Effects of Sodium Bicarbonate- and Enzyme-Treated Corncob Flake Diets on Nutrient Intake and Digestibility in West African Dwarf Bucks
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ABSTRACT
This study evaluated the effects of sodium bicarbonate- and enzyme-treated corncob-based diets on nutrient intake and digestibility in West African Dwarf (WAD) bucks.
Eighteen mature WAD bucks (15–20 kg) were randomly assigned to six dietary treatments in a completely randomized design, with three animals per treatment. The control diet (T0) contained 45% whole cassava root meal (WCRM), while T1 and T3 contained 22.50% WCRM and 22.50% sodium bicarbonate-treated or Natuzyme-treated corncob flakes, respectively. T2 and T4 contained 45% sodium bicarbonate-treated or Natuzyme-treated corncob flakes, respectively, as replacements for WCRM, while T5 contained 22.50% sodium bicarbonate-treated and 22.50% Natuzyme-treated corncob flakes as replacements for WCRM. Dietary treatment significantly (P < 0.05) affected several measures of nutrient intake and digestibility. Concentrate dry matter intake was highest in T4 (493.40 g/head/day), followed by T3 (483.10 g/head/day) and T5 (477.80 g/head/day), while crude protein intake was highest in T3 (71.47 g/head/day). Dry matter and crude protein digestibility were highest in T3 (82.66% and 77.96%, respectively). Ether extract digestibility was highest in T3 (35.48%), while crude fibre digestibility was highest in T4 (57.81%). Neutral detergent fibre and acid detergent fibre digestibility were highest in T3 (72.45% and 47.36%, respectively). Concentrate dry matter, crude protein, crude fibre, ash, nitrogen-free extract, neutral detergent fibre, and acid detergent fibre intake were significantly affected by dietary treatment, whereas ether extract, acid detergent lignin, hemicellulose, and cellulose intake were not significantly affected. Nitrogen-free extract digestibility was highest in T2 and T4 (75.10%). Hemicellulose and cellulose digestibility were not significantly affected. Overall, the T3 diet provided the most favorable combination of nutrient intake and digestibility among the diets evaluated.
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1. INTRODUCTION
Livestock plays a crucial role in the livelihoods of rural households in West Africa. Livestock provides food, generates income, supports household socioeconomic activities, and contributes to the livelihoods of landless individuals, rural farming communities, peri-urban households, and expanding urban populations (Herrero et al., 2013; Alary et al., 2015; Fantahun et al., 2016). The sale of live animals and animal products also contributes to household income and agricultural productivity (Alilo et al., 2018).
Small ruminants are particularly important to resource-constrained farmers because of their flexible feeding habits, relatively high reproductive rates, adaptability to adverse environmental conditions, and ability to utilize marginal agricultural land and low-quality feed resources (Kosgey et al., 2006; Monteiro et al., 2017). They also serve as a form of household savings that can be sold to meet unexpected financial needs.
Okukpe et al. (2011) reported that the rearing of small ruminants, particularly sheep and goats, is an important component of rural livelihoods in sub-Saharan Africa. The sale of these animals contributes to improved household welfare and income stability. In Nigeria, the West African Dwarf (WAD) goat is one of the major indigenous goat breeds and is widely distributed throughout the humid and sub-humid zones of the country. The breed is well adapted to tropical environments and is valued for its meat, milk, skin, and other products (Morand-Fehr, 2004).
The importance of WAD goats is also associated with their adaptability to challenging environmental conditions and their ability to utilize relatively poor-quality feed resources, making them particularly valuable under low-input production systems (Adedeji et al., 2011).
Despite these advantages, small-scale goat production in Nigeria is constrained by inadequate nutrition, seasonal fluctuations in feed availability, poor growth performance, and inefficient reproductive performance (Annor et al., 2007). Feed constitutes a major proportion of variable production costs, with estimates suggesting that it may account for approximately 70–80% of such costs (FAO, 2004). Consequently, reducing feed costs through the utilization of locally available and inexpensive feed resources could improve the profitability and sustainability of small-ruminant production.
Agricultural by-products and crop residues represent potential alternative feed resources because they are often readily available and have relatively low opportunity costs. One such agricultural residue is the maize or corncob. The maize plant consists of several components, including the stalk, husk, shank, silk, leaf blade, leaf sheath, tassel, and cob. Following the removal of maize grains, the cobs are frequently left on farms or discarded as waste (Kludze et al., 2010).
Corncobs are abundant agricultural residues but have limited nutritional value because of their high fibre content and lignification. Their structural composition is primarily characterized by cellulose, hemicellulose, and lignin (Sun and Cheng, 2002). The high degree of lignification and cellulose crystallinity reduces microbial accessibility to structural carbohydrates and consequently limits nutrient utilization by ruminants.
Pretreatment of crop residues can improve their nutritional value and utilization by breaking down structural components and increasing the accessibility of nutrients to rumen microorganisms. Several approaches have been investigated, including physical, chemical, physicochemical, and biological treatments (Doyle et al., 1990).
Chemical and biological treatments have been reported to improve the nutritive value and digestibility of crop residues. Treatments such as fermentation, ensiling, and enzyme supplementation can modify the physical and chemical structure of fibrous feed materials and potentially improve nutrient availability (Mbugua, 1998; Olamilusi et al., 2020). Walli (2009) also reported the potential of treatment methods to improve the utilization of agricultural residues as livestock feed.
The combination of different treatment methods may further improve the utilization of fibrous feedstuffs by reducing fibre constraints and increasing nutrient availability. Sodium bicarbonate may influence fibre utilization by modifying the physical and chemical environment of the feed, while exogenous enzymes may facilitate the breakdown of structural carbohydrates and improve nutrient accessibility.
Previous studies have therefore demonstrated the potential of physical, chemical, and biological treatments for improving the utilization of agricultural residues (Doyle et al., 1990; Olamilusi et al., 2020; Walli, 2009). However, limited information is available on the use of sodium bicarbonate- and enzyme-treated corncob-based diets for West African Dwarf bucks, particularly with respect to nutrient intake and nutrient digestibility.
Therefore, this study was conducted to evaluate the effects of sodium bicarbonate- and enzyme-treated corncob flake diets on nutrient intake and nutrient digestibility in West African Dwarf bucks. The study specifically evaluated the potential of treated corncob flakes as an alternative feed ingredient for replacing whole cassava root meal in diets for WAD bucks.

