Effect of Controlled Fermentation of Ogiri, on the Nutritional Composition, Mineral Profile, and Sensory Acceptability using Bacillus subtilis as starter

Abstract
Ogiri is a traditional African fermented condiment made from oil-rich seeds such as melon (Citrullus vulgaris) or castor oil seeds (Ricinus communis), used as a flavouring in sauces and soups. This study investigated the fermentation characteristics, nutritional composition, mineral profile, and sensory properties of laboratory-fermented ogiri produced using Bacillus subtilis as a starter culture. Mature melon seeds were purchased from a local seller at Rail-way market in Makurdi, Nigeria. The seeds were cleaned, boiled for 4 h, dehulled, mashed, and aseptically distributed into sterile containers. The samples were autoclaved at 121 °C for 15 min and inoculated with 1 mL of standardized Bacillus subtilis suspension (0.5 McFarland standard). Fermentation was carried out at 28 ± 2 °C for 96 h, with samples collected at 0, 24, 48, 72, and 96 h. Changes in pH and temperature were monitored throughout the fermentation period. Proximate composition and mineral content were determined using standard analytical methods, while sensory evaluation was conducted using a nine-point hedonic scale with ten semi-trained panelists. The pH increased from 6.01 to 7.60, indicating typical alkaline fermentation, while temperature increased from 31 °C to 38 °C before declining slightly to 34 °C at 96 h. Proximate analysis showed that fermented ogiri contained 22.62 ± 0.02 % crude protein, 22.97 ± 0.04 % fat, and 40.72 ± 0.06 % moisture, while carbohydrate content decreased to 8.89 ± 0.04 %. Mineral analysis revealed that zinc (5.12 mg/100 g) was the most abundant mineral, followed by copper (3.33 mg/100 g), sodium (1.23 mg/100 g), iron (1.00 mg/100 g), and potassium (0.44 mg/100 g). Sensory evaluation showed good consumer acceptance with appearance scoring 7.7, aroma 7.5, and overall acceptability 7.1 on the hedonic scale. The results demonstrate that controlled fermentation using Bacillus subtilis enhances the nutritional value and sensory quality of ogiri, confirming its potential as a nutritionally valuable traditional condiment.
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Introduction
In many parts of the world, especially in Africa, where fermentation is a natural method of food preservation and nutritional enhancement, fermented foods are an important part of traditional diets. Microorganisms' metabolic processes during fermentation convert raw materials into goods with enhanced flavour, digestibility, and nutritional value (Tamang et al., 2016). Plant seed fermentation is a common practice in many African tribes to create condiments that improve the taste and nutritional value of meals.
Ogiri is a traditional fermented condiment made from oil-rich seeds like Cucumeropsis mannii, Ricinus communis, or Citrullus vulgaris. In southern Nigeria, the product is very well-liked and utilised as a flavouring in sauces and soups (Achi, 2005). Bacillus species, especially Bacillus subtilis, are known for their potent proteolytic activity, which breaks down proteins into peptides, amino acids, and ammonia, giving the product its distinctive alkaline character. These species typically dominate the fermentation process (Sarkar et al., 2002).
Bacillus species break down complex macromolecules including proteins, fats, and carbohydrates during alkaline fermentation, creating metabolites that enhance nutritional quality and flavour development (Achi, 2005). The method also enhances mineral bioavailability and lowers antinutritional factors, boosting the fermented product's nutritional value. Additionally, it has been demonstrated that fermentation improves the safety and shelf life of many traditional foods by preventing the growth of dangerous microbes through metabolite synthesis and microbial competition (Marco et al., 2017).
Even though ogiri is widely consumed, traditional production methods are frequently unmanaged, which results in variations in the product's safety, nutritional value, and quality. Using certain starting cultures, like Bacillus subtilis, can boost desired sensory qualities, guarantee product consistency, and increase fermentation efficiency (Olaoye et al., 2022). To further comprehend the function of microbial metabolism in the conversion of melon seeds into ogiri, scientific assessment of the physicochemical alterations and nutritional composition during fermentation is crucial.
Thus, this study examined the fermentation of Citrullus vulgaris seeds in a lab setting utilising Bacillus subtilis as a starter culture. The purpose of the study was to assess how the fermented product's proximate composition, mineral composition, fermentation parameters, and sensory attributes changed. Comprehending these modifications will offer valuable perspectives on the nutritional capabilities of ogiri and enhance the manufacturing procedures for customary fermented condiments.
Materials and Methods
Sample Collection/Preparation
Mature seeds of Citrullus vulgaris (melon) were purchased from a local seller at Rail-way market in Makurdi Benue State, Nigeria. The seeds were placed in sterile polythene bags and promptly transported to the Herbarium of the Department of Plant Science and Biotechnology, Joseph Sarwuan Tarka University, Makurdi, for identification. Subsequently, the seeds were sorted, cleaned, and boiled under aseptic conditions. The ogiri, melon seeds were boiled for 4 h, dehulled, and mashed ready for fermentation. 
