


COMPARATIVE EVALUATION OF PRESERVATION METHODS ON THE MICROBIOLOGICAL AND PROXIMATE INDICES OF ONIONS (ALLIUM CEPA L.)
 
Abstract
This study evaluated the effects of different preservation methods on the proximate composition and microbial characteristics of onions (Allium cepa). Onions were processed into four types: raw, frozen, dried and salted. The proximate composition was analyzed, while microbial analysis was performed using serial dilution and various biochemical tests. Results showed that moisture content significantly decreased in dried onions (9.18%) compared to raw onions (87.32%), while frozen and salted onions retained higher moisture. Protein content was highest in dried onions (2.38%) and lowest in salted onions (1.64%). Ash and fat levels were mostly the same across all onion types, but drying caused a small increase in ash. Dried onions had the most carbohydrate, while raw onions had the least. Raw onions also had the highest viable counts of bacteria, including coliforms, which can be harmful. Frozen and salted onions had no coliforms, showing that those methods helped keep the onions safer. Yeast and mold were found in all samples but stayed at low levels, with frozen onions showing the most. Biochemical tests found Pseudomonas bacteria in raw, frozen, and powdered onions, while only salted onions had Staphylococcus. Overall, salting followed by drying worked the best for keeping onions clean and safe for long-term storage. Keywords: Onion preservation, freezing, drying, salting
Introduction
Onions (Allium cepa L.) are grown all over the world and are a key part of many dishes. They’re often called the "Kitchen Queen" because they’re used so widely and are a favourite in cooking. Onions are packed with nutrients like protein, carbs, and minerals such as calcium, phosphorus, and iron. They also contain fibre and vitamins B and C (Bal et al., 2019). Another big plus is that onions are a natural source of quercetin, a compound that may help lower cholesterol, fight inflammation, act as an antioxidant, and even reduce the risk of cancer (Bal et al., 2019). On top of that, onions are important for the economy in many countries since they bring in income through exports (Bal et al., 2020). However, onions can get damaged easily during handling, storage, and transport. Things like bad storage conditions, poor temperature or humidity control, and rough handling can lead to bruising, rot, sprouting, and weight loss (Petropoulos, 2016). Solving storage problems is a big deal because it helps cut down on waste and keeps onions in better shape. When onions are stored properly, farmers and sellers can make more money too (Madhu et al., 2020). In this study, we looked at how salting, drying, and freezing change the nutrition and quality of onions.
2.1 Materials and Methods 
2.1.1 Sample Preparation 
Fresh, mature onions (Allium cepa) were bought from a local market in Ile-Ife, Nigeria, and divided into four parts for processing. The first portion was frozen at -18°C, following the method described by El-Hadidy et al. (2014). The second was kept at room temperature (around 27–28°C). The third portion was dried in a cabinet dryer at 60°C for 10 to 15 hours, then ground into a fine powder using a Waring blender, and stored at room temperature, based on the method by Koménan et al. (2020). The last part was made into salted onion by mixing 19–20% onion powder with 78% refined table salt, according to Pruthi (1987), and stored at room temperature.
2.1.2 Proximate analysis
Moisture content, protein, crude ash, crude fiber, and fat were measured using the methods outlined by AOAC (2010).
2.1.3 Microbial analyses 
Serial dilution was done following according to the method described by Pitt and Hocking’s 2022. The pour plate technique was used to count live microorganisms. Total viable counts (TVC), yeast and mould counts, and total coliform counts were measured using procedures from Harrigan and McCance 1976 and Adeniran et al. 2020. To identify the microorganisms, several tests were used including Gram staining, catalase, oxidase, methyl red, and Voges Proskauer tests, along with additional methods from Harrigan and McCance 1976 and Adeniran et al. 2020.

