MICROBIOLOGICAL PROFILE OF BACTERIA AND SHELF LIFE ESTIMATION OF SPONDIAS PURPUREA (RED MOMBINE)

ABSTRACT
Spondias purpurea, commonly known as Red mombin, is a fruit-bearing species within the Spondias genus of the Anacardiaceae family of flowering plants. Microorganisms associated with this fruit were determined using standard bacteriological methods: proximate composition was determined using AOAC method; determination of the mineral contents was done using flame photometry and EDTA titration methods; and the amino acid profile using amino acid analyzer (BiosystemPTH). The storage methods utilized were the refrigerator, stowage in a botanical garden, and at room temperature. The result from the bacterial count showed the least total mean bacterial count of 1.46 x 106, while the highest count was 2.60 x 107. Three organisms were identified: Micrococcus varians, Corynebacterium kutsceri and Bacillus spp. The fungi isolated included Aspergillus niger, Saccharomyces cerevisiae, Aspergilus flavus, and Rhizopus stolonifer. Results from Spondias purpurea fruits analysis showed that BGWSD had the highest bacterial mean colony count of 2.2cfu/ml, BGSD with 2.00cfu/ml, RTWSD with 1.90cfu/ml, RTSD with 1.60cfu/ml, FSD with 1.52cfu/ml, and FWSD with 1.00cfu/ml being the lowest value. The proximate composition indicated moisture (77.6%), carbohydrate (12.0%), protein (5.1%), ash (3.0%), lipid (1.2%), nitrogen (0.8%) and fiber (0.8%). The mineral content of the fruit showed K 500 (mg/kg) as the major, followed by Na 27.8 (Cmol/kg), Ca 27.3 (Cmol/kg), Mg 18.4 (Cmol/kg) and P. 2.8 (mg/kg) the minor. From the amino acid profile of the fruit Leucine was determined at 5.02 (g/100g) to be most abundant essential amino acid observed in the unripe fruit, and Tryptophan 0.06 (g/100g) the least of the ripe fruits. In the unripe fruit samples, Aspartic acid 16.81 (g/100g) and Glutamic acid 11.05 (g/100g) protein were the most abundant of the non-essential amino acids, while the least was Cystine 0.72 (g/100g) of the ripe fruit. Least spoilage of the fruits was seen in the refrigerator and significant spoilage observed in the botanical garden. Although the microorganisms identified in this study may contribute to the spoilage of the fruit, its nutritional profile confirmed it to be a nutritious fruit that can meet nutritional requirements. It is also imperative that its storage conditions be improved to avoid damage, spoilage and contamination since the consumption of such a fruit has enormous health significance.
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INTRODUCTION
The Red Mombine is a nutritious fruit-bearing tree of the genus Spondias within the family Anacardiaceae of flowering plants. It is native to tropical and subtropical regions of the Americas. Its geographical distribution spans from southern Mexico and Central America down to northern South America, including countries like Colombia and Venezuela (Adedokun et al., 2010; Bicas et al., 2011). It has also been widely cultivated in the Caribbean islands, where it is a popular fruit.
Due to its adaptability, Spondias purpurea has been introduced to other tropical regions worldwide, such as Southeast Asia, Africa, and parts of Oceania. It thrives in warm climates and is often found in lowland areas, up to 1,500 meters above sea level, particularly in regions with distinct wet and dry seasons. The tree is well-suited to marginal soils, making it common in home gardens, rural landscapes, and even as hedgerows in its native range (Duvall, 2006; Adedokun et al., 2010; Bicas et al., 2011; Mattieto and Matto, 2011).
Spondias purpurea is widely known by different local names across its native and introduced regions, reflecting its cultural significance and widespread use. In Central and South America, it is commonly referred to as ciruela or ciruela roja in Mexico, which translates to "plum" or "red plum." In Guatemala, El Salvador, Honduras, and Nicaragua, it is called jocote, with the specific variety sometimes known as jocote de corona. In Panama and Colombia, the fruit is also referred to as jobo or ciruela, while in Venezuela, it is known as ciruela criolla or jobo rojo.
