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Abstract: The influence of different storage conditions (ambient temperature, refrigeration temperature, and hot air wooden 

cabinet storage) on nutrient retention capacity of onion bulbs was investigated. The fresh onions varieties (red and white) were 

obtained from a private farm (Modibbo Isah Farms, Bichi, Kano State, Nigeria). The experiment followed a completely 

randomized design in a factorial 3 × 2 × 8, with a total of 48 treatments, corresponding to three storage temperature conditions, 

two onion varieties and eight-week storage duration. The storage temperature conditions were ambient temperature (30±2°C), 

refrigeration storage (5-7°C) and hot air wooden cabinet storage (45-50°C) while the two onion varieties were white and red types. 

The prevailing relative humidity during the storage period ranged between 70 and 95%. The result showed that some constituents 

of the stored onions decreased with increase in the storage period and this particularly occurred in moisture content (86.89-

63.76%). Some parameters showed increased values with increase in the storage period and these include ash content (0.98-

1.60%), fat content (1.28-1.76%), protein content (1.45-4.75%), crude fibre content (0.96-1.74%), and carbohydrate content (9.05-

28.82%). The onion types essentially exhibited diverse responses to these different storage conditions which might be linked to 

botanical diversity. However, the red onions seem to show greater stability in terms of nutrient retention than the white type while 

ambient temperature storage conditions may be regarded as the best of the three storage conditions investigated. 
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1. Introduction 

Onion is believed to originate from Asia but cultivated in 

most of the countries around the world [1]. Onion is primarily 

consumed as a spice in various dishes for unique flavour and 

pungent taste due to its volatile oil (allyl-propyl-disulphide) 

but also plays a significant role in human nutrition with 

medicinal properties [2]. The onion, either as mature bulb or 

green leaves, is popular for culinary purposes and is also a rich 

source of calcium, sodium, phosphorous, and fibre with no fat 

[3, 4]. Epidemiological and clinical studies have shown that the 

nutritional consumption of this vegetable can help in the 

prevention and management of some diseases such as some 

forms of cancer, diabetes, peroxynitrite induced diseases, 

osteoporosis, cardiovascular diseases, tooth disorders, urinary 

infections, sexual debility, cholera, ear and skin disorder, 

cough, anemia, etc. [5]. 

In spite of high production output of onion in Nigeria 

coupled with its nutritional benefits, it has a short postharvest 

life resulting in high losses [6]. It has been estimated that the 

post-harvest losses of onion bulbs in the developing countries 

could be as high as 20-95% annually [7]. However, post-

harvest losses of 16-35% had been reported [8]. Exact data on 

the nature and extent of these losses at each stage in the post-

harvest chain is not readily available in the literature. 

Postharvest losses could have serious economic impacts such 

as direct financial losses on the part of the growers and 

marketers. It also indicates a waste of productive agricultural 

resources such as land, water, labour, managerial skills and 

other inputs that have been channelled towards the production 

of the crop. In most developing countries, postharvest losses of 

food crops have been faulted as a major cause of food 
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insecurity and food shortage. 

Many scientific efforts have been made to extend the storage 

life of onions by way of reducing the water content of onions, 

which causes their high perishability. Drying of the onions for 

water reduction has therefore been the commonest approach to 

their preservation [9, 10]. The application of gamma-

irradiation has also been applied to reduce pathogenic 

microflora in onions for their shelf life extension [11]. Another 

alternative method for preserving onions apart from storage 

conditions modification is the processing and drying of onions 

into powder form [12]. The objective of this study therefore 

was to evaluate the influence of different storage conditions 

(ambient temperature, refrigeration temperature, and hot air 

wooden cabinet storage) on nutrient retention capacity of onion 

bulbs. 

2. Materials and Methods 

2.1. Source of Materials 

The fresh samples of red and white onion varieties were 

obtained from a private farm (Modibbo Isa Farm, Bichi, 

Nigeria), situated at longitude of 12°16”53” North and latitude 

of 8°23”38” East. The samples were cured (air dried) for two 

weeks at the farm and then transported for analysis in the 

laboratory. 

2.2. Storage of Onions at Different Conditions 

The fresh onions were stored for two months during which 

the sample were analysed weekly under three different storage 

conditions which are: ambient temperature of 30±2°C, 

refrigeration temperature of 5-7°C, and hot air wooden cabinet 

storage at  45-50°C. 

