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Milk Production on Smallholder Dairy Cattle Farms in 
Southern Vietnam 

Abstract 

Dairy production is a rather new and not a traditional system in Vietnam. It is 
mainly based on smallholder dairy farms. The general aim of the studies in this 
thesis was to improve milk production on smallholder dairy farms in Southern 
Vietnam and also to create a foundation that could be used in the advisory service 
or/and in further research for better milking management routines. Studies were 
done to cover the specific objectives of this thesis. The studies were designed to 
identify the problems for dairy production on smallholder dairy farms, to 
investigate which are the management factors that influenced milk somatic cell 
count (SCC) in lactating cows, identify the prevalence of subclinical mastitis 
based on SCC and to study the protein degradation caused by Streptococcus (Str.) 

agalactiae.  
The survey study indicated that the majority of the farmers kept between 2 to 17 

cows (mean = 12). The main breed of dairy cow was Holstein Friesian (HF) 
crosses. This HF cows produced about 16 kg/day/cow. Around 35% of the farms 
provided fresh water ad libitum for the cows, while 51 % provided less than 30 L 
of water per cow per day. Moreover, milk SCC was high (1,300,000 cells/mL 
milk) in many of the studied farms. The second study found that limited to 
drinking water significantly increased herd SCC. Str. agalactiae was found to be 
a predominant species in infected udders. Further investigation showed that the 
prevalence of subclinical mastitis (SCC > 200,000 cells/mL milk) at quarter basis 
was 63.2% (285 out of 451) and at cow basis 88.6% (101 out 114). Str. agalactiae 
was found on 65% farms, 35.6% cows (41 out of 115) and 21% quarters (96 out of 
458). Among 96 isolates of Str. agalactiae, 11 different strains were identified. 
The proteolysis of casein was higher (12-70%) compared with whey proteins (4-
12%). The strains of Str. agalactiae in the same phylogenic group did not show 
the same degradation of casein and whey protein. Str. aglactiae caused proteolytic 
activity where the proteolysis of αS2-casein was highest, up to 70%, compared with 
control milk. Proteolytic activity caused by different strains showed a large 
variation. The lowest breakdown of casein was found to be 30% compared with 
control milk. 

Overall, the high milk SCC in this present study showed poor udder health of 
lactating cows on smallholder farms. The high milk SCC was mainly caused by 
the infection of udders with Str. agalactiae. 
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Introduction  

The consumption of dairy products has grown dramatically in Asia over the 
last 25 years due to the fast economic growth in the region. The most rapid 
growth of milk consumption is seen in Southeast Asia, with a current 
consumption of 31 kg per capita (Moran, 2009). China, Thailand and 
Vietnam show the highest growth of dairy production in the region (Morgan, 
2010). The increasing milk consumption stimulates the development of local 
producers to satisfy the domestic demand by replacing imported powder milk 
and it is noteworthy that over 80% of the milk is produced by smallholder 
farmers (Morgan, 2010). 

Dairy production in Vietnam has grown significantly during the last two 
decades, but consumption still outpaces production. The average annual 
milk consumption per capita has increased from 0.5 kg in 1999 (Do & 
Hoang, 2001) to 9.4 kg in 2008 (Gautier, 2008). In 2009, the total milk 
consumption was about 430,000 tons, whereas total milk production was 
278,000 tons (General Statistic Office, 2010). Due to the increasing demand 
for dairy products and motivation of government policies, the population of 
dairy cattle has increased from 40,000 in 2001 (NIAH, 2001) to 130,000 
head in 2010 (General Statistic Office, 2010). Eighty percent of milk is 
produced by 20,000 smallholder dairy farmers, around 70% in and nearby 
Ho Chi Minh City (Gautier, 2008). Thus, smallholder dairying constitutes 
the majority of milk production systems in Vietnam. 

The “Holsteinisation” program of crossbred Sindhi stock by using 
artificial insemination (AI) has been executed to accelerate the milk 
production of the country from the 90ies. Simultaneously live Holstein 
Friesian (HF) cows from temperate countries have also been imported. 
Today the Vietnamese dairy population consists of 14% pure HF, 80% of 
crossbred HF and the remaining 6% are crossbred Sindhi and other breeds 
(NIAH, 2010). The “Holsteinisation” has contributed to an increased milk 
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yield, from 1200 kg/cow/lactation (Giang & Tuyen, 2001) to 3,400 kg/cow/ 
lactation (Gautier, 2008). However, cows with a high level of HF inheritance 
cannot exhibit their full genetic potential in the tropics due to poor 
management and feed quality and environmental stress factors (for reviews 
see Syrstad, 1996; Cunninghem & Syrstad, 1987; Kiwuwa, 1987). 
Moreover, although the increase of HF inheritance can increase milk yield 
(Luthi et al., 2006), it can also result in high mortality and reduced fertility 
(Syrstad, 1996).  

Dairy cattle production is a rather new farming system in Vietnam. Thus 
farmers probably have a lack of knowledge about management practices, 
especially relating to HF crosses that are needed to obtain a profitable and 
sustainable production. Therefore, problems with management practice in 
relation to milk production need to be addressed.  
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Background 

Milking management  

It is well established that the prerequisites for a sustainable and profitable 
dairy production are good management practices of the dairy cows and the 
replacement animals. Management includes several factors, including 
breeding, feeding, housing and milking. All factors have to be considered for 
a successful dairy production and several reports and theses have been 
published dealing with different types of management (for reviews see Rhone 

et al., 2008; Luthi et al., 2006; Suzuki, 2005). However, in this thesis we 
mainly address the problems related to milking management and their effect 
on milk composition and udder health. 

According to Akers (2002), a well-known lactation physiologist, the 
investment in milking management at farms where feed, breed and care for 
animal obviously are wasted if milking procedures and milk handling  are 
not satisfactory. This means that attention must be focused on milking 
practice to promote optimal milk production and good udder health. A good 
milking practice includes several steps. Milk ejection has to be stimulated in 
a proper way for a high milk flow and sufficient udder emptying. Pre-
stimulation of milk ejection can be done either manually, by machine, or by 
letting the calf suckle before milking starts (Svennersten-Sjaunja et al., 
2004). If machine milking is practiced, milking equipment must be checked 
routinely for vacuum level, pulsation rate, and pulsation frequency and liner 
performance according to the recommendation of the manufacturer. 
Irrespective of whether milking is done by machine or by hand, hygiene must 
be considered, both to prevent udder health problems and to maintain a high 
hygienic quality of the raw milk (Eberhart et al., 1968). 