2. MATERIALS AND METHODS

2.1 Study Area

The study was conducted at the Teaching and Research Farm of the College of Agricultural Sciences, Olabisi Onabanjo University, Ayetoro Campus, Yewa, Ogun State, Nigeria. The experimental site is located at approximately latitude 7.0151°N and longitude 3.031°E.
The area is characterized by a sub-humid tropical climate and lies within a forest–savannah transition zone. The area receives an average annual rainfall of approximately 1,909.3 mm. The rainy season generally extends from April to October, with rainfall peaks occurring around June and September. Mean annual relative humidity is approximately 81%, while maximum temperatures range from about 29°C during the peak rainy season to 34°C during the onset of the dry season (Ogun State Government, 2017).

2.2 Experimental Animals and Pre-Experimental Management

Eighteen mature West African Dwarf bucks were used for the experiment. The animals were purchased from livestock markets in Ayetoro, Ogun State, Nigeria, and had initial body weights ranging from 15.00 to 20.00 kg.
Before the commencement of the experiment, the animals were housed individually and allowed an adaptation period. During this period, the animals were fed freshly harvested Panicum maximum supplemented with dried cassava peels. Clean drinking water was provided ad libitum.
The animals were dewormed with Ivomec at a dosage of 1 mL per 50 kg live body weight to control endoparasites. The animals were monitored throughout the pre-experimental period to ensure proper adaptation to the experimental environment and feeding management.