Ambient temperature storage: In ambient temperature 

storage, the fresh onions were stored under two different 

storage cupboards at 30 ± 2°C. One cupboard contained 

carefully selected 45 pieces of red onions while the second 

cupboard also contained 45 pieces of white onions. The 

cupboards were made from plywood material and all the sides 

had sizeable openings and covered with wire gauze to allow 

adequate ventilation. The dimensions of the cupboards were 2 

m length, 1.5 m height and 1 m breadth. 

Refrigeration temperature storage: Under refrigeration 

temperature storage, the fresh onions were stored under two 

different fridges at 5 - 7°C. One fridge was made to store 45 

pieces of red onions and the other fridge also contained 45 

pieces of white onions at the same storage temperature. 

Hot air wooden cabinet storage: In the hot air wooden 

cabinet storage, the fresh onions were stored at 45-50°C. One 

cupboard contained 45 pieces of red onions and the other also 

contained 45 pieces of white onions. The temperature of 45-

50°C. was maintained within the cupboard with electric bulbs 

and the internal temperature of the cupboards was measured by 

thermometers. The cupboards were constructed with plywood 

materials having some holes by the sides to allow gaseous 

exchange within the produce. The dimension of each the two 

cupboards were 2 m length, 1.5 m height and 1 m breadth. 

2.3. Determination of Proximate Composition of Stored 

Onions 

The proximate composition of the samples was carried out 

using the standard procedures [13]. 

Moisture content determination: Samples of clean flat 

platinum dish were oven dried at 105°C and cooled in a 

desiccator. The cooled dishes were weighed (W1). Five 

grammes (5 g) of each onion type were introduced into the dish 

and weighted accurately (W2). The dish and its content were 

transferred into an air oven at 105°C to dry for about 3 hours. 

The dishes were returned to the oven for half an hour and 

again, cooled in the desiccators and weighed. The process was 

repeated till a constant weight (W3) was attained. Percentage 

moisture content was calculated as follows: 

Moisture (%) =		(�� −��)/(�� −�	) × 100 

This value is the same as% loss on drying /% matter volatile 

at 105°C 

Where, 

W1 = weight of petri dish 

W2 = weight of petri dish + sample before drying. 

W3 = weight of petri dish + sample after drying. 

Ash content determination: Clean silica dishes were dried 

and cooled in a desiccator prior to weighing (W1). Five 

grammes (5g) of each onion type were weighed accurately and 

placed in the dish (W2). Thereafter, the dish was transferred by 

using a pair of tongs into a muffle furnace for ashing at 500°C 

until fully ashed (grey colour ash). The ashed sample was 

cooled in desiccators and weighed (W3).  The percent ash 

content was calculated as follows: 

Ash (%) = (�� −�	)/(�� −�	) × 100 

Where, 

W1 = weight of crucible 

W2 = weight of crucible + sample before ashing 

W3 = weight of crucible + sample after ashing 

Determination of fat content: Five grammes (5 g) of each 

onion type were accurately weighed (W) using a weighing 

balance. A clean flat bottomed flask was weighed (W1) and the 

extractor was mounted on it. The thimble was held half way 

into the extractor and weighed sample were transferred into the 

thimble. The weighed dishes were rinsed with the solvent 

(petroleum ether) which was poured into the thimble and the 

thimble was cotton plugged. The solvent was made to reach 

about two third of the volume of the flask and continuous 

reflux of the solvent was allowed for five hours to enable fat 

extraction. After extraction, the solvent left in sample was 

made to evaporate in the oven and the flask and the residue 

was cooled and weighed (W2). The fat content was calculated 

as follows: 

Fat (%) =	(�� −�	)/�		 × 100 

Determination of nitrogen and crude protein: Five grammes 

(5g) of each onion type were weighed and transferred into a 

Kjedahl flask. Using a measuring cylinder, about 15 ml 

concentrated sulphuric acid and one tablets of kjeldhal catalyst 
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were added to the flask. The flask in an inclined position was 

gently heated in a fume cupboard, using heating mantle. When 

the initial vigorous reaction has subsided, the heat was 

increased and digestion was continued until the liquid was 

clear and free from black or brown colour. The flask was 

allowed to cool and the mixture was transferred to 100 ml 

volumetric flask, and diluted with distilled water to the mark. 

About 10 ml of the sample aliquot and 15 ml of 40% sodium 

hydroxide solution was transferred into the distillation 

apparatus consisting of the flask (500 ml capacity), stopper 

carrying a dropping funnel and a splash head adaptor: a vertical 

condenser. Ten millilitres (10 ml) of 2% boric acid solution 

was measured into a 250 ml conical flask, and a few drops of 

screened methyl red indicator were added to the flask and then 

placed on the receiver so that the end of the delivery tube is 

below the level of the boric acid. A few pieces of granulated 

zinc and some anti-dumping granules were added to the 

distillation flask. The apparatus were shaken gently to ensure 

thorough mixing of the contents. The flask was boiled 

vigorously until about 25 ml distillate is obtained. The receiver 

was  removed and titrated against a standard acid 0.025 M 

H2SO4 till a pink colour end point (TV) is reached. The 

nitrogen content of the samples was calculated as follows: 

�(%) 	= (0.014 × �� × 100 × 0.025)/(� × 10) × 100 

Where, 

W is weight of sample taken. 

