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ABSTRACT
A feeding trial was conducted with the objectives to evaluate the body weight gain
of improved pigs fed with three different feeds and determine the cost of
production for each feed. The feeds were commercial feed, thin stillage of the
Army Welfare Project and locally formulated feed. Twenty-four weaners, each
weighing 8.21 kg with an average age of 40.17 days were used for the study. The
weaners were divided into three groups [group A, B and C]. Each group was
allotted eight weaners with uniform breed and sex ratio. Pigs in group A, B and C
were fed with commercial feed, formulated feed and thin stillage, respectively.
Pigs were weighed individually using digital weighing scale and a crate once every
Monday for 30 times in seven months study period. The amount of feed fed to each
group and the leftover feed were recorded daily during the entire study period. The
Average Daily Gain [ADG] of pigs in group A, B and C were 0.518 kg, 0.118 kg
and 0.299 kg, respectively. The average final weight of group A, B and C were
117.27 kg, 32.45 kg and 70.86 kg, respectively. Differences in both ADG and final
weight gain between group A, B and C were highly significant. The costs incurred
to produce a kilogram of pork were Nu. 180.93, Nu. 324.97 and Nu. 169.63 for
group A, B and C, respectively. The cost of producing one-kilogram pork was
cheaper by Nu.11.30 for group C than A. The study concluded that the high body
weight gain in pigs does not necessarily lead to high income.

