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ABSTRACT 

 
Milk is an essential component of human and animal diets, and cattle are a major source of milk for 

human consumption. Environmental, nutritional, genetic, and physiological factors can affect animal milk 

composition. This study was aimed at evaluating the antioxidant properties of milk samples from four cattle 

breeds, namely: White Fulani (WF), Sokoto Gudali (SG), Red Bororo (RB), and the exotic Holstein Friesian 

(HF) in Sokoto, Nigeria. Fatty acid, amino acid profile, antioxidant vitamins, antioxidant minerals, and 

antioxidant enzymes activities of the samples were assessed using standard methods. The results of the analysis 

indicated that milk of SG had the highest values for moisture (85.57%), Vit C (79.24mg/dl), DPPH scavenging 

activity (80.04%), and FRAP (1083.33mgTE/100g of FW). Milk of RB had the highest ash (4.52%), protein 

(3.63%), copper (0.19 ppm), zinc (0.16 ppm), iron (3.47 ppm), and antioxidant amino acid composition. The 

milk of HF had the highest lipid (5.89%), oleic acid (1.17 mg/ml), total polyphenol content (TPC) (0.26 

mgTE/100g of FW) and selenium (103.10 ppm) levels. WF had the highest carbohydrate (15.07%), palmitic 

acid (98.39 mg/ml), stearic acid (35.46 mg/ml), Vit A (55.38 mg/dl), Vit E (52.18 mg/dl) content, catalase 

(0.02 U/L) and superoxide dismutase (3.00 U/mL) activities. These results show that milk from the WF has 

better antioxidants and therefore antioxidant capacities than the other breeds. Overall, the study indicates that 

cow milk is a good source of antioxidants, whose levels vary between the different breeds of cattle. These 

nutritional differences can be explored during milk sourcing based on nutritional requirements. 

© 2022 International Formulae Group. All rights reserved. 
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INTRODUCTION 

Antioxidants are natural or synthetic 

compounds that protect cells from damage 

caused by free radicals produced during cell 

metabolism and animals depend on an 

endogenous natural system of antioxidants to 

protect them from oxidative stress (Wang et 

al., 2006). In situations where natural 
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endogenous antioxidants cannot prevent 

damage caused by oxidative stress, natural or 

synthetic exogenous antioxidants are used as 

supplements to salvage the situation. 

Consumers avoid synthetic antioxidants 

because they have been reported to be toxic 

and carcinogenic, making natural antioxidant-

rich foods such as broccoli, blueberries, 

spinach, potatoes, beans, strawberries, and 

milk safer options (Wang et al., 2006). 

Milk is an essential component of the 

human and animal diet and crucial to the 

global food industry. It contains a balance of 

high-quality essential nutrients such as 

proteins, lipids, vitamins, calcium, 

phosphorus, and potassium (Pecka-Kiełb, 

2018).  In addition, milk contains natural non-

enzymatic and enzymatic antioxidants such as 

vitamins A, C, and E, carotenoids, uric acids, 

ascorbic acids, retinol, α-tocopherol, catalase 

(CAT), superoxide dismutase (SOD) and 

glutathione peroxidase (GPx) are all examples 

of antioxidants found in milk (Cacho and 

Lawrence, 2017).  

Cattle are the primary source of milk, 

producing about 81% of the global milk 

supply (FAO, 2020). Globally, more than 6 

billion individuals consume milk derived from 

cows (Fructuoso et al., 2021). In the absence 

of or inadequate human breast milk, cow milk 

processed into different dairy formulas is 

commonly used as a weaning substitute for 

infants. Nigeria has a large cattle population 

of 15.3 million, which provides more than 

90% of the total milk output in the country 

(Tibi and Aphunu, 2010). The popular local 

cattle breeds include White Fulani (WF), Red 

Bororo (RB), Sokoto Gudali (SG), Wadara, 

Adamawa Gudali (AG), Muturu, Azawak, 

Keket, Kuri and Ndama. Foreign breeds such 

as Holstein Friesian (HF), Brown Swiss and 

Jersey make up only about 1% of the total 

cattle population (CSIRO, 2020). Although, 

Toko et al., (2011) reported that indigenous 

cows have low milk but are bred and 

considered a major source of milk, because 

WF, RB, and SG, are 1st, 2nd, and 3rd highest 

cattle populations in Nigeria, respectively 

(Kubkomawa, 2017).  

Previous studies (Dandare et al., 2014) 

have shown that cow milk has antioxidants 

and several other nutritional properties. 

However, environmental, nutritional, genetic 

and physiological factors affect animal milk 

composition (Pietrzak-Fiecko, 2018). There is 

a dearth of knowledge in the comparative 

study of milk's antioxidants and its nutritional 

properties from different local cow breeds in 

Nigeria. Hence, this study was aimed at 

comparing the antioxidant properties of milk 

from three local (WF, RB, SG) breeds and an 

exotic (HF) breed of cattle in Nigeria by 

evaluating fatty acid and amino acid profiles, 

as well as carrying out quantitative analysis of 

antioxidant vitamins, antioxidant minerals, 

and antioxidant enzymes in milk from each of 

these cattle breeds. 

 

MATERIALS AND METHODS 

Study Location 

Milk samples from four (4) different 

breeds of cows (WF, SG, RB, and HF), were 

collected. One (1) sample was collected from 

each breed making a total of four (4) samples. 

The milk of the HF breed was sampled as a 

positive control for this study. The milk 

samples were collected from Sidi Akibu Dairy 

Farms – a semi-intensive farm with about 500 

cows, located at plot 21/26, Kano Road, 

opposite Sultan Abubakar III Mosque Sokoto 

State, Nigeria (Figure 1). The animals were 

fed with uniform and nutritious feed such as 

wheat bran, beans bran, dried and ground bean 

leaves, rice husk, cotton seeds, and clean 

water. Furthermore, the animals were kept in 

optimal environmental conditions and under 

constant supervision and monitoring by 

qualified personnel and veterinary doctors. 

