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Impact of Draught Power Utilization on the Nutritional and Sensory Quality of Borgou Cattle Meat in Benin  

ABSTRACT 

	Draught power can influence cattle meat quality. The current study aimed to evaluate the effect of draught power on nutritional and sensorial qualities of Borgou cattle used for agricultural works in Northern Benin. For this purpose, 21 clinically healthy Borgou oxen, of 5 years old, grazing under the same agroecological conditions were used, including 10 animals employed in draft work for two years and 11 animals not subjected to draft work. Nutritional parameters and sensorial attributes of the Longissimus thoracis muscle were measured. Student’s t-test was used to compare means. The results on the proximate composition of Borgou cattle meat shows that draft work had no statistically significant effect (p>0.05) on dry matter, ash, fat, or crude protein contents. Dry matter content was almost similar between draft animals (22.85 g/100 g) and the control group (22.77 g/100 g). Similarly, ash content remained comparable and varied between 0.89 g/100 g and 0.91 g/100g in both groups. Although non-significant, a slight tendency was observed for higher crude protein levels in meat from draft animals (20.32 g/100 g) compared to controls (20.09 g/100 g), whereas fat content appeared higher in control animals (1.79 g/100 g) than in draft animals (1.56 g/100 g). The sensory evaluation indicates that meat from draught animals had recorded the higher scores for flavor (4.59 ± 0.03 vs. 4.15 ± 0.07; p < 0.001), texture (4.71 ± 0.02 vs. 4.20 ± 0.07; p < 0.001), juiciness (4.59 ± 0.03 vs. 3.95 ± 0.09; p < 0.001), and taste (4.71 ± 0.02 vs. 4.30 ± 0.06; p < 0.001). Similarly, the overall acceptability was significantly higher in meat from draught animals (4.69 ± 0.02) compared to the control group (4.17 ± 0.03; p < 0.001). In contrast, no significant difference was observed for color (4.57 ± 0.03 vs. 4.43 ± 0.06; NS. Overall, these results suggest that exposure to draft work did not markedly alter the proximate composition of Borgou beef but improve its sensory attributes.
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1. INTRODUCTION

The cattle population of Benin is composed of Lagunaire, Somba, and Borgou breeds, as well as zebu types, including Fulani Zebu, White Fulani, and Red M’Bororo (Adjassin et al., 2019; Salifou et al., 2012). Among these, the Borgou breed plays a pivotal role in smallholder farming systems, particularly in northern Benin, where livestock are essential to crop-livestock integration. Animal traction and agricultural work, widely adopted since the 1970s to promote cash crop cultivation and strengthen agricultural mechanization (Roupsard, 1984; Pingali et al., 1987; Roesch, 2004), remains a cornerstone of rural livelihoods. Its use varies across agroecological zones and farming systems in sub-Saharan Africa, serving multiple purposes such as ploughing, transportation, and enhancing crop–livestock synergies, with significant economic implications for household income and labor productivity (Knight et al., 2022; Vall et al., 2003; Mota-Rojas et al., 2021).
Calves selected for draught purposes are often chosen based on body size, conformation, and temperament, and may be castrated to reduce aggressiveness, limit androgen production, and improve meat acceptability for consumers. However, the physiological demands of draught work can influence not only growth performance and carcass yield but also the nutritional composition and sensorial attributes of meat. Several authors have reported that non-genetic factors such as physical activity, management practices, and stress significantly affect meat quality (Clinquart et al., 2020; Orellana et al., 2009; Renand et al., 2002; Salifou et al., 2013; Sanchez, 2011; Tougan et al., 2019; Tougan et al., 2016; Tougan et al., 2013a,b; Heaton & Zobell, 2006; Knight et al., 1999). Contradictory findings exist on the impact of exercise and work-related stress on meat tenderness, flavor, juiciness, and nutrient composition (Murray et al., 1974; Dunne et al., 2004; Gerlach & Unruh, 2014; Snyder et al., 2007; Zhang et al., 2022). Wilson (2003) further highlighted that excessive workloads may compromise both the quality and acceptability of animal-derived products.
Despite the reliance of northern Benin’s farming systems on Borgou cattle and other local breeds for draught power, there is limited scientific evidence regarding how this practice affects the nutritional and sensorial properties of their meat. Understanding these effects is crucial, given the dual-purpose role of Borgou cattle in providing both agricultural power and food resources.
The present study aimed therefore to assess the effect of draught power on the nutritional composition and sensorial quality of Borgou cattle meat. Specifically, it aims to:
· Evaluate the influence of draught work on the proximate composition of Borgou cattle meat;
· Assess the impact of draught work on the sensory attributes (tenderness, juiciness, flavor, and overall acceptability) of Borgou cattle meat.

