


EFFECT OF GINGER, GARLIC AND CLOVE EXTRACTS ON THE QUALITY OF OVEN DRIED CHICKEN MUSCLES
Abstract
Chicken muscle, with its high moisture content and abundant protein, is highly susceptible to spoilage. This study evaluated the effect of ginger (Zingiber officinale), garlic (Allium sativum), and clove (Syzygium aromaticum) extracts on the quality of oven-dried chicken muscles. Fresh chicken samples were treated with aqueous extracts (15 ml/L), oven-dried at 80°C for 45 minutes, and analysed for proximate composition, minerals, vitamins, and sensory attributes. All analyses were carried out in triplicate, and data obtained were subjected to one-way analysis of variance (ANOVA) at a 5% significance level using SPSS software, with Duncan Multiple Range Test used to separate means. Results showed significant differences (p < 0.05) among treatments. Moisture content decreased in treated samples (5.26–6.63%), while protein content increased significantly, with ginger-treated samples showing the highest value (70.38%). Fat content reduced markedly (11.82 - 26.66%), indicating improved nutritional quality. Ash content increased in treated samples, reflecting enhanced mineral contribution. Potassium content increased (0.45–0.78 mg/kg), while calcium, magnesium, and sodium generally decreased. Vitamin A and C contents declined significantly (p < 0.05) in treated samples due to heat sensitivity and extract interactions. Sensory evaluation showed moderate acceptance across samples, with general acceptability scores ranging from 6.55 to 6.65. Clove treatment improved mouth feel, while ginger enhanced colour. The findings confirm that natural plant extracts improved protein content, reduced fat, and modified mineral composition of oven-dried chicken. These extracts provide a viable alternative to synthetic preservatives, though vitamin retention requires further optimisation.
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1.0 INTRODUCTION
Chicken is a widely consumed poultry meat, and it is a significant source of protein, minerals, and vitamins (1). Chickens belong to the Gallus genus, which is a part of the Phasianidae family within the Galliformes order (2). The domestic chicken (Gallus gallus domesticus) is the most commonly reared and consumed species of chicken, with a wide range of breed varieties available (3).
Chickens are classified based on their purpose and characteristics, such as egg-laying, meat-producing, or dual-purpose breeds (4). Egg-laying breeds, such as the Leghorn and Rhode Island Red, are known for their high egg production, while meat-producing breeds, such as the Cornish and Broiler, are bred for their rapid growth and larger body size (2). Dual-purpose breeds, such as the Plymouth Rock and Orpington, are suitable for both egg production and meat production (3).
The nutritional composition of chicken meat varies depending on the breed, age, and part of the chicken (1). Chicken meat is generally low in fat and high in protein, containing all the essential amino acids required for human nutrition (4). It is also a good source of vitamins, such as vitamin B6, niacin, and vitamin B12, as well as minerals like phosphorus, iron, and zinc (2).
Chicken meat is a versatile ingredient used in a wide range of culinary applications, including grilling, roasting, frying, and stewing (1). It is a popular choice for its delicate flavour, tender texture, and ease of preparation (3). Chicken is also considered a healthy alternative to red meat, as it is generally lower in saturated fat and cholesterol (4).
Due to its growing popularity and demand, the poultry industry has undergone significant technological advancements in recent years, including improved breeding, feeding, and processing techniques (1). These advancements have led to increased efficiency, improved product quality, and expanded market opportunities for chicken meat (2).
Preserving chicken meat is essential to maintain its quality and extend its shelf life, as it is highly perishable and prone to microbial spoilage (5). Lipid oxidation is one of the primary causes of meat spoilage, impacting nutritional quality, flavour, odour, and colour. The nutritional decline associated with lipid oxidation is mainly attributed to the degradation of essential fatty acids and vitamins, alongside the formation of harmful compounds such as malonaldehyde (32). Various preservation techniques have been employed to enhance the shelf life and quality of chicken meat, including refrigeration, freezing, canning, and drying (6). Oven drying is a common method used to preserve chicken meat, as it reduces the moisture content and inhibits the growth of microorganisms, thereby extending the product's shelf life (6).
Ginger (Zingiber officinale), garlic (Allium sativum), and cloves (Syzygium aromaticum) are natural spices that have been widely used in culinary and medicinal applications for centuries (7,8). These plant-based ingredients possess various bioactive compounds, such as antioxidants, antimicrobials, and anti-inflammatory properties, which can potentially enhance the quality and shelf life of oven-dried chicken (7,8).
Ginger is a rhizomatous herbaceous perennial plant known for its pungent and slightly sweet flavour, as well as its rich content of volatile oils, such as gingerol, shogaol, and zingerone (7). Ginger has been reported to possess antimicrobial, antioxidant, and anti-inflammatory properties, making it a promising candidate for improving the quality and shelf life of oven-dried chicken (7,8, 28).
Garlic is a bulbous plant belonging to the Allium family, known for its distinctive aroma and flavour, as well as its extensive use in culinary and medicinal applications (8). Garlic is a semi-perishable product and microbial spoilage accounts for 30% loss of fresh garlic, which is induced by the lack of suitable storage and transportation facilities (29). Garlic is renowned for its antimicrobial, antioxidant, and anti-inflammatory properties, which can potentially enhance the quality and preservation of oven-dried chicken (8).
Cloves are the dried flower buds of the evergreen tree Syzygium aromaticum, widely used as a spice and flavouring agent in various cuisines (8). Cloves are known for their potent antimicrobial, antioxidant, and anti-inflammatory properties, making them a promising candidate for improving the quality and shelf life of oven-dried chicken (8).
The incorporation of ginger, garlic, and cloves extracts into oven-dried chicken may enhance its quality, shelf life, and overall acceptability, as these natural ingredients possess valuable bioactive compounds that can inhibit microbial growth, reduce lipid oxidation, and improve sensory characteristics (7,8). 
Chicken muscle, with its high moisture content and abundant protein, is highly susceptible to spoilage due to its nearly neutral pH, providing an ideal environment for various microorganisms such as bacteria, yeasts, and moulds (30,31). This perishable nature poses significant challenges in storing and preserving chicken muscle. Traditional preservation methods, such as curing with salt, sugar, nitrite, and/or nitrate, have been widely used globally. However, concerns arise regarding the health risks associated with a salt-rich diet, including hypertension and heart disease.  The treatment of oven-dried chicken muscle with extracts of ginger, garlic, and cloves offers a range of biological activities, including antibacterial, cardiovascular, and anticancer properties, while also enhancing the shelf life of the chicken muscle.

