


 INFLUENCE OF BREED AND AGROECOLOGICAL DIVERSITY IN NORTHERN CAMEROON ON PHYSICOCHEMICAL PROPERTIES AND ANTIOXIDANT ACTIVITY OF RAW COW MILK

Abstract 

While the mechanisms of antioxidant activity have been well identified and described for plant products, this is less true for dairy products. Their antioxidant potential has never been highlighted, making it particularly interesting to focus on them. It is in this dynamic that the present study was initiated with the aim of assessing the effect of agro-ecological diversity on the physicochemical and antioxidant parameters of raw milk in northern Cameroon. 81 samples of raw milk from four cattle breeds (Holstein, Montbeliarde, Goudali and Red Fulani) were collected from three production basins (Vina, Diamaré, Logone et Chari) to assess some physicochemical and antioxidant activity parameters. The physicochemical parameters vary significantly according to the sites: pH (6.2±0.08 to 6.6±0.01); TA (18.01±0.7 to 19.29±0.05°D); glucose concentration (43.93±0.52 to 52.59±0.21 g/l); lactose (45.85±1.08 to 47.68±0.05 g/l); reducing sugar (23.88±2.63 to 32.29±0.42 gEqGalactose/l); protein (3.80±0.7 to 4.85±0.29%); and amino acid (21.31±0.06 to 30.16±0.25 gEqAlanine/L). The antioxidant activity of milk, DPPH (56.79±0.93 to 74.25±0.17%), ABTS (54.16±2.27 to 69.71±4.93%), FRAP (53.14±1.59 to 65.57±0.54 Eq Trolox/l), vitamin C (12.81±0.11 to 17.35±0.42 mg Eq Ascorbic Acid/l) and vitamin A (6,39±0,21 à 9,4±0,7 µg/L) varies significantly (p <0.05) between basins production. Overall, agroecological diversity significantly influences (p <0.05) the measured parameters. 
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1. Introduction

Milk is a prized food with an average worldwide consumption of 20.2 Kg/inhabitant/year (OECD and FAO, 2017) and 6 Kg/inhabitant/year in Cameroon.  It is a complete food in terms of its physico-chemical composition. The protective power of food is the complex result of the synergistic action of all its components, which may have anti-inflammatory, anti-carcinogenic, antioxidant, hypoglycemic, probiotic properties, etc. (INRA, 2017). While the mechanisms have been well identified and described for plant products this is less true for animal products, and dairy products in particular (Abduljalil et al., 2023). The antioxidant power of a food is its ability to help the consumer's body neutralize the free radicals that can contribute to the aging of the body and the onset of various chronic diseases such as cancer, cardiovascular disorders, diabetes etc. (Tadesse et al., 2024). To date, no study has assessed the antioxidant potential of dairy products from the northern savannahs of northern Cameroon, compared with that of other foods. Yet the scientific literature clearly shows that dairy products are a significant source of antioxidants, notably due to their protein fraction, and have an antioxidant capacity of the same order of magnitude as that of cereals, legumes and fruit juices (Yilmaz-Ersan et al., 2018; Pauletto et al., 2020). The physico-chemical of raw milk is closely linked to sanitary quality, and is dependent on the associated technical practices. Studying the antioxidant activity of raw milk in order to understand its beneficial properties is of vital importance to public health.

2. Materials and methods 

2.1- Study areas
 
The study was carried out in two agro-ecological zones of Cameroon, the Sudano-Sahelian zone and the Guinean high savannah zone, which are showcases for cattle breeding, constituting one of the major activities of these zones. Breeders make livestock a prestigious asset that they voluntarily and proudly hoard, even when essential family needs are not met (DSCN, 20012). 

2.2- Milk sampling 

Sampling was carried out at 9 milk collection sites per production basin. At each site, after morning milking, 20 ml of blended milk per dairy breed were collected in sterile, coded bottles, then placed in an adiabatic cooler containing ice pellets and transported to the laboratory to limit microbial proliferation. 