3.1 Results and Discussion
The moisture content of the raw and treated onion samples before and after storage is shown in Tables 1 and 2. The moisture levels varied (9.18% to 87.32% before storage and 79.94% to 89.04% after storage). Raw onions had the highest water content (87.32%) and dried onions had the lowest (9.18%) before storage. Freezing reduced moisture because it caused ice crystals to form in the onion cells, which broke when thawed and let moisture escape (Paciulli et al., 2015). The moisture reduction showed that drying removed a lot of water, but the loss was balanced, and the moisture content of salted and frozen onions remained above 10%, which could lead to microbial growth (Hafez et al., 2019). The moisture levels found in this study were higher than those in Sorour and Mesery’s (2014) study, which measured onion powder moisture at 7.00% to 7.30%. However, frozen onions lost some moisture after thawing due to freezing effects (Paciulli, 2015). Dried onions might have lost more water due to storage conditions like room temperature and packaging. During storage, the salt in the onions attracted water to the surface, and when the moisture levels in the onion layers balanced out, the overall moisture content decreased in the salted onions.
The protein content of onions ranged from 1.58% to 2.29% after storage, compared to 1.64% to 2.38% before preservation. Dried onions had the highest protein content among all treatments. Freezing didn’t have much effect on protein levels, with only a small amount lost due to water-soluble proteins leaking out during thawing. This supports Paciulli et al. (2015), who found that freezing doesn’t significantly affect protein content. Drying, however, increased the protein concentration by removing moisture, which is why dried onions had more protein. This agrees with Demissew et al. (2018), who found drying increased protein levels. A similar study by Wijewardana 2016 found that drying Gynandropsis leaves increased their protein content. Salting caused some changes to the protein structure and led to a slight protein loss, probably because some of it leaked into the brine, as reported by Hafez et al. 2019. In frozen onions, the small drop in protein was probably due to oxidation and enzyme activity during storage. Al Rubai et al. 2020 also pointed out that storage conditions contributed to the decrease in protein content in dried onions. In salted onions, the non-significant protein loss may have been caused by changes in protein structure and some of it leaking into the brine. Overall, both frozen and dried onions showed a drop in protein content after storage.
Table 1. Proximate composition of raw and processed onion samples at the beginning
	Sample
	
Moisture
%
	
Protein
%
	Nutrients
Ash
%
	
Fat
%
	
Fibre
%
	
Carbohydrate
%

	RO
	87.32±0.11a
	2.12±0.03b
	2.46±0.03c
	0.94±0.04a
	1.74±0.04b
	5.48±0.01d

	FO
	82.56±0.15c
	1.89±0.04c
	2.39±0.03c
	0.60±0.05b
	1.69±0.03c
	10.90±0.01c

	OP
	9.18±0.01d
	2.38±0.03b
	2.93±0.02a
	0.36±0.10c
	3.23±0.05a
	81.95±0.02a

	SO
	80.68±0.03b
	1.64±0.02a
	2.52±0.03b
	0.90±0.21a
	1.70±0.01b
	12.58±0.01b


Samples: RO- Raw onion; FO- frozen onion; OP- Onion powder; SO-Salted onion
Nutrients: Moisture, Protein, Ash, Fat, Fibre, Carbohydrate
Values are mean±SD (n=3). Means with different superscript letters (a-c) in the same row are significantly different (p<0.05) by Duncan’s multiple range test.



Table 2 Proximate composition of raw and processed onion samples after storage
	Sample
	
Moisture
%
	
Protein
%
	Nutrients
Ash
%
	
Fat
%
	
Fibre
%
	
Carbohydrate
%

	RO
	85.14±0.03a
	1.97±0.05c
	2.39±0.03c
	0.90±0.04a
	1.69±0.11b
	7.93±0.07c

	FO
	79.94±0.11b
	1.80±0.04d
	1.98±0.03d
	0.53±0.02b
	1.69±0.06b
	14.06±0.04b

	OP
	9.04±0.04d
	2.29±0.05b
	2.84±0.02a
	0.28±0.01c
	3.00±0.05a
	82.59±0.03a

	SO
	78.22±0.10c
	1.58±0.04a
	2.65±0.01b
	0.82±0.05a
	1.63±0.10c
	15.14±0.03a


Samples: RO- Raw onion; FO- frozen onion; OP- Onion powder; SO-Salted onion
Nutrients: Moisture, Protein, Ash, Fat, Fibre, Carbohydrate
Values are mean±SD (n=3). Means with different superscript letters (a-c) in the same row are significantly different (p<0.05) by Duncan’s multiple range test.

