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Impact of local aromatic plant marinades and cooking regimes on color (CIE L*, a*, b*) kinetics and quality of Borgou beef in Benin 
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ABSTRACT

	Meat production in Benin is primarily supplied by the national cattle herd, which comprises a genetic diversity predominated by Borgou breed. The aim of the study was to evaluate the effects of marination and cooking duration and temperature on the technological properties and sensory profile of Borgou beef. To this end, 10 composites samples of Longissimus thoracis muscles of Borgou cattle were sampled and used for the analyses according the the recommended AOAC and ISO standards. The study showed that the values of the ration L1*/L0* and a/a₀ differ significantly between meat cooked at 99°C and 66°C. The various stages of heating are visually reflected by the change in color from red to white-gray, then brown, and finally black. At 66°C and 99°C, samples whiten and do not change color until the end of cooking, except for some brown traces. Meat blanching accelerates with increasing temperature, while the a*₁/a*₀ ratio of red decreases with temperature. Marination affects the technological properties of both raw and cooked meat. The luminance of marinated meat is significantly higher than that of control (non-marinated) samples (p<0.01). Conversely, the red index of marinated meat is significantly lower than that of control samples (p<0.05). Regarding the yellow index, the highest value was recorded in meat marinated with Curcuma longa (p<0.05). The most intense hue was observed in the control lot. Only the chroma of the meat was unaffected by marination. The pH of marinated meats is significantly more acidic than that of the control lot. Turmeric marination significantly reduces cooking loss, whereas bay leaves promote higher water release during cooking (p<0.001).
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1. INTRODUCTION 

In Benin, the average annual consumption of animal protein is estimated at approximately 9 kg per capita, with beef representing the main source of meat consumed. Cattle account for about 58% of total meat consumption, followed by poultry (21%), small ruminants (13%), and pork (7%) (CountryStat, 2012). National meat production was estimated at 61,646 tons in 2011, with beef contributing 56.75%, poultry 18.94%, sheep and goats 7.46%, pork 7.46%, and rabbits and cane rats 4.05% (CountryStat, 2022). This production is strongly supported by the national cattle herd, mainly composed of indigenous and crossbred breeds such as Lagunaire, Somba, Borgou, and zebus (Zebu Peulh, White Fulani, and M’Bororo Red). In 2011, this herd was estimated at 2,058,000 head, with Borgou cattle representing more than half (51%), followed by zebus (26%), Lagunaire (5%), and Somba (3%) (Gounou N’Gobi et al., 2025). Several studies have been dedicated to improving the productivity and reproductive performance of these breeds (Youssao et al., 2007; Youssao et al., 2009; Koutinhouin et al., 2009; Koutinhouin et al., 2010; Gounou N’Gobi et al., 2025). However, despite the economic and nutritional importance of these cattle, limited information exists on the technological and sensory properties of their meat and on how these qualities are influenced by processing methods. Generally, meat quality is a multidimensional concept that integrates sensory, nutritional, technological, and hygienic attributes (Lawrie, 1985; Clinquart et al., 2022; Cartier & Moevi, 2007). From the consumer’s perspective, sensory attributes are particularly critical, as they determine eating satisfaction through color, flavor, juiciness, and tenderness (Lawrie, 1985; Clinquart et al., 2000; Cartier & Moevi, 2007). Among these, color is often the first attribute assessed and strongly influences consumer purchase decisions (Ledward, 1984; Cross et al., 1986; Garcia-Segovia, 2007). Technological quality, on the other hand, refers to the meat’s ability to be processed and stored while maintaining its desirable characteristics. It is largely determined by pH, water-holding capacity, and structural protein stability, which directly influence processing yield and shelf life (Martens et al., 1982; Ouali et al., 2006). Theses quality attributes of beef are directly influenced by processing techniques such as marination and cooking. Marination plays a crucial role in improving tenderness, juiciness, and flavor while also conferring antioxidant and antimicrobial effects that enhance meat safety and shelf life (Aziz & Karboune, 2018; Yusop et al., 2011). 
Several studies have shown that incorporating plant-derived extracts, essential oils, and organic acids in marinades can significantly improve beef quality by modulating protein structure, reducing lipid oxidation, and limiting microbial growth (Al-Hijazeen et al., 2018; Mielnik et al., 2008; Siroli et al., 2020). Moreover, bioactive compounds from herbs such as rosemary, oregano, and garlic not only improve flavor but also act as natural antioxidants, protecting meat lipids and pigments against oxidative deterioration (Nieto et al., 2018; Shaltout et al., 2017; Sengun et al., 2020; Vergara et al., 2021). Cooking conditions also exert profound effects on meat quality (Akinmoladun et al., 2020). Thermal treatments alter the physicochemical properties of muscle proteins, with direct consequences on texture, color, and water-holding capacity (Christensen et al., 2011; Gómez et al., 2019). In this context, investigating the technological and sensory qualities of beef from local breeds such as Borgou cattle is essential, particularly under different technological treatments including local aromatic plant-based marinades, to ensure both consumer acceptability and better valorization of local meat production.
The aim of this study was to evaluate the effects of marination and cooking duration and temperature on the technological properties and sensory profile of Borgou cattle meat raised on natural pastures. Specifically, the study aimed to:
· Determine the variability of luminance (L*) and redness index (a*) of Borgou cattle meat according to the cooking duration and temperature;
· Assess the influence of local aromatic plant-based marination on the technological properties and sensory profile of Borgou cattle meat.