2. material and methods 

2.1 STUDY AREA 
The study was conducted jointly with smallholder farmers using animal traction, at the N’Dali slaughterhouses, and at the Territorial Agency for Agricultural Development of Benin (ATDA) N’Dali in the Commune of N’Dali (Figure 1), as well as at the Central Laboratory for Food Safety of the Benin Food Safety Agency (ABSSA) in Cotonou. Carcass characteristics were assessed at the N’Dali slaughterhouse. Sensory and technological analyses were performed at the Quality and Food Safety Unit of LARAEQ, University of Parakou (Borgou Department). 
The Borgou Department is located in northeastern Benin, between 8°52' and 10°25' N latitude and 2°36' and 3°41' E longitude, covering an area of 25,856 km². The climate is Sudanese type, characterized by a dry season (November to May) and a rainy season (June to October) with annual rainfall ranging from 900 to 1200 mm (Adam & Boko, 1993). 
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Figure 1: Map of the Study area

2.2 METHODOLOGY
2.2.1 Animal Identification and Meat Sampling
The identification and selection of Borgou cattle subjected to animal draft work and control animals not suggested to draft work were carried out with the assistance the Center for the Promotion of Animal Draft work for Agriculture in Boko (CPCA/Boko) in N’Dali, Northern Benin. Selection criteria included age, breed, use of the animals for draft work for at least two years, physiological condition, and the owner’s willingness to sell the animal for slaughter.
A total of 21 healthy Borgou oxen, aged 5 years (determined by dental examination) and raised on natural pasture under similar general management conditions, were identified and selected. Among these, 10 animals had been used for animal draft work for two years, and 11 animals had not been subjected to any draught power work. They were then referenced to butchers for slaughter.
Animal Slaughter and Longissimus dorsi muscle sampling
After identification, the animals were slaughtered following the FAO & WHO (2010) bovine slaughter protocol currently recommended in Benin. The animals were skinned, eviscerated, and split into two half-carcasses. All offal and the two half-carcasses were subjected to post-mortem inspection.  A total of 21 samples of the Longissimus dorsi muscle were collected from the 21 Borgou cattle, including 10 subjected to draught power and 11 control animals not subjected to animal traction, for evaluation of nutritional and sensory quality of the meat. 
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Figure 2. Draught animals 	Figure 3: Non draught animal	   Figure 4. Meat samples
2.2.2 Data Collection
2.2.2.1 Proximate composition analysis 

