


A COMPARATIVE STUDY OF THE EFFECT OF OVEN DRYING AND SUN-DRYING ON THE PROXIMATE COMPOSITION AND MINERAL CONTENTS OF GINGER (Zingiber officinale) AND ITS TENDERIZATION EFFECTS
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ABSRACT

Ginger is rich in minerals, vitamins, and dietary fiber, and it offers several medicinal and health benefits. This study aimed to compare the effects of oven drying and sun drying on the proximate composition, mineral content, and tenderizing properties of ginger (Zingiber officinale). Fresh ginger rhizomes were bought from the Monday market in Pankshin. They were washed, peeled, chopped, sun dried for three days, oven dried at 60°C for 6 to 9 hours, blended, sieved into fine powder, and stored in airtight containers. Samples were then sent to the National Veterinary Institute (NVRI) VOM for analysis. The experiment used a randomized design with three groups (A, B, C), each containing two laying hens. After three weeks, the control group had an average body weight of 2.12±0.16 kg, compared to 2.03±0.23 kg for the sun-dried ginger group and 1.83±0.41 kg for the oven-dried ginger group. Proximate analysis showed that sun-dried ginger had a higher moisture content (31.30±0.71) than oven-dried ginger (15.92±0.25). Oven-dried ginger had a higher crude protein content (5.88±0.005) than sun-dried ginger (3.95±0.10). For mineral content, sodium was higher in oven-dried ginger (5.58±0.03) than in sun-dried ginger (3.19±0.02). Potassium was higher in sun-dried ginger (28.25±0.04) than in oven-dried ginger (25.65±0.05). Iron was also higher in sun-dried ginger (5.65±0.04) than in oven-dried ginger (5.23±0.05). In a taste test, 11 out of 19 panelists found that chicken meat fed with either oven-dried or sun-dried ginger was extremely tender. Overall, the study found that ginger powder made by both drying methods is a good source of micronutrients and contains active minerals that could benefit animal production. It can also be used to tenderize chicken meat without negatively affecting other quality factors. This suggests that ginger, which is easy and inexpensive to obtain, could be used at home or in industry to tenderize meat.	Comment by Bernadette Boyiako: Remove unnecessary details such as where ginger was purchased. 
Clearly describe the experimental design. 
Present only the most important numerical findings. 
Explain how meat tenderization was measured. 
Include the major statistical findings. 
End with a concise conclusion directly supported by the results.

Keywords: Proximate composition, Tenderization, Mineral content, Zingiber officinale