 

Sample collection 

Milk was collected from each cow via 

random selection from the same breed group. 
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Fresh early morning milk samples were 

collected in sterile glass containers, 

appropriately labelled and immediately 

transported to the laboratory in an ice-packed 

container. All samples were then stored in a 

refrigerator at 4ºC until use. The samples were 

collected from April to June 2021. 

 

Criteria for sampling  

The followings were the criteria for sampling 

in this study: 

● Pure breeds devoid of any crossing were 

selected for the study. 

● Cows aged between 2 and 6 years and that 

were not under any physical stress. 

●  Healthy or non-diseased cows were 

selected. 

● Cows that were vaccinated for the last 3 

months.  

● Cows that are on antioxidants 

supplementation or antibiotics. 

 

Antioxidant mineral elements and heavy 

metals determination 

The entire analysis was carried out in a 

fume cupboard. Briefly, 0.5mL of each 

sample was taken into a 50 mL conical flask, 

followed by the addition of 5 mL of Nitric 

acid (HNO3). The mixture was gently heated 

for 20 minutes until the yellow fumes 

disappeared. It was then allowed to cool for 

30 minutes, after which 2.5 mL of perchloric 

acid (HClO4`) was added and heated until it 

became colourless. Finally, the heated 

samples were diluted by adding 20 mL of 

distilled water, filtered into plastic bottles, and 

stored for analysis using AAS 

spectrophotometry as described by Bhatti et 

al., (2006). Antioxidant mineral elements 

(copper, phosphorus, zinc, iron, and selenium) 

and heavy metals (lead, chromium, 

manganese, and cadmium) were quantified 

using Atomic Absorption Spectroscopy 

(Model: AA-6300, GBC Scientific 

Equipment, USA). 

 

Amino acids profile determination 

Each milk sample was dried at 70oC to 

constant weight, defatted, hydrolysed, 

evaporated in a rotary evaporator, and loaded 

into the Applied Biosystems PTH Amino acid 

analyser. The samples were defatted using a 

chloroform/methanol mixture of ratio 2:1. A 4 

g of the sample was introduced into an 

extraction thimble and extracted for 15 hours 

in the Soxhlet extraction apparatus (AOAC, 

2006). Amino acids were determined using an 

amino acid analyser (120A PTH, Applied 

Biosystems Inc, USA) using AOAC (2006) 

method. The amino acid analyser 

automatically analyses phenylthiohydantoin 

(PTH) amino acids derived from the Edman 

degradation of proteins and peptides. 

 

Fatty acids profiles determination 

Liquid-liquid extraction (LLE) was 

used to obtain lipid fractions from the milk 

samples as described by Zhang and Hu 

(2013). A 3 mL aliquot sample was treated 

with 6 mL of isopropanol and ultrasonicated 

for 10 minutes at 25oC. Then, 5 mL of hexane 

(99%) was added, vortexed for 1 minute and 

centrifuged at 2000 rpm for 5 minutes at 4oC, 

followed by the removal of the hexane phase. 

The extraction procedure was repeated twice, 

while the hexane fractions obtained in the two 

steps were combined. After solvent removal 

under vacuum, the lipid extract was dried and 

reconstituted in 5 mL and 10 mL of 

chloroform to determine oleic acid and 

linoleic acid, respectively. Furthermore, 15 

mL of n-hexane and 10 mL of ethanol were 

used for palmitic acid and stearic acid 

determination, respectively. 

Fatty acids such as oleic acid, linoleic 

acid, palmitic acid and stearic acid were 

determined using Cary Series UV-Vis 

spectrophotometer (Agilent Technologies 

coupled to Z230hp CPU). 
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Proximate analysis 

Using the recommended methods of 

the Association of Official Analytical 

Chemists (AOAC) (AOAC, 2000), proximate 

analysis consisting of percentages of moisture, 

ash, lactose, crude lipid, and crude protein 

was evaluated. For estimation of ash content, 

a dry platinum dish was used, and 2 g of the 

sample was added into the crucible and 

weighed. The crucible containing the sample 

was then put into the muffle furnace and 

heated at 550oC until fully ached. The crucible 

was then cooled in the desiccator and the 

weight was noted. Similarly, for moisture 

content, 2 g of the samples were put into the 

moisture can and each were introduced into an 

empty crucible and weighed. The crucible was 

then transferred into the hot air-drying oven 

set at 105oC for two hours and was quickly 

transferred into the desiccator to cool. The 

total crude protein content was determined by 

the Kjeldahl method.  

For the determination of the lipid 

content of the milk sample, 2 g of each sample 

was weighed and then put into a labeled 

porous thimble. A piece of cotton wool was 

used to cover the porous thimble. Then, 200 

ml of petroleum ether was added into the 

dried 250 ml extraction flask and weighed 

W1. The thimbles were then placed into the 

extractor and the apparatus was then 

assembled. The extraction was done for about 

5 to 6 hours. The thimbles were then carefully 

removed and the petroleum ether was 

collected on the top of the container (tube) for 

re-use. When the extraction flask was almost 

free of petroleum ether, it was removed from 

the water bath. It was then dried in an oven at 

150-110oC for an hour. It was then cooled in a 

desiccator and weighed as W2 after which the 

amount of lipid extracted was obtained by the 

difference between the weight of the flask 

before and after extraction.  

