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Abstract 
Post-harvest loss due to pest infestation remains a major challenge, particularly in developing countries 
with inadequate storage technologies. This study assessed the effectiveness of stored soybeans in a silo 
from the NSPRI. Soybean samples were stored for 12 months in nitrogen-purged silos, unpurged silos, 
and control conditions to evaluate nutritional composition and resistance to insect infestation. 
Proximate analysis showed nitrogen-purged soybeans retained 9.25% moisture, 28.90% crude protein, 
and 17.55% crude fat, while control samples had 12.49% moisture, 29.35% crude protein, and 20.52% 
crude fat. Oil quality and functional properties remained within acceptable limits, and micronutrient 
(Vitamin A & C) retention was higher in both purged and unpurged silos compared to the control. 
Microbial analysis showed overall microbial load in nitrogen-purged samples decreased from 2.4×10² 
to 1.3×10² cfu/g over 12 months, while unpurged and control samples increased to 3.4×10⁴ and 5.0×10⁶ 
cfu/g, respectively. Fungal counts in purged samples remained between 1.2×10⁴ and 3.0×10⁴ cfu/g. 
There was no record of insect infestation throughout the period of storage. These findings confirm that 
nitrogen-purged silos provide superior protection against pests, nutrient loss, and microbial 
contamination, demonstrating their effectiveness in preserving soybean quality during extended 
storage. 
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INTRODUCTION 
The safe storage of agricultural products after harvest is vital for maintaining surplus during 
off-seasons and gaining financial advantages (Oyewole et al., 2018; Kamwendo and 
Kamwendo, 2014). However, pest infestations cause significant postharvest losses worldwide, 
especially in developing countries lacking advanced food preservation technologies (Kumar 
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and Kalita, 2017). This worsens food insecurity and leads to economic losses for farmers and 
sellers of agricultural goods (Ali et al., 2021). Pest infestations, which threaten food security, 
can be reduced through proper preservation and storage of crops, particularly oilseeds 
(Befikadu, 2014). Although synthetic pesticides are widely used to prevent spoilage of oilseeds 
caused by insects and molds, their use can result in chemical residues and a decrease in 
nutritional and physical quality. Okori et al. (2022) and Philip Burrill (2009) emphasized the 
use of fumigants like phosphine as a primary treatment for storing oilseeds against pests.  
 
Conversely, eco-friendly methods such as bio-pesticides are increasingly adopted for 
protecting grains during storage (Oyewole, 2022), especially compared to traditional silos that 
often lack airtight features. Additionally, advanced storage options like hermetic steel drums 
and inert atmosphere silos have proven effective in tackling issues related to pests, moisture 
migration, and condensation common in conventional silos, especially for maize (Oyewole, 
2022; Okunola et al., 2015). Soybean (Glycine max L.) is one of the most important oilseed 
crops. However, its seeds are fragile and have a short shelf life, making long-term storage 
challenging (Oyen et al., 2023). Therefore, studying how storage conditions affect soybean 
seed quality is essential (Avraam et al., 2022). Soybeans make up about 59% of total global 
oilseed production (Oyewole et al., 2020) and account for roughly 70% of total protein meal 
and 28% of vegetable oil use, after palm oil. They are also rich in protein and fiber (Oyen et 
al., 2023). Besides domestic use, soybean oil has many industrial applications, including in 
pharmaceuticals, plastics, paper, inks, paints, varnishes, pesticides, and cosmetics (Oyenpem 
et al., 2023). Despite its significance, soybean storage is often challenged by pests like the 
cowpea bruchid (Callosobruchus maculatus), lesser grain borer (Rhyzopertha dominica), red 
flour beetle (Tribolium castaneum), and rice weevil (Sitophilus oryzae), which cause seed 
perforation, weight loss, and reduced germination capacity (Nwosu et al., 2021; Ilesanmi et 
al., 2019). Past efforts to address these issues have employed hermetic bags, inert dusts, and 
fumigation; however, limitations such as poor airtightness, high chemical reliance, or short-
term efficacy persist (Garcia-Lara et al., 2019; Adedire et al., 2020). Therefore, this study aims 
to assess the effectiveness of NSPRI’s improved inert atmosphere silo® for soybean storage as 
a sustainable and efficient alternative to reduce pest damage and conserve grain quality. 
 