Milking in the tropical countries is done by hand or machine depending on 
the availability of services such as electricity, labor and technical support 
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and level of production (Chantalakhana & Skunmun, 2002). However, both 
hand and machine milking may have negative impacts on udder health if 
milking practices are inappropriate. Hand milking was reported to cause 
injuries of the teats (Boonbrahm et al., 2004b). Millogo et al. (2010) studied 
different types of hand milking and  found that milk yield and composition 
were not affected by milking technique, but the milk yield varied between 
different milkers.  No effect of milking technique on teat treatment was 
observed. Interestingly (Boonbrahm et al., 2004a) reported a significantly 
higher milk SCC in cows that were bucket machine milked compared with  
hand milking, which is in line with what has been observed in dairy 
buffaloes (Thomas et al., 2004).  
 During machine milking, too high vacuum levels can damage teat canals, 
which can result in negative effects on udder health (Hamann et al., 1993; 
Bramley et al., 1992). The teat canal acts as a primary defense mechanism 
to prevent new intramammary infections (Sandholm & Korhonen, 1995). 
One of the most common types of teat damage is hyperkeratosis, which is 
caused by overmilking, poor pulsation, too high vacuum level or milking 
with worn liners (Akers, 2002). Thus milking cows with a faulty machine 
that damages the teat end will increase the risk of new infection. A damaged 
teat skin provides an ideal environment for the growth of mastitis pathogens 
such as Staphylococcus (S.) aureus, Streptococcus (Str.) agalactiae and 
Str. sdysagalactiae (Blowey & Edmondson, 2010; Bramley et al., 1992). 
Furthermore, during milking, vacuum fluctuations or vacuum slips with 
leakage of air around the teat cups that cause a retrograde movement of milk 
allow bacteria to pass from one teat to another and invade teat canals 
(Akers, 2002). Jungbluth & Grimm (2009) also listed some indirect factors 
related to aspects of poor management that influence udder health. Poor 
milking procedure, which might contribute to udder infections due to 
transmission of disease during milking time, poor installation or maintenance 
of milking equipment that causes tissue trauma, teat damage and poor 
milkout were some important factors. How milking management is working 
on smallholder dairy farm in Vietnam has not been fully evaluated, neither 
has its effect on udder health. 

Milk synthesis and composition  

Milk components are mainly synthesized in the secretory cells of the 
mammary gland, called alveoli cells. The alveoli are surrounded by muscle 
cells, called myoepithelial cells. The muscle cells will contract to squeeze 
milk from the alveoli into the ducts when the stimulus for milk let-down is 
introduced. Precursors needed for milk synthesis are provided by blood 
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vessels. The basal end precursors of milk components are taken up from the 
blood and at the apical membrane milk components are secreted into the 
lumen of the alveoli. From there milk flows into the gland and teat cisterns. 
It is estimated that about 400-500 litres of blood pass through the mammary 
gland for production of 1 litre of milk. The main components of milk are 
water, lactose, fat and protein. In addition to these main components, there 
are many other elements and compounds in milk e.g. minerals , vitamins and  
enzymes (Walstra et al., 2006; Akers, 2002). 

Lactose is the major carbohydrate of milk. Lactose is synthesized in Golgi 
vesicles in the secretory cells. Glucose is produced in liver, primarily from 
propionate, a product of rumen fermentation. Glucose in blood is taken up to 
the udder and a part of the glucose is converted to galactose. Thereafter, one 
molecule of glucose binds with galactose to produced lactose. Lactose is the 
main osmotic determinant of milk. Fat is formed in the secretory cells when 
fatty acids are bound to glycerol, generating triglycerides, a neutral form of 
fat.  More than 440 fatty acids have been identified in the milk originating 
from de novo synthesis in the udder, mainly from acetate, from dietary fat 
and especially during early lactation from mobilise adipose reserve. Short 
fatty acids, C4-C14 are synthesized in the mammary gland, while C16 and C18 
are derived from blood triglycerides (Walstra et al., 2006; Akers, 2002).     

Milk protein consists of casein and whey protein. Approximately 80% of 
the protein in milk is in the form of casein and 20% of whey protein. Amino 
acids are transported to the udder via the bloodstream and transformed into 
casein by the mammary alveolar cells. Casein is a mixture of αS1-, αS2-, β- 
and κ-caseins and γ-casein. Whey proteins are present in a dissolved form, 
consisting of α-lactalbumin and β-lactoglobulin (Walstra et al., 2006; Akers, 
2002).  

Milk contains different types of enzymes. They include both indigenous 
enzymes, which are excreted by mammary gland and enzymes originating 
from microorganisms. Most of the indigenous enzymes are synthesized by 
the secretory cells, while others are derived from the blood, e.g. plasmin. 
Some of the enzymes are secreted by organisms such as protease and lipase. 
Most enzymes do not have a biological function in milk, but some have 
antimicrobial function, e.g. lactoperoxidase and lysozymes (Walstra et al., 
2006).  

Holstein Friesian is a high-yielding dairy cow in temperate countries. With 
good management of feeding and milking, HF cows can yield more than 
9,000 kg/cow/305 day lactation period (Chandan et al., 2008). The milk 
lactose, fat and protein contents range from 4.6-4.8%, 3.8-4.9% and 3.0-
3.6%, respectively (Blowey & Edmondson, 2010; Akers, 2002). 
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Mastitis  

Mastitis is the most common and also most costly production disease in 
dairy production (Halasa et al., 2007; Bradley, 2002). Mastitis can be 
present in both a clinical and a subclinical form and is primarily caused by 
bacterial infections of the mammary glands. Both mastitis forms are 
associated with increased SCC (Pandey et al., 2005; Sandholm, 1995). 
Clinical mastitis is characterized by the presence of the external signs of 
udder inflammation such as heat, pain, swelling, tenderness and/or abnormal 
milk. Subclinical mastitis, on the other hand, exhibits no clinically visible 
signs and often remains undetected unless laboratory methods measuring 
milk SCC and bacteriological examination are used (Edmondson & 
Bramley, 2004). Subclinical mastitis is usually the most prevalent form on 
smallholder dairy farms (Byarugaba et al., 2008). How prevalent subclinical 
mastitis is in dairy production in Vietnam has not been fully evaluated and 
neither have the risk factors for subclinical mastitis.   