In the Caribbean, the red mombin is commonly called jobo or jobo de puerco in Cuba, Puerto Rico, and the Dominican Republic. In Jamaica, it is locally known as hog plum, a name it also carries in parts of Africa, such as Nigeria and Ghana, where it has been introduced.
In Asia, particularly in the Philippines, the fruit is referred to as siniguela, a localized version of the Spanish ciruela. In India, it may be called amra or ambarella in some regions, although these names are often shared with similar fruits within the Spondias genus (Ayoka et al., 2008, Olayemi et al., 2013)
In Nigeria, the fruit is identified by various names: the Edo call it ‘oheeghe’, the Yorubas call it ‘iyeye’, while Efik term it ‘nsukakara’, the Hausas call it ‘tsadar masar’, and the Igbo-tribe named it ‘ijikara’, ‘ogogo’, ‘ngwu’, or ‘ungwu’. Additionally, the Ijaw know it as ‘aginiran’, and the Tiv refer to it as ‘kakka’ (Fadimu et al., 2012).
The tree typically reaches heights of 5–15 meters and is characterized by its spreading crown and gnarled trunk. Its leaves are pinnately compound, with 5–19 elliptical leaflets that are glossy green and arranged alternately on the branches. The flowers of the red mombin are small, purplish, and arranged in clusters, often appearing before the leaves emerge. The tree can produce both male and female flowers on the same plant, facilitating pollination. The fruit is the tree's most distinctive feature. It is a small, ovoid drupe measuring approximately 2–5 cm in length (Maldonado-Astuillo et al., 2014). The thin, edible skin ranges in color from bright red to purple when ripe, depending on the variety. The pulp is soft, juicy, and varies in flavor from sweet to tart, enclosing a large, fibrous stone or seed. The fruits are consumed fresh, dried, or processed into juices, jams, and other products. The fruit develops a yellow or orange skin upon ripening and offers a pleasantly aromatic taste (Bicas et al., 2011; Fadimu et al., 2012; Olayemi et al., 2013).
Several studies have documented the high mineral contents, vitamins, the low lipid level and sugars of red mombine (Ayoka et al., 2008; Mattieto and Matto, 2011; Akther et al., 2012; Olayemi et al., 2013; Maldonado-Astuillo et al., 2014). Research has also revealed an abundances of antioxidants, phenols, phytonutrients, organic acids, phytosterols, terpenoids, and carotenoids in the red mombin (Arif and Fareed, 2010; Tiburski et al., 2011; Olayiwola et al., 2013). Fadimu et al (2012, 2014), attributed the popularity of the fruit to its ethnopharmacological applications and various anthropogenic uses.
The plant has also been identified as an important source of nutritious feedstock, traditional medicine, and phytomedicine, owing to its aromatic, astringent, and refrigerant properties (Ayoka et al., 2006; Njoku and Akumefula, 2007; Ayoka et al., 2008; Arif and Fareed, 2010; Igwe et al., 2010). The tree produces a gum utilized as glue, while decoctions from its root and bark are used as purgatives and treatments for diarrhea, dysentery, and hemorrhoids (Ayoka et al., 2008). Extracts from its leaves have shown several effects, including anxiolytic (Ayoka et al., 2005), anthelmintic, sedative, antiepileptic, antipsychotic (Ayoka et al., 2006), hypoglycemic (Fred-Jaiyesimi et al., 2009), in vitro antioxidant (Akinmoladun et al., 2010), and antimicrobial (Aromolaran and Badejo, 2014).
MATERIALS AND METHODS
Collection of samples
Ninety pieces of the S. purpurea fruits were obtained from Kwendo, Dabai in Kebbi State. The samples were randomly-selected from fruit-bearing trees through physical agitation of their branches and collected into bowl and buckets. The fruits were preserved in cartons and transported to Sokoto state. Sorting was done in the laboratory to separate the healthy fruits from the spoilt, which were subsequently discarded. Sixty of the healthy fruits were set aside for evaluating the shelf-life of S. purpurea over days at different storage conditions.