Additionally, considering the carcinogenic potential of nitrosamines in animals, the prohibition of nitrate and limitation of nitrite concentrations in cured meats necessitate exploration of natural preservatives as viable substitutes for synthetic options. This research holds significant interest for the meat industry as it investigates the potential of natural extracts to improve the quality and safety of oven-dried chicken muscle without resorting to synthetic additives.


This study will endeavour to bridge this gap by delving into the synergistic influence of ginger, garlic, and clove extracts on the quality attributes of oven-dried chicken muscle. The investigation will encompass a multifaceted analysis, considering crucial factors such as sensory characteristics, oxidative stability, and microbial load. Through this comprehensive exploration, the study will aim to contribute valuable insights into the potential collaborative effects of these natural extracts on enhancing the quality of chicken meat, particularly when subjected to oven-drying processes.

To address these challenges, this study aims to investigate the effect of ginger, garlic, and cloves extract on the quality of oven-dried chicken muscle. This research seeks to explore alternative preservation techniques that can extend the shelf life of chicken muscle without compromising consumer health.
1.4 Broad Objectives of the Study
The broad objective of this research study is to determine the effect of ginger, garlic and clove extract on the quality of oven-dried chicken muscle.
2.0 MATERIALS AND METHODS
2.1 Sources of Raw Materials
Poultry chicken was purchased from the Federal University Dutsin-Ma Poultry Farm in Katsina State. The clove, garlic and ginger were bought from a local market in Dutsin-Ma Local Government of Katsina State and were taken to the Department of Food Science and Technology Laboratory for extraction.
2.2 Sample Preparation
Figure 1 presents the flow chart presents the stepwise processing of poultry chicken using the modified method of (9) through slaughtering, defeathering, evisceration, cutting, and cleaning. Cloves, garlic, and ginger were washed, oven-dried, and blended to obtain extracts, while chicken samples were washed and weighed before treatment; extract solutions were prepared at 15 ml/L for each treatment. The samples were divided into control and treated groups, then oven dried at 80°C for 45 minutes to obtain oven-dried chicken muscle for analysis
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Fig 1: Flow chart for the Preparation of Chicken Meat.

2.4 Determination of Proximate 
Composition of the chicken Muscle This was carried out on the muscle samples before and after storage to determine the moisture, ash, crude fibre, fat, protein and carbohydrate content using the method described by AOAC (10).
2.4.1 Determination of Moisture Content
Five (5) grams of the fish samples were weighed into Petridish of known weight. It would then be dried in the oven at 105 ± 1°C for 4 hours. The samples were cooled in desiccators and weighed. The moisture content was calculated as follows.
% moisture content = change in weight                                X 100 
	Initial weight of food before drying
2.4.2 Determination of Ash Content
Five (5) grammes of each muscle sample was weighed into crucibles in duplicate, and then the sample was incinerated in a muffle furnace at 550 °C until a light grey ash was observed and a constant weight obtained. The ashed chicken muscle samples were cooled in the desiccators to avoid absorption of moisture and weighed to obtain ash content.
Ash content =              w3-w1    X 100 
	w 2- w1
 