Normally, milk produced by healthy cows contains a very low 
concentration of micro-organisms, since the teat canal can act as an 
anatomical-mechanical and chemical-cellular barrier (Sandholm & 
Korhonen, 1995). In principle, when pathogenic bacteria enter the udder, the 
defense system of the udder sends a vast number of leucocytes into milk to 
remove the bacterial pathogens (Blowey & Edmondson, 2010; Sandholm & 
Korhonen, 1995). The sudden increase of SCC in milk is a primary feature 
of inflammation (Sandholm, 1995). If the inflammatory reaction cannot 
destroy bacteria, affected cows remain contagious.  

Over 200 different organisms have been recorded today in scientific 
literature as being a cause of bovine mastitis (Blowey & Edmondson, 2010). 
They can be divided into two groups: contagious and environmental 
pathogens according to their origins (Pyörälä, 1995). Mastitis caused by 
contagious pathogens such as S. aureus or Str. agalactiae are widespread, 
usually causing subclinical infections and a large milk SCC increase 
(Blowey & Edmondson, 2010; Edmondson & Bramley, 2004). 
Environmental pathogens such as Str. uberis and Str. dysagalactiae cause 
considerably less SCC elevation (for reviews see Pyörälä, 1995; Smith & 
Hogan, 1993).  

Thus the SCC level varies largely depending on the type of bacteria 
infecting the udder.  
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Causes of variation in milk somatic cell count  

Milk somatic cell count is widely used to monitor udder health. As the 
definition of udder health refers to the inflammation status, SCC and 
bacteriological examination indicate the status of mammary gland health 
(Harmon, 1994). The  SCC may be affected by several factors, such as 
bacterial infection, age and stage of lactation, environmental and 
management factors or a combination of these factors (Blowey & 
Edmondson, 2010; Harmon, 1994) 

Cow age and stage of lactation  

That milk SCC increase with advancing age comes with the exposure to 
previous infections (Harmon, 1994). This is due to the increased period of 
exposure of the udder experienced with infection over the lactations.  

Milk SCC is often high in the first 7 to 10 days after calving and in late 
gestation (Blowey & Edmondson, 2010; Dohoo & Meek, 1982). High SCC 
in the first weeks after calving appears to be a part of the cow’s natural 
immune system response in preparation for calving and enhances the 
mammary gland’s defense at parturition time (Dohoo & Meek, 1982). Udder 
quarters with no infection have a rapid decline in SCC within a few weeks 
postpartum (Bartlett et al., 1990). Towards the end of lactation, since the 
amount of milk produced is diminishing SCC increases in milk (Blowey & 
Laven, 2004). 

Environmental factors 

Stress of various types, such as oestrus, disease, vaccination and drug 
administration (Blowey & Laven, 2004; Barkema et al., 1998; Harmon, 
1994) and heat stress (Rhone et al., 2008) may affect the SCC of individual 
cows. Stress may increase the number of leucocytes in blood (Blowey & 
Laven, 2004). The increased incidence of clinical mastitis in the summer in 
temperate countries is due to the warm and humid environment that 
increases the exposure of pathogenic agents (Hillerton, 2004). In addition, 
the cows that are susceptible to heat stress in the tropics may be at increased 
risk of  developing new infections, which in turn give  rise to higher SCC 
and reduced milk yield (Rhone et al., 2008). 

Milking frequency  

It is generally known that milk SCC is higher in the afternoon milking than 
in the morning milking (Blowey & Laven, 2004; Hale et al., 2003). This is 
due to the shorter milking interval and lower milk yield in the afternoon 
resulting in a concentration effect (Hale et al., 2003). However, SCC varies 
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from day to day due to the variety of previous factors listed, together with 
management factors such as hygienic conditions and/or milking machine 
function. 

 

Effect of mastitis on milk composition  

Mastitis may cause an alternation in fat, lactose and protein content in milk 
(Nielsen et al., 2005; Urech et al., 1999; Auldist & Hubble, 1998). 
Declining fat content during mastitis is due to the reduced synthetic and 
secretory capacity of the mammary gland. Free fatty acids in mastitis milk 
may increase as a consequence of inflammation, probably caused by 
increased activity of the enzyme lipase. Lactose decreases as a consequence 
of reduced synthetic capacity and losses to circulation, but also as a way to 
maintain the osmolic pressure, since mastitis causes an increase in ion 
content (Auldist & Hubble, 1998; Kitchen, 1981). Protein composition 
changes towards increased whey protein content, while content of casein 
proteins declines (Walstra et al., 2006) 

It is established that mastitis bacteria can affect the quality of milk. Ma et 

al. (2000) looked at the relationship between high SCC and quality of 
pasteurized fluid milk by infusing Str. agalactiae to elevated SCC. Their 
work confirmed that mastitis caused by  Str. agalactiae  adversely affected 
the quality of pasteurized fluid milk (Ma et al., 2000). With regard to the 
infection, proteolytic activity of milk decreased after infections were cured 
but remained significantly higher than the pre-infection activity (Saeman et 

al., 1988). Larsen et al. (2004) found that, in high SCC milk from S. uberis 
infected quarters, proteases apart from the plasmin contribute significantly 
to the proteolysis. Grieve & Kitchen (1985) found that proteinases from 
leukocytes and from psychrotrophic microorganisms are not important in 
proteolysis of milk. Moreover, the proteolytic and lipolytic enzyme activities 
produced by psychrotrophic microorganisms showed increased activity after 
2 to 3 days at 10oC (Burdová  et al., 2002) 
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Objectives 

The general aim of this study was to generate information that could lead to 
improved milk production on smallholder dairy farms in Southern Vietnam. 
The aim was also to create a foundation that could be used in the advisory 
service or/and in further research for better milking management routines 
which in turn will improve milk quality. 

Therefore, the specific objectives were:   
- To identify the problems of dairy production on smallholder farms in 

Southern Vietnam. 
- To investigate the management factors influencing milk SCC in 

lactating cows on smallholder dairy farms. 
- To identify the prevalence of subclinical mastitis based on SCC.  
- To study the protein degradation caused by Str. agalactiae.  
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Materials and methods  

Study sites 

The southern part of Vietnam has a typical tropical monsoonal climate 
characterized by only two different seasons, dry (December to March) and 
wet (April to November). The annual rainfall ranges from 1,500 to 2,000 
mm. The peak rainfall occurs in July to August. The temperature is quite 
warm and stable all year-round (Sterling et al., 2006). 