The ash percentage in onions ranged from 2.39% to 2.93% before storage and from 1.98% to 2.84% during storage. Freezing had little effect on the ash content because some materials leached into the water during thawing. Drying, however, reduced moisture content, which led to higher levels of ash and minerals, supporting the findings of Wijewardana (2016). While some minerals leached into the brine during storage, salting had a bigger impact on the ash content, as certain minerals react with salt, adding to the mineral content (Rouphael et al., 2018; Hafez et al., 2019). During the drying process, some minerals may have been lost, causing a slight reduction in ash content, but the decrease was not significant (Gandotra et al., 2013). Overall, the results for dried onions align with the findings of Agu et al. (2016).
The fat content in onions ranged from 0.36% to 0.94% before storage and from 0.28% to 0.90% after storage, showing some variation between samples. Since fat tends to be stable and onions have low fat content, freezing had little impact on the fat levels (Pacuilli et al., 2015). While there was a small reduction in fat during drying, fats remained stable due to the drying process (Gandotra et al., 2013). Similar to the findings of Rouphael et al. (2018), salting had no noticeable effect on fat content which was what was observed in curry powder. Dried onions might have experienced slight oxidation, which could have caused a small increase in fat content. However, the storage conditions and oxidation rate led to some fat loss, as noted by Al-Rubai et al. (2020), and the small increase in fat content during storage is consistent with findings in curry powder (Abioye et al., 2014).
Before storage, the fibre content in onions ranged from 1.69% to 3.23%, and after storage, it ranged from 1.63% to 3.00%. Since insoluble fibre generally remains undissolved during freezing, there was no noticeable change in fibre content. However, during thawing, some soluble fibre was released, leading to a reduction compared to the raw onion. Drying concentrated the fibre due to significant water loss, and the high temperature may have allowed some fibre flexibility, supporting the observations of Salve et al. (2020). The results here align with Agu et al. (2016), who noted higher fibre content in dried ginger.  Rouphael et al. (2018) also found that salted onions had lower fibre content. While there were no significant changes in fibre content in frozen and dried onions during storage, slight decreases were observed due to the natural breakdown of fibre.
The carbohydrate content in the onion samples ranged from 5.48% in raw onions to 81.95% in dried onions, with dried onions having the highest carbohydrate content and raw onions the lowest. After storage, carbohydrate levels ranged from 7.93% to 82.59%. A large portion of the carbohydrates in vegetables is made up of fibre, such as cellulose, and small amounts of sugars like fructose and glucose, along with starch. This contributed to the high carbohydrate content in dried onions, which is also reflected in the fibre levels. However, the decrease in fibre may cause digestible carbohydrates to appear higher, and the reduction in water during storage leads to an increase in carbohydrate concentration (Hervik and Svihus, 2019).
In summary, most nutrients are preserved during freezing, though some slight losses, especially of water-soluble substances, may occur when thawing. Drying, which removes moisture and concentrates nutrients, notably affects components like proteins, fibres, and lipids, supporting the findings of Salve et al. (2020). Salting increased the ash content, while reducing the water and protein levels. It was observed that salting lowered moisture and mineral content, drying concentrated nutrients, and freezing had a minimal effect during storage (Paciulli et al., 2015; Rouphael et al., 2018).
3.2 Microbial Characteristics of samples
Both Figure 1 and Table 3 shows the Total Viable Count (TVC) and Coliform Count for both raw and processed onion samples. In the preserved samples, TVC ranged from 1.8 × 10⁴ to 24.5 × 10⁴ CFU per gram, as shown in Figure 1. After three weeks of storage, the microbial load in raw onions increased from 12.3 × 10⁴ to 17.0 × 10⁴ CFU per gram. At the start of storage, onion powder had the highest viable count, followed by frozen onions. This difference is likely due to factors related to the processing equipment and environment, such as the milling machine, freezer, and dryer, as noted by Nnenna 2020.
The Total Viable Count (TVC) changed across the samples during storage. By the third week, untreated raw onions had the highest microbial counts, while the salted and dried onion samples had the lowest. This implies that two common methods, such as salting and drying are effective methods for preserving onions. These findings agree with earlier studies by Debs Louka et al. 2013 and Salari et al. 2012, which reported TVC values between 10⁵ and 10⁶ CFU per gram in spices. This implies that the effect of preservation had influence on the microbial counts as observed in this study.
According to Table 3, samples kept at room temperature had total coliform counts ranging from 0.00 to 24.0 x 10⁴ CFU/g. The coliform count in onion powder stayed constant during weeks two and three, however it slightly increased for raw onions. The fact that no coliform development was seen in frozen or salted onions indicates that the processing techniques utilised to increase shelf life were successful. These findings are in compliance with the FAO's and the Codex Code of Hygiene Practice's (1995) tolerable coliform limits for spices, which are 10⁵ to 10⁶ CFU/g, 10³ to 10⁴ CFU/g, and 10³ CFU/g, respectively. Based on these standards, all samples in this study met international acceptable levels, even though raw and powdered onions had relatively high bacterial counts.
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KEYS: RO- Raw onion; FO- frozen onion; OP- Onion powder; SO-Salted onion
Values are mean±SD (n=3). Means with different superscript letters (a-c) in the same row are significantly different (p<0.05) by Duncan’s multiple range test.