2.3 Preparation of Experimental Feed Ingredients

Whole cassava root meal (WCRM) used in the experiment was obtained from the Cassava Processing Unit of the Teaching and Research Farm, Olabisi Onabanjo University, Ayetoro. The cassava roots were washed, milled, hydraulically pressed to remove excess liquor, and subsequently air-dried.
Corncobs were obtained from the Crop Production Processing Unit of the Teaching and Research Farm, College of Agricultural Sciences, Olabisi Onabanjo University, Ayetoro, Ogun State. The corncobs were sun-dried and subsequently milled using a laboratory hammer mill fitted with a 2.50-mm screen.
The milled corncob material was subjected to the designated treatment with sodium bicarbonate and/or Natuzyme according to the experimental treatments. Natuzyme was obtained from a commercial agricultural feed supplier in Ayetoro, Ogun State, while sodium bicarbonate was obtained from a commercial supplier in Oyo State.
Following treatment, the treated corncob materials were sun-dried for 72 h and stored in clean, dry conditions until required for diet formulation.
Other feed ingredients, including wheat offal, soybean meal (SBM), brewery dried grain (BDG), multivitamin, bone meal, salt, and urea, were obtained from agricultural markets in Ayetoro and Abeokuta, Ogun State.

2.4 Experimental Diets

Six experimental diets were formulated. The control diet (T0) contained 45.00% whole cassava root meal, while the experimental diets contained varying proportions of treated corncob flakes as replacements for whole cassava root meal.
The treatment diets were designated T0, T1, T2, T3, T4, and T5. Based on the dietary formulation, sodium bicarbonate-treated corncob flakes were designated B, while Natuzyme-treated corncob flakes were designated N.
T0: Control diet containing 45.00% whole cassava root meal.
T1: Diet containing 22.50% whole cassava root meal and 22.50% sodium bicarbonate-treated corncob flakes.
T2: Diet containing 45.00% sodium bicarbonate-treated corncob flakes as a replacement for whole cassava root meal.
T3: Diet containing 22.50% whole cassava root meal and 22.50% Natuzyme-treated corncob flakes.
T4: Diet containing 45.00% Natuzyme-treated corncob flakes as a replacement for whole cassava root meal.
T5: Diet containing 22.50% sodium bicarbonate-treated and 22.50% Natuzyme-treated corncob flakes as replacements for whole cassava root meal.
[Table 1 about here]

Table 1. Percentage Composition of the Experimental Diets
	Feed ingredients
	T0
	T1
	T2
	T3
	T4
	T5

	Whole cassava root meal (WCRM)
	45.00
	22.50
	–
	22.50
	–
	–

	Treated corncob
	–
	22.50B
	45.00B
	22.50N
	45.00N
	22.50B/22.50N

	Wheat offal
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00

	Soya bean meal
	10.00
	10.00
	10.00
	10.00
	10.00
	10.00

	BDG brewery dried grain
	25.00
	25.00
	25.00
	25.00
	25.00
	25.00

	Urea
	5.00
	5.00
	5.00
	5.00
	5.00
	5.00

	Multivitamin
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	Bone meal
	2.00
	2.00
	2.00
	2.00
	2.00
	2.00

	Salt
	1.00
	1.00
	1.00
	1.00
	1.00
	1.00


B = sodium bicarbonate-treated corncob; N = Natuzyme-treated corncob.

2.5 Housing and Feeding Management

Each experimental animal was housed individually in a well-ventilated pen measuring approximately 1.5 × 1.0 × 1.2 m. Before the commencement of the experiment, the pens were thoroughly cleaned and disinfected using Izal solution at a dilution of 5 mL/L of water.
Dry wood shavings were provided as bedding material to absorb urine and spilled water and to maintain hygienic housing conditions. Bedding material was replaced when necessary. Each pen was equipped with separate feed and water troughs positioned to minimize feed and water spillage.
During the experimental period, each animal was offered 500 g of guinea grass in the morning at approximately 8:30 a.m. and 800 g of the experimental concentrate diet in the evening at approximately 4:00 p.m. Clean drinking water was provided ad libitum.