Preparation of McFarland Standard 
The method described by CLSI. (2018) was adopted with slight modification. One percent (1 %) solution of anhydrous Barium chloride (BaCl2) was prepared in a beaker. One percent (1 %) solution of Sulphuric acid (H2SO4) was prepared in another beaker. A 0.3 mL of Barium chloride was mixed with 9.7 mL of Sulphuric acid and the absorbance measured with a spectrophotometer at 600 nm. The result was confirmed by comparing the absorbance result with 0.5 McFarland standard. 
A loopful of 24 h old culture of Bacillus subtilis was transferred into three different sterile transparent containers with 30 mL each of normal saline. The addition of more organisms and dilution with normal saline stopped when the absorbance of the suspension compared favourably with 0.5 McFarland standard. This was determined with a spectrophotometer at wavelength of 600 nm. The concentration (CFU/ml) of the starter culture used was determined from the McFarland standard chart by comparing the absorbance value equivalent in millimeter of the organism solution used for inoculation process.
Laboratory Fermentation of Pentaclethra macrophylla and Citrullus vulgaris Seeds 
The method of Ogbulie et al. (2014) was adopted in this work with slight modification. One kilogram (1 kg) of the seeds of Citrullus vulgaris was weighed, sorted, cleaned and boiled for 4 h. The seeds were dehulled, mashed and washed in clean water. After draining, two hundred grams (200 g) of the seeds 40 g each was put separately into five (5) different sterile screw capped wide bottles designated O0 h, O24 h, O48 h, O72 h and O96 h respectively. The bottles containing the samples were autoclaved at 121 °C for 15 minutes. On cooling to room temperature, the bottles containing the samples were aseptically inoculated with 1 ml of suspension from Bacillus subtilis and covered with cotton wool with thermometer inserted to read the temperature. Fermentation was allowed to proceed at room temperature (28 ± 2 °C) for a period of 96 h. At every 24 h intervals, one sample was collected from the fermenting environment as individual sample in airtight containers and kept at -4 °C to arrest the fermentation for further analysis accordingly.
Monitoring of Fermentation Parameters
Samples were collected at 0, 24, 48, 72, and 96 hours for analysis. The following parameters were monitored:
Temperature measurement
A calibrated thermometer was used to measure the temperature. The thermometer was disinfected with 70% ethanol to prevent cross-contamination before taking each measurement. Temperature readings were taken by inserting the thermometer into the central portion of the fermenting mass to obtain representative internal temperature values, avoiding contact with the container walls, which could result in erroneous readings. The thermometer was allowed to equilibrate within the substrate for 2 minutes before temperature values were recorded (Adams and Moss, 2008).
Measurements were recorded at predetermined time intervals (0, 24, 48, 72 and 96 h) throughout the fermentation period. After each measurement, the thermometer was removed, cleaned, and re-disinfected before subsequent use. All temperature values were recorded in degrees Celsius (°C) (Chelule et al., 2010).
pH measurement 
A digital pH meter that had been calibrated was used to measure the pH of the fermenting substrates. To guarantee accuracy and dependability of results, the pH meter was standardized using suitable buffer solutions (pH 7.0) at room temperature in compliance with the manufacturer's recommendations prior to fermentation (Adams and Moss, 2008; AOAC, 2019).
For each determination, a sample of the fermenting mass was aseptically collected from the central portion of the fermentation vessel using sterile spatulas to minimize contamination and oxygen exposure. The sample (1 g) was homogenized in 9 mL of sterile distilled water to obtain a uniform suspension. The pH electrode was then immersed into the homogenate, ensuring full contact with the sample, and allowed to stabilize for 60 seconds before recording the pH value (Nout and Aidoo, 2002).
pH measurements were taken at predetermined time intervals (0, 24, 48, 72 and 96 h) during fermentation. All readings were recorded at ambient laboratory temperature, and results were expressed as mean pH values. The observed pH changes were used to assess acid–base dynamics and microbial metabolic activity during the fermentation (Chelule et al., 2010).
Determination of Proximate Composition
The method described by Nweze (2023) was used in evaluating the moisture, crude fibre, protein, fat, and ash content, while the carbohydrate content was determined by difference.
Moisture content determination 
Two grams (2 g) of the samples were weighed into a known-weight dried crucible, placed in an oven set at 105 °C for three hours, removed to cool in a desiccator, weighed, then reheated, cooled, and reweighed. Until a comparatively constant weight was achieved, the procedure was repeated. Moisture content was determined by comparing the weights before and after drying.
