
Performance Evaluation of Selected Packaging Materials on the 
Chemical Compositions and Consumer Acceptability of Roasted 

Groundnut Seeds Stored at Ambient Temperature 

Florence A. Bello1, Uwakmfon E. Etim1 and Titus U. Nwabueze2 
1 Department of Food Science and Technology, University of Uyo, Uyo, Nigeria 

2 Department of Food Science and Technology, Michael Okpara University of Agric., Umudike, Nigeria 
Email: florenceabello@uniuyo.edu.ng 

Abstract. This study reports the performance of packaging materials used in the storage of roasted 
groundnuts under ambient temperature (28±2 °C) in a 3x4 factorial experimental design. The 
groundnut samples, divided into four portions, were roasted with gari as heat medium. The 
groundnuts were separated from the medium and allowed to cool before packaging. The roasted 
groundnut seeds were analyzed as fresh (control), packaged in glass bottle, plastic bottle and low 
density polyethylene (LDPE) for four weeks. Proximate composition, anti-nutritional properties and 
sensory evaluation were carried out at weekly intervals. The result showed that packaging materials 
and storage duration had significant (p<0.05) effect on moisture, crude protein, ash and 
carbohydrate contents of the roasted groundnuts while significant (p>0.05) change was not observed 
in crude fat and fibre contents. The highest moisture content was observed in roasted groundnut 
packaged in LDPE while the glass bottle had the least value. Roasting gradually reduced the selected 
anti-nutrients (oxalate, phytate, tannin and HCN) of the raw groundnut seeds in conjunction with 
the packaging materials and storage duration. Sensory acceptability scores for roasted groundnuts 
stored in glass bottle were the highest when compared with other packaging materials. The glass 
bottle may be recommended as a choice packaging material for commercial storage of roasted 
groundnuts for all-round availability and utilization. 
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1   Introduction 

Legumes have been an essential part of the human diet for centuries, with a major role in global food 
security, environmental challenges, and healthy diets [1]. Groundnut also known as peanut or earthnut 
is an edible seed of legume Arachis hypogeae Linn. The botanical name Arachis hypogaea Linn is 
derived from two Greek words, Arachis means ‘a legume’ and hypogaea means ‘below ground’ referring 
to the formation of pods in the soil [2,3]. Nigeria produces over 1.55 million metric tonnes of groundnut 
annually and is presently the first largest producers in Africa and the third largest in the world [4]. 
Groundnut seeds make an important contribution to the diet in many countries. It is a good source of 
proteins, lipids, and fatty acids for human nutrition [5,6]. It is an important item in several 
confectionery products and in supplementary feeding programmes such as in weaning food formulations 
in combination with cereals in many developing countries such as Nigeria. 

Majority of the food from plant source contain some amount of anti-nutrients in them and are known 
to reduce the bioavailability of nutrients in the body. Like other legumes, groundnut contains 
antinutrients like tannins, phytate, oxalate and alkaloids which limit maximum utilization of the 
nutrient present in the groundnut [7]. The presence of these anti-nutrients might not be an impediment, 
as proper processing methods can make them edible for a safe use [8]. Roasting, which is a common local 
processing method in Africa, improves colour, extends shelf life, enhances flavor and reduces the anti-
nutrient factors of legumes [9,10]. 

Packaging is an integral part of any food industry as it affects the quality and stability of a food 
product. Packaging helps in protecting foods against contamination and adverse environmental 
conditions that can initiate deterioration of such foods [11]. Groundnuts are highly perishable in all 
forms and are vulnerable to moulds that produce aflatoxins. The introduction of proper packaging 
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materials for packaging roasted groundnut will aid in curbing the perishability of roasted groundnut and 
also enhance its shelf life [12]. This will not only protect roasted groundnut from moisture loss or gain, 
aroma loss or gain, oxidation by oxygen, deterioration during storage and microbial attack, but also 
promotes sales and a point of attractive appeal to consumers. Therefore, the objective of the study was 
to evaluate the performance of different packaging materials on proximate composition, anti-nutrients 
components and sensory properties of roasted groundnut at ambient temperature storage. 