Sample storage for estimating shelf-life
Six storage samples were created from the sixty fruits set aside during collection. Each sample consisted of ten fruits each to be stored at different locations and conditions to estimate the shelf life.

Isolation and enumeration of bacterial population 
Healthy fruit samples were cut for the isolation of bacteria, and serial dilutions of these samples prepared. Each sample was suspended in 9 ml de-ionized water and serial dilution was prepared. Of this dilution 0.1 ml sample was taken, spread out on a nutrient agar media and incubated for 24 hour. Colonies counted upon termination of incubation were expressed as colony forming unit (CFU) per ml of sample homogenates (Cheesebrough, 2000).
Fungal identification.
The Potato Dextrose (PDA) plates were observed for 3-14 days for full fungal growth, after which the colonial characteristics were noted down and each different colony sub culture on a freshly prepared potato dextrose agar plate to isolate the pure fungal growth. The pure isolate obtained were subjected to different mycological test according to (Oyeleke and Manga, 2008).   
Identification of microbial population in the Fruit
The biochemical assays are designed to identify organisms at the species level by observing their chemical responses. The following tests were performed: Citrate Utilization Test,
Gram Differentiation Staining, Tryptophan Degradation Test, Hydrogen Peroxide Decomposition Test, Staphylococcal Coagulase Test, Urea Hydrolysis Test, Starch Degradation Test, Butanediol Fermentation Test (Voges Proskauer Test), TSI Fermentation Test and Endospore Staining Test in accordance with the methodology described by (Oyeleke and Manga, 2008).

Proximate analysis
Determination of the proximate composition of the Spondias fruit was effected using the procedures outlined by (AOAC, 2000).

Moisture content determination
The moisture contents of the samples were evaluated using the procedure outlined by Stewart et al. [1974]. The percentage moisture contents were determined based on the percentage weight loss per sample.
Ash content determination
The method of Stewart et al. (1974) was used to determine ash content. Two grams of dried samples were ashed and desiccated using silica gel and the percentage of ash was calculated.

Fibre content determination
Using the methods outlined by Stewart et al. (1974) two grams of the samples were acidified with 20 ml of 10% H₂SO₄, filtered, hydrolysed with NaOH, and ashed. The fibre content was evaluated using the delta weight change.
Lipid content determination
The lipid component was extracted using Soxhlet Extraction Method. The extracted oil was cooled and then weighed. The weight differential formed the basis of this estimation.

 
Determination of Nitrogen by Kjeldahl Method (AOAC, 1990)
The percentage nitrogen content was analyzed by weighing 2 g of Spondias pulp fruit sample and placing it into a 500 cm³ Kjeldahl flask. Subsequently, 10 ml of water was added to the flask, followed by a Kjeldahl catalyst tablet (selenium catalyst) and 10 ml of concentrated H₂SO₄. The flasks were allowed to rest briefly before being placed on a Kjeldahl digestion block and heated gently in a fume cupboard at 500°C for 2 hours. This process converted the nitrogen in the sample into ammonium sulfate, according to the reaction
N₂ + 3H₂O + H₂SO₄ → (NH₄)₂SO₄ + 3/2 O₂.
After 6 hours, the solution turned clear and was removed from the heating block to cool. It was then diluted with distilled water to 50 ml, with vigorous shaking to ensure mixing. A 10 ml aliquot of the diluted solution was transferred into a separate Kjeldahl flask, where 20 cm³ of 40% NaOH was added, and the inlet was sealed. Next, 20 cm³ of boric acid mixed indicator was pipetted into a 100 cm³ conical flask, which was positioned at the receiving end of a condenser. Steam was passed through the sample under high pressure, causing the ammonium sulfate to release NH₃ gas. The gas was absorbed in the boric acid indicator.
The resulting solution was titrated with 0.01 M H₂SO₄ until it turned pink. The initial and final values of the titration were recorded, and the titre value was obtained by subtracting the initial reading from the final reading.
% Nitrogen = Titer value x Normality of acid x 0.014 x volume of the digest x 100
                                  Weight of sample (2g) x Volume of aliquot taken (V1)