2.3- Physicochemical Analyses

Milk pH was determined using a Cherker Hanna pH meter, in accordance with the method described by AOAC (2005). DM content was determined by dehydrating milk samples at 105°C in an oven. Ash content was determined by calcining the milk in a muffle furnace at 550°C for 6 hours. Dornic acidity was measured in the presence of sodium hydroxide solution (0.1N) and phenolphthalein as a color indicator, and expressed in Dornic degrees (°D) according to the method described by Ranganna (1979). Determination of total carbohydrate content was carried out in hot acid medium using the spectrophotometric method described by Dubois et al. (1956). Lactose was determined by reduction in a ferric sulfate solution using the method of Miller (1972).   Milk lipids were extracted using hexane for 24 hours, according to the method developed by AOAC (2005). Total protein content was determined using the Kjeldhal method (AFNOR, 1984). The crude protein value was obtained by multiplying the nitrogen content by the conversion factor specific to dairy products, i.e. 6.38. Soluble amino acid content was assessed using the method described by Michel (1968). Vitamin C was determined using the method described by Zanini et al. (2018), while Vitamin A was determined using the method described by Bassey et al. (1946).

2.4- Analysis of the antioxidant capacity of milk

The antioxidant capacity of milk was assessed by determining ABTS, FRAP and DPPH. The ABTS test was evaluated using the method described by Re et al. (1999). The principle of this method consists in the reduction of the ABTS+ radical in the presence of potassium persulfate. This causes the mixture to decolorize, absorbing at 734 nm. The FRAP test was carried out using the method described by Benzie and Strain (1996). The principle of this method is based on the ability of an antioxidant to reduce the Fe (III)-2,4,6-Tri(2)-pyridyl-s-triazine (TPTZ) complex to a blue Fe(II)-TPTZ complex that exhibits an absorption maximum at 593 nm. The intensity of coloration depends on the reducing power of the molecule tested. DPPH radical scavenging activity was determined using the method described by Sun et al. (2005). The principle is that, in the presence of an antioxidant, the free DPPH radical is scavenged following the antioxidant's hydrogen transfer reaction, leading to the formation of the non-radical DPPH-H. In the course of the reaction, a loss of violet color ensues, which can be easily monitored with a spectrophotometer at a wavelength of 517 nm. The speed of color loss is directly proportional to the antioxidant activity of the hydrogen donor.
 
2.5- Data exploitation

All measurements were performed in triplicate and results expressed as mean ± standard deviation. Analysis of variance (ANOVA) of means was used to assess the effect of different factors, and Duncan's test to classify means significantly different at the p<0.05 probability level. Statgraphics 5.0 software was used for this purpose.



3- Results

3.1- General Physicochemical Properties of Raw Milk

The pH of the milk collected differed significantly (p<0.05) between agro-ecological zones and cow breeds (Table 1).  The pH of local breed ranged from 6.2±0.08 to 6.6±0.01 and 6.5±0.01 in Vina, Diamaré and Logone-et-Chari respectively. As for Montbeliarde pH, it followed the same trend of 6.2±0.01 and 6.7±0.02 in Vina and Diamaré respectively, while showing a profile comparable to the effects observed for Holstein pH (6.5±0.07 (Vina) and 6.9±0.4 (Diamaré). TA varied significantly (p<0.05) between cow breeds and production basins (Table 1).  The TA of local breed showed the following profile: 18.96±0.54 °D (Vina), 18.48±0.03 °D (Diamaré) and 19.29±0.05 °D (Logone-et-Chari). The TA of Montbeliarde cows in Vina (18.46±0.51°D) and Diamaré (18.49±0.30°D) follows the same trend. Whereas the Holstein breed shows a TA profile of 18.69±0.14 °D in Vina and 18.01±0.7 °D in Diamaré. Milk density, DM, ash and water content did not vary significantly (p >0.05) between cows of the same breed and in the different agro-ecological zones (Table 1). The lowest milk density was observed in the Mbororo breed in Logone-et-Chari (1.12±0.01), while the highest value was observed in the Holstein breed in Diamaré (1.27±0.09). DM content remained variable across breeds, with Montbeliarde in Vina (13.28±0.45%), and Holstein in Diamaré (14.82±1.01%). Ash content varies according to breed, with Montbeliarde in Diamaré (0.83±0.03%) and Mbororo breed in Logone-et-Chari (0.94±0.02%). Moisture content also follows the same trend as the other parameters assessed, 85.18±1.01% for the Holstein breed in Diamaré and 86.71±0.45% for the Montbeliarde breed in Vina. 