MATERIALS AND METHODS 
Sample Collection and Preparation 
Experimental Site 
The study was conducted at the headquarters of the Nigerian Stored Products Research 
Institute in Ilorin. Five hundred (500kg) of soybeans were sourced from Kwara state, Nigeria, 
packaged in clean Jute bags, and transported to the experimental site. The samples were 
sorted and cleaned to take out any extraneous matter. Cleaned samples were stored in the 
improved inert atmosphere silo® for a duration of twelve (12) months. The control under 
ambient laboratory conditions did not receive any inert gas treatment. 
 
Improved Inert Atmosphere Silo® 
Four (4) units of 100 kg capacity inert atmosphere silo were used for the study. Table 1 
provides the details of the distribution of storage: 100(kg) each of soybean was stored in three 
(3) units of Nitrogen-purged improved inert atmosphere silo®; 100kg was stored in an 
unpurged silo, and 100kg was stored at ambient laboratory conditions.  
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Table 1: Silo distribution per crop and treatments 
Crop IAS®(Purged) IAS®(Unpurged) Laboratory Control 

Soybean 3 1 1 

 
Purging of Silo 
Each silo (3) was purged with Nitrogen gas after being loaded with the sample, while one silo 
(untreated) was left unpurged. The process of purging was repeated after each sampling.  
 
Collection of samples 
Samples were obtained from the silo via the use of a sampling probe. The probe obtained a 
representative sample from the top, middle, and bottom of the silo. The samples were bulked 
together, placed in a sealed container, and immediately transported to the laboratory for 
analysis. 
 
Laboratory Analysis 
An initial sample was taken before storage, after which bi-monthly sampling commenced for 
all treatments under consideration. Samples were taken to the laboratories for proximate 
composition, germinability, insects, and microbial infestation.  
 
Nutritional Composition 
The proximate compositions- moisture, crude fat, crude protein, ash, crude fibre, and 
carbohydrate were determined by the methods of the Association of the Official Analytical 
Chemists, (AOAC, 2019) and also the oil quality analysis- free fatty acid, acid value, peroxide 
value, iodine value and saponification value was carried out by the methods of the 
Association of the Official Analytical Chemists and also the micronutrient (vitamin C and A) 
analysis (AOAC, 2019). 
 
The free fatty acid (FFA) content quantifies the proportion of fatty acids present in oils or fats 
in their unesterified form, serving as an indicator of hydrolytic rancidity and typically 
expressed as a percentage of oleic acid.  
The acid value (AV) is defined as the number of milligrams of potassium hydroxide (KOH) 
required to neutralize the free fatty acids in one gram of lipid sample, and provides a direct 
measure of the extent of triglyceride hydrolysis.  
 
The peroxide value (PV) determines the concentration of peroxides and hydroperoxides 
formed during the initial stages of lipid oxidation, representing the degree of primary 
oxidative rancidity, and is expressed as milliequivalents of active oxygen per kilogram of 
sample.  
 
The iodine value (IV) is a measure of the degree of unsaturation in oils and fats, expressed as 
the number of grams of iodine absorbed by 100 grams of sample, where higher values denote 
a greater content of carbon–carbon double bonds.  
 
The saponification value (SV) represents the number of milligrams of KOH required to 
completely saponify one gram of oil or fat, and provides insight into the average molecular 
weight and chain length of the constituent fatty acids. 
Micronutrient (vitamin) analysis in soybean involves extracting water- and fat-soluble 
vitamins from homogenized soybean seeds or oil and quantifying them using validated 
methods, following standardized protocols like AOAC. 
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Insect mortality count  
Insect mortality was determined by counting live and dead insects as well as species found in 
the samples. 
 
Microbiological Analysis 
Bacterial and fungal counts were determined by standard plate count methods (Jayas and 
Jeyamkondan, 2002). Soybean samples were aseptically collected, homogenized in sterile 
saline, serially diluted, and plated on nutrient agar (bacteria) and potato dextrose agar (fungi). 
Plates were incubated at 30°C for 24–48 hours (bacteria) and 25°C for 3–5 days (fungi), and 
colonies were counted as CFU per gram. 
 
Statistical analysis 
The obtained data were subjected to statistical analysis using the SPSS software package 
version 15.0.0 (IBM Statistics). 
 