1.0 INTRODUCTION
Ginger (Zingiber officinale Roscoe) is a rhizomatous herbaceous perennial belonging to the family Zingiberaceae, widely cultivated in tropical and subtropical regions of the world including Nigeria, India, China, and Indonesia (Syed et al., 2020). It is one of the most economically important spice crops globally, valued not only as a culinary condiment but also for its medicinal, nutraceutical, and industrial applications (Mahmudati et al., 2020). The rhizome, which is the economically useful part of the plant, is characterized by a pungent aroma and taste attributed to bioactive compounds such as gingerol, shogaol, and zingerone, alongside essential oils, carbohydrates, proteins, fibre, and an appreciable mineral profile that includes potassium, magnesium, calcium, phosphorus, iron, and zinc (Yingngam & Brantner, 2018). In addition to its use as a flavouring and medicinal agent, ginger has been recognized for its proteolytic activity, owing to the presence of a cysteine protease known as zingibain (Mamata et al., 2022). This enzyme is capable of hydrolysing the connective tissue proteins (collagen) and myofibrillar proteins in meat, thereby softening its texture (Marsh et al., 2011). This property has generated considerable interest in the use of ginger extract as a natural meat tenderizer, offering a safer and more consumer-acceptable alternative to synthetic tenderizing agents (Mendiratta et al., 2010. However, the extent of this tenderization effect is influenced by several factors, including the concentration of the enzyme in the ginger tissue, which is in turn affected by post-harvest handling and processing methods such as drying (Bag, 2018).
Ginger rhizomes have a high moisture content, typically ranging between 80 and 90%, which predisposes them to rapid microbial spoilage, enzymatic deterioration, and physical damage if not properly processed shortly after harvest (Syed et al., 2020). Drying is therefore one of the oldest and most widely adopted post-harvest preservation techniques applied to ginger, as it reduces moisture content to a level that inhibits microbial growth and enzymatic activity, thereby extending shelf life, reducing bulk for storage and transportation, and enabling year-round availability of the product for both domestic use and industrial processing into powder, oleoresin, and essential oil (Nair, 2019).
Two of the most common drying methods employed for ginger, particularly in developing countries, are open sun drying and oven (hot-air) drying (Mukta et al., 2020). Sun drying is the traditional, low-cost method in which fresh ginger slices are spread out and exposed directly to solar radiation and ambient air over several days. While inexpensive and requiring no specialized equipment, this method is slow, weather-dependent, and exposes the product to contamination from dust, insects, rodents, and microorganisms, and often results in uneven drying and potential nutrient degradation due to prolonged exposure to ultraviolet radiation and fluctuating temperatures (Ajayi et al., 2017). Oven drying, on the other hand, is a controlled mechanical drying method that uses regulated temperature and consistent airflow to remove moisture within a shorter and more predictable time frame. Although it requires energy input and equipment, oven drying offers greater hygiene, uniformity, and control over the drying process (Abdullahi et al., 2020).
The method of drying employed can significantly influence the nutritional and functional quality of the final ginger product (Sangari et al., 2020). Heat exposure during drying can cause degradation of heat-labile nutrients, denaturation or inactivation of enzymes such as zingibain, and alteration of the proximate composition (moisture, ash, crude protein, crude fat, crude fibre, and carbohydrate content) as well as mineral bioavailability (Suruchi et al., 2016). Since the proteolytic enzyme responsible for the tenderizing effect of ginger is heat-sensitive, the drying method and its associated temperature regime may either preserve or diminish the meat-tenderizing potential of the dried ginger product (Sangari et al., 2020). Despite the widespread use of both drying methods in ginger processing, there is limited comparative information on how each method specifically affects the nutritional composition, mineral retention, and, more importantly, the tenderization efficacy of the resultant dried ginger (Mendiratta et al., 2010). This creates a knowledge gap that is of both scientific and practical relevance to food processors, farmers, and consumers who rely on dried ginger for nutritional and functional (tenderizing) purposes. Hence, this present study aimed at evaluating the effects of oven drying and sun drying on the proximate composition, mineral contents, and meat tenderization effect of ginger (Zingiber officinale).
2.0 MATERIALS AND METHODS
2.1 Study Location
This study took place in Pankshin Local Government Area, Plateau State, Nigeria. The headquarters is in Pankshin town. The area covers 1,524 km2 and had a population of 191,685 according to the 2006 census (National Population Census, 2006). Pankshin is located at latitude 9.32790 E, longitude 9.543120 E, and sits 1,371 meters above sea level. The climate is more temperate than in most other local government areas in Plateau State. Average monthly temperatures are between 20 and 24°C (70–79°F). The area receives about 1,150 mm (45.26 inches) of rain each year, or roughly 95.8 mm (3.77 inches) per month.