2   Materials and Methods 

2.1   Experimental Design 

A 3x4 factorial experiment using completely randomized design was conducted (Table 1). The two 
factors were packaging materials and storage duration at three and four level, respectively. 

Table 1. Treatment combinations 

Factor 2 (Storage duration)
Factor 1 (Packaging materials) W1 W2 W3 W4 
G GW1 GW 2 GW 3 GW 4 
P PW1 PW 2 PW 3 PW 4 
L LW1 LW 2 LW 3 LW 4 
RG (Raw groundnut) 
FRG (Freshly roasted groundnut) Control
G=Glass, P=Plastic, L=Low Density Polyethylene (LDPE), W1=Week 1, W2=Week 
2, W3=Week 3 and W4=Week 4.

2.2   Sample Collection 

Raw groundnut was purchased at Itam main market Akwa Ibom State, Nigeria. The equipment and 
reagents used were those from Departments of Food Science and Technology Laboratory, University of 
Uyo, Uyo, Akwa Ibom State. 

2.3   Sample Processing 

The shelled groundnut seeds were divided into four equal portions. The first portion was cleaned and 
analysed as raw sample while the remaining portions were washed with distilled water to remove 
impurities, salted and sun-dried in a tray for 20 min. The groundnut seeds were roasted at 150 °C for 20 
min in a hot pan containing hot gari as heat medium with intermittent stirring. The groundnut seeds 
were separated from gari and allowed to cool and peel was removed. Part of the roasted groundnut was 
analysed immediately while the remaining parts were packaged with three different packaging materials 
(glass bottle, plastic bottle and Low Density Polyethylene (LDPE). The packaged roasted groundnut 
were kept at ambient temperature (28±2 °C) and examined at one week interval for four weeks. 

2.4   Determination of Proximate Composition 

The groundnut samples were analyzed for their moisture, crude protein, crude fat, ash and crude fibre 
contents according to the method described by [13]. Carbohydrate was determined by difference i.e. % 
carbohydrate = 100 – (%moisture + %crude protein + %crude fat + %ash + %crude fibre). 

2.5   Determination of Anti-nutrients 

Four (4) selected anti-nutritional components were determined, these include: oxalate, phytate, tannin 
and hydrogen cyanide (HCN). Oxalate content of the samples was determined using AOAC (2005) 
method. Phytate was determined using the method of [14]. Tannin content was determined using the 
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method described by [15] while the method used for the determination of HCN was alkaline picrate 
method of [16]. 

2.6   Sensory Evaluation 

Groundnut samples stored in three (3) different packaging material and freshly roasted groundnut were 
evaluated weekly for aroma, colour, taste and general acceptance by a panel of 20 judges on a 9 point 
hedonic scale (9=extremely disliked, 1=extremely liked) as described by [17]. 

2.7   Statistical Analysis 

The data obtained were subjected to Analysis of Variance (ANOVA) using SPSS statistical software 
version 21.0. Means of triplicate data were separated using Duncan New Multiple Range Test and a 
level of p<0.05 was used to indicate significant differences among the mean data. 