2. material and methods 

2.1 Study area  
This study was conducted from April 2020 to December 2023, at the central slaughterhouse of Parakou and at the Quality Control Unit of the laboratory of Nutrition and Food Sciences of the University of Parakou, located in the Department Borgou in Benin (Figure 1). The slaughtered animals originated from this Department. It is bordered to the north by the Department Alibori, to the south by the the Departments Collines and Donga, to the east by the Federal Republic of Nigeria, and to the west by the Department Atacora. The department Borgou covers a total area of 25,856 km², of which 13,962 km² are arable lands, representing 54% of its surface area. The climate is Sudanian, characterized by alternating a rainy season (May–October) and a dry season (November-April), during which the Harmattan may blow from December to February. The mean annual rainfall is 1,200 mm, and the average annual temperature ranges between 26 and 27°C (Adam & Boko 1993).
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Fig.1. Study area

[bookmark: _Hlk209892661]2.2 Selection and Slaughter of Animals  
The animals selected for this study were Borgou cattle aged 5 years, with age determined based on dental tables, and raised on natural pastures. Once identified, the animals were slaughtered according to the procedure of bovine slaughter diagram recommended by FAO & WHO (2006) and described by Gounou N’Gobi et al. (2025). The head, feet, hide, thoracic and abdominal viscera, as well as both half-carcasses, were subjected to post-mortem inspection. A total of 10 composite samples of Longissimus thoracis muscles from five male Borgou cattle were collected 4 hours post-mortem for the study.
2.3 Experimental Design, Preparation of Meat Samples, and Marinades  
The composite samples of Longissimus thoracis muscles collected from the slaughterhouse were divided into two subsamples. The first subsample was used to evaluate the effect of cooking duration and temperature on meat lightness (L*) and redness (a*). It was divided into three groups. The first group, serving as the control, consisted of fresh meat not subjected to any heating process. The second group was subdivided into four portions, which were vacuum-packed in plastic and cooked in a bain-marie at 66 °C for 45, 60, 75, and 90 minutes, respectively. The third group was also subdivided into four portions, vacuum-packed in plastic, and cooked in a bain-marie at 99 °C for 45, 60, 75, and 90 minutes, respectively.
The second subsample was used to assess the effect of marination with turmeric rhizomes and bay leaves on the technological and sensory quality of meat. It was divided into four groups. The first consisted of fresh meat not marinated and served as the control. The second was marinated with turmeric rhizomes (Curcuma longa), while the third was marinated with bay leaves (Laurus nobilis L.). The fourth was marinated with a mixture of turmeric rhizomes (Curcuma longa) and bay leaves (Laurus nobilis L.).
The characteristics of the marinades are presented in Table 1. Three marinades were prepared: MCL marinade, MLa marinade, and a mixed MCL-La marinade. All marinades contained 5% salt and 0.5 L of drinking water. The difference lay in the plant ingredients used. The MCL marinade included turmeric rhizomes at 50 g/L but no bay leaves. The MLa marinade contained bay leaves at 50 g/L but no turmeric rhizomes. The mixed MCL-La marinade combined both plants in equal proportions, with 25 g/L turmeric rhizomes and 25 g/L bay leaves.