W1= weight of crucible
W2 = weight of fish + crucible
W3 = weight after ashing
2.4.3 Determination of Fat Content
Five (5) grams of muscle sample was wrapped in a filter paper and weighed using a Chemical balance. It would then be placed in an extraction thimble that was previously cleaned, dried in an oven, and cooled in the desiccators before weighing. Then, 25 millilitres of petroleum ether solvent was measured into the flask and the fat content was extracted. After extraction, the solvent was evaporated by drying in the oven. The flask and its contents were cooled in a desiccator and weighed. The percentage fat content was calculated as follow
% total fat content = weigh of fat extracted     X 100 
	weight of food sample
2.4.4 Determination of Protein Content
Two (2) grams of the fish sample were measured into the digestion flask. Ten (10) grammes of copper sulphate and sodium sulphate (catalyst) in the ratio 5:1, respectively, and 25 ml concentrated sulphuric acid were also added to the digestion flask. The flask was placed into the digestion block in the fume cupboard and heated until frothing ceased, giving a clear and light green colouration. The mixture was allowed to cool and diluted with distilled water until it reached 250 ml of volumetric flask. The distillation apparatus was connected, and 10 mL of the mixture was poured into the receiver of the distillation apparatus. Also, 10 ml of 40 % sodium hydroxide was added. The released ammonia by boric acid was then treated with 0.02 M of hydrochloric acid until the green colour changed to purple. The percentage of nitrogen in the fish sample was calculated using the formula below.
Nitrogen(%) =    (T-B)   ( 100 x N x 14 x Vf)     X 100 
                                                   100xVa
Crude protein = % Nitrogen x 6.25
Where: N = Normality of the titrate (HCl = 0.1N)
Vf = Total volume of the digest (100ml)
T = Titre value of sample 
B = Blank titre value
Va = Aliquot volume distilled
2.4.5 Determination of Crude Fibre
Five (5) grams of each muscle sample was weighed into a 500 ml Erlenmeyer flask, and 100 ml of TCA digestion reagent was added. It would then have been brought to a boil and refluxed for exactly 40 minutes, counting from the start of boiling. The flask was removed from the heater, cooled a little, and then filtered through a 15.0 cm no. 4 Whatman paper. The residue was washed with hot water, stirred once with a spatula and transferred to a porcelain dish. The muscle sample was dried overnight at 105 °C. After drying, it was transferred to desiccators and weighed as W1. It would then be burnt in a muffle furnace at 500 °C for 6 hours, allowed to cool, and reweighed as W2.
[bookmark: _GoBack]% crude fibre =    w1 – w2   X 100 
                                   W0
W1=weight of crucible +fibre +ash
W2=weight of crucible +ash
W0=Dry weight of fish sample
2.4.6 Determination of Nitrogen Free Extract Content (NFE) Nitrogen-free extract content was determined by subtracting the total sum of the percentage of fat, moisture, ash, crude fibre, and protein content from hundred (100).i.e % NFE = 100 – (% fat + % moisture + % Ash + % crude fibre)
2.5 Determination of Minerals
2.5.1 Determination of Sodium (Na) 
The mineral content of the products was determined by the AOAC (10) method using two grams (2 g) of the oven-dried samples, ashed at 600 oC in a muffle furnace. The resultant ash was transferred into a 250 ml glass beaker, and 120 ml concentration Nitric acid (HN03) and 10 ml of hydrogen peroxide (H2O2) were added. The mixture was heated at 90 oC for 1 hour, cool and filter using glass wool. The filtrate was transfer into 250 ml volumetric flask and made up to the mark with deionised water. Stock solution of 1000 mg/kg of sodium was prepare using deionized water. From stock solution working standard solution of 100 mg/kg the element was prepared by dilution with deionised water. Dilution comprising 0.4, 1.0, 1.5 and 2.0 mg/kg of each element was made with deionised water and together with the test samples was analyzed using an atomic absorption spectrophotometer. Concentrations of the element in the test samples was calculated as follows. 
𝑀𝑖𝑛𝑒𝑟𝑖𝑎𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑚𝑔/𝑘𝑔) = (𝐴𝑡 ×𝐶𝑠) / 𝐴𝑠
Where: 
Cs = concentration of standard element 
At = absorbance of test element 
As = absorbance of the standard of the element
2.7.2 Determination of Potassium (K) 
The mineral content of the products was determined by the AOAC (10) method using two grams (2 g) of the oven dried samples, ashed at 600 oC in a muffle furnace. The resultant ash was transfer into 250 ml glass beaker and 120 ml concentration Nitric acid (HN03) and 10 ml Hydrogen peroxide (H2O2) was added. The mixture was heated at 90 oC for 1 hour, cool and filter using glass wool. The filtrate was transfer into 250 ml volumetric flask and made up to the mark with deionised water. After gentle shaking to mix, 2 ml was pipptte into 250 ml flask and dilute to after gentle shaking to mix, 2 ml was pipptted into 250 ml flask and diluted to the mark with deionised water. Stock solution of 1000 mg/kg of potassium was prepared using deionized water. From stock solution working standard solution of 100 mg/kg the element was prepared by dilution with deionised water. Dilution comprising 0.4, 1.0, 1.5 and 2.0 mg/kg of each element was made with deionised water and together with the test samples was analyzed using an atomic absorption spectrophotometer. Concentrations of the element in the test samples was calculated as follows.