3   Results and Discussion 

The proximate composition of raw, freshly roasted and packaged roasted groundnut stored at ambient 
temperature is presented in Table 2. The moisture, crude protein, ash and carbohydrate contents of the 
roasted groundnut seeds were significantly (p<0.05) affected by the packaging materials and storage 
duration except crude fat and fibre contents. The highest moisture content (8.17%) was observed in 
roasted groundnut packaged in LDPE at week 4 of storage (LW4). The result is in agreement with the 
report of [12] who studied the effect of relative humidity, thickness of polythene packaging material and 
duration of storage on shelf-life of roasted cashew nuts. It was observed by these researchers that 
moisture content of all the samples increased with increase in duration of storage at constant polythene 
thickness level and also, as the thickness of the polythene packaging material increased, the amount of 
moisture absorbed over time (in days) decreases. Glass bottle had the lowest moisture content for 
roasted groundnut when compared with raw (15.31%) and freshly roasted (5.01%). This implies that 
roasted groundnut has high shelf life and storage capacity than the raw and freshly roasted. The storage 
in glass bottle posed less danger of spoilage in terms of constituting a barrier against moisture since 
moisture poses a great postharvest threat to hygroscopic food commodities like roasted groundnuts. This 
finding agrees with the result obtained by [18] who studied the shelf-life of infrared dry-roasted almonds. 
The crude protein content of the samples at storage ranged from 21.75-28.84% for LDPE at week 4 
(LW4) and glass bottle at week 1 (GW1), respectively, while the raw and roasted samples were 28.85% 
and 26.84%, respectively. Significant (p<0.05) reduction in crude protein content was observed after 
roasting and also in all the packaging materials as the storage duration progressed. Similar observation 
was reported for roasted benniseed and Bambara groundnut [19]. Packaging materials and storage 
duration had no significant (p>0.05) effect on the crude fat content of the roasted groundnut. It ranged 
from 39.11% for LDPE at week 4 to 44.85% for glass bottle at week 2. This result agrees with the 
finding of [20]. Ash content of samples at storage ranged from 2.26-3.76%. The highest value was found 
in glass bottle while the least value was recorded for LDPE. These values were lower than the value 
(3.87%) recorded for freshly roasted groundnut. No significant (p>0.05) difference was observed in the 
crude fibre content of all the groundnut samples. It ranged from 2.00-2.46% for plastic bottle at week 4 
and 1, respectively. Significant (p<0.05) increase in carbohydrate content was noticed in all the 
packaging materials during storage. Carbohydrate content of roasted groundnut samples in storage 
ranged from 14.87-26.50%. The highest value was found in roasted groundnut packaged with LDPE. It 
was also observed that glass bottle gave the least values but still higher than the freshly roasted (16.86%) 
and raw groundnut (5.21%). The result disagrees with the report of [21] who reported decreased values 
in seeds of mustard, linseed and groundnut after roasting. 
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Table 2. Interaction effect between packaging materials and storage duration on proximate composition (%) of 
roasted groundnut seeds 

Sample code Moisture Crude protein Crude fat Ash Crude fibre Carbohydrate
FRG 5.01±0.24f 26.84±0.89ab 44.92±2.21a 3.87±0.14a 2.50±0.28a 16.86±0.33f