Proximate analyses were conducted according to the recommendations of the Association of Official Analytical Chemists (AOAC, 2000) and as described by Tougan et al. (2025). All measurements were performed in duplicate to ensure accuracy and reproducibility.
Dry matter content was determined by oven-drying the samples at 105 °C until a constant weight was obtained. The percentage of dry matter was calculated as the ratio of the final dry weight to the initial weight of the sample.
[image: ]
Ash content was measured by incinerating 5 g of sample in a muffle furnace at 550 °C until light grey ash was obtained, corresponding to complete oxidation of organic matter. The percentage ash content was expressed relative to the initial sample weight.
[image: ]
Crude protein content was assessed using the Kjeldahl method. Briefly, the samples were digested with concentrated sulfuric acid (H₂SO₄) in the presence of a catalyst to convert organic nitrogen into ammonium sulfate. The digest was then neutralized with sodium hydroxide (NaOH) and distilled, releasing ammonia, which was captured in a boric acid solution and titrated with standardized hydrochloric acid. Nitrogen content was converted to protein using the conventional factor of 6.25.
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Crude fat content was determined according to the NF V 04-402 standard (January 1968; ISO 1443:1973), involving acid hydrolysis with hydrochloric acid (HCl) followed by filtration and solvent extraction of lipids. The solvent was evaporated, and the remaining fat residue was weighed to express crude fat content as a percentage of the original sample weight (Tougan et al., 2025; Muchekeza et al., 2021).
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2.2.2.2 Evaluation of Meat Sensory Quality
Sensory analysis was performed on each meat batch using a trained panel of 10 members, consisting of 5 men and 5 women aged 20 to 35 years. For each batch, samples were processed separately under identical conditions. After cooling to room temperature, cooked meat samples were cut into uniform small cubes. Each panelist received, on a plate of a different color, a portion of each corresponding cube from the same batch and completed a summary form to record their tasting results.
Panelists evaluated five key sensory attributes of the meat (Tougan et al., 2021): tenderness, juiciness, taste, flavor intensity, and overall acceptability as given in table 1. These attributes were rated on a 1-to-5 scale. 

Table 1. Sensory Quality Evaluation Criteria and grid

	Treatment
	Tenderness (1 = Very tough, 5 = Very tender)
	Juiciness (1 = Very dry, 5 = Very juicy)
	Color (1 = Very undesirable, 5 = Excellent)
	Flavor (1 = Very weak, 5 = Very strong)
	Overall Acceptability(1 = Very poor, 5 = Excellent)

	Draft cattle meat
	
	
	
	
	

	Non Draft cattle meat (control)
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	




2.3 Statistical Analysis
 
Statistical analysis was conducted using Statistical Analysis System software (SAS, 2006). Means were calculated using the PROC MEANS procedure. The procedure Proc glm of SAS was used for variance analysis. The variation source used was the draught power. The student T test was used to compere the means.


