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ABSTRACT 
 

This study was conducted to investigate the milk yield and composition of White Fulani cows fed dietary levels of 
soya milk residue during early lactation period of 14 weeks postpartum. Three primiparous and six multiparous (third 
parity) White Fulani cows were used for the study. The experimental cows were milked twice daily (morning and 
evening), and the calves were allowed to suck milk from their dam before and after milking. The completely 
randomized design with three dietary treatment levels (0, 20 and 30%) of soya milk residue and three cows per 
treatment was employed. The average milk yield per day ranged between 2.29 and 3.28 kg. The 30 % inclusion level 
of soya milk residue recorded the highest (P<0.05) morning, evening and total milk yield. The morning milk yield is 
between 1.4 and 1.8 times higher than that of the evening milk yield. The ranges of 3.38 to 3.65% milk protein, 3.75 
to 4.70% milk fat and 0.80 to 0.84% milk ash were observed. Strong and negative correlations were observed between 
the total milk yield per day versus milk fat, milk protein and milk total solids (r = -0.998; -0.599; and -0.946 
respectively). Magnesium (120.04 to 135.67 mg/kg) and potassium (1800.52 to 2200.30 mg/kg) constitute the lowest 
and highest concentrations of the milk minerals. In conclusion, lactating White Fulani cows can benefit when fed 
Panicum maximum grass basal diet and concentrate diet with up to 30% inclusion level of soya milk residue for 
efficient milk yield and composition.  
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INTRODUCTION 
 

In Nigeria, cow milk is the most widely consumed 
and production is not sufficient to meet consumer needs 
either as fresh milk or fermented milk.  The White Fulani 
cow is known to be the major source of the national milk 
supply and they are mostly owned by the Fulani 
pastoralists (Akinlade et al., 2009). Ndubueze et al. 
(2006) stated that inadequate feed supply and low 
productivity of livestock were some of the factors limiting 
milk production from indigenous cattle breeds in Nigeria. 

The agro-pastoral system of cattle production in 
Nigeria provides feeds for ruminants mainly on range. 
This however, presents difficulties particularly during the 
dry season when there is low nitrogen content of the 
fodder. Ndubueze et al. (2006) mentioned that the low 
nitrogen content of dry season fodder usually confer 
severe nutritional stress on ruminant livestock with the 

result that the cattle grazing these poor quality forages 
without supplementation experience weight loss, low 
growth rate and decline in milk production. 

 The use of conventional feedstuffs such as maize, 
soyabean meal, groundnut cake and fish meal are usually 
expensive and uneconomical.  Olafadehan and Adewumi 
(2010) suggested that agro-industrial by-products such as 
cheap and readily available palm kernel cake, dried 
brewer’s grains and soya milk residue can be used during 
the dry season in the tropical countries for improved milk 
production in cows. These authors also reported the daily 
milk offtake (extractable milk for human consumption) 
values of between 0.6 and 1.0 kg/day in Bunaji cows fed 
under grazing only, and those grazed as well as being 
offered supplemental agro-industrial by-products. In 
another research, Olafadehan and Adewumi (2008) 
observed that White Fulani cows produced higher milk 
when fed grasses, legumes and concentrate supplement
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than other cows not fed concentrate supplements.  
Ndubueze et al. (2006) also reported daily milk yield 
values of 0.16 to 0.46 kg/day in grazing White Fulani 
cows fed dried poultry waste-cassava peel based diets. 
Milk composition values of 9.21 to 10.83%, total solids; 
3.46 to 3.58%, crude protein; 3.78 to 5.07%, fat; 4.59 to 
6.47%, solids-not-fat; 6.80 to 9.04%, lactose and 0.82 to 
0.99%, ash were recorded by Ndubueze et al. (2006). 
Alphonsus (2015) stated that milk composition (fat, 
protein and lactose contents) is an important trait in dairy 
cattle and considerable selection pressure is placed on 
these traits. This author further stated that milk 
composition traits determine the quality of milk produced 
by dairy cows and have economic value since dairy 
producers are paid premium value for milk of higher than 
average quality or composition. 