Ash content determination
Following an evaluation of the moisture content, the dried samples were placed in a muffle furnace and heated to 55 degrees Celsius until the carbonization and calcination of the black particles was complete. Ash concentration was determined by weighing the leftover incinerate after the samples were removed and allowed to cool in a desiccator.
Crude fat determination 
Samples weighing two grams (2 g) were wrapped in filter paper and progressively dropped into a thimble that was attached to a flask holding n-hexane, the solvent. The solvent evaporated and travelled through the extract's side tube to the reflux condenser, where it condensed and ran back into the samples dissolved in the hexane and the hexane and fat mixture, while the round-bottomed flask in a soxhlet extraction unit was gradually heated with a thermostatically controlled mantle. The refluxed solvent was collected when the filter paper containing the wasted (defatted) sample was taken out of the extractor. After three hours of drying at 85 °C, the flask containing the fact and residual solvent was cooled and weighed.
Crude protein determination 
After adding two grams (2 g) of samples—0.10 g CuSO4 and 2.50 g Na2SO4—to a micro Kjeldahl flask, 20 mL of concentrated H2SO4 solution and anti-bumping clips were added. The unit's heating mantle was used to heat the flasks until the initial black color changed to light green. Before distillation, the flasks were cooled and covered (plugged) with cotton wool. The digest was placed on the distillation apparatus after chilling, and the distillation arm was attached so that the condenser stipe was below the surface of a 20 mL solution of 2% boric acid in a conical flask.
The digest flask was filled with 80 mL of distilled water and 35 mL of 40% NaOH using a funnel. After around 15 minutes, the contents of the flask were distilled until 30 mL of distillate was obtained. Two drops of methyl-red indicator were then added, and the mixture was titrated with 0.1 N HCl solution until a pink end point was reached. To provide a blank value for any trace of nitrogen that might be present in the reagent and handling material (analytical chemicals/media), a blank test was conducted by repeating the digestion, distillation, and titration procedures without the presence or involvement of the test raw and fermented samples.
Crude fiber determination 
After weighing two grams (2 g) of the sample, it was put in 200 mL of heated 1.25 % H2SO4 and cooked for 230 min. After that, it was passed through a Buckner funnel that was secured with an elastic band and had muslin material. Boiling water was poured onto the funnel to make it hot. After three hot water washes, the residue was transferred into a conical flask and boiled for 30 minutes in 200 mL of a 1.25 percent NaOH solution. To get rid of the acid, it was filtered and gradually cleaned with boiling water, 1 % HCl, and boiling water.
Small amounts of alcohol and petroleum ether were used to wash the residue twice and three times, respectively. A clean, dry, and weighed porcelain crucible was filled with the residue, which was then dried in an oven at 85 degrees Celsius until it reached a consistent mass. After cooling, it was weighed. After two hours at 6000 0C in a muffle furnace, the crucible and its contents were removed, cooled in a desiccator, and weighed.
Carbohydrate content determination 
Carbohydrate content was calculated as Nitrogen Free Extract (NFE), determined by the difference obtained by subtracting the values of all the nutrients measured from 100.
Determination of mineral contents
Wet acid digestion was used to extract minerals in accordance with the Association of Official Analytical Chemists' methodology (AOAC, 2016). A clean 100 mL conical flask was filled with 1.0 g of each powdered sample, 10 mL of concentrated nitric acid (HNO₃), and 2 mL of perchloric acid (HClO₄). The mixture was heated to 120 °C on a hot plate until a clear solution was produced, signifying full digestion. Following cooling, the digested samples were filtered into a 50 mL volumetric flask and diluted to volume using deionized water.
Determination of Iron (Fe)
An Atomic Absorption Spectrophotometer (AAS) (Model: Buck Scientific 210 VGP, USA) was used to measure the iron (Fe) concentration. To create calibration curves, the proper standard solution (BDH Laboratory Chemicals, England) was made. At 248.3 nm, absorbance measurements were made. The sample was examined three times, and the average score was noted.
Determination of Zinc (Zn)
An Atomic Absorption Spectrophotometer (AAS) (Model: Buck Scientific 210 VGP, USA) was also used to measure the content of zinc (Zn). To create calibration curves, the proper standard solution (BDH Laboratory Chemicals, England) was made. A measurement of absorbance was made at 213.9 nm. The sample was examined three times, and the average score was noted.
Determination of Copper (Cu)
An Atomic Absorption Spectrophotometer (AAS) (Model: Buck Scientific 210 VGP, USA) was used to measure the content of copper (Cu). To create calibration curves, the proper standard solution (BDH Laboratory Chemicals, England) was made. A measurement of absorbance was made at 324.7 nm. The sample was examined three times, and the average scores were noted.