1. INTRODUCTION
Livestock production is an important component of the agricultural economy of developing countries. According to
World Bank [2009], livestock contributes about 40% to agricultural gross domestic product in the world. In Bhutan,
livestock farming is also an integral component of agriculture system and contributes 24% to the Renewable Natural
Resources Gross Domestic Product [MoAF 2013]. According to FAO [2011], pig farming is a viable and profitable
enterprise that can be easily taken up by poor farmers. Pig farming requires a small initial investment as pigs are good
feed to meat converter, compared to other livestock [FAO 2011].
Pigs in South East Asia constitute 48% of the total livestock population [FAO2011]. In Bhutan, pig constitutes about
1% of the total livestock population, and the domestic pork production is about 25% of the total meat consumption in the
country [DoL 2016]. Within 11th plan period, about 63 farms were established across the country through piggery
stimulus support package [DoL 2016]. Market weight of pigs is considered as an important economic factor in pig
farming, as it influences profit [Kim et al. 2005]. Although, pigs are good converter of feeds, about 60-80% of the total
costs are incurred in feeds [ITCPH 2005]. Feed costs can be reduced if locally available feed resources are used.
However, it is important to understand the types of feeds to be fed to the animals for optimum result. Beside commercial
feeds, pigs are also fed with various available feedstuffs such as kitchen wastes, distiller’s thin stillage liquid waste,
agricultural residues, vegetables wastes, wild weeds etc. [Nidup et al. 2011; Tenzin et al. 2017]. Although, pig
production efficiency could be enhanced through improved feeding management, most pig farmers in Bhutan cannot
afford commercial feeds or are not willing to invest in pig feeds. Instead, farmers overcome feed shortage by feeding
pigs with locally available feed resources and supplement by collecting feeds from nearby forest. These locally available
feedstuffs appear not to meet the nutritional requirements for proper and timely growth of pigs. Therefore, it is important
to improve the quality of local feed resources, which could help pig farmers to earn more income. Hence, there is a need
to understand the types of feeds fed to the animals, currently.
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As pigs are raised under different feed resources, there is a need to understand the average weight gain [ADG] of pigs
fed with different feeds. Therefore, this study was conducted to understand the growth performance of improved pigs fed
with commercial feed, distillery wastes and locally formulated feed. The study objectives were to evaluate the effects of
three different feeds on bodyweight gain of improved pigs and determine the cost of pig production under three different
feeding practices.
2. MATERIALS AND METHOD
2.1 Study area
The on-farm feeding trial was carried out in government farm of National Piggery Research and Development Centre
[NPiRDC] in Gelephu, Sarpang Dzongkhag [District]. The study was conducted for seven months from 25th September
2017 to 23rd April 2018. NPiRDC lies between 26˚ 52’ N and 90˚ 29’E [Google Earth 2017], and located at an altitude
of 300 m [984.25 ft.] above sea level [NSB 2016]. The climate is characterized by warm and wet summer and cold and
dry winter. The total annual rainfall in Gelephu is 5930.3 mm [WCSD 2017].
2.2 Animal selection and housing
Twenty-four weanlings of Large black and Saddleback were used for the study. Weanlings had an initial mean body
weight of 8.21±1.37 kg and were uniform in age, breed and sex ratios, as recommended by Reese et al. [2010]. The
animals were selected using simple random sampling and lottery technique to avoid bias. Weanlings were divided into
three groups and each group was randomly allotted eight weanlings, similar to Handle et al. [2002] and Smith et al.
[2014]. The initial stocking density for the study was 1.29 pigs m-2 whereas the minimum number of pigs recommended
for confined fattening pigs kept in a group is 1 pig m-2 [Dietze 2011]. Although, Reese and Stroup [2010] recommend a
minimum of two groups for one feed type to ensure accuracy of the results, one pen of pigs per feed type was maintained
in this study, due to inadequate research facility.
2.3 Feed treatment and management
The three different types of feed used were as follows.
[i] Concentrate feed from BMG: The commercial grower feed formulated by BMG Feeds had 88.06% Dry Matter [DM],
18.95% Crude Protein [CP], 64.48% Nitrogen Free Extract [NFE] and 7.80% Crude Fibre [CF].
[ii] Improvised feed as recommended by National Research Center for Animal Nutrition [NRCAN]: The ingredients of
improvised feed consisted of 45% maize crush, 10% rice bran, 4% molasses, 40% thin stillage liquid waste and 1% salt.
The feed ingredients were collected from markets, which were from old stocks.
[iii] Distiller Dried Grain [DDG] waste [Thin stillage] from AWPL, Samtenling: The thin stillage waste contained 2.5 to
3% solid with specific gravity of 1.002 to 1.004. Nutrient analysis of this feed could not be carried out due to lack of
laboratory facilities. Each group of pigs was allotted only one type of feed.
During the first two weeks, to reduce nutritional stress besides weaning, pigs in all three groups were fed with starter
at the rate of 0.5 kg pig-1 day-1. From third week onwards, pigs in group B and C were subjected to gradual feed change
to adapt to their respective assigned feed [FAO 2009]. The feeding regime followed for group B and C was 30:70 traps
in 3rd week, 50:50 trap in 4th week, and 100% assigned feed from 5th week onwards until the end of study period. The
concentrate feeds such as grower and finisher rations were fed to pigs, depending on their age and weight, as followed in
the farm. Pigs in group C were fed with thin stillage liquid only, with addition of about 100 grams of salt during each
feeding, as followed by fattening farms. Pigs in all three groups were fed two times a day at around 9:00 AM and 4:00
PM. Water was provided ad libitum. Although, the selection and stocking of weanlings began on 25th September 2017,
the data for analysis were considered from the fifth body weight measurement [23rd October, 2017] onwards. All male
pigs were castrated at an average age of 92.17±2.66 days, as advised by AARD [2010] to avoid boar taint in pork.
2.4 Measurements and data collection
The direct method of weight measurement was employed as it was found to provide precise estimates of weight
[Zaragoza 2009]. Pigs were weighed individually with electronic weighing scale. A weigh crate was used to hold pigs
during weight measurement. Body weight measurement was carried out before morning feeding to avoid possible error
from feeding. The live body weight measurement was recorded every Monday, with seven days interval between two
measurements. The number of measurements was 30 [seven months] during the entire research period. The linear body
measurements such as body length and girth were not used. This is because, misreading of girth measurement by one
inch would result in an error of ± 10 pounds. Ear notching was done to identify pigs. The initial measurement and record
of body weight was taken on the first day of the trial. Data on feed amount consumed, feed leftover and treatment details
were also recorded daily. The Feed Conversion Ratio [FCR] was computed by dividing the total feed consumed during
the study period by average weight gain of pig during the study period, as suggested by Acero et al. [2013]. FCR was
computed using the equation of Dan et al. [2015] as mentioned below.
Xq1-q0
FCR= -------q1-q0
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Where Xq1-q0= quantity of total feed consumed during the study period; q0 = starting weight; and q1= is the market live
weight of pig.
2.5 Economic analysis
The cost of production was estimated by adding all costs [variable and fixed] involved in rearing animals. The net return
per pig produced was computed by subtracting the total expenses from estimated sales value of pork. Equation 1 of
Obayelo et al. [2017] was used for calculating net returns. Equation 2 was used to calculate the cost of production.
Equation 1: Profit [Net Returns] = Total Revenue [TR] − Total Cost [TC]
Where: Total Revenue [TR] = Output [Q] × Unit price [P]; Total Cost [TC] = Total Variable Cost [TVC] + Total Fixed
Cost [TFC]; Gross Margin = Total Revenue [TR] – Total Variable Cost [TVC]; Gross Income [Net Profit] = Gross
Margin [GM] – Total Fixed Cost [TFC]. Likewise, the cost of production was estimated using the Equation 2 as stated
below.
Equation 2: Cost of Production = Total expenses – Revenue generated by sale of fatteners
2.6 Data analysis
Pigs from group B and C died during the trial period and their weight gain data were excluded for the analysis as advised
by Reese and Stroup [1992]. Data were compiled in Microsoft Excel Program and analyzed with the statistical tool SPSS
version 23. Data were analyzed with One-Way ANOVA. Bonferroni Post Hoc test was performed to determine
differences in weight gain. Feed conversion efficiency and cost of pig production were analyzed manually in Microsoft
Excel program. Feed conversion efficiency was computed by dividing the total feed consumed per group by its mean
weight of the pigs per group. The cost of production per group was computed by subtracting the total expenses from the
estimated sales of fatteners per group.
2.7 Ethical consideration
For the entire trial period, all aspects of welfare issues related to animal, housing, feeds and overall management were
considered for better result. As far as possible, gentle handling of research pigs was ensured during feeding and weight
measurement to reduce handling stress. Animals were monitored routinely for clinical signs of any illness and feeding
complications.
3. RESULTS AND DISCUSSION
3.1 Body weight gain
The results of body weight before and after feeding are presented in Table 1. There was no significant difference among
three groups in the initial body weight, but the final body weights of pigs differed significantly [p<0.05] among the
groups. Pigs in group A, fed with control diet [concentrates ⎯ balanced diet], gained more weight compared with pigs
in group B and C that received formulated feed [improvised] and thin stillage waste, respectively. The average weekly
weight gain of pigs in group A, B and C were 3.63±0.42 kg, 0.83±0.32 kg and 2.09±0.34 kg, respectively. The ADGs
were 0.518±0.06 kg for group A, 0.118±0.05 kg for group B, and 0.299±0.05 kg for group C. Growth rate ranging from
0.300 to 0.500 kg was reported in pigs by Arganoza [2002]. Carter et al. [2017] found growth rate of 0.355 kg, 0.184 kg
and 0.289 kg in pigs fed with commercial, forage-based and silage-based diets, respectively. The differences in weight
gain showed the different effects of feeds. It also indicates difference in feed quality among three feed types. A
significantly heavier body weight [117 kg] in group A, fed with commercial feeds indicates the high nutritional quality
of commercial feed, which may have met the nutritional requirements of pigs. The final body weight in group A was
higher than the ideal body weight of 60-90 kg for fattened pig at the time of slaughter [APCARRD 2005]. On the
contrary, pigs in group B, fed with formulated feed, had the lowest body weight. It indicates the poor quality of
formulated feed. It supports the fact that the nutrient content of pig diet, formulated with local feedstuffs, is usually less
optimal for pig requirement [Wallenbeck 2011]. Moreover, the laboratory test results of formulated feed were positive to
aflatoxin in two different batches of feed samples. Consumption of mycotoxins contaminated feeds by livestock leads to
reduced feed intake, feed refusal, poor feed conversion, reduced weight gain and suppression of immune system
[Gashaw 2015]. Pigs are more susceptible to mycotoxins and suffer from chronic syndromes affecting animal
performance [Li et al. 2014]. Aflatoxins could be the possible reasons for lower growth performance of pigs in group B.
3.2 Feed Conversion Ratio [FCR]
FCR of pigs in group A, B and C are presented in Table 2. A single pig in group A needed 4.74 kg of commercial feeds
to gain a kilogram of body weight, which shows that commercial feed is far more efficient than the improvised feed and
thin stillage. A pig in group B and C needed 13.45 kg and 58.52 liters of improvised feed and thin stillage, respectively,
to gain a kilogram of body weight. Thin stillage liquid waste contained only 2.5-3% solid. As per Dan et al. [2015], the
FCR of pigs reared under commercial, specialized, smallholder and backyard farms in China were 2.73, 2.90, 3.03 and
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3.99, respectively, and FCR of 3.03 is considered as world average feed efficiency. The level of feed intake also
determines growth rate and feed conversion of fattening pigs receiving balanced diets [Verstegen et al. 1978].
Pigs eat more of less nutrient dense feed to meet requirements for growth [Bakere et al. 2014]. In general, FCR
declines as farm size increases, thereby larger farms are more efficient at converting feed to meat than smaller farms
[Wang et al. 2015]. However, factors such as management, diet, genetics, age and disease affect FCR [Varley 2009].
According to Arganoza [2002], FCR of pigs can be improved by adding succulent feeds to rations. Nevertheless,
succulents were not provided in this study. Better growth was also observed due to supplementary effect of one feed
over another[Samala 1984; Acero et al. 2013]. Moon et al. [2004] found pigs fed with wet feed growing faster than those
fed with dry feed, due to higher feed intake when fed wet. Better growth rates, attributed to greater feed intake, were also
reported by Augspurger and Ellis [2002].
Table 1: Mean initial body weight, final body weight and actual body weight gain of pigs in group A, B and Cfrom
25th September 2017 to 23rd April 2018.Values with different superscripts [a, b, c] within columns are significantly
different [p<0.05] at 95% confidence interval.
Treatments