Mwaura and Akinsoyinu (2010) mentioned that milk 
minerals contribute to the buffering capacity of milk, 
eminence of milk pH, ionic strength of milk and milk 
osmotic pressure. Adebosin et al. (2010) reported that 
milk yield from morning milking were higher than that 
obtained in the evening milking for the same animal. 
These authors attributed the difference to the longer time 
interval allowed for milk synthesis between the previous 
evening’s milking and the following day’s morning 
milking, than between the morning and evening milking 
of the same day. The aim of this research work was to 
investigate the average morning, evening and total milk 
yield of grazing White Fulani cows fed dietary levels (0, 
20 and 30%) of soya milk residue. To evaluate the 
proximate composition (fat, protein, total solids, solids-
not-fat, lactose and ash content) of the milk. To assess 
some major minerals (calcium, phosphorus, magnesium, 
potassium and sodium) composition of the milk. 

 
MATERIALS AND METHODS 

 
Location of the study 

This study was carried out on farm at the Ruminant 
Unit of the Ladoke Akintola University of Technology 
(LAUTECH) Teaching and Research Farm, Ogbomoso, 
Oyo State, Nigeria. 
 
Animals and their management 

Nine White Fulani cows (1st and 3rd parity) that were 
kept at the LAUTECH Teaching and Research Farm, were 
used for the experiment. The animals were divided into 
three groups, with their body weights ranging from 240 to 
260 kg. The completely randomized design with three 
dietary treatment levels (0, 20 and 30%) of soya milk 
residue (SMR) and three animals per treatment was used. 
All the cows were synchronized for oestrus using 
Prostaglandin 2F alpha administered intra muscularly. 
Proven bulls were introduced once signs of heat were 
detected. 
 
Animal feeding 

The experimental animals were allowed for free 
grazing (0900 to 1500h) on Panicum maximum paddocks.  
Three concentrate rations were formulated in such a way 
that soya milk residue (SMR) served as the major source 
of nitrogen and test ingredient (0%, 20% and 30% SMR) 
as presented in Table 1. Two kg of the experimental 

concentrate diet was offered to each animal twice daily, 2 
kg in the morning and 2 kg in the evening when the 
animals were tied in a shed before milking. The 
experimental cows had free access to water and salt lick 
throughout the day. 
 
Milk collection 

Milk was collected daily from each cow from 6 days 
after calving till 98 days (14 weeks). Milk was collected 
twice daily at 0800h and 1400h. The calves were allowed 
to suck milk from their dams briefly before milk 
collection in order to stimulate the process of milk 
letdown. Each cow was then hand milked and milk was 
collected alternatively from two diagonal teats at a time. 
The calves were allowed to suck milk freely from their 
dams when hand milking of the cows was not being done. 
The morning and evening milk yields were recorded and 
the milk pooled together, then 100 ml milk sample was 
collected for analyzing the milk composition for each 
experimental cow. 
 
Chemical analysis 

Chemical composition of the Panicum maximum 
grass (basal diet), soya milk residue (test ingredient) and 
the three experimental diets were determined.  In the 
experimental diets, dry matter was determined by oven 
drying samples at 105oC for 24 hours to a constant weight, 
and ash by igniting the samples in a muffle furnace at 
600oC for 8 hours. Nitrogen (N), crude fibre (CF) and 
ether extract (EE) were determined according to the 
methods of AOAC (2005). Crude protein (CP) was 
calculated (N x 6.25) and nitrogen free extract (NFE) was 
also calculated (100 – (% CP + % CF + % EE + % Ash + 
% moisture).  Neutral detergent fibre (NDF) and acid 
detergent fibre (ADF) were measured by the methods of 
van Soest et al. (1991). Hemi cellulose (HC) was 
calculated (HC = NDF – ADF).  Non fibrous carbohydrate 
was calculated (100 – (% NDF + %CP + %EE + % ash).  
 
Proximate composition of milk samples 

Milk samples were analysed for proximate 
composition by analysing for total solids, fat (Gerber 
method), nitrogen and ash (AOAC, 2005). Percent protein 
(N X 6.38), solids-not-fat (%SNF) was calculated by 
difference (%SNF = %TS - % Fat). Percent lactose was 
determined by using Fehlings solution method (Triebold, 
2000). 
 