2.6 Experimental Design and Data Collection

The experiment was conducted using a completely randomized design (CRD). The eighteen mature WAD bucks were randomly allocated to six dietary treatments, with three animals assigned to each treatment.
Following an adaptation period, the animals underwent a 15-day faecal collection period. During the collection period, feed offered and feed refusals were measured daily for each animal to determine feed and nutrient intake.
Representative samples of the experimental diets and faeces were collected daily. Faecal samples were weighed, dried, properly labelled, and stored under suitable conditions. At the end of the 15-day collection period, faecal samples from each animal were bulked, thoroughly mixed, oven-dried, labelled, and stored pending laboratory analysis.
Nutrient intake was calculated from the quantity of feed consumed and the nutrient composition of the corresponding diet.

2.7 Determination of Nutrient Digestibility

Apparent nutrient digestibility was determined using nutrient intake and faecal nutrient output according to the following relationship:
Apparent Nutrient Digestibility (%) = [(Nutrient intake − Faecal nutrient output) / Nutrient intake] × 100
For each nutrient, nutrient intake was calculated from the amount of feed consumed and the nutrient concentration of the diet, while faecal nutrient output was calculated from total faecal dry matter output and the concentration of the corresponding nutrient in the faeces.
Dry matter and nutrient intake were calculated based on the chemical composition of the diets and the quantity of feed consumed.

2.8 Chemical Analysis of Feed and Faecal Samples

Feed and faecal samples were analysed for dry matter (DM), crude protein (CP), crude fibre (CF), ether extract (EE), ash, and nitrogen-free extract (NFE) using the procedures described by the Association of Official Analytical Chemists (AOAC, 2005).
Neutral detergent fibre (NDF), acid detergent fibre (ADF), and lignin were determined using the procedures described by Van Soest et al. (1991).

2.9 Statistical Analysis

Data were subjected to analysis of variance using the general linear model procedure for a completely randomized design in SAS (SAS Institute, 2002). Duncan's Multiple Range Test (DMRT) was used to separate treatment means where the analysis of variance indicated significant differences. Statistical significance was declared at P < 0.05.
3. RESULTS
The nutrient composition of the experimental diets differed significantly among treatments for dry matter, crude protein, crude fibre, ash, nitrogen-free extract, neutral detergent fibre, and hemicellulose (P < 0.05), whereas ether extract, acid detergent lignin, acid detergent fibre, and cellulose did not differ significantly (P > 0.05). Dry matter content was highest in T1 (94.81%) and did not differ significantly from T3 (94.54%), while T4 recorded the next highest value (93.69%). Crude protein was highest in T3 (14.69%) and lowest in the control diet, T0 (9.60%). Crude fibre was highest in T0 (15.28%) and lowest in T3 (9.52%). Ash content was highest in T3 (11.80%), whereas nitrogen-free extract was highest in T4 (55.40%). Neutral detergent fibre was highest in T3 (39.81%), while hemicellulose was highest in T0 (22.20%) and lowest in T2 (16.75%). The nutrient composition of the experimental diets and Panicum maximum is presented in Table 2.
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Table 2. Nutrient Composition of the Experimental Diets and Panicum maximum
	Parameter (%)
	T0              T1            T2              T3           T4              T5
	SEM
	P-value
	Panicum maximum

