
ABSTRACT 

 

NEBA, SOPANI ROBERT. An Analysis of Milk Chemical Composition Produced from Malawi 

Zebu-Friesian Crosses Raised under Small Scale Systems, Their Susceptibility to 

Environmental Stress and Prevalence of Subclinical Mastitis.  (Under the direction of 

Jonathan C. Allen). 

 

The Malawi dairy industry is still under-developed and faces a lot of challenges. A higher 

number of farmers that are involved in dairy are designated small-scale resource-poor. Dairy 

farmers are advised to keep temperate breeds of dairy animals or their crosses with the local 

Malawi zebu as these breeds are high-producing. Temperate animals are claimed to 

underperform in tropical regions due to heat stress and diseases. This research looks into the 

comparison of Friesian breeds as a temperate animal, their crosses with zebu cows and pure 

zebu cows. 

Heat shock protein levels in blood were analyzed in all breeds of cows sampled. Results 

showed no significant difference among the means for zebu, Friesian and crosses at 0.05 

level, which suggests that the susceptibility to heat stress is on average the same, therefore 

it could be concluded that heat stress is probably not a major factor leading to 

underperformance of temperate breeds. 

This study looked at the chemical composition of milk obtained from Friesian cows, Friesian-

zebu crosses and pure zebu cows, targeting 20 cows per breed. It was observed that lactose 

was significantly different in Friesian*zebu and Friesian*zebu-Friesian comparisons at 0.05 

level. Protein was significantly different in the Friesian*zebu-Friesian contrast. Fat levels were 

not significantly different across all breeds tested at  = 0.05 confidence level, which was not 

expected because tropical breeds with lower milk yields often have higher fat content. The 



concentration data for lactose were highly correlated to protein concentration at an average 

R2 of 0.96 in all the breeds. 

From results of potassium and sodium analysis, it can be concluded that the Friesian cows 

from which the samples were collected did not have subclinical mastitis as the levels of 

sodium and potassium averaged the same as normal literature levels and all individual milk 

samples were close to the normal values.  

Subclinical mastitis was observed in 3 sampled cows where two belonged to zebu breed, and 

one belonged to Friesian-zebu cross among the 57 sampled cows. This signifies that 

subclinical mastitis is also not a major factor that leads to high microbial count in milk from 

bulking groups. 

This research had a small sample size. Potentially confounding data that could impact 

conclusions were not available, including age of cows, stage of lactation, level of stress 

factors, recent temperature exposures and health status of cows. Hence a more 

comprehensive study in more controlled conditions is recommended. 
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1.0. INTRODUCTION 

 

Malawi is a landlocked country located in southeast Africa and has a land size of about 

118,000 km2. With an estimated population size of 13,077,160, Malawi has always had an 

agriculturally led economy with 28 % of Gross Domestic Product (GDP) from agriculture, 

forestry and fishing which is the highest in comparison with other sectors (MGov 2011). 

Malawi’s agricultural sector is largely composed of crop production with livestock production 

forming a relatively small subsector. By 2004, livestock production in Malawi contributed 

about 8% of the total Gross Domestic Production (GDP), and about 36% of the value of total 

agricultural products (Chagunda et al. 2010).  

The dairy industry in Malawi currently is still in its infancy and is largely comprised of small-

holder farmers, which provide about 60 % of milk that is processed by processing companies 

in Malawi (Banda, 1996). One of the attributions to low milk production has been the low 

producing livestock breeds used. A lot of farmers in Malawi largely use Malawi zebu (Bos 

indicus) for milk production which is a low producing breed. However, there has been an 

initiative by government and other non-governmental programs which have promoted the 

use of Friesian cows (Bos taurus) and also encouraged cross breeding of Malawi zebu and 

Friesians so as to improve the performance of zebu cows, hence increasing milk production. 

Apart from low productivity of milk, another problem that faces small-scale dairy production 

is low quality of milk due to high bacterial counts that lead to quick deterioration of milk by 

souring. Sindani (2012) showed that milk from small holder farmers and bulked milk from 

milk bulking cooperatives are high in microbial count and suggested that this is a result of 

poor hygiene practices in production and storage of the milk. 

Cross breeding of Malawi zebu and other exotic breeds like Friesians in Malawi has been 

investigated for quite some time. By 1997, Malawi Government indicated that there were 
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about 3600 smallholder farmers who use over 6000 Holstein Friesian x Malawi zebu cows 

(Chagunda et al, 2010). According to the 2011/2012 annual agricultural production estimates, 

the population of pure bred Friesians and zebu crosses were 11,869 and 43,407 respectively. 

Research has indicated that cross breeding Malawi zebu and Friesians increases milk 

production. A study of a unified analysis of dairy production characters on smallholder farms 

and government units was conducted and indicated that zebu-Fresian crosses had higher milk 

production of 1680 kg/cow compared to 450 kg/cow in pure zebus (Agyemang and Nkhonjera 

1986). Another study also indicated that going beyond 50% Bos taurus inheritance into 

tropical breeds does not significantly improve milk yield per lactation or daily milk yield. This 

study showed a significant increase in milk production due to cross breeding of zebu and 

Friesian to 50% and then there was no significant change as foreign blood rose to 87.5% 

(Ahmed et al, 2007).  

Some research has suggested that temperate breeds do not do well under tropical climate 

due to heat stress. Poor quality feeds and disease burden are also other contributing factors 

of poor performance of temperate breeds raised in tropical regions. Due to low resistance to 

tropical diseases, these animals require intensive animal health care so are expensive to 

manage. Animals undergoing heat stress and other environmental stresses and poor nutrition 

tend to produce heat shock protein 70. The study of heat shock proteins in livestock is 

relevant because it provides evidence of the link between environmental stress and poor 

nutrition and low productivity. Potentially this measurement can provide a marker for 

researchers to intervene to improve productivity. 

Although there has been evidence of increase in milk productivity through cross breeding, 

there has been little research done to analyze the milk composition of these crosses. Milk 

physical and chemical properties also form an important aspect of milk processing and the 

dairy industry as whole. Though there is an improvement  in milk production, still the cross 

bred zebu Friesian cows and pure Friesian cows do not perform to their optimum capacity 



 
3 

and it is believed this is a result of heat stress from the tropical environment and poor 

management and feeding. Therefore we hypothesized that analyzing heat shock protein 

production by these cows could provide evidence that the underperformance is due to 

different responses to heat stress and poor feeding between the different breeds.  

2.0. PROBLEM STATEMENT 

 

The Malawi dairy industry is still primarily composed of small-scale farmers. Small-scale dairy 

production has been characterized by low milk yield and poor quality milk. Initiatives have 

been done to improve the quality and quantity of milk through cross breeding Malawi zebu 

with Friesian breeds. Most research has shown an improvement in milk production through 

an increase in milk yield but not much has been done to determine the changes in 

composition of milk that also plays a role in determining the quality of milk produced and 

pricing of the milk. 

Though an improvement in milk composition has been observed in these zebu-Friesian 

crosses, still, their productivity is not to their optimum. There is a need to document if the 

underperformance of these crosses is due to heat stresses and other environmental stresses. 

Comparing measurements of heat shock proteins in zebu-Friesian to pure zebu’s might 

identify a protective mechanism that impacts production. In addition, unproductivity of dairy 

animals can be attributed to subclinical mastitis, which is mostly unnoticed. Milk produced 

from these animals has high microbial count that results in high rates of milk souring as 

indicated by past research (Sindani 2012).  
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3.0. JUSTIFICATION 

 

The outcomes of this research will provide data for the milk composition of pure zebu cows 

and zebu-Friesian crosses. A comparison of these data from zebu cow milk with the more 

frequently studied Friesian milk composition will give a basis for determining whether the 

program of encouraging cross breeding in Malawi can cause a significant difference in milk 

composition.  Measuring the heat shock proteins in pure Friesian cows, zebu-Friesian crosses 

and pure zebus will allow the comparison of the two in terms of susceptibility to tropical 

environmental stresses, potentially providing an area for intervention so as to improve 

productivity. Further, a look into subclinical mastitis cases in all the various breeds mentioned 

will determine how frequently this disease contributes to low productivity of small scale dairy 

animals and the production of poor quality milk with high microbial count. 

 

4.0. OBJECTIVES: 

 

Overall objective 

 To analyze the chemical composition of milk produced from pure Friesian cows, Malawi 

zebu-Friesian crosses and pure zebu cows which are raised under small scale systems by 

small holder bulking group farmers and measure the susceptibility of these cows to stress 

through measuring heat shock proteins. 

Specific Objectives 

 Determine the percentage of lactose, butter fat and total protein content of milk from 

zebu-Friesian crosses.  
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 Measure the sodium, potassium and pH of milk produced by pure zebu, pure Friesian and 

zebu-Friesian crosses so as to determine subclinical mastitis status of the cows. 

 Compare the milk composition of Malawi zebu, Friesian, and their crosses. 

 Measure heat shock protein (HSP 70) in pure Malawi zebu, pure Friesian and zebu-Friesian 

crosses raised under small scale systems. HSP 70 has been chosen since it is the heat shock 

protein that responds highly to heat stress in comparison with other heat shock proteins. 

 Compare the concentration of HSP 70 in pure zebu, Friesian and their crosses. 

 Describe the nature of small scale systems practiced by small holder farmers which may 

affect milk composition and contribute to animal stress and subclinical mastitis. 

 

4.1. Hypotheses 

 

1. Concentration of lactose, protein and fat will be less in Friesian cows and zebu-Friesian 

crosses than pure zebu Cows  

2. There will be no significant difference in the concentration of HSP 70 in Friesian, zebu and 

zebu-Friesian blood samples. 

3. There will be a decrease in the concentration of potassium and an increase in the levels 

of sodium compared to expected normal values in all the breeds sampled. 

 

 

 

 

 



 
6 

5.0. LITERATURE REVIEW 

 

5.1 Overview of the Malawi dairy industry 

 

The Malawi dairy industry is comprised of producers and milk processers. Milk producers are 

farmers who raise cattle for milk production and these farmers are categorized into two 

categories basing on the scale of production which include large scale producers and small 

scale producers. The Malawi Government recommends Holstein–Friesian, Ayrshire and the 

Jersey as dairy breeds or their crosses with zebu animals (DAHLD 2006). Cattle ownership in 

the smallholder sector is confined to fewer than 10% of farming families (Chintsanya et al, 

2004). The 2011-2012 Malawi agricultural production estimates indicated that there are 

about 11,869 and 43,407 pure bred Friesians and zebu crosses respectively. The total 

production of milk in the 2011-2012 production year was 57,020 metric tonnes (DAHLD 2012) 

and the average milk consumption of Malawi is estimated to be 3.8 kg per capita (FAOSTAT, 

2005) 
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Figure 1 Trends in Dairy Cattle Population in Malawi from 2005-2010 

Note: pure above indicates pure temperate breeds 

Data Source: DAHLD 2010 

 

Large scale farmers in Malawi form a small proportion of the total milk producers and are 

characterized by having a large herd size of cattle. Most raise high producing breeds such as 

pure Holstein-Friesians and a small proportion of Ayrshire and Jerseys. Large scale farmers 

adopt an intensive system of production that employs intensive labor and management. 

There are approximately 22 known large-scale dairy farms in Malawi which are privately and 

government owned with a total of 4,000 milking cows. Large scale farms mainly import their 

animals from South Africa and in many circumstances they use imported semen, sourced 

from Africa, Europe and America (Chintsanya et al, 2004). In large scale production, land is 

privately owned and farms are located at a relatively large area of land in which the farmers 

would grow maize and Napier grass for ensiling. Rhodes grass and other forage legumes are 

established for grazing and hay production. Supplement feeds are generally based on 
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groundnut, cotton seed and sunflower cakes, maize and it’s by- products, and soybean, all of 

which are fed with mineral supplements. 