Crude protein determination
Evaluation of the value of crude protein was determined using the Nitrogen value based on the Kjeldahl procedure, 
 i.e. % Nitrogen x 6.25% Crude protein = % Nitrogen x 6.25

DETERMINATION OF MINERIAL COMPONENT
The following mineral; Potassium (K+), Magnesium (Mg), Phosphorus (P), Calcium (Ca) were determined according to the method described by AOAC (1990) and adapted by Egbekun et al.  (1997).
Amino Acid Profile Determination 
The sample was dried to a constant weight, defatted, hydrolyzed, evaporated using a rotary evaporator, and analyzed using an Applied Biosystems PTH Amino Acid Analyzer (Benitez, 1989).
Defatting the Sample 
The fruit sample (Spondias purpurea) was defatted using a 2:1 chloroform-methanol mixture. Three hundred milligrams (300 mg) of the sample were placed in an extraction thimble and subjected to a 15-hour Soxhlet extraction (AOAC, 2006).
Hydrolysis of the Sample 
A known amount of the defatted sample was placed in a glass ampoule, and 7 ml of 6 N HCl was added. Nitrogen gas was passed into the ampoule to expel oxygen, preventing the oxidation of certain amino acids such as methionine and cysteine. The ampoule was sealed with a Bunsen burner flame and heated at 105°C ± 5°C for 22 hours in an oven. After cooling, the ampoule was opened, and the contents were filtered to remove humins. The filtrate was evaporated to dryness using a rotary evaporator. The dried residue was reconstituted in 5 ml of acetate buffer (pH 2.0), stored in plastic specimen bottles, and loaded into the analyzer.
Loading the Hydrolysate into the Analyzer 
A 60 µl aliquot of the hydrolysate in acetate buffer was loaded into the analyzer cartridge. The analyzer then separated and analyzed the free acidic, neutral, and basic amino acids present in the sample.
Calculation of Amino Acid Values 
Peak areas proportional to the concentration of each amino acid was determined using an integrator connected to an analyzer.
RESULT
This research result obtained showed that all the Spondias purpurea samples gotten from Kwendo, Dabai, Zuru Local Government Area, Kebbi State contained different microbial populations. Three (3) isolates that were identified using standard method of bacteriological analysis from the Spondias purpurea as presented in Table 1 of which all are Gram positive. Two (2) of these Gram positive are Bacilli (Rod) and one (1) was Gram positive cocci. Table 2 shows the yeasts isolated, which were Saccharomyces cerevisiae, Aspergillus niger, Aspergilus fumigatus and Rhizopus stolonifera respectively. Results from Spondias purpurea fruits analysis showed that BGWSD had the highest bacterial mean colony count of 2.2cfu/ml, BGSD with 2.00cfu/ml, RTWSD with 1.90cfu/ml, RTSD with 1.60cfu/ml, FSD with 1.52cfu/ml, and FWSD with 1.00cfu/ml being the lowest value. Results for yeasts are shown in Figure 2. The proximate composition obtained from the Spondias purpurea fruit is shown in Table 3. The percentage (%) composition obtained from the result(s) are; moisture (77.6%), carbohydrate (12.0%), proteins (5.1%), ash (3.0%), lipid (1.2%), nitrogen (0.8%) and fiber (0.8%). Furthermore, the result(s) from mineral composition are expressed in Table 4. The mineral content obtained from the Spondias purpurea are; Calcium (Ca) 27.3 Cmol/kg, Magnesium (Mg) 18.4 Cmol/kg, Phosphorus (P) 2.8 mg/kg and Potassium (K) 500 mg/kg, Sodium (Na) 27.8 mg/kg. The amino acid profiles of both ripe and unripe Spondias purpurea fruit were grouped into essential and non-essential amino acids (g/100g protein) in Table 5. The essential amino acids obtained include leucine (4.61, 5.02), Lysine (3.71, 3.92), isoleucine (2.22, 2.03), phenylalanine (2.13, 2.66), tryptophan (0.06, 0.68), Valine (0.82, 1.00), methionine (0.70, 0.85), arginine (4.64, 4.81), histidine (1.40, 1.53) and threonine (2.72, 3.05) while the non-essential amino acids were cysteine (0.72, 0.91), alanine (2.43, 3.00), glutamic acid (10.30, 11.05), glycine (3.16, 3.00), serine (3.51, 3.81) and aspartic acid (15.20, 16.81). Table 6 shows the effect of storage method on the shelf-life of Spondias purpurea fruits for a period of 1, 3, and 5 days, in places RTSD, RTWSD, FSD, FWSD, BGSD, and BGWSD. Of these days BGWSD had the highest number of spoilage with FSD and FWSD having the lowest.