3. results and discussion

[bookmark: _Hlk206504098][bookmark: _Hlk206505278]3.1 Effect of draught power on nutritional quality of meat of Borgou cattle
Table 2 shows the effect of draft animal work on the proximate chemical composition of the meat from cattle subjected to draft work. It appears that the contents of dry matter, ash, fat, and crude protein in the meat of cattle subjected or not to draft work are similar (P > 0.05). However, it is important to note that the dry matter and crude protein contents of meat from cattle subjected to draft work are slightly higher than those of meat from control cattle not subjected to draft work. In contrast, the fat and ash contents of meat from control cattle not subjected to draft work tend to be higher than the values recorded in meat from cattle subjected to draft work (P > 0.05). Overall, draft work did not significantly affect the nutritional composition of the meat.
Overall, the present study shows that draught power didn’t affect significantly the nutritional attributes of cattle meat under analysis. Orellana et al. (2009) reported a slight effect (p<0.05) of physical activity and breed on the fat content of the Longissimus thoracis muscle in cattle. Several genetic and non-genetic factors can influence the chemical composition of meat. Meat from Braford steers had a higher intramuscular fat content than meat from Criollo Argentino steers (Orellana et al., 2009). The macronutrient concentrations recorded in the present study corroborate the findings of Fernandes et al. (2009) and Zhang et al. (2010). According to Salifou et al. (2013), the percentage of dry matter and crude protein does not vary significantly among the Borgou, Lagunaire, and Zebu Peulh breeds. The slight differences but not ststistically significant found in the proximate composition of the meat herein is also reported in the scientific literature (Salifou et al., 2013; Ouali et al., 2006; Hocquette et al., 2005). Wilson (2003) further highlighted that excessive workloads may compromise both the quality and acceptability of animal-derived products.
These differences found herein, albeit small, suggest that physical activity associated with draft work can subtly influence the chemical composition of meat. Orellana et al. (2009) reported that physical activity and breed can significantly affect fat content in the Longissimus thoracis muscle of cattle, with Braford steers showing higher intramuscular fat than Criollo Argentino. Similarly, Prado et al. (2014) demonstrated that factors such as age at castration, dietary protein content, and amino acid balance can influence carcass composition and meat quality. These findings align with our results, highlighting that both genetic and non-genetic factors, including breed, age, and management practices, contribute to meat composition. Recent studies further confirm the role of physical activity and pre-slaughter handling on meat quality. Ye’i et al. (2023) showed that Hararghe highland bulls that underwent draught work exhibited modifications in carcass and meat characteristics, likely due to enhanced muscle metabolism induced by physical exertion. Zhang et al. (2022) also demonstrated in sheep that physical exercise improves muscle metabolism, which can influence protein content, water-holding capacity, and overall meat quality. Additionally, stress prior to slaughter has been shown to affect meat quality parameters such as pH, tenderness, and juiciness (Addis et al., 2019; Birhanu et al., 2019; Arik & Karaka, 2017; Ahmedin, 2021). Breed-specific differences also play a crucial role. Aye et al. (2019) reported that carcass and meat characteristics vary significantly among Arsi, Boran, and Harar cattle in Ethiopia, reinforcing the impact of genetic background on meat composition. Similarly, Hailesilassie et al. (2018) highlighted that local management practices and breed differences can influence water-holding capacity and pH, which are closely related to meat quality. Our findings, showing slightly higher protein content in draft-worked cattle, are consistent with these observations and suggest that mild physical activity may enhance certain quality traits without negatively affecting overall composition.
Overall, these results indicate that while the basic chemical composition of beef is relatively stable across management systems, physical activity, breed, and pre-slaughter stress can modulate specific parameters such as protein content, fat deposition, and water-holding capacity. These factors should be considered when evaluating meat quality, particularly in systems where cattle are used for draft purposes or exposed to variable pre-slaughter conditions.
In their study on the proximate composition of Belgian Blue, Limousin, and Aberdeen Angus bulls, Cuvelier et al. (2006) found the respective values of 0.52g/100g, 1.11g/100g, and 1.50 g/100 g for fat contents in Longissimus dorsi muscle. The values obtained in the present study are within those values of European cattle breeds.
This study of Dagnes et al. (2021) on the proximate composition and profile of fatty acid of beef from Arsi, Borana and Harar Cattle breeds in Ethiopia revealed that contents of dry matter, ash, crude fat and crude protein expressed in g/100g of dry matter were ranging respectively from 22.43 to 24.26, 0.32 to 1.28, 4.32 to 7.88, and from 17.21 to 22.76. These values reported in g/100g of raw meat are close to the findings of the current study. The crude protein content recorded in the present study in both draught cattle and the control group was slightly lower than the values reported by Barcellos et al. (2017) and Warren et al. (2008), who found 22.64% and 22.06% for Brazilian cattle and Nellore steers, respectively.
Table 2. Effect of draught power on nutritional quality of meat of  Borgou cattle
	Variables
	Draught power animal Group
	Control Group
	Effect of Draught power (P- value)
	Methods

	
	Mean
	Standard Error
	Mean
	Standard Error
	
	

	[bookmark: _Hlk147998308]Dry matter content (g/100g)
	22.85
	0.02
	22.77
	0.04
	NS
	AOAC (2000)