Small scale producers on the other hand comprise a very high percentage of total milk 

producers and are characterized by keeping a small herd averaging to a maximum of 10 

animals. Small scale production usually uses communal land for grazing and stall fed cows are 

kept in animal pens constructed in home backyards. Small scale dairy farmers mostly use 

zebu-Friesian crosses with a very small proportion using pure Friesians, however recently the 

population of dairy farmers using pure bred exotic breeds, mainly Friesians has been 

increasing due to farmers access to pure bred animals through government and other non-

governmental programs which aim at improving small scale milk production through the 

provision of improved breeds of livestock by importing pure bred exotic animals and also 

implementing an Artificial Insemination (AI) breeding program. A base line survey conducted 

in 2009 with supplemental data from other sources showed that 94% of smallholder dairy 

farmers use zero grazing feeding system with maize bran as the major type of concentrate 

used. The study also indicated that 76% of dairy farmers had established pastures with Napier 

and Rhodes grass as the main pasture grass. From the study results, 54% of dairy farmers 

owned Holstein–Friesian cows and 16% and 13% kept Holstein–Friesian crosses with the 

Malawi zebu and Jerseys respectively (Banda et al, 2011). 

Small scale farmers are organized in milk bulking groups (MBG), which makes it easy for them 

to sell milk to processing companies and easily source credit facilities and other agricultural 

inputs. Currently there are a total of 45 milk bulking groups that are spread across Malawi 

with a larger proportion concentrated in the southern region. These milk bulking groups are 

grouped into three categories referred to as Milk Shed Areas (MSA) in relation to their 

geographical location. The milk shed area that has the highest number of milk bulking groups 

is Blantyre MSA with 21 MBGs seconded by Lilongwe MSA with 18 MBGs, and lastly Mzuzu 

MSA with 6 MBGs. Milk bulking groups in Blantyre MSA, Lilongwe MSA and Mzuzu MSA are 
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registered and organized by Southern Highlands Milk Producers Association (SHMPA), Central 

Region Milk Producers Association (CREMPA) and Mpoto Dairy Farmers Association (MDFA) 

respectively. 

Malawi as a country has a total of five milk processing companies that process milk that is 

supplied by small scale farmers across Malawi. Two plants are located in the southern region, 

two in the central region and one is located in the northern region. The milk processing 

subsector in total processes an average of 31,000-35,000 liters of milk per day which is below 

their production capacity (Imani 2004). Some of the processing companies resort to the 

importation of milk powder to supplement the deficit supply of milk by small scale farmers. 

 

5.2 Socio-economic benefits and challenges of small scale milk production  

 

Small scale dairy farming has brought a lot of benefits for rural low income famers and Malawi 

as whole. A lot of benefits have been observed especially for farmers who are registered with 

bulking groups as they have improved their productivity through training, credit facilities, 

easy access to dairy inputs and a market for the milk produced. Due to milk bulking groups, 

some farmers have also managed to engage in pasteurizing and packaging of their own milk 

at a small scale and selling it directly to their local community consumers.  

Due to the keeping of dairy animals, a lot of farmers have an improved nutrition due to the 

milk that they produce because milk can be an important nutritional element of the diet 

because it is a good source of energy through lactose, protein, vitamins and minerals. The 

selling of milk to milk processing companies through milk bulking groups has enabled dairy 

farmers to fetch a better price for their milk, increase their profit margin, and improve their 

income, which has led to an improved rural livelihood of many farm families.  
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Dairy farming has also provided farm families an opportunity to not only depend on crop 

production as their main source of income. The diversification of products through the dairy 

enterprise spreads the risk since farmers may still depend on the income obtained from dairy 

production when crop production hasn’t done well. 

Since dairy farmers generally practice mixed crop–livestock production systems (Chagunda 

et al. 2010), this promotes integrated agriculture as a system of production. Farmers are able 

to utilize outputs from one enterprise and as inputs in the other. This allows farmers to utilize 

locally available inputs, which cuts back the cost of production and also promotes soil and 

land conservation. 

The increase in dairy farmers and production has led to an increase in milk supply to dairy 

processors, which has led to the cut back of importation of milk and milk products. This has 

made the dairy industry in Malawi move a step closer to being self-sufficient.  

Although there has been an improvement in productivity in small-scale dairying, still the milk 

that is supplied does not meet the demand for milk by processing companies and consumers 

(Imani 2004). The main problems that are faced by small-scale dairy farmers include poor 

feeds for livestock, poor housing, low fertility of animals and poor breeding systems (Banda 

et al, 2011). These problems are faced mainly due to low access to credit facilities and low 

access to extension and animal health services. According to Banda (2011), low productivity 

of dairy animals was attributed to low calving interval and high calving to conception interval. 

High calving to conception interval among farmers that rely on AI service is highly associated 

with the poor availability of AI services, inaccurate heat detection, and absence of observable 

heat and/or prolonged post-partum anestrus. Calving to conception interval ranges from 60 

to 270 days with an average of 107±38 (Banda et al., 2011). 
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5.3. Composition and characteristics of milk 

 

Milk as a primary source of a mammalian offspring’s food source contains all essential growth 

and developmental factors. Milk contains carbohydrates, proteins, fat, vitamin and minerals. 

Milk is liquid in nature and contains about 87% water (Patton, 2004) and is cream white in 

color. Color of milk may slightly change due to the intensity of concentration of milk 

components such as carotene contained in fat globules and riboflavin contain in the whey 

fraction. The pH of milk averages 6.5-6.7 and has a density of 1027 to 1033 kg /m3 however 

these values may vary due to factors such as temperature and genetic differences in milk 

produced from different species (Bylund, 1995).  

 

5.4. Milk carbohydrates  

 

The carbohydrate component of milk is primary composed of lactose. Lactose is a milk sugar 

that is made up of glucose and galactose sugar units that are linked together (Patton, 2004). 

Lactose forms about 2-8% of milk and is primarily used as an energy source for the body’s 

utilization.  

 

5.5. Milk proteins 

 

Casein forms the primary protein component of milk and the other proportion is composed 

of a mixture of various proteins referred to as whey protein. Major proteins that make up the 

whey are beta-lactoglobulin and alpha-lactalbumin while the small proportion is made of 

various proteins like immunoglobulins and serum albumin (Patton, 2004). Caseins, ß-

lactoglobulin and -lactalbumin, are only synthesized and produced in the mammary 

epithelial cells of the mammary gland. The other whey proteins, like immunoglobulin and 
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serum albumin, in milk are absorbed directly from the blood with the exception of a limited 

amount of immunoglobulins that are synthesized by lymphocytes that reside as plasma cells 

of the mammary tissue.  

Other proteins that form part of the mammalian milk are somatic cells, including neutrophils, 

macrophages, lymphocytes, eosinophils, and epithelial cells of the mammary gland (Kehrli 

and Shuster 1994). The epithelial cells are shed into the milk during the lactation process. 

Somatic cells are protective agents from pathogens, hence increase when pathogenic 

bacteria are present. Therefore somatic cell counts are used to analyze the quality of milk 

and diagnose bacterial infections such as mastitis. 

 

5.6. Vitamins and Minerals 

 

Milk is a good source of thiamin, riboflavin, B12 vitamins and calcium, magnesium, 

phosphorus, potassium, selenium, and zinc minerals. Milk also contains numerous other 

vitamins and minerals but in smaller proportions, including copper, iron, manganese, sodium, 

niacin, pantothenic acid, vitamin B6 and vitamin C as the most limiting ones. Availability of 

vitamins and minerals in milk may vary with species and breed. Fat-soluble vitamins such as 

A, D, E, and K in milk vary depending on the level of fat. The more the fat in milk, the more 

fat-soluble vitamins the milk will have (Jensen, 1995).  
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Table 1. Comparison of milk composition across species 

Data Source: R. G. Jensen, 1995. 

 

SPECIES 
FAT 

% 

PROTEIN 

% 

LACTOSE 

% 

ASH 

% 

TOTAL 

SOLIDS 

% 

Human 4.5 1.1 6.8 0.2 12.6 

Cow 3.5 3.1 4.6 0.7 11.9 

Goat 3.5 3.1 4.6 0.79 12 

Sheep 5.3 5.5 4.6 0.9 16.3 

Buffalo 10.4 5.9 4.3 0.8 21.5 

 

 

5.7. Characteristics of Malawi Zebu, Friesian cows and their crosses 

 

The Malawi zebu is a tropical breed (Bos indicus) native of the Malawian country. The breed 

has a variety of phenotypes and it is believed that this is as a result of cross breeding with 

other tropical cattle that were brought into Malawi by migrating tribes (Butterworth et al. 

1984). The Malawi zebu is well characterized with its small size and relatively short horns, the 

ears are short and non-pendulous and have a well-defined dewlap (Butterworth et al. 1984). 

Zebu animals mature late, both physiologically and sexually, and it is harder to detect heat 

signs in comparison with temperate breeds. In terms of milk production traits, the Malawi 

zebu has an average of 308 kg of milk per lactation with an average of 200 days of lactation 

which is very low in comparison with zebu cross breeds and pure Friesians (Kasowanjete, 
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1981). As with other low milk producing breeds, the Malawi zebu has higher butterfat 

content, within the range of 5 to 8 percent with a mean of 5.8 % (Chigwa et al., 2000).  

Though Malawi zebus are bred for meat and milk, they have low milk productivity 

characteristics. Therefore the Malawi government recommends the zebu cattle for meat and 

as a source of power for driving farm machinery due to its beef type conformation. Research 

has shown that the total lactation yield of zebu cows are so low that improving the yields 

through selection will be hard and uneconomic (Kasowanjete 1981). Malawi zebu appears to 

be highly efficient in a low-input low-output system. Though the zebu cow is not suitable for 

dairy production, its population should be kept as an animal genetic resource since it is more 

efficient in a low-input low-output system than zebu crosses or pure Friesians (Mwale et al. 

1999). Zebu cattle are well adapted to the tropical climate due to the high degree of heat 

tolerance. Heat tolerance is due to low heat production and the ability to dissipate heat (FAO 

1987). Zebus also have a higher resistance to ticks, other parasites and diseases. Tropical 

animals have demonstrated that fewer larvae develop when they have been infested with 

tick larvae compared to temperate breeds (FAO 1987). Due to their small size, low metabolic 

rate, and high efficiency of digestion at low feeding levels, they tend to tolerate poor 

nutrition. Zebus have also been found to respond poorly to milking unless letdown has been 

stimulated by the sucking of the calf (FAO 1987). This leads to low milk secretion and short 

lactations, hence overall reduced milk production.  

The Malawi Government recommends Holstein-Friesian, Jersey and Ayrshire breeds for milk 

production (DAHLD, 2012). The most prevalent exotic breed among the three that are 

recommended by the government that farmers mostly keep is Holstein-Friesians. Holstein-

Friesians are a temperate (Bos taurus) breed of cattle that originates from Europe. Research 

has indicated that Holstein-Friesians kept under subtropical conditions produce 3438 ± 887 

kg, ranging between 2042 kg to 6557 kg with a lactation length of 366.5 ± 76 days (Usman et 

al 2012). The Holstein-Friesian breed is regarded as the highest producing breed in terms of 
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milk production. However in Malawi and other tropical regions, they tend not to produce to 

their optimum and this is attributed to factors such as heat stress, poor management and 

their high susceptibility to tropical parasites and diseases. 

Over the years, efforts to improve the milk productivity of Malawi zebu cows have been 

implemented through cross breeding of Malawi zebu with pure Friesians and it has been 

observed that there is a significant increase in milk production when zebus are cross bred 

with Friesians. Research that analyzed the productivity of half bred zebu-Friesians at Chitedze 

Research Station showed a total milk yield of 1680 kg/cow per lactation with a total of 307 

days which were higher values compared to pure zebu values which were 450 kg/cow per 

lactation with a total of 180 days of lactation (Chigwa et al ., 2000). 