The survey (Paper I) was carried out in peri-urban areas of Ho Chi Minh 
City (Fig. 1) with an air temperature that ranged from 25.9 to 33.3 oC while 
the mean maximum and minimum relative humidity was 81 and 68%, 
respectively. Annual rainfall varies from 1,500 to 1,600 mm and the rainy 
season is between May and October. The study was done during May to 
June, 2006. Around 54% of all dairy cattle in Vietnam are found in this 
area. 

The studies on factors influencing milk SCC and on the prevalence of 
subclinical mastitis (Paper II and Paper III) were carried out in Long Thanh 
district, Dong Nai province to the west of Ho Chi Minh City (Fig.1). The 
studies were conducted at the onset of the rainy season (March to June, 
2008). 

Farms, cows and designs 

In the survey study (Paper I), 120 farms representing approximately 6% of 
smallholder dairy farms in the two districts were randomly selected. The 
study was done by direct interviews with the smallholder dairy farmers 
based on a questionnaire to obtain data on milk production and farm 
management and a protocol for field observation of on-farm practices. The 
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questionnaire was pretested in the field and modified before being used to 
guide the official interviews with representatives of each household. Each 
interview lasted for about 3 hours. The interviewers also performed an 
additional farm visit to take field observations, and milk and feed samples 
for analysis. Composite milk of 360 cows, 20% of clinically healthy cows on 
each studied farm, was sampled for analysis of milk composition and SCC. 
Administrative maps as well as secondary data of socio-economic and dairy 
production in the area were collected in local offices. 
 

 
Figure 1. Administrative map of Vietnam with study sites: Ho Chi Minh 

City and Dong Nai Province. Adapted from “Vietnam, a natural 
history” (Sterling et al., 2006) 
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For the second and the third papers, twenty farms were selected. Inclusion 
criteria were at least 6 lactating cows and use of the bucket machine milking 
system. Only cows that according to farm records were clinically healthy 
and without mastitis episodes were selected for sampling. All farms were 
visited during morning or evening milking by the same team of two persons. 
Milk samples were collected and the farmers were interviewed about their 
management routines, including, housing, feeding, milking practices, and 
hygiene. Milking practices were observed during the entire milking to record 
the performing of milking, milking times, teat cleaning, teat cup cleaning, 
cow hygiene, use of water and feed hygiene, and housing system.  

Milk sampling and analysis 

In Paper I, individual cow milk samples were taken in one afternoon milking 
and preserved with bronopol. The samples were then analysed for fat, 
protein, lactose, dry matter, and solid non-fat according to the mid-infrared 
spectroscopy method (Farm Milk Analyser, Mirris AB, Uppsala, Sweden). 
Milk SCC was determined on the farms, directly following sampling, by a 
fluorescent method, using a DeLaval cell counter (DCC) (DeLaval, Tumba, 
Sweden). The respiration rate and rectal temperature of selected cows were 
measured twice a day, at 08:00 and 14:00, on the same day as milk sampling 
took place, to determine the animal’s state of heat stress. Air temperature 
and relative humidity were recorded at the same time. 

In Paper II and Paper III, quarter strip milk samples were taken at one 
morning or afternoon milking. Mastistrips cassettes (Mastistrip©, SVA, 
Uppsala, Sweden) were used to collect the milk samples. The cassettes were 
then sent to the Mastitis laboratory, SVA, for identification of bacterial 
species according to the laboratory’s accredited methods. Twenty-five mL of 
strip milk was concurrently collected in a plastic bottle for analysis of 
quarter milk SCC. Somatic cell count was analysed by a fluorescent method 
described above. In total, 458 quarter milk samples of 115 lactating cows 
were analysed. 
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Genotyping the strains of Str. agalactiae isolates was done at SVA and 
analyses of proteolytic activity was done at the laboratory of the Food 
Science Department, SLU. Pulse-field gel electrophoresis (PFGE) was 
employed to genotype the strains of Str. agalactiae (Fasola et al., 1993), 
while Capillary electrophoresis (CE) was used in the analysis of proteolysis 
(Heck et al., 2008) (see Paper IV).  

Statistical analysis   

Detailed descriptions of statistical methods and models used are shown in the 
individual research papers. Briefly, in Paper I, SPSS for Windows version 
14.02 (SPSS Inc., ® 1989-2005) was employed to analyse categorical data 
and quantitative variables were compared by using the t-test for significant 
differences at P < 0.05 and Chi-squared tests were used for categorical 
variables. Procedures of SAS (SAS Institute Inc., 2008) were used to 
investigate and describe that factors that influence milk SCC (Paper II).  
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Results 

Milk production and management system  

Table 1 describes a profile of dairy farms in the study area. On average, 
dairy farms included 4,700 m2 of land, including land for pasture and crops. 
Of the farmers operating the farms, 60.8% had 10 to 20 years of experience, 
but there was a wide variation in dairy farming experience among the 
surveyed farmers, ranging from 2 to 30 years. Dairy farmers living near the 
city center had significantly (P < 0.001) longer experience compared with 
farmers who were living far from the city center, 13 and 9 years, 
respectively. The number of animals in the herds ranged from 2 to 50 cows 
with a majority of households owning between 2 to 17 cows (mean = 12).  

When averaged over the survey data (Paper I), the cows were fed between 
20 to 40 kg of roughage, fresh matter, depending on the availability of green 
grasses, rice straw, stage of lactation and amount of concentrates. Brewery 
by-products and commercial concentrates were mixed with water and were 
given as protein supplementation. Of the observed farms, feed in 45% (54 
farms) of the troughs had fermented. Only 35.8% (43 farms) of the farms 
provided fresh water ad libitum in separate trough for the cows and 51.7% 
(62 farms) of farmers provided less than 30 L of water per cow per day 
(Paper I).  

Hand milking was practiced on 90.4% of the farms, whereas 9.6% of 
farmers used milking machines. Laborers were employed for milking in 34% 
of the farms, while in 66% of the farms milkings were managed by family 
members. Different hand milking techniques were used: 78.3% used full-
hand grip, 20% thumb-in and 1.7% used pull down (Fig. 2). Farmers usually 
cleaned the cow’s udder with water before milking, although a few of the 
observed farmers used solutions for cleaning the teats. They did not perform 
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post-dipping of teats after milking, except in cases of mastitis. On those 
farms where machine milking was practiced, teat cups were dipped into a 
solution of sodium hypochloride (NaClO) after each milking in order to 
clean and sanitize the equipment (Paper I).  