Table 1. Variation in pH, TA, density, dry matter, ash, and WC of raw milk

	Parameters  
	Breed
	Average value per production basin 

	
	
	Vina 
	Diamaré 
	Logone-and-Chari

	pH 
	Local*
	6.2±0.08a
	6.6±0.01b
	6.5±0.01c

	
	Montbeliarde
	6.2±0.01a
	6.7±0.02b
	-

	
	Holstein 
	6.5±0.07a
	6.9±0.4b
	-

	Milk acidity (°D)  
	Local *
	18.96±0.54a
	18.48±0.03a
	19.29±0.05b

	
	Montbeliarde
	18.46±0.51a
	18.49±0.30a
	-

	
	Holstein 
	18.69±0.14a
	18.01±0.7a
	-

	Density 
	Local *
	1.026±0.07a
	1.016±0.01a
	1.012±0.01a

	
	Montbeliarde
	1.022±0.01a
	1.015±0.02a
	-

	
	Holstein 
	1.023±0.01a
	1.027±0.09a
	-

	Dry matter (%)
	Local *
	13.67±0.22a
	13.87±0.04a
	13.55±0.15a

	
	Montbeliarde
	13.28±0.45a
	13.56±0.31a
	-

	
	Holstein 
	13.87±0.47a
	14.82±1.01a
	-

	Ash (%)
	Local *
	0.91±0.01a
	0.87±0.02a
	0.94±0.02a

	
	Montbeliarde
	0.92±0.05a
	0.83±0.03 a
	-

	
	Holstein 
	0.92±0.03a
	0.85±0.11a
	-

	Water content (%)
	Local *
	86.33±0.22a
	86.12±0.04a
	86.45±0.15a

	
	Montbeliarde
	86.71±0.45a
	86.43±0.29a
	-

	
	Holstein 
	86.13±0.46a
	85.18±1.01a
	-


NB: Values ​​with the same letters do not differ significantly at the probability threshold (p < 0.05).
Local*: local refers to the Goudali breed in the Vina and Red Fulan in the Diamaré and Logon-et-Chari.

3.2-Nutritional Parameters

The parameters glucose, reducing sugar, lactose, protein, amino acids and lipids in the milk analyzed in table 2 showed significantly different values (p<0.05) between the agro-ecological zones of production. Glucose concentration in raw milk varied between local breed: 45.20±0.85; 52.48±0.32 and 52.59±0.21 g/l for Vina, Diamaré and Logone-et-Chari respectively. Glucose levels in Vina Montbeliardes (52.59±0.21 g/l) were comparable to those in Diamaré Montbeliardes (51.13±0.82 g/l). The milk with the lowest glucose concentration was observed in Holsteins from Vina (43.93±0.52 g/l). The reducing sugar content of local breed showed different profiles between agro-ecological zones: 25.83±0.69; 32.29±0.42 and 28.33±0.62 gEqGalactose/l, respectively for Vina, Diamaré and Logone-et-Chari. Reducing sugar for Montbeliardes was 26.35±1.8 gEqGalactose/l (Vina) and 31.77±0.8 gEqGalactose/l (Diamaré), while Holsteins recorded the lowest values at 23.88±2.63 gEqGalactose/l (Vina) and 31.04±0.76 gEqGalactose/l (Diamaré). 
Milk lactose levels were highest for Red Fulani in Logone-et-Chari (47.68±0.05 g/l) and lowest for Holsteins in Diamaré (45.85±1.08 g/l). Lactose levels remain comparable for Montbeliardes, Vina (46.31±0.12 g/l) and Diamaré (46.05±0.14 g/l). The total protein content of local breed milk showed no significant difference between agro-ecological zones. Milk with the highest protein content (4.85±0.29%) was found in the Montbeliarde breed from Diamaré, and the lowest in the Holstein breed from Diamaré (3.80±0.7%). Local breed amino acid levels varied between agro-ecological zones, at 30.16±0.25; 21.31±0.06 and 28.22±0.53 gEqAlanine/L, respectively for Vina, Diamaré and Logone-et-Chari. This trend can also be observed in Montbeliarde cows, 28.68±0.54 (Vina) and 21.31±0.68 (Diamaré) gEqAlanine/L. The effects observed previously follow the same logic in Holsteins, 29.54±1.17 and 26.07±2.11 gEqAlanine/L, respectively for Vina and Diamaré. The fat content of local breed showed a similar trend to the previous parameters, with (4.39±0.36%) in Vina, (3.57±0.11) in Diamaré and (4.41±0.03) in Logone-et-Chari respectively.  The fat content of Montbeliarde cows was not significant in Vina (4.40±0.29%) and Diamaré (4.40±0.03%), and the same trend was observed for Holstein cows in Vina (4.39±0.86%) and Diamaré (4.24±2.68%).    