	Dry Matter
	91.52d
	94.81a
	92.41c
	94.54a
	93.69b
	92.26c
	3.01
	0.03
	85.40

	Crude protein
	9.60d
	10.52c
	10.78c
	14.69a
	12.09ab
	11.11b
	0.77
	0.03
	6.13

	Crude fibre
	15.28a
	12.65ab
	12.10ab
	9.52c
	9.87c
	10.00b
	0.32
	0.02
	12.78

	Ether extract
	7.77
	7.52
	7.99
	7.47
	7.93
	7.00
	0.28
	0.81
	5.71

	Ash
	7.34d
	9.14b
	8.11c
	11.80a
	8.40c
	9.71b
	0.25
	0.01
	2.84

	NFE
	60.01c
	54.98ab
	53.13b
	56.52d
	55.40a
	54.44ab
	2.11
	0.02
	56.44

	NDF
	31.20d
	35.02c
	37.87b
	39.81a
	38.15ab
	37.66b
	1.05
	<0.001
	52.71

	ADF
	43.43
	47.03ab
	44.33
	48.32
	46.01
	46.09
	1.08
	0.27
	27.05

	ADL
	25.99
	24.28
	25.10
	22.17
	23.58
	24.22
	0.17
	0.20
	10.69

	Hemicellulose 
	22.20a
	18.14b
	16.75d
	16.99d
	19.99ab
	17.18c
	0.21
	0.03
	16.09

	Cellulose
	28.87
	22.17
	18.43
	17.44
	17.84
	17.17
	0.31
	0.88
	11.87


abcd Means on the same row with different superscripts differ significantly (P < 0.05).
NFE – nitrogen-free extract; NDF – neutral detergent fibre; ADF – acid detergent fibre; ADL – acid detergent lignin; 
Dietary treatment significantly (P < 0.05) affected concentrate dry matter intake and the intakes of crude protein, crude fibre, ash, nitrogen-free extract, neutral detergent fibre, and acid detergent fibre. Concentrate dry matter intake was highest in T4 (493.40 g/head/day), followed by T3 (483.10 g/head/day) and T5 (477.80 g/head/day), while T0 recorded the lowest value (380.40 g/head/day). Crude protein intake was highest in T3 (71.47 g/head/day). Crude fibre intake was highest in T4 (56.34 g/head/day) and T5 (55.49 g/head/day), while ash intake was highest in T3 (36.38 g/head/day). Nitrogen-free extract intake was highest in T3 (66.81 g/head/day) and T4 (65.84 g/head/day). Neutral detergent fibre intake was highest in T3 (68.49 g/head/day), while acid detergent fibre intake was also highest in T3 (56.72 g/head/day). Ether extract, acid detergent lignin, hemicellulose, and cellulose intake were not significantly affected by dietary treatment. The observed treatment effects are presented in Table 3.
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Table 3. Effect of Dietary Treatments on Nutrient Intake by West African Dwarf Bucks
	Parameter
	    T0                  T1               T2                T3                  T4                T5      
	SEM
	P-value

	DMI, forage (g/head/day)
	413.8
	427.9
	420.3
	434.7
	444.2
	419.8
	29.19
	0.11

	DMI, concentrate (g/head/day)
	380.4d
	401.2c
	449.4bc
	483.1ab
	493.4a
	477.8b
	21.14
	0.03

	Crude protein (g/head/day)
	55.55d
	67.01c
	65.11c
	71.47a
	67.38b
	69.99b
	2.20
	0.01

	Crude fibre (g/head/day)
	41.14d
	40.45c
	44.44c
	51.98b
	56.34a
	55.49a
	2.19
	<0.001