	Isolate (Ripe)
	Nat
	Shape
	Cat
	Glu
	Lac
	Suc
	Mot
	H2S
	Gas pro.
	MR
	VP
	Cit
	Tryp
	Urase
	Starch hyd.
	Spore Stain
	m.orgnisms Identified

	A
	G+
	Rod
	+
	+
	+
	-
	-
	-
	-
	+
	-
	+
	-
	-
	+
	NA
	Micrococcus varians

	B
	G+
	Cocci
	+
	+
	-
	-
	-
	-
	-
	+
	-
	+
	-
	-
	+
	-
	Corynebacterium kutsceri

	C
	G+
	Rod
	-
	+
	-
	-
	-
	+
	+
	-
	+
	+
	-
	+
	+
	+
	Bacillus spp.


Table 1: Morphological and biochemical characteristics of bacterial isolate from Spondias purpurea

KEY:  *A, B and C = Ripe Spondias purpurea *Nat = Nature, *Glu= Glucose *Lac.= Lactose *Suc.= Sucrose *Mot.= Motility *Gas Pro.= Gas Production *MR= Methyl Red *VP = Voges-Proskauer *Cit. = Citrate *Tryp= Tryptophan *Cat. = Catalase *Starch hyd. = Starch hydrolysis



Table 2      Morphological characteristics of yeast isolated from Spondias purpurea fruits
   Color       Size      Margin     Gram rxn      Cell arr.    Shape           Sugar fermentation                  probable organisms
                                                                                                                   Glu Lac Fru Suc
 White     Tiny     Regular    Positive         Singular      Rod-like              +     +     +     +                 R. stolonifer
 Creamy    Small   Regular    Positive       Singular     Rod-like               +     +     -      -                  A. flavus
 White      Big    Regular    Positive           Singular       Rod-like              -     +     -      +                  A. fumigatus
  White      Big    Regular    Positive          Singular      Rod-like               +     +    -       +                A. niger
 White      Small     Regular    Positvie       Singular      Rod-like               +     -     +       -                R. stolonifer
 Creamy     Big     Regular    Positive         Singular     Rod-like                +     -     +       -               S. cerevisiae
  White      Small   Regular    Positive        Singular      Rod-like                -    +     +       -                 A. niger   
  Milky       Big     Regular    Positive         Singular      Rod-like              +     +     +       -                A. flavus
   Milky     Big   Regular    Positive           Singular      Rod-like               -     +       -     +                S. cerevisiae

Keys: 
Glu =  Glucose, Lac = Lactose, Fru = Fuctose, Suc = Sucrose,
 + = Ferments sugar,
 - = Doesn’t ferment sugar, 
arr = Arrangement 
rxn = Reaction. 



























Figure 1: Bacteria associated with the fruits of Spondias purpurea.
Keys: 
RTSD: Room temperature with saw dust.
RTWSD: Room temperature without saw dust.
FSD: Fridge with saw dust.
FWSD: Fridge without saw dust.
BGSD: Botanic garden with saw dust.
BGWSD: Botanic garden without saw dust. 



