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ABSTRACT

	Ogi is a traditional fermented gruel widely consumed across ages, tribes, and religions in Nigeria. Nutrient loss occurs during the processing of ogi, which results in malnutrition, and the issue of antibiotic resistance keeps increasing. Therefore, the study aimed to incorporate different spices into ogi to examine both the nutritional benefits and antibacterial properties. Sorghum grains were purchased, sorted, and processed into ogi, and garlic, ginger, clove, cinnamon, and turmeric were added at a 5% concentration. The pH of the effluents was determined using a pH meter, while the antimicrobial susceptibility test was done using the disc diffusion method. Thereafter, the proximate and mineral composition were studied using standard methods. In addition, Fourier transform infrared spectroscopy (FTIR) was used to detect the presence of functional groups in the samples. The pH ranged between 4.2 to 5.6, while the antibacterial susceptibility test demonstrated varying activities with each spice inclusion. However, ogi + garlic had the highest activity (17 mm) against E. coli 70728. The proximate composition varied from moisture (9.58 ± 0.04 – 14.76 ± 0.06), fat (1.28 ± 0.06 – 7.71 ± 0.05), ash (14.38 ± 0.04 – 38.45 ± 0.05), protein (11.16 ± 0.13 – 12.63 ± 0.07), crude fiber (1.72 ± 0.02 – 5.63 ± 0.20), and carbohydrates (32.44 ± 0.16 – 52.45 ± 0.03) (%). The concentration of Ca, K, and P increased in ogi + cinnamon, followed by clove, where Mg and Na were enhanced. The presence of hydroxy and other functional groups was confirmed by the FTIR analysis. This study confirmed the antibacterial and nutritional improvement of sorghum-derived ogi enriched with spices.
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1. INTRODUCTION 

One of the means of food preservation, which confers health benefits to the host due to the beneficial activities of some groups of microorganisms, is fermentation (Adisa and Enujiugha, 2020). Ogi, which is ranked high among the native fermented foods in Nigeria, can be prepared from millet, maize, or sorghum (Adebukunola et al., 2015; Adisa and Enujiugha, 2020). Its peculiar sour taste, flavor, and softness could be due to the activity of lactic acid bacteria, which convert the carbohydrates to organic acids (Banigo and Muller, 1972). In Nigeria, the consumption cuts across all age groups (Oyewole, 1997). The three major tribes in Nigeria, namely, Igbo, Yoruba, and Hausa, commonly refer to it as akamu, ogi, and koko (Adepeju et al., 2024). All over the world, sorghum (Sorghum bicolor) ranks the the fifth most important cereal and is rich in nutrients and phenolic compounds such as flavonoids (FAO, 2019; Birhanu, 2021).

One of the important means of enhancing the concentration and availability of nutrients in cereal-based food is fortification (John et al., 2017). Spices are commonly used in fortifying food products/substances, including Ogi. They are dried forms of roots, seeds, fruits, or vegetable substances with aromatic flavors and are used to improve food flavor (Farinde, 2015; Ejigbo et al., 2019). Spices not only improve taste, they also serve as preservatives and enhance health benefits since they contain useful substances like antioxidants, phytonutrients, vitamins, essential oils, and minerals (Eke-Ejiofor & Beleya, 2017; Ejigbo et al., 2019). For instance, clove contains eugenol, which is an essential oil that helps to relieve constipation, aids digestion, and also exerts anti-inflammatory, antioxidant, anti-flatulent, and antiseptic properties (Eke-Ejiofor & Beleya, 2017). Ginger is high in antioxidants and prevents cell damage caused by free radicals (Eke-Ejiofor & Beleya, 2017).  Ginger and garlic exhibit antioxidant properties and also improve the quality of food (Olaniran et al., 2015; Enujiugha, 2020). Turmeric (Curcuma longa L), which belongs to the family Zingiberaceae, is used as a therapeutic, antiseptic, and flavoring agent due to its medicinal and nutritional value (Chanda & Ramachandra, 2019; Mandal et al., 2023). Cinnamon exerts both nutritional and health benefits, including antidiabetic, anti-hypertriglyceridemia, anti-inflammatory, antitumor, and anticancer properties due to the presence of phytochemicals (Menrad, 2003; Madan & Kannan, 2004).  
 