Figure 1: Total Viable Count (cfu/g) of Raw and Processed Onion Samples during and after Storage

Table 3: Coliform bacteria Count (cfu/g) or Raw and Processed Onion Samples stored at different temperatures
	Sample
	Week 1
	Week 2
	Week 3


	RO
	12.5 x 104
	13.3 x 104
	13.0 x 104

	FO
	0.00
	0.00
	0.00

	OP
	24.0 x 104
	24.5 x 104
	24.0 x 104

	SO
	0.00
	0.00
	0.00


RO- Raw onion; FO- frozen onion; OP- Onion powder; SO-Salted onion
Values are mean±SD (n=3). Means with different superscript letters (a-c) in the same row are significantly different (p<0.05) by Duncan’s multiple range test.

At the beginning of storage, the onion samples' yeast and mould counts varied from 1.6 × 10⁴ to 44.0 × 10⁴, as seen in Figure 2. These numbers dropped to between 1.2 × 10⁴ and 17.0 × 10⁴ by week three. According to the findings of this study, which indicate a low prevalence of moulds and yeasts in the onion samples, yeasts are often uncommon in spices and herbs (Adu-Gyamfi, 2007).
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KEYS: RO- Raw onion; FO- frozen onion; OP- Onion powder; SO-Salted onion
Values are mean±SD (n=3). Means with different superscript letters (a-c) in the same row are significantly different (p<0.05) by Duncan’s multiple range test.

Figure 2: Yeast and Mold Count (cfu/g) of raw and processed Onion sample stored at Different Temperatures

According to Table 4, the fungus colonies that were separated from the solid culture were determined to be Penicillium, Aspergillus, and Rhizopus. Interestingly, when compared to raw and other processed samples, frozen onions showed the greatest levels of mould and yeast. Furthermore, over the course of storage, frozen onions' yeast and mould counts rose while those of other samples fell. This implies that irregular freezing temperatures might have produced circumstances such as partial thawing and refreezing that facilitated the growth of mould and yeast 
Table 4: Characteristics and Biochemical Test of Fungal Isolates from Raw and 					Processed Onion samples during storage
	Characteristics/Tests
	RO
	FO
	OP
	SO


	Appearance of Colonies on PDA plates



Reverse side appearance on PDA plate




Morphology
	Greenish to blue-green with a fuzzy texture

Pale yellow, smooth with dark pigment


Septate hyphae, blue green conidia in three sets

	Black, fuzzy colonies, cottony growth

pale white, smooth with rhizoids visible


Non-septate hyphae, black, rhizoidal structures
	Black powdery texture


Sulfur-yellow, smooth with separations between colonies

Radiated, black, septate hyphae with conidial heads

	Greenish colonies


Pale yellow, smooth with dark pigment


Septate hyphae, blue-green phialides

	Cell Morphology
	Filamentous
	Coenocytic
	Filamentous
	Filamentous


	Type of fertile hyphae
	Conidiophore
	Sporangiospore
	Conidiophore
	Conidiophore

	
	