Table 1. Composition of the three marinades

	Characteristic elements
	MCL Marinade
	MLa Marinade
	Mixed MCL-La Marinade

	Salt
	5%
	5%
	5%

	Turmeric rhizomes (Curcuma longa)
	50 g/L
	0 g/L
	25 g/L

	Bay leaves
	0 g/L
	50 g/L
	25 g/L

	Drinking water
	0.5 L
	0.5 L
	0.5 L



2.4 Evaluation of Technological Quality  
Technological measurements carried out on the meat from each group included pH, color, cooking loss. Technically, pH was measured 24 hours post-mortem using a portable HANNA pH meter equipped with a probe specialized for Longissimus thoracis muscle (Tougan et al., 2021). Five repetitions were performed for each measurement. Prior to use, the pH meter was calibrated with two standard solutions (pH 4 and pH 7) following the manufacturer’s instructions (HANNA Instruments R, Italy).
Color was determined according to the International Commission on Illumination (CIE Lab*) standards. L* corresponds to lightness, a* to the red index, and b* to the yellow index according to the method described by Tougan et al. (2025) and Gounou N’Gobi et al. (2025). Saturation (chromaticity, C*) and hue (H*) were calculated using the following formulas :



 (a*2 + b*2)1/2

As for the cooking loss, the meat samples were vacuum-packed and cooked at 66°C and 99 °C in a thermostat-controlled bain-marie for 60 minutes. After cooking, the samples were cooled under running water to reach ambient temperature, then blotted and weighed. Cooking loss was expressed as a percentage of the initial weight before cooking (Tougan et al., 2016; Gounou N’Gobi et al., 2025) by using the following formula:


For each measurement, five repetitions were conducted on the meat of each group. Lightness (L*) and redness index (a*) were measured on the same samples before and after cooking.
[bookmark: _Hlk209893279]2.5 Evaluation of organoleptic Quality  
Sensory analysis was performed on each marinated and non-marinated meat by batch using a trained panel of 10 members, consisting of 5 men and 5 women aged 20 to 35 years. For each batch, the meat samples were vacuum-packed and cooked at 99 °C in a thermostat-controlled bain-marie for 60 minutes. These 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 2. These attributes were rated on a 1-to-5 scale.

Table 2. Evaluation of organoleptic Quality  

	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)

	Sample by treatment
	
	
	
	
	




2.6 Statistical Analysis  
The collected data were analyzed using the Statistical Analysis System software (SAS 9.2, Copyright 2006). Analysis of variance was performed using the General Linear Model procedure (Proc GLM). The type of marinade, the cooking temperature and the cooking duration were used as the sources of variation. The significance of each effect was determined using F test and Student t-test.

3. results and discussion

3.1 Impact of cooking time on the lightness (L*) and redness index (a*) of meat  
The table 3 presents the variation in lightness (L*) and redness index (a*) of beef as a function of cooking time at 99°C and 66°C. The values of L1*/L0 and a/a0 differed significantly between meat cooked at 99°C and 66°C. The b parameter was irregular and showed little variation compared to L* and a*, and was therefore not considered in this study. The different stages of heating were visually expressed by a transition from red to grayish-white, then to brown, and finally to black. At both 66°C and 99°C, the samples turned white and retained this color until the end of the treatment, with only a few brown traces observed. The figure 2 shows the evolution of meat color (lightness L* and redness index a*) during cooking. It appears that meat whitening accelerated with increasing temperature, while the a1/a0 ratio of redness decreased as temperature increased.