Ogi is traditionally produced by unskilled workers who have little or no knowledge of good hygiene and quality control practices. In addition, the water used, especially in rural areas, is of great concern. There could be a loss of nutrients and contamination due to sieving and daily changing of water during storage, which is of public health significance (Achi, 2005; Adisa & Enujiugha, 2020). The nutrient loss could also occur during steeping, discarding of steeping water and ogi supernatant, and removal of the bran and germ, which is high in protein, resulting in loss of minerals, vitamins, protein, fiber, etc. In countries where the consumption of ogi is high, there could be manifestations of marasmus, kwashiorkor, and death in severe cases (Adisa & Enujiugha, 2020). In addition, the global rise in antimicrobial resistance is alarming and is a serious concern. Though new antibiotics are being developed to treat various diseases, the continuous use of these drugs has led to changes in the morphology of the bacterial thereby making the bacterial acquire resistance using mechanisms such as the formation of biofilm, efflux pumps, mutation of the target molecules of the drugs, and modification of cell membrane (López et al., 2010). After processing, the ogi effluent is changed daily, and the release of the effluents into the environment can lead to environmental pollution. There is a need to seek alternative measures to address these nutrient deficiencies and antimicrobial resistance from natural food sources such as Ogi and spices. Since spices contain constituents that support healthy living, such as minerals, antioxidants, essential oils, and vitamins (Adelekan et al., 2021), this study aimed to evaluate the nutritional profile and antimicrobial activity of Sorghum-derived Ogi, a traditional fermented food in Nigeria enriched with spices.

2. material and methods 

2.1 Collection of Samples 

The sorghum, cinnamon, ginger, garlic, clove, and turmeric were purchased at Ifaki market in Ifaki-Ekiti, Ekiti State, Nigeria. The grains were sorted and used for further studies.
2.2 Preparation of Ogi Enriched with Spices 

The Ogi was produced by modifying the method of Odunfa & Adeyele (1985). Seven hundred and sixty grams (760g) of sorghum was measured and soaked with 750 mL of sterile distilled water in a clean plastic bucket with a cover. Thereafter, incubation was done at room temperature, 28± 2oC for 72 hours. The water was decanted, and 40g of the spices (cinnamon, ginger, garlic, clove, turmeric) was added to it before grinding. The softened millet grain was wet-milled using an electronic blender (Nikai). The slurred paste was sieved with a sterile muslin cloth inside a sterile bowl with sterile distilled water. This was allowed to ferment for 72 hours. 

2.3 pH Determination

The pH of the Ogi (effluent) enriched with spices was determined at 72 hours of fermentation using a pH meter.

2.4 Antibacterial Susceptibility Testing 

2.4.1 Microorganisms

Escherichia coli 23129, Staphylococcus aureus 6571, Escherichia coli 016, Pseudomonas aeruginosa 27853, Salmonella typhimurium 14028, Escherichia coli 700728, Klebsiella pneumoniae 700303, and Escherichia coli 1175 were obtained from the Department of Pharmaceutical Microbiology, Faculty of Pharmacy, University of Ibadan, Nigeria.

2.4.2 Antibacterial Susceptibility Testing of Ogi Effluent Enriched with Spices	

This was evaluated using the agar well diffusion method. Sterile Mueller-Hinton agar was poured into plates and allowed to solidify. The inoculum was adjusted to 0.5% McFarland standard and evenly spread onto the agar surface using a sterile cotton swab.  Thereafter, a sterile cork borer of 6 mm in diameter was used to create wells on the agar. Subsequently, 0.1 mL of the Ogi co-fermented effluent with spices, obtained after 72 hours of fermentation, was dispensed into the wells. The plates were left for about 45 minutes to allow for the proper diffusion of the effluents and then incubated at 28±2oC for 24 hours (Dauda et al., 2022).

2.5 Lyophilization (Freeze Drying)

The samples were freeze-dried to -20oC at atmospheric pressure, sublimed, and then transferred to a condenser at a low temperature. Thereafter, they were defrosted to give a powdered product.

2.6 Proximate Composition Analysis 

The proximate analysis of the sorghum-derived ogi enriched with spices was determined by the official methods of the Association of Official Analytical Chemists (2005). The oven drying method, muffle furnace ignition method, macro Kjeldahl method, Soxhlet solvent extraction method, and free fat extraction were used to determine the moisture content, ash content, protein content, fat content, and fiber content, respectively, while the carbohydrate content was determined by a difference method.

2.7 Determination of Mineral Composition
The mineral composition of the sorghum-derived ogi enriched with spices was determined using the AOAC (2021). The minerals were quantified using an atomic absorption spectrophotometer (AAS), and determinations were performed in triplicate. They include calcium (Ca), iron (Fe), magnesium (Mg), potassium (K), phosphorus (P), sulphur (S), sodium (Na), zinc (Zn), chloride (Cl), copper (Cu), manganese (Mn), and Nickel (Ni). 