  

 

 

Antioxidant vitamins 

Vitamin A was determined using the 

Bassey et al. (1946) method, whereas Baker 

and Frank’s (1968) method was employed for 

vitamins C and E estimation. For vitamin A 

determination, 0.5 g of the sample was 

dissolved in 10 ml of distilled water and 

allowed to stand for 1 hour, then filtered using 

filter paper. The test tube contents were 

shaken thoroughly and centrifuged for 10 

minutes at 2000 rpm. Thereafter, 1 mL of 

supernatant was measured at 450 nm against a 

reagent blank. The portion containing 

petroleum ether solution of each test tube was 

pipetted into a cuvette and the absorbance was 

read at 450 nm. For vitamin C, 0.5 g of 

sample was dissolved in 10 ml of distilled 

water and incubated for 30 minutes at room 

temperature, and then filtered using Whatman 

filter paper, and centrifuged at 2000 rpm for 

10 minutes and absorbance was measured at 

700 nm. Similarly, for the determination of 

vitamin E, 0.5g of the sample was dissolved in 

10 ml of distilled water, and incubated at 

room temperature for 30 minutes, then filtered 

using Whatman filter paper. Thereafter, 0.5 ml 

of the sample was pipetted and transferred 

into a clean test tube, and then 0.5 ml of 

ethanol was also added and shaken vigorously 

for 1 minute. Also, 3 mL of xylene was also 

added and shaken vigorously for another 1 

minute. The tube was centrifuged at 2000 rpm 

for 10 minutes, mixed and incubated for 3 

minutes and absorbance was 

spectrophotometrically measured at 539 nm. 

 

Antioxidant enzymes [catalase (CAT) and 

Superoxide dismutase (SOD)] 

Catalase (CAT) and superoxide 

dismutase (SOD) activities were determined 

as described by Aebi (1984) and Velikova et 

al. (2000), respectively. For analysis of 

catalase activity, 2 mL of sample and 1 ml of 

hydrogen peroxide solution were added into 

the sample test tubes while 2 mL of the blank 

solution and 1 mL of hydrogen peroxide were 
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added into the blank test tube. The change in 

the absorbance of the test sample against the 

blank was measured at 240 nm and recorded 

every 15 seconds using UV-Visible 

Spectrophotometer. The catalytic 

concentration of catalase was calculated (Aebi 

1984). For SOD, 0.1 mL, 0.83 mL and 0.5 mL 

of buffer (pH 7.0), distilled water and sample 

respectively were pipetted into the sample test 

tube while 0.15 mL and 0.83 mL of the buffer 

and distilled water respectively were pipetted 

and added into the blank test tube. The 

mixture was incubated at room temperature 

for 30 minutes and the absorbance was read at 

560 nm.  

  

Antioxidant activity [2,2-diphenyl-1-

picrylhydrazyl (DPPH) scavenging system, 

ferric reducing antioxidant power (FRAP) 

and total phenolic content (TPC)] 

The method of Alyaqoubi et al., 

(2014), was used to evaluate the antioxidant 

activity of the milk samples through the 2,2-

diphenyl-1-picrylhydrazyl (DPPH) 

scavenging system, ferric reducing antioxidant 

power (FRAP) and total phenolic content 

(TPC). For determination of DPPH activity, 

forty milligrams were dissolved in 100 mL 

methanol to prepare the stock solution and 

stored at - 20°C until use. The absorbance of 

1.0 ± 0.01 unit was obtained by mixing 350 

mL of the stock solution with 350 mL 

methanol by using a spectrophotometer 

(Epoch, Biotek, USA) at 517 nm wavelength. 

About 100 μL fresh milk with 1 mL 

methanolic DPPH solution were prepared and 

kept for two hours in the dark for scavenging 

reaction. The percentage of DPPH scavenging 

activity was calculated as follows: DPPH 

scavenging activity (%) = [(A blank –A 

sample) / A blank] × 100. Where A is the 

absorbance. Similarly, FRAP reagent was 

prepared fresh using 300 mM acetate buffer, 

pH 3.6 (3.1 g sodium acetate trihydrate, plus 

16 mL glacial acid made up to 1:1 with 

distilled water); 10 mM TPTZ (2,4,6-tris (2-

pyridyl)-s-triazine), in 40 mM HCl; and 

20mM FeCl3•6H2O in the ratio of 10:1:1 to 

give the working reagent. Then, 100 µL from 

extracted fresh cow milk was added to 1 mL 

FRAP reagent and the absorbance was 

monitored at 595 nm wavelength with the 

spectrophotometer after 30 minutes. A 

calibration curve of Trolox (as the antioxidant 

standard) was set up to estimate the activity 

capacity of samples. The result was expressed 

as mg of Trolox equivalents per 100 g of fresh 

samples (mg TE/100 g of FW). For TPC 

determination, about 100 μL of extracted fresh 

cow milk was added with 0.4 mL distilled 

water and 0.5 mL diluted Folin-Ciocalteu 

reagent. The samples with the reagent were 

left for 5 minutes and then 1 mL 7.5% sodium 

carbonate (w/v) was added. The absorbance 

was monitored spectrophotometrically at 765 

nm after 2 hours. Calibration curve of gallic 

acid was set up to evaluate the activity 

capacity of the samples. The result was 

expressed as mg of gallic acid equivalents per 

100 g of fresh sample (mg GA/100g of FW). 

 

Statistical analysis 

Data expressed as mean ± standard 

deviation (SD) were analysed using GraphPad 

Prism Software, version 6.01 (San Diego, 

USA). Statistical significance was evaluated 

using one-way variance analysis (One-way 

ANOVA) followed by Turkey’s multiple 

comparison post hoc test. p <0.05 was 

considered statistically significant. 
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Figure 1: Map showing the location of the study area. The red dot indicates the study location (Sidi 

Akibu Dairy Farms). The map was created using the ArcGIS 10.5 software. 

 

 

RESULTS  

Proximate Analysis 

Figure 2 shows the mean value (%) of 

the proximate analysis of milk samples 

obtained from four (4) different cow breeds. It 

shows the percentage composition of lactose, 

ash, moisture, lipids, proteins, and 

carbohydrates in milk samples of these breeds. 

The highest percentage composition (12.70%) 

of lactose was observed in milk samples of the 

SG breed (Figure 2). The milk sample of HF 

had the lowest lactose composition 

(4.955±0.008%) when compared to the other 

3 breeds.  

The ash contents, which reflect the 

mineral composition of the milk samples, had 

variation within the studied breeds. The 

difference ranged from 0.35-4.52%. The milk 

sample from RB had significantly higher ash 

content (4.52%) when compared to HF, 

whereas SG and WF had comparatively lower 

ash content than the HF.  