Overall, the results of this study demonstrate that cooking temperature and marination with local aromatic plants significantly influence the physicochemical properties and sensory quality of Borgou cattle meat. The observed decrease in the a*/a₀ ratio with increasing temperature can be attributed to protein denaturation and pigment oxidation, which promote the transformation of oxymyoglobin to metmyoglobin and subsequently to hemichrome, a process widely documented in the literature (Christensen et al., 2011; Gómez et al., 2019). Higher temperatures accelerated blanching, confirming that the kinetics of meat discoloration are directly linked to thermal denaturation, as reported for beef and chicken (Kruk et al., 2014; Shahrai et al., 2021).
Color is the primary quality attribute perceived by consumers, strongly influencing purchasing decisions. In this study, both lightness (L*) and redness (a*) varied significantly with cooking duration, with meat becoming lighter and less red over time. Similar trends have been observed in beef and other red meats, where denaturation of myoglobin, hemoglobin, and cytochromes leads to color modifications (Clinquart et al., 2022; Tougan et al., 2025). Increasing cooking temperatures promote structural changes in myoglobin, including oxidation of ferrous ions (Fe²⁺) to ferric state (Fe³⁺), leading to metmyoglobin formation and the characteristic brown color (Cartier & Moevi, 2007). Garcia-Segovia (2007) and Moya et al. (2007) described the sequential color transition of beef during cooking as red, grayish-white, brown and black, which aligns with our findings. Lightness (L*) increased with cooking time, reflecting protein denaturation and water loss from muscle fibers (Lawrie, 1985). Similar observations were reported in Sudanese beef and pork, where longer cooking times produced lighter meat surfaces ((Lawrie 1985; Garcia-Segovia 2007).). Concurrently, a* values decreased due to pigment denaturation, corroborating previous reports on red meat color dynamics (Martens et al., 1982; Ouali et al., 2006).
Juiciness and tenderness were also influenced by cooking conditions. Prolonged cooking reduces water-holding capacity (WHC), resulting in higher cooking losses and diminished sensory quality (Savell et al., 1989; Warner, 2014). Our results confirmed that heat intensity directly affects meat water content, which in turn impacts technological and sensory attributes. Marination with local aromatic plants likely mitigated these losses by interacting with muscle proteins and enhancing water retention, consistent with previous studies showing that bioactive plant compounds can improve tenderness and juiciness through proteolytic activity and pH modulation (Ismail et al., 2018; Yusop et al., 2011; Gómez et al., 2019). In the study conducted by Roldán (2013), lamb loins were subjected to sous-vide cooking at different combinations of temperature (60, 70, and 80 °C) and time (6, 12, and 24 h). Their results indicated that increasing cooking temperature led to greater weight losses and lower moisture content, whereas cooking time exerted a comparatively limited effect on these variables. Samples cooked at 60 °C exhibited the highest lightness (L*) and redness (a*), while both temperature and time increases were associated with higher yellowness (b*) values. Texture profile analysis revealed a strong interaction between temperature and cooking duration, with samples cooked for 24 h showing significantly lower values for most textural parameters, regardless of temperature. The physicochemical and sensory changes observed herein in Borgou beef during cooking are consistent with literature on muscle foods, where heating alters protein solubility, water binding, and pigment stability (Cartier & Moevi, 2007; Clinquart et al., 2000). The results obtained in our study confirm that cooking conditions also exert profound effects on meat quality (Akinmoladun et al., 2020).
Table 3. Impact of cooking time on the luminance (L*) and redness index (a*) of beef
	[bookmark: _Toc56516559]Variables
	Cooking time

	
	0 minutes
	45 minutes
	60 minutes
	75 minutes
	90 minutes

	Cooking at 99°C
	
	
	

	[bookmark: _Toc56516562]L0*
	[bookmark: _Toc56516563]36.45
	36.45
	36.45
	36.45
	36.45

	[bookmark: _Toc56516564]L1*
	[bookmark: _Toc56516565]36.45
	[bookmark: _Toc56516566]65.6
	[bookmark: _Toc56516567]60.14
	[bookmark: _Toc56516568]60.14
	[bookmark: _Toc56516569]59.05

	[bookmark: _Toc56516570]L1*/L0*
	[bookmark: _Toc56516571]1
	[bookmark: _Toc56516572]1.8
	[bookmark: _Toc56516573]1.65
	[bookmark: _Toc56516574]1.65
	[bookmark: _Toc56516575]1.62

	[bookmark: _Toc56516576]a0*
	[bookmark: _Toc56516577]23.1
	[bookmark: _Toc56516578]23.1
	[bookmark: _Toc56516579]23.1
	[bookmark: _Toc56516580]23.1
	[bookmark: _Toc56516581]23.1

	[bookmark: _Toc56516582]a1*
	[bookmark: _Toc56516583]23.1
	[bookmark: _Toc56516584]8.32
	[bookmark: _Toc56516585]9
	9.01
	9.24