Banda et al (2011) reported that under small scale dairy systems, 55% of cows and heifers are 

mated using AI, 36% by bulls that are hired and 1% by bulls that are borrowed from other 

farmers. The semen that is used to conduct AI is sourced from the National AI Centre (NAIC), 

which is based in Blantyre ADD. NAIC uses four Holstein bulls from which semen is collected, 

processed, stored in liquid nitrogen and distributed throughout the country (Mayuni, 2003). 

Farmers are recommended to inseminate animals immediately after the recommended 60 

days voluntary period but due to low availability of semen, this proves to be challenging. AI 

programs are also challenged due to lack of storage and proper transportation facilities 

(Masangano et al, 2009). 

According to literature, the performance of Holstein-Friesians and their crosses within and 

outside Malawi indicates that there is room for improvement through improving the 

production environment (Chagunda 2002). In small-scale production, the lack of proper 

breeding programs and records also contribute to the poor performance of Friesian and zebu 

crosses. Therefore there is a need to adopt and emphasize the implementation of the most 

effective management practices so as to overcome the environmental constraints on genetic 

expression of yield in Malawi.  
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Table 2. Distribution of dairy cattle population by ADD in Malawi in 2007/2008 

Data source: Banda et al, 2011 

 Karonga Mzuzu Kasungu Lilongwe Salima Machinga Blantyre Shire 

Valley 

Total 

No. 147 3,328 1,101 2,516 194 945 21,806 55 30,092 

Pure 

Breeds 

(%) 

45 43 35 32 0 10 11 4 17 

Cross-

breeds 

(%) 

55 58 65 68 100 90 89 96 83 

 

 

5.8. Electro conductivity of milk and subclinical mastitis 

 

Mastitis is one of the diseases that may bring significant losses in dairy production. Cattle 

breeders may have 43% higher costs due to occurrence of mastitis or increased count of 

somatic cells in the milk due to less milk production, rejection of milk from milk buyers and 

increased cost of animal health care (Janzekovic et al, 2009). In the United States of America, 

total losses due to mastitis range from 1.5 to 3 billion USD annually, or 11% of the total USA 

milk production. 

Mastitis can be clinical or sub-clinical. Clinical mastitis gives abnormal milk and swelling of the 

udder. Bacteria are present in the milk, and the composition of the milk is dramatically 

changed. On the other hand, sub-clinical mastitis is more problematic because no visible 

changes appear in the milk or the udder, but milk production decreases, bacteria are in the 

milk, and the composition is altered. Mastitis has a very negative effect on product quality, 
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due to increased enzymatic activity, coming from both proteolytic and lipolytic enzymes. This 

effect reduces cheese yield, butter yield, changes acid production in fermented products and 

leads to taste defects in all kinds of dairy products. 

For most small scale dairy farmers, subclinical mastitis maybe a very big problem as the 

animals and milk do not display obvious signs of mastitis, so they may incur losses associated 

with mastitis without the farmers’ knowledge. In Malawi, literature values from milk collected 

from small scale dairy farmers indicated very high microbial count. This may indicate poor 

quality of milk and may pose a greater risk of cows having subclinical mastitis. 

 Subclinical mastitis can be measured using various ways that include measuring the electric 

conductivity of milk (ECM). Conductivity (or Electrolytic Conductivity) is defined as the ability 

of a substance to conduct electrical current. Milk obtained from a mastitic cow will display 

changes in the electrical conductivity of milk, primarily because of changes in the 

concentration of sodium, potassium and chloride ions. Measuring the levels of potassium, 

sodium and chloride can therefore assist in the early identification of mastitis. Therefore 

electric conductivity meters have been used for determining subclinical mastitis (Hovinen et 

al, 2006) 

 

5.9. Heat shock proteins 

 

Heat shock proteins are proteins that are released by living cells from any living organisms 

when they have been subjected to high temperatures or other stresses like infection, 

inflammation, severe exercise, exposure of the cell to toxins, severe starvation and oxygen 

and water deprivation. Heat shock proteins were first reported in 1976 where an increased 

synthesis of certain cells was observed in drosophila when exposed to heat stress 

(Schlesinger, 1990). There are many heat shock proteins and they are named after their 

molecular weight. These proteins have different functions even in unstressed cells. They play 
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a role in successful folding, assembly, intracellular localization, secretion, regulation, 

degradation of other proteins, up regulating stress, they act as chaperones which are 

essential for the maintenance of normal cell function, and play a role in immunity (Gething, 

1997). As chaperones, heat shock proteins interact with other proteins and, in so doing, 

minimize the probability that these other proteins will interact inappropriately with one 

another (Feder and Hofmann, 1999). HSPs’ recognize and bind to other proteins when these 

other proteins are in non-native conformations, whether due to protein-denaturing stress or 

because the peptides they comprise have not yet been fully synthesized, folded, assembled, 

or localized to an appropriate cellular compartment. Binding and/or release of these other 

proteins is often regulated by association with and/or hydrolysis of nucleotides. The 

regulation of HSP production is critical to cell survival under stressed conditions. Evidence has 

suggested that expression of the inducible Hsp70 gene is mainly under transcriptional control 

but also affected by post-transcriptional mechanisms (Schwerin et al. 2002) 

Hsp70 in particular Hsp70.1 and Hsp70.2  are the heat shock proteins that assist organisms in 

coping with various stresses (Welch, 1990) and  are the most abundant and temperature 

sensitive heat shock proteins, compared to others (Beckham et al. 2004). This heat shock 

protein has various roles, which include the involvement in binding antigens and presenting 

them to the immune system (Nishikawa et al. 2008). 

The study of heat shock proteins is essential because they are useful biomarkers since their 

induction is much more sensitive to stress than traditional indices. However, there is a 

negative aspect of heat shock protein expression as they tend to be induced by multiple stress 

factors, hence investigators may be unable to attribute changes in HSP expression to any 

particular environmental stress. This becomes a greater challenge when organisms are 

studied in their natural habitat without control factors because they often undergo multiple 

stresses simultaneously, the interaction of which can yield significant HSP expression even 

when no single monitored toxicant is at harmful levels. 
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 5.9.1. Heat Shock proteins in cattle production 

 

A series of research studies have been done on heat shock proteins in relation with the beef 

and dairy industry. Since most of the high producing breeds are temperate animals, the 

tropical regions are inclined to use these breeds so as to improve on their productivity. 

However one of the challenges that have been experienced over time is the coping of these 

breeds to the environmental stresses of tropical regions, which hinder their optimum 

production. Hence, the study of heat shock proteins in these situations proves relevant. The 

main sources of stress for exotic animals raised in tropical regions include heat stress, 

diseases and poor nutrition.  

Like all mammals, cattle are homeotherms, therefore they must maintain a constant body 

temperature of an acceptable level. Normal body temperature in cattle ranges from 101.1 to 

102.2 F (38.4- 36.0 C). Cold and heat stress can result in an inability to maintain this constant 

body temperature causing animal health, productivity and efficiency to suffer as a result. The 

mammalian body is set up to constantly regulate peripheral and internal body temperature 

with assistance of cutaneous sensors and internal temperature sensors (located in the 

hypothalamus) along with integration of the endocrine system (Yousef 1985). 

Research has indicated that establishment and maintenance of pregnancy is difficult in 

lactating dairy cows exposed to heat stress because of reductions in estrous detection rate 

and the proportion of inseminated cows that maintain pregnancy (Hansen 1994). Dairy cattle 

are more susceptible to heat shock because of their select inherited ability to ingest vast 

quantities of dry matter, thus producing greater metabolic heat from rumen fermentation as 

well as from the process of milk production (Hansen 1994) especially in areas of high 

humidity. Therefore during heat stress, cows voluntarily reduce dry matter intake so as to 

reduce heat production from the high metabolic rate, which in the end affects productivity. 
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Under stressful conditions, there is evidence of increased concentrations of Hsp70 in several 

types of cells in cattle (De Maio 1999; Lacetera et al. 2006). While stress-induced synthesis of 

HSP proteins represents a generalized molecular mechanism displayed by almost all cells, 

individual animals differ in their capacity to manage these stresses. Theoretically tropical 

animals may be presumed to handle tropical stresses better than temperate animals. One 

possible approach for reducing the impact of heat stress on exotic cattle productivity raised 

in tropical regions is to improve genetic programs that select animals with thermo tolerance.  

Genetic differences in thermotolerance at the physiological and cellular levels are 

documented by a series of studies on Bos indicus and Bos taurus (Paula-Lopes et al. 2003; 

Hansen 2004; Lacetera et al. 2006). Those studies have shown that there is a genetic linkage 

between species, breed, and individual differences to heat tolerance at the cellular level. It is 

evident that it is important to study the susceptibility of the cross bred zebu-Friesian cows in 

Malawi compared to the pure zebus. This will give a basis for improvement if these cross 

breeds are proven to be more susceptible to stress compared to pure zebus. 

 

6.0 METHODOLOGY 

 

6.1. Study area 

 

The study was conducted in Blantyre-Bvumbwe, Zomba-Thondwe and Lilongwe in Malawi. 

The areas were chosen because they are areas where dairy production is commonly practiced 

and has milk bulking groups. 
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6.2. Study Design 

6.2.1 Description of the nature of small scale systems practiced by small holder farmers 

  

A well-structured questionnaire was administered to a sample of 100 farmers within the 

bulking groups of Blantyre-Bvumbwe. The questionnaire focused on how they carry out farm 

management practices, hygiene and the type of feeds and feeding procedures they use for 

their dairy animals. Data collected from these questionnaires were analyzed using descriptive 

statistics of means and standard deviation using SPSS statistical software package version 20. 

The questionnaire and procedure for collecting these data were approved by the North 

Carolina State University Institutional Review Board. 

 

6.2.2. Collection of samples 

 

Blood Samples: Twenty blood samples of each breed of Friesian, Zebu and their crosses for 

HSP70 analysis were collected from the jugular vein of each cow using vacutainer tubes 

containing heparin as an anti-coagulating agent. Samples were stored in a cooler box chilled 

with ice and were taken to the lab before 4 hours elapsed. Upon arrival at the lab, blood 

samples were centrifuged and plasma samples were collected and stored in refrigeration. The 

samples were then frozen (-20°C for 24 h), and stored at -80°C until assayed. 

Milk Samples: 20 raw milk samples of each breed of Friesian, Zebu and their crossed were 

collected from a set of different cows from the blood sampled cows and stored in a cooler 

box chilled with ice during collection. Samples were stored in the cooler box till analysis and 

the maximum time to sample analysis was 4 hours after collection. 
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6.2.3. Analysis of heat shock proteins (HSP 70) 

 

The blood samples for measuring HSP 70 randomly collected from 20 cows of each breed 

(zebu, Friesian and their crosses) were selected randomly from small holder farmers 

disregarding age, days in lactation and pregnancy status. Bovine HSP 70 was analyzed and 

quantified by using the Enzyme-linked immunosorbent (ELISA) method. A commercial ELISA 

Kit for Bovine Heat Shock Protein 70 (HSP70) was used which worked through the competitive 

inhibition enzyme immunoassay technique. The kit has a polyclonal antibody specific for 

bovine HSP70 pre-coated onto a microplate. During the method, a competitive inhibition 

reaction is launched between HRP labeled bovine HSP70 and unlabeled bovine HSP70 

(Standards or samples) with the pre-coated antibody specific for bovine HSP70. The more the 

amount of bovine HSP70 in samples, the less the HRP labeled bovine HSP70 bound by pre-

coated antibody. The substrate solution is added to the wells, respectively, and the color 

develops inversely to the amount of bovine HSP70 bound in the initial step. The color 

development is stopped and the intensity of the color is measured. 

 

6.2.3.1. Procedure 

 

Reagent preparation 

 

1. All kit components and samples were brought to room temperature (18-25 °C) prior for 

usage. 