2.2 Sourcing and Preparation of Materials	Comment by Bernadette Boyiako: Check out for the right tense for writing  a manuscript 
Fresh, matured, and disease-free ginger (Zingiber officinale) rhizomes will be procured from Monday market located in Pankshin LGA of Plateau State. The fresh ginger rhizomes will be sorted to remove damaged or diseased portions, thoroughly washed under running tap water to remove adhering soil and debris, and manually peeled using a stainless-steel knife. The peeled rhizomes will be sliced into uniform thickness (approximately 3–5 mm) using a mechanical slicer to ensure uniformity of surface area exposed during drying. 
2.2.1 Sun Drying: One portion of the sliced ginger will be spread evenly, in a single layer, on a clean drying tray/mat and exposed to direct sunlight in an open, well-ventilated area protected from dust and pest contamination using a fine mesh cover. Drying will be carried out during the daytime over consecutive days (approximately 5–7 days, depending on prevailing weather conditions) until a constant weight is achieved. Ambient temperature and relative humidity will be monitored and recorded daily using a thermo-hygrometer.
2.2.2 Oven Drying: The second portion of the sliced ginger will be spread in a single layer on perforated trays and dried in a hot-air oven (laboratory cabinet dryer) set at a constant temperature of 60 ± 2 °C, with drying continued until a constant weight is obtained (typically 8–12 hours), indicating the attainment of equilibrium moisture content. Samples will be weighed at regular intervals (every 1–2 hours) using a digital analytical weighing balance to monitor the rate of moisture loss and construct drying curves for both methods.
At the end of each drying treatment, the dried ginger samples will be allowed to cool to room temperature, milled into fine powder using a laboratory blender, sieved through a 0.5 mm mesh sieve to obtain uniform particle size, and stored in clean, airtight, labelled containers and taken to the National Veterinary Institute (NVRI) VOM for proximate and minerals analysis.
2.3 Experimental animal collection and design
Six laying hens, each three months old, were purchased from Ecwa Veterinary in Jos, Plateau State and taken to the Federal University of Education, Pankshin for further study The study will be laid out as a completely randomized design (CRD) with two treatments (oven-dried ginger and sun-dried ginger) and a control (fresh ginger, where applicable) with two hens in each group, and kept in a deep litter pen. Group A, the control group, received regular chikun feed and water daily for three weeks. Group B was given chikun feed mixed with oven-dried ginger, while Group C received chikun feed mixed with sun-dried ginger, both for three weeks. Routine care and necessary medications were provided. After the experiment, the hens were sacrificed, cooked for 45 minutes each, and then presented to a panel of judges for tenderness analysis.
2.4	Determination of Proximate Composition
The proximate composition of the fresh, oven-dried, and sun-dried ginger samples will be determined in triplicate using the standard methods of the Association of Official Analytical Chemists (AOAC).
1. Moisture: The moisture content was measured using the AOAC (2010) method. Five grams of GP were placed in a pre-weighed petri dish and dried in an oven at 105±5°C until the weight remained constant. The moisture percentage was calculated using the formula: Moisture (%) = [{(Initial weight of sample – Dried weight of sample) ÷ Initial weight of sample} ×1	Comment by Bernadette Boyiako: You do not need to put I, ii, iii, etc.
1. Protein: The protein content of GP was determined using the Kjeldahl Method (Mukta et al., 2020). The process included digestion, distillation, and titration. A 0.5 g sample and 0.2 g of digestion mixture were placed in a Kjeldahl tube, followed by the addition of 20 ml of 98% sulfuric acid. The mixture was digested at 420°C for 4 hours. The digested solution was then distilled, and the resulting solution was titrated with 0.1N hydrochloric acid. After measuring the nitrogen content, the value was multiplied by 6.25 to estimate protein content. The nitrogen percentage was calculated using the formula: Nitrogen (%) = [(Burette reading × Normality of acid × 1.4007) ÷ Sample weight].
1. Ash: Ash content was measured using the AOAC (2010) method. Five grams of sample were placed in a pre-weighed crucible and heated over a bunsen burner until fully burnt. The crucible was then transferred to a muffle furnace and heated for 5 hours at 550°C. After cooling in a desiccator, the ash content was calculated using the formula: Ash (%) = [(Weight of ash ÷ Weight of sample taken) ×100].