2.8 Fourier Transform Infrared (FTIR) Analysis

Fourier Transform Infrared (FT-IR) Spectroscopy was employed to analyze the formation or disappearance of functional groups in instant “Ogi” during fermentation. The analysis was performed using a procedure described by Rintoul et al. (1988). Dried “Ogi” samples were powdered and scanned at room temperature within the frequency range of 400–4000 cm⁻¹, using an FT-IR spectrometer. To ensure accuracy, each spectrum was normalized against a freshly recorded background spectrum obtained from a clean crystal surface treated with absolute ethanol to remove any residues. Each sample was scanned three times for consistency. In FTIR spectroscopy, potassium bromide is used as the reference material to calibrate the transmittance axis on the spectrum. The FTIR data is represented as a plot of transmittance against wavelength. A transmittance of 0% indicates complete absorption of the radiation by the sample, while 100% transmittance signifies that the sample absorbed radiation at the same level as the reference. Each molecule produces a distinct graph, which serves as a fingerprint for identifying its functional groups.

2.9 Statistical Analysis

The data obtained from the experiments were analyzed using a one-way analysis of variance (ANOVA).

3. results

3.1 pH Determination

The pH values of the sorghum-derived Ogi enriched with spices are presented in Table 1. Sorghum-derived Ogi enriched with garlic was the most acidic, while the least acidic was sorghum-derived Ogi enriched with ginger.

Table1.		pH Values of Sorghum-derived Ogi Enriched with Different Spices

	Composition
	Values

	Ogi
	5.3

	Ogi + cinnamon
	4.7

	Ogi + garlic
	4.2

	Ogi + clove
	4.5

	Ogi + ginger
	5.6

	Ogi + turmeric
	5.2



3.2 Antibacterial Susceptibility Testing 

Table 2 shows the antimicrobial patterns of seven treatment groups comprising ogi (OGI), ogi fortified with spices (ogi and turmeric (OGT), ogi and clove (OGCL), ogi and garlic (OGGA), ogi and ginger (OGGI), ogi and cinnamon (OGCI), and ciprofloxacin (CPX). With a significance of P = .05 using ANOVA at a 95% confidence level (CI), this shows that there is a significant difference between the efficacies of one or more treatment groups on the bacterial isolates, checking across rows and columns. All treatment groups except OGCI showed broad-spectrum effects as they inhibited more than one bacterium. CPX showed the highest efficacy on all bacterial isolates with a zone of inhibition (ZOI) of 16.0 mm. OGCI and OGGI showed the least efficacy among treatment groups, with a zone of inhibition ranging between 0.0 mm and 4.0 mm. Comparing the efficacy of fortified ogi (OGI) with unfortified ogi groups, OGGA showed the highest effect on E. coli 23129 with ZOI of 10.0 0 mm, while the least OGCL which is not significantly different from OGI, on S. aureus 6571, OGT was the most effective, on E. coli 016 OGGA showed highest efficacy with 11.0 mm, on P. aeruginosa 27853, there is no significant difference in the effect of OGI, CPX, OGGA, OGCL while other treatments groups were resisted. There is no significant difference in the efficacy of OGI and OGGA on Salmonella typhimurium 14028 and Klebsiella pneumoniae 017. All organisms, excluding E. coli 016, were susceptible to OGI, while OGGI was able to inhibit K. pneumoniae and E. coli 1175. Lastly, on E. coli 70728, OGGA was the most effective; no significant difference was observed in the effect of OGI, OGT, and OGCL, but OGGI and OGCI showed no ZOI.
Table 2.	Antibacterial Susceptibility Testing of Sorghum-derived Ogi Enriched with Different Spices
	ISOLATES
	CPX
	OGI
	OGGI
	OGT
	OGGA
	OGCL
	OGCI