2. Standard solution preparation-the standard solution was reconstructed first with 0.8 mL 

of Standard Diluent, kept for 10 minutes at room temperature. The concentration of the 

standard in the stock solution was 100 ng/mL. Then 5 tubes containing 1 mL Standard 
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Diluent were prepared and a triple dilution series was made.  Each tube was mixed 

thoroughly before the next transfer. Five points of diluted standard were set up in such a 

way that there was 100 ng/mL, 33.3 ng/mL, 11.1 ng/mL, 3.7 ng/mL, 1.23 ng/mL and the 

last EP tubes with Standard Diluent in the blank as 0 ng/mL.  

3. Assay Diluent A and Assay Diluent B – 6 mL of Assay Diluent A or B Concentrate was 

diluted with 6 ml of deionized or distilled water to prepare 12 mL of Assay Diluent A or B. 

4. Detection Reagent A and Detection Reagent B – detection reagents were prepared by 

centrifuging stock Detection A and Detection B then dilute the concentration with 

working Assay Diluent A or B, respectively (1:100). 

5. Wash Solution – 20 mL of Wash Solution Concentrate was diluted with 580 mL of 

deionized or distilled water to prepare 600 mL of Wash Solution 

6. TMB substrate - This solution was used as is and only amounts needed were aspirated for 

use. 

 

Assay procedure 

 

1. Wells for diluted standard, blank and sample were determined and 5 wells for standard 

and 1 well for blank were prepared. 50 µL of each of the dilutions of standard, blank and 

samples was added into the appropriate wells, respectively and then 50 µL of Detection 

Reagent A was then added to each tube immediately. Plates were shaken gently and 

covered with a plate sealer and incubated for 1 hour at 37°C.  

2. The solution was aspirated and washed with 350 µL of 1X Wash Solution to each well 

using a squirt bottle and was left for 1-2 minutes after washing. The remaining liquid from 

all wells was then completely removed by snapping the plate onto absorbent paper. This 

wash process was repeated for 3 times. After the last wash, any remaining Wash Buffer 
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was removed by aspirating or decanting. Lastly the plate was inverted and blotted against 

an absorbent paper. 

3. For the next step, 100 µL of Detection Reagent B working solution was added to each well 

and incubated for 30 minutes at 37°C after covering it with the plate sealer. 

4. The aspiration/wash process was repeated for five times as conducted in the previous 

step. 

5. Next step, 90 µL of Substrate Solution was added to each well and then covered with a 

new plate sealer. The solution was incubated for 10 minutes at 37°C. The liquid turned 

blue by the addition of Substrate Solution. 

6. In this step, 50 µL of Stop Solution was added to each well. The liquid turned yellow by 

the addition of Stop solution and the liquid was mixed by tapping the side of the plate 

until the color changed. 

7. Lastly, the micro plate reader was run and measurements were taken at 450 nm 

immediately. 

 

Calculation of results 

 

This assay employs the competitive inhibition enzyme immunoassay technique, so there is an 

inverse correlation between HSP70 concentration in the sample and the assay signal 

intensity. Low concentration of HSP70 result in a high Optical Density value, while a high 

concentration of HSP70 results in a low signal. The duplicated readings for each standard, 

control, and samples were averaged. A standard curve was created by linearizing the data by 

plotting the log of the HSP70 concentrations versus the O.D. of the standard and the best fit 

line was determined by regression analysis.  For diluted samples concentration readings from 

the standard curve were multiplied by the dilution factor. 
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6.2.4. Subclinical mastitis determination 

 

Twenty raw milk samples of each breed (Friesian, zebu and their crosses) were randomly 

collected from a single teat and stored in sample collection bottles and placed in a cooler box 

chilled with ice.  Cows were randomly selected from small holder farmers disregarding age, 

days in lactation, pregnancy status and disease condition. The fresh milk samples were 

measured using ion selective electrode meters for sodium, potassium and pH (Horiba 

LAQUAtwin, Irvine, CA). Readings for sodium, potassium and pH concentrations were 

recorded. 

 

6.2.5. Analysis of milk chemical composition 

 

The 20 samples of milk from each breed (Friesian, zebu and their crosses) were randomly 

collected direct from one quarter of a single cow’s udder, stored in a sample bottle, and then 

stored in a cooler box. Samples were analyzed using a mobile Milk Analyzer directly after milk 

sampling and data were recorded. Cows sampled were not screened for mastitis or any 

animal health abnormalities. The following were the parameters measured; total fat, lactose, 

protein, SNF, pH, freezing point, density and added water. 

 

 

 

 

 



 
26 

RESULTS AND DISCUSSION 

 

7.1. The nature of small scale systems practiced by small holder farmers 

 

Feeding systems 

 

From the survey conducted for this study, a high proportion of dairy farmers reported they 

keep either pure Friesian cows or Friesian-zebu crosses, with a smaller proportion of pure 

Jerseys or Jersey-zebu crosses. Other crosses that were found occasionally were Friesian-

Sussex or Jerseys Sussex crosses. Those farmers that kept zebus were mostly kept for beef 

production or prestige. All respondents, 100% of farmers who were involved in dairy 

production, were practicing stall feeding as a system of production. Survey results also 

showed that 100% of the farmers practicing dairy production supplemented their cows. 

 

 

             

Figure 2. Percent of farmers that conserve pastures and how they provide water 
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The survey results showed that 86% of farmers conserved pastures through making hay and 

silage for use during periods of feed shortages and 54% of the farmers were giving the cows 

a limited amount of water (Figure 2). The limited provision of water could be attributed to 

scarcity of water sources. 

 

Supplementary feeding 

 

The most common supplementary feed that is used widely by all farmers is maize bran (Figure 

3). This is because maize bran is relatively cheaper and the most locally found supplements. 

The other supplementary feed that is commonly used is pigeon pea bran, however this may 

only apply to the specific area which the survey was conducted because the farmers relied 

on bulking cooperatives which facilitated the sourcing of pigeon pea bran and selling it to 

member farmers. This may not be the case with other dairy bulking cooperatives in other 

parts of Malawi. 

 

 

        

Dry 

season            Wet season  

Figure 3. Common supplementary feeds 
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Common Pastures used 

 

Farmers mostly use natural grasses that grow in local community land. These pastures grow 

naturally and they are usually abundant in the mid rainy season and just after the rainy 

season. The most common grass pastures are these shown in Figure 4, with most farmers 

using napier grass maize stovers and banana leaves. 

Survey data regarding feeding systems and feeds provided to dairy cows gives an indication 

that feeding is poor as the only feeds that are given to these dairy animals are natural grasses 

which are limited especially in dry season and the only supplementary feed mostly fed is 

maize bran which is relatively low quality in terms of nutritional composition. A higher 

proportion of the farmers also offer limited supply of water to their dairy animals. Restricting 

water intake significantly adds to the low production of milk (Looper 2007). 

 

 

 

 

 

 

 

 

 

 

Figure 4. Common forage crops used 
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Sanitary conditions and housing (stress and subclinical mastitis) 

 

The survey that was administered to dairy farmers also concentrated on sanitary and housing 

conditions, as these are predisposing factors for the occurrence of mastitis (Figure 5). From 

the results, 59% of the farmers used thatched roofing; 68% and 27% of the farmers used bore 

hole and river water respectively as drinking water for the animals and the water is untreated. 

61% of the farmers were also using non concrete floors.  

    

 

           

Figure 5. Water and housing sanitation 

 

 

From the results above, a higher proportion of farmers answered that the quality of water 

they use and the sanitary conditions of their animal housing are medium, however the level 
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The survey results also showed that 77% of the farmers do not use disinfectants during 

milking hence this may also be an important contributing factor to the occurrence of mastitis. 
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A higher proportion of farmers dip/spray their animals on average twice per month (Figure 

6). 

 

 

       

Figure 6. Percent farmers who use disinfectants and dip/spray their animals 
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Mastitis 

 

Survey results demonstrated that 46% of farmers experienced milk rejection at least 1 to 4 

times every six months compared to other respondents which were 42%, 8% and 4% who 

experienced 0, more than 10 times and 5-9 times respectively (Figure 7). Milk rejections 

maybe attributed to poor sanitary conditions and mastitis cases. 

Results showed that the highest proportion of farmers observed mastitis cases in their cows 

1-4 times every six months, and 70 percent of those farmers that experienced mastitis cases 

responded that they treat the mastitis cases with the help of government animal health 

officers. 

 

 

            

Figure 7. Percent of milk rejected and number of mastitis cases 
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experience mastitis cases 1-4 times or more per six- month period. Hence a higher number 

of farmers experience milk rejection at bulking centers due to souring of the milk. 

 

7.2.  Heat shock proteins 

 

Heat shock proteins are an indication of stress experienced by animals. Blood samples from 

Friesian cows, zebu cows and their crosses were collected. All these animals were from 

small scale farmers. Blood samples analyzed with the ELISA method, using the standard 

curve shown in Figure 8, gave the results shown in Table 3. 

 

 

 

Figure 8. Standard curve for HSP70 ELISA assay 
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Table 3. Descriptive statistics for HSP70 across breeds 

Descriptives 

Concentration   

 N Mean Std. 

Deviation 

Std. Error 95% Confidence Interval for Mean Minimum Maximum 

Lower Bound Upper Bound 

Friesian 15 889.3333 311.07410 80.31899 717.0662 1061.6004 718.00 1992.00 

Zebu 14 993.7143 246.50212 65.88046 851.3882 1136.0404 551.00 1353.00 

Cross 15 900.7333 263.96901 68.15651 754.5522 1046.9145 539.00 1523.00 

Total 44 926.4318 273.39829 41.21634 843.3111 1009.5525 539.00 1992.00 

 

 

The mean concentrations for Friesian, zebu and their crosses is higher than the standard 

curve maximum as the standard solution was reconstructed first with 0.8 mL of Standard 

Diluent, kept for 10 minutes at room temperature. The concentration of the standard in the 

stock solution was 100 ng/mL. Then 5 tubes containing 1ml Standard Diluent were prepared 

and a triple dilution series was made which was 33.3 ng/mL, 11.1 ng/mL, 3.7 ng/mL, 1.23 

ng/mL and the last EP tubes with Standard Diluent is the blank as 0 ng/mL.  

 

 

Table 4. Single factor ANOVA for HSP 70 concentration results 

ANOVA 

Concentration   

 Sum of Squares df Mean Square F Sig. 

Between Groups 93927.672 2 46963.836 .617 .544 

Within Groups 3120177.124 41 76101.881   

Total 3214104.795 43    
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The above results show that there was no significant difference among mean concentrations 

of HSP 70 in serum samples from zebu, Friesian and cross breeds. These serum samples were 

extracted from blood samples that were collected from 60 randomly sampled cows where 20 

of each of zebu, Friesian and cross breeds were sampled. From the results table above, the 

P-value is greater than 0.05, so we accept the null hypothesis that states that there will be no 

significant difference among the mean concentration of HSP 70  collected from the three 

respective breeds.  

These findings are not in line with the initial hypothesis that stated that there will be a 

significant difference between the concentrations of HSP 70 in all milk samples across all 

breeds. According to FAO (1987), zebu cows are more resistant to heat stress than temperate 

breeds of cows. That may suggest that there would be a significant difference of HSP 70 

produced from Friesian cows and their crosses compared to local Malawi Zebu, which is 

consistent with the average raw data collected from this study. 

This study’s results indicate that Friesian breed and zebu-Friesian breeds may not perform to 

their optimum due to heat stress as a result of tropical weather conditions. However, the 

results are inconclusive because the sample size was small and the variance was large.  

 

7.3. Subclinical Mastitis 

 

Subclinical mastitis can be detected by testing the concentration of sodium and potassium in 

the cow’s milk. When a cow has mastitis, there is a decrease in potassium concentration and 

an increase in sodium concentration (Hovinen, et al. 2006). 

Concentrations of sodium and potassium were measured from all the samples collected in all 

breeds. The following were the mean sample measurements of sodium and potassium. 
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Table 5. Typical level of sodium and potassium in cow's milk vs. measured values from 
samples (mg/L) 

Mineral Typical  Measured S.D. 