Table 1. Description of dairy farm profile in the survey study (n = 120 farms) 

Categories Frequency (%) 
Dairy farming system  

Dairy cattle only 77.5 
Dairy cattle and crops 20.0 
Cattle and other animal 2.5 

Type of dairy farmer  
Full-time  90.8 
Local officials, teachers and retailers 9.2 

Farmer’s education   
Primary school 41.7 
Junior high school 35.8 
Senior high school 20.0 
Vocational  0.8 
College or university  1.6 

Herd size  
1 – 5 cows 25.0 
6 – 10 cows 39.0 

     >10 cows 36.0 
Dairy breed  

HF crosses 95.8 
Crossbred Sindhi 4.2 

In the survey data (Paper I), 84% of the farmers reported that their 
lactating cows were sensitive to an increase in temperature during the day. 
Artificial insemination was used for both heifers and cows. The AI success 
rate for cows was lower than for heifers. On average, heifers were 
artificially inseminated 1.5 times, whereas 47.5% of lactating cows were 
inseminated 3 to 4 times and 43.4% were inseminated 5 to 7 times per 
pregnancy. Consequently, 27.5% cows lactated for more than 12 months, 
50% lactated up to 10 months and 14.2% only produced milk for 7 to 8 
months.  
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Figure 2. Katarina Cvek-Hopkins (2009) illustrated the three hand-milking techniques. 

Adapted from Milk production of hand-milked dairy cattle in Burkina Faso 
(Millogo, 2010).  

Milk yield, composition and somatic cell count 

The average daily milk yield was 16 kg/day/cow (n = 360 cows). The 
average fat, protein and lactose contents were 4.1% (SD = 0.54), 3.2 (SD = 
0.15) and 4.7% (SD = 0.25), respectively. Fat content was an important 
consideration for 88.9% of the farmers, whereas 11.1% did not consider 
milk composition to be important (Paper I).  

Milk SCC was high on most studied farms (n = 120). The average was 
1,300,000 cells/mL milk (SD = 900,000 cells/mL). Sixty-nine percent of the 
cows had SCC > 400,000 cells/mL milk, while 31% had SCC < 400,000 
cells/mL milk. Herd size did not significantly influence SCC, while a 
numerical difference was observed in SCC due to the age of the cows (Paper 
I).  

Factors causing elevated SCC 

The access to drinking water was found to significantly influence milk herd 
SCC (P = 0.008). In herds providing drinking water ad libitum the measured 
herd milk SCC was lower (403,000 cells/mL milk) than in herds where the 
cows were offered drinking water restrictedly (860,000 cells/mL milk) 
(Paper II). 

The method of teat cup cleaning had a tendency to influence herd milk 
SCC (P = 0.078). Farms using water and detergent to clean the teat cups 
after each milking had a numerally lower herd milk SCC (179,000 cells/mL 
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milk) compared with farms where the teat cups were cleaned with only water 
after each milking (546,000 cells/mL milk) and farms where the teat cups 
were additionally cleaned with detergent twice a week (774,000 cells/mL 
milk).Vacuum pressure, housing system, type of milker and method of udder 
cleaning were not found to significantly influence herd milk SCC (Paper II).  

Bacterial prevalence  

Str.agalactiae was the predominant species in infected quarters at all 
management routines practiced (Paper II). Herds where drinking water was 
provided ad libitum showed higher percentage of quarters with Str. 

agalactiae infection (26%) compared with herds where water for the cows 
was restricted (16%). The percentage of udder quarters with Str. agalactiae 
infection was lower (3%) in herds where teat cups were cleaned with water 
and detergent after each milking compared with herds where teat cups were 
cleaned only with water (18%) and those cleaning with water and 
additionally with detergent twice a week (27%). The percentage of quarter 
infection with Str. agalctiae was higher (21%) in herds where cows were 
milked with a milking vacuum of > 45 kPa compared with herds where cows 
were milked with a milking vacuum of 37-45 kPa (13%) (Paper II). 

Farms where water and dry towels were commonly used for cleaning teats 
showed the highest percentage of quarters with Str. agalactiae infection 
(31%) compared with other pre-milking cleaning practices (Paper II). 

The routines for cleaning teat cups without using a detergent after each 
milking as well as cleaning udders/teats pre-milking and cooling the cows 
using a water hose were found to be associated with high frequencies of 
quarter milk samples with growth of CNS and Str.uberis, respectively 
(Paper II). 

In Paper III, the prevalence of subclinical mastitis (SCC > 200,000 
cells/mL milk) at quarter basis was 63.2% (n = 285 out of 451) and at cow 
basis 88.6% (101 out of 114). Of quarters with subclinical mastitis, bacteria 
were isolated from 51.9% (148 out of 285), while from the quarters with 
SCC < 200,000 cell/mL milk, only 10.8 % (18 out of 166) were 
bacteriologically positive. Twenty-two percent of the quarters (99 out of 
451) had a SCC < 100,000 cells/mL milk. There were 36.0% (165 out of 
458) of the quarter milk samples that were bacteriologically positive. In 
total, there were 40% of cows that were bacteriologically positive in all 
udder quarters. 

The most commonly bacteria species was Str. agalactiae, which was 
isolated from 21.0% (n = 96) of 35.7% of cows (n = 41) on 65% (n = 13) of 
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farms. S.aureus and Str. dysagalactiae were noticeably low, with 4.2 and 
1.8% of all bacterial isolates, respectively (Paper III). 

Streptococcus agalactiae strains 

Pulse-field gel electrophoresis was performed to identify different strains of 
Str. agalactiae. Among 96 isolates collected from 41 cows on 12 farms, 11 
different profiles were generated. One to five different strains of Str. 

agalactiae was usually found on individual farms, but on two farms only 
one strain was found (Paper IV). 