In this study, lipid content was 

observed to be significantly higher in the milk 

of HF (5.89%) when compared to the other 

three breeds. The lowest percentage lipid was 

seen in SG (2.24%), while WF and RB had 

similar lipid compositions (4.171% and 

4.233%, respectively).  

Carbohydrate content ranged from 

4.045-15.068%. No statistical difference was 

observed between carbohydrate content of HF 

and WF, while RB and SG milk samples had 

statistically lower carbohydrate contents than 

the HF (as shown in Figure 2).  

The protein content of the milk 

samples ranged from 0.106-3.636%, as seen in 

Figure 2. All three breeds had significantly 

higher protein content as compared to the HF 

breed. The RB breed had the highest protein 
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content (3.633%), while the lowest protein 

content (0.106%) was observed in the milk 

sample of the HF breed. 

As seen in Figure 2, no significant 

difference in moisture content was observed 

between the milk sample of HF and WF, 

while RB and SG had higher moisture content 

than the HF breeds. The moisture content 

ranged between 77.73 to 85.57%. The HF had 

the lowest moisture (i.e., 77.73%), while SG 

had the highest moisture content (85.57%).  

 

Mineral elements and heavy metals 

The concentration of mineral elements 

and heavy metals in milk samples of four (4) 

cow breeds are presented in Table 1. This 

study showed that the selenium (Se) content 

ranges from 33.79-103.10 ppm, with HF 

having a significantly higher Se level than the 

other three cow breeds (i.e., RB, SG and WF). 

The zinc composition of the milk samples 

ranges from 0.02-0.16 ppm. The RB breed 

contained a significantly higher level of zinc 

compared to HF. The levels of zinc based on 

increasing order is as follows: HF (0.02 ppm) 

< WF (0.138 ppm) < SG (0.141 ppm) < RB 

(0.16 ppm). The iron content of milk samples 

ranges from 1.16-3.47 ppm. The milk of the 

RB breed had significantly higher iron levels 

(3.47 ppm) compared to the milk of other cow 

breeds. The copper content of milk samples 

analysed in the present study ranges from 

0.049-0.191 ppm. RB had a significantly 

higher Cu content of 0.191 ppm than the WF 

and HF breeds. The level of manganese (Mn) 

found in the milk of the RB breed was 

significantly higher than that of HF and SG. 

Furthermore, this study observed no 

significant difference in the level of 

phosphorus (P) and chromium (Cr) in entire 

milk samples analysed. The Phosphorus levels 

in the milk of all four breeds were within the 

range of 2.49-2.53 ppm. The level of 

chromium ranges from 0.018 ppm to 0.024 

ppm. Moreover, lead (Pb) was not detected in 

all four breeds analysed. Similarly, Cadmium 

(Cd) detected was within the ranges of 0.007-

0.056 ppm. 

 

 

Vitamins  

Vitamin A concentration of the 

analysed samples ranges from 13.85 to 55.38 

mg/dl. White Fulani breed had significantly 

highest vitamin A level (55.38 mg/dl) while 

HF breed had significantly lowest vitamin A 

level (13.85 mg/dl) when compared to the 

other three breeds (Figure 3). The vitamin A 

levels in RB, SG and HF were 24 mg/dl, 

16.91 mg/dl and 13.85 mg/dl, respectively. 

The concentration of vitamin C in milk 

samples is depicted in Figure 3. The vitamin C 

concentration ranges from 51.136 mg/dl to 

79.924 mg/dl, with HF having a significantly 

lowest value (51.14 mg/dl) than the other 

breeds. The vitamin C in RB and HF are 59.09 

mg/dl and 51.14 mg/dl, respectively. There is 

a significant disparity in the vitamin E 

contents of the cow milk analysed in the 

present study (Figure 3). The values range 

from 7.24-52.179 mg/dl. The SG (18.02 

mg/dl) and WF (52.179 mg/dl) had 

significantly highest vitamin E composition 

than other cow breeds including HF 

(12.72mg/dl) control, while the vitamin E 

content of the RB breed (7.42 mg/dl) was 

lower than that of the HF breed.  

 

Antioxidant enzymes and antioxidant 

activity 

The catalase concentration observed in 

the present study ranged from 0.009 to 0.015 

U/L (Table 2). The WF breed had the highest 

catalase activity corresponding to 0.015 U/L. 

This was closely followed by RB (0.01476 

U/L), then SG (0.0136 U/L). The lowest 

activity was exhibited by HF (0.0093 U/L). 

The activity of Superoxide dismutase (SOD) 

was detected in all milk samples except in the 

SG breed. The result indicated that WF had 

significantly higher SOD activity (3.00 

U/mol) when compared to RB (0.165 U/mol) 

and the HF (0.119 U/mol) breed. 

In this study, no statistical difference 

was observed between the DPPH values of all 

breeds. SG had the highest DPPH value 

(80.04%), followed by HF (77.53%), RB 

(77.46%) and the WF (77.12%) (Table 2). 

Similarly, the FRAP assay showed no 

significant difference among the breeds except 
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for SG (Table 2). The FRAP value for SG 

milk (1083.33mgTE/100g of FW) was 

statistically higher than that of the other 

breeds. FRAP value of the breeds in a 

decreasing order are as follows: SG (1083.33 

mgTE/100g of FW) > RB (716.67 mgTE/100g 

of FW) > HF (516.67 mgTE/100g of FW) > 

WF (433.33 mgTE/100g of FW). The milk 

sample of HF had a significantly higher level 

of TPC when compared to that of the other 

three breeds (Table 2). This is in the order of 

HF (0.257 mgTE/100g of FW) > RB (0.253 

mgTE/100g of FW) > WF (0.015 mgTE/100g 

of FW) > SG (0.014 mgTE/100g of FW).  

 

Fatty acids profile 

In this study, four (4) primary fatty 

acids, namely: stearic acid (C18:00), palmitic 

acid (C16:00), oleic acid (C18:1) and linoleic 

acid (C18:3), were evaluated. The outcome 

indicated that the milk samples contained 

higher amounts of palmitic acid and stearic 

acid than oleic and linoleic acid (Figure 4). 