Table 2. Variation of nutritional parameters of raw milk
	Parameters 
	Breed
	Average value per production basin

	
	
	Vina 
	Diamaré 
	Logone-and-Chari

	
Glucose (g/l)
	Local * 
	45.20±0.85a 
	52.48±0.32b
	52.59±0.21c

	
	Montbeliarde
	45.85±1.28a
	51.13±0.82b
	-

	
	Holstein 
	43.93±0.52a
	50.64±2.18b
	-

	Reducing sugar (gEqGalactose/l)
	Local *
	25.83±0.69a
	32.29±0.42b
	28.33±0.62c

	
	Montbeliarde
	26.35±1.8a
	31.77±0.8b
	-

	
	Holstein 
	23.88±2.63a
	31.04±0.76b
	-

	Lactose (g/l)
	Local *
	46.14±0.18a
	46.29±0.03a
	47.68±0.05b

	
	Montbeliarde
	46.31±0.12a
	46.05±0.14a
	-

	
	Holstein 
	46.13±0.11a
	45.85±1.08a
	-

	Proteins (%)
	Local *
	3.89±0.54a
	3.84±0.03a
	3.93±0.05a

	
	Montbeliarde
	3.84±0.51a
	4.85±0.29b
	-

	
	Holstein 
	3.86±0.14a
	3.80±0.7a
	-

	Amino acid (gEqAlanine/L)
	Local *
	30.16±0.25a
	21.31±0.06b
	28.22±0.53c

	
	Montbeliarde
	28.68±0.54a
	21.31±0.68b
	-

	
	Holstein 
	29.54±1.17a
	26.07±2.11b
	-

	Lipid (%)
	Local *
	4.39±0.36a
	3.57±0.11b
	4.41±0.03a

	
	Montbeliarde
	4.40±0.29a
	4.40±0.03a
	-

	
	Holstein 
	4.39±0.86a
	4.24±2.68a
	-


NB: Values ​​with the same letters do not differ significantly at the probability threshold (p < 0.05).
Local*: local refers to the Goudali breed in the Vina and Red Fulan in the Diamaré and Logon-et-Chari.

The vitamin profile varies significantly (p <0.05) across production basins, as shown in Figure 1 for vitamin C in Holsteins (13.09±0.46 and 17.53±0.21 mgEqAscorbic Acid/L, respectively for Vina and Diamaré). Local breed Vit C showed the same significant trend, at 12.81±0.11; 13.79±0.29; 16.88±0.45 mgEqAscorbic Acid/L, for Vina, Logone-et-Chari and Diamaré respectively, while Montbeliardes from Diamaré (17.35±0.42) and Vina (15.61±2.36) showed divergent profiles. The vitamin A profile (Figure 1) is significant for the different production basins, with Montbeliardes at 6.39±0.21 and 8.64±0.19 µg/L for Diamaré and Vina respectively. Holsteins follow the same trend, with 6.55±0.16 in Maroua and 8.84±0.31 µg/L in Vina. Local breed follows the same pattern, with 8.53±0.30, 6.67±0.21 and 9.04±0.07 µg/L in Logone-et-Chari, Diamaré and Vina respectively.


 
Figure 1. Vitamin profiles (C and A)