Results  
Proximate composition of Soybeans 
Table 1: Proximate composition of Soybeans stored over a period of 10 months 

Key: Untreated: Soybean stored in unpurged IIAS; Control: Soybean stored at ambient conditions; Treated:  
Soybean stored in purged IIAS  

 
Table 2: Oil quality analysis of Soybeans stored over a period of 10 months 

MONTHS 

  Table 2 4 6 8 10 

MOISTURE 

Untreated 9.97±0.17d 8.38±0.04b 8.47±0.08a 8.91±0.13a 9.26±0.08a 9.43±0.23a 

Control 9.97±0.17d 9.12±0.05c 11.79±0.34d 10.46±0.18b 9.79±0.10bc 12.49±0.06c 

Treated 9.97±0.17d 7.69±0.11a 11.63±0.46c 11.187±0.10c 9.44±0.10ab 9.249±0.07a 

CRUDE FAT 

Untreated 27.73±0.56c 16.64±0.29a 16.85±0.35b 17.14±0.38a 18.96±0.10b 17.64±0.60a 

Control 27.73±0.56c 16.85±0.06a 15.79±0.08b 16.32±0.05a 16.59±0.05a 20.52±0.22b 

Treated 27.73±0.56c 19.17±0.44b 14.46±0.21a 17.36±0.23a 17.94±0.31b 17.55±0.09a 

CRUDE PROTEIN 

Untreated 27.86±0.45b 20.14±0.69a 19.75±0.38c 23.41±0.96b 18.55±0.21a 29.35±0.06b 

Control 27.86±0.45d 21.19±0.09a 15.19±0.51b 18.18±0.24a 19.69±0.10b 34.52±0.17c 

Treated 
27.86±0.45

b
 20.65±0.11

a
 13.38±0.32

a
 18.12±0.19

a
 19.39±0.05

b
 28.9±0.47

ab
 

ASH       

Untreated 4.58±0.27b 3.27±0.03a 3.38±0.06b 3.25±0.05a 3.44±0.11a 3.22±0.06a 

Control 4.58±0.27b 4.72±0.25b 4.05±0.08a 4.38±0.09b 4.55±0.17b 3.26±0.05a 

Treated 4.58±0.27b 3.46±0.12a 4.24±0.020a 3.65±0.04a 3.56±0.07a 3.61±0.15a 

CRUDE FIBRE  

Untreated 5.05±0.03a 5.03±0.05a 5.06±0.15b 5.05±0.06c 5.66±0.08c 5.07±0.07a 

Control 5.05±0.03a 5.36±0.07b 4.39±0.18a 4.88±0.05ab 5.12±0.01ab 4.40±0.13b 

Treated 5.05±0.03a 5.35±0.04b 4.18±0.03a 5.14±0.04b 5.25±0.04b 4.19±0.08b 

CARBOHYDRATE  

Untreated 24.81±0.29a 46.54±1.07c 46.47±0.86b 42.26±0.53b 44.12±0.15b 35.29±0.61b 

Control 24.81±0.29a 42.76±0.51b 48.78±0.69b 45.77±0.15b 44.26±0.22b 24.80±0.29a 

Treated 24.81±0.29a 43.68±0.38b 52.31±1.1c 44.54±0.09b 44.42±0.34b 36.49±0.27b 
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 FFA (%) Acid value 
Mg KOH/g 

Peroxide value  
Mg KOH/g 

Iodine value g 
I2/g of sample 

Saponification 
value 
Mg KOH/g 

Initials 0.52±0.01 2.92±0.02 0.76±0.01 37.02±0.34 176.92±0.68 
Negative Control 0.76±0.001 3.37±0.14 0.94±0.03 28.06±0.39 194.57±1.11 
Treated 0.75±0.008 3.19±0.04 0.62±0.14 28.79±0.38 185.81±0.28 
positive Control 0.52±0.02 2.92±0.02 0.76±0.02 37.02±0.34 176.92±0.68 

 
Table 3: Micronutrient (Vitamin) analysis of Soybeans stored over a period of 10 months 