The HF breed had significantly higher 

palmitic acid (98.39 mg/ml) composition as 

compared to both RB and SG, but with lower 

levels of stearic acid (21.20 mg/mL) than the 

other three breeds. The RB breed contained 

significantly higher levels of oleic acid than 

HF. Contrarily; the HF breed had a 

significantly higher level of linoleic acid when 

compared to both SG and WF.  

 

Amino acids profile 

Amino acid profiles of HF, RB, SG 

and WF, are presented in Figure 5. The result 

showed that glutamic acid level was higher 

than other amino acids in all the milk samples 

of 4 breeds. This present finding indicates no 

significant difference (P<0.005) in the amino 

acid profile of the four breeds, except for 

histidine and leucine. Significantly higher 

levels of histidine were observed in the WF 

breed compared with SG breeds. Whereas 

leucine was significantly higher in the milk of 

the RB breed.  The result of this present study 

also indicated that milk of RB breed contained 

the highest composition of essential amino 

acids such as lysine (7.27 g/100g protein), 

valine (6.58 g/100g protein), and tryptophan 

(1.49 g/100g protein).  

In general, milk of the WF breed 

possesses the highest level of eight (8) amino 

acids (alanine, arginine, aspartic acid, 

glutamic acid, histidine, methionine, proline, 

and serine) so also the milk of RB breed had a 

high level of eight (8) amino acids namely: 

cysteine, glycine, leucine, lysine, threonine, 

tryptophan, tyrosine, and valine. Based on this 

finding, the milk of the RB breed contained a 

high level of 4 of these antioxidant amino 

acids (cysteine, lysine, tryptophan and 

tyrosine). In contrast to milk of WF breed 

with only 3 of these amino acids (arginine, 

histidine and methionine). 

  

 
Figure 2: Proximate analysis of milk samples from different breeds of cows. Results are expressed as 

mean percentage ± SD of triplicate measurements. Breeds of cow: Holstein Friesian =HF; Red Bororo =RB; Sokoto Gudali 

=SG; White Fulani =WF. Statistical significance: *** p < 0.001 vs HF as positive control (One-way ANOVA with Dunnett 

posttest). 
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Table 1: Concentration of Mineral Elements and Heavy Metal in Milk Samples of Different Cow 

Breeds.  

 

Minerals/metals Concentration (ppm) 

 HF RB SG WF 

Selenium (Se) 103.103 ± 1.099a 47.427 ± 1.283b 45.033 ± 1.099b 33.791 ± 2.894c 

Iron (Fe) 2.951 ± 0.048a 3.474 ± 0.060b 2.102 ± 0.033c 1.157 ± 0.132d 

Copper (Cu) 0.049 ± 0.046a 0.191 ± 0.032b 0.142 ± 0.015a,b 0.057 ± 0.062a 

Zinc (Zn) 0.024 ± 0.015a 0.161 ± 0.043b 0.141 ± 0.039b 0.138 ± 0.051b 

Phosphorous  (P) 2.514 ± 0.109a 2.493 ± 0.135a 2.530 ± 0.175a 2.511 ± 0.040a 

Lead (Pb) ND ND ND ND 

Chromium (Cr) 0.018 ± 0.020a ND 0.029 ± 0.024a ND 

Manganese (Mn) 0.167 ± 0.017a 0.364 ± 0.028b 0.223 ± 0.014a,c 0.284 ± 0.076b,c 

Cadmium (Cd) 0.056 ± 0.074a 0.007 ± 0.001a 0.014 ± 0.003a 0.013 ± 0.002a 
Shows the mean ± S.D. of triplicate measurements. Values with different superscripts along the rows are significantly 

different (p < 0.05), while values with the same superscript in a row are not significant (p > 0.05) (Two-way ANOVA with 

Bonferroni posttest). Breeds of cow: Holstein Friesian, HF; Red Bororo, RB; Sokoto Gudali, SG; White Fulani, WF. 

 

 

 
 

Figure 3: Concentration of antioxidant vitamins from different breeds of cows.  (A) Vitamin A, (B) 

Vitamin C, and (C) Vitamin E. Results are expressed as mean ± SD of triplicate measurements. Breeds of cow: 

Holstein Friesian, HF; Red Bororo, RB; Sokoto Gudali, SG; White Fulani, WF. Statistical significance: *** p < 0.001 vs HF 

as positive control (One-way ANOVA with Dunnett posttest). 

 

Table 2: Antioxidant Enzyme and Antioxidant Activity of Milk Samples from Different Cow 

Breeds. 

 

Parameters Activity/Concentration 

 HF RB SG WF 

Catalase (U/L) 0.009 ± 0.001a 0.015 ± 0.001b 0.014 ± 0.001b 0.015 ± 0.002b 

SOD (U/mL) 0.119 ± 0.007a 0.166 ± 0.005b ND 3.003 ± 0.003c 

DPPH (%) 77.530 ± 1.941a 77.467 ± 0.821a 80.037 ± 0.699a 77.123 ± 3.014a 

FRAP (mgTE/100g FW)  516.667±28.868a 716.667 ± 125.831a 1083.333 ± 225.462b 433.333 ± 7.735a 

TPC (mgGA/100g FW) 0.257 ± 0.001a 0.253 ± 0.001b 0.158 ± 0.001c 0.157 ± 0.001c 
Shows the mean ± S.D. of triplicate measurements. Values with different superscripts along the rows are significantly 

different (p < 0.05), while values with the same superscript in a row are not significant (p > 0.05) (Two-way ANOVA with 

Bonferroni posttest). Breeds of cow: HF = Holstein Friesian, RB = Red Bororo, SG = Sokoto Gudali, WF = White Fulani.  
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Figure 4: Fatty Acid concentration of milk samples from different breeds of cow. (A) Stearic acid, 

(B) Palmitic acid, (C) Oleic acid and (D) Linoleic acid. Results are expressed as mean ± SD of triplicate 

measurements. Breeds of cow: HF = Holstein Friesian, RB = Red Bororo, SG = Sokoto Gudali, WF = White Fulani. 