1. Crude Fat: Crude fat was measured using the Soxhlet method approved by AOAC (2005). Five grams of sample were placed in a cellulose extraction thimble (Mukta et al., 2020), which was then inserted into the Soxhlet extraction column of the fat analyzer. A 250 ml boiling flask was filled with 150 ml of petroleum ether (60-40) and set under the extraction column. The thimble was immersed in the solvent for 3 hours at 90°C, then lifted above the solvent and left for 30 minutes. After removing the thimble, the petroleum ether was collected for reuse. The boiling flask was placed in an oven to remove any remaining solvent, and the crude fat was then weighed. Fat content was calculated using the formula: Fat (%) = [(Weight of fat ÷ Weight of sample) × 100].
1. Crude fiber: The crude fiber content of the defatted dry sample was measured using the AOAC (2005) method [10]. About 2.5 g of defatted dry sample was used for fiber analysis. The sample was boiled with 1.25% dilute H2SO4, washed with water, then boiled again with 1.25% dilute NaOH. The residue left after digestion was considered the crude fiber, which was then placed in a furnace and heated at 600°C. Crude fiber was calculated using the formula: Crude fiber (%) = [(Loss in weight on ignition ÷ Weight of the sample) × 100].
1. Carbohydrate: Carbohydrate content was estimated using the difference method. The amounts of protein, fat, moisture, and ash were measured separately and added together. This total was then subtracted from 100% to determine the total carbohydrate content by difference. The formula used was: Total Carbohydrate (%) = [100 − % (Protein + Fat + Moisture + Ash + Fiber)].
2.5	Determination of Mineral Content
Mineral analysis will be carried out on the dry-ashed samples following wet digestion with a mixture of nitric acid, sulphuric acid, and perchloric acid. Calcium, magnesium, iron, and zinc will be determined using an Atomic Absorption Spectrophotometer (AAS). Sodium and potassium will be determined using a flame photometer, while phosphorus will be determined colorimetrically using the vanadomolybdate method with readings taken on a UV-visible spectrophotometer. All determinations will be carried out in triplicate and expressed in milligrams per 100 grams (mg/100g) of sample (Mukta et al., 2020).
2.6	Determination of Tenderization Effect
Nineteen panelists evaluated the sensory quality and tenderization effects of oven and sun-dried ginger using a 9-point category rating scale (Ajayi et al., 2015). Before starting, the panel received instructions and was asked to assess attributes like flavor, color, aroma, appearance, and overall acceptability. Each sample, about 2 grams and coded for anonymity, was placed on a transparent plate and presented randomly. Panelists scored the samples on a 9-point hedonic scale, where 9 meant 'like extremely' and 1 meant 'dislike extremely.
2.7	Statistical Analysis
Data generated from the proximate composition, mineral content, and tenderization assays will be subjected to one-way analysis of variance (ANOVA) using appropriate statistical software (e.g., SPSS version 27). Results will be presented as mean ± standard deviation and illustrated with appropriate tables and charts. The findings were considered as statistically significant, if p < 0.05 to determine significant differences between the drying treatments.
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I. RESULTS
Mean and Standard Error of Chicken Weight: Table 1 shows the mean weekly and overall body weight of chickens across the three treatment groups. The control group recorded the highest overall weight gain (2.12 ± 0.16 kg), followed by the sun-dried ginger group (2.03 ± 0.23 kg) and the oven-dried ginger group (1.83 ± 0.41 kg). However, these differences were not statistically significant (P > 0.05) at any of the three weeks or overall, indicating that dietary inclusion of ginger — regardless of drying method — did not significantly affect chicken body weight over the study period.
Proximate Composition of Sun Dried and Oven Dried Ginger: Table 2 shows that drying method significantly altered the proximate composition of ginger (P < 0.05 for most parameters). Sun-dried ginger retained significantly more moisture (31.30 ± 0.71%) than oven-dried ginger (15.92 ± 0.25%), while oven-dried ginger had significantly higher crude protein (5.88 ± 0.005% vs. 3.95 ± 0.10%), crude fat (3.62 ± 0.015% vs. 1.87 ± 0.02%), and ash content (10.20 ± 0.04% vs. 4.30 ± 1.06%). Crude fibre was slightly but significantly higher in sun-dried ginger (9.23 ± 0.02%) than oven-dried ginger (9.03 ± 0.015%), and NFE was significantly higher in the oven-dried sample (52.77 ± 0.62% vs. 48.30 ± 0.02%).