Determination of Sodium (Na)
A Flame Photometer (Model: Jenway PFP7, UK) was used to measure the sodium (Na) content. For calibration, a standard sodium solution was utilized. Emission intensities were measured at 589 nm (Na) after the digested samples were sucked into the flame. By interpolating from the corresponding calibration curves, concentration was determined.
Determination of Potassium (K+)
A Flame Photometer (Model: Jenway PFP7, UK) was used to measure the potassium (K+) content. For calibration, a standard potassium chloride solution was utilized. Emission intensities were measured at 766.5 nm after the digested samples were sucked into the flame. By interpolating from the corresponding calibration curves, concentration was determined.
Calculation of Mineral Concentration
Mineral concentrations were calculated using the following relationship and expressed as mg/100 g dry weight:
where:
C = concentration from calibration curve (mg/L);
V = volume of digest (mL);
W = weight of sample (g) (AOAC, 2016).
Sensory Evaluation of the Laboratory Fermented Ogiri 
Sensory evaluation was carried out according to the method described by Iwe (2010) on the samples using 10 semi-trained panelists to assess the sensory attributes (appearance, aroma, texture, and overall acceptability) of the samples. The panelists were selected randomly cutting across some married women which include mostly those who consume ogiri. They were instructed to carry out the evaluation for appearance, taste, aroma, mouth feel and general acceptability using a hedonic scale. Where: 1 = dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4 = dislike slightly, 5 = neither like nor dislike, 6 = like slightly, 7 = like moderately, 8 = like very much, 9 = like extremely.
Statistical Analysis 
SPSS version 20.0 was used to analyze the study's data. To find significant changes (p<0.05) between treatments, one-way ANOVA was utilized. Means ± standard deviations were used to express the results.
Results
pH values and temperature change during a 4-day laboratory fermentation of ogiri
Table 1 presents pH values and temperature change during a 4-day laboratory fermentation of ogiri. At the start of fermentation, the initial pH of the seeds was slightly acidic to neutral (6.01), and the starting temperature was 31 °C. Over the 4 days, the pH steadily rose from 6.01 to 7.60. The temperature also increased from 31 °C to a peak of 38 °C on Day 3. By Day 4, the temperature slightly decreases to 34°C. 
Nutritional Contents of Raw, Cooked, And Fermented Citrullus Vulgaris Melon Seeds 
Significant variations in the nutritional contents of raw, cooked, and fermented Citrullus vulgaris melon seeds are revealed by the proximate composition analysis (Table 2). Boiling and fermentation considerably (p < 0.05) raised the moisture levels to 41.12 ± 0.01 % and 40.72 ± 0.06 %, respectively, while raw melon seeds had the lowest moisture content (4.10 ± 0.04 %). The raw seeds had the highest crude protein content (32.30 ± 0.28 %), followed by the fermented (22.16 ± 0.02 %) and cooked (22.16 ± 0.21 %) samples. Raw (5.99 ± 0.31 %), fermented (3.40 ± 0.01 %), and boiling (2.16 ± 0.01 %) crude fiber levels all showed a declining trend. Both raw (47.64 ± 0.40 %) and boiled (23.86 ± 0.01 %) seeds had a high fat level, whereas the fermented sample had a significantly lower fat content (22.97 ± 0.04 %). The raw sample had the highest ash level (3.16 ± 0.13 %), which dropped after boiling (1.20 ± 0.02 %) and fermentation (1.41 ± 0.01 %). Ash content is a measure of total mineral matter. In comparison to the raw sample, the fermented product had a substantially lower carbohydrate content (8.89 ± 0.04 %), while the boiling sample had the highest carbohydrate content (12.81 ± 0.78 %) and the lowest carbohydrate content (9.51 ± 0.19 %).
Mean Mineral Composition (mg/100g) of Laboratory-fermented Ogiri 
Table 3 represent the mean mineral composition (mg/100g) of laboratory-fermented ogiri.  Results showed that Zinc (Zn) is the most abundant mineral in ogiri, at 5.12 mg/100g followed by Copper (Cu) 3.33 mg/100g, Sodium (Na) 1.23 mg/100g and Iron (Fe) 1.00 mg/100g are present in moderate amounts, Potassium (K⁺) have lowest concentration as observed at 0.44 mg/100g.
Sensory Characteristics of Ogiri, a Laboratory-Fermented Citrullus vulgaris Seed 
[bookmark: _GoBack]The sensory characteristics of laboratory-fermented melon seed condiment (Citrullus vulgaris), commonly known as ogiri, by a panel of 10 trained individuals using the nine-point hedonic scale was presented in fig-1  Results showed that the appearance/color of ogiri, was creamy to brown paste with a sticky or mushy consistency, with a highest mean rating of 7.7, texture/mouthfeel described as slimy, pasty, and smooth, had a mean score of 7.1. The aroma/smell of ogiri, was described as “very pungent” with ammonia-like notes was well-received, with a mean score of 7.5. Taste/flavour characterized as rich, savory, and strongly fermented with occasional sour or salty undertones, received a mean score of 7.0. The overall acceptability of the product, which was noted as “highly regional” with a polarizing flavour profile, scored a mean of 7.1. 
Table 1: Changes in pH and Temperature Values with Period of Fermentation of Ogiri
	Fermentation period (h) 
	pH Values
	Temperature (0C)