	E. coli 23129
	14.0
±0.0d
	6.0
±0.0b
	0.0
±0.0a
	0.0
±0.0a
	10.0
±0.0c
	5.0
±1.0b
	0.0
±0.0a

	S. aureus 6571
	14.0
±0.0e
	6.0
±0.0c
	0.0
±0.0a
	10.0
±0.0d
	8.0
±0.0cd
	3.0
±1.0b
	2.0
±0.0ab

	E. coli 016
	16.0
±0.0d
	0.0
±0.0a
	0.0
±0.0a
	0.0
±0.0a
	11.0
±1.0c
	0.0
±0.0a
	4.0
±1.0b

	P. aeruginosa 27853
	10.0
±0.0b
	8.0
±2.0b
	0.0
±0.0a
	0.0
±0.0a
	9.0
±1.0b
	6.0
±0.0b
	0.0
±0.0a

	Salmonella typhi 14028
	17.0
±1.0d
	11.0
±1.0c
	0.0
±0.0a
	0.0
±0.0a
	10.0
±0.0c
	5.0
±1.0b
	0.0
±0.0a

	E. coli 70728
	13.0
±1.0cd
	7.0
±1.0b
	0.0
±0.0a
	5.0
±1.0b
	17.0
±1.0d
	9.0
±1.0bc
	0.0
±0.0a

	K. pneumoniae 017
	16.0
±2.0c
	6.0
±0.0b
	3.0
±1.0ab
	3.0
±1.0ab
	6.0
±0.0b
	7.0
±1.0b
	0.0
±0.0a

	E. coli 1175
	16.0
±0.0d
	8.0
±2.0bc
	4.0
±0.0ab
	3.0
±1.0ab
	13.0
±1.0c
	7.0
±1.0b
	0.0
±0.0a


Data in the table are means of duplicate readings ± standard error. Significant differences within the mean of different treatment groups (P = .05). The means of data with the same superscripts across rows are not statistically significant according to Tukey HSD’s test. Key: CPX – ciprofloxacin, OGGI – ogi and ginger, OGT – ogi and turmeric, OGGA – ogi and garlic, OGCL – ogi and clove, OGCI – ogi and cinnamon

3.3 Proximate Analysis
Table 3 shows the proximate compositions of the treatment groups, there is no significant difference in the crude fiber found in OGGA, OGI, OGGI, and OGCI. There is also no significant difference in protein present in OGT and OGGA, these two compounds also possess the highest quantities of protein amongst the entire treatment group. There exist significant differences in the quantities of each compound found in each treatment. In OGT, Ash is the most abundant (38.45%), followed by CHO (32.44%) and the least is FAT (1.28%), in OGGA, OGI, OGGI, OGCL, and OGCI, carbohydrate is the most abundant compound (48.62, 49.87, 50.32, 52.45, and 49.51%) while the least is crude fiber (1.97, 1.94, 1.72, 2.57 and 1.85%) respectively.


Table 3.	Proximate Analysis of Sorghum-derived Ogi Enriched with Spices
	SAMPLES
	MOISTURE (%)
	FAT (%)
	ASH (%)
	PROTEIN (%)
	CRUDE FIBER (%)
	CHO
(%)

	OGT
	9.58±0.04
	1.28±0.06
	38.45±0.05
	12.63±0.07e
	5.63±0.20c
	32.44±0.16

	OGGA
	14.76±0.06
	7.71±0.05
	14.38±0.04
	12.57±0.12e
	1.97±0.01a
	48.62±0.04

	OGI
	13.51±0.11
	8.24±0.05
	14.66±0.06
	11.79±0.06d
	1.94±0.04a
	49.87±0.03

	OGGI
	12.80±0.10
	5.17±0.03
	18.84±0.04
	11.16±0.13c
	1.72±0.02a
	50.32±0.02

	OGCL
	11.85±0.05
	3.83±0.03
	19.44±0.03
	9.87±0.05b
	2.57±0.02b
	52.45±0.03

	OGCI
	10.20±0.0
	4.80±0.0
	21.24±0.02
	4.36±0.0a
	1.85±0.01a
	49.51±0.03


Data are presented as means of duplicate readings (n=2) ± standard mean error (SEM). Significant differences among mineral compositions of each treatment group (P = .05). The means of data with the same superscripts across columns are not statistically significant according to Tukey HSD’s test. Key: CHO – carbohydrate, OGT – ogi and turmeric, OGGA – ogi and garlic, OGGI – ogi and ginger, OGCL – ogi and clove, OGCI – ogi and cinnamon

3.4 Mineral Composition

Table 4 shows the mineral compositions of the treatment groups (ogi and fortified ogi), there are significant differences within the groups, as p-value <0.05. All mineral compositions are significantly different except in OGCL, whose copper, manganese, and nickel are not significantly different from each other, and OGCI, whose manganese and nickel are not significantly different. Nickel is the least abundant of all, with a concentration of 0.02 (mg/100g) in each of the treatments. Calcium is the most abundant component in OGCI and OGCL, having 244.91, 236.02, respectively, followed by sodium, while zinc is the most abundant mineral in OGI, OGGA, OGGI, and OGT with 136.20, 145.44, 162.33, and 132.56, respectively.
 