 VIT C VIT A 

Initial 22.03±0.61d 0.92±0.01d 

Negative Control 9.37±0.06c 0.55±0.02c 
Treated 14.09±0.09b 0.70±0.001b 

positive Control 15.48±0.11a 0.76±0.001a 

Key: Untreated: Soybean stored in unpurged IIAS; Control: Soybean stored at ambient conditions; Treated:  
Soybean stored in purged IIAS 

 
Table 4: Insect Count in Soybeans stored over a period of 10 months 

Month  Insects 
   

0    0 
2    0 
4    0 
6    0 
8    0 
10    0 
12    0 

 
Key: Treated: Soybean stored in Nitrogen-treated inert atmosphere silo (IAS); Untreated: soybean stored in the IAS 
without Nitrogen treatment; Control: Soybean stored under ambient conditions  

 
Microbial Analysis of Soybeans stored over a period of 10 months

  
Figure 1: Total Bacteria Count of Stored Soybeans  
Key: 0-12; months of storage; Treated: Soybean stored in Nitrogen-treated inert atmosphere silo; Untreated: 
Soybean stored without Nitrogen treatment; Control: Soybean stored at ambient conditions  
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Figure 2: Total Fungi Count of Soybeans stored over a period of 10 months 
Key: Treated: Soybean stored in Nitrogen-treated inert atmosphere silo (IAS); Untreated: soybean stored in the IAS 
without Nitrogen treatment; Control: Soybean stored under ambient conditions  

 
Figure 3 shows the graphical presentation of the temperature and dew points using a data 
logger. 

 
Figure 3: Dew point results of the silos in the storage period 

 
DISCUSSION 
Proximate Composition 
Table 1 shows the proximate composition analysis of the sample over a ten-month storage 
period. The moisture content of the untreated sample initially measured 9.97% and fluctuated 
over time, reaching 9.43% at the tenth month. The treated sample, however, maintained a 
more stable moisture content, remaining below 11.63% throughout storage. These differences 
suggest that treatment may have played a role in moisture regulation, potentially reducing 
microbial growth and spoilage, as supported by previous studies (Irtwange, 2009). 
 
Crude fat showed a notable decline in all samples over time. The treated sample displayed 
better fat retention, ending at 17.55%. This reduction aligns with the oxidative degradation of 
lipids during storage (Oniya et al., 2018). 
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Crude protein levels also declined in the untreated and treated samples. The untreated sample 
varied between 19.75% and 29.35%, while the control sample dropped from 27.86% to 15.19% 
before peaking at 34.52%. The treated sample demonstrated a less severe reduction, 
suggesting that the applied treatment may have helped preserve protein integrity, as noted in 
previous work (Oluwafemi and Akande, 2019). 
 
The ash content, representing mineral composition, fluctuated slightly in all samples. The 
untreated sample started at 4.58%, reaching 3.22% in the tenth monthwhile the treated sample 
showed minimal variation (3.46% to 3.61%). These findings suggest that mineral loss may 
have been influenced by environmental factors such as humidity and oxidation (Naveed et al., 
2023). 
 
Crude fiber remained relatively stable in all samples, with the untreated sample ranging 
between 5.05% and 5.66%. The treated sample maintained fiber integrity better than the 
control, supporting earlier studies on storage optimization (Adepoju & Ayodele, 2021). 
Carbohydrate content increased in the early storage months across all samples but declined 
in the tenth month. The treated sample exhibited the highest carbohydrate retention, 
suggesting the treatment helped minimize metabolic losses (Adepoju & Ayodele, 2021).  
 
A comparable pattern was observed in peanut studies, where total sugars rose during early 
storage before decreasing under harsher temperature conditions, reflecting metabolism of 
polysaccharides and later depletion of reserves (Liu, Zhou, Zhang, et al., 2019). 
 
Oil Quality Analysis of Soybeans 
Table 2 shows the oil quality analysis of soybeans. Initially, the Free Fatty Acid (FFA) content 
was 0.52 ± 0.01%, with an acid value of 2.9167 ± 0.02 mg KOH/g and a peroxide value of 
0.76 ± 0.01 mg KOH/g, indicating good oil quality. The negative control showed increased 
FFA (0.76 ± 0.001%) and peroxide value (0.9433 ± 0.03 mg KOH/g), suggesting higher 
oxidation and degradation. The treated sample exhibited moderate improvement, while the 
positive control maintained stable oil quality. These findings align with studies of Terricola et 
al. (2022). 
 