	Day 0 
	6.01
	31

	Day 1 
	6.90
	32

	Day 2 
	7.30
	35

	Day 3 
	7.50
	38

	Day 4 
	7.60
	34
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Table 2: Mean Values of Proximate Composition of Raw Melon Seeds, Boiled Melon Seeds and Fermented Melon Seeds (Ogiri)
	
	Moisture
	Crude Protein 
	Crude Fibre
	Fat and oil
	Ash
	Carbohydrate 

	Raw Melon Seeds
	4.10 ± 0.04c
	32.30 ± 0.28a
	5.99 ± 0.31a
	41.64 ± 0.40a
	3.16 ± 0.13a
	12.81 ± 0.78a

	Boiled Melon Seeds
	41.12 ± 0.01a
	22.16 ± 0.21b
	2.16 ± 0.01c
	23.86 ± 0.01b
	1.20 ± 0.02b
	9.51 ± 0.19b

	Fermented Melon Seeds (Ogiri)
	40.72 ± 0.06b
	22.62 ± 0.02b
	3.40 ± 0.01b
	22.97 ± 0.04c
	1.41 ± 0.01b
	8.89 ± 0.04b


Values are given as means of triplicate experiments
Note: Superscripts and subscripts (e.g., a, b, c, d, e, f) indicate statistical groupings. Means with different subscript in same row are significantly different (p < 0.05).
Table 3: Mean Values of Mineral Composition of Laboratory Fermented Ogiri
	Minerals 
	Mean Values (mg/100g)