	Ash (g/head/day)
	32.14d
	35.86c
	33.23c
	36.38a
	35.53b
	35.71b
	1.32
	0.01

	Ether extract (g/head/day)
	23.82
	23.04
	24.39
	24.77
	23.80
	24.44
	1.12
	0.12

	NFE (g/head/day)
	52.10d
	53.87c
	63.64b
	66.81a
	65.84a
	64.48b
	2.01
	<0.001

	NDF (g/head/day)
	60.11c
	59.81d
	64.52c
	68.49a
	66.66ab
	65.61b
	1.93
	<0.001

	ADF (g/head/day)
	53.98c
	52.09c
	55.12ab
	56.72a
	54.79b
	55.11ab
	1.66
	0.01

	ADL (g/head/day)
	44.01
	45.10
	42.89
	43.26
	44.73
	43.32
	1.03
	0.62

	Hemicellulose (g/head/day)
	33.90
	32.11
	30.98
	33.98
	36.99
	34.47
	0.93
	0.08

	Cellulose (g/head/day)
	25.09
	28.90
	27.71
	30.93
	29.85
	30.00
	0.86
	0.08


abcd Means on the same row with different superscripts differ significantly (P < 0.05).
NFE – nitrogen-free extract; NDF – neutral detergent fibre; ADF – acid detergent fibre; ADL – acid detergent lignin. 
Dietary treatment significantly (P < 0.05) affected dry matter, crude protein, crude fibre, ether extract, nitrogen-free extract, neutral detergent fibre, acid detergent fibre, and acid detergent lignin digestibility, whereas hemicellulose and cellulose digestibility were not significantly affected. Dry matter digestibility was highest in T3 (82.66%), followed by T4 (74.48%) and T5 (73.82%). Crude protein digestibility was highest in T3 (77.96%), followed by T4 (76.21%) and T5 (74.05%). Crude fibre digestibility was highest in T4 (57.81%), while ether extract digestibility was highest in T3 (35.48%). Nitrogen-free extract digestibility was highest in T2 and T4 (75.10%). Neutral detergent fibre and acid detergent fibre digestibility were highest in T3 (72.45% and 47.36%, respectively). Acid detergent lignin digestibility was highest in T5 (56.43%). Hemicellulose and cellulose digestibility did not differ significantly among treatments (Table 4).

[Table 4 about here]
Table 4. Effect of Dietary Treatments on Nutrient Digestibility by West African Dwarf Bucks
	Parameter (%)
	     T0                  T1                 T2                T3                 T4
	T5
	SEM
	P-value

	Dry Matter
	65.22d
	70.58c
	71.02c
	82.66a
	74.48ab
	73.82b
	4.01
	0.01

	Crude protein
	63.71d
	66.44c
	71.71bc
	77.96a
	76.21ab
	74.05b
	3.71
	0.02

	Crude fibre
	52.09d
	54.83b
	55.30ab
	54.94b
	57.81a
	52.00c
	3.06
	0.01

	Ether extract 
	32.71c
	32.26c
	33.54b
	35.48a
	34.50ab
	33.33b
	2.48
	0.03

	NFE
	66.10d
	72.69b
	75.10a
	72.32c
	75.10a
	73.61ab
	4.22
	0.01

	NDF
	61.28d
	64.76c
	70.89ab
	72.45a
	70.45ab
	69.80b
	4.01
	<0.001

	ADF
	41.88d
	44.73ab
	42.46c
	47.36a
	42.33d
	44.56b
	4.82
	0.04

	ADL
	50.01c
	43.33d
	53.02bc
	55.40ab
	54.09b
	56.43a
	4.98
	0.02

	Hemicellulose
	39.68
	37.89
	36.67
	39.33
	37.42
	37.01
	1.24
	0.78

	Cellulose
	31.11
	32.20
	30.89
	31.70
	30.90
	31.22
	1.02
	0.99


abcd Means on the same row with different superscripts differ significantly (P < 0.05).
NFE – nitrogen-free extract; NDF – neutral detergent fibre; ADF – acid detergent fibre; ADL – acid detergent lignin.