𝑀𝑖𝑛𝑒𝑟𝑖𝑎𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑚𝑔/𝑘𝑔) = (𝐴𝑡 ×𝐶𝑠) / 𝐴𝑠 
Where: 
CS = concentration of standard element 
At = absorbance of test element 
As = absorbance of the standard of the element
2.5.2 Determination of Calcium (Ca) 
The mineral content of the products was determined by the AOAC (10) method using two grams (2 g) of the oven dried sample of each jam, ashed at 600 oC in a muffle furnace. The resultant ash was transferred into 250 ml glass beaker and 120 ml concentration Nitric acid (HN03) and 10 ml Hydrogen peroxide (H2O2) was added. The mixture was heated at 90 oC for 1 hour, cooled and filtered using glass wool. The filtrate was transferred into 250 ml volumetric flask and made up to the mark with deionised water. After gentle shaking to mix, 2 ml was pipptted into 250 ml flask and dilute to after gentle shaking to mix, 2 ml was pipptted into 250 ml flask and diluted to the mark with deionised water. Stock solution of 1000 mg/kg of calcium was prepared using deionized water. From stock solution working standard solution of 100 mg/kg the element was prepared by dilution with deionised water. Dilution comprising 0.4, 1.0, 1.5 and 2.0 mg/kg of each element was made with deionised water and together with the test samples was analyzed using an atomic absorption spectrophotometer. Concentrations of the element in the test samples was calculated as follows. 
𝑀𝑖𝑛𝑒𝑟𝑖𝑎𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑚𝑔/𝑘𝑔) = (𝐴𝑡 × 𝐶𝑠) / 𝐴𝑠
Where: 
CS = concentration of standard element 
At = absorbance of test element 
As = absorbance of the standard of the element
2.7.4 Determination of Magnesium (Mg) 
The mineral content of the products was determined by the AOAC (10) method using two grams (2 g) of the sample, it was ashed at 600 oC in a muffle furnace. The resultant ash was transferred into 250 ml glass beaker and 120 ml concentration Nitric acid (HN03) and 10 ml Hydrogen peroxide (H2O2) was added. The mixture was heated at 90 oC for 1 hour, cooled and filtered using glass wool. The filtrate was transferred into 250 ml volumetric flask and made up to the mark with deionised water. After gentle shaking to mix, 2 ml was pipptted into 250 ml flask and dilute to after gentle shaking to mix, 2 ml was pipptted into 250 ml flask and diluted to the mark with deionised water. Stock solution of 1000 mg/kg of magnesium was prepared using deionized water. From stock solution working standard solution of 100 mg/kg the element was prepared by dilution with deionised water. Dilution comprising 0.4, 1.0, 1.5 and 2.0 mg/kg of each element was made with deionised water and together with the test samples was analyzed using an atomic absorption spectrophotometer. Concentrations of the element in the test samples was calculated as follows. 
𝑀𝑖𝑛𝑒𝑟𝑖𝑎𝑙 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (𝑚𝑔/𝑘𝑔) = (𝐴𝑡 ×𝐶𝑠) / 𝐴𝑠
Where: 
CS = concentration of standard element 
At = absorbance of test element 
As = absorbance of the standard of the element
2.6 Determination of Vitamins in Chicken Muscle 
2.6.1 Determination of Vitamin A
The AOAC (2012) method was used in order to determine the vitamin A, 50 mL of 0.2 M of concentrated sulphuric acid (H2SO4) was added to 1 g of each sample in a test-tube boiled and cooled using a water bath. Thereafter, 1 mL of 0.5 M of hydrochloric acid (HCl) was add to the solution filtered and placed in a test tube. A volume of 10 mL of each filtered sample was divided into labelled test tube A and B, 1.0 mL of distilled water was added to test tube A and 1 mL of acetic acid was added to test tube B, followed by the addition of 0.5 mL of 3 % Potassium permanganate (KMnO4) allowed to stand for 2 minutes, thereafter 0.5 mL of 3 % of H2O2 was added and the absorbance was read using a spectrophotometer at 470 nm and 525 nm.
2.6.2 Determination of Vitamin C
The ascorbic acid of the products was determined by the AOAC (10) method by using 2, 6-dichlorophenol indo-phenol titration procedure. Ascorbic acid was extracted using acetic acid and metaphosphoric acid solution. The extracts were transferred with distilled water into a 50 mL volumetric flask and made up to the mark with more distilled water and filtered rapidly. The filtrate was run from a burette into a test tube containing one drop of dilute acetic acid and 1 mL of the redox dye, 2, 6-dichlorophenol indophenol solution. The volume of extract required to decolorize the dye was not. The titration was repeated using standard ascorbic acid solution (1 mg pure vitamin per 100 mL) in place of the sample. Ascorbic acid per 100 g of sample is calculated as:
2.7 Sensory Analysis of the Chicken Muscle 
Sensory evaluation was carried out using a 30 trained panellist to assess the organoleptic attributes (Aroma, texture (mouth feel), colour, taste and general 3 acceptability) of the tilapia fish samples by using 9-point hedonic scales (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) (11). The panellists were selected randomly from the staff and students of the Federal University Dutsin-ma, Katsina State.
2.8 Statistical Analysis
Chicken muscle products was analysed in triplicates. All the data obtained was subjected to one-way analysis of variance (ANOVA) at 5 % level of significance using SPSS (Statistical Package for the social sciences) version 20.0 and the results presented as mean ± standard deviation. Duncan Multiple Range Test was used to compare the means.