3.3- Antioxidant activities of raw cow milk

The antioxidant activity of raw milk through the determination of DPPH, ABTS and FRAP enabled us to evaluate the antioxidant power of milk from different production basins (Table 3). It was found that the rearing site had a significant impact (p <0.05) on the various parameters analyzed. The highest DPPH was observed in the Diamaré Red Fulani (74.25±0.17%). The DPPH of Logone-et-Chari Red Fulani (56.79±0.93%) was comparable to that of Vina Goudali (57.87±1.79%). The DPPH of the Montbeliarde (72.43±0.39%) and Holstein (70.85±9.63%) breeds from Diamaré is higher than that of the Montbeliarde (59.41±0.55%) and Holstein breeds from Vina (57.92±0.72%). ABTS ranged from 54.16±2.27% (Vina Gougali) to 69.71±4.93% (Diamaré Holstein). Both ABTS and DPPH varied significantly (p<0.05) across production basins, with noticeable variations within breeds. Montbeliardes (66.49±0.38%) and Holsteins (69.71±4.93%) from Diamaré have higher ABTS than Montbeliardes (55.96±0.22%) and Holsteins (54.52±0.53%) from Vina. 
Antioxidant activity through FRAP shows significantly (p<0.05) different values in the production basins, with loose variations between breeds, with 53.14±1.59 g Eq Trolox/l for Holsteins from Vina and 65.57±0.54 g Eq Trolox/l for Holsteins from Diamaré. The FRAP values for Montbeliarde from Vina (58.43±0.35 g Eq Trolox/l) differ from those for Diamaré (63.14±0.55 g Eq Trolox/l). For the local breed, FRAP follows this trend with 54,37±1,21 g Eq Trolox/l in Vina, 62,45±0,23g Eq Trolox/l in Diamaré and 65,04±0,07 g Eq Trolox/l in Logone-et-Chari.


Table 3. Variation in the antioxidant activity of raw cow's milk
	Parameters 
	Breed 
	Average value per production basin

	
	
	Vina 
	Diamare 
	Logone-and-Chari

	DPPH (inhibition %)
	Local *
	57.87±1.79a
	74.25±0.17b
	56.79±0.93a

	
	Montbeliarde
	59.41±0.55a
	72.43±0.39b
	-

	
	Holstein 
	57.92±0.72a
	70.85±9.63b
	-

	ABTS (inhibition %)
	Local *
	54.16±2.27a
	68.22±0.17b
	65.15±0.49c

	
	Montbeliarde
	55.96±0.22a
	66.49±0.38b
	-

	
	Holstein 
	54.52±0.53a
	69.71±4.93b
	-

	FRAP (g Eq Trolox/l)
	Local *
	54.37±1.21a 
	62.45±0.23b 
	65.04±0.07c

	
	Montbeliarde
	58.43±0.35a
	63.14±0.55b
	-

	
	Holstein 
	53.14±1.59a 
	65.57±0.54b
	-


NB: Values ​​with the same letters do not differ significantly at the probability threshold (p < 0.05).
Local*: local refers to the Goudali breed in the Vina and Red Fulan in the Diamaré and Logon-et-Chari.