Initial Body Weight [kg]

Final Body Weight
[kg]

Body Weight gain
[kg]

8.47±1.00a
8.07±1.44a
8.11±1.71a

117.28±13.08a
32.45±10.34b
70.86±11.38c

108.81±12.54a
24.83±10.34b
62.81±10.06c

Group A [control ⎯fed with commercial feed]
Group B [fed with improvised feed]
Group C [fed with thin stillage distillers' liquid]
Table 2: Average FCR of pigs in group A, B and C.
Treatment Group
Group A [fed with Concentrate feed]
Group B [fed with locally formulated feed]
Group C [fed with thin stillage]

Average weight
gain

Average feed
consumption

Feed conversion
efficiency

108.81 kg
24.83 kg
62.81 kg

4119.03 kg
2004.13 kg
25733.09 liter

4.74
13.45
58.52

3.3 Cost and return analysis
The expenditure, costs and returns of pig production are presented in Table 3. A higher net income was obtained from
pigs in group C, fed with thin stillage of AWPL, followed by pigs in group A, fed with commercial feed. The lower cost
of production per pig could be due to low investment on thin stillage. The high expenditure was in group A, which is due
to huge investment in commercial feed. However, this study shows that high expenditure and high weight gain of pigs
did not necessarily result in more income. This is evident from the net income that was higher for group C, which had
lower investment and weight gain. Low weight gain in pigs are often compensated by low investment in feed, as seen in
pigs of group C, fed with thin stillage. Group C had a minimal investment in feed, despite high amount of thin stillage
required to produce a kilogram of pork [1:58.52]. The main cost incurred for group C was in transportation of thin
stillage and purchase of salt only.
According to Dietze [2011], production cost includes cost of capital, housing cost, equipment cost, and cost on
labor, feed, medicines and veterinary services, including other operation costs and marketing expenses. However, in this
study, only specific costs such as cost of feeds, piglets and labor were taken into account to determine the cost of
production. Carter et al. [2017] used the cost incurred in each kilogram of diet to determine the cost of one-kilogram
weight gain in pigs. This study showed that the cost of producing one-kilogram pork is cheaper by Nu.11.30 for group C
when compared with group A.
3.5 Limitation of the study
This research had limitations that hindered the smooth conduct of the study. Occasional cessation of AWPL plant at
Samtenling affected the continuity of feeding thin stillage to the pigs in group C. Besides, change in feed supplier as per
government procurement procedure led to a shift from BMG formulated commercial feed to Karma feeds formulated
commercial feed for pigs in group A. Difficulty in getting the animals of same weight, age and size is another limitation.
Nevertheless, the research was conducted according to the research protocol as far as possible.
4. CONCLUSIONS AND RECOMMENDATIONS
The high weight gain of pigs is directly related to high quality diets. However, the study indicated that the greater weight
gain does not necessarily lead to high income, due to high investment mainly in feed. The feeding of quality commercial
feeds involves high investment due to high feed price. On the other hand, the low weight gains of fattening pigs are often
compensated by low investment. Therefore, based on the findings of the on-farm feeding trial, following
recommendations were deduced.
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• Feeding thin stillage to fattening pigs can be economically rewarding, as the cost of production of one-kilogram pork
is cheaper for pigs fed with thin stillage, compared to pigs fed with commercial feeds. Thus, the use of thin stillage
from the nearby Army Welfare Project distillery plants is recommended for fattening farms across the country.
However, feeding of fresh thin stillage is preferably recommended than fermented thin stillage.
• Feeding of pigs with locally formulated diets using old stock maize crush, rice bran, molasses and salt is not
recommended, especially in warm and humid regions. Feeding of such diet increases the risk of feed contamination
with mycotoxins. Mycotoxins infection negatively affects pig performance. Formulated feed, piled up without proper
ventilation for longer duration, could cause aflatoxicosis.
Table 3: Cost and return analysis for group A, B and C
Parameters

Treatment Group
Group A

Group B

Group C

A. Production cost
Piglets
Feedstuffs
Labor
Medicines
Depreciation of sheds
Transportation of feeds
Total Expenses [Nu.]

16000.00
103589.14
6123.60
0.00
0.00
0.00
125712.74

16000.00
24691.78
6123.60
0.00
0.00
0.00
46815.38

16000.00
40130.97
6123.60
0.00
0.00
0.00
62254.57

B. Returns
Estimated carcass yield [26% KO]
Sales from fatteners [Nu.]
Net Income [Nu.]
Cost per pig production [Nu.]
Cost per kg pork meat production [Nu.]

86.85
132012.00
6299.26
15714.09
180.93

24.01
27371.40
-19443.98
7802.56
324.97

52.43
69731.90
7477.33
8893.51
169.63
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ABSTRACT
We assessed the growth performances and disease susceptibility of exotic white pigs
under farmers’ management conditions in Bhutan. Twelve low homogenous weanlings
of Large White and Landrace were randomly selected. The mean age of weanlings was
about 53 days with mean body weight of about 11 kg. The white pigs were housed in
available sheds and managed under normal routine feeding followed by farmers, and
weighed 14 days apart for 17 times. The growth rates of exotic white pigs Large White
and Landrace, and male and female were 0.35 kg and 0.41 kg, 0.34 kg and 0.44 kg, and
0.34 kg and 0.41 kg, respectively. The majority [67%] of pigs showed clinical signs of
diseases such as tiny redness on their white skin, diarrhea, cough and anorexia. Of that,
75% occasionally indicated skin problem with tiny redness on their white skin. The
growth rate of exotic white pigs that did not suffer from any disease was significantly
greater than the pigs that suffered from diseases. To optimize the growth rates of exotic
white pigs, the overall management conditions of Bhutanese farmers must be
improved. An intensive care and higher inputs such as feed, housing and health
services may help to realize greater genetic potentials of exotic white pigs.