Proteolysis activities  

The strains of Str. agalactiae did not show the same degradation of casein 
and whey protein. The proteolysis of casein was higher (12-70%) compared 
with whey proteins (4-12%). The highest proteolysis was observed for αS2-
casein, where some strains degraded more than 70% compared with 
bacteria-free control milk, and the lowest break down for αS2-casein was 
found to be 30% (Paper IV). 
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General discussion 

Milk production and management in smallholder systems  

An important feature of dairy cattle production in southern Vietnam is that 
the smallholder models are common in peri-urban areas, where good markets 
and production services are found (Tam, 2004). This is in agreement with 
Devendra (2002) who found that the expansion of smallholder dairying was 
mainly based on integrated systems of crop-animal in the peri-urban areas 
where the dairy production is essentially driven by urban demand. However, 
the major constraints to production in these dairy systems are feed resources, 
reproduction and animal health care (Devendra, 2001), milking management 
and milk quality (Rhone et al., 2008; Alejandrino et al., 1999). 

According to our findings, dairy farmers in the studied area began their 
dairying with a small number of cows from their own investment and they 
obtained knowledge of dairying from annual short training courses provided 
by extension service centers. Thereafter, experiences in dairy production 
have been transferred within the local communities. One of the findings in 
Paper I was that dairy farmers’ experience in dairy production in areas near 
the city center was significantly (P< 0.001) longer compared with those 
famers who were far from the city center. Three factors largely explain the 
rapidly increasing dairy production in the area namely: (1) high population, 
(2) relatively high per capita income, (3) concentration of most services for 
production and processing factories (Tam, 2004). However, due to the rapid 
urbanization that has encroached on agricultural land during the last 25 
years, dairy production has moved to more remote areas. This could be a 
possible reason for the large variation in experience of dairy production 
(ranging from 2-30 years) found in the area (Paper I). The production 
systems have also shifted from integrated subsistence to new systems based 
on milk production (Luthi et al., 2006) due to the impact of urbanization and 
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competition. Therefore, the results in Paper I showed that 77.5% of 
smallholder farmers kept dairy cattle only and 90.8% of the farmers actually 
worked on the farm. 

The progress of dairy production, the widespread urbanization that occurs 
in the area and increased competition among dairy farmers changes dairy 
production management. Results presented in Paper I show that the number 
of dairy cattle per farm in this area tends to increase with time. The average 
herd size appears to have increased markedly during the last few years, with 
an average of 12 cows in the present study compared with 2 to 5 cows per 
farm reported by Tam (2004) and a range of 1 to 4 cows that was found in 
the north (Suzuki et al., 2006).The herd size correlated positively with 
farmers’ experience of dairy production (Paper I), indicating the 
development of dairy production in the studied area. 

The majority of the farmers had primary and junior school education only 
(Paper I). Instead of relevant education, they rely on their own experiences 
or by learning from neighbors. Most of the farmers attended a yearly short 
training course as a way to improve practical knowledge for dairy 
production and management. This indicates that there are prerequisites for 
technical transfer and continued education for dairy farmers in the area. This 
is in agreement with Falvey & Chantalakhana (2001), who concluded that 
future smallholder dairy development will rely on continued education. 

Feeding management and water supply  

Cows were generally fed with green grasses, rice straw and industrial by-
products, which are available in the area, supplemented with commercial 
concentrate. Farmers estimated that around 0.5 kg of concentrate was 
required to produce 1 L milk per cow per day. They often fed cows rice 
straw at night to improve the fat content in milk. An improvement of feeding 
systems is an important prerequisite for increased profitability of dairy 
production in this region since the cost of feeding accounts for 40-60% of 
the total cost of milk production (Devendra, 2002; Man, 2001). 

Since many farmers have only limited experience of dairy husbandry, they 
are likely to underestimate the amount of water, especially that required by 
HF crossbred dairy cattle, which are poorly adapted to a hot environment. 
Only 36% of dairy farmers in the present survey provided drinking water for 
their cows ad libitum, while 52% provided less than 30 L (Paper I). This 
finding is in agreement with that of Suzuki et al.(2006), who found that only 
3 out of 99 studied farmers provided their cows with water ad libitum. 
According to Radostits (2001), inadequate water supply results in reduced 
dry matter intake and decreased milk production of dairy cows and a 
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consequential loss of body weight. Interestingly, access to drinking water 
significantly influenced herd milk SCC. The highest herd milk SCC was 
noted in farms where drinking water was provided restrictedly. However, 
restricted drinking water was not related to reduced milk yield (Paper II). 
Lactating cows in the tropics obviously need more water to alleviate heat 
stress (Beede & Collier, 1986). Restricted water gives rise to dehydration 
reflected by increased blood packed cell volume and osmolality, as reported 
by Chase (1988). Therefore, providing adequate drinking for the cow to 
ameliorate the effect of heat is recommended by many authors (for reviews 
see Suzuki, 2005; Fielding & Mathewman, 2004). 

Surprisingly, a numerally higher frequency of quarters with Str. 

agalactiae infection was observed on farms where water was provided ad 

libitum (Paper II). It is unlikely that drinking water influences Str. 

agalactiae infection rate. The actual reason was not known in this study. 
Among each group of studied farms with different management routines, 
such as milking cows with high vacuum pressure, cleaning teats only with 
water and cleaning teat cups only with water was related to the prevalence of 
Str. agalactiae. 

Dairy breeds on smallholder farms  

The use of AI and knowledge of genetic upgrading and crossbreeding on 
smallholder dairy farms has led to increased milk production during the last 
two decades. Holstein Friesian crosses dominates in smallholder dairy farms, 
mostly at F2 (75% HF inheritance), F3 (87.5% HF inheritance) or more HF 
blood (Gautier, 2008; NIAH, 2010; Cai, 2002). As shown in Paper I, the 
average milk yield was 16 kg/day/cow, and HF crossbred cows constituted 
on average 96% of the herds. The yield was higher compared to the 13 
kg/day/cow reported by Luthi et al. (2006) and Suzuki (2005). However, the 
milk yield was found to be 13.4 kg/cow/day in Paper II, which is in 
agreement with  Luthi et al. (2006) and Suzuki (2005). The increase in milk 
yield observed in Paper I may depend on the fact that the F3 generation was 
dominant in the studied farms. In addition, the results of the survey study 
(Paper I) showed that repeated breeding is a problem i.e. three or more 
services often were required before conception in the lactating cows. This 
result is in agreement with Alejandrino et al.(1999), who explained that 
these breeding problems on smallholder farms due to  poor breeding 
management that causes  poor ovarian function, which in turn is reflected by 
a low progesterone level. Wolfenson et al.(2000) confirmed that lower 
progesterone secretion, led to an increase in embryo mortality. Cavestany et 
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al.(1985) reported that high environmental temperatures are associated with 
low breeding efficiencies. Therefore, it is reasonable to assume that cows 
with high HF inheritance do not exhibit their full genetic potential in the hot 
and humid environment of the tropics. It is a challenge for smallholder 
farmers to be successful with the breeding management of HF crossbred 
cows. Such management is vital for profitable production. 