3.0 RESULTS AND DISCUSSION
4.1. Effect of Ginger, Garlic and Cloves Extract Treatments on Quality of Proximate Compositions of Oven Dried Chicken Muscles
The results for the proximate compositions of the chicken samples is presented in Table 1. The moisture content of chicken samples ranged from 5.26% to 6.63%. The results showed that the samples were significantly different (P<0.05) from each other. Sample CCT (Chicken + Cloves treatment) has the highest value (6.63%) while sample CGG (Chicken + Ginger treatment) has the lowest value (5.26%). Sample CWT (Chicken without treatment) had (5.75%) while Sample CGT (Chicken + Garlic treatment) had 5.38%. Generally, there was a reduction in moisture content of the pre-treated samples when compared to the control sample, this could be attributed to the drying effect of the pre-treatments used, which may enhance water evaporation during the oven-drying process. This finding agrees with the study conducted by Smith et al. (12) who reported significant decrease in the moisture content of meat. 
The ash content value ranged from 1.32% to 4.52%. The samples were significantly different (P<0.05) from each other as sample CWT (Chicken without treatment) had 1.32% while sample CGG (Chicken + Ginger treatment) had 4.52%. Sample CCT (Chicken + Clove treatment) had 2.44% while sample CGT (Chicken + Garlic treatment) had 1.55% respectively. There was significant increase in Ash content of the pre-treated samples compared to the control samples. The increase in the ash content could be attributed to the mineral-rich compositions of the pre-treatments used, including potassium, calcium, and phosphorus as these minerals are known to contribute to higher ash content in meat samples. This is similar to the findings of Johnson et al. (22). 
The fat content value ranged from 11.82% to 26.66%. The samples were significantly different (P<0.05) from each other as sample CWT (Chicken without treatment) had the highest value 26.66% while sample CGG (Chicken + Ginger treatment) had the lowest value 11.82%. Sample CCT (Chicken + Clove treatment) had 25.84% while sample CGT (Chicken + Garlic treatment) had 20.45% respectively. However, there was decrease in fat content of the pre-treated chicken samples compare to the control sample, this decrease maybe due to the properties of the pre-treatments used. This report corroborates with the study of Anderson et al. (13) and Nguyen et al. (14) who have both reported similar findings (decrease in fat content) of fish sample.
The fibre content value ranged from 0.67% to 2.18%. The samples were significantly different (P<0.05) from each other as sample CGG (Chicken + Ginger treatment) had the highest value 2.18% while sample CCT (Chicken + Clove treatment) had the lowest value 0.67%. Sample CWT (Chicken without treatment) had 1.39% while sample CGT (Chicken + Garlic treatment) had 0.89% respectively. The Fibre content decreases with the pre-treatments used. The decrease in fibre content from this study may be attributed to the concentration and oven drying effect of the of pre-treatments given.
The Protein content value ranged from 52.08% to 70.38%. The samples were significantly different (P<0.05) from each other, as sample CWT (Chicken without treatment) had 52.08%, while sample CGG (Chicken + Ginger treatment) had 70.38%. Sample CGT (Chicken + Garlic treatment) had 65.83% while sample CCT (Chicken + Clove treatment) had 56.77% respectively. The protein content of the pre-treated samples was higher than the control sample, this increase is attributed to reduction in moisture content of the pre-treated samples. This observation is in line with the reports of Martin et al. (15) and Smith et al. (16) who both reported high protein value in pre-treated chicken samples due to low moisture content. 
The carbohydrates content value ranged from 5.66% to 13.16%. The samples were significantly different (P<0.05) from each other, as sample CWT (Chicken without treatment) had the highest value 13.16% while sample CGG (Chicken + Ginger treatment) had the lowest value 5.66%. Sample CGT (Chicken + Garlic treatment) had 5.94% while sample CCT (Chicken + Clove treatment) had 7.58%. The carbohydrates content of the control sample was higher than the pre-treated samples, this indicates that the carbohydrates content decreases with the pre-treatments used. The decrease in the carbohydrates content could be linked to potential activities of the pre-treatments used, to inhibit carbohydrate metabolism. This finding tallies with the finding of Taylor et al. (17) who reported similar reduction in carbohydrates content of fish meat sample. Similarly, Smith et al. (16) reported that ginger, garlic and clove extracts reduces carbohydrates content of the chicken meat sample when use as additives. 
Table 1: Effect of Ginger, Garlic and Cloves Extract Treatments on Quality of Proximate Compositions of Oven Dried Chicken Muscles
	Samples
	Moisture (%)
	Ash (%)
	Fat (%)
	Fibre (%)
	Protein (%)
	Carbohydrate (%)