GW 1 5.04±0.24f 28.84±1.07a 44.51±1.89b 3.76±0.23a 2.45±0.38a 15.40±0.69f

GW 2 5.04±0.08f 27.74±0.70abc 44.85±1.72a 3.76±0.13a 2.41±0.46a 16.20±0.39e

GW 3 5.04±0.03f 27.77±0.37abc 44.07±2.97a 3.74±0.33a 2.40±0.39a 16.98±0.20e

GW 4 5.01±0.12f 27.72±0.78abc 44.04±2.05a 3.72±0.38a 2.40±0.27a 17.11±0.91e

PW1 5.72±0.63ef 27.51±1.45abc 44.52±2.93a 3.76±0.43a 2.46±0.48a 16.03±2.46f

PW 2 5.67±0.82ef 26.41±2.42bc 42.17±2.90ab 3.17±.0.16b 2.42±0.50a 20.16±1.38c

PW 3 6.95±0.94cd 26.07±1.91c 40.35±1.51ab 2.92±0.63b 2.40±0.18a 21.31±1.91b

PW 4 7.46±0.67bc 26.01±1.01c 40.28±1.52ab 2.34±0.21c 2.00±0.11a 21.91±1.20b

LW 1 6.11±0.26de 28.31±0.81abc 44.52±2.96a 3.77±0.23a 2.42±0.49a 14.87±0.33e

LW 2 7.21±0.75bc 26.04±0.96c 42.04±1.99ab 3.10±0.19b 2.33±0.32a 19.28±0.75d

LW 3 8.13±0.25b 23.15±0.68d 39.87±1.36ab 2.69±0.43bc 2.25±0.25a 23.91±0.96ab

LW 4 8.17±0.47b 21.75±0.83d 39.11±2.45ab 2.26±0.23c 2.21±0.25a 26.50±1.35a

RG 15.31±1.00a 28.85±0.31a 44.53±2.94a 3.70±0.10a 2.40±0.10a 5.21±0.90g

Mn 6.85 26.64 42.84 3.33 2.36 17.98 
CV 0.39 0.09 0.17 0.19 0.13 0.18 
p<0.05 0.000* 0.000* 0.515ns 0.000* 0.947ns 0.021* 
* and ns represent significant at 5% and non-significant at 5% probability level, respectively. Mean values 
followed by the same letter in the column are not significantly different at 5% probability level. GW1, GW2, 

GW3 and GW4. Roasted groundnut stored in glass bottle for 1, 2, 3 and 4 week, respectively; PW1, PW2, PW3 

and PW4. Roasted groundnut stored in plastic bottle for 1, 2, 3 and 4 week, respectively, and LW1, LW2, LW3 

and LW4. Roasted groundnut stored in LDPE for 1, 2, 3 and 4 week, respectively. RG=Raw Groundnut, 
FRG=Freshly Roasted Groundnut, Mn=ground mean and CV=Coefficient of Variation. 
 
The selected anti-nutritional composition of raw, freshly roasted and stored groundnut is presented in 

Table 3. Significant (p<0.05) difference was observed in all the parameters analysed. Oxalate, phytate, 
tannin and HCN contents of the stored roasted groundnut ranged from 0.00-0.24 mg/g, 0.05-0.33 mg/g, 
0.017-0.038 mg/g and 0.000-0.010 mg/g, respectively. The results showed that roasting gradually 
reduced the trace amounts of anti-nutrient components found in raw groundnut seeds. Both packaging 
materials and storage duration, however, had the same significant (p<0.05) reducing effect on the level 
of oxalate, phytate and tannin concentration in roasted groundnut. Anti-nutritional components are 
known to reduce the bioavailability of nutrients in the body. Oxalates affect calcium, magnesium and 
protein metabolism in man. They also react with calcium to form calcium oxalates which are responsible 
for the formation of kidney stone in human subjects [22]. Phytates are known to reduce bioavailability 
of minerals, impair protein digestibility caused by formation of phytic-protein complexes and hinder 
absorption of nutrients due to damage to the pyloric caeca region of the intestine [23]. Anti-nutritional 
effects of tannins include interference with the digestive processes either by binding enzymes or by 
binding to food components like proteins or minerals [24]. Tannins at their safe level (below 100ppm) 
have some health benefits as they play significant roles in the prevention of cavities, diarrhoea, tooth 
decay and heart diseases [25,26]. 

The result of the sensory scores of the roasted groundnut samples is shown in Table 4. Flavour and 
colour are important attributes affecting the consumer preference of roasted groundnuts [27,28]. 
Packaging materials significantly (p<0.05) affect the aroma, colour, taste and general acceptability of 
the stored roasted groundnut. The sensory scores ranged from 4.66-8.13, 5.24-8.53, 2.50-8.65 and 4.50-
8.47 for aroma, colour, taste and general acceptability, respectively. The highest scores were found in 
groundnut packaged with glass bottle at week 1 of storage while the least values were observed in LDPE 
at week 4 of storage. There was general decreasing trend in the scores from week 1 to 4 of storage for all 
the parameters evaluated by the judges. Sample stored in glass bottle was judged as the most acceptable 
because it showed little or no decrease in sensory qualities whereas LDPE was disliked at the end of 
storage due to its loss of sensory qualities like aroma and taste in comparison with the control. 
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Table 3. Interaction effect between packaging materials and storage duration on anti-nutrient composition (mg/g) 
of roasted groundnut seeds 