% Crude protein = N	×	F. 

Where, F= 6.25. 

Determination of crude fibre: Five grammes (5 g) of each 

onion type were weighed (W1) and defatted by ether extraction 

with Soxhlet apparatus and dried. The sample was transfered 

quantitatively by brushing in a 600 ml beaker of the fibre 

digestion apparatus. Exactly 200 ml of 1.25% sulphuric acid 

was added. The beaker were placed on digestion apparatus 

with pre- adjusted heater and boiled for exactly 30 minutes. 

The beaker was removed and the contents were filtered 

through California Buchner funnel. The beaker was rinsed with 

75 ml of boiling water and washed through the funnel. The 

washing was repeated 3 times with 50 ml portion of water and 

then sucked dry. The residue was returned to the beaker by 

blowing back through the funnel. Exactly 200 ml of hot 1.25% 

sodium hydroxide was added to the beaker and boiled for 30 

minutes and the beaker was removed and filtered. The residue 

was then washed with 25ml of hot 1.25% sulphuric acid, 

followed by three 50 ml portion of water and 25 ml of alcohol 

respectively. The fibre mat and the residue were then dried at 

130 ± 2 oC for 2 hours. It was then cooled in a desiccator and 

weighed (W2). It was then ignited at 600±15°C for 30 minutes 

in a muffle furnace. The dishes were removed and cooled in a 

desiccator and weighed (W3). The crude fibre was calculated 

as follows: 

(%) Crude fibre  = (�� −��)/(�	) × 100 

Where. 

W1 = weight of sample 

W2 = weight of crucible + sample after drying 

W3=weight of crucible + sample after ashing 

Determination of carbohydrate:  Total carbohydrate was 

calculated by difference using the following formula: 

Carbohydrate (%) = 100 - (% Moisture +% Ash +% Fat +% 

Protein+%Crude fibre). 

3. Results and Discussion 

3.1. Effect of Storage Conditions on the Moisture Content of 

Onion Types 

Figure 1 shows the moisture content of stored onions 

subjected to three different storage conditions. Some of the 

onion samples, WO-AT, WO-HT, RO-AT and RO-HT were 

observed to decrease in moisture content when initial and final 

values were compared. However, during the course of storage, 

the onions exhibited an oscillating trend in their moisture 

content changes at 70-95% relative humidity. The trends of 

changes in the moisture content for the samples within the 

eight-week storage duration were: 86.89 – 66. 76% (WO – 

AT), 86.09 – 93.18% (WO –RT), 86.14 – 63.37% (WO –HT), 

88.61 - 68. 95% (RO – AT), 88.06 – 93.18% (RO – RT), and 

88.84 – 63.76% (RO – HT).  In the case of RO-RT and WO-RT 

samples, the onions exhibited an increase in the moisture 

content when compared with the values of fresh samples. The 

increase in the moisture content of (RO – RT) and (WO – RT) 

samples may be due to the water absorption in the refrigeration 

while the decrease in (WO – AT), (WO – HT), (RO – AT) and 

(RO – HT) samples, respectively may be attributed to the 

effect of higher temperature which increased the rate of water 

loss during the storage period coupled with respiration process 

in the samples. Yahaya et al. [14] and Bhattacharjee et al. [15] 

similarly observed a decrease in the moisture content of onions 

under ambient storage condition and an increase in moisture 

content under refrigeration storage while Sangwan et al. [16] 

observed a decrease in the moisture content for all storage 

conditions. 

3.2. Effect of Storage Conditions on the Ash Content of 

Onion Types 

Figure 2 shows the ash content of stored onions in three 

different storage conditions. Some of the onions (WO-AT, 

WO-HT, RO-AT, and RO-HT) exhibited an increase in the ash 

content during the storage period with increase in storage 

duration while some (WO-RT and RO-RT) exhibited a 

decrease. The ranges of ash content variation during the eight-

week storage period were as follows: 0.98-1.60% (WO –AT), 

1.02-1.68% (WO – HT), 1.12-1.56% (RO – AT), and 0.98 -

1.60% (RO – HT). The samples that showed a decrease in ash 

content were WO – RT (0.92-0.76%) and RO – RT (1.11-

0.74%). Some previous researchers had similarly observed a 

decrease in ash content under refrigeration condition as well as 

an increase under ambient temperature storage [14-17]. The 

increase in the ash contents of onion samples particularly under 

ambient and high temperature storage may be attributed to 

possible decrease in the moisture content of the onions which 

might have led to the seeming concentration of the constituents 
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of the samples. The decrease in the ash content of some of the 

samples especially those under refrigeration conditions may 

also be due to possible moisture increase which might have 

caused seeming dilution of the constituents of the samples. 

