 20 panelists. Samples were randomly drawn from each experimen-
tal block, coded and served to the panellists randomly and were asked to grade 
based on 9 point Hedonic scale [16]. 

2.2.5. Statistical Analysis 
The data analysis was performed using statistical software (Statistica, Ver 7.1 Se-
ries 1205). Statistical significance between the parameters were assessed by 3 way 
ANOVA using Duncan’s multiple range test by considering significance at p < 
0.05 [17]. 

3. Results and Discussion 

Analysis of proximate composition of choco quinoa nutri bar (Table 1) indi-
cated the moisture content of 7.33%, while crude fat and crude protein found 
almost similar showing the values of 14.91% and 14.43% respectively. Bar con-
tained 1.48% total ash, 3.14% crude fibre and 61.85% carbohydrate with a calo-
rific value of 426.75 k cal/100 g. 

Quinoa has an excellent amino acid balance with higher lysine (5.1% to 6.4%) 
and methionine (0.4% to 1.0%) contents [18] [19] [20]. Hence, in order to ex-
plore the beneficial effects of this wonder pseudocereal, quinoa in the form of 
crispies has been incorporated in the preparation of a bar and the amino acid 
contents of the same has been demonstrated in the Figure 1. Choco quinoa nutri 
bar exhibited very good amounts of branched chain amino acids viz isoleucine 
(688.80 mg/100g), leucine (892.10 mg/100g) and valine 530.40 mg/100g) and 
amino acid lysine was also found to be present in fairly good amount (561.01 
mg/100g). Bar showed 388.90 mg/100g of threonine and other essential amino 
acids were found between the range of 110 - 181 mg/100g. L-Aspartic acid was 
found in higher amounts (596.26 mg/100g) among the non-essential amino ac-
ids identified in the bar followed by L-Alanine (301.50 mg/100g) and L-Proline 
(308.40 mg/100g). L-Cysteine was found in a very meagre amount i.e., 30.01 
mg/100g in the bar. 

 
Table 1. Proximate composition of choco-quinoa nutri Bar. 

Attributes (%) 

Moisture 7.33 ± 0.08 

Crude Fat 14.91 ± 0.12 

Crude Protein 14.43 ± 0.19 

Total Ash 1.48 ± 0.04 

Crude Fiber 3.14 ± 0.05 

Total Carbohydrate 61.85 ± 0.12 

Total sugars 37.06 ± 0.28 

Energy (kcal/100g) 426.75 ± 0.49 

Values are mean ± SD, (n = 3). 
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Figure 1. Essential and non essential amino acid contents (%) in choco-quinoa nutri bar. 
 

Lipid oxidation is one of the important processes that occurs in most of the 
food systems and a major cause of food deterioration during processing and 
storage [21]. In the present study, the extent of lipid oxidation of choco quinoa 
nutri bar has been monitored by studying the changes that took place in perox-
ide value (PV), free fatty acids (FFA), thiobarbituric acid (TBA) and browning 
index (BI) during storage at ambient (15˚C - 34˚C) and 37˚C temperature con-
ditions in different packaging materials (Table 2). During storage, moisture 
showed a significant (p < 0.05) increase irrespective of storage period and tem-
perature of storage. PP being high in water vapour transmission rate contributed 
significantly to the increase in moisture content as compared to the bars stored 
in MP films. During 9 months of storage, bars packed in PP films exhibited an 
increase in moisture content from 7.33% to 8.85% and 8.21% at ambient (15˚C - 
34˚C) and 37˚C temperature conditions respectively. Between vacuum and non 
vacuum packed samples in MP films, moisture content did not vary significantly 
(p < 0.05) at both temperature conditions during storage. The degree of oxida-
tion of a bar as measured by changes in PV revealed that, the bar that initially 
showed a PV of 5.31 attributed an increase to a maximum value of 13.18 meq 
O2/kg fat during 9 months of storage irrespective of the storage period, packag-
ing material and temperature of storage. The increase in moisture content and 
possible presence of lipase enzyme in bars contributed to the significant (p < 
0.05) increase in FFA content during storage and it increased from 1.32% oleic 
acid to 2.78%, 2.63%, 2.49% oleic acid at ambient conditions (15˚C - 34˚C) and 
3.45%, 3.21% and 3.10% oleic acid at 37˚C. TBA value also showed a similar  
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Table 2. Changes in Moisture content (%), Peroxide value (PV, meq O2/kg oil), Free fatty 
acid content (FFA,% Oleic acid), Thiobarbituric acid value (TBA, mg malonaldehyde/kg 
sample) and Browning index (OD) of choco-quinoa nutri bar during storage at ambient 
(15˚C - 34˚C) conditions and 37˚C. 