	[bookmark: _Toc56516586]a1*/a0*
	[bookmark: _Toc56516587]1
	[bookmark: _Toc56516588]0.36
	[bookmark: _Toc56516589]0.39
	[bookmark: _Toc56516590]0.2
	[bookmark: _Toc56516591]0.18

	Cooking at 66°C
	
	
	

	[bookmark: _Toc56516592]L0*
	[bookmark: _Toc56516593]36.45
	36.45
	36.45
	36.45
	36.45

	[bookmark: _Toc56516594]L1*
	[bookmark: _Toc56516595]36.45
	[bookmark: _Toc56516596]57.6
	[bookmark: _Toc56516597]58.32
	[bookmark: _Toc56516598]57.95
	[bookmark: _Toc56516599]57.95

	[bookmark: _Toc56516600]L1*/L0*
	[bookmark: _Toc56516601]1
	[bookmark: _Toc56516602]1.58
	[bookmark: _Toc56516603]1.6
	[bookmark: _Toc56516604]1.59
	[bookmark: _Toc56516605]1.59

	[bookmark: _Toc56516606]a0*
	[bookmark: _Toc56516607]23.1
	[bookmark: _Toc56516608]23.1
	[bookmark: _Toc56516609]23.1
	[bookmark: _Toc56516610]23.1
	[bookmark: _Toc56516611]23.1

	[bookmark: _Toc56516612]a1*
	[bookmark: _Toc56516613]23.1
	[bookmark: _Toc56516614]8.78
	[bookmark: _Toc56516615]4.62
	4.62
	9.24

	[bookmark: _Toc56516616]a1*/a0*
	[bookmark: _Toc56516617]1
	[bookmark: _Toc56516618]0.38
	[bookmark: _Toc56516619]0.2
	[bookmark: _Toc56516620]0.2
	[bookmark: _Toc56516621]0.18




Fig. 2. Kinetics of beef color (Luminance L* and redness index a*) during cooking
[bookmark: _Hlk209893861]3.2 Effect of marination on the technological properties of meat  
The effect of marination on the technological properties of beef is summarized in Table 4. Marination significantly affected both raw and cooked meat characteristics. The lightness of marinated samples was significantly higher than that of control samples (p < 0.01). Conversely, the redness index of marinated meat was significantly lower than that of controls (p < 0.05). Regarding the yellowness index, the highest value was recorded in samples marinated with Curcuma longa (p < 0.05). The greatest hue value was observed in the control group. Only chroma was not significantly affected by marination. Meat pH was significantly lower (more acidic) in marinated samples than in controls. Marination with turmeric significantly reduced cooking losses, whereas bay leaf marination resulted in higher water release during cooking (p < 0.001).
Overall, marination with local aromatic plants, specifically turmeric (Curcuma longa) and bay leaves (Laurus nobilis), significantly influenced both the physicochemical characteristics and sensory properties of Borgou beef. The increase in lightness (L*) in marinated meat, combined with the significant decrease in redness, suggests an interaction of phenolic compounds with muscle pigments (Mielnik et al., 2008; Sengun et al., 2020). The use of Curcuma longa resulted in higher b* (yellowness) values due to the presence of curcuminoids, which confirms the findings of Jayawardana et al. (2011) and Prasad & Aggarwal (2011) regarding the coloring and antioxidant effects of this spice. These results are also consistent with studies by Nieto et al. (2018) and Vergara et al. (2021), which showed that polyphenol-rich plant extracts (such as rosemary) influence meat color and stabilize oxidation. Turmeric, rich in curcuminoids, was particularly responsible for the higher yellow index (b*), while bay leaves contributed to overall color stability. These findings are consistent with previous studies that have reported that marinades alter meat pigments and enhance color perception (Mielnik et al., 2008; Sultana et al., 2008; Marangoni et al., 2015; Gibis, 2017).
The decrease in pH of marinated meats compared to controls reflects the acidifying effect of certain polyphenols and organic acids (Ünal et al., 2020; Aziz & Karboune, 2018). This acidification induces changes in protein solubility and denaturation, affecting water-holding capacity and cooking losses (Bhat et al., 2018; Yusop et al., 2011). The reduction of the pH value found herein is also beneficial for microbial stability (Sengun et al., 2020), but may influence water-holding capacity as described in classical studies (Offer & Trinick, 1983). 
The significant reduction in cooking losses observed with turmeric marination may be attributed to the protective effect on muscle protein structures, as described in other meat matrices (Al-Hijazeen et al., 2018; Shaltout et al., 2017). This result is in line with observations that phytochemicals can stabilize protein–water interactions (Shaltout et al., 2017). Conversely, bay leaves increased water release, which may be attributed to enzymatic activity or phenolic compounds disrupting protein-water binding, corroborating earlier work on the influence of plant-based marinades on meat quality (Sallam et al., 2004; Ismail et al., 2018). This greater water release, can also be due to tannins interfering with protein-water interactions (Mielnik et al., 2008; Sengun et al., 2020).
In short, our findings demonstrate that the incorporation of local aromatic plants in beef marination enhances physicochemical stability while simultaneously conferring natural antioxidant and antimicrobial benefits. These outcomes reinforce the growing body of evidence supporting the use of plant-derived bioactive compounds in meat processing as a sustainable strategy to enhance product safety, shelf life, and consumer acceptability (Al-Hijazeen et al., 2018; Aziz & Karboune, 2018; Nieto et al., 2018; Shaltout et al., 2017; Siroli et al., 2020). These effects are particularly valuable in tropical environments like Benin, where high ambient temperatures accelerate oxidative deterioration and compromise meat quality (FAO, 2021; Vergara et al., 2021).
Table 4. Technological characteristics of beef according to treatment