Na+ 580 Friesian 580.95 230 

Zebu 753.19 763 

Cross 528.25 218 

K+ 1380 Friesian 1421.70 193 

Zebu 1170.00 295 

Cross 1320.20 241 

 

 

Table 5 shows the mean measurements of sodium and potassium across breeds and 

compared with normal values. Because mean measurements were different from the normal 

values across the different breeds, a multiple comparison test was done to determine if the 

mean levels were significantly different among the three breeds.  

  

 

Table 6. Multiple comparison tests for Sodium 

Dependent Variable:   Amount   

Tukey HSD   

(I) Breed (J) Breed Mean Difference 

(I-J) 

Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Friesian 
Zebu -167.125 155.057 .532 -541.01 206.76 

Cross 51.000 146.189 .935 -301.50 403.50 

Zebu 
Friesian 167.125 155.057 .532 -206.76 541.01 

Cross 218.125 155.057 .345 -155.76 592.01 

Cross 
Friesian -51.000 146.189 .935 -403.50 301.50 

Zebu -218.125 155.057 .345 -592.01 155.76 
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Table 7. Multiple comparison tests for potassium 

 

Dependent Variable:   Amount   

Tukey HSD   

(I) 

Breed 

(J) Breed Mean 

Difference  

(I-J) 

Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Friesia

n 

Zebu 244.000* 83.698 .014 42.18 445.82 

Cross 98.500 78.911 .431 -91.78 288.78 

Zebu 
Friesian -244.000* 83.698 .014 -445.82 -42.18 

Cross -145.500 83.698 .201 -347.32 56.32 

Cross 
Friesian -98.500 78.911 .431 -288.78 91.78 

Zebu 145.500 83.698 .201 -56.32 347.32 

*. The mean difference is significant at the 0.05 level. 
 

 

The statistical analysis above shows the only significant difference to be in the concentration 

of potassium between Friesian and zebu milk samples. The rest of the comparisons indicate 

that there was no significance difference in the concentration of sodium and potassium 

across the different breeds. The lower potassium and non-significantly higher sodium in the 

zebu than Friesians suggests that there may have been a greater degree of mastitis in the 

zebu than in Friesian cows. Milk from subclinical mastitic cows show elevated levels of sodium 

and subsequent decrease in potassium (Batavani 2006). 

Since there is a significant difference in the concentration of potassium among Friesian and 

zebu milk samples, a further one sample t-statistic was run so as to compare normal values 

of sodium and potassium in cow’s milk with that from sampled milk so as to detect whether 

the samples collected were from cows with mastitis or not (Table 7).  
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The analysis in Table 7 shows that Friesian and Crosses (0.374 and 0.307) are above the 0.05 

level, so we accept the null hypothesis that the measured mean is not different from the 

expected potassium concentration in non-mastitic milk. The concentration of potassium in 

samples collected were on average equivalent to the normal concentration. Hence the 

samples obtained from these breeds are not mastitic. 

 

For zebu, (P = 0.017), the value is below 0.05 therefore we reject the null hypothesis, meaning 

that the potassium concentration from the samples collected was not equivalent to the 

normal concentration. Furthermore, the value is less than 0.025, hence it still shows that the 

samples are significantly lower. The samples collected from zebu cows had a significant 

decrease in the concentration of potassium, which is likely due to subclinical mastitis or 

alternatively due to stage of lactation and amount of milk produced since cows in late 

lactation and producing less milk may have higher somatic cell counts. 

 

 

 

Table 8. One sample t-statistic for potassium concentration 

 

 Test Value = 1380 

t Df Significance 

Probability 

(2-tailed) 

Mean 

Difference 

95% Confidence Interval of 

the Difference 

Lower Upper 

Friesian .911 19 .374 41.700 -54.13 137.53 

Zebu -2.675 15 .017 -210.000 -377.33 -42.67 

Cross -1.049 19 .307 -59.800 -179.12 59.52 
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From the results above, all samples from Friesian, zebu and Crosses (0.9, 0.4, 0.3) P* values 

are higher than 0.05 hence we accept the null hypothesis. All the concentrations of sodium 

in the sampled milk from all breeds on average were not significantly different from the 

normal concentration of sodium in cow’s milk. However, the standard deviation for the zebu 

sodium values was much higher than the other breeds, suggesting that some individuals in 

the sample but not the whole group may have been experiencing mastitis. Due to the t-

statistic test results, a graph of sodium vs. potassium was plotted to signify the samples that 

may be from cows which had mastitis. 

 

 

 

Table 9. One sample t-test for sodium concentration 

 

 Test Value = 580 

t Df Significance 

Probability 

(2-tailed) 

Mean 

Difference 

95% Confidence Interval of 

the Difference 

Lower Upper 

Friesian .017 19 .986 .950 -112.95 114.85 

Zebu .853 15 .407 173.188 -259.81 606.19 

Cross -1.005 19 .328 -51.750 -159.58 56.08 
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Figure 9. Sodium vs. Potassium plot 

 

 

Indeed after plotting the sodium vs. potassium graph, it shows that 2 or 3 zebu cows were 

mastitic and there is possibility of one cross being mastitic as those data points had higher 

values of sodium and lower values of potassium. 

 

Subclinical Mastitis-Conclusion 

 

From both results of potassium and sodium statistical tests above, it can be concluded that 

the Friesian cows from which the samples were collected did not have subclinical mastitis 

because the levels of sodium and potassium averaged the same as normal literature levels 

and all individual milk samples were close to the normal values (Batavani 2006). 
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For zebu cows, there was a significantly lower concentration of potassium in the milk samples 

collected than normal concentration, indicating that there may be a possibility of some cows 

suffering from mastitis, although sodium level was not abnormal. From the graph of 

individual animals’ sodium vs potassium concentration, we could identify two or three milk 

samples that were from mastitic animals. 

 

For zebu-Friesian crosses, the t-statistic indicated that the cows may not have been suffering 

from mastitis, however individual sodium and potassium plot showed that one sample may 

have been from a cow with mastitis as it had very low concentration of potassium, but not an 

abnormally high sodium. A practical explanation of such a result would suggest the cow 

secreted an abnormally high concentration of lactose, or the sample might have been diluted 

with water. 

 

These results are not in line with what most literature points out. Most literature points out 

that temperate breeds are more susceptible to mastitis than tropical breeds. A similar study 

in Ethiopia found out from a total of 183 lactating smallholder dairy cows examined for bovine 

mastitis 9 (4.9%) had clinical mastitis, while 56 (30.6%) had subclinical mastitis. Out of 9 (4.9%) 

clinical mastitis, 9.43 and 3.53% occurred in high grade Holstein and Holstein-indigenous 

zebu, respectively but indigenous zebu breeds were not affected (Moges et al, 2012). 

 

The prevalence of mastitis in the zebu cows from this study may be attributed to the free 

range grazing system practiced by beef producers in comparison with the stall feeding 

method that is used by dairy producers. Though extensive research with larger sample size 

may be needed for making more conclusive points on the reasons why zebu cows tend to 

have mastitis more than Friesian cows raised under stall feeding system. Alternatively, we 

could see similar sodium and potassium concentrations if the cows were in a state of 

involution and producing very little milk. 
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7.4. Chemical composition 

 

Chemical composition of milk can be affected by breed difference. Milk samples were 

collected from each of the following breeds; Friesian, zebu and zebu-Friesian crosses. Using 

a milk analyzer, these samples were measured for concentration of lactose, total fat and 

protein. The following were the average milk chemical composition across breeds: 

 

 

Table 10. Average concentration of lactose, protein, and fat across sampled breeds 

 

Breed Lactose S.D. Protein S.D. Fat S.D. 

Zebu 4.59a 0.22743 3.04 0.14173 3.46 1.95877 

Zebu-
Friesian 
Cross 

4.43a 0.40304 2.90a 0.27189 4.83 2.19151 

Friesian 4.18b 0.30397 2.75b 0.20398 4.15 1.81712 

ab The mean difference is significant at the 0.05 level. 

 

 

The average fat concentration was not consistent with the literature values, as fat 

composition is usually high in zebu cows compared to Friesian cows. According to an FAO 

published paper, the average fat composition of zebu and Friesian is 5.5 and 3.4 respectively 

(FAO). The different results in this study in the average composition of the milk could have 

been due to the difference in feeding systems and feed used. Friesian cows were 
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supplemented with concentrates and were stall fed while the zebu cows were raised under a 

free range system. Another cause of inconsistent data may have been variation in lactation 

time at which the samples were collected. Lactation period affects milk chemical composition 

(Jensen, 1995) and the milk samples collected for this analysis did not take lactation period 

into account. 

From the table above, in terms of lactose, the only comparisons with means which were 

significantly different at 0.05 level are Friesian*zebu and Friesian*zebu-Friesian crosses. For 

protein, the only comparisons with means that were significantly different at 0.05 level are 

Friesian*zebu-Friesian crosses. For fat, all the breeds retained means that were not 

significantly different at 0.05 confidence level. 

These results are somewhat not in line with what most literature indicates. Literature 

indicates that lactose is the element in milk that is more consistent within and across breeds 

of cows. Protein composition varies less across breeds and fat composition is the element 

that is more varied across species (Woodford et al., 1986). 

 

7.4.1. Correlations among protein and lactose 

 

Correlation models were also run for protein and lactose. Protein and lactose were 

significantly correlated for all three breeds. 
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Figure 10. Friesian correlation matrix: [protein] = -0.034 + 0.668 x [Lactose], R2 = 0.990 
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Figure 11. Cross breed correlation matrix. [Protein] = 0.137 + 0.624 x [Lactose], R2 = 0.942 
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Figure 12. Zebu correlation matrix. [Protein] = 0.036 + 0.653 x [Lactose], R2 = 0.937 
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Fat was not significantly correlated with either lactose or protein. It has been observed that 

lactose is highly correlated to protein at an average of 0.956 and the other parameters are 

less correlated. 

 According to Heinrichs (2005), generally fat and protein content of milk are positively 

correlated within a population of dairy cattle. Though this is different from the results in this 

study, it should be noted that during milk synthesis, 50% of the fat is synthesized by the 

mammary gland itself and the remainder is sourced from the pool of fatty acids circulating in 

the blood. The fat content of milk varies from foremilk to hind milk (Patton 2004), so 

incomplete milking from some cows could reduce the fat content of those samples. Milk fat 

depression also occurs if cows are fed a diet too low in fiber (Alzahal et al, 2009) which is not 

the usual feeding practice in these herds. This may make fat synthesis in mammary gland 

more independent hence less correlated to the lactose and protein content. During protein 

synthesis, the primary source of milk protein is dietary protein which is converted to microbial 

protein. Rumenal microbial protein is digested and the resulting amino acids are used for milk 

synthesis. The hormone signals to increase milk synthesis up-regulates expression of all milk 

proteins synthesized in the mammary gland in relatively similar proportions. Increased 

synthesis of alpha-lactalbumin and galactosyl transferase (lactose synthase complex) use 

available glucose for the synthesis of lactose. Thus in a healthy mammary gland with epithelial 

tight junctions closed, increased milk protein expression results in an increased lactose 

concentration. The ion concentration decreases to keep the milk isosmotic with extracellular 

fluid (Allen, 1988).  
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8.0. CONCLUSION 

 

Heat stress 

 

Results of HSP 70 measurements suggest that heat stress or tolerance modulated by heat 

shock proteins does not play a major role in under-performance of temperate breeds of cows 

i.e. Friesians and their crosses with tropical cattle. However, as the sample size was very low, 

it would be advisable to carry out an intensive study with a larger sample size under a variety 

of environmental conditions. Adding on to this, the samples were taken from various cows 

which were being raised by different production systems i.e. stall feeding and free range and 

from different farmers; hence concluding that stress factors may be from the same level of 

heat stress would be misleading as HSP 70 can also be induced by other stress factors. 

Therefore, further research should be more appropriately done under controlled conditions 

to get more definitive results. 