Table 3 presents the retention of Vitamin C and Vitamin A under different conditions, 
showing significant differences across treatments. Initially, the highest vitamin levels were 
recorded (22.03 ± 0.61 for Vitamin C and 0.92 ± 0.01 for Vitamin A), serving as a reference 
before exposure to experimental conditions. The negative control experienced the most 
degradation, with Vitamin C decreasing to 9.37 ± 0.06 and Vitamin A to 0.55 ± 0.02, indicating 
significant nutrient loss. The treated group retained higher vitamin levels (14.09 ± 0.09 for 
Vitamin C and 0.70 ± 0.001 for Vitamin A), suggesting partial protection. The positive control 
showed the best vitamin retention (15.48 ± 0.11 for Vitamin C and 0.76 ± 0.001 for Vitamin A), 
confirming its superior protective effect (Saranraj and Stella, 2014; Jeyamkondan, 2002). 
 
Insect infestation  
The insect infestation of stored soybean seeds varied under different conditions, as shown in 
Table 4. No insect infestation was recorded across all storage conditions, suggesting the inert 
atmosphere was effective in pest prevention (Oyewole et al., 2022; Babarinsa et al., 2017).  
 
Microbial Quality of Soybeans  
Figures 1 and 2 illustrate the microbial quality in soybean samples stored over 12 months 
under three conditions: treated (nitrogen-treated inert atmosphere silo), untreated (without 
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nitrogen treatment), and control (ambient storage). In Figure 1, treated samples maintained 
low bacterial counts, starting at 2.4 × 10² cfu/g and declining to 1.6 × 10² cfu/g by month 12, 
demonstrating nitrogen’s effectiveness in inhibiting microbial growth (Turatbekova et al., 
2024). In contrast, untreated samples increased markedly from 2.4 × 10² cfu/g to 2.2 × 10⁴ 
cfu/g by month 2, reaching 3.4 × 10⁴ cfu/g by month 12, while control samples showed the 
highest bacterial growth, rising from 2.4 × 10² cfu/g to 5.0 × 10⁶ cfu/g, which confirms that 
ambient conditions favor bacterial proliferation (Turatbekova et al., 2024; Oyewole, 2022).  
 
Similarly, Figure 2 presents fungal counts that reveal significant differences among storage 
methods. Treated samples experienced a decrease in fungal counts from an initial 3.0 × 10⁴ 
cfu/g to 1.2 × 10⁴ cfu/g by month 8 before a slight increase to 1.7 × 10⁴ cfu/g at month 12, 
thereby demonstrating the effectiveness of nitrogen treatment in inhibiting fungal growth. In 
untreated samples, fungal counts fluctuated, decreasing to 2.8 × 10⁴ cfu/g by month 2 and 
then rising to 3.6 × 10⁴ cfu/g by month 12, whereas control samples exhibited the highest 
fungal proliferation, escalating from 3.0 × 10⁴ cfu/g to 4.5 × 10⁶ cfu/g over the storage period. 
 
These results align with previous findings that ambient storage leads to increased microbial 
counts (Turatbekova et al., 2024; Visarathanonth and Sukprakarn, 1988) and that fungi and 
pests are key contributors to grain quality deterioration (Lorenzo et al., 2020). Furthermore, 
studies by Oyewole et al. (2018, 2022) and Jayas and Jeyamkondan (2002) emphasize that gas 
composition is crucial in controlling microbial and pest growth, while Navarro and Navarro 
(2020) confirmed that nitrogen treatment effectively minimizes microbial growth, thereby 
preserving soybean quality and safety. 
 
CONCLUSION 
The study concludes that storing soybeans in NSPRI’s inert atmosphere silo with nitrogen 
treatment significantly enhances storability by preserving higher germination rates and 
reducing microbial growth. The absence of insect infestation throughout the 12-month storage 
period demonstrates the effectiveness of this method in preventing pest attacks. Furthermore, 
nitrogen-treated samples retained their nutritional quality better than those stored under 
untreated or ambient conditions. Therefore, the use of inert atmosphere silos provides a 
sustainable and eco-friendly alternative to traditional storage methods, minimizing post-
harvest losses and improving food security for oilseed producers. 
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