	Variables
	Treatments
	Mean
	SE
	Marination Effect

	L* (%)
	Control
	34.48a
	0.57
	**

	
	MCL (turmeric)
	37.07b
	0.21
	

	
	MLa (bay leaf)
	36.47b
	0.67
	

	
	MCL-La (mixed)
	36.70b
	0.77
	

	a*
	Control
	23.41a
	0.62
	*

	
	MCL
	21.50a
	0.35
	

	
	MLa
	21.90a
	0.27
	

	
	MCL-La
	21.70ab
	0.20
	

	b*
	Control
	10.20a
	0.52
	*

	
	MCL
	12.65b
	0.49
	

	
	MLa
	10.11a
	0.36
	

	
	MCL-La
	10.65a
	0.40
	

	Hue
	Control
	2.15a
	0.07
	*

	
	MCL
	1.50b
	0.04
	

	
	MLa
	2.01c
	0.01
	

	
	MCL-La
	1.87c
	0.18
	

	Chroma
	Control
	25.50
	0.78
	NS

	
	MCL
	24.90
	0.88
	

	
	MLa
	24.10
	0.65
	

	
	MCL-La
	24.20
	0.76
	

	pH
	Control
	6.52a
	0.13
	*

	
	MCL
	5.76b
	0.08
	

	
	MLa
	5.70b
	0.15
	

	
	MCL-La
	5.67b
	0.13
	

	Cooking loss (%)
	Control
	49.11d
	1.31
	***

	
	MCL
	43.75c
	1.72
	

	
	MLa
	57.03a
	0.63
	

	
	MCL-La
	53.70b
	0.66
	


*NS: P > 0.05; *: P < 0.05; **: P < 0.01; **: P < 0.001. SE: Standard error. The means of the same column followed by different letters are significantly different (P<0.05).

3.3 Effect of marination on the sensory profile of Borgou beef  

The effect of marination on the sensory attributes of Borgou beef is shown in Table 5. Tenderness of meat marinated with bay leaf (MLa) and the mixed marinade (MCL-La) was superior to that of other treatments (p < 0.05). Similar significant improvements were observed for juiciness, flavor, taste, and overall acceptability in marinated samples compared to controls.