4. DISCUSSION
The differences in nutrient composition among the experimental diets were expected because whole cassava root meal was replaced with sodium bicarbonate- and Natuzyme-treated corncob flakes at different inclusion levels. T3 had the highest crude protein concentration (14.69%) and one of the lowest crude fibre concentrations (9.52%), indicating that the dietary formulation resulted in differences in the nutrient profile of the concentrates. The relatively high neutral detergent fibre concentration in T3 (39.81%) also reflects the contribution of corncob-derived structural carbohydrates to the diet. Such differences are nutritionally relevant because the accessibility and composition of cell-wall carbohydrates can influence their degradation and subsequent nutrient utilization by ruminants.
The higher concentrate dry matter intake recorded for T3, T4, and T5 compared with the control indicates that the bucks consumed greater amounts of concentrate from these dietary treatments. This observation agrees with Olamilusi et al. (2020), who reported improved dry matter acceptability and nutrient digestibility in West African Dwarf rams fed diets containing polyenzyme-treated cassava peel or corncob. In their study, the polyenzyme-treated diet produced the highest dry matter intake among the treatments. However, the magnitude of the response cannot be compared directly because the studies differed in animal species, basal ingredients, enzyme preparation, and dietary formulation. The higher concentrate intake observed in the present study may therefore reflect differences in dietary composition and acceptability rather than a universal response to enzyme treatment.
The digestibility responses observed for T3 were notable, with this treatment recording the highest dry matter (82.66%), crude protein (77.96%), ether extract (35.48%), neutral detergent fibre (72.45%), and acid detergent fibre (47.36%) digestibility values. Olamilusi et al. (2020) likewise reported relatively high digestibility values for polyenzyme-treated corncob-based diets, including 78.81% for dry matter, 81.91% for crude protein, 37.40% for ether extract, 76.99% for neutral detergent fibre, and 71.69% for acid detergent fibre. Differences between the two studies may be associated with differences in animal species, diet composition, enzyme formulation, treatment conditions, and feeding level. More broadly, Tirado-González et al. (2021) reported variable responses to exogenous fibrolytic enzymes in ruminant nutrition, with improvements in dry matter, neutral detergent fibre, and acid detergent fibre degradability observed in a substantial proportion of the studies reviewed. The variability among studies indicates that the response to enzyme supplementation may depend on the characteristics of the diet and experimental conditions.
The nutrient intake and digestibility responses differed among the sodium bicarbonate-treated, Natuzyme-treated, and combined-treatment diets. Hadjipanayiotou (1988) reported that sodium bicarbonate increased rumen pH and acetate concentration in goats and kids but did not significantly alter apparent digestibility coefficients. In the present study, the sodium bicarbonate-treated diets did not produce the highest overall digestibility values, whereas T3, which contained 22.50% Natuzyme-treated corncob flakes and 22.50% whole cassava root meal, recorded the highest values for several digestibility measures. This pattern suggests that the observed responses were associated with the particular dietary formulation and treatment combination used in the present experiment rather than with sodium bicarbonate treatment alone.
Hemicellulose and cellulose digestibility were not significantly affected by dietary treatment. The absence of significant differences in these fractions, despite significant differences in neutral detergent fibre and acid detergent fibre digestibility, indicates that the responses were not uniform across all structural carbohydrate fractions. This is consistent with the variable responses reported for exogenous enzymes in ruminant nutrition, where enzyme type, substrate characteristics, application rate, diet composition, and ruminal conditions can influence the magnitude of the response (Tirado-González et al., 2021). Overall, among the diets evaluated in the present study, T3 showed the highest values for several measures of nutrient digestibility and provided a favorable combination of nutrient intake and digestibility.
5. CONCLUSION
The study showed that dietary treatments containing sodium bicarbonate- and Natuzyme-treated corncob flakes were associated with differences in nutrient intake and digestibility in West African Dwarf bucks. Concentrate dry matter intake was highest in T4 (493.40 g/head/day), while crude protein intake was highest in T3 (71.47 g/head/day). T3 recorded the highest dry matter (82.66%) and crude protein (77.96%) digestibility, as well as the highest ether extract (35.48%), neutral detergent fibre (72.45%), and acid detergent fibre (47.36%) digestibility. Crude fibre digestibility was highest in T4 (57.81%), while nitrogen-free extract digestibility was highest in T2 and T4 (75.10%). Hemicellulose and cellulose digestibility were not significantly affected. Overall, T3 provided the most favorable combination of nutrient intake and digestibility among the diets evaluated.
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