Parameters 
Packaging  
material 

OM 
3 M 6 M 9 M 3 M 6 M 9 M 

RT 37˚C 

Moisture content 

PP 

MP 

MP (Vac) 

7.33a 

8.01e 

7.52bc 

7.42ab 

8.47g 

7.69cd 

7.51bc 

8.85h 

7.74d 

7.55bc 

7.62cd 

7.45ab 

7.29a 

7.93e 

7.63cd 

7.45ab 

8.21f 

7.70d 

7.51bc 

Peroxide value 

PP 

MP 

MP (Vac) 

5.31a 

7.11c 

6.85c 

6.20b 

9.36g 

8.19d 

7.89d 

11.69i 

10.42g 

8.76e 

7.89d 

7.10c 

6.86c 

10.98h 

10.22g 

9.34f 

13.18k 

12.45j 

11.68i 

Free fatty acid 

PP 

MP 

MP (Vac) 

1.32a 

1.89d 

1.70bc 

1.62b 

2.32fg 

2.12e 

1.90d 

2.78i 

2.63hi 

2.49gh 

2.16ef 

1.97de 

1.82cd 

2.76i 

2.55h 

2.30fg 

3.45k 

3.21j 

3.10j 

Thiobarbituric 
acid 

PP 

MP 

MP (Vac) 

0.11a 

0.14cd 

0.13bc 

0.12ab 

0.16ef 

0.15de 

0.14cd 

0.19h 

0.17fg 

0.17fg 

0.15de 

0.14cd 

0.13bc 

0.18gh 

0.17fg 

0.15de 

0.21i 

0.19h 

0.18gh 

Browning Index 

PP 

MP 

MP (Vac) 

0.231a 

0.282e 

0.261c 

0.250b 

0.352h 

0.333g 

0.290ef 

0.431l 

0.401j 

0.371i 

0.295f 

0.284e 

0.270d 

0.367i 

0.352h 

0.329g 

0.455m 

0.430l 

0.418k 

Values with different superscripts differ significantly (p < 0.05); Values are mean ± SD, (n = 3). 
 

pattern of increase in both PP and MP films under the same conditions of sto-
rage of choco quinoa nutri bar. It is evident from the study that, the bar stored in 
PP films underwent slightly higher degree of deterioration as compared to the 
ones stored in MP films, can be due to their higher oxygen and water permeabil-
ity rates than that of MP films. Khan et al. (2008) [10], also reported higher rate 
of chemical deterioration in ground nut burfi samples packed in PP films than 
MP films. The process of food browning which greatly affects the nutritional 
quality of stored foods has also undergone a significant (P < 0.05) increase dur-
ing storage of choco quinoa nutri bar. Fresh sample showed a browning index of 
0.231, enhanced significantly (P < 0.05) to 0.431 & 0.455 in PP films, 0.401 & 
0.430 in MP films and 0.371 & 0.418 in samples stored under vacuum in MP 
films at ambient (15˚C - 34˚C) and 37˚C temperature conditions respectively. 

The lipid oxidation affected the antioxidant activity of the bar during storage 
at both the temperature conditions and the packaging materials used for the 
study (Figure 2). Initially bar has exhibited 58.74% inhibition of oxidation as 
measured by its antioxidant activity. With increase in the oxidation of the bar, 
the antioxidant activity was found to decrease significantly (p < 0.05) in the bars 
stored at both ambient (15˚C - 34˚C) conditions and 37˚C packed in all the 
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Values with different superscripts on each bar graph differ significantly (p < 0.05). 