Mineral composition of milk samples 

The milk samples were analysed according to the 
methods of AOAC (2005).  
 
Digestion 

Amounts of 0.5g of the milk samples were weighed 
into a set of digestion tubes and 10mls each of perchloric 
and nitric concentrated inorganic acids were dispensed 
into the sample tubes. The samples were digested on the 
digestion block at 120oC for 2 hours, until the organic 
substances were completely decomposed. At the end of 
the digestion, the samples were allowed to cool to room 
temperature. Digested samples were made up to the 50mls 
volume with deionized water and then transferred into 
centrifuge tubes and shaken for 10 minutes. The solutions 
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were transferred to the centrifuge machine and centrifuged 
at the rate of 4500 rpm for 5 minutes. Finally, the 
supernatants were placed in duplicates in a set of pyrex 
glass vials and analysed for Ca, P, Mg, K and Na levels. 
The Ca and Mg were burnt off in an atomic absorption 
spectrophotometer (AAS) and the intensity of their flame 
was measured at the appropriate wavelength, current and 
pressure. Potassium and sodium were read off in the flame 
photometer. Phosphorus was measured calorimetrically 
using the vanado-molybdate reagent (AOAC, 2005). The 
results were then expressed in mg/kg. 
 
Statistical analysis 

Data from the experiment were subjected to one way 
analysis of variance (ANOVA) procedure of SAS (2000). 
Significant means were separated using the Duncan’s 
multiple range test of the same package. Mean differences 
were considered significant at P<0.05. Simple correlation 
analysis was carried out using the SPSS (2012) statistical 
package. 

 
RESULTS  

 
The chemical composition of Panicum maximum 

grass (basal diet) and soya milk residue (test ingredient) 
are presented in Table 1. The ingredients and chemical 
composition of the concentrate diets are also shown in 
Tables 2 and 3. The average morning, evening and total 
milk yield of the experimental White Fulani cows are 
shown in Table 4. There were significant (P<0.05) 
differences among the milk yield values at the different 
inclusion levels of soya milk residue. Table 5 shows the 
proximate composition of the milk samples of the 
experimental cows and the values were all significant 
(P<0.05). The correlations between the total milk yield 
and the milk constituents are also as presented in Table 6. 
The composition of the major minerals in the milk of the 
experimental cows is shown in Table 7. 
 

DISCUSSION 
 

Chemical composition of the experimental diets 
The experimental diets were adequate in meeting the 

minimum recommended levels of 12% crude protein and 
25 – 28% fibre requirements for lactating cows (NRC, 
2001). These also satisfied the 8% crude protein required 
to provide the minimum ammonia level required by 
rumen micro-organisms for optimum rumen activity 
(Norton, 2003). The ash content of a feed indicates the 
mineral level. The range of 4.11 to 11.96% ash content of 
the experimental diets was within the range of value of 
6.68 to 9.48% ash contents of foliage legume and non 
legume browse plants recommended for ruminants 
feeding (Ogunbosoye et al., 2015). Non fibrous 
carbohydrate (NFC) content of the diets of ruminants 
serves as a source of energy. The optimal dietary level of 
non fibrous carbohydrate in dairy ruminants’ diet is 
suggested to be between 30 and 40% DM (Abdollahzadeh 
et al., 2010). Thus, the non fibrous carbohydrate values 
(14.04 to 32.49%) recorded in this study is moderate to 
serve as a good diet for the lactating White Fulani cows.  

Table 1: Chemical Composition of Panicum maximum grass 
(basal diet) and soya milk residue (test ingredient) 

Parameters (%) Panicum 
maximum 

Soya milk 
residue 

Dry matter 88.78 93.28
Crude protein 12.04 18.48
Ether extract 3.29 3.59
Crude fibre 37.57 4.83
Ash 11.96 4.11
Nitrogen free extract 23.92 62.27
Neutral detergent fibre 58.67 41.33
Acid detergent fibre 39.96 24.48
Hemi cellulose 18.71 16.85
Non fibrous carbohydrate 14.04 32.49