Statistical significance: *** p < 0.001 vs HF as positive control (One-way ANOVA with Dunnett posttest). 
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Figure 5: Amino Acid concentration (g/100g protein) of milk samples. Bars represent actual 

concentrations of amino acids from individual measurements. Breeds of cow: HF = Holstein Friesian, RB = Red Bororo, SG 

= Sokoto Gudali, WF = White Fulani. 
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DISCUSSION 

Proximate Analysis 

The lactose values obtained in the 

present study are higher than the result 

obtained by Dandare et al. (2014) for all the 

breeds except that of HF, which is slightly 

lower. Poulsen et al. (2012) revealed that 

typical cow milk comprises at least 4.9% 

lactose. The ash contents of the milk samples 

analysed had variations within the studied 

breeds. These outcomes were higher than the 

findings reported by Dandare et al. (2014) 

(0.73-0.97%) but lower than the values 

reported by Ajai et al. (2012). The variation in 

the ash composition may be due to genetic 

context, as Poulsen et al. (2012) reported that 

milk from different cow breeds possesses 

different composition profiles because of 

genetic background. The difference in ash 

content observed in the present study can be 

attributed to the lactation and nutritional status 

of the cows, as well as the seasons during 

which the experiments were conducted 

(Gaman and Sherrigton, 1998). Ash is an 

important inorganic residue as leftovers 

following the removal of water or organic 

substance by heating in the presence of an 

oxidising agent, thereby providing a quantity 

of the entire aggregate of minerals present in a 

product sample (Omola et al., 2019).  

The fat content range for RB, WF and 

HF (4.23-5.89%) was a bit lower than what 

was previously reported by Dandare et al. 

(2014) (i.e., 5.96-6.80%). Furthermore, 

Adesina (2012) reported broad differences in 

milk fat composition among different breeds 

of cow. This variation in the fat content may 

be due to genetic differences or the 

physiological status of the cow breed (Frank, 

1988). The milk of the WF breed had higher 

carbohydrate content of 15.07%, while RB 

had the lowest value of 4.05%. These 

outcomes are lower than the mean 

carbohydrate content of 9.10 to 22.27% in raw 

cow milk reported by Ajai et al. (2012). The 

range of protein content obtained falls within 

the permissible limit of 3% approved FAO 

(2004). This range is similar to the value 

(3.34±0. 72%) reported by Adesina (2012) but 

lower than the range (30.38 to 42.72%) 

reported by Ajai et al. (2012). 

The moisture contents obtained in this 

study are within FAO (2004) standards. The 

outcome conforms to the findings of Omola et 

al. (2019), who reported a range of between 

77.12-88.00%. On the contrary, the moisture 

content observed in the present study is not in 

agreement with the report of Dandare et al. 

(2014) (81.33-83%). The microbial stability of 

milk depends on its moisture content (Enache 

et al., 2017). Enache et al. (2017) also 

reported that high moisture content is directly 

proportional to higher water activity which 

accelerates microbial growth, thereby 

reducing the shelf life of the milk sample. On 

the other hand, high moisture decreases lipid 

oxidation (Vu et al., 2020). Based on the 

assertion of Enache et al. (2017) and Vu et al. 

(2020), milk from SG (with the highest 

moisture content) would have the lowest shelf 

life, while that from HF (with the lowest 

moisture content) will have the highest shelf 

life. Furthermore, the present findings suggest 

that milk from SG may have lower lipid 

oxidation but might have a comparatively low 

shelf life due to potentially higher microbial 

activities. 

 

Mineral elements and heavy metals 

Minerals are naturally occurring 

inorganic micronutrients essential for the 

normal biological activity of organisms. These 

antioxidant minerals serve as co-factors to 

numerous metalloenzymes such as glutathione 

peroxidase (e.g., Se), catalase (e.g., Fe), and 

superoxide dismutase (e.g., Cu, Zn, and Mn) 

that are critical in protecting cellular 

components from oxidative damage 

(Mcdowell et al., 2007). This study showed 

that the selenium (Se) content in the milk 

sample analysed ranges from 33.79-103.10 

ppm. The milk of HF had significantly highest 

Se level compared to the milk from other 

three breeds. Selenium is a mineral element 

specifically related to antioxidant function 

(Mcdowell et al., 2007). At least 35 

antioxidant Se proteins (such as selenoprotein 

P, glutathione peroxidases and thioredoxin 

reductases) detoxify harmful ROS and 

facilitate gene expression of other 

cytoprotective antioxidants (Nakamura, 2005).  
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The values of zinc obtained in this 

study are lower than the ranges previously 

reported by Ogabiela et al. (2011) and Omola 

et al. (2019). Zinc is an essential mineral that 

serves as a cofactor of more than 300 enzymes 

and 2000 transcription factors involved in 

gene regulation (Marreiro et al., 2017). 

Marreiro et al. (2017) also reported that zinc is 

a structural component of superoxide 

dismutase found in the cytoplasm of cells. 

This critical enzyme significantly modulates 

the function and activity of the antioxidant 

defence system. Zinc deficiency has been 

reported to induce a mutant-like conformation 

in superoxide dismutase, thereby inducing 

chronic endoplasmic reticulum stress 

(Marreiro et al., 2017). 

The difference in iron content of the 

breeds in the present study conformed to 

studies of Adesina (2012) and Abbaya et al. 

(2020), who separately reported similar 

differences across different cow breeds. Iron 

is an essential co-factor for enzymes, 

including catalase - the antioxidant enzyme 

that converts hydrogen peroxide to water- and 

heme proteins involved in oxygen transport 

(Mcdowell et al., 2007; Adesina, 2012). CAT 

prevents cellular damage posed by free 

radicals. Iron (Fe) is critical element in the 

food of pregnant women, nursing mothers, 

infants, convulsing patients and elderly in 

order to prevent anaemia and other related 

diseases (Adjatin et al., 2013). 