 

Figure 1. Changes in moisture content of onion types at different storage conditions. 

Key: WO – AT = White onion stored at ambient temperature (30 ± 2°C); WO – RT = White onion stored at refrigeration temperature (5 - 7°C); WO – HT = White 

onion stored in wooden cabinet (45 -50°C); RO – AT = Red onion stored at ambient temperature (30 ± 2°C); RO – RT = Red onion stored at refrigeration 

temperature (5 -7°C); RO – HT = Red onion stored in wooden cabinet (45 -50°C). 

 

Figure 2. Changes in ash content of onion types at different storage conditions. 

Key: WO – AT = White onion stored at ambient temperature (30 ± 2°C); WO – RT = White onion stored at refrigeration temperature (5 -7°C); WO – HT = White 

onion stored in wooden cabinet (45 -50°C); RO – AT = Red onion stored at ambient temperature (30 ± 2°C); RO – RT = Red onion stored at refrigeration 

temperature (5 -7°C); RO – HT = Red onion stored in wooden cabinet (45 -50°C).  

3.3. Changes in the Fat Content of Onion Types as 

Influenced by Storage Conditions 

Changes in the fat contents of stored onions in three 

different storage conditions are shown in Figure 3. It was 

observed that there was no specific pattern of changes in the fat 

content during the storage period as a decrease or increase in 

fat content was seen to be oscillating. In the case of RO-HT 

sample, the ash content increased up to the 3rd week of storage 

(0.93-1.58%) and thereafter got decreased up to the 5th week 

(1.58-1.13%) before it started to increase again up to the 8th 

week of storage (1.13-1.76%). The increase and decrease in fat 

content may be attributed to water loss during the storage 

period in the case of ambient and high temperature storage 

coupled with possible fat loss itself through hydrolytic reaction 

in the samples. This might have led to the complexity of 

increase-decrease pattern in the fat content of the onion types.  

It had earlier been observed that certain enzymes do get 

activated during onion storage [18]. This trend was not in 

conformity with the observation of Wardlaw el al. [19] who 

noted an increase in fat content under ambient storage 

condition and a decrease under refrigeration storage conditions 

while Falayi el al. [20] observed a decrease for all storage 

conditions. 

3.4. Changes in the Protein Content of Onion Types as 

Influenced by Storage Conditions 

The changes in protein content of stored onions subjected to 

three different storage conditions are shown in Figure 4. All the 

onions showed an increase in the protein content when 

compared with the values of fresh samples. However, during 

the course of storage, the onions generally exhibited an 

oscillating trend in their protein values. Both onion types 

showed an increase in protein content across the storage 

period. The increase in protein content during refrigeration 

storage period could be due to fungal attack in the onion bulbs 

as the increase in protein content of refrigerated onions may 

include microbial protein. This is because the onion bulbs 
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showed an evidence of fungal growth on the bulbs. However, 

the increase in the protein content of other storage conditions 

(ambient temperature and wooden cabinet storage) may be due 

to decrease in the moisture of the onion bulbs that might have 

concentrated the protein. 

 

Figure 3. Changes in fat content of onion types at different storage conditions. 

Key: WO – AT = White onion stored at ambient temperature (30 ± 2°C); WO – RT = White onion stored at refrigeration temperature (5 -7°C); WO – HT = White 

onion stored in wooden cabinet (45 -50°C); RO – AT = Red onion stored at ambient temperature (30 ± 2°C); RO – RT = Red onion stored at refrigeration 

temperature (5 -7°C); RO – HT = Red onion stored in wooden cabinet (45 -50°C). 

 

Figure 4. Changes in protein content of onion types at different storage conditions. 

Key: WO – AT = White onion stored at ambient temperature (30 ± 2°C); WO – RT = White onion stored at refrigeration temperature (5 -7°C); WO – HT = White 

onion stored in wooden cabinet (45 -50°C); RO – AT = Red onion stored at ambient temperature (30 ±2°C); RO – RT = Red onion stored at refrigeration 

temperature (5 -7°C); RO – HT = Red onion stored in wooden cabinet (45 -50°C).  