1. INTRODUCTION
Livestock production contributes substantially to the global food security [Falvey 2015]. Animal production is important
not only for supplying quality food for growing population, but also for their significant contributions to the country’s
economy [Nga et al. 2014]. Among livestock, pig population represents only about one percent of the total livestock
population and about 25% of the total domestic meat production in Bhutan [DoL 2016]. Pork is the most consumed meat
in the world [FAO 2012]. The demand for pork in Bhutan is reasonably high and the deficit is met through import from
India. In 2016 alone, the domestic pork production was only 740 MT and approximately 1877 metric tons [MT] of pork
was imported [DoL 2016]. As there is worldwide increase in demand for meat, it is important to focus on livestock
species with faster growth rate.
Exotic pig breeds are highly productive [Huyen et al. 2005]. About 60-70% of their performance potentials are
realized when raised in other countries [Thien et al. 1996]. In 2016, the Royal Government of Bhutan imported exotic
white pig breeds [Large White and Landrace] from Thailand to replace the existing color breeds in the country. The
exotic white breeds are hardy, known to withstand a wide range of climatic conditions. They are commonly used in
crossbreeding or hybrid programs, with the most popular cross being Large White and Landrace. This cross is often used
as the maternal line in commercial herds. These breeds of pigs were identified to be suitable for the farming conditions
of Bhutan. However, as the pigs are reared under difficult conditions in Bhutan and with minimal investment, it is yet to
understand the performance of exotic white pigs under conditions and production practices of Bhutan. Therefore, this
study was undertaken with the objectives to assess the growth performances and disease susceptibility of exotic white
pigs under Bhutanese farmers’ management conditions. The study is also expected to contribute to developing general
management guidelines for white pig breed in Bhutan.
2. MATERIALS AND METHOD
2.1 Study location and selection of village and farmers
The study was conducted from October 2017 to June 2018 in four Gewogs of Tsirang and Sarpang districts [Figure 1].
The study areas were selected purposively based on the popularity of pig farming. The study identified three interested
pig farmers from each district who were interested to rear exotic white pig breeds.

Tsheten et al. [2019]

7

Bhutan Journal of Animal Science 2019, 3 (1): 7-13

Figure 1: Location of research areas.
2.2 Animal selection and distribution
A total of 12 low homogenous weanlings of exotic white pig breeds with uniform body size and age were selected from
the Regional Pig Breeding Centre [RPBC] at Yusipang. The mean age of weanlings was about 53 days with mean body
weight of about 11 kg. The weanlings were randomly selected and comprised of equal breed and sex ratios. They were
transported to research sites for distribution. Every identified farmer was given two weanlings of same breed with equal
sex ratio for rearing.
2.3 Animal housing and feeding management
The exotic white pigs were housed in available sheds and managed under normal routine feeding practices followed by
farmers. No special housing, feeding and health management were provided. Pigs received varying diets, ranging from
commercial feeds to locally available feedstuffs, including wild plants that are suitable for use as feed for pigs. Pigs were
fed twice a day, in the morning and evening. Water was provided during feeding with additional water during day time
when necessary, but not ad libitum as followed by Mullaert [2010].
2.4 Body weight measurement and disease inspection
Pigs were weighed at the time of selection. Thereafter, they were weighed every two weeks interval for 17 times during
the entire study period. A digital weighing balance [CAMRY® ─ Electronic Scale, Model: EL10/EL11] was used to
weigh pigs until 30 kg body weight. After that, a 200 kg capacity machine [Virgo™ ⎯ light and portable suspension
scale] with an accuracy of 1.0 kg was used. The weighing balances were reset before each new measurement. The length
girth formula was not used because misreading the girth measurement by one centimetre would result in an error of 45kg in weight at 95% confidence interval [Groesbeck 2004].
An ocular health inspection of study animals was conducted during each weight measurement. Clinical signs of
diseases and treatment regimens were recorded to measure disease susceptibility of the exotic white pigs.
2.5 Data collection, recording and analysis
A well-designed data sheet was used to record body weight gain, clinical cases and feed resources used. Additional
information was gathered through informal questionnaire survey at the end of the trial to complement the study. The
birth weight and weight gain from birth till 52 days were retrieved from farm recordings at RPBC Yusipang. All data
were compiled in Microsoft Excel program.
The software Statistical Package for Social Sciences [SPSS] version 23.0 was used to analyse the data. Independent
samples t-test was conducted to compare mean body weight gain between breed, sex and districts. Descriptive statistics
was used to determine mean and standard deviation of age, body weights and growth rates. Microsoft Excel program
was used to generate graphs and tables.
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2.6 Ethical issues
The study was approved by the Livestock Research Committee of Bhutan. A prior written approval was granted for the
use of proposed animals for this study. The animals were transported to the study areas carefully and safely with
minimal injuries. For the entire study period, the research animals were handled safely and carefully, especially during
body weight measurements.
3. RESULTS AND DISCUSSION
3.1 Feed and feeding practices
Feed resources used for the pigs were almost uniform across all study sites. As per daily feed records, all pigs received
only commercial feeds for the first few days and gradually shifted to other local feedstuffs. The broad feedstuffs were
kitchen wastes, vegetable wastes, wild plants, brewery waste, agricultural crop residues and commercial feed
[concentrates] [Figure 2]. These local feed resources are less expensive and often available free of costs. According to
Ten Napel [2014], locally available feedstuffs are fed to pigs, especially in Asia, to minimize production cost. Nasker et
al. [2003] and Kumaresan et al. [2007] also observed pig farmers feeding available local feeds to pigs under village
conditions. However, the repeated use of local feedstuffs as pig feed might lead to nutritional imbalance and
underfeeding due to limitations in the quality of local feedstuffs [Phangsavanh et al. 2014].

Quantity of feedstuffs (kg)
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6000

Sarpang

5000

4000
3000
2000
1000
0
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Kitchen/
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Wild plants