Effect of management on milk composition 

The average milk fat, protein and lactose contents reported in Paper I  are in 
agreement with those reported by Aiumlamai (2010) and Luthi et al. (2006). 
However, a large variation in milk components among studied farms is 
noteworthy.  

In the survey study (Paper I), the majority of farmers considered fat 
content as important and they claimed that it was possible to improve the fat 
content by feeding rice straw during the night time. The low fat content 
among many of the studied farms indicates that feeding may be problem. 
According Davis & Brown (1970), low fat content could be a result of a low 
proportion of roughages in the diet. Rice straw has a low concentration of 
crude protein and the farmers did not generally treat rice straw in order to 
improve the nutrient value. Urea-treated fresh rice straw, for example, 
markedly improves the nutritional value of the feed (Man, 2001). In practice, 
to maintain optimum milk yield, farmers supplemented their cows with 
commercial concentrates, but they did not consider the fibre level in the diet. 
It is generally accepted that low fibre - high concentrate diets have a 
negative impact on milk fat content.  

The survey (Paper I) found that the only 8% of farmers supplemented their 
cows with minerals ad libitum. Bouraoui et al.(2002) also reported that 
summer heat stress reduced milk yield and lowered milk fat and protein 
contents. It is an important aspect that 83% of the smallholder dairy farmers 
in the study area reported that their cows experienced heat stress during the 
day time. 

Results of the survey study (Paper I), indicated that farmers supplemented 
their cows with commercial concentrates, usually mixed with brewery by-
products, in order to improve milk yield. Protein content is not considered in 
the payment system for milk in the area and it is, therefore, not important for 
the farmers take measures to increase protein content in milk. Climate and 
temperature can influence the protein content of milk due to their effect on 
animal metabolism. A high temperature was reported to affect both protein 
and energy metabolism of ruminants. Several authors have noted a reduction 
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in milk protein content at temperatures above 27oC (Kadzere et al., 2002; 
Kirchgessner et al., 1967; Collier & Zimbelman). 

Compared with fat and protein contents, the lactose content is less affected 
by nutrition and breed, but more dependent external factors. Low lactose 
levels are usually related to clinical mastitis (Kitchen, 1981; Linzell & 
Peaker, 1972), and moderately increased levels of milk SCC (Berglund et 

al., 2007). The low lactose that was observed in some of the sampled milks 
in Paper I may be related to udder infection (Pyörälä, 2003; Kitchen, 1981).  

Milk somatic cell count 

Somatic cell counts are general indicators of udder health (Dohoo & Meek, 
1982). The results in the survey study (Paper I) showed that the average 
milk SCC was high, 1,300,000 cells/mL milk, in almost all of studied farms. 
Although there was a wide variation among farms, most of the cows had 
high SCC. Cell count in composite samples taken from cows with all four 
quarters free of infection have been reported to average from about 100,000 
to more than 200,000 cells/mL, depending on cow’s age (Dohoo & Leslie, 
1991; Dohoo & Meek, 1982). Thus the above finding indicates a 
considerable risk of infection. The most important factor affecting milk SCC 
is infection status of quarters (Dohoo & Meek, 1982), while other factors 
have only minor effects (Pyörälä, 2003). High SCC affect both milk quality 
and milk yield (Harmon, 1994). This is in agreement with the observed 
negative correlation between milk SCC and milk yield reported in Paper I. 
 Regular use of teat dip has consistently been associated with lower SCC 
(for reviews see Dohoo & Meek, 1982; Moxley et al., 1978; Schultz, 1977). 
Many farmers in the present study did not apply udder hygiene practices, 
such as udder preparation before milking, cleaning teat pre-milking and 
post-milking teat dip. Post dipping teats after every milking is one of the 
most important practices in mastitis control in European countries (Blowey 
& Edmondson, 2010). These listed factors may have contributed to the 
infection rate that induced elevated SCC among studied cows, and, therefore, 
consequently on the farms. Unexpectedly, the method of udder cleaning was 
not found to influence herd SCC (Paper II), which might due to a relatively 
low number of studied farms.  

Milk SCC is also, as mentioned previously, used to monitor the occurrence 
of subclinical mastitis (Pandey et al., 2005; Dohoo & Leslie, 1991). The 
most important source affecting SCC of milk is from individual infected 
quarters, which consequently will affect the SCC at cow and herd levels 
(Dohoo & Leslie, 1991). Only 22% (99 out of 451) of the quarters had SCC 
< 100,000 cells/mL milk (Paper III). According to Harman (2002) and 
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Hillerton (1999) the healthy udder has SCC less than 100,000 cells/mL. 
Brolund (1985) confirmed that an  udder SCC greater than 200,000 
cells/mL milk is a considerable risk of infection. Thus the high frequency of 
udders with SCC greater than 200,000 cells/mL in this study indicates a 
high risk of udder infection among the studied cows. 

Cows with clinical signs of mastitis were excluded from the investigations. 
Therefore, subclinical mastitis presumably was a major cause of elevated 
SCC in the survey area. Later investigations (Paper II & III) showed a high 
percentage of udder quarters infected with Str. agalactiae, which certainly 
contributed to the high milk SCC reported in Paper I. 

Prevalence of mastitis pathogens  

Infection with Str. agalactiae usually cause subclinical mastitis and is 
associated with elevated SCC in dairy cows (Keefe, 1997). Str. agalactiae 

was a major pathogen causing subclinical mastitis in the pre-antibiotic era, 
according to Jain (1979). Still, it is also today a serious cause of subclinical 
mastitis in tropical countries (Cheng et al., 2010; Souza et al., 2005). Str. 

agalactiae is an obligate parasite of the bovine mammary gland and it can 
multiply in milk and adhere on the mammary epithelium (Keefe, 1997; Jain, 
1979). 