 
Table 2: Ingredients composition of concentrate diets 

Ingredients Dietary levels of soya milk residue (%)
0 20 30

Dried cassava peels 50.00 50.00 50.00
Soya milk residue - 20.00 30.00
Wheat offal 47.00 27.00 17.00
Vitamin/mineral mix 1.50 1.50 1.50
Salt 1.50 1.50 1.50
Total 100.00 100.00 100.00

 
Table 3: Chemical composition of concentrate diets 

Parameters  
Dietary levels of soya milk 

residue (%) 
0 20 30

Dry matter 88.64 87.58 90.15
Crude protein 10.90 13.15 15.90
Ether extract 2.88 2.81 3.63
Crude fibre 13.69 10.65 7.18
Ash 6.31 5.93 10.02
Nitrogen free extract 54.86 55.04 53.42
Neutral detergent fibre 53.01 51.94 50.41
Acid detergent fibre 29.73 27.54 22.18
Hemi cellulose 23.28 24.40 28.23
Non fibrous carbohydrate 26.90 26.17 20.04

 
Table 4: Milk yield of White Fulani cows fed the experimental 
diets 

Average milk yield 
(kg/day) 

Dietary levels of soya milk 
residue (%) 

SEM

0 20 30
Morning milk yield 1.46c 1.64b 1.90a 0.003
Evening milk yield 0.83c 1.01b 1.38a 0.001
Total milk yield 2.29c 2.65b 3.28a 0.004

a,b,c Means in the same row with different superscripts are 
significantly different (P<0.05)  
 
Table 5: Proximate composition of milk of White Fulani cows 
fed the experimental diets 

Milk constituents 
(%)  

Dietary levels of soya milk 
residue (%) SEM 

0 20 30 
Fat 4.70a 4.35b 3.75c 0.008
Protein 3.65a 3.38c 3.45b 0.003
Total solids 13.77a 12.90b 12.44c 0.003
Solids-not-fat 9.07a 8.55c 8.69b 0.004
Lactose 4.62a 4.33c 4.42b 0.006
Ash 0.80c 0.84a 0.82b 0.018

a,b,c Means in the same row with different superscripts are 
significantly different (P<0.05). 
 
Average milk yield of white fulani cows 

The total milk yield ranged between 2.29 and 3.28 
kg/day. The dietary levels of soya milk residue had 
significant effect (P<0.05) on the morning, evening and
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Table 6: Pearson correlations of milk yield and composition of White Fulani cows 
Variables TMY MFC MPC MTSC MAshC 
Total milk yield (TMY) -     
Milk fat content (MFC) -0.998**     
Milk protein content (MPC) -0.599** 0.600**    
Milk total solids content (MTSC)  -0.946** 0.947** 0.825**  
Milk ash content (MAshC) 0.363 0.364 -0.963** -0.644** - 

*=P<0.05; **=P<0.01. 
 
Table 7: Mineral composition of milk of White Fulani cows fed the experimental diets 

 
Mineral (mg/kg) 

Dietary levels of soya milk residue (%)  
SEM 0 20 30 

Calcium 1000.00c 1100.03b 1120.14a 0.600 
Phosphorus 850.03c 895.13b 970.02a 3.000 
Calcium : Phosphorus  1.18:1 1.23: 1 1.16:1  
Magnesium 120.04c 125.08b 135.67a 1.366 
Potassium 1900.31b 1800.52c 2200.30a 1.000 
Sodium 570.67a 530.15b 470.03c 1.833 

a,b,c Means in the same row with different superscripts are significantly different (P<0.05). 
 
total milk yield of the experimental cows. The 30% 
inclusion level of soya milk residue recorded the highest 
(P<0.05) morning, evening and total milk yield. The 
morning milk yield was between 1.4 and 1.8 times greater 
than that of the evening milk yield. Similarly, milk yield 
of dairy animals was reported to be higher in the morning 
than in the evening (Adeneye, 1990; Tona et al., 2006; 
Adebosin et al. (2010)). 
 