Figure 2: Yeasts associated with the fruits of Spondias purpurea.
Keys: 
RTSD:	Room temperature with saw dust.
RTWSD: Room temperature without saw dust.
FSD: Fridge with saw dust.
FWSD: Fridge without saw dust.
BGSD: Botanic garden with saw dust.
BGWSD: Botanic garden without saw dust. 









Table 3: Proximate composition of Spondias purpurea  
	Proximate component
	Percentage %Composition

	Moisture
	77.6

	Ash
	3.0

	Fiber
	0.8

	Lipid
	1.2

	Crude protein
	5.1

	Carbohydrate (CHO)
	12.0

	Nitrogen
	0.8


	













Table 4: Mineral contents of Spondias purpurea










KEYS;
Ca = Calcuim	P = Posphorous	Na = Sodium Mg = Magnesuim  
K = Potassium



	Mineral Component
	Content

	Ca (Cmol/kg)
	27.3

	Mg (Cmol/kg)
	18.4

	P (mg/kg)
	2.8

	K (mg/kg)
	500

	Na (mg/kg)
	27.8













Table 5: Amino acid profile of Spondias purpurea
	Amino acid
	Ripe 
	Unripe

	Essential (g/100g Protein)

	Leucine
	4.61
	5.02

	Lysine
	3.71
	3.92

	Isoleusine
	2.22
	2.03

	Phenylalanine
	2.13
	2.66

	Trytophan
	0.06
	0.68

	Valine
	0.82
	1.00

	Methionine
	0.70
	0.85

	Arginine
	4.64
	4.81

	Histidine
	1.40
	1.53

	Threonine
	2.72
	3.05

	Non-essential (g/100g Protein)

	Cyctine
	0.72
	0.91

	Alanine
	2.43
	3.00

	Glutamic acid
	10.30
	11.05

	Glycine
	3.16
	3.00

	Serine
	3.51
	3.81

	Aspartic acid
	15.20
	16.81




Table 6: Effect of storage method on the shelf – life of Spondias purpurea fruits 
	DAYS
	PLACE
	SPOILT
	UNSPOILT

	1
	RTSD
	0
	10

	
	RTWSD
	1
	9

	
	FSD
	1
	9

	
	FWSD
	0
	10

	
	BGSD
	0
	10

	
	BGWSD
	1
	9

	3
	RTSD
	1
	9

	
	RTWSD
	1
	9

	
	FSD
	1
	9

	
	FWSD
	0
	10

	
	BGSD
	1
	9

	
	BGWSD
	2
	8

	5
	RTSD
	2
	8

	
	RTWSD
	3
	7

	
	FSD
	1
	9

	
	FWSD
	0
	10

	
	BGSD
	5
	5

	
	BGWSD
	7
	3



Keys: 
RTSD: Room temperature with sawdust.
RTWSD: Room temperature without sawdust.
FSD: Fridge with sawdust.
FWSD: Fridge without sawdust.
BGSD: Botanic garden with sawdust.
BGWSD: Botanic garden without sawdust.