Mineral Contents of Sun Dried and Oven Dried Ginger
Table 3 shows that oven-drying increased sodium content (5.58 ± 0.03 mg/100g) compared to sun-dried ginger (3.19 ± 0.02 mg/100g), while sun-drying preserved higher levels of potassium (28.25 ± 0.04 vs. 25.65 ± 0.05 mg/100g), iron (5.65 ± 0.04 vs. 5.23 ± 0.05 mg/100g), calcium (161.24 ± 0.07 vs. 149.85 ± 0.08 mg/100g), and zinc (18.45 ± 0.03 vs. 18.20 ± 0.04 mg/100g). All differences were statistically significant.
Likert Scale of Tenderization of Ginger Feed Chicken in Percentages	Comment by Bernadette Boyiako: How do you come to this result, please explain in your methodology 
Table 4 and Figure 1 present sensory panel results from nineteen (19) assessors. The majority (67.9% combined) rated the ginger-treated chicken meat as either “very tender” (42.11%) or “extremely tender” (15.78%), with smaller proportions rating it “moderately tender” (26.32%), “slightly tender” (10.53%), or “neither tender nor tough” (5.26%). This distribution suggests ginger treatment produced a broadly favorable tenderizing effect, as perceived by most panelists.

Table 1: Mean and Standard Error of Chicken Weight 
	Treatment
	Week 1
	Week 2
	Week 3
	Overall

	Oven Dried Ginger
	1.800.40
	2.00.70
	1.750.35
	1.830.41

	Sun Dried Ginger
	2.100.40
	1.910.10
	2.00.14
	2.030.23

	Control
	2.100.10
	2.110.10
	2.200.28
	2.120.16

	P-value
	0.565
	0.433
	0.356
	0.245

	LOS
	ns
	ns
	ns
	ns


Note: MS.E, NS = not significant, LOS= Level of Significance

Table 2. Proximate Composition of Sun Dried and Oven Dried Ginger 

	Parameters
	Oven dried
	Sun dried
	P
	LOS

	Moisture
	15.92±0.25
	31.30±0.71
	0.001
	ns

	Crude protein
	5.88±0.005
	3.95±0.10
	0.002
	ns

	Crude fibre
	9.03±0.015
	9.23±0.02
	0.001
	ns

	Lipids
	3.62±0.015
	1.87±0.02
	0.003
	ns

	Ash
	10.20±0.04
	4.30±1.06
	0.154
	*

	NFE
	52.77±0.62
	48.30±0.02
	0.007
	*


Note: NS= Not significant, LOS= Level of Significance * = significant at 0.05
Table 3. Mineral Contents of Sun Dried and Oven Dried Ginger 
	Parameters
	Oven dried
	Sun dried

	Na (mg/100 g)
	5.58±0.03*
	3.19±0.02

	K (mg/100 g)
	25.65±0.05*
	28.25±0.04

	Fe (mg/100 g)
	5.23±0.05*
	5.65±0.04

	Ca (mg/100 g)
	149.85±0.08*
	161.24±0.07

	Zn (mg/100 g)
	18.20±0.04*
	18.45±0.03


Note: Note: MS.E, * = significant at 0.05

Table 4. Likert Scale of Tenderization of Ginger Feed Chicken in Percentages
	Tenderization parameters
	Percentage (100%)