Proximate composition of milk 

The cows fed the control diet with 0% soybean milk 
residue had the highest percentages of fat, protein, total 
solids, solids-not-fat and lactose.  This is followed by the 
values of the milk composition of experimental cows fed 
30% soya milk residue which has the second highest 
values of protein (3.45%), solids-not-fat (8.69%) and 
lactose (4.42%).  The range of 3.38 to 3.65% milk protein 
recorded in this study was close to the range of 3.7 to 
3.8% crude protein of Bunaji cow milk observed by 
Olafadehan and Adewumi (2010). The ranges of 3.75 – 
4.70% fat and 12.44 – 13.77% total solids are within the 
ranges of 3.7 to 5.3% fat and 12.1 to 13. 9% total solids 
reported by Intisar et al. (2012). Olafadehan and 
Adewumi (2010) outlined that the proportions of fat and 
protein in milk are determined primarily by the genetic 
make-up of the lactating cow, though they can be changed 
by nutrition and methods that adjust digestive and 
metabolic processes. In the present study, the values of 
crude protein of the diets do not reflect any definite 
pattern that can be attributed to the variation in the dietary 
treatments.  Values of 0.80 to 0.84% ash contents of the 
milk observed is also within the ranges of 0.73 to 0.97% 
milk ash found in the studies of Dandare et al. (2014).  As 
shown in Table 6, there exist significant (P<0.01), but 
negative correlations between total milk yield versus milk 
fat, milk protein and milk total solids (r = - 0.998, - 0.599 
and -0.946 respectively). Similarly, Alphonsus (2015) 
observed a strong negative relationship between the early 
lactation milk yield and milk fat content of Friesian x 
Bunaji cross-bred cows.  Ahamefule et al. (2007) also 
found milk yield to be negatively correlated to milk fat (r 
= - 0.90) and total solids (r = - 0.74) contents of White 
Fulani cows. There was a non-significant correlation 
between total milk yield and the ash content.    

Mineral composition of milk 
Mean calcium and phosphorus contents in the milk 

ranged from 1000.00 to 1120.14 mg/kg and 850.03 to 
970.02 mg/kg respectively. These values are higher than 
the 500 mg/kg for calcium and 780 mg/kg for phosphorus 
in the milk of White Fulani cows reported in the research 
of Dandare et al. (2014). The calcium to phosphorus ratio 
of milk that is recorded in this study (1.16:1 – 1.23:1), is 
moderate as compared to the normal calcium: phosphorus 
ratio of 1.4 : 1 (Hawk et al. , 1954), but below calcium: 
phosphorus ratio of 4.4 : 1 for cow milk reported by 
Belewu and Aiyegbusi (2002). The observed ranges of 
other mineral levels reported in the current research are 
for magnesium (120.04 – 135.67 mg/kg), potassium 
(1800.52 – 2200.30 mg/kg) and sodium (470.03 – 570.67 
mg/kg). The concentrations of magnesium (120.04 – 
135.67 mg/kg) and potassium (1800.52 – 2200.30 mg/kg) 
constitute the lowest and highest concentrations of the 
milk mineral levels respectively in this study. 
 
Conclusion 

Lactating White Fulani cows can benefit when fed 
Panicum maximum grass basal diet and concentrate diet 
with up to 30% inclusion level of soya milk residue for 
efficient milk production.  

 
REFERENCES 

 
Abdollahzaden F, R Pirmohammadi, F Fatehi and I 

Bernousi, 2010. Effect of feeding ensiled mixed 
tomato and apple pomace on performance of Holstein 
dairy cows. Slovak J Anim Sci, 43: 31-35. 

Adebosin OG, JO Egahi and NI Dim, 2010. The effect of 
genotype and time of milking on milk yield and 
composition of Holstein-Friesian x White Fulani 
crossbred cattle in a tropical environment. Agric Biol 
J North Am, 1: 909-911. 

Adeneye JA, 1990. Morning and evening milk yield of 
imported German Holstein cattle in a hot humid 
tropical environment. Niger J Anim Prod, 17: 60-62 
(Research  note). 

Ahamefule FO, O Ohaeri, and JA Ibeawuchi, 2007. Early 
lactation milk yield and composition of Muturu, 
N’dama and White Fulani cows managed semi-



Inter J Agri Biosci, 2015, 4(6): 22-26. 
 

 26

intensively in a hot-humid environment. Medwell J 
Anim Vet Adv, 6: 1458- 1463. 