Overall, marinated beef scored significantly higher for tenderness, juiciness, flavor, and overall acceptability. These improvements can be linked to proteolytic enzyme activity, acid-induced muscle fiber weakening, and the contribution of volatile compounds from turmeric and bay leaves that enhanced aroma and taste. Similar positive effects of marination on sensory traits have been widely reported (Naveena et al., 2006; Obi et al., 2014; Yusop et al., 2011; Yeh et al., 2018). The visual transition from red to brown/black found herein reflects the development of aromatic compounds and Maillard reactions during cooking, as previously demonstrated in beef (Gibis, 2017). Marination, in addition to improving oxidative stability and water retention, plays an essential role in enhancing meat acceptability (Siroli et al., 2020; Yadav et al., 2010). It also provides functional benefits, with antioxidant and antimicrobial properties attributed to the bioactive compounds of plants (Aziz & Karboune, 2018; Dulf et al., 2020). Furthermore, studies have highlighted that post-mortem proteolysis and pH decline enhance tenderness and juiciness, supporting the present findings (Ouali et al., 2006; Hocquette et al., 2005; Christensen et al., 2011; Bhat et al., 2018). Raj et al. (2023) demonstrated that marination, which involves infusing meat with aromatic compounds such as spices and herbs, significantly enhances its flavour, texture, and shelf life. The authors highlighted that marinated meat provides additional health benefits, including antibacterial and anti-inflammatory effects, while aligning with consumer preferences for natural alternatives to chemical preservatives. Overall, marination improves sensory quality and represents a valuable technique in the meat industry for optimizing flavour, tenderness, and product stability.
The antioxidant activity of turmeric (curcumin) and bay leaves also appears to play a protective role against lipid oxidation, thereby preserving flavor and delaying rancidity. This aligns with research on the antioxidant properties of spices and essential oils (Srinivasan, 2005; Shah et al., 2014; Nieto et al., 2018; Al-Hijazeen et al., 2018). Such antioxidant effects are particularly valuable under tropical climatic conditions like those in Benin, where elevated ambient temperatures accelerate oxidative deterioration of meat products (FAO, 2021; Vergara et al., 2021). Nutritionally, the incorporation of spices and aromatic plants into meat processing is aligned with current strategies to improve the safety, health value, and consumer appeal of meat products (Bohrer, 2017; Juárez et al., 2021; Chen & Liu, 2020). In a context where FAO (2021) highlights the growing demand for meat while stressing sustainability and quality, the use of local resources such as turmeric and bay leaves offers a promising approach. These practices also converge with innovation strategies aimed at enriching meat with bioactive compounds, improving palatability, and extending shelf life (Yeh et al., 2018; Roudbari et al., 2020).

Table 5. Sensory characteristics of Borgou beef according to treatment

	Variables
	Type of Marinades
	Mean (1–5)
	CV (%)
	Marination Effect (p-value)

	Tenderness
	MCL-La
	3.9
	25.5a
	*

	
	MCL
	3.3
	44.2c
	

	
	MLa
	4.0
	28.87a
	

	
	Control
	3.0
	35.48b
	

	Juiciness
	MCL-La
	3.0
	31.43b
	**

	
	MCL
	2.9
	37.95c
	

	
	MLa
	4.0
	26.35a
	

	
	Control
	2.3
	29.35a
	

	Flavor
	MCL-La
	3.1
	32.08ab
	*

	
	MCL
	2.9
	34.29b
	

	
	MLa
	3.3
	32.10ab
	

	
	Control
	2.5
	28.28a
	

	Taste
	MCL-La
	2.9
	34.29ab
	*

	
	MCL
	3.0
	31.43a
	

	
	MLa
	3.2
	38.41c
	

	
	Control
	2.4
	35.14b
	

	Overall acceptability
	MCL-La
	3.5
	20.2ab
	*

	
	MCL
	3.4
	24.8b
	

	
	MLa
	3.6
	19.42a
	

	
	Control
	3.0
	31.43c
	


*: P < 0.05; **: P < 0.01; **: P < 0.001. CV : Variation coefficient. The means of the same column followed by different letters are significantly different (P<0.05).
4. Conclusion

The study demonstrates that both cooking temperature and marination with local aromatic plants play crucial roles in modulating Borgou beef’s color, texture, water retention, and overall sensory quality. L*/L₀ and a/a₀ values differ significantly between meat cooked at 99°C and 66°C. The luminance of the meat increases significantly with higher temperatures, while a₁/a₀ decreases. Turmeric reduces cooking losses, while bay leaves increase water release. The integration of these traditional aromatic plants not only improves physicochemical stability and sensory attributes but also provides natural antioxidant and antimicrobial benefits, offering a promising strategy for enhancing meat quality and shelf-life under tropical conditions.
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