Sample code Oxalate Phytate Tannin HCN
FRG 0.30±0.05abc 0.29±0.04bcd 0.038±0.000a 0.000±0.001c 
GW 1 0.31±0.03abc 0.33±0.02b 0.038±0.003a 0.001±0.001b 
GW 2 0.32±0.03abc 0.32±0.02b 0.034±0.003ab 0.000±0.000c 
GW 3 0.31±0.02abc 0.30±0.09bcd 0.035±0.003a 0.000±0.000c 
GW 4 0.29±0.01bcd 0.28±0.01bcd 0.034±0.004ab 0.000±0.000c 
PW1 0.33±0.02ab 0.32±0.02b 0.038±0.002a 0.001±0.001b 
PW 2 0.31±0.01abc 0.31±0.01bc 0.034±0.003ab 0.000±0.000c 
PW 3 0.28±0.01cde 0.28±0.01bcd 0.035±0.003a 0.000±0.000c 
PW 4 0.25±0.03de 0.25±0.03cd 0.033±0.002ab 0.000±0.000c 
LW 1 0.34±0.02a 0.30±0.09bcd 0.036±0.002a 0.001±0.001b 
LW 2 0.24±0.03e 0.24±0.02d 0.026±0.003bc 0.000±0.000c 
LW 3 0.00±0.00f 0.11±0.01e 0.021±0.009cd 0.000±0.000c 
LW 4 0.00±0.00f 0.05±0.02f 0.017±0.002d 0.000±0.000c 
RG 0.33±0.03ab 0.46±0.01a 0.039±0.010a 0.010±0.000a 
Mn 0.258 0.274 0.033 0.001
CV 0.44 0.36 0.23 2.59
p<0.05 0.000* 0.000* 0.000* 0.000* 
* represent significant at 5% probability level. Mean values followed by the 
same letter in the column are not significantly different at 5% probability level. 
See the sample code in Table 2.

Table 4. Interaction effect between packaging materials and storage duration on sensory evaluation of roasted 
groundnut seeds 

Sample code Aroma Colour Taste General acceptability 
FRG 8.83a±0.15 8.93a±0.12 8.87a±0.12 8.93a±0.12 
GW 1 8.13b±0.15 8.53b±0.11 8.65a±0.15 8.47b±0.25 
GW 2 7.65c±0.18 8.35b±0.15 8.62ab±0.10 8.35b±0.19 
GW 3 7.37d±0.17 8.11c±0.11 8.30bc±0.09 8.23b±0.15 
GW 4 7.15d±0.18 7.90c±0.10 8.10cd±0.10 7.90c±0.09 
PW1 6.72e±0.14 8.08c±0.76 7.83de±0.15 7.68cd±0.13 
PW 2 6.35f±0.09 7.62d±0.13 7.55e±0.05 7.63cd±0.15 
PW 3 6.07g±0.11 7.22e±0.08 7.20f±0.27 7.38d±0.18 
PW 4 5.83h±0.06 7.07e±0.08 6.36g±0.23 6.88e±0.28 
LW 1 6.12fg±0.07 7.05e±0.05 6.55g±0.05 6.75e±0.18 
LW 2 5.35i±0.18 6.85f±0.13 5.73h±0.21 5.41f±0.20 
LW 3 4.90j±0.10 6.20g±0.10 4.21i±0.12 5.14f±0.17 
LW 4 4.66k±0.13 5.24h±0.21 2.50j±0.44 4.50g±0.30 
Mn 6.55 7.47 7.19 7.18
CV 0.19 0.13 0.19 0.19
p<0.05 0.000* 0.000* 0.000* 0.000*
* represent significant at 5% probability level. Mean values followed by the same letter 
in the column are not significantly different at 5% probability level. See the sample 
code in Table 2. 

4   Conclusions 

This study showed that storage with glass bottle is proved to be the most effective packaging for roasted 
groundnut especially in terms of barrier against moisture since moisture poses a great postharvest threat 
to hygroscopic food commodities like groundnut. Taking the factors affecting the choice of a packaging 
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material into consideration and the effectiveness of glass bottle throughout the period of storage, it may 
be recommended for commercial storage of groundnut for all-round availability and utilization. 
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