  

Subclinical mastitis 

 

The results of electrolyte analysis suggested that only two or three cows may have been 

experiencing subclinical mastitis. Hence in contrast to our hypothesis, major losses in small 

holder milk production in Malawi should not be attributed to subclinical mastitis. Elevated 

bacterial concentrations observed in other studies are more likely due to unhygienic practices 

during milking and storage/bulking of milk. 

 



 
48 

Concentration of lactose, protein and fat in different breeds of cows 

 

From the results, it has been noted that lactose and protein differences could be detected 

across breeds sampled in contrast with fat, because fat content had greater within-breed 

variation. Factors that may have affected the results included varying lactation periods, 

different feeds and feeding systems, and production systems practiced by farmers from the 

various cows sampled. Therefore a more comprehensive study with a controlled system 

which takes all these factors into consideration may need to be done in future to get more 

consistent and accurate results. 

Correlations among fat, lactose and protein concentration in milk showed that lactose and 

protein are highly positively correlated in comparison whereas protein VS fat and lactose VS 

fat were not. This can be attributed to how protein and lactose are synthesized in the 

mammary gland compared to fat synthesis, which is more independent and may be more 

subject to sampling errors. 

 

9.0. RECOMMENDATIONS 

 

Heat stress and dairy productivity 

 

From the study results, it can be recommended that small holder dairy farmers should 

improve on management and hygiene when raising improved dairy breeds like pure Friesians 

cows and their cross breeds as these two factors largely affect productivity more than does 

heat stress. 
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Mastitis 

 

From the results, it can be recommended that dairy farmers should practice hygiene during 

milking and storage of milk as the high microbial content of the milk is not stemming from 

high levels of subclinical mastitis in cows. 

 

Chemical composition of Milk 

 

Milk chemical composition can be affected by breed difference and cross breeding. However 

this can significantly be affected by feeding. Hence, as a priority for small scale farmers in 

Malawi it can be recommended that farmers should concentrate their efforts in feeding 

animals and providing adequate water to improve milk yield and composition across different 

breeds. 

Lastly, an intensive research needs to be done in more controlled environments to determine 

HSP 70 in different breeds of cows since HSP 70 can be induced by different stress factors 

apart from heat in cows raised differently in different farm house holds. 

A comparison of chemical composition of zebu cows and Friesian cows and their crosses 

should be executed in controlled feeding environment as using small holder farmers, because 

when feeding strategies differ and periods of lactation differ, results may be inconsistent. 
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Follow up studies 

Future follow up studies need to be conducted in controlled systems especially on HSP 70 

determination where induced stress factors are monitored and are equal across all sampled 

animals. These studies may also take factors like age, days in milking and health status of the 

cow into consideration as these largely affect milk composition. These studies will give more 

accurate data and concrete conclusions. 

 

10.0. REFERENCES 

 

- Agyemang K., Nkhonjera L.P., 1986. Evaluation of the productivity of crossbred dairy 

cattle on smallholder and Government farms in the Republic of Malawi. ILCA Research 

Report 12. International Livestock Centre for Africa. P 35-37. 

 

- Ahmed, MKA; Teirab, AB; Musa, LMA; Peters, KJ, 2007. Milk production and reproduction 

traits of different grades of zebu x Friesian crossbreds under semi-arid conditions. Archiv 

Fur Tierzucht-Archives Of Animal Breeding, 50(3): 240 - 249 

 

- Allen, J.C., 1988. Sodium and potassium content and viability of mouse mammary gland 

tissue and acini.   Journal of Dairy Science 71:633-642. 

 

- Alzahal, O., M. Or-Rashid, S. L. Greenwood, M. S. Douglas, and B. W. McBride. 2009. The 

effect of dietary fiber level on milk fat concentration and fatty acid profile of cows fed 

diets containing low levels of polyunsaturated fatty acids. Journal of Dairy Science 

92:1108-1116. 

 

http://ncsu.summon.serialssolutions.com/search?s.dym=false&s.q=Author%3A%22Ahmed%2C+MKA%22
http://ncsu.summon.serialssolutions.com/search?s.dym=false&s.q=Author%3A%22Teirab%2C+AB%22
http://ncsu.summon.serialssolutions.com/search?s.dym=false&s.q=Author%3A%22Musa%2C+LMA%22
http://ncsu.summon.serialssolutions.com/search?s.dym=false&s.q=Author%3A%22Peters%2C+KJ%22


 
51 

- Banda L. J., Kamwanja L.A., Chagunda G. G., Ashworth C. J., Roberts D. J., 2011. Status of 

dairy cow management and fertility in smallholder farms in Malawi. Tropical Animal 

Health and Production, 44(4): 715 - 727 

 

- Batavani, R. A., Asri S., and Naebzadeh H., 2006. The effect of subclinical mastitis on milk 

composition in dairy cows. Iranian Journal of Veterinary Research, (University of Shiraz), 

Vol. 8, No. 3, Ser. No. 20, 2007. 

 

- Beckham J.T., Mackanos M.A., Crooke C., Takahashi T., O'Connell-Rodwell C., Contag C.H., 

Jansen E.D., 2004. Assessment of cellular response to thermal laser injury through 

bioluminescence imaging of heat shock protein 70. Photochemistry Photobiology 79:76-

85 

 

- Butterworth M.H. and McNitt J.I., 1984. The Malawi Zebu. World Animal-A quarterly 

journal on animal health, production and products No.49-1984 

 

- Bylund G., 1995. Dairy Processing Manual. Tetra Pak Processing Systems ABS-221 86 Lund, 

Sweden. http://www.scribd.com/doc/30691377/Dairy-Processing-Handbook-Bylund 

 

- Chagunda M.G.G., 2002. The importance of a national breeding policy-case for the 

Malawian Dairy Industry. https://cgspace.cgiar.org/handle/10568/3572 

 

- Chagunda, G., Gondwe, T., Banda, L., Mayuni, P., P.Mtimuni, J., Chimbaza, T., and 

Nkwanda, A., (2010). Smallholder Dairy Production in Malawi: Current Status and Future 

Solutions. Scottish Agricultural College.   

http://www.sruc.ac.uk/download/downloads/id/1069/current_status_and_future_solutions 

 

http://www.scribd.com/doc/30691377/Dairy-Processing-Handbook-Bylund
http://www.sruc.ac.uk/download/downloads/id/1069/current_status_and_future_solutions


 
52 

Chintsanya N.C., Chinombo D.O., Gondwe T.N., Wanda G., Mwenda A.R.E., Banda M.C. 

and Hami J.C., 2004. Management of Farm Animal Genetic Resources in the SADC Region. 

SADC/UNDP/FAO PROJECT RAF/97/032.    

ftp://ftp.fao.org/docrep/fao/010/a1250e/annexes/CountryReports/Malawi.pdf 

 

- Chigwa, F.C., Mtimuni, J.P., Banda, J.W. 2000. Effect of feeding legume forage hay on milk 

yield of half bred dairy cows at Chitedze research station during the dry season. Indian 

Journal of Animal Sciences 70 (3): 309-10.  

- Department of Animal Health and Livestock Development (DAHLD), 2006. Policy 

document on Livestock in Malawi (Agriculture Communication Branch, Ministry of 

Agriculture, Malawi) 

 

- Department of Animal Health and Livestock Development (DAHLD), 2010. Malawi 

Annual Production Estimates Report. Ministry of Agriculture. 

 

- Department of Animal Health and Livestock Development (DAHLD), 2012. Malawi Annual 

Production Estimates Report. Ministry of Agriculture. 

 

- De Maio, A., 1999. Heat shock proteins: facts, thoughts, and dreams, Shock (Augusta, Ga.), 

11(1), 1-12 

 

- FAO, 2005: http://www.faostat.fao.org 

 

- FAO: www.fao.org/docrep/003/t0251e/T0251E01.htm 

 

- Feder M. E., Hofmann G.E. 1999. Heat-shock proteins, molecular chaperones, and the 

stress response: evolutionary and ecological physiology. Annual Review of Physiology, 

61(1):243 - 282  

 

ftp://ftp.fao.org/docrep/fao/010/a1250e/annexes/CountryReports/Malawi.pdf
http://ncsu.summon.serialssolutions.com/search?s.dym=false&s.q=Author%3A%22Mtimuni%2C+JP%22
http://ncsu.summon.serialssolutions.com/search?s.dym=false&s.q=Author%3A%22Banda%2C+JW%22
http://www.fao.org/docrep/003/t0251e/T0251E01.htm


 
53 

- Gething MJ, ed. 1997. Guidebook to Molecular Chaperones and Protein Folding Catalysts. 

Oxford, UK: Oxford Univ. Press 

 

- Hansen PJ. 2004. Physiological and cellular adaptations of zebu cattle to thermal stress. 

Anim Reprod Sci. 2004; 82–83:349–360. doi: 10.1016/j.anireprosci.2004.04.011. 

 

Hansen PJ. 1994. Causes and possible solutions to the problem of heat stress in 

reproductive management of dairy cows: Proceedings of the National Reproductive 

Symposium. Pittsburgh, PA. 

 

- Heinrichs J., Jones C., and Bailey K., 2005. Milk Components: Understanding the Causes 

and Importance of Milk Fat and Protein Variation in Your Dairy Herd. 

http://extension.psu.edu/animals/dairy/nutrition/nutrition-and-feeding/diet-

formulation-and-evaluation/milk-components-understanding-the-causes-and-

importance-of-milk-fat-and-protein-variation-in-your-dairy-herd 

 

- Hovinen M., Aisla A., Pyörälä S.,  2006. Accuracy and reliability of mastitis detection with 

electrical conductivity and milk color measurement in automatic milking. Acta Agric. 

Scand. A-An. 56, 121–127 

 

- Imani Development Consultants, 2004. Review of the dairy industry in Malawi: Final 

Report, (Regional Agricultural Trade Expansion Support Program, Nairobi) Retrieved 

August 24, 2011 from 

http://www.dairyafrica.com/documents/Malawi%20Dairy%20Sector%20Study%20-

%20Final%20Report.pdf 

 

- Jensen R. G., 1995. Handbook of Milk Composition.  Academic Press. 

 



 
54 

- Janzekovic a M., Brus M., Mursec a B, Vinis P., Stajnko D., Cus F., 2009. Mastitis detection 

based on electric conductivity of milk.  Journal of Achievements in Materials and 

Manufacturing Engineering, 34: 39 - 46  

 

- Kasowanjete M.B.B. 1981. Breeds of cattle and breeding programs in Malawi. Presented 

at the FAO/SIDA workshop on breeding and feeding of cattle for milk production. 

December 1981. Lilongwe, Malawi 

 

- Kehrli, Jr., M. E., and D. E. Shuster. 1994. Factors affecting milk somatic cells and their role 

in 

health of the bovine mammary gland. J. Dairy Sci. 77:619-627. 

 

- Lacetera N, Bernabucci U, Scalia D, Basiricò L, Morera P, Nardone A. Heat stress elicits 

different responses in peripheral blood mononuclear cells from Brown Swiss and Holstein 

cows. J Dairy Sci. 2006;89:4606–4612. doi: 10.3168/jds.S0022-0302(06)72510-3. 

 

- Looper, M.L., Waldner D.N.., 2007. Water for dairy cattle, Guide D-107. 

http://aces.nmsu.edu/pubs/_d/D107.pdf 

 

- Malawi Government, 2011. ANNUAL ECONOMIC REPORT 2011. 

 

- Masangano, C., Wellard, K., Banda, L., Fatch, P., Gausi, W., Banda, J.W., and Kaunda, E., 

2009. Increasing agricultural productivity and food security through capacity building of 

extension workers and veterinarians in Malawi, (unpublished project report, Bunda 

College of Agriculture, Lilongwe) 

http://aces.nmsu.edu/pubs/_d/D107.pdf


 
55 

- Mayuni, P. C., 2003. The effect of age of extended fresh semen on its quality and 

conception rates in dairy cows in the three milk shed areas in Malawi (unpublished BSc 

report, Bunda College of Agriculture, Lilongwe). 