	Ash content (g/100g)
	0.91
	0.01
	0.89
	0.01
	NS
	

	Fat content (g/100g)
	1.56
	0.13
	1.79
	0.2
	NS
	

	Crude Protein (g/100g)
	20.32
	0.14
	20.09
	0.23
	NS
	


NS: P>0.05
3.2 Effect of draught power on sensory quality of meat of  Borgou cattle 
The table 3 presents the effect of draught power on sensory quality of meat of Borgou cattle. The findings indicate that draught power significantly influences several sensory attributes of cattle meat. Meat from draught animals had recorded the higher scores for flavor (4.59 ± 0.03 vs. 4.15 ± 0.07; p < 0.001), texture (4.71 ± 0.02 vs. 4.20 ± 0.07; p < 0.001), juiciness (4.59 ± 0.03 vs. 3.95 ± 0.09; p < 0.001), and taste (4.71 ± 0.02 vs. 4.30 ± 0.06; p < 0.001). Similarly, the overall acceptability was significantly higher in meat from draught animals (4.69 ± 0.02) compared to the control group (4.17 ± 0.03; p < 0.001). In contrast, no significant difference was observed for color (4.57 ± 0.03 vs. 4.43 ± 0.06; NS), suggesting that physical activity related to draught work does not notably affect the visual perception of meat. Overall, these results suggest that the use of cattle for draught power does not compromise meat sensory quality but significantly improves the key attributes such as juiciness, texture, and taste, thereby enhancing consumer acceptability. 
These findings imply that exposure to draft work may enhance certain aspects of meat quality, particularly those related to tenderness, juiciness, and consumer preference. Several studies support these observations. Ye’i et al. (2023) reported that physical activity associated with draught work in Hararghe highland bulls improved carcass and meat characteristics, likely through enhanced muscle metabolism and altered fiber composition. Zhang et al. (2022) also demonstrated that exercise can positively influence muscle metabolism, which may increase tenderness and water-holding capacity, thus improving juiciness and texture. Breed and management factors further modulate these effects. Aye et al. (2019) and Ahmedin (2021) highlighted that meat quality traits, including tenderness and overall acceptability, are affected by breed, age, and handling practices. Similarly, Addis et al. (2019) and Birhanu et al. (2019) emphasized that pre-slaughter stress influences meat sensory attributes, with lower stress levels generally associated with better texture and consumer acceptability. 
Interestingly, flavor/aroma and visual appeal were unaffected by draught work in the current study, which aligns with the findings of Orellana et al. (2009) and Prado et al. (2014), showing that while exercise can alter muscle composition and juiciness, it may have minimal impact on inherent flavor compounds or meat color. These results suggest that moderate physical activity, such as draft work, can improve specific sensory traits without negatively affecting appearance or aroma, potentially enhancing the market value and consumer acceptance of beef from draught cattle.

Table 3. Effect of draught power on sensory quality of meat of  Borgou cattle
	Variables
	Draught power animal Group
	Control Group
	Effect of Draught power (P- value)
	Methods

	
	Mean
	Standard Error
	Mean
	Standard Error
	
	

	Flavor
	4.59
	0.03
	4.15
	0.07
	***
	Tougan et al. (2025)

	Texture
	4.71
	0.02
	4.2
	0.07
	***
	

	Color
	4.57
	0.03
	4.43
	0.06
	NS
	

	Juiciness
	4.59
	0.03
	3.95
	0.09
	***
	

	Taste
	4.71
	0.02
	4.3
	0.06
	***
	

	Overall acceptance
	4.69
	0.02
	4.17
	0.03
	***
	


NS: P>0.05; ***: P<0.001

4. Conclusion

The present study demonstrated that draught power had no significant influence on the proximate composition of Borgou cattle meat, as dry matter, ash, fat, and crude protein contents remained comparable between draft and non-draft animals. However, sensory evaluation revealed that meat from draft oxen was perceived as more tender, juicy, and flavorful, leading to higher overall acceptability. These findings suggest that while draught work does not compromise the nutritional value of Borgou beef, it may enhance its sensory qualities, which could represent an added value for producers and consumers in Northern Benin.
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