Beverage wastes Agricultural crop
residues

-Feedstuffs-

Figure 2: Types of feedstuffs used for feeding exotic white pigs at the study sites.
3.2 Pig and housing management
Pig housing and hygiene management varied across farms. About 30% of research pig farmers raised exotic pigs in
traditional type sheds constructed from wooden planks. According to Kharka Bahadur Tamang [63] of Mendrelgang and
Nima Dolma Tamang [33] of Gosarling, white pigs were kept in wooden sheds with a purpose to protect them from cold
weather. The remaining 70% pig farmers had raised pigs in concreted sheds. The majority [83%] of white pig raisers
mentioned that white pigs are doing well in concrete sheds. The exotic white pigs were mentioned to show faster growth
rates compared to the existing colored breeds such as Saddle Back, Large Black and Duroc Jersey. Only one respondent
found cold climatic conditions to affect the performance of exotic white pigs. On the future improvement options, about
80% of respondents felt that the performance of exotic white pigs could improve if commercial diet and ad libitum water
are provided. They also felt it important to maintain a good shed sanitation and hygiene for the white pig breeds.
3.3 Growth performance of exotic white pigs
The results on weight gains of exotic white pigs are presented in Table 1. The Average Daily Gain [ADG] from birth to
52nd day was lower than ADG during the study period. ADG of pigs reported by Eliasson [2012], Kelly et al. [2007],
Rodriguez-Estevez et al. [2011] and Stupka [2004] varied widely according to breed, gender, season, growth period,
type of feeds fed, feeding practice, herd size, and level of pig production. The ADG of 0.76±0.01 kg was reported by
Rodriguez-Estevez et al. [2011] in pigs feeding only on local feed resources. The ADG in this study was 0.38±0.11 kg
[from 52 to 288 day], which is comparatively lower. However, ADG of 0.11±0.047 kg for local crossbred pigs in rural
areas was reported by Carter et al. [2013]. According to Thorne [2005], pigs raised in smallholder farms do not get
appropriate feed, and lack protein in diet that limits growth. The birth weight also positively affects future growth
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performance with improved growth rates in heavy-born piglets [Heyer et al. 2004]. Furthermore, inadequate facilities to
control ambient temperatures of farms negatively affect growth [Quiniou et al. 2000].
The mean body weight of piglets decreased by 0.12 kg at 14 days from the first day of the study. Stressful events
such as human handling, transportation, co-mingling with pigs from other litters, different food source and new physical
environment are reported to affect intestinal and immune system lead to reduced growth [Campbell et al. 2013] and
undesirable consequences in normal pigs [Martinez-Miro et al. 2016]. Therefore, the weight decrease may be attributed
to stressful events during the outset of the study. An appropriate health, nutrition and management strategies are
important to minimize adverse effects of such stressful events [Campell et al. 2013]. Moreover, intensive care and higher
inputs such as feed, housing and
Table 1: Overall average [±SD] body weight gain of exotic white pigs under
health services are required to Bhutanese farmers' management conditions.
achieve their genetic potentials
Body weight [kg]
[Quac et al. 1996]. Pigs managed Parameter
under poor inputs are reported to Initial mean body weight at 52 days at selection and distribution
10.98±1.25
have low performance [Carter et Mean body weight at 14th day from onset of the study [M1]
10.851.63
al. 2013] as they cannot express Final mean body weight
101.27±26.26
their full genetic potential for Mean weight gain during study period [236 days]
90.14±26.40
growth [Tatwangire 2013]. Thus, Average daily gain during study period [53-288 days]
0.38±0.11
improved
nutrition
and Average daily gain from birth to 52 days of age
0.18±0.03
management at village levels
would increase the growth performance of exotic white pigs.
3.4 Growth Performance by study location
The ADG [0.41±0.13 kg] of pigs raised in Sarpang district was higher than pigs [0.35±0.90 kg] raised in Tsirang district
[Figure 3]. The difference in growth performance may be due to varying climatic conditions, input levels and
management practices of different farms. Environmental factors like season is reported to have a significant effect on the
growth of pigs [Eliasson 2013]. However, in this study, there was no significant effect of season on body weight.
Growth performance of pigs also depends on quality of management [Dedecker 2000] and rearing environment [Gentry
et al. 2004]. Higher growth rate is achieved with appropriate management strategies [Rodrigues-Estevez 2011].
Therefore, the overall management on different pig farms must be improved to optimize the performance of exotic white
pigs.
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Figure 3: Growth trends of exotic white pigs under Sarpang and Tsirang districts. M stands for measurement and the
interval between two measurements was 14 days.
3.5 Growth performance by breed
ADG was higher in Landrace [0.44±0.12 kg] than Large White [0.34±0.09 kg] pigs [Table 2]. Therefore, despite
significantly higher initial mean body weight of Large White, the final body weight was higher in Landrace
[113.80±27.90 kg] than the Large White [90.83±21.64 kg]. However, there was no significant difference in ADG and
mean final weight between the breeds at 95% confidence interval. Influence of growth by breed and source of feed is
reported by Kouamo et al. [2015]. The mean birth weight of Landrace [2.120.31 kg] was significantly higher than the
Large White [1.500.06 kg]. This agrees with the findings of Eliasson [2013] and Heyer et al. [2004] who observed an
influence on growth performance by birth.
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3.6 Growth performance by sex
The final mean body weight in female pigs was higher than male pigs [Table 3]. The growth rate was higher by about 60
grams in female than male pigs. Contrastingly, in many previous studies, barrows were found growing faster than gilts,
and the better growth in male pigs was attributed to greater feed intake [Stupka et al. 2004]. This contrasting result might
be due to factors other than sex such as housing conditions and climatic factors as Souphannavong and Sringarm [2016]
has reported the effect of these factors on growth performance of pigs. However, there was no significant difference in
ADG and final weight gain between male and female white pigs at 95% confidence interval.
Table 2: Body weight gain of exotic white pigs by breed
Variables
Mean birth weight
Mean initial body weight
Mean final body weight
Actual mean body weight gain during study
Average daily weight gain

Mean [± SD] body weight [kg] by breed
Large White

Landrace

1.5006a
11.73±1.27a
90.83±21.64b
79.11±21.10c
0.34±0.09d

2.120.31b
10.23±0.70b
113.80±27.90b
103.39±27.99c
0.44±0.12d

Values with different superscripts within rows are significantly different [p>0.05] at 95% confidence interval.

Table 3: Body weight gain of exotic white pigs by sex.
Variables
Initial mean body weight
Final mean body weight
Actual mean body weight gain during study
Average daily weight gain

Mean [± SD] body weight [kg] by sex
Male

Female

11.09±1.17a
94.83±24.63b
83.74±24.46c
0.36±0.10d

10.86±1.44a
109.00±28.78b
97.82±29.31c
0.42±0.12d

Values with different superscripts within rows are significantly different [p>0.05] at 95% confidence interval.

3.7 Susceptibility of exotic white pigs to skin and other diseases
The majority [67%] of exotic white pigs showed an evident sign of diseases such as diarrhea, cough, anorexia and pinpoint redness on their skin [Table 4]. Of that, 75% indicated pin-point redness on white skin. According to McCosker
[2014], tiny red pimples on the skin of pigs is one of the evidences of sarcoptic mange infestation. Most of the white
pigs suffering from skin diseases are reported to have died in severe cases [Nidup et al. 2011]. However, the skin
problem in this study was not severe. About 33% of pigs that suffered from pin-point redness on their skin were treated
with subcutaneous injection of Ivermectin [HITEK™] @ 1ml/33kg body weight as recommended by DoL [2013]. The
remaining exotic white pigs that suffered with skin problems improved with regular washing of the pigs using
Lifebouy™ soap, and maintaining proper shed hygiene. Table 4: The number and percentage of exotic
Moreover, mange mite infection can be effectively treated with white pigs suffered with various clinical diseases
single injection of Doramectin [Jensen et al. 2002]. Diseases
Number [n=12]
such as diarrhea, cough, and skin diseases particularly sarcoptic Clinical cases
mange and lice infestation are reported as main diseases of pigs
Count [n]
%
in Nigeria [Ironkwe and Amefule 2008]. These diseases are
reported to affect pig performance [Carter et al. 2013], financial • No evident sign of
4
33.3
clinical disease
income [Chah et al. 2014] and on public health [Mahanty and
Garcia 2010]. Therefore, a review of pig management and • Evident with signs of
8
66.7
skin and clinical
husbandry practices may be required to develop pig disease
diseases
control measures. The clinical diseases in this study were
probably attributed to inadequate shed hygiene, source of feed Pin-point redness on
6
75
and cold climatic conditions. About 13% [n=1] of pigs died of skin
4
50
sudden death. The pig initially suffered from cough. The Diarrhea
2
25
remaining 33% of pigs did not show clinical signs of any Cough
Anorexia
2
25
diseases.
ADG of pigs that showed evident signs of diseases
[0.35±0.09 kg] was significantly [p<0.05] lower than the pigs that did not show any signs of disease [0.49±0.03 kg].
This indicates the possible effect of clinical diseases on the overall growth performance of exotic white pig. This result
corroborates with the findings of Cargill and Dobson [1979] who observed lowered production in most white pigs
suffering from skin diseases due to reduced growth and feed efficiency. The other factors such as climatic conditions,
source of feed and type of sheds may also be responsible for the lowered ADG.
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4. CONCLUSIONS AND RECOMMENDATIONS
This study concludes that the growth rates of the exotic white pigs are lower than the growth rates reported in many
literatures. Nevertheless, the performance data in those literatures are rarely comparable as most of those studies were
performed under commercial level with intensive care and feeding systems. Whereas the current study was conducted in
the farmers’ field as backyard level farming. Although, various reasons may account for the low growth performance of
the exotic white pigs in this study, inadequate nutrition and shed sanitation are deemed to be the main reasons.
Therefore, a good care and higher inputs such as feed, housing and health services would achieve greater genetic
potentials of the exotic white pigs. The feeding of local feed resources aimed at reducing cost of production would
appear less profitable for the exotic white pig farming. Besides, the health monitoring of exotic white pigs must be a part
of routine investigation from the animal health service providers. Trainings to improve pig farmers’ ability in pig
management and awareness programs on economic losses from poor management and pig health related problems are
deemed necessary to save pig farmers from economic losses.
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ABSTRACT