	Extremely tender
	15.78

	Very tender
	42.11

	Moderately tender
	26.32

	Slightly tender
	10.53

	Neither tender nor tough
	5.26




Figure 1. Likert Scale of Tenderization of Ginger Feed Chicken in Percentages
II. DISCUSSION
Although chickens in the control group recorded the highest overall body weight (2.12 ± 0.16 kg) compared to those fed sun-dried (2.03 ± 0.23 kg) and oven-dried ginger (1.83 ± 0.41 kg), these differences were not statistically significant (P > 0.05). This suggests that ginger inclusion in the diet, irrespective of drying method, did not measurably impair growth performance under the conditions of this study. This is broadly consistent with Mukta et al. (2020), who reported that ginger supplementation in laying hens can influence live weight without necessarily affecting productivity — a relationship that may reflect ginger’s known effect on fat metabolism, since a reduction in fat deposition would proportionately lower overall live weight. Any numerical (non-significant) weight differences observed here may therefore reflect ginger’s mild lipid-modulating properties rather than an adverse nutritional effect.
The proximate composition results highlight clear trade-offs between the two drying methods. Moisture content is a key determinant of shelf life, since higher residual moisture promotes microbial growth and shortens storage life (Ajayi et al., 2017). The significantly higher moisture retained in sun-dried ginger (31.30 ± 0.71%) compared to oven-dried ginger (15.92 ± 0.25%) is consistent with Nzikou et al. (2006) and indicates that sun-dried ginger is more susceptible to spoilage, underscoring the need for appropriate storage measures where sun-drying is used. Oven-dried ginger showed significantly higher crude protein and crude fat content than sun-dried ginger, suggesting that oven-drying better preserves these macronutrients — likely because the shorter, more controlled drying time limits protein denaturation and lipid oxidation relative to prolonged sun exposure. This supports its potential use as a protein and oil source for fortifying cereal-based products (Mamata et al., 2020). Conversely, the marginally higher crude fibre in sun-dried ginger aligns with Sathish and Eswar (2013), who note that dietary fibre of this kind supports gut microbial activity, aids bowel regularity, helps regulate blood glucose and cholesterol, and may lower colorectal cancer risk. The higher ash content in oven-dried ginger indicates a greater overall mineral load than in the sun-dried sample — a finding that contrasts with Bag (2018) and may reflect differences in ginger variety, drying temperature, or processing conditions between studies. Since minerals such as calcium are essential for neuromuscular function, nerve transmission, and bone integrity (Mahmudati et al., 2020), this distinction has practical relevance for how each product might be used nutritionally.

At the level of individual minerals, however, sun-dried ginger retained higher concentrations of potassium, iron, calcium, and zinc, while oven-dried ginger retained more sodium. Calcium was the most abundant mineral overall, followed by potassium — consistent with Mukta et al. (2022) — and both are physiologically important, with sodium and potassium jointly regulating electrolyte balance in the body. Across both drying methods, iron, zinc, and sodium were present in comparatively small amounts, while calcium and potassium dominated the mineral profile, in agreement with Syed et al. (2020). Taken together with the ash data, this suggests that while oven-drying may concentrate total mineral content, sun-drying better preserves specific micronutrients relevant to electrolyte balance and bone health.

Sensory evaluation showed that a majority of the 19 panelists rated ginger-treated chicken meat as tender to extremely tender (67.9% combined for “very tender” and “extremely tender”), with only a small minority (5.26%) finding it neither tender nor tough. These results support Sangari et al. (2020), who reported that ginger’s water-binding capacity contributes to improved meat tenderness. The consistently favorable ratings suggest ginger — applied via either drying method — is an effective, low-cost natural tenderizer, offering a viable alternative to enzymatic tenderizers such as papain, with potential application at both household and industrial scale (Chinedu & Jivini, 2019).
III. CONCLUSION
This study demonstrates that ginger powder — whether prepared by sun-drying or oven-drying — is a valuable source of micronutrients and bioactive compounds with potential applications in animal production, without significantly compromising chicken growth performance. Drying method influenced the nutrient profile in distinct ways: oven-drying better preserved protein, fat, and ash content, while sun-drying retained higher levels of key minerals (potassium, iron, calcium, zinc) and crude fibre, though at the cost of higher residual moisture and reduced shelf stability. Both forms of ginger were also effective in tenderizing chicken meat, as reflected in consistently favorable sensory panel ratings, without adversely affecting other meat quality parameters. These findings support the feasibility of using readily available, low-cost ginger — processed by either method — as a natural meat tenderizer at both household and industrial scale, while highlighting drying method as a practical variable to optimize depending on whether nutrient retention or product stability is prioritized.
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