The increase in protein content during storage was found to 

be similar to the reports of Wardlaw et al. [19] and Yahaya et 

al. [14] which also observed an increase in the protein content 

of onions under ambient storage. 

3.5. Changes in the Crude Fibre Content of Onion Types as 

Influenced by Storage Conditions 

The result of the crude fibre is presented in Figure 5. The 

result showed that samples WO-AT, WO-HT, RO-AT and RO-

HT exhibited a general increase in the crude fibre content with 

respect to the final value at the end of storage period although 

oscillating changes in the crude fibre was experienced during 

the storage period. For samples WO-RT and RO-RT, the final 

crude fibre at the end of the storage period was lower than that 

of the fresh. The decrease in crude fibre content in refrigeration 

condition storage may be as a result of fungal degradation 

during the storage period. An earlier observation had revealed 

that there are diverse fungal pathogens like Aspergillus spp, 

Penicillium spp, Alternaria spp, Fusarium spp, Rhizopus spp., 

Colletotrichum spp., Pseudomonas spp., Lactobacillus spp., 

Erwinia spp., and Botrytis spp which attack onion bulbs during 

the post-harvest storage period [21]. The crude fibre content of 

stored onions, under ambient storage conditions, showed a 

decrease-increase trend. This observation is similar to the 

results obtained by Ponnusamy and Vellaichamy [22] while 

Ayoola et al. [23] observed an increase in the crude fibre under 

refrigeration storage. 

3.6. Changes in the Carbohydrate Content of Onion Types as 

Influenced by Storage Onditions 

Figure 6 shows the changes in carbohydrate content of 

stored onions at three different storage conditions. Some of the 

samples WO-AT, WO-HT, RO-AT, and RO-HT exhibited an 

increase in the carbohydrate content during the storage period 

when compared with the fresh values, although oscillating 

changes in the carbohydrate content was experienced during 
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the storage period. In the case of RO-AT samples, the 

carbohydrate content increased up to the 2nd week of storage 

(7.26%) and thereafter got decreased up to the 3rd week 

(5.60%) before is started to increase again up to the 8th week 

of storage (21.65%). In the case of WO-RT and RO-RT, the 

final values of carbohydrate content at the end of the storage 

period were lower than that of the fresh values. The decrease in 

the carbohydrate content of refrigerated onions may be as a 

result of increase in moisture content thereby causing seeming 

dilution of the onion constituents. The decrease in the 

carbohydrate content of onions during storage may be 

attributed to a general degradation of the organic matter of 

onions and the onset of processes of conversion of organic 

substances to volatile compounds which get intensified during 

storage and sprouting [18]. The observed trend of a decrease in 

the carbohydrate content of onions under refrigeration storage 

and increase in the carbohydrate content of onions under 

ambient storage as noted during the storage period is similar to 

the results obtained in other studies by Mouluda et al. [24] 

while Ayoola et al. [23] also observed a decrease in the 

carbohydrate content under ambient storage. 

 

Figure 5. Changes in crude fibre content of onion types at different storage conditions. 

Key: WO – AT = White onion stored at ambient temperature (30 ± 2°C); WO – RT = White onion stored at refrigeration temperature (5 -7°C); WO – HT = White 

onion stored in wooden cabinet (45 -50°C); RO – AT = Red onion stored at ambient temperature (30 ±2°C); RO – RT = Red onion stored at refrigeration 

temperature (5 -7°C); RO – HT = Red onion stored in wooden cabinet (45 -50°C). 

 

Figure 6. Changes in carbohydrate content of onion types at different storage conditions. 

Key: WO – AT = White onion stored at ambient temperature (30 ± 2°C); WO – RT = White onion stored at refrigeration temperature (5 -7°C); WO – HT = White 

onion stored in wooden cabinet (45 -50°C); RO – AT = Red onion stored at ambient temperature (30 ± 2°C); RO – RT = Red onion stored at refrigeration 

temperature (5 -7°C); RO – HT = Red onion stored in wooden cabinet (45 -50°C). 

4. Conclusion 

It may be concluded that subjecting onion bulbs to different 

storage conditions such as ambient temperature, refrigeration 

temperature, and hot air wooden cabinet storage; had led to 

variations in the nutrient retention capacity of the onion types. 

The onion types essentially exhibited diverse responses to these 

different storage conditions which might be linked to botanical 

diversity. However, the red onions seem to show greater stability 

in terms of nutrient retention than the white type while ambient 

temperature storage conditions may be regarded as the best of 

the three storage conditions investigated. 
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