	CWT
	5.75b ± 0.14
	1.32d ± 0.04
	26.66a ± 0.23
	1.39b ± 0.11
	52.08d ± 0.02
	13.16a ± 0.05

	CGT
	5.38c ± 0.06
	1.55c ± 0.06
	20.45c ± 0.04
	0.89c ± 0.15
	65.83b ± 0.06
	5.94c ± 0.03

	CGG
	5.26d ± 0.05
	4.52a ± 0.09
	11.82d ± 0.04
	2.18a ± 0.03
	70.38a ± 0.04
	5.66d ± 0.13

	CCT
	6.63a ± 0.10
	2.44b ± 0.08
	25.84b ± 0.07
	0.67d  ± 0.05
	56.77c ± 0.02
	7.58b ± 0.05


Note: Values are expressed as mean ± SD. Means with different superscripts in the same column and row indicate significant differences (P<0.05).  
Keys: 	CWT= Chicken without treatment, CGT= Chicken + Garlic treatment, CGG= Chicken + Ginger treatment, CCT= Chicken + Cloves treatment
4.2 Effect of Ginger, Garlic and Cloves Extract Treatments on Quality of Minerals Compositions of Oven dried Chicken muscles
The results for the mineral compositions of the chicken samples is presented in Table 2. The Calcium content of chicken samples ranges from 1.73% to 2.92%. The results showed that the samples were significantly different (P<0.05) from each other. Sample CWT (Chicken without treatment) has the highest value (2.92%), while sample CGG (Chicken + Ginger treatment) has the lowest value (1.73%). Sample CGT (Chicken + Garlic treatment) had 1.93% while sample CCT (Chicken + Cloves treatment) had 2.61%. There was significant reduction in Calcium content of pre-treated samples when compared to control sample, this reduction maybe due to the activities of the type of pre-treatments used and the effect of oven drying on the samples. This finding does not agree with the report of Akpan et al. (18), who recorded significant increase in pre-treated fish samples.
The magnesium content value ranged from 0.43% to 1.88%. The samples were significantly different (P<0.05) from each other, as sample CWT (Chicken without treatment) had the highest value (1.88%), while sample CGG (Chicken + Ginger treatment) has the lowest value (0.43%). Sample CGT (Chicken + Garlic treatment) had 0.57% while sample CCT (Chicken + Cloves treatment) had 0.67%. The control sample show higher magnesium content when compared to pre-treated samples, this shows that magnesium content decreases with the pre-treatments used. This reduction in magnesium content maybe as a result of the type of pre-treatments used and the effect of drying method employed.
The Sodium content value ranged from 0.23% to 0.40%. The samples were significantly different (P<0.05) from each other, as sample CWT (Chicken without treatment) had the highest value (0.40%), while sample CCT (Chicken + Cloves treatment) had the lowest value 0.23%. Sample CGT (Chicken + Garlic treatment) had 0.34%, while sample CGG (Chicken + Ginger treatment) had 0.28% respectively. The Sodium content of the pre-treated samples was found to be lower compared to the control sample, this maybe as a result of the type of pre-treatments used and the effect of drying process. This observation does no tally with the study of Jones et al. (19) who reported increase in sodium content of the fish pre-treated samples. However, the discrepancies between this finding and that of the previous research studies maybe due to the concentration of the pre-treatments used and method of drying employed. 
The potassium content value ranged from 0.45% to 0.78%. The samples were significantly different (P<0.05) from each other, as sample CGG (Chicken + Ginger treatment) had the highest value (0.78%), while sample CCT (Chicken + Clove treatment) had the lowest value 0.45%. Sample CWT (Chicken without treatment) had 0.55%, while sample CGT (Chicken + Garlic treatment) had 0.63% respectively. The Potassium content of pre-treated samples was significantly higher compared to control sample, this increase in potassium content could be because of the potential abilities of the pre-treatments used, to enhance potassium absorption in the body. This observation is similar to the report of Lee et al. (20). Similarly, Abdulazeez et al. (21), reported that bioactive compounds in these pre-treatments possess mineral-enhancing properties, hence leading to increase in potassium content of the chicken meat. 
Table 2: Effect of Ginger, Garlic and Cloves Extract Treatments on Quality of Minerals Compositions of Oven Dried Chicken Muscles
	Minerals (mg/kg) 
	Calcium (Ca)
	Magnesium(Mg)
	Sodium (Na)
	Potassium (K)