Table 4. 	Mineral Composition of Sorghum-derived Ogi Enriched with Spices
	MINERALS (mg/100g)
	OGI
	OGCI
	OGCL
	OGGA
	OGGI
	OGT

	Calcium
	123.17±0.01
	244.91±0.04
	236.02±0.02
	92.52±0.01
	108.03±0.01
	115.73±0.32

	Iron
	63.32±0.01
	46.23±0.00
	53.75±0.01
	37.52±0.13
	35.91±0.02
	72.21±0.01

	Magnesium
	45.32±0.01
	32.62±0.02
	50.85±0.22
	25.34±0.02
	30.62±0.01
	40.23±0.01

	Potassium
	60.02±0.01
	89.72±0.01
	58.59±0.04b
	44.92±0.01
	48.24±0.02
	43.05±0.02

	Phosphorus
	5.99±0.02
	67.08±0.02
	58.35±0.09b
	3.62±0.01
	1.78±0.01
	3.11±0.01

	Sulphur
	65.74±0.02
	6.04±0.02
	7.69±0.53
	76.94±0.0
	83.22±0.00
	61.32±0.01

	Sodium
	4.16±0.00
	157.21±0.01
	174.58±0.05
	7.04±0.00
	6.22±0.00
	5.31±0.00

	Zinc
	136.20±0.31
	1.55±0.29
	3.04±0.01
	145.44±0.00
	162.33±0.14
	132.56±0.48

	Chloride
	2.63±0.01
	1.26±0.03
	1.52±0.00
	1.89±0.02
	2.12±0.00
	2.81±0.02

	Copper
	1.45±0.04
	0.04±0.00a
	0.04±0.00a
	1.03±0.00
	0.65±0.01
	1.06±0.01

	Manganese
	0.48±0.04
	0.33±0.00
	0.34±0.01a
	0.48±0.04
	0.22±0.00
	0.32±0.00

	Nickel
	0.02±0.0
	0.02±0.00a
	0.02±0.00a
	0.02±0.00
	0.02±0.00
	0.02±0.00


Data are presented as the mean of triplicate readings (n=3) ± standard mean error (SEM). Significant differences among mineral compositions of each group (P = .05). The means of data with the same superscripts across columns are not statistically significant according to Tukey HSD’s test.
Key: OGT – ogi and turmeric, OGCL – ogi and clove, OGGA – ogi and garlic, OGGI – ogi and ginger, OGCI – ogi and cinnamon

3.5 FTIR Spectra of Sorghum-derived Ogi Enriched with Spices

The absorption spectra of ogi samples enriched with different spices are presented in Tables 5 – 10. These wavenumbers (cm-1) depicting different functional groups in the samples ranged between 3508.79 and 524.80. The most visible of the peaks across all six samples was observed to be around 2590-2599, which is -CH2, CH2 characteristics of alkenes and alkanes. Other functional groups detected according to the vibrational properties are H-OH, O-H (hydroxyl group) in all samples, -NH2, NH (amines) in all samples except OT, -C-O-O, -C-O-C (carboxylate, carboxylic) in four samples except OGI and OGA, C-O, C=O (aldehyde, ketone) in all samples, C-Cl, C-Br (alkyl halides) in four samples except OGI and OGA.







Table 5.	FTIR Assignment Table of Ogi Sample
	Spectrum no
	Peak wavelength (cm-1)
	Functional group assignment
	Predicted compound

	1
	3298.05
	H-O-H stretching 
	Hydroxyl

	2
	3109.45
	-NH2, NH stretching 
	Amines

	3
	2597.23
	CH2 stretching  
	Alkanes

	4
	1902.50
	C=O stretching 
	Amide l

	5
	1401.38
	C=O stretching 
	Amide II

	6
	1162.17
	C–O stretching 
	Aldehydes 

	7
	898.54 
	-OH Stretching 
	Hydroxyl

	8
	718.54
	=CH vibration 
	Alkanes

	9
	650.34
	CH vibrations 
	Alkanes



Table 6.	FTIR Assignment Table of Ogi + cinnamon Sample
	Spectrum no
	Peak wavelength (cm-1)
	Functional group assignment
	Predicted compound