Figure 2. Changes in antioxidant activity of choco-quinoa nutri bar during storage at 
ambient conditions (15˚C - 34˚C) and 37˚C. 

 
packaging materials during 9 months of storage. As expected, antioxidant activ-
ity decreased more in the samples packed in PP films than the samples stored in 
MP films (with and without vacuum), and found to correlate well with the oxid-
ative changes that took place in different packaging material in the bar during 
storage at both the temperature conditions. Antioxidant activity decreased from 
58.74% to 49.10% and 44.86% in PP packed samples at ambient condition (15˚C 
- 34˚C) and 37˚C respectively, while in samples packed in MP films decrease was 
found to be comparatively less and it decreased from 58.74 to 50.43 & 47.32 
packed in MP films alone and 53.77 & 48.17 in samples stored under vacuum in 
MP films at ambient and 37˚C temperature conditions respectively during 9 
months of storage. 

The fatty acid composition of choco quinoa nutri bar packed in PP and MP 
films (with/without vacuum), stored at ambient (15˚C - 34˚C) and 37˚C tempera-
ture conditions are represented in the Table 3. The major fatty acid identified was 
oleic acid (36.06%) followed by palmitic (29.35%) and stearic acids (17.12%). 
Linoleic acid was also present in higher amounts (12.05%), while linolenic acid 
in negligible amounts (0.34%). During storage of the bar up to 9 months, there 
was a significant (P < 0.05) decrease in unsaturated fatty acids representing oleic 
and linolenic acids with the concomitant increase in saturated fatty acids. As 
expected, samples stored under 37˚C encountered higher degree of degradation 
of fatty acids than the samples stored under ambient conditions (15˚C - 34˚C) 
and also degradation was observed more in samples packed in PP films than MP 
packed samples. During storage of the bar in PP, MP and MP (vacuum) films,  
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Table 3. Changes in fatty acid profile of choco-quinoa nutri bar during storage at am-
bient (15˚C - 34˚C) conditions and 37˚C 

Parameters 
Packaging  
material 

OM 
6 M 9 M 6 M 9M 

RT 37˚C 

Butyric 

PP 

MP 

MP (Vac) 

0.31a 

0.29a 

0.30ab 

0.29a 

0.44b 

0.35cd 

0.32a 

0.32ab 

0.33bc 

0.31ab 

0.50g 

0.38e 

0.36de 

Caproic 

PP 

MP 

MP (Vac) 

0.36a 

0.38ab 

0.36a 

0.38ab 

0.52f 

0.42cd 

0.40bc 

0.41c 

0.38ab 

0.42cd 

0.57g 

0.49e 

0.44d 

Caprylic 

PP 

MP 

MP (Vac) 

0.42ab 

0.45c 

0.42ab 

0.40a 

0.54e 

0.45c 

0.45c 

0.48d 

0.45c 

0.44bc 

0.58f 

0.48d 

0.48d 

Capric 

PP 

MP 

MP (Vac) 

0.50a 

0.58de 

0.55bc 

0.52ab 

0.64gh 

0.60ef 

0.57cd 

0.65h 

0.62fg 

0.54b 

0.70i 

0.64gh 

0.63gh 

Lauric 

PP 

MP 

MP (Vac) 

1.08a 

1.22abc 

1.19ab 

1.14ab 

1.38bc 

1.25abc 

1.20abc 

1.30abc 

1.25abc 

1.19ab 

1.45c 

1.28abc 

1.25abc 

Myristic 

PP 

MP 

MP (Vac) 

1.34a 

1.47a 

1.42a 

1.39a 

1.59a 

1.52a 

1.48a 

1.54a 

1.48a 

1.45a 

1.63a 

1.58a 

1.53a 

Palmitic 

PP 

MP 

MP (Vac) 

29.35a 

29.88b 

29.97bc 

29.48a 

30.55d 

30.31cd 

29.78ab 

29.94b 

29.83b 

29.57a 

30.42d 

30.41d 

29.94b 

Stearic 

PP 

MP 

MP (Vac) 