	CWT
	2.92a ± 0.01
	1.88a ± 0.19
	0.40a ± 0.13
	0.55c ± 0.01

	CGT
	1.93c ± 0.03
	0.57a ± 0.04
	0.34b ± 0.05
	0.63b ± 0.02

	CGG
	1.73d ± 0.16
	0.43b ± 0.04
	0.28a ± 0.01
	0.78a ± 0.02

	CCT
	2.61b ± 0.37
	0.66b ± 0.04
	0.23b ± 0.03
	0.45d ± 0.04


Note: Values are expressed as mean ± SD. Means with different superscripts in the same column and row indicate significant differences (P<0.05).  
Key:	CWT= Chicken without treatment, CGT= Chicken + Garlic treatment, CGG= Chicken + Ginger treatment, CCT= Chicken + Cloves treatment
4.3 Effect of Ginger, Garlic and Cloves Extract Treatments on Quality of Vitamins Compositions of Oven Dried Chicken Muscles
The results for the Vitamin compositions of the chicken samples is presented in Table 3. The vitamin A content of chicken samples ranges from 38.52% to 55.17%. The results showed that the samples were significantly different (P<0.05) from each other. Sample CCT (Chicken + Clove treatment) has the lowest value (38.52%), while sample CWT (Chicken without treatment) has the highest value (55.17%). Sample CGT (Chicken + Garlic treatment) had 44.37%, while sample CGG (Chicken + Ginger treatment) had 49.68% respectively. There was significant reduction in vitamin A content of the pre-treated samples when compared to control sample, this could be due to the combined effect of pre-treatments given and heating methods used, as vitamin A shows much sensitivity during cooking and heating processes. This observation is in line with the report of Johnson et al. (22) who reported that these pre-treatments led to a decrease in Vitamin A content of fish sample.
The vitamin C content value ranged from 0.25% to 0.46%. The samples were significantly different (P<0.05) from each other, as sample CGT (Chicken + Garlic treatment) has the lowest value 0.25%, while sample CWT (Chicken without treatment) has the highest value 0.46%. Sample CGG (Chicken + Ginger treatment) had 0.34%, while sample CCT (Chicken + Cloves treatment) had 0.38% respectively. Vitamin C content decreases across the pre-treated samples when compared to control sample, this reduction in vitaminn C content maybe attributed to antioxidant properties of the pre-treatments used, which might inadvertently promote oxidation, leading to a decrease in vitamin C level. This observation is in line with the report from Akhtar et al. (23), who reported that vitamin C content of chicken meat decreases when these pre-treatments are used as additives due to their antioxidants properties. Similarly, Johnson et al., (22) reported that these pre-treatments pH levels alter the muscle tissue's pH, thereby affecting vitamin stability, hance leading to degradation. Additionally, Rahman et al. (24) documented that Vitamins A and C are heat-sensitive and that the oven-drying process, combined with the extracts' potential heat-sensitizing effects, may enhance degradation thereby leading to reduction in vitamin A and C contents. 
Table 3: Effect of Ginger, Garlic and Cloves Extract Treatments on Quality of Vitamins Compositions of Oven Dried Chicken Muscles
	Samples
	Vitamin A (mg/kg)
	Vitamin C (mg/kg)