	1
	3508.79
	H-O-H stretching 
	Hydroxyl

	2
	3206.18
	-NH2, NH stretching 
	Amines

	3
	2591.03
	-CH2, stretching vibrations
	Methylene groups

	4
	2401.98
	-C-O-0, Stretching 
	Carboxylates

	5
	1476.33
	-C-O-C, Stretching 
	Carboxylic

	6
	928.37
	C–O stretching 
	Aldehydes 

	7
	830.41
	-OH Stretching 
	Hydroxyl

	8
	763.82
	=CH vibration 
	Alkanes

	9
	550.41
	CH vibrations 
	Alkanes

	10
	524.80
	C-Cl, C-Br, C-I stretching  
	Alkyl halides



Table 7.	FTIR Assignment Table of Ogi + clove Sample
	Spectrum no
	Peak wavelength (cm-1)
	Functional group assignment
	Predicted compound

	1
	3508.79
	H-O-H stretching 
	Hydroxyl

	2
	3206.18
	-NH2, NH stretching 
	Amines

	3
	2591.03
	-CH2, stretching vibrations
	Methylene groups

	4
	2401.98
	-C-O-O, Stretching 
	Carboxylates

	5
	1476.33
	-C-O-C, Stretching 
	Carboxylic

	6
	928.37
	C–O stretching 
	Aldehydes 

	7
	830.41
	-OH Stretching 
	Hydroxyl

	8
	763.82
	=CH vibration 
	Alkanes

	9
	550.41
	CH vibrations 
	Alkanes

	10
	524.80
	C-Cl, C-Br, C-I stretching  
	Alkyl halides



Table 8.	FTIR Assignment Table of Ogi + garlic Sample
	Spectrum no
	Peak wavelength (cm-1)
	Functional group assignment
	Predicted compound

	1
	3298.05
	O-H stretching 
	Hydroxyl group 

	2
	3109.45
	-NH2, NH stretching 
	Amines

	3
	2597.23
	C-H stretching 
	Alkanes

	4
	1902.50
	C=O stretching 
	Ketone 

	5
	1401.38
	CH2-OH stretching 
	Alcohol 

	6
	1162.17
	C-C and C-O stretching 
	 Aldehydes  

	7
	898.54 
	=CH vibration 
	Alkanes

	8
	718.54
	CH vibrations 
	Alkanes



Table 9		FTIR Assignment Table of Ogi + ginger Sample
	Spectrum no
	Peak wavelength (cm-1)
	Functional group assignment
	Predicted compound

	1
	3508.79
	H-O-H stretching 
	Hydroxyl

	2
	3206.18
	-NH2, NH stretching 
	Amines

	3
	2591.03
	CH2 stretching 
	Alkanes

	4
	2401.98
	C=O stretching 
	Amide l

	5
	1476.33
	C=O stretching 
	Amide II

	6
	928.37
	C–O stretching 
	Aldehydes 

	7
	830.41
	-OH Stretching  
	Hydroxyl

	8
	763.82
	=CH vibration 
	Alkanes

	9
	550.41
	CH vibration 
	Alkanes

	10
	524.80
	C-Cl, C-Br, C-I stretching 
	Alkyl halides



Table 10.	FTIR Assignment Table of Ogi + turmeric Sample
	Spectrum no
	Peak wavelength (cm-1)
	Functional group assignment
	Predicted compound

	1
	3204.62
	O-H stretching
	Hydroxyl group

	2
	2500.39
	CH2 stretching 
	Alkanes

	3
	2399.05
	C=O stretching 
	Amide l

	4
	1310.78
	C=O stretching 
	Amide II

	5
	1100.56
	C-O-C stretching 
	 Carboxylic

	6
	928.64
	C–O stretching vibration
	Aldehydes 

	7
	729.01
	=CH waging vibration 
	Alkanes

	8
	684.28
	CH bending vibrations 
	Alkanes

	9
	518.23
	C-Cl, C-Br, C-I vibrations 
	Alkyl halides



4. DISCUSSION
4.1 pH Determination
There were variations in the pH values among the combinations. However, the pH of fermented spiced ogi after 48 h of incubation ranged between 3.42 and 4.09 as reported by Adisa et al. (2019). The acidity can be due to the production and accumulation of lactic acid by fermenting microorganisms (especially lactic acid bacteria), the production of organic acids, and the activities of the spices (Adesokan et al., 2008; Omemu et al., 2011).