17.12a 

17.30a 

17.23ab 

17.19a 

17.88de 

17.50bcd 

17.32abc 

17.49b 

17.34abc 

17.23ab 

18.17e 

17.64cd 

17.55bcd 

Oleic 

PP 

MP 

MP (Vac) 

36.06e 

35.72cde 

35.82de 

35.90de 

35.10ab 

35.40bc 

35.68cd 

35.60cd 

35.74cde 

35.83de 

34.90a 

35.28ab 

35.61cde 

Linoleic 

PP 

MP 

MP (Vac) 

12.05e 

11.75cd 

11.82cde 

11.90de 

11.32ab 

11.58bc 

11.74cd 

11.40ab 

11.71cd 

11.83cde 

11.10a 

11.47abc 

11.55abcd 

Linolenic 

PP 

MP 

MP (Vac) 

0.34g 

0.28de 

0.30ef 

0.30ef 

0.20b 

0.25c 

0.25c 

0.25c 

0.28de 

0.31f 

0.12a 

0.20b 

0.21b 

Values with different superscripts differ significantly (p < 0.05); Values are mean ± SD, (n = 3). 

https://doi.org/10.4236/fns.2018.97067


A. Padmashree et al. 
 

 

DOI: 10.4236/fns.2018.97067 907 Food and Nutrition Sciences 
 

linoleic acid was found to decrease significantly (P < 0.05) from 12.05% to 
11.32% & 11.10%, 11.58% & 11.47% and 11.74% & 11.55% in the samples stored 
under ambient and 37˚C temperature conditions respectively. Oleic acid under-
went higher degree of degradation from 36.06% to 35.10% & 34.90% packed in 
PP films, 35.40% & 35.28% packed in MP films and 35.68% & 35.61% packed in 
MP films under vacuum at ambient (15˚C - 34˚C) and 37˚C temperature condi-
tions respectively. The major saturated fatty acid, palmitic increased significantly 
(p < 0.05) by 1.2, 0.96 and 0.43 units at ambient conditions (15˚C - 34˚C) and 
1.07, 1.06 and 0.59 units at 37˚C packed in PP, MP and MP (vacuum) films re-
spectively. The next major saturated fatty acid myristic also showed a significant 
(P < 0.05) increase during storage by maximum 0.25 units under ambient condi-
tions (15˚C - 34˚C) and 0.29 units under 37˚C irrespective of the packaging ma-
terial used. The other lower chain fatty acids like butyric, caproic, and capric ac-
ids also showed a slight and significant (p < 0.05) increase during storage. 

Texture is a critical sensory attribute which determines the quality of a food 
and is related to the deformation, disintegration and flow of a food when a force 
is applied on them [22]. In the study, texture of choco quinoa nutri bar was de-
scribed using toughness and work of shear by measuring the cut force (Table 4). 
It is evident from the data that, toughness, a total positive area under the curve 
or the work required to cut the sample of a bar varied significantly (p < 0.05) 
during 9 months of storage and it increased significantly (P < 0.05) from 4.46 to 
7.35 & 7.89, 8.56 & 8.93, 9.12 & 9.56 kg in the samples stored under ambient and 
37˚C temperature conditions in PP, MP and MP (Vacuum) films respectively. 
The highest value for toughness was shown by bars stored under vacuum in MP 
films at 37˚C (9.56 kg) and lowest in PP films at ambient conditions (7.35 kg) at 
the end of the storage period. 

As the toughness of the bar increased, the work of shear which measures sam-
ples shearing resistance force when cut by a knife decreased significantly (P < 
0.05). During storage, as the bar started losing its pliability with the increased 
hardness, the total force under the larger area which measures work of shear de-
creased significantly (P < 0.05) from 17.31 to 15.64 14.87, 14.28 kg∙mm at ambient  

 
Table 4. Changes in cutting strength of choco-quinoa nutri bar during storage at ambient 
conditions (15˚C - 34˚C) and 37˚C. 