- Moges, N., Tekle Hailemariam, Tewodros Fentahun, Mersha Chanie and Achenef Melaku. 

2012. Bovine Mastitis and Associated Risk Factors in Small Holder Lactating Dairy Farms 

in Hawassa, Southern Ethiopia. http://www.idosi.org/gv/GV9(4)12/11.pdf 

- Mwale S.E., Wollny C., Banda J.W., Chagunda M.G.G. and Bruns E. 1999. Evaluation of 

Malawi Zebu and its crosses on smallholder dairy farms in Mzuzu, northern Malawi: Paper 

presented at ‘Tropentag 99’, held at Humboldt University of Berlin, Berlin, Germany, 14–

15 October 1999. 

 

- Nishikawa, M., Takemoto, S., Takakura, Y. 2008. Heat shock protein derivatives for 

delivery of antigens to antigen presenting cells. Int J Pharm 354 (1–2): 23–7. 

doi:10.1016/j.ijpharm.2007.09.030. PMID 17980980. 

 

- Patton S., 2004. Milk: Its Remarkable Contribution to Human Health and Well-Being. 

Transactional Publishers, New Brunswick, New Jersey.  

 

- Paula-Lopes FF, Chase CC, Jr, Al-Katanani YM, Krininger CE, Rivera RM, Tekin S, Majewski 

AC, Ocon OM, Olson TA, Hansen PJ. Genetic divergence in cellular resistance to heat shock 

in cattle: differences between breeds developed in temperate versus hot climates in 

responses of preimplantation embryos, reproductive tract tissues and lymphocytes to 

increased culture temperatures. Reproduction. 2003;125:285–294. doi: 

10.1530/rep.0.1250285. 

 

- Schlesinger, M.J. 1990. Heat shock proteins. The Journal of Biological Chemistry 265 (21): 

12111–12114. PMID 2197269. http://www.jbc.org/content/265/21/12111.long 

http://www.idosi.org/gv/GV9(4)12/11.pdf
http://www.jbc.org/content/265/21/12111.long


 
56 

 

- Schwerin, M., Maak, S., Hagendorf, A., von Lengerken, G., Seyfert, H.M. 2002. A З'-UTR 

variant of the inducible porcine hsp70.2 gene affects mRNA stability. Biochimica 

Biophysica Acta 1578:90 

 

- Sindani G. W., 2012. The Dairy Industry in Malawi- A Description of the Milk Bulking 

Groups in Malawi. M.S. Thesis, North Carolina State University 

 

- Usman T., Guo G., Suhail S.M., Ahmed S., Qiaoxiang L., Qureshi M.S., Wang Y., 2012. 

Performance traits study of Holstein Friesian cattle under subtropical conditions. The 

Journal of Animal and Plant Sciences, 22(2 Suppl.): 92-95, ISSN: 1018-7081. 

 

- Welch, W.J., 1990. The mammalian stress response: cell physiology and biochemistry of 

stress proteins. In: Morimoto RI, Tissieres A, Georgopolous C (eds) Stress Proteins in 

Biology and Medicine. Cold Spring Harbor Laboratory, New York, pp 223–278. 

 

- Woodford, J.A., N.A. Jorgensen, and G.P. Barrington. 1986. Impact of dietary fiber and 

physical form on performance of lactating dairy cows. Journal of Dairy Science, 69:1035. 

 

- Yousef, MK: Stress Physiology-Definition and Terminology, in Stress Physiology in 

Livestock. Vol.1. Boca Raton: CRC Press, 1985, pp.3-7. 

 

 

 

  



 
57 

APPENDICES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
58 

Appendix 1: Analysis of variance for HSP 70 

Descriptives 

Concentration   

 

 N Mean Std. 

Deviation 

Std. 

Error 

95% Confidence Interval 

for Mean 

Minimum Maximum 

Lower 

Bound 

Upper 

Bound 

Friesian 15 889.3333 311.07410 80.31899 717.0662 1061.6004 718.00 1992.00 

Zebu 14 993.7143 246.50212 65.88046 851.3882 1136.0404 551.00 1353.00 

Cross 15 900.7333 263.96901 68.15651 754.5522 1046.9145 539.00 1523.00 

Total 44 926.4318 273.39829 41.21634 843.3111 1009.5525 539.00 1992.00 

 

ANOVA 

Concentration   

 Sum of 

Squares 

df Mean Square F Sig. 

Between Groups 93927.672 2 46963.836 .617 .544 

Within Groups 3120177.124 41 76101.881   

Total 3214104.795 43    

 

 

 

 

 

 

 



 
59 

Appendix 2: multiple comparison test for sodium and potassium levels in milk samples 

across breeds 

Sodium Results 

ANOVA 

Amount   

 Sum of Squares df Mean Square F Sig. 

Between Groups 450060.179 2 225030.089 1.053 .356 

Within Groups 11326723.750 53 213711.769   

Total 11776783.929 55    

 

 

Multiple Comparisons 

Dependent Variable:   Amount   

Tukey HSD   

(I) Breed (J) Breed Mean Difference 

(I-J) 

Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Friesian 
Zebu -167.125 155.057 .532 -541.01 206.76 

Cross 51.000 146.189 .935 -301.50 403.50 

Zebu 
Friesian 167.125 155.057 .532 -206.76 541.01 

Cross 218.125 155.057 .345 -155.76 592.01 

Cross 
Friesian -51.000 146.189 .935 -403.50 301.50 

Zebu -218.125 155.057 .345 -592.01 155.76 

 

 

Amount 

Tukey HSDa,b   

Breed N Subset for alpha = 0.05 

1 

Cross 20 512.50 

Friesian 20 563.50 

Zebu 16 730.63 

Sig.  .331 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 18.462. 
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b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error 

levels are not guaranteed. 

 
Potassium Results 

ANOVA 

Amount   

 Sum of 

Squares 

df Mean Square F Sig. 

Between Groups 530480.357 2 265240.179 4.260 .019 

Within Groups 3300275.000 53 62269.340   

Total 3830755.357 55    

 

 

Multiple Comparisons 

Dependent Variable:   Amount   

Tukey HSD   

(I) Breed (J) Breed Mean Difference 

(I-J) 

Std. Error Sig. 95% Confidence Interval 

Lower Bound Upper Bound 

Friesian 
Zebu 244.000* 83.698 .014 42.18 445.82 

Cross 98.500 78.911 .431 -91.78 288.78 

Zebu 
Friesian -244.000* 83.698 .014 -445.82 -42.18 

Cross -145.500 83.698 .201 -347.32 56.32 

Cross 
Friesian -98.500 78.911 .431 -288.78 91.78 

Zebu 145.500 83.698 .201 -56.32 347.32 

*. The mean difference is significant at the 0.05 level. 
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Amount 

Tukey HSDa,b   

Breed N Subset for alpha = 0.05 

1 2 

Zebu 16 1135.00  

Cross 20 1280.50 1280.50 

Friesian 20  1379.00 

Sig.  .189 .459 

Means for groups in homogeneous subsets are displayed. 

a. Uses Harmonic Mean Sample Size = 18.462. 

b. The group sizes are unequal. The harmonic mean of the group sizes is used. Type I error levels are 

not guaranteed. 
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Appendix 3: T- test comparison for sampled milk VS standard normal values sodium and 

potassium 

Potassium 

One-Sample Statistics 

 N Mean 
Std. 

Deviation 

Std. Error 

Mean 

Friesian 20 1421.70 204.763 45.786 

Zebu 16 1170.00 314.023 78.506 

Cross 20 1320.20 254.957 57.010 

 

 

 

One-Sample Test 

 Test Value = 1380 

T df Sig. (2-tailed) Mean 

Difference 

95% Confidence Interval of the 

Difference 

Lower Upper 

Friesian .911 19 .374 41.700 -54.13 137.53 

Zebu -2.675 15 .017 -210.000 -377.33 -42.67 

Cross -1.049 19 .307 -59.800 -179.12 59.52 
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Sodium 

 

One-Sample Statistics 

 N Mean Std. 

Deviation 

Std. Error 

Mean 

Friesian 20 580.95 243.371 54.419 

Zebu 16 753.19 812.589 203.147 

Cross 20 528.25 230.396 51.518 

 

 

One-Sample Test 

 Test Value = 580 

t df Sig. (2-tailed) Mean 

Difference 

95% Confidence Interval of 

the Difference 

Lower Upper 

Friesian .017 19 .986 .950 -112.95 114.85 

Zebu .853 15 .407 173.188 -259.81 606.19 

Cross -1.005 19 .328 -51.750 -159.58 56.08 
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Appendix 4: turkeys multiple comparison test for lactose, protein and fat across breeds 

 

Descriptive 

 N Mean Std. 

Deviation 

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimum Maximum 

Lower Bound Upper 

Bound 

Lactose 

Friesian 21 4.1757 .30397 .06633 4.0374 4.3141 3.77 5.09 

Zebu 21 4.4314 .22743 .04963 4.3279 4.5350 4.11 5.03 

Cross 17 4.5907 .40304 .09775 4.3835 4.7979 3.76 5.14 

Total 59 4.3863 .35149 .04576 4.2947 4.4779 3.76 5.14 

Protein 

Friesian 21 2.7548 .20398 .04451 2.6619 2.8476 2.49 3.37 

Zebu 21 2.9048 .14173 .03093 2.8402 2.9693 2.69 3.34 

Cross 17 3.0365 .27189 .06594 2.8967 3.1763 2.48 3.43 

Total 59 2.8893 .23378 .03044 2.8284 2.9502 2.48 3.43 

Fat 

Friesian 21 4.1524 1.81712 .39653 3.3252 4.9795 1.14 8.73 

Zebu 21 4.8271 1.95877 .42744 3.9355 5.7188 2.25 9.69 

Cross 17 3.4594 2.19151 .53152 2.3326 4.5862 .87 7.35 

Total 59 4.1929 2.02248 .26330 3.6658 4.7199 .87 9.69 
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ONE WAY 

  

 

ANOVA 

 Sum of 

Squares 

df Mean Square F Sig. 

Lactose 

Between 

Groups 

1.684 2 .842 8.604 .001 

Within Groups 5.481 56 .098   

Total 7.166 58    

Protein 

Between 

Groups 

.753 2 .377 8.728 .001 

Within Groups 2.417 56 .043   

Total 3.170 58    

Fat 

Between 

Groups 

17.628 2 8.814 2.247 .115 

Within Groups 219.617 56 3.922   

Total 237.245 58    
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POST HOC TEST 

 

Multiple Comparisons 

Tukey HSD   

Dependent 

Variable 

(I) Breed (J) Breed Mean 

Difference 

(I-J) 

Std. Error Sig. 95% Confidence 

Interval 

Lower 

Bound 

Upper 

Bound 

Lactose 

Friesian 
Zebu -.25571* .09655 .028 -.4882 -.0233 

Cross -.41499* .10207 .000 -.6607 -.1692 

Zebu 
Friesian .25571* .09655 .028 .0233 .4882 

Cross -.15928 .10207 .271 -.4050 .0865 

Cross 
Friesian .41499* .10207 .000 .1692 .6607 

Zebu .15928 .10207 .271 -.0865 .4050 

Protein 

Friesian 
Zebu -.15000 .06411 .058 -.3043 .0043 

Cross -.28171* .06777 .000 -.4449 -.1185 

Zebu 
Friesian .15000 .06411 .058 -.0043 .3043 

Cross -.13171 .06777 .136 -.2949 .0315 

Cross 
Friesian .28171* .06777 .000 .1185 .4449 

Zebu .13171 .06777 .136 -.0315 .2949 

Fat 

Friesian 
Zebu -.67476 .61115 .516 -2.1461 .7966 

Cross .69297 .64610 .535 -.8625 2.2485 

Zebu 
Friesian .67476 .61115 .516 -.7966 2.1461 

Cross 1.36773 .64610 .096 -.1878 2.9232 

Cross 
Friesian -.69297 .64610 .535 -2.2485 .8625 

Zebu -1.36773 .64610 .096 -2.9232 .1878 

*. The mean difference is significant at the 0.05 level. 
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Lactose 

Tukey HSDa,b   

Breed N Subset for alpha = 0.05 

1 2 

Friesian 21 4.1757  

Zebu 21  4.4314 

Cross 17  4.5907 

Sig.  1.000 .259 

Means for groups in homogeneous subsets 

are displayed. 

a. Uses Harmonic Mean Sample Size = 19.473. 

b. The group sizes are unequal. The harmonic 

mean of the group sizes is used. Type I error 

levels are not guaranteed. 