4.2 Antibacterial Susceptibility Testing
 
Ciprofloxacin showed the highest inhibitory zones, demonstrating its well-established effectiveness as a broad-spectrum fluoroquinolone (Sharma et al., 2017).  Although the least inhibition was against Pseudomonas aeruginosa, this could be attributed to intrinsic resistance mechanisms, including biofilm formation and efflux pumps of P. aeruginosa (Ugwuanyi et al., 2021). The high inhibitory zones in ogi + garlic (OGGA), especially against E. coli, could be due to the presence of allicin. Adisa et al. (2019) confirmed that spiced finger millet ogi inhibited the growth of P. mirabilis, E. coli, and K. pneumoniae with a zone of inhibition ranging between 6 and 20.5 mm.  According to their study, the highest inhibitory zone was against E. coli, which corroborates the findings in this study. Allicin, a sulfur molecule that is the sole antibacterial constituent found in garlic, interacts with thiol groups in bacterial enzymes to prevent the growth of bacteria (Ankri & Mirelman, 2021).  

Though moderate activity was noticed in ogi + clove, the activity could be attributed to the synergy between eugenol, the dominant compound in clove, and the fermenting organisms. The antibacterial action of eugenol is associated with its OH group, and it also acts by destroying the cell membrane, thereby altering the cell structure (Ulanowska and Olas, 2021). Though ogi + turmeric (OGT), ogi + ginger (OGGI), and ogi + cinnamon (OGCI) showed little antibacterial action, the poor activity could be attributed to the concentration of spices used. It is noteworthy that antimicrobial activity depends on chemical composition, processing techniques, and methodology (Beristain-Bauza et al., 2019).  Curcumin present in turmeric inhibits the cell membrane, bacterial quorum sensing process, cell wall, cellular processes, and different targets in the cell (Adamczak et al., 2020; Trigo-Gutierrez et al., 2021). The antimicrobial activity of ogi + ginger can be due to the presence of oleoresins, essential oils, with phenolic compounds interacting with β-sesquiphellandrene, α- and β-bisabolene, cis-caryophyllene, zingiberene, and α-farnesene (Singh and Singh, 2018; Beristain-Bauza et al., 2019; Mara Teles et al., 2020). Cinnamaldehyde inhibits bacterial cell structure disruption, interference with cellular and protein metabolism as well as DNA synthesis (Guo et al., 2024). The findings demonstrate the potential of ogi + clove and ogi + garlic as natural substitutes or antimicrobials. 

4.3 Proximate Composition

The proximate composition study gives insight into the nutritional value of ogi coupled with spices, including turmeric, garlic, ginger, clove, and cinnamon.  The moisture content of ogi + garlic was higher than the control. The low concentration of moisture content in other compositions signifies shelf life and stability. Higher moisture content influences microbial growth and storage stability (Ityotagher et al., 2020).  However, the moisture content still falls within the recommended range of not more than 14% (Mbaeyi-Nwaoha and Itoje, 2016). The percentage of fat in the control (ogi only) was high compared with those with spice inclusion. This agrees with Ejigbo et al. (2019), who reported that the incorporation of garlic, clove, and ginger into ogi did not increase the fat content compared with the control. High fat in food could be undesirable due to the formation of rancidity and subsequent development of unpleasant odour/compounds (Carroll et al., 2020). The inclusion of spice increased the ash content in all the combinations compared to the control, except ogi + garlic. Ejigbo et al. (2019) also reported an increase in ash content with spice inclusion. This suggests the presence of minerals in the samples. The increase in protein content with the inclusion of turmeric and ginger suggests that those spices aided the improvement of the nutritional content (Adesokan et al., 2010). The breakdown of food samples during fermentation is initially accompanied by a decrease in protein content (Fasoyiro et al., 2019). As a result, protein breaks down into peptides and amino acids while fermenting organisms such as Lactobacillus plantarum and Enterobacter cloacae lower the protein content and utilize the amino acids (Assohoun et al., 2013; Pranoto et al., 2013; Olanipekun et al., 2020). 

Incorporating clove, garlic, and turmeric increased the fiber content, while ogi + ginger and ogi + cinnamon did not. However, an increase in fiber content was noticed when spices were incorporated into ogi (Ejigbo et al., 2019). This suggests that incorporating clove, garlic, and turmeric into ogi would likely increase the dietary component. Fiber helps in reducing cholesterol levels, coronary heart disease, and also lowers the risk of breast and colon cancer, diabetes, and hypertension (Olubunmi et al., 2017). The ogi + ginger and ogi + clove had high carbohydrates compared to the control, which suggests that they would be good sources of energy. The inclusion of spices had varying effects, as seen in the study. Spices are rich in antioxidants and contain essential oils that help to scavenge free radicals (Farinde, 2015). As observed, ogi + turmeric had lower moisture content and higher ash, protein, and crude fiber content. The incorporation of spices improved the nutritional content of sorghum-derived ogi with varying concentrations.