Parameters 
Packaging 
material 

0 M 
3 M 6 M 9 M 3 M 6 M 9 M 

RT 37˚C 

Toughness 
(kg) 

PP 

MP 

MP (Vac) 

4.46a 

4.69a 

4.71a 

4.80a 

6.15c 

6.73d 

6.82d 

7.35e 

8.56g 

9.12h 

4.98a 

5.03a 

5.15b 

6.38c 

6.92de 

7.11de 

7.89f 

8.93g 

9.56h 

Work of 
shear 

(kg mm) 

PP 

MP 

MP (Vac) 

17.31i 

17.00h 

16.88gh 

16.70gh 

16.41fg 

16.10ef 

15.74cde 

15.64cd 

14.87b 

14.28a 

16.25f 

16.10ef 

16.50fg 

16.27f 

16.01def 

15.58c 

15.45c 

14.40ab 

14.14a 

Values with different superscripts differ significantly (p < 0.05), Values are mean ± SD, (n = 3). 
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conditions and 15.45, 14.40, 14.14 kg.mm at 37˚C, packed in PP, MP and MP 
(vacuum) films respectively. At a particular interval of time, w.r.t the same 
packaging material, and at both the temperature conditions, toughness and work 
of shear did not vary significantly (p < 0.05), revealing same observations for the 
texture of the bar from sensory panellists. 

Sensory acceptance of choco quinoa nutri bar was assessed by studying the 
changes in terms of colour, aroma, taste, texture and over all acceptability 
(OAA) scores during storage at ambient and 37˚C temperature conditions in 
different packaging materials (Table 5). Significant (P < 0.05) differences were 
observed in the above sensory parameters during storage of a bar. Highest values 
for colour, aroma and taste were found to be 8.07, 8.10 and 8.20 respectively at 
zero day of storage and least value was observed in samples stored in PP films 
during 9 months of storage at 37˚C on a 9 point Hedonic scale. However, be-
tween the packaging material and temperature of storage, colour, aroma and 
taste parameters in bar did not vary significantly (p > 0.05) at each interval of 
time. Though these sensory parameters has not affected the acceptance of the 
bar, the significant (p < 0.05) textural changes observed after 3 months of sto-
rage resulted in hardness of a bar, which inturn affected the acceptability and 
hence shelf-life. Texture of the bar did not vary significantly (p > 0.05) between 
the samples packed in MP films (with and without vacuum) at each interval of  

 
Table 5. Changes in sensory attributes of choco-quinoa nutri bar during storage at am-
bient conditions (15˚C - 34˚C) and 37˚C. 

Parameters 
Packaging  
materials 

OM 
3 M 6 M 9 M 3 M 6 M 9 M 

RT 37˚C 

Colour 

PP 

MP 

MP (Vac) 

8.07f 

7.82de 

7.93ef 

7.90ef 

7.52bc 

7.63cd 

7.71de 

7.25ab 

7.38abc 

7.45bc 

7.73de 

7.80def 

7.88def 

7.45bc 

7.52bc 

7.62cd 

7.17a 

7.32ab 

7.40bc 

Aroma 

PP 

MP 

MP (Vac) 

8.10g 

7.85efg 

7.90fg 

7.90fg 

7.62cde 

7.71cdef 

7.77def 

7.29ab 

7.45bc 

7.51bc 

7.71cdef 

7.78def 

7.83efg 

7.50bcd 

7.70cdef 

7.75cdef 

7.12a 

7.23ab 

7.39ab 

Taste 

PP 

MP 

MP (Vac) 

8.20g 

7.80ef 

7.89ef 

7.93fg 

7.55bcd 

7.65cdef 

7.74def 

7.29ab 

7.40abc 

7.51abcd 

7.68cdef 

7.73def 

7.81ef 

7.42abc 

7.49abcd 

7.60cde 

7.20a 

7.32ab 

7.44abc 

Texture 

PP 

MP 

MP (Vac) 