	Iron (Fe)
	1.00

	Zinc (Zn)
	5.12

	Copper (Cu)
	3.33

	Sodium (Na)
	1.23

	Potassium (K+)
	0.44

















Figure 1: Bar Chart showing Sensory Evaluation of Laboratory Fermented Melon (Ogiri) Using Nine Points Hedonic Scale
Note: Hedonic rating scale (for acceptability tests): 9 – Like Extremely, 8 – Like Very Much, 7 – Like moderately, 6 – Like slightly, 5 – Neither like nor dislike, 4 – Dislike slightly, 3 – Dislike moderately, 2 – Dislike very much, 1 – Dislike extremely
Discussion
Changes in pH and Temperature Over a 96 h Laboratory-Controlled Fermentation Period of Ogiri
The study monitored the changes in pH and temperature over a 96 h laboratory-controlled fermentation period of ogiri. The pH value increased progressively from 6.01 at 0 h to 7.60 at 96 h. This rising trend reflects the progression of alkaline fermentation; a process commonly associated with protein-rich substrates like melon seeds. Similar trends have been reported in earlier studies by Ogueke et al. (2013), where microbial degradation of proteins led to the production of ammonia and other basic metabolites, thereby increasing the pH.
The initial pH (6.01) indicates the near-neutral starting point of the raw substrate, which supports the growth of facultative anaerobes and early colonization of Bacillus subtilis. By Day 2 (48 h), the pH had risen to 7.30, marking a phase of intensified microbial proteolysis. The peak at Day 4 (7.60) indicates the dominance of proteolytic Bacillus subtilis, which have been reported to drive pH elevation in melon seed fermentation due to their urease and deaminase activities as supported by Itaman and Nwachukwu, (2021).
High pH environments are essential for the development of the characteristic aroma of ogiri, and they suppress the growth of spoilage and pathogenic organisms, contributing to product safety and shelf stability. However, prolonged high pH without sufficient microbial control may lead to undesirable off-flavors or over-fermentation, emphasizing the need for fermentation time optimization.
Temperature increased from 31 °C at Day 0 to a peak of 36 °C at Day 3 (72 h), before dropping slightly to 34 °C at the end of the fermentation period (Day 4). The rise in temperature is attributed to the metabolic heat generated by fermenting microbes, particularly during the log (exponential) phase of microbial growth, a phenomenon well documented in similar studies by Achi, (2005) and Ogueke, (2013).
The highest temperature (38 °C) coincided with the late exponential or early stationary phase of microbial activity, suggesting maximal biochemical transformations during this period. The slight drop to 34 °C on Day 4 could indicate substrate depletion or the transition into the maturation phase, where microbial activity slows down. Maintaining a moderately elevated temperature (33 – 37 °C) is optimal for proteolytic enzyme function and desirable flavour development in ogiri fermentation.
The simultaneous rise in pH and temperature up to 72 h reflects heightened microbial metabolism and proteolytic activity. The synchronization of these parameters provides evidence of active fermentation, as proteolytic breakdown of seed proteins into amino acids, peptides, and ammonia contributes to both alkalinization and exothermic reactions. As reported by Marco et al. (2017), microbial communities in ogiri such as Bacillus subtilis, Staphylococcus sp., and Proteus sp. exhibit optimal activity within this pH-temperature range.
The slight decline in temperature at 96 h, despite continued pH increase, suggests a tapering of microbial growth or a succession toward less metabolically active microbial species, marking the end of the fermentation process. 
Proximate Composition of Raw, Cooked, And Fermented Citrullus Vulgaris Melon Seeds 
The proximate composition of melon seeds (Citrullus vulgaris) in their raw, boiled, and fermented (ogiri) forms was also studied. The findings reveal significant nutritional variations associated with heat processing and fermentation, reflecting both physical and biochemical changes. 
Raw melon seeds had a low moisture content of 4.10 ± 0.04 %, which is expected for dry, oil-rich seeds. After boiling, there was a significant rise (41.12 ± 0.01 %), which persisted after fermentation (40.72 ± 0.06 %). While the minor decrease in fermented seeds indicates partial microbial utilization of water or drying effects during the fermentation process, the increase in moisture content during boiling is caused by water absorption and starch gelatinization. Nwachukwu et al. (2018) and Amaefula and Obiegbuna (2024) found similar moisture patterns in the fermentation of oil-rich seeds like Pentaclethra macrophylla and Castor seeds, where boiling and microbial activity greatly increased water content.