4.4 Mineral Composition

The effect of spices in sorghum-derived ogi yielded varying mineral compositions in this study. Compared with the control, Mg and Na were abundant in ogi + clove. Magnesium aids in metabolizing insulin and glucose, thereby increasing the activity of tyrosine kinase of the insulin receptor, activating phosphorylase b kinase, where glycogen now releases glucose-1-phosphate (Ramadass et al., 2015). This suggests that ogi + clove may be used to treat dysfunctional insulin in diabetic patients. In addition, the higher concentration of Na in ogi + clove suggests that it could help to regulate osmotic balance and maintain the internal environment of the body since Na can sustain electrolyte balance (Evuen et al., 2022). Ca, K, and P were abundant in ogi + cinnamon compared to the control and other compositions. This suggests this combination can assist in transmitting nerve impulses, regulate muscle and nerve function, and aid bone and teeth formation (Soetan et al., 2010). Potassium also maintains the electrolyte balance in body fluid, working in alliance with Na. This suggests that the incorporation of clove and ginger into sorghum-derived ogi could likely prevent or reduce deficiencies associated with Na and K (Evuen et al., 2022). In addition, ogi + cinnamon may also be used as a constituent of adenosine triphosphate (ATP), nucleic acids, bones, teeth, and intermediates of phosphorylated metabolism due to the high composition of phosphorus (Soetan et al., 2010).  The high iron and chloride content in ogi + turmeric indicates that it may be used as a chloride-deficient diet to treat anemia and related diseases. (Soetan et al., 2010; Adepeju et al., 2024). Also, ogi + ginger had the highest composition of sulphur and zinc, which suggests that it can help in transporting oxygen, acts as a cofactor for the enzymes, and prevents anemia (Larkin and Rao, 1990; Soetan et al., 2010). Spice inclusion, as revealed by this study, indicates that diets that are deficient in nutrients could be improved by adding spices. Low concentration could be attributed to the concentration used. Overall, the addition of cinnamon to ogi improves the concentration of Ca, K, and P.

4.5 FTIR Spectra of Sorghum-derived Ogi Enriched with Different Spices

The presence of functional groups like aldehyde, carboxylate of pyranose sugars, carboxylic of α-1-4 glycosidic bonds, ketone of ketose sugars, and predominantly alkenes, alkanes confirms that the ogi were derived from sorghum, a carbohydrate-rich cereal food (Wongsa et al., 2022). The presence of aldehyde (aldose sugars) is higher than that of ketose, confirming the predominant sugars in sorghum as glucose, xylose, and arabinose (Pasha and Ahmad, 2021). Bioactive components of functional foods are known to carry multiple hydroxyl groups, which confer their functionality on them (Alara et al., 2021; Stanca et al., 2024). These components, termed phenolic compounds, are distinguished by the presence of one or more hydroxyl groups. The addition of spices (clove, cinnamon, turmeric, ginger, garlic) with known phenolic components justifies the hydroxyl groups detected in all samples. The presence of hydroxyl groups confers properties like antioxidant, anti-inflammatory, and antimicrobial amongst other benefits (Al-Mamary & Moussa, 2021; Sharifi-Rad et al., 2021). Based on the spectra peaks, enriching sorghum-derived ogi with any of the spices gives a similar occurrence of the hydroxyl group in this study. Apart from the hydroxyl group, other functional groups (C=C, CH3, CH2, C-O) relating to the presence of flavonoids (Oliveira et al., 2016), the largest class of phenolic compounds was found similarly in all samples. 

5. Conclusion

The study assessed the antibacterial and nutritional properties of sorghum-derived ogi enriched with different spices. The incorporation of spices showed varying antibacterial properties, with ogi + garlic having the highest activity against E. coli 70728 (17 mm). The proximate analysis showed varying nutritional improvement with turmeric inclusion, having the highest composition of ash, protein, crude fiber, and low water content. Cinnamon inclusion enhanced the concentration of Ca, K, and P, followed by garlic inclusion, which enhanced Mg and Na. The FTIR confirmed the presence of hydroxyl and other functional groups, which could confer antibacterial and nutritional properties. This study showed that spice inclusion improved the antibacterial and nutritional content of sorghum-derived Ogi. 
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