The infection rate both at cow and udder quarter levels was higher in 
Vietnamese systems (Paper III) than  in European countries and in the 
United States (for reviews see Keefe, 1997; Wilson et al., 1997; Oliver & 
Mitchell, 1984; Jain, 1979). The rate was also higher than in other areas of 
Southeast Asia (Yang et al., 2011; Cheng et al., 2010). Moreover, the 
infection rate of Str. agalactiae was significantly higher than that of S. 

aureus (Paper II & III). This is in contrast with the situation other tropical 
areas (Almaw et al., 2008; Getahun et al., 2008; Lafi et al., 1994). Str. 

agalactiae does not survive in the environment surrounding the cow and 
may be erased by both antibiotics and suitable management routines (Keefe, 
1997; Jain, 1979). It is, therefore, reasonable to conclude that the milking 
hygiene was poor in the studied farms. It was observed that farmers in the 
studied area replaced culled cows by purchasing new cows within the 
community (Paper I & II). Presumably infected cows may also be a source 
to spread Str. agalactiae.  

Str. agalactiae was found to have a heterogeneous genetic background, 
with 11 different strains (Paper IV). It was also found that there was an 
intra-herd prevalence, since infected cows within a herd usually shared the 
same pulsotype of Str. agalactiae. It is known that when a herd gets  
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infected with Str. agalactiae, the prevalence within the herd will be high 
(Gonzalez et al., 1986). The virulence of the various strains of Str. 

agalactiae is related to their ability to adhere to the mammary surfaces 
(Keefe, 1997; Jain, 1979). 

Both herd SCC and level of infection of Str. agalactiae were lower in 
herds where teat cups were washed with water and detergent after each 
milking compared with the other teat cup cleaning practices (Paper II). 
According to Bramley (1992) bacteria can transmit from cow to cow or 
within cow by quarter to quarter, if cows are milked with a contaminated 
machine. Blowey & Edmondson (2010) confirmed that careless cleaning of 
teat cups resulted in milk residue and bacterial build-up within the teat cup. 
Milking cows with unstable, and moderately cyclic fluctuation are known to 
negatively affect udder health and increase mastitis occurrence (for reviews 
see Hamann et al., 1993; Bramley et al., 1992). In the present study (Paper 
II), farmers milked cows at an average of 49 kPa, but with a wide variation 
among the studied farms. In practice, air pressure fluctuated during the 
milking course since the vacuum gauges were purchased from the local 
market and the electric supply was unstable during the milking course. 
Milking cows with too high vacuum level will induce teat orifice damage, 
leading to increased mastitis occurrence and consequently high milk SCC. 
However, this study did not find that high vacuum pressure was related to 
herd milk SCC, but it was associated with a higher percentage of quarters 
infected with Str. agalactiae. 

Proteolysis in milk 

The results in Paper IV show that Str. agalactiae mostly degraded casein 
protein rather than whey protein and αS2-casein was particularly found to be 
damaged by the different strains of Str. agalactiae. This result is in 
agreement with a previous study by Haddadi et al. (2005) with  Escherichia 

(E.) coli. According to Fajardo-Lira & Nielsen (1998), bacterial proteases 
can break down the casein micelles and release enzymes, but the degradation 
sensitivity of casein varied with type of casein exposed to proteolysis and 
with incubation time (Haddadi et al., 2005). In addition, the relationship 
between bacterial protease in milk and the plasmin system was not clearly 
known. Grieve and Kitchen (1985) reported that the results for the casein 
degradation by leucocyte proteases was in the order αS1-> β->> κ-casein. By 
examining the effect of E. coli on casein degradation, Haddadi et al.(2005) 
showed that E. coli protease has a direct effect on casein. β-casein is shown 
to be slightly more resistant to enzymatic degradation than αS1-casein and κ-
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casein (Haddadi et al., 2005). β-casein and κ-casein can be degraded by 
bacterial protease (Fairbairn & Law, 1986). According to Haddadi et al. 

(2005) the casein hydrolysis by bovine plasmin showed that β-casein was 
hydrolysed at a faster rate than αS-casein, while κ-casein was relatively 
resistant to proteolysis by proteases. The result in this study could be 
explained by the fact that the peptides generated by hydrolysis of κ-casein 
can inhibit Str. agalactiae enzymes (Haddadi et al., 2005). 

The three-dimensional structure of the proteins may affect the differences 
in degradation susceptibility but also the accessibility of proteolytic enzymes 
to the amount of protein (Fajardo-Lira & Nielsen, 1998; Fairbairn & Law, 
1986). The differences in protein degradation caused by different strains of 
Str. agalactiae could be observed in our study. More investigations are 
needed, including further studies on the characterization of peptides and 
amino acids formed after proteolysis to evaluate the origin of protein 
degradation. 
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Conclusions  

The main constraint to milk production on smallholder dairy farms was 
found to be the relatively high somatic cell count in milk from almost all 
individual cows and at all stages of lactation. The high somatic cell count 
indicates poor udder health. This indicates a need to improve udder health of 
lactating cows in order in turn to improve milk quality. 
 
Management practices, especially restricted drinking water, show the 
limitation of dairy husbandry practices among smallholder dairy farmers. It 
is suggested that water should be provided for dairy cows ad libitum in the 
environmental conditions of hot and humid Southern Vietnam.  
 
Str. agalactiae was found to be the predominant species of subclinical 
mastitis. This indicates that infection with Str. agalactiae contributes to the 
high somatic cell count and influences milk quality. The careless milking 
hygiene practices contribute to the high prevalence of subclinical mastitis at 
cow and herd levels.  
 

When Str. agalactiae was added to the milk, protein degradation was 
observed in comparison to control milk without bacteria. The caseins were 
degraded to a large extent, but degradation was also observed for the whey 
protein.  
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Implementation and future research  

From the findings of the studies in this thesis study, it appears that the udder 
health of smallholder lactating cows needs to be improved in order to 
develop a profitable and sustainable dairy production. Improved milking 
hygiene, with careful cleaning of teats twice a day, pre- and post-dipping and 
cleaning teat cups with detergent/sanitized solution after each milking should 
be promoted. Such practical techniques should be combined with an 
eradication program of Str. agalactiae.  
 
The future of smallholder dairy production in Vietnam will rely on continued 
education of smallholder dairy farmers and relevant research. 

- Education should focus on improving dairy husbandry and on on-
farm milking management routines that will be affordable for the 
farmers.  

- Research must acknowledge the role of bovine udder health in 
profitable and sustainable milk production in smallholder dairy 
farms, such as establishment of on-farm trials so that the results can 
be directly transferred to the producers. Development of a recording 
system and an SCC monitoring program is the long-term technical 
goal for sustainable milk production on smallholder dairy farms in 
Southern Vietnam.  
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