Raw seeds had the highest crude protein content (32.30 ± 0.28 %), but it drastically decreased following boiling (22.16 ± 0.21 %) and fermentation (22.62 ± 0.02 %). Denaturation and nitrogenous molecule leaching into the cooking water are probably the causes of the protein decrease after boiling. Microbial proteolysis, in which microorganisms break down proteins into simpler nitrogen molecules and ammonia, is responsible for the decrease that occurs during fermentation. Similar patterns during legume and oil seed fermentations were observed by Sharma et al. (2020), who identified enzymatic degradation and microbial consumption as the main sources of protein loss. Even though the protein content has significantly decreased, fermented ogiri is still a moderate source of plant-based protein.
The crude fibre content decreased from 5.99 ± 0.31 %  in raw seeds to 2.16 ± 0.01 %  in boiled samples and further increased to 3.40 ± 0.01 %  in fermented seeds. The significant decline in fibre may result from softening and partial breakdown of cellulose and hemicellulose during boiling. Microbial activity during fermentation likely continued this breakdown, resulting in the lowest fibre levels in ogiri. Fibre degradation during fermentation is common in many African condiments, as previously documented by Nwachukwu et al. (2018), who noted similar trends in fermented castor, melon and African Oil seed products. While fibre loss may reduce bulk and digestive benefits, it may also enhance palatability and ease of consumption.
The fat content dropped from 41.64 ± 0.40 %  in raw seeds to 23.86 ± 0.01 %  in boiled seeds and then to 22.97 ± 0.04 % in fermented samples. The drop upon boiling indicates that oil is retained in spite of heat exposure. However, the sharp decline during fermentation suggests substantial lipolysis by fermenting microorganisms, which breaks down triglycerides into glycerol and free fatty acids. This is in line with findings by Eze et al. (2014), who showed that microbial lipase activity caused ogiri to lose their lipid content. In addition to affecting the product's energy value, fatty acid loss during fermentation helps ogiri produce its distinctive flavour and aroma constituents.
Ash content declined progressively across processing stages: from 3.16 ± 0.13 % in raw, to 1.20± 0.02 % in boiled, and 1.41 ± 0.01 % in fermented seeds. The reduction is attributed to leaching of mineral elements during boiling and a lack of substantial recovery during fermentation. The marginal difference between the boiled and fermented samples suggests that fermentation does not significantly enhance mineral content. Akpi et al. (2023) noted a similar ash reduction pattern during boiling and fermentation of oil seeds. Although fermentation can in some cases enhance bioavailability of minerals through anti-nutrient reduction, the overall mineral content is still affected by processing losses.
The carbohydrate content, calculated by difference, was lowest in fermented seeds 8.89 ± 0.04 % and highest in raw samples 12.81 ± 0.78 % compared to the boiled state 9.51 ± 0.19 %. The initial decline after boiling may result from solubilization and leaching of sugars. The subsequent increase after fermentation is likely due to microbial synthesis of extracellular polysaccharides or concentration of carbohydrates as other macronutrients (proteins and lipids) are depleted. Similar findings have been reported by Ire et al. (2020), who observed that microbial metabolism during fermentation can lead to either a net increase or stabilization in carbohydrate content, depending on the organisms involved and the fermentation duration.
Mean Mineral Composition of Laboratory-Fermented Ogiri 
Table 3 reports the mean mineral composition of laboratory-fermented Ogiri, with particular attention to iron (Fe), zinc (Zn), copper (Cu), sodium (Na), and potassium (K⁺) to evaluate their dietary implications.
The recorded iron level in laboratory-fermented Ogiri (1.00 mg/100g) is relatively modest but nutritionally relevant, especially in diets where animal-source iron is limited. Iron is crucial for oxygen transport, energy metabolism, and cognitive development. According to Hurrell and Egli, (2010), fermentation enhances iron bioavailability by breaking down phytates and tannins in oil seeds and legumes. While the absolute content in Ogiri is lower compared to some legumes or cereals, its contribution to daily iron intake is valuable when combined with iron-rich vegetables or vitamin C–enhanced diets, which improve non-heme iron absorption.