DISCUSSION
This study evaluated the microbiological profile and the estimated shelf life of Spondias purpurea fruits in Kwendo, Dabai, Zuru Local Government, Kebbi State. The result showed the identified bacteria as Bacillus, Actinomycetes, Micrococcus, Corynebacterium and Streptococcus species in Table 1 It also indicated the fungi isolated as Aspergillus niger, Sacchraromyces cerevisiae, and Rhizopus stolonifera in Table 2 The presence of these microorganisms is not surprising as their sources could be from soil, dust, or the fruits themselves during harvesting. The differences observed in the bacterial loads may be due to the sanitary quality of the water used in washing them, or contamination during harvest, transportation and/or improper storage procedures. The high microbial load obtained in this study agreed with the findings of (Uzeh et al., 2009) and (Bukar, 2010). The findings of these studies are in agreement of those of Faride, (2001); Jonathan et al., (2015); Kumar et al., (2008) and Olayiwola et al., (2013) who isolated other related microorganisms as bio-deteriorating organisms from spices and some street foods. The bacteria isolated from this research work are Bacillus, Actinomycetes, Micrococcus, Corynebacterium and Streptococcus species. In Figure 1 BGWSD had the highest bacterial mean count of 2.2 cfu/ml and FWSD had the lowest value of 1.0 cfu/ml. In Figure 2 BGWSD had highest yeast mean count of 4.0x 106 cfu/ml and FWSD had the lowest value of 1.0x106 cfu/ml. This variation may be because some of the fruits were exposed to factors that enhanced the growth of microorganisms.
The elevated bacterial and fungal counts in BGWSD fruit samples compared to others may be due to the increased moisture content in Spondias purpurea fruits during storage. However, refrigerating the fruits may extend their shelf life by mitigating moisture accumulation and concentrating the substances within. It is crucial to prioritize nutritional quality in Nigeria, especially for low-income groups, to prevent fruit spoilage issues. The presence of microorganisms in Spondias purpurea fruits can deplete their nutrients, and the byproducts from these microorganisms may cause dietary toxicity if consumed in excess (Risk Assessment Studies, 2001). The contamination and infestation levels of microorganisms can be influenced by processing and packaging methods, as well as improper handling and storage practices, often due to poor hygiene.
The proximate composition of Spondias purpurea fruits (g/100g) is presented in Table 3. The moisture content was the highest at 77.6%, followed by carbohydrates at 12.0%, crude protein at 5.1%, ash at 3.0%, lipids at 1.2%, and fiber and nitrogen at 0.8%. This variation could be attributed to geographical, climatic, and seasonal factors. The fruit's moisture, ash, carbohydrate, crude protein, lipid, and fiber contents exceeded those reported in previous studies (Altschul, 1983; Morton, 1987; Adepoju et al., 2006). The high moisture content of the fruit underscores its perishability and vulnerability to microbial infections, while also suggesting a lower solid matter content in the pulp. Moisture is a key indicator of freshness, as fruits tend to lose moisture over time (Tressler et al., 1980).
The carbohydrate, crude protein, lipid, and ash percentages in this study were greater than those documented by Achoba et al. (1992), although a lower crude fiber value was observed. The differences observed in these values may be due to geographic and climatic factors. The lipid content in Spondias purpurea fruit was low, meaning the pulp is unlikely to be a significant source of oil-soluble vitamins. However, these values were higher than those reported for other fruits such as fluted pumpkin pods (0.50 g/100g) and pulp (0.30 g/100g), as well as bananas, oranges, apples, strawberries, and melons (Essien et al., 1992). The moderate crude fiber content suggests a higher proportion of soluble fiber (pectin), especially after sieving to remove the shaft. Soluble fibers have health benefits, including lowering cholesterol, treating diarrhea, and detoxifying harmful metals (Behall and Resier, 1986; Cohn and Cohn, 1996). The moderate ash content indicates a good mineral profile, particularly for macro-minerals. The carbohydrate content was slightly higher than the literature range of 8.70–10.0 g/100g (Altschul, 1983), with this difference likely resulting from climatic and geographic factors in the study area.