 

 

 

Protein 

Tukey HSDa,b   

Breed N Subset for alpha = 0.05 

1 2 

Friesian 21 2.7548  

Zebu 21 2.9048 2.9048 

Cross 17  3.0365 

Sig.  .071 .127 

Means for groups in homogeneous subsets 

are displayed. 

a. Uses Harmonic Mean Sample Size = 

19.473. 

b. The group sizes are unequal. The harmonic 

mean of the group sizes is used. Type I error 

levels are not guaranteed. 
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Fat 

Tukey HSDa,b   

Breed N Subset for alpha = 0.05 

1 

Cross 17 3.4594 

Friesian 21 4.1524 

Zebu 21 4.8271 

Sig.  .088 

Means for groups in homogeneous subsets 

are displayed. 

a. Uses Harmonic Mean Sample Size = 19.473. 

b. The group sizes are unequal. The harmonic 

mean of the group sizes is used. Type I error 

levels are not guaranteed. 
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Appendix 5: Lactose, protein and fat correlation levels across breeds 

 

Milk Chemical composition data sheet     : 
Analysis of milk chemical composition of cattle raised under small scale 
system      

           

           

           

ID Breed  
Total 
Lactose Protein  Total Fat Density Total solids 

Freezing 
point 

Solids not 
fat Salts Water 

1 Fresian 4.06 2.66 5.91 23.7 13.25 -0.475 7.34 0.58 8.65 

2 Fresian 4.3 2.82 5.45 25.82 13.23 -0.503 7.78 0.62 3.26 

3 Fresian 4.12 2.69 6.42 23.64 13.91 -0.486 7.45 0.59 6.53 

4 Fresian 4.12 2.67 8.73 21.54 16.14 -0.497 7.41 0.57 4.42 

5 Fresian 4.12 2.7 6.06 24.01 13.51 -0.484 7.45 0.59 6.92 

6 Fresian 3.98 2.64 3.22 25.6 10.45 -0.453 7.23 0.59 6.92 

7 Fresian 4.41 2.9 5.06 26.97 13.04 -0.516 7.98 0.64 0.76 

8 Fresian 4.18 2.79 1.64 28.45 9.25 -0.47 7.61 0.63 3.84 

9 Fresian 3.81 2.52 3.27 24.32 10.12 -0.432 6.92 0.56 16.92 

10 Fresian 4.43 2.91 5.07 27.09 13.09 -0.518 8.02 0.64 0.38 

11 Fresian 5.09 3.37 3.78 33.01 12.98 -0.596 9.23 0.75 0 

12 Fresian 3.79 2.49 4.83 22.78 11.7 -0.437 6.87 0.55 15.96 

13 Fresian 4.26 2.82 2.91 27.83 10.64 -0.486 7.73 0.63 6.53 

14 Fresian 3.85 2.54 3.68 24.25 10.67 -0.439 6.99 0.56 15.57 

15 Fresian 3.95 2.6 4.33 24.31 11.48 -0.453 7.15 0.57 12.88 

16 Fresian 4.34 2.86 4.7 26.77 12.55 -0.504 7.85 0.63 3.07 

17 Fresian 3.77 2.5 2.53 24.71 9.38 -0.425 6.85 0.56 18.26 

18 Fresian 4.03 2.68 2.39 26.7 9.72 -0.456 7.33 0.6 12.3 

19 Fresian 4.17 2.77 2.06 27.98 9.64 -0.471 7.58 0.62 9.42 

20 Fresian 4.47 2.98 1.14 30.93 9.27 -0.503 8.13 0.67 3.26 

21 Fresian 4.44 2.94 4.02 28.14 12.08 -0.515 8.06 0.65 0.96 

AVG   4.18 2.75 4.15 26.12 11.72 -0.48 7.57 0.61 7.47 

                      

ID Breed  
Total 
Lactose Protein  Total Fat Density Total solids 

Freezing 
point 

Solids not 
fat Salts Water 

1 Cross 2.70 1.78 2.25 17.28 7.14 -0.30 4.90 0.40 43.07 

2 Cross 4.55 2.95 9.09 24.27 17.28 -0.56 8.19 0.64 0.00 

3 Cross 4.48 2.90 9.69 23.23 17.74 -0.55 8.05 0.22 0.00 

4 Cross 4.53 3.01 2.25 30.39 10.41 -0.52 8.24 0.68 0.76 

5 Cross 4.86 2.90 2.76 28.76 10.68 -0.50 7.92 0.65 4.23 
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6 Cross 4.68 3.08 5.58 28.43 14.05 -0.55 8.47 0.68 0.00 

7 Cross 4.55 3.02 2.96 29.92 11.23 -0.52 8.27 0.68 0.00 

8 Cross 4.31 2.84 4.38 26.90 12.20 -0.30 7.82 0.68 0.00 

9 Cross 4.22 2.76 5.92 24.81 13.54 -0.50 7.62 0.61 4.80 

10 Cross 4.24 2.81 3.23 27.44 10.93 -0.49 7.70 0.63 6.73 

11 Cross 4.48 2.95 5.27 27.20 13.38 -0.53 8.11 0.65 0.00 

12 Cross 4.24 2.81 3.59 27.11 11.29 -0.49 7.70 0.62 6.34 

13 Cross 4.44 2.95 2.75 29.28 10.81 -0.06 8.06 0.66 2.30 

14 Cross 4.36 2.87 5.04 26.63 12.93 -0.51 7.89 0.63 2.11 

15 Cross 4.56 3.02 3.85 29.48 11.76 -0.53 8.28 0.67 0.00 

16 Cross 4.11 2.69 5.73 24.21 13.16 -0.48 7.43 0.59 7.00 

17 Cross 4.26 2.81 4.47 26.44 12.19 -0.49 7.72 0.62 5.00 

18 Cross 4.18 2.76 3.40 26.81 10.98 -0.48 7.58 0.62 8.07 

19 Cross 5.03 3.34 5.33 30.33 15.53 -0.61 9.20 0.74 0.00 

20 Cross 4.36 2.88 4.08 27.51 11.99 -0.50 7.91 0.64 3.07 

21 Cross 4.27 2.78 7.10 24.13 14.81 -0.51 7.71 0.61 2.11 

22 Cross 4.35 2.87 4.90 26.69 12.78 -0.51 7.88 0.63 2.50 

AVG   4.43 2.90 4.83 27.14 12.84 -0.48 7.99 0.63 2.62 

           

ID Breed  
Total 
Lactose Protein  Total Fat Density Total solids 

Freezing 
point 

Solids not 
fat Salts Water 

1 Zebu 3.76 2.48 4.11 23.18 10.92 -0.429 6.81 0.55 17.5 

2 Zebu 4.64 3.07 4.1 29.48 12.51 -0.54 8.41 0.68 0 

3 Zebu 4.59 3.02 2.25 30.84 10.6 -0.524 8.35 0.69 0 

4 Zebu 3.91 2.58 3.56 24.77 10.65 -0.446 7.09 0.57 14.23 

5 Zebu 4.16 2.75 3.7 26.4 11.24 -0.477 7.54 0.61 8.26 

6 Zebu 4.99 3.3 3.94 32.15 13 -0.584 9.06 0.74 0 

7 Zebu 4.43 2.89 7.35 25.04 15.35 -0.531 8 0.65 0 

8 Zebu 4.72 3.09 7.21 27.24 15.64 -0.569 8.53 0.65 0 

9 Zebu 5.13 3.37 6.65 30.69 15.93 -0.62 9.28 0.74 0 

10 Zebu 4.44 2.93 4.24 27.91 12.28 -0.515 8.04 0.65 0.96 

11 Zebu 4.3 2.87 1.14 29.52 9.24 -0.484 7.83 0.65 6.92 

12 Zebu 4.472 3.15 1.51 32.45 10.11 -0.537 8.6 0.71 0 

13 Zebu 4.63 3.05 4.8 28.74 13.18 -0.542 8.38 0.68 0 

14 Zebu 5.14 3.43 1.53 33.37 10.88 -0.588 9.35 0.77 0 

15 Zebu 5.05 3.38 0.87 35.34 10.06 -0.573 9.19 0.76 0 

16 Zebu 4.89 3.26 0.97 33.21 10.86 -0.56 8.89 0.73 0 

17 Zebu 4.79 3 0.88 31.36 9.06 -0.505 8.18 0.68 2.88 

AVG   4.59 3.04 3.46 29.51 11.85 -0.53 8.33 0.68 2.99 
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Appendix 6: Correlation matrix for composition data separated by breed 

Friesian breed         

  
Total 

Lactose Protein  Total Fat Density 
Total 
solids 

Freezing 
point 

Solids 
not fat Salts 

Total Lactose 1        

Protein  0.970926168 1       

Total Fat 0.231609292 0.219259 1      

Density 0.81556889 0.848529 -0.32469 1     

Total solids 0.533267436 0.534901 0.936395 0.007219 1    

Freezing point 
-

0.419883324 -0.40128 -0.41205 -0.16056 -0.49983 1   

Solids not fat 0.969384772 0.998805 0.264359 0.822777 0.573991 -0.41796 1  

Salts 0.490186408 0.531238 -0.39037 0.721518 -0.14556 -0.05905 0.51037 1 

Water 
-

0.911914477 -0.93008 -0.35033 -0.73104 -0.60024 0.354409 -0.9349 -0.43509 

 

 

 

 

 

 

 

 

 

 

 

 

Zebu-Friesian 
Cross         

  
Total 

Lactose Protein  Total Fat Density 
Total 
solids 

Freezing 
point 

Solids 
not fat Salts 

Total Lactose 1        

Protein  0.97092617 1       

Total Fat 0.23160929 0.219259 1      

Density 0.81556889 0.848529 -0.32469 1     

Total solids 0.53326744 0.534901 0.936395 0.007219 1    

Freezing point -0.4198833 -0.40128 -0.41205 -0.16056 -0.49983 1   

Solids not fat 0.96938477 0.998805 0.264359 0.822777 0.573991 -0.41796 1  

Salts 0.49018641 0.531238 -0.39037 0.721518 -0.14556 -0.05905 0.51037 1 

Water -0.9119145 -0.93008 -0.35033 -0.73104 -0.60024 0.354409 -0.9349 -0.43509 
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Zebu         

  
Total 

Lactose Protein  Total Fat Density Total solids 
Freezing 

point Solids not fat Salts 

Total 
Lactose 1        

Protein  0.968833453 1       
Total 
Fat 

-
0.111476024 -0.17046 1      

Density 0.82348914 0.874811 -0.60682 1     
Total 
solids 0.232108959 0.184946 0.931128 -0.29444 1    
Freezing 
point 

-
0.939074476 -0.95017 -0.14138 -0.68971 

-
0.479962683 1   

Solids 
not fat 0.970587448 0.998278 -0.12287 0.852587 0.231810483 

-
0.964398791 1  

Salts 0.945159886 0.980582 -0.29699 0.92279 0.051873861 
-

0.891613087 0.974629148 1 

Water 
-

0.829140937 -0.83543 -0.04116 -0.66925 
-

0.340101705 0.854531705 
-

0.849704796 
-

0.82007 

 