	CWT
	55.17a ± 0.04
	0.46a ± 0.03

	CGT
	44.37c ± 0.02
	0.25d ± 0.04

	CGG
	49.68b ± 0.12
	0.34c ± 0.04

	CCT
	38.52d ± 0.12
	0.38b ± 0.04


Note: Values are expressed as mean ± SD. Means with different superscripts in the same column and row indicate significant differences (P<0.05).  
Key:	CWT= Chicken without treatment, CGT= Chicken + Garlic treatment, CGG= Chicken + Ginger treatment, CCT= Chicken + Cloves treatment
4.4 Effect of Ginger, Garlic and Cloves Extract Treatments on Sensory Properties of Oven Dried Chicken Muscles
The results for the sensory characteristics of the chicken samples presented in Table 4. The colour evaluation of chicken samples ranges from 5.65% to 6.0%. The results showed that the samples were significantly different (P<0.05) from each other. Sample CGT (Chicken + Garlic treatment) had 5.65%, while sample CGG (Chicken + Ginger treatment) had 6.0%. Sample CCT (Chicken + Cloves treatment) had 5.85%, while sample CWT (Chicken without treatment) had 5.85% respectively. This shows that the color of the garlic pre-treated sample was preferred to that of the control and other pre-treated samples. This may be attributed to the caramelization properties of garlic compounds which produces color that is appealing to the eyes. This finding aligns with the report of Bhuiyan et al. (3) who recorded that ginger and its compounds enhance the color of meat products.
The aroma value ranged from 6.26% to 6.60%. The samples were significantly different (P<0.05) from each other, as sample CGT (Chicken + Garlic treatment) had 6.26%, while sample CWT (Chicken without treatment) had 6.60%. Sample CGG (Chicken + Ginger treatment) had 6.35%, while sample CCT (Chicken + Cloves treatment) had 6.55% respectively. There was a decrease in aroma across all the pre-treated samples compared to control sample, this decrease could be attributed to the masking or suppression of the natural chicken aroma by the strong flavors of the type of pre-treatments given. This is in line with the report of the study conducted by Sánchez-Muniz et al. (25) who demonstrated similar finding.
The taste value ranged from 6.40% to 6.80%. The samples were significantly different (P<0.05) from each other, as sample CGT (Chicken + Garlic treatment) had 6.40%, while sample CWT (Chicken without treatment) had 6.80%. Sample CCT (Chicken + Cloves treatment) had 6.65%, while sample CGG (Chicken + Ginger treatment) had 6.70% respectively. All the pre-treatments given were found to decrease the taste of the chicken sample when compared to control sample, this reduction could be related to the strong and distinct flavors of the pre-treatments used, which may have overshadowed the natural taste of the chicken. This is agreement with the report of Sánchez-Muniz et al., (25) who recorded similar results in chicken meat sample. Similarly, Choi et al. (26) reported that the addition of plant extracts can sometimes result in a decrease in the perceived taste of meat products depending on the type of extract used.
The mouthfeel value ranged from 6.60% to 7.00%. The samples were significantly different (P<0.05) from each other, as sample CGT (Chicken + Garlic treatment) had 6.60%, while sample CCT (Chicken + Cloves treatment) had 7.00%. Sample CGG (Chicken + Ginger treatment) had 6.85% and sample CWT (Chicken without treatment) had 6.85%. This shows that only the clove pre-treatment increased the mouthfeel of the pre-treated sample compared to control sample, this positive effect of clove pre-treatment on mouthfeel could be attributed to its smooth and creamy texture perception properties. Giao et al. (27) reported that clove possess high phenolic compounds which contributes to smooth and creamy texture perception of the meat products.
The general acceptability value ranged from 6.55% to 6.65%. The samples were significantly different (P<0.05) from each other, as sample CWT (Chicken without treatment) had 6.55%, while sample CGT (Chicken + Garlic treatment) had 6.65%, sample CCT (Chicken + Cloves treatment) had 6.65% and sample CGG (Chicken + Ginger treatment) had 6.65% respectively. There were increase in general acceptability across all the pre-treated samples when compared to control sample, this increase in general acceptability across all the pre-treatments could be linked to perceived benefits of adding these plant-based ingredients, such as potential antimicrobial and antioxidant properties, which can enhance the overall likeability of the product. The overall results from sensory attributes suggest that these plant-based ingredients can influence various sensory attributes, either positively or negatively, depending on the specific pre-treatments given and the sensory characteristics being evaluated.
Table 4: Effect of Ginger, Garlic and Cloves Extract Treatments on Sensory Properties of Oven Dried Chicken Muscles
	Samples
	Color
	Aroma
	Taste
	Mouth feel
	General Acceptability

	CWT
	5.85c ± 0.88
	6.60a ± 0.75
	6.80a ± 0.92
	6.85a ± 0.98
	6.55b ± 0.69

	CGT
	5.65d ± 0.74
	6.26b ± 0.64
	6.40b ± 1.04
	6.60b ± 0.88
	6.65a ± 0.59

	CGG
	6.0a ± 0.91
	6.35a ± 0.93
	6.70b ± 0.98
	6.85b ± 0.93
	6.65a ± 0.67

	CCT
	5.85b ± 0.87
	6.55b ± 0.83
	6.65a ± 0.81
	7.00a ± 0.92
	6.65a ± 0.59


Note: Values are expressed as mean ± SD. Means with different superscripts in the same column and row indicate significant differences (P<0.05).  
Key:	CWT= Chicken without treatment, CGT= Chicken + Garlic treatment, CGG= Chicken + Ginger treatment, CCT= Chicken + Cloves treatment

4.0 CONCLUSION AND RECOMMENDATIONS
4.1 Conclusion
The incorporation of ginger, garlic, and cloves extract had a significant impact on the quality attributes of oven-dried chicken muscle. Proximate compositions, including protein, moisture, fat, ash, fibre and carbohydrates content, were influenced by the addition of these extracts. It was observed that the extracts led to an increase in protein and ash content, while reducing moisture, fat and carbohydrates content. The crude fibre content was slightly affected, but within an acceptable range. Furthermore, mineral compositions were positively affected by the addition of these extracts. Essential minerals such as potassium showed an increase in their content, thus enhancing the nutritional value of the chicken muscle. While calcium showed significant reduction, magnesium and sodium reduction were not significant from this study. The extracts were also found to affect the vitamin content, specifically vitamin A and vitamin C, which exhibited significant reductions. However, the sensory characteristics of the chicken muscle were not significantly affected by the use of the extracts, ensuring their safety for use by consumers.
4.2 Recommendations
1. Further research should be conducted to investigate the optimal concentrations of ginger, garlic, and cloves extract for enhancing the quality of oven-dried chicken muscle. Different ratios and varied processing conditions can be explored to determine the most suitable formulation.
2. The potential health benefits of using ginger, garlic, and cloves extracts in chicken muscle should be further explored. Studies can be undertaken to ascertain the effects of these extracts on the antioxidant and antimicrobial properties of the chicken muscle.
3. Additional studies can be done to assess the shelf life and stability of the chicken muscle treated with the extracts to ensure its quality and safety over time.
4. The sensory characteristics can be assessed by a larger panel of assessors to obtain more comprehensive feedback. Consumer studies can also be carried out to evaluate the market acceptability of the chicken muscle samples with the extracts.
5. Regulations and guidelines should be established to ensure the safe and proper use of these natural extracts in food processing to maintain food safety standards.
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