Mineral composition data (mg/kg) of the ripe Spondias purpurea fruit are shown in Table.4. Potassium (K) was the most abundant mineral at 27 mg/kg, followed by sodium (Na) at 27.8 mg/kg, calcium (Ca) at 27.3 Cmol/kg, magnesium (Mg) at 18.4 Cmol/kg, and phosphorus (P) at 2.8 mg/kg. The variability in these values could be due to differences in plant variety, climate, and geographical location. This composition agrees with the findings of Olayiwola et al. (2013), Adepoju (2009), and Tiburski et al. (2011), though variations exist. Compared to other commonly-consumed fruits and vegetables in Nigeria, Spondias purpurea exhibited a high potassium content, greater than in Monkey Biscuit tree (Piliostigma thonningii)  (43.11 ± 0.34 mg/kg) and Dwarf Red Ironwood (Lophira lanceolata) (300 ± 15.0 mg/kg), although its calcium levels were lower than found in  Monkey Cola (Cola millenii) (3934.01 ± 87.19 mg/kg) and Lophira lanceolata (820 ± 26.7 mg/kg) (Jimoh and Oladiji, 2005; Kawo et al., 2009; 2010; Edet et al., 2015). Its magnesium content was higher than that found in other seeds, such as Sesame (Sesamum indicum) (10.3 ± 2.0 mg/kg) and Piliostigma thonningii (1.0 ± 0.02 mg/kg), and nearly matched the level in Drumstick tree (Moringa oleifera) (17.5 ± 0.4 mg/kg), although it was lower than the value for Cola millenii (100.2 ± 0.28 mg/kg). These findings imply that Spondias purpurea can be a valuable source of these elements (K, Ca, Mg, Ph, N), with intake levels of 4.7 g, 150–1000 g, 160–850 g, 500–1000 g, and 2.60–3.4 g meeting the Adequate Intake (AI) and Recommended Dietary Allowance for these minerals (Otten et al., 2006). Minerals are essential for human nutrition and play vital metabolic roles in the body; fruits are significant sources of essential vitamins and minerals (Reilly, 2002); Calcium is important for bone strengthening, neuromuscular functions, blood clotting, and other metabolic processes, while magnesium is needed for healthy bones and muscle energy release (Campous et al., 2009).
Table 5 shows both the essential and non-essential amino acids for ripe and unripe Spondias purpurea fruits. In comparing essential amino acids between ripe and unripe fruits, the unripe fruit showed higher values for most, except for isoleucine (2.03 g/100g protein in unripe, 2.22 g/100g protein in ripe). Similarly, non-essential amino acid values were generally higher in unripe fruit, except for glycine (3.00 g/100g protein in unripe, 3.16 g/100g protein in ripe). Key amino acids such as arginine (4.64–4.81 g/100g protein), leucine (4.61–5.02 g/100g protein), and lysine (3.71–3.92 g/100g protein) were prominent in both ripe and unripe samples, with tryptophan (0.06–0.68 g/100g protein) being the lowest. In non-essential amino acids, aspartic acid (15.20–16.81) and glutamic acid (10.30–11.05) were the most abundant, while cysteine (0.72–0.91) had the lowest values.
These variations between ripe and unripe Spondias purpurea may be due to the complex chemical composition of the fruit, with interactions from microbes during pre- or post-harvest processes, poor storage conditions, or unhygienic handling. Proteins, composed of amino acids, are vital components of the body, and amino acid composition is an indicator of protein quality. This study suggests that Spondias purpurea fruit is a good source of amino acids which are crucial for various bodily functions. Serine, for example, is involved in cell signaling and is used in treating schizophrenia (Montalvo-Gonzalez et al., 2011), while glutamic acid plays a key role in brain function and recovery from physiological imbalances (Judith et al., 1999). The amino acid profile of Spondias purpurea also shows similarities to other fruits, such as African pear pulp, and suggests its potential in nutritional applications. Table 6 shows the significance of storage methods on the shelf-life of Spondias purpurea fruits over 1, 3, and 5 days, in places RTSD, RTWSD, FSD, FWSD, BGSD, and BGWSD. Of these days BGWSD had the highest number of spoilage with FSD and FWSD having the lowest.
[bookmark: _GoBack]
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Series 1	RTSD	RTWSD	FSD	FWSD	BGSD	BGWSD	1.6	1.9000000000000001	1.52	1	2	2.2000000000000002	Samples of Spondias purpurea stored  different condition
Mean colony count (cfu/ml) X 105
Series 1	RTSD	RTWSD	FSD	FWSD	BGSD	BGWSD	2	3	2	1	3	4	Samples of Spondias purpurea fruits stored at different conditions
Spore count (cfu/ml) x105