	
	
	

	Conidia/Sporangia position
	Exposed
	Enclosed in sporangium

	Exposed
	Exposed

	Arrangement of Conidia
	Clustered
	Clusters
	Radiated from conidiophore
	clustered

	Probable Identity
	Penicillium sp
	Rhizopus sp
	Aspergillus sp
	Penicillium sp


KEYS: RO- Raw onion; FO- frozen onion; OP- Onion powder; SO-Salted onion

and helped these organisms endure. The observed growth of moulds and yeasts was also influenced by the frozen onions' moisture content. These findings are consistent with Salari et al. (2012), who reported fungal counts ranging from 10⁴ to 10⁵ CFU/g, although our results were slightly lower.
The characteristics of the microorganisms recovered from raw and processed onion samples throughout storage are shown in Table 5. The raw, frozen, and onion powder samples contained blue-green colonies, whereas the salted onions had yellow colonies. The raw, frozen, and powdered onion samples included gram-positive bacteria with short rod-like shapes, according to Gram staining, whereas the salted onion samples had gram-positive bacteria clustered in grape-like patterns.
 Table 5: Characteristics and Biochemical Test of Bacterial isolates from Raw and 					Processed Onion samples during storage
	Characteristics/Tests
	RO
	FO
	OP
	SO

	Appearance of Colonies on Media plates
	Blue green colonies with characteristic odour
	Blue green colonies with characteristic odour
	Blue green colonies with characteristic odour

	Compact yellow colonies

	Cell Morphology
	Short rods
	Short rods
	Short rods
	Cocci arranged in clusters


	Gram’s Reaction
	-ve
	-ve
	-ve
	+ve


	Catalase test
	+ve
	+ve
	+ve
	+ve


	Oxidase test
	+ve
	
	
	

	Methyl Red
	-ve
	-ve
	-ve
	+ve


	Voges-Proskauer Test
	-ve
	-ve
	-ve
	+ve


	Oxidative/
Fermentative
	Oxidative
	Oxidative
	Oxidative
	Fermentative

	Indole Test
	-ve
	-ve
	-ve
	+ve


	Citrate Utilization
	+ve
	+ve
	+ve
	-ve


	Probable Identity
	Pseudomonas sp
	Pseudomonas sp
	Pseudomonas sp
	Staphyloccus sp


KEYS: RO- Raw onion; FO- frozen onion; OP- Onion powder; SO-Salted onion; -ve: negative; +ve: positive

With the exception of the onion powder, every onion sample tested positive by the catalase test. All samples had Pseudomonas sp., which is known to soften onions, with the exception of the salted onions, which had Staphylococcus sp. These outcomes align with those of Agi et al. (2020), who also discovered Staphylococcus and Pseudomonas in onions.  In order to improve shelf stability and reduce weight, drying is primarily used to eliminate moisture from food, which bacteria require to flourish. Reduced moisture content aids in preventing the development of harmful and spoiling microbes (Boyer & Huff, 2008; Nnenna, 2020).
One popular technique for increasing the shelf life of herbs and spices is to dry them. According to this study, the best way to preserve onions is to salt them, then dry and grind them into a powder.

[bookmark: _GoBack]Conclusion
According to this study, the best methods for preserving onions are salting, drying, and freezing. Salting preserved higher quality and reduced microbiological counts. While freezing initially retained moisture, subsequent temperature fluctuations led to increased growth of mould and yeast. Drying eliminated moisture, which increased protein and fat levels. The investigation revealed that the methods' moisture, protein, and fat contents varied significantly, with salting producing the highest overall outcomes. These results aid in the improvement of onion preservation methods to preserve quality and increase shelf life.
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