KEYWORDS

A study was conducted to understand the farmers ‘knowledge on adoption of dairy
technologies, comparing dairy farmers groups [DFG] and non-dairy group members.
Over 167 farmers were interviewed in three Dzongkhags in Low altitude [Sarpang],
Mid-Altitude [Tsirang] and high altitude [Haa]. Ninety-seven were respondents of
dairy farmers’ groups and 70 were respondents of non-dairy farmers’ group. The
questionnaire sought information on farmers’ knowledge on dairy technology,
household profile, feeding practices, dairy husbandry practices, breeding practices and
health practices.
Dairy farmers’ group respondents had a high level of adoption in feeding practices
with 84.92 percent, dairy husbandry practices with 80.15 percent and health care
practices with 77.30 percent. However, the non-dairy farmers’ group respondents had
medium level of adoption of feeding practices with 69.20 percent, dairy husbandry
practices with 54.92 respondent and health care practices with 69.87 percent. Breeding
practice adoption among dairy farmers’ group respondents was medium with 43
percent and non-dairy farmers group respondents with 28 percent. There is a big scope
for strengthening the farmers’ knowledge on dairy technology adoption among dairy
and non-dairy farmers groups, particularly in breeding practices through awareness
creation and training of farmers on emerging technologies.

1. INTRODUCTION
Livestock production makes a significant contribution to economic development, rural livelihoods, poverty alleviation and
meeting the demand for animal protein in developing countries. In South and East Asia, smallholder dairying has become
a good income-earning occupation for crop farmers in mixed farming systems. In a small Himalayan Kingdom of Bhutan,
dairy farming is a traditional source of milk, draught power and manure.
Dairy development in Bhutan started in the early 1960s. Several projects and programs were initiated to improve dairy
production, resulting in formation of dairy farmers’ groups [DFG] across the country. The Royal Government of Bhutan
continues to invest in crossbreeding programs, extension services, animal health care, prevention and control of animal
diseases. Dairy farmers are provided subsidy for cattle purchase and shed construction with an aim to encourage them to
upgrade from subsistence to market-oriented dairy enterprises. In developing countries, the modern animal breeding,
feeding and animal health technologies are promoted to transform subsistence into market-oriented dairy farming [Duncan
et al. 2013]. To increase production, it is essential to adopt modern dairy technologies and farming practices such as rearing
improved breeds of dairy cattle, cross breeding animals through Artificial Insemination [AI] and use of superior breeding
bulls, better housing to animals, improved feeding and animal health care. Adoption of new technologies, enhanced
production performance of dairy cattle, and reduced cost of production have led to substantial gains in farmers’ income
(Challa, 2013). Adoption of dairy technologies improves livelihoods of farmers through higher yields, better household
income, improved nutrition and availability of animal protein [Kebebe et al. 2017].
Most Bhutanese farmers are less aware of scientific animal management and improved dairy farming practices.
Aulukh and Singh [2005] reported that in Asia, there is lack of awareness on economic aspect of milk production, due to
majority of dairy farmers being smallholders and illiterate following traditional dairy farming. In traditional dairy farming,
farmers rear local cattle breed as it is easy to manage and are resistant to diseases, despite its low productivity. Although
many improved technologies were developed in the field of dairy sector, there has been little success in bringing desired
socio-economic changes in dairy farmers [Kumar et al. 2011]. In Bhutan, the farmers’ non-adoption of dairy technologies
presents a formidable challenge in dairy development. It has resulted in poor production practices, making the dairy
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enterprise less profitable. As the world moves towards intensive dairy production systems, it is crucial that modern
technologies are adopted to enhance production and contribute to food sufficiency and security. However, despite
production being less impressive across the country, no major efforts are made to address this challenge. Thus, it is
essential to initiate a study to generate baseline information on adoption of dairy technologies and understand issues
hindering technology adoption by Bhutanese dairy farmers. The study findings could highlight some areas needing special
attention and government interventions. Therefore, a study was conducted with the objectives to, understand the
knowledge on existing dairy technology between the members of Dairy Farmers Group [DFG] and non-Dairy Farmers
Group [non-DFG], and identify factors affecting dairy technology adoption.
2. MATERIAL AND METHODS
2.1 Study area
The Dzongkhags [districts] of Sarpang representing Low altitude, Tsirang Mid-Altitude and Haa high altitude were
selected randomly from four regions. The sub districts of Gelephu and Shompangka from Sarpang, Kikorthang and
Patshaling from Tsirang and Bji and Katsho from Haa were selected for the study [Figure 1]. Sub districts were purposely
selected from the selected districts based on the maximum and active DFG and non-DFG members available during the
study time.

Figure 1: Map of study area
2.2 Sampling design
A multistage and purposive sampling was used to select the region, districts and sub districts. The total number of
households sampled was 167, which were divided into DFG and non-DFG. Out of total samples, 97 were DFG households
and 70 were non-DFG households. The selected dairy farmers owned more than one milking cow at the time of interview.
Farmers above 18 years of age were selected for the interview. The household list maintained by sub district Extension
staff was used during selection. DFG members were located near head quarter, towns and other important office, and nonDFG members were located away from head offices.
2.3 Questionnaire design and field interview
A questionnaire was designed for this study, consisting of five parts: Household characteristics [gender, age, educational
level, farm location, type of farms, landholding, access to information, extension, credit, knowledge and institutional
support received], feeding practices, Dairy husbandry practices, Breeding & AI practices and animal health care practices.
Age was categorized into young age [18–35 years], middle age [36–55 years] and old age [56–86 years]. The questionnaire
was pre-tested with 10 farmers, prior to the actual survey. Where needed, the changes were included and the questionnaire
was revised. The survey was administered through face-to-face interview in local and national languages. The same
questionnaire was used for both DFG and non-DFG members. Data was collected from December 2018 to February 2019.
A modified knowledge test [Sah 2005] was used to measure the knowledge and to categorize the knowledge/adoption
level. Respondents were presented with dichotomous statements under each broad category of technology adoption and
open-ended questionnaires. Responses were given scores [1 for Yes and 0 for No]. Knowledge index was calculated with
the formula presented below. Index below 40 percent was considered low, 40 to 70 percent as medium and above 70
percent as high.