4- Discussion
The pH of the milks show values in a range compatible with those commonly observed in cattle, and are similar to the pH (6.6 to 6.8) of normal, stable raw milk obtained by Stobiecka et al. (2022), but contrasts, with the results (7.67±0.04) of Maïworé et al. (2018) on raw milk from cows in the town of Maroua in Cameroon. The differences observed between these results could be linked to the health status of the cows, so mastitis contamination would induce alkaline pH according to Maïworé et al. (2018). The titratable acidity of the milks studied ranged from 18.51±0.24 to 19.29±0.5°D, remaining in a range slightly above the AFNOR standard (16 to 18°D). This may have a causal link with the drop in milk pH, certainly due to the implementation of approximate hygienic methods during milking. Titratable acidity is one of the indicators of milk quality, and at high values may reflect bacterial activity of the lactic flora. The water content of the milk analyzed complies with the AFNOR standard for undiluted milk. Milk dry matter content remains closely linked to cow breeds, and is therefore within the genomic range for Holstein (14.82±1.01%), Montbeliarde (13.56±0.31%), Red Fulani (13,87±0,04%) and Goudali (13.67±0.22%) as well as for the Holstein (13.94%), Jersey (12.23%) and Simmental (12.79%) breeds reported by Tadesse et al. (2024). All these values fall within the range of 12.51% to 22.83% observed by Gondimo et al. (2024) , Geleta et al. (2022) and Dandare et al. (2014). The ash values obtained are similar to those recommended by FAO (2020).  
The milk lactose values obtained (45.85±1.08-47.68±0.05 g/l) fall within the recommended limits (37.08 to 57.85 g/l) of the AFNOR standard, but contrast slightly with those of Otmane et al. (2022) (40.2±1.35 g/l) and Tesfay et al. (2015) (48.0±1.15 g/l). It is also a parameter that is correlated with cow breed according to the work of Tadesse et al. (2024) on raw cow milk, which justifies the variability observed within the three breeds studied. The fat content of the raw milks analyzed, ranging from 3.57±0.11 to 4.41±0.03%, remains lower than those obtained by Tesfay et al. (2015) (3.86% to 7.80%) and Dandare et al. (2014) (5.96 to 6.80%), but is slightly higher than the 3% recommended by the FAO (2020). This could be justified by a diet richer in cotton seed cake. The protein contents (3.84±0.51 to 4.85±0.29) obtained are similar to those obtained by Khan et al. (2017) (3.34±0.72%), and by Abduljalil et al. (2023) (3.63%). This could be justified by similar food formulations in African savannahs, but these contents remain within the minimum limit of 3% recommended by FAO (2020), but are lower than the 6.46% of Khan et al. (2019) and 6.89% of Gondimo et al. (2024). Protein and lipid variations in raw cow milk are correlated with genetic diversity, diet and stage of lactation (Wafa, 2018). 
The presence of vitamins C and A in the milks analyzed testifies to their antioxidant power, which helps the consumer's body neutralize the free radicals that can damage cells and contribute to the onset of various diseases. In fact, vitamin C neutralizes lipidic free radicals produced from unsaturated acids during oxidative stress, thereby protecting cells against oxidative damage. In the same vision, beta carotene, which is a precursor of vitamin A possesses antioxidant properties that can help protect the body against oxidative stress (Karadag et al. 2019). 
The antioxidant activity of raw cow's milk was apprehended on the basis of the assessment of anti-free radical activity with DDPH, anti-free radical activity with ABTS and antioxidant activity with FRAP. The choice of this diversity of methods is linked on the one hand to the mechanism of action, which differs from one antioxidant to another, and on the other hand to the lack of a single standard quantitative technique to explain all antioxidant activities, as reported by Karadag et al. (2019) and Attila et al. (2025).
The DPPH free radical scavenging activity of the milks analyzed varies significantly (p ˂0.05) between production basins and raw milk from cows and the Diamaré production basin comes in pole position with a DPPH value of 73.30±0.97% and consequently the antioxidant activity of this milk appears more preeminent. This corroborates the findings of Zhou et al. (2024) and Khan et al. (2019), for whom the higher the DPPH value, the greater the antioxidant function. The DPPH of the analyzed milks is comparable to the results of Khan et al. (2019) of 77.12±3.01%. The reasoned choice of raw material and the conditions of implementation of the different feed formulations and breeding may be at the origin of the differentiation of DPPH values. Milk from the Diamaré production basin follows the same trend for antioxidant activity with ABTS of (69.71±4.93%) and comparable to the ABTS of 69.27% obtained by Yilmaz-Ersan et al. (2018), but remains above that of Otmane et al. (2022) of 30.27±9.25%. Antioxidant activity indicators (DPPH, ABTS, FRAP) follow the same trend in the different production basins, reflecting the pronounced antioxidant activity of the milks analyzed.  Antioxidant activity by FRAP appears comparable in two basins, with 65.57±0.54 g Trolox Eq/l in Diamaré and 65.04±0.07 g Trolox Eq/l in Logone-et Chari, but remains contrasted in Vina (58.43±0.35g Trolox Eq/l). These values are considerably higher than those (44.71 g Eq Trolox/l - 52.71 g Eq Trolox/) obtained by Pauletto et al. (2020). 
Overall, the different levels of antioxidant activity obtained seem to suggest a high level of antioxidant activity of the milks analyzed, although variability exists between production basins and breeds, which may be linked to food formulations and environmental factors. This perception is in line with the work of Abduljalil et al (2023) on the comparative study of the antioxidant activity of milk from Holstein, Red Bororo, Sokoto Gudali and White Fulani dairy cows in Nigeria. The results of analyses by DPPH, ABTS, FRAP and Vit C  and A showed that milk is endowed with antioxidant activity, and consequently its consumption can help neutralize free radicals.

Conclusion
The aim of this study was to assess the antioxidant potential of raw milks from different production basins (Vina, Diamaré, Logone-et-Chari), which has not attracted much scientific and technical interest. This study highlighted the antioxidant activity of milks from the northern savannahs of North Cameroon through integrated analysis of vitamin profiles (C and A), DPPH, ABTS and FRAP. These results are comparable to those obtained in Africa savannah’s by others authors and these results suggest that milk consumption may help reduce oxidative stress and protect against chronic diseases such as obesity, metabolic syndrome, type 2 diabetes and cardiovascular disease.
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