Akinlade JA, JW Smith, AA Taiwo, IO Adekunle and FG 
Akangbe, 2009. Milk production from primiparous 
Bunaji cows fed Pennisetum purpureum with or 
without supplement. Niger J Anim Prod, 36: 125-133. 

Alphonsus C, 2015. Prediction of total milk yield in early 
lactation of dairy cows using milk composition 
measures.  Livestock for Rural Development, 27 (8).  

AOAC, 2005. Official methods of analysis. Association of 
Official Analytical Chemists, Washington DC, USA, 
pp: 48. 

Belewu MA  and OF Aiyegbusi, 2002.  Comparison of the 
mineral content and apparent biological value of milk 
from human, cow and goat. The J Food Technol 
Africa, 7: 9-11. 

Dandare SU, IJ Ezeonwumelu and MG Abubakar, 2014. 
Comparative analysis of nutrient composition of milk 
from different breeds of cows. Eur J Appl Engin Sci 
Res, 3: 33-36. 

Hawk BB, BL Oser and WH Summerson, 1954. Practical 
Physiological Chemistry. Mc Graw – Hill Book 
Company Inc., New York USA, pp: 775-776. 

Intisar YT, AM Mawhip, EK Muna, SA Miriam, ME 
Omer and ME Hammed, 2012. Effect of feeding 
systems on milk yield and composition of local and 
cross bred dairy cows. Inter J Sci Technol, 2: 5-9. 

Mwaura SM and AO Akinsoyinu, 2010. Calcium and 
phosphorus in milk of Yankasa ewes as influenced by 
stages of lactation. J Appl Biosci, 26: 1623-1630. 

NRC, 2001. National Research Council. Nutrient 
Requirement of Dairy Cattle. 6th Edition National 
Academy of Sciences, Washington DC, USA. 

Ndubueze AI, SN Ukachukwu, FO Ahamefule and JA 
Ibeawuchi, 2006. Milk yield and composition of 
grazing White Fulani (Bunaji) cows fed poultry 
waste-cassava peel based diets. Pak J Nutr, 5: 436-
440. 

Norton BW, 2003. Studies of the nutrition of the 
Australian goat. Thesis (D. Agr.Sc.), University of 
Melbourne. http://worldat.org/oclc/62538900 

Ogunbosoye DO, GO Tona and FK Otukoya, 2015. 
Nutritive evaluation of some browse plant species in 
the Southern Guinea Savanna of Nigeria for ruminant 
animals. Brit J Appl Sci Technol, 7: 386-395. 

Olafadehan OA and MK Adewumi, 2008. Milk 
production and economic impact of strategic 
supplementation of prepartum Bunaji cows in the 
peri-urban areas of derived Savanna of South-
Western Nigeria. Livestock for Rural Development 
20 (3). 

Olafadehan OA and MK Adewumi, 2010. Milk yield and 
composition of prepartum Bunaji cows supplemented 
with agroindustrial by-products in small holder dairy 
production systems. Tropical and Subtropical Agro 
ecosystems, 12: 557-564. 

Statistical Analysis Systems (SAS) Institute Inc., 2000. 
SAS/ STAT. User’s guide version 6. 3rd  Edition Cary. 
North Carolina, USA.  

SPSS,  2012.  Statistical Package for Social Sciences. 
Procedure and Facilities for release, Mc Graw-Hill 
Book Co. New York, USA. 

Tona  GO, K Agyemang, JA Adeneye  and JA Akinlade, 
2006. Relationship between morning and evening 
milk yield of Bunaji cows fed increasing levels of 
total digestible nutrients during early lactation. 
Tropical Animal Production  Investigations,  9: 197- 
203. 

Triebold HO, 2000. Quantitative Analysis with 
Applications to Agricultural and Food Products. New 
York: D. van Nostrand Co. Inc. 2nd Edition, pp: 204- 
221. 

Van Soest PJ, JB Robertston, BA Lewis, 1991.  Methods 
for dietary fibre neutral detergent fiber and non-starch 
polysaccharides in relation to animal nutrition. J 
Dairy Sci, 74: 3583-3597.   

 
 