Knowledge Index =
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2.4 Data analysis
Data were coded, entered and arranged in Microsoft Excel program. The data were analyzed with a statistical software
SPSS version 21. Descriptive statistics such as frequency, descriptive statistics, crosstabs, Chi squire Pearson’s correlation
coefficient were used. Differences were considered significant when p values were less than 0.05.
3. RESULTS AND DISCUSSION
3.1 Respondents’ profile
Fifty-seven percent of DFG members were literate, ranging from primary to above secondary level education [Table 1].
More educated respondents interviewed were from Tsirang, followed by Sarpang and Haa districts. The mean age of
respondents was 48.04 years. About 54 percent of DFG members were female. Maximum female respondents were from
Haa with 59 percent, followed by Tsirang and Sarpang with 21 and 19 percent, respectively.
The biggest proportion of respondents in this study was in middle age, followed by old age and young age group
[Figure 2]. This is in contrast to the findings of Mane et al. [2016] where young age group was found biggest, working in
dairy farming. Middle and old age groups continued their dairy farming practice. Similar to the suggestion of He et al.
[2007], the government interventions are needed to attract educated Bhutanese to dairy farming at large scale by making
improved technologies more accessible and user friendly.
60
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45
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50
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40
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40

30
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Figure 2: Age of the respondent between DFG and non DFG and between Male and female.
More than 80 percent of DFG respondents interviewed received training on dairy management and feeding, compared to
18 percent by non-DFG respondents [Table 1]. More than 58 percent of DFG members had one to three acres of land,
which included both agricultural and pasture lands. Table 1 shows that more than 66 percent of DFGs respondents
practiced tethering and feeding crop residues and concentrates, followed by stall feeding. In contrast, 33 percent of nonDFG respondents practiced tethering and feeding crop residues and concentrates, followed by free grazing and migration.
About 37 percent of information on improved dairy technology was received from livestock staffs, followed by family
and friends with 30 percent and radio and television 24 percent. Discussion of information at different level will have
positive impact on knowledge of dairy farmers to improve dairy farming activities as suggested by Sharma et al. [2007].
3.2 Farmer’s knowledge on modern dairy farming technology
3.2.1 Adoption of feeding practices
Table 2 shows the results of adoption of feeding practices by DFG and non-DFG. Proper feeding is one of the pre requisites
for successful dairy farming and helps in enhancing milk production. Dairy farms should have high yielding animals and
provisions for feeding concentrates and energy rich feeds. Both DFG and non-DFG members had high level of adoption
of good feeding practices, such as feeding of colostrum to calves within 8 hours of calving, feeding concentrated feed to
milking cows, and providing clean drinking water. A vast majority of DFG members had significantly greater established
pastures. However, the proportions of respondents having fodder trees in their field were about 59% and 63% for DFG
and non-DFG, respectively. The proportion of respondents, who adopted technology of feeding concentrates, was
significantly higher in DFG.
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Fifty-seven percent of DFG respondents interviewed were educated, adopted the feeding technology and feasible and
viable practices [Figure 3]. Other reasons for higher level of technology adoption could be due to all dairy group members
residing in the periphery of the districts and sub district headquarters where technical supports from livestock staffs and
other stakeholders are regular and timely. This is in agreement with the findings of Quddus [2012] where DFG members
have greater proportion of literate members and plays important role in making themselves aware of the technologies and
government supports. The reason for low adoption of technologies by non-DFG respondents could be due to less number
of educated members, limited awareness, lack of commercial feeds, lack of training, less support in input supply, poor
road network and less support from government, which is similar to the findings of Mekonnen et al. [2009].
Table 1: Socio-economic characteristics of DFG and non DFG respondents.
Dairy Farmers Group
Illiterate
Literate
Male
Female
Training
No training
Land [less than 1 acre]
Land [1-3 acre]
Land [3-5 acre]
Land [more than 5 acres]
Free Grazing
Migratory
Tethering and Feeding
Fully Stalled fed
Age [18-35]
Age [36-55]
Age [56-87]

Non-dairy Farmer Group

Haa

Sarpang

Tsirang

Haa

Sarpang

Tsirang

26
9
4
31
32
3
2
23
8
2
0
0
35
0
6
15
14

11
20
21
10
26
5
2
16
10
3
1
1
24
5
5
20
6

8
23
20
11
29
2
9
8
9
5
0
0
22
9
6
14
11

18
5
4
19
10
12
10
10
3
0
0
0
23
0
6
9
8

14
9
16
7
7
15
2
6
8
7
13
2
8
0
4
14
5

13
11
12
12
4
20
6
13
3
1
8
4
10
2
6
15
3

3.3 Dairy husbandry practices
3.3.1 Milking practices and clean milk production
Table 3 presents the results of comparisons between DFG and non-DFG on milking practices and clean milk production.
The overall technology adoption on dairy farming practices, particularly in milking practice and clean milk production,
was high in DFG respondents with 84.48 percent, compared to medium in non-DFG with 67.67 percent [Table 3]. The
adoption of clean milk production practices like cleaning of hands and udder before milking was 100 percent in both
groups.
Similar
result on clean milk Table 2: Adoption level on feeding practices of DFG and non DFG respondents.
production
was
DFG [n =97]
Non DFG [n= 70]
p
reported (Aulakh &
Parameters
Frequency %
Frequency %
value
Singh, 2012).
96
98.97
69
98.57 NS
The practice of Feed Colostrum to calves within 8 hours
milk let down with Feed crop residue/concentrates to milking 97
100.00 65
92.86 NS
the help of calves is cows
still high in both Provide clean drinking water
97
100.00 68
97.14 NS
groups.
The Do you have established pasture
88
90.72
49
70.00 0.001
practice of weaning Have fodder trees in your field
57
58.76
44
62.86 NS
calves after four Feed calves with concentrates
77
79.38
30
42.86 0.000
months should be Feed Heifer with concentrates
76
78.35
29
41.43 0.000
encouraged for high Feed Pregnant cows with concentrates
79
81.44
30
42.86 0.000
yielding animals for
good and hygienic milking practices. Guidelines on this should be developed and awareness made to the dairy farmers by
extension staffs.
3.3.2 Improved cattle shed
Table 4 presents the results of adoption of improved cattle shed by DFG and non-DFG respondents. Over 82 percent of
DFG respondents had adopted improved cattle shed. The improved shed had facilities like enough sunlight, water tap near
the cowshed, enough ventilation and floor made of concrete materials. In contrast, over 44 percent of non-DFG
respondents had medium level improved cattle sheds. Generally, there was a significant difference in the adoption of
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improved cattle shed technology between DFG and non DFG [Table 4]. The better housing provided by DFG members
was because of government supports. DFG members were supported with basic construction materials. The reason for low
adoption by non-DFG members could be due to remote location, poor road network and small land holding.