Copper is an essential micronutrient 

and an integral part of antioxidant enzymes 

(such as glutathione peroxidase and 

superoxide dismutase) that helps prevent 

oxidative stress and maintain antioxidant 

status and also plays an essential 

physiological role in foetal growth and early 

postnatal development (Omola et al., 2019).

 The milk of RB breed has 

significantly highest level of manganese (Mn) 

than that of HF and SG which contradicts the 

findings of Ajai et al. (2012), who reported no 

significant difference in Mn concentration of 

milk samples from different cow breeds. 

Contrary to the report of Dandare et al. 

(2014), where they observed significant 

differences in the phosphorus levels among 

the animal breeds, no significant difference in 

the phosphorus (P) and chromium (Cr) levels 

in milk samples were observed in this study. 

The levels of chromium were lower than the 

ranges of 0.78-1.58 ppm earlier reported by 

Omola et al. (2019). Chromium (Cr) is also 

involved in the breakdown and absorption of 

carbohydrates, fats, and proteins. Moreover, 

lead (Pb) was not detected in all four breeds 

analysed. This agrees with other studies 

conducted by Ogabiela et al. (2011) and 

Omola et al. (2019). Similarly, the level of 

cadmium (Cd) detected in the entire milk 

sample were within the ranges of 0.007-0.056 

ppm, which is similar to the value of 0.03 g/L 

reported by Omola et al. (2019) but lowers 

than 1.63 mg/l obtained by Ogabiela et al. 

(2011). 

 

Antioxidant vitamins and enzyme activities 

Studies have shown that beta carotene 

acts as an oxygen radical scavenger, while 

vitamin A aids antioxidant defence systems 

against oxidative stress (Ma et al., 2005). The 

vitamin A content in the cow milk as observed 

can help to alleviate the symptoms of vitamin 

A deficiency as well as to contribute to daily 

vitamin A required by the body as reported by 

Cosmas et al. (2010). Vitamin C is the most 

important extracellular antioxidant that 

protects the biomembrane against lipid 

peroxidation (Mcdowell et al., 2007). Vitamin 

C also exerts its antioxidant action by acting 

as an enzyme co-factor, particularly for 

dioxygenases (iron-dependent enzymes) 

which are involved in numerous activities 

such as glucose metabolism, collagen 

synthesis, angiogenesis, iron homeostasis, cell 

survival and many other vital functions (Du et 

al., 2012). Vitamin E plays a vital role as a 

membrane-bound antioxidant, thereby tricking 

lipid peroxyl free radicals produced from 

unsaturated fatty acids during oxidative stress 

(Mcdowell et al., 2007). Thus, Mcdowell et al. 

(2007) suggested that vitamin E is the first 

line of defence against peroxidation of 

phospholipids. 

 

Antioxidant enzymes and antioxidant 

activity 

Catalase is a heme-containing 

antioxidant enzyme that converts hydrogen 



A. M. MODE et al. / Int. J. Biol. Chem. Sci. 17(2): 600-617, 2023 

 

612 

peroxide to oxygen and water. The catalase 

concentration observed in the present study 

was lower than the average catalase activity in 

cow milk (i.e., 0.86 units and 0.56-1.80 units, 

respectively) reported by Prajapati et al. 

(2017). Fox and Kelly (2006) suggested that 

catalase activity in milk is a good indicator of 

the udder health status of cows. SOD and 

CAT in milk originate from secretory cell 

membranes, somatic cells, plod plasma and/or 

fat globule membranes (Fox and Kelly, 2006). 

The enzymes’ levels in milk correlate with 

inter and intra-species variations. More so, 

physiological status, feeding, stage of 

lactation, age, breed, and infection can affect 

the level/activity of these enzymes in milk 

samples (Fox, 2003; Fox and Kelly, 2006). 

Thus, these factors may be responsible for the 

variation of the enzymes’ activities in the milk 

analysed in this present study. However, the 

low level of these activities is also a strong 

indication that the subjects are not diseased 

(Sharma et al., 2011). 

To evaluate the antioxidant activity of 

the milk samples, 2,2-diphenyl-1-picryl-

hydrazine-hydrate (DPPH), ferric reducing 

antioxidant power (FRAP) and total phenolic 

content (TPC) methods were used. This is 

because antioxidants have different 

mechanisms of action, and no single standard 

quantitative technique can account for all the 

antioxidant activities (Karadag et al., 2009), 

therefore, different assay techniques will 

likely give different antioxidant 

outcomes/values (Sethi et al., 2020). DPPH is 

a stable free radical used to measure 

antioxidants' radical scavenging activity 

(Otohinoyi et al., 2014). It is one of the best 

generally used assays for the determination of 

the antioxidant capacity of milk and beverages 

(Khan et al., 2017). The higher the DPPH 

value, the greater the antioxidant function of 

the food sample. Cow milk can improve lipid 

metabolism, the oxidative status of the 

animals, and the performance of lactating 

cows by improving rumen metabolism 

(Alyaqoubi et al., 2014). The level and 

significance of antioxidant activity in cow 

milk are subject to the animal feed/diet quality 

(Stobiecka et al., 2022).       

 

Fatty acids profile 

Cow milk is reported to contain an 

average of 60-70% saturated fatty acids, with 

palmitic acid (C16:0) accounting for about 

30% by weight, while stearic acid (C18:0) 

account for 12% by weight (Mansson, 2008). 

Likewise, 25% of the fatty acids are mono-

unsaturated, with oleic acid (C18:1) 

constituting about 23.8% by weight. The 2.3% 

of the total fatty acids in cow milk are poly-

unsaturated fatty acids, in which linoleic acid 

(C18:2) accounts for 1.6% by weight 

(Mansson, 2008). Wang et al., (2007) reported 

that stearic acid could efficiently protect 

cortical neurons against oxidative stress by 

enhancing the activity of antioxidant enzymes 

such as SOD, glutathione peroxidase (GPx), 

and CAT. Fatty acid profile of the cow milk 

examined herein might have varied due to 

diverse factors that include animal origin 

(breed and selection), stage of lactation, 

lactation number, age of cow, seasonal and 

regional effect, rumen fermentation and most 

notably feed related factor (fibre, energy 

intake, dietary fats) which is reported to be 

responsible for 95% of the variation (Pietrzak-

Fiecko et al., 2009). 