8.09k 

7.74j 

7.54ij 

7.40hi 

7.40hi 

6.91efg 

6.73cde 

7.10fgh 

6.47bc 

6.29ab 

7.62ij 

7.37hi 

7.21gh 

7.27gh 

6.83def 

6.59bcd 

6.80ef 

6.30ab 

6.13a 

OAA 

PP 

MP 

MP (Vac) 

8.17g 

7.72f 

7.65f 

7.70f 

7.55ef 

7.28cd 

7.20cd 

7.22cd 

6.83bc 

6.75b 

7.59ef 

7.45def 

7.53ef 

7.30cde 

7.19cd 

7.07c 

7.12c 

6.60ab 

6.41ab 

Values with different superscripts differ significantly (p < 0.05); Values are mean ± SD, (n = 20). 

https://doi.org/10.4236/fns.2018.97067


A. Padmashree et al. 
 

 

DOI: 10.4236/fns.2018.97067 909 Food and Nutrition Sciences 
 

time up to 9 months irrespective of conditions of storage. Initially bar scored a 
texture value of 8.09, decreased significantly (P < 0.05) to 7.10 & 6.80 packed in 
PP films, 6.47 & 6.30 packed in MP films and 6.29 and 6.13 in samples packed 
under vacuum in MP films at ambient and 37˚C temperature conditions respec-
tively. The bars packed in PP films scored slightly better value for texture, may 
be due to the slight sogginess of a bar with slightly more moisture which facili-
tated easy bite from the panellists as compared to the bars stored in MP films 
(with and without vacuum). Figiel and Czopek (2006) [23] has also reported a 
significant decrease in hardness of a candy, when there was an increase in mois-
ture content by 0.5 units. Vacuum packing of bars also aided in enhancing the 
hardness, as vacuum packing of dry cured ham in multilayered laminated film 
has resulted in increased hardness, cohesiveness etc when samples were stored 
for 8 weeks as compared to the non vacuum stored samples [24]. The develop-
ment of tough or hard texture in protein rich bar may be attributed to the 
thiol-disulfide interchange reactions during storage, which leads to cross linking, 
aggregation and network formation [25] [26]. Surface hydrophobicity and more 
ordered secondary structure of protein can also cause hardening during storage 
[27]. Initially bar received an OAA score of 8.17 on a 9 point hedonic scale 
which decreased significantly (p < 0.05) to a lower value of 6.41 in samples 
packed in MP films under vacuum at 37˚C followed by MP alone which scored 
6.60 under same temperature conditions. The next lowest value was observed for 
the samples stored under ambient (15˚C - 34˚C) conditions, which scored an 
OAA score of 6.83 and 6.75 when packed in MP films with out and with vacuum 
respectively. Since lower limit for the acceptability of the product was considered 
as 7 on a 9 Point Hedonic scale, the bars packed in PP films was found accepta-
ble for 9 months, while the samples packed in MP films (with and without va-
cuum) remained stable for 6 months only under both the temperature condi-
tions. 

The effect of water activity (aw) on lipid peroxidation of choco quinoa nutri 
bar at aw levels of 0.0, 0.33, 0.57 and 0.73 during 40 days of storage at ambient 
conditions (15˚C - 34˚C) are represented in Figure 3. The initial moisture con-
tent of the bar was 6.87%, changed significantly (p < 0.05) to 0.38, 4.73, 7.80, 
11.27 at 0.0, 0.33, 0.57 and 0.73 aw levels at the end of 40 days of storage. Signifi-
cant (p < 0.05) decrease in moisture content was observed at 0.00 and 0.33 aw, 
while samples kept at 0.57 and 0.73 aw levels showed a significant (p < 0.05) in-
crease in their moisture content during storage. Samples stored at all aw levels 
attained equilibrium in their moisture contents after 30 days of storage and re-
mained almost constant thereafter till the end of the study. 