Ogiri has a remarkably high zinc concentration (5.12 mg/100g) for a fermented plant-based diet. Zinc is essential for cellular repair, DNA synthesis, and immune system performance. The value reported in this study contributes significantly to the recommended nutrient intake (RNI) for adults (8 – 11 mg/day) and surpasses the recommended nutrient intake (RNI) for children aged 1 – 3 years (3 mg/day) (WHO/FAO, 2021). This bolsters ogiri's status as a functional food that may help those with modest zinc deficits, especially those who are zinc-vulnerable.
Copper is essential for enzymatic activity, iron metabolism, and antioxidant defense. The copper concentration in fermented ogiri (3.33 mg/100g) is considerably high compared to other fermented condiments, such as ugba or iru. Okafor et al. (2015) observed similar copper elevation in traditionally fermented condiments and attributed it to seed type and microbial activity, particularly from Bacillus species known to solubilize mineral elements during fermentation. Given the adult daily requirement of approximately 0.9 mg, ogiri could easily exceed daily copper needs in small servings, emphasizing its nutritional potency. 
Sodium, while vital for fluid balance and nerve function, is often overconsumed in modern diets, contributing to hypertension. The sodium content of ogiri (1.23 mg/100g) is relatively low and favorable when compared to other traditional condiments like iru or stock cubes, which often contain high added salt levels. WHO (2021), emphasized the importance of low-sodium alternatives in Nigerian cuisine as part of efforts to reduce cardiovascular disease risk. The laboratory-controlled fermentation process likely helped retain ogiri’s natural sodium level without post-processing salt additions, making it a safer seasoning option for individuals on sodium-restricted diets.
Potassium is critical for maintaining blood pressure and cellular function. The value of 0.44 mg/100g found in ogiri is relatively low compared to other legumes or vegetables. Though modest in content, the presence of potassium is beneficial, especially considering its role in counterbalancing sodium and maintaining cardiovascular health. Given ogiri's seasoning role rather than a staple food, even small potassium contributions are valuable in cumulative dietary intake.
Sensory Characteristics of the Ogiri Sample 
A 9-point hedonic scale was also used to assess the sensory characteristics of the ogiri sample. Panelist acceptability is often high, according to the mean ratings for the sensory evaluation. On the hedonic scale, the product's appearance and colour received the highest mean score of 7.7, which is equivalent to "like very much." This finding implies that the product had a pleasing visual appeal, which is a significant factor in determining customer preference and initial adoption. Desired colour development and uniformity attained during processing or fermentation are frequently reflected in a good appearance score (Meilgaard et al., 2016).
The texture/mouthfeel attribute obtained a mean score of 7.1, indicating that panelists liked the product moderately to very much. Texture is a critical quality parameter influencing eating satisfaction, particularly in traditional and fermented foods. The favourable score suggests that the product exhibited an acceptable balance of firmness, softness, and cohesiveness, contributing positively to consumer perception (Lawless and Heymann, 2010). The overall acceptability score of 7.1 indicates that the product was well accepted by the panelists. The consistently high scores across individual attributes suggest that no single sensory characteristic negatively affected the perception of the product (Stone et al., 2012).
Conclusion
The pH and temperature changes observed are typical of successful alkaline fermentation suggesting controlled fermentation, lower initial microbial load and possible absence of extended overfermentation. The proximate composition of melon seeds is considerably influenced by both boiling and fermentation. Moisture increases drastically with processing, while protein, fibre, fat, and ash contents decline. However, fermentation leads to a notable increase in carbohydrate content. The mineral composition underscores its value as a micronutrient-dense traditional food with significant public health relevance. Its appreciable levels of zinc and copper, moderate iron content, and favorable potassium-to-sodium ratio offer substantial nutritional benefits. These findings, reinforce the role of fermentation in enhancing the bioavailability of essential minerals and improving the nutritional quality of indigenous foods.
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