 

Amino acids profile 

The level of glutamic acid ranged from 

13.01 to 14.3 g/100g protein which concurs 

with the findings of Landi et al. (2021), which 

indicated that glutamic acid is the most 

abundant free amino acid in raw cow milk 

(approximately 43% of the total). Similarly, 

Sabahelkhier and Murwan (2012) reported 

higher levels of glutamic acid in cow milk 

than any other amino acids, thus suggesting 

that glutamic acid was the major non-essential 

amino acid in cow milk. This study observed 

that the milk of the WF breed had the highest 

concentration of glutamic acid and aspartic 

acid which conforms with a study by Abbaya 

et al. (2022), where WF cattle milk had the 

highest level of glutamic acid (11.77 g/100g). 

WF breed has the highest cattle population in 

Nigeria (Kubkomawa, 2017) and is the 

foremost milk producer in the country 

(Adesina, 2012). The milk of WF breed may 

be excellent for antioxidative response and as 

an immune booster due to substantial high 
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level of glutamic and aspartic acid, since 

glutamate, glutamine and aspartate are 

indicated to play a critical role in regulating 

gene expression, cell signalling, antioxidant 

responses and immunity (Wu, 2009). The 

findings of this study contradict the report of 

Adesina (2012), who observed low levels of 

glutamic acid (14.97±1.62 g/100g protein) and 

aspartic acid (8.57±0.27 g/100g protein) in the 

milk of WF breed when compared to RB and 

Muturu breeds. Similar to the findings of 

Abbaya et al. (2022), the result of this study 

also showed that milk of RB breed contained 

the highest composition of essential amino 

acids such as lysine, valine, and tryptophan.  

The milk of the RB breed also had the 

highest amount of cysteine; thus the milk of 

the RB breed can be an excellent antioxidant 

booster since cysteine (sulphur-containing 

amino acid) plays a critical role in the 

intracellular biosynthesis of glutathione. The 

high level of valine, leucine, glycine, and 

threonine observed in RB conforms to the 

findings of Adesina (2012). Valine and 

leucine are branched-chain amino acids 

critical for body tissue maintenance, growth 

and repair, and prevention of several catabolic 

actions during exercise (Rafiq et al., 2016). 

Rafiq et al. (2016) reported that threonine is 

one of the most limiting amino acids in 

protein sources and is essential for 

metabolism and protein synthesis. 

Both the milk of the WF and RB breed 

possesses the highest level of eight (8) amino 

acids each compared to the other 2 breeds (HF  

and SG). Xu et al. (2017) suggested that out of 

the 20 amino acids, seven (7) amino acids 

(namely: tryptophan, methionine, histidine, 

lysine, cysteine, arginine and tyrosine) are 

called antioxidant amino acids due to their 

strong total antioxidative activity, while the 

remaining 13 amino acids had low or almost 

no antioxidant activity. Based on this finding, 

the milk of the RB breed contained a high 

level of 4 of these antioxidant amino acids 

(cysteine, lysine, tryptophan and tyrosine). In 

contrast to milk of WF breed with only 3 of 

these amino acids (arginine, histidine and 

methionine). Thus, the RB’s milk and that of 

the WF breed are good sources of antioxidant 

amino acids. The amino acid composition in 

the milk of the four breeds is in the order: WF 

> RB > HF > SG. This finding is contrary to 

the report of Adesina (2012), who observed 

that the milk of the RB breed contained the 

highest total amino acids, followed by the 

Muturu breed and then the WF breed. 

Moreover, the findings agree with the report 

of Rafiq et al. (2016), and Abbaya et al. 

(2022). Additionally, variations in diet or 

feeding system, milking lactation, stage of 

lactation, animal health status and milking 

method can affect milk quality (Adesina, 

2012; Rafiq et al., 2016). Cow milk is 

sufficient in amino acids, which play a 

distinctive role in human metabolism, provide 

substrate for protein synthesis and 

gluconeogenesis, suppressing protein 

catabolism and triggering muscle protein 

synthesis (Abbaya et al., (2022). Therefore, 

cow milk can play a significant role in 

building a healthy society while serving as a 

tool for rural development through the 

improvement of income and rural economic 

status (Rafiq et al., 2016). 

 

Conclusion 

The antioxidant capacity of milk 

depends on the antioxidant components such 

as vitamins (A, E and C), minerals (such as 

phosphorus, selenium, and copper), as well as 

amino acids or proteins. The findings from 

this study indicated that milk of different cow 

breeds contained a significant amount of these 

antioxidant components, thereby serving as a 

great source of antioxidants. The milk of the 

RB breed contained the highest amino 

acid/protein and antioxidant mineral levels, 

while WF contained the highest antioxidant 

vitamin content. Similarly, the milk of WF 

possesses the highest activities of antioxidant 

enzymes (CAT and SOD) as well as ferric 

reducing antioxidant power (FRAP) followed 

by that of RB breed. Furthermore, the WF 

breed had a significantly higher level of 

stearic acid, which is a strong enhancer of 

antioxidant enzymes (SOD, GPx and CAT). 

This suggests that WF is a better source of 

antioxidants, but a mixture of WF and RB 

milk could offer a better nutritional value for 

the human diet. The difference in the 

nutritional composition of the milk samples is 
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most likely due to the difference in the genetic 

makeup of the different cattle breeds rather 

than environmental or nutritional factors since 

the animals were bred in an optimal 

environment and fed with uniform feed. There 

is a need to further study and understand the 

genes and genetic disparities responsible for 

the variation in milk quality among cow 

breeds with the aim of improving milk 

production and its quality. 
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