Lipid oxidation as evaluated by measuring changes in PV and FFA values 
showed a significant (p < 0.05) increase at all aw levels, showing higher degree of 
increase at 0.0 aw followed by 0.57 and 0.73 aw and comparatively less at 0.33 aw. 
PV and FFA values increased from 3.66 meq O2/kg fat and 1.87% oleic acid at 0 
day to 25.56 meq O2/kg fat & 4.22% oleic acid, 22.93 meq O2/kg fat & 4.32% oleic 
acid and 23.26 meqO2/kg fat & 4.46% oleic acid at 0.00, 0.57 and 0.73 aw levels,  
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Figure 3. Effect of water activity (aw) on the lipid peroxidation of choco quinoa nutri bar. 

 
respectively, at the end of 40 days of storage at ambient conditions. At 0.33 aw, 
both PV and FFA showed slower increase from 3.66 to 20.21 meq O2/kg fat and 
1.87% to 3.50% oleic acid, thus indicating the maximum stability of the product 
at 0.33 aw. The stability of the bars at 0.33 aw may be attributed to the formation 
of hydrogen bonds between water and peroxides which prevent the decomposi-
tion of hydroperoxides. Also, water hydrates transition metal ions thereby re-
ducing their activity to decompose hydroperoxides [28]. The results obtained 
from our study are in conformity with published data [28] [29]. The increase in 
FFA may be due to the hydrolysis of fats in the presence of water, and followed 
the same trend as that of PV at different aw levels. 

Antioxidants are the compounds which inhibit the process of lipid oxidation 
by reacting with the radical formed from fat to form a stable radical, which do 
not quickly react with reactive oxygen, thereby extend the shelf life of processed 
foods by protecting them against deterioration [30]. It is evident from the  
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Figure 4. Photograph of choco quinoa nutri bar. 

 
present study that, the bar which initially showed 57% inhibition of peroxida-
tion, showed a significant (p < 0.05) decrease in the antioxidant activity at all aw 
levels during 40 days of storage as the lipid oxidation progressed. Lipid oxidation 
and antioxidant degradation found maximum at 0.00 aw and minimum at 0.33 
aw. Antioxidant activity decreased significantly (p < 0.05) from 57.01% to 
22.62%, 38.55%, 30.94% and 28.48% inhibition at 0.0, 0.33, 0.57 and 0.73 aw le-
vels respectively, at the end of the storage period. The decrease in antioxidant 
activity was found to have a good correlation with the increase in lipid oxidation 
at the all the aw levels during storage. 

Microbiological analysis carried out in choco quinoa nutri bar (Figure 4) at 
regular intervals of time, revealed no microbial counts. The samples were found 
free from yeast and mold counts and SPC count was found within the acceptable 
limit during the entire storage period. 

Correlation Analysis 

The chemical changes like PV, FFA, TBA and browning observed during storage 
was found to be negatively correlated (r ≥ −0.99) with over all acceptability 
(OAA) scores. The correlation between PV & OAA, FFA & OAA, TBA & OAA 
and Browning & OAA were found to be −0.97, −0.99, −0.99, −0.97 & −0.99, 
−0.99, −0.99, −0.97 & −0.99, −0.98, −0.97, −0.95 for the bars packed in PP, MP 
and MP (Vacuum) respectively during storage at ambient conditions (15˚C - 
34˚C). It was observed from the study that, correlation between the chemical 
changes and OAA for the samples stored under 37˚C was not varied much with 
that of ambient conditions, because the chemical changes that took place at both 
the temperature conditions, though observed significant, but not affected the 
sensory quality in terms of OAA which was clearly revealed by sensory panell-
ists. As far as the texture of the bar is concerned, the texture was found to be po-
sitively correlated (r > 0.97) with OAA at both the temperature conditions. 
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4. Conclusion 

A highly nutritious bar can be prepared with the incorporation of quinoa to en-
hance its protein quality. Bars stored at 37˚C underwent deterioration at a 
slightly faster rate as compared to the bars stored at ambient conditions. Packing 
in vacuum films was not found beneficial in extending the shelf life of the bar. 
Even though bar remained chemically, sensorily and microbiologically safe dur-
ing the entire storage period, increase in the hardness was found to be the limit-
ing factor for the acceptability of the bar thus restricting the shelf life to 6 
months in the samples packed in MP films (with/without vacuum) and 9 months 
in PP films under both the temperature conditions. 
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