50

Dairy Farmer Group

45
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Figure 3: Education level and land holding of the respondent between DFG and non DFG members.
Table 3: Comparison of DFG members and non DFG respondents on dairy husbandry practices.
DFG [n =97]

Non DFG [n= 70]

p

Parameter

Frequency

%

Frequency

%

Value

Wash hand before milking
Wash udder before milking
Wash dairy shed regularly
Clean milking animals regularly
Let the calf take milk for milk let own
Overall technology adoption

96
97
66
25
97
387

96.77
100.00
96.77
28.90
100.00
84.48

70
70
22
10
65
237

100.00
100.00
31.43
14.08
92.86
67.67

0.581
ns
0.000
0.018
0.012

Table 4: Adoption level on cattle shed of DFG and non DFG respondents.
DFG [n =97]
Parameter
Cattle shed receive enough sunlight
Have improved cattle shed
Water tap near the shed
Cattle shed have enough ventilation
Cattle shed have concrete floor
Overall technology adoption

Non DFG [n= 70]

p

Frequency

%

Frequency

%

Value

86
80
82
83
68
399

88.65
82.47
84.53
85.56
70.10
82.25

43
27
29
37
19
155

61.42
38.57
41.42
52.85
27.14
44.28

0.000
0.000
0.000
0.000
0.000

3.4 Animal breeding practices
The breeding practices of DFG and non-DFG are presented in Table 5. The overall adoption of animal breeding practices,
including Artificial Insemination by DFG, was medium with 56.21 percent compared to non-DFG with 39.15 percent.
Almost 100 percent of DFG respondents reared improved dairy cow compared to 87 percent by non-DFG.
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3.4.1 Breeding methods
About 77 percent of DFG respondents reported the availability and adoption of AI technology, compared to 44 percent of
non-DFG members [Table 5]. Poor adoption of AI technology by non-DFG could be due to distant location of AI centres,
ignorance of farmers on estrus signs and not knowing the right time to take animals for insemination. There was a
significance difference in the use of government AI facility between DFG and non-DFG respondents. Similar findings
have
been Table 5: Comparison of DFG members and non DFG respondents on breeding practices.
reported
by
Parameters
DFG [n =97]
Non DFG [n= 70] p
Letha [2013].
Frequency
%
Frequency
%
Value
About
35
34
35.05
21
30.00
NS
percent of DFG Have government breeding bull in village
Have community breeding Bull
53
54.64
20
28.57
0.001
respondents
Have household local breeding bull
5
5.15
18
25.71
0.000
used
Practice mating after 12 to 18 months of age
29
33.33
8
11.43
0.000
government
0.000
supplied
Have AI Service facility from Government
75
77.32
33
47.14
breeding bull Practice AI in animals in correct heat time
71
73.20
31
44.29
0.001
and 55 percent Present cow to breeding bull in correct time
55
56.70
32
45.71
NS
used
Service cow within 60 to 90 days calving
38
39.18
9
12.86
0.004
community bull Know estrus cycle of 19 to 22 days
c
27.84
10
14.29
0.012
when the AI Maintain 60 to 75% cross breed animals
78
80.41
36
51.43
0.000
services
are Maintain replacement stock
89
91.75
50
71.42
NS
inaccessible or Rearing of improved breed
97 100.00
61
87.00
NS
when
AI Overall technology adoption
651
56.21
329
39.15
service
fails.
On the other hand, non-DFG respondents used 30 percent government supplied breeding bull, 28 percent community
breeding bull and 25 percent local bull.
3.4.2 Reproduction parameters
Table 5 presents the level of adoption of reproduction parameters. Mating heifers at 18 months of age and below for DFG
and non DFG respondent were 33 percent and 11 percent, respectively, indicating poor reproduction technology adoption.
The result highlights that both DFG and non-DFG respondents have low level of knowledge on the estrus cycle of dairy
cows within 19 to 22 days with 27.84 percent and 14.29 percent, respectively. About 39 percent of DFG respondents
adopted the technology of serving cow within 60 to 90 days after calving, compared to 13 percent by non-DFG
respondents. This finding is in agreement with that of Kumer et al. [2016] who observed reproduction and breeding
performance as medium to low level in DFG and non DFG respondents.
Proper and better breeding practices help to develop good dairy population. The main reasons behind heifer not
coming to heat even after 18 months of age could be due to poor management, feeding and breeding practices. Majority
of farmers may not have adequate knowledge on management and proper feeding of animals with balanced ration to heifers
and milking cows. This problem could be further aggravated by high price of concentrates feeds, which many farmers
cannot afford to buy. Similar finding on under feeding due to high price was reported by Kumar et al. [2011]. The
respondents’ lack of knowledge on the estrus cycle could be due to low level of awareness and training and not many
young and educated farmers are taking up this business who could adopt new technology (Quddus, 2012).
3.5 Animal Health Practices
3.5.1 Disease preventives measures
The overall adoption of animal health practices by DFG was over 77 percent, compared to non-DFG with 69.87 percent
[Table 6]. Proportions of members who vaccinated against major livestock diseases were 98 percent and 100 percent for
DFG and non-DFG, respectively. However, Both DFGs and non DFG had low level of knowledge on zoonotic diseases.
DFG respondents had a high level of knowledge with 75.26 percent on disease control and eradication program, compared
to non-DFG members with 57 percent [Table 6].
The level of deworming practices was medium with 49 percent for DFG and low with 31 percent for non-DFG. The
medium level of adoption on deworming practices to animals could be due to rise in backyard and semi-commercial farms.
Government developed a policy of deworming only those animals found positive with minimum threshold of parasitic
loan on laboratory examination for rationale use of deworming drugs.
3.5.2 Disease curatives practices
Disease outbreak incidence was slightly higher for non DFG with 77.14 percent, compared to 73.20 percent for DFG
[Table 6]. Prompt reporting during disease outbreak in DFG was 100 percent, compared to 93 percent for non DFG. Over
90 percent of DFG and non-DFG members isolated the sick animals from normal animals during disease outbreaks.
Similarly, over 85 percent of DFG respondents took extra care and availed extension services during disease outbreak
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while only 68 percent of non-DFG respondents availed extension services during disease outbreak. Both Dairy groups had
a high level of awareness on availing disease surveillance for early warning and for prompt disease control.
3.6 Factors affecting
Table 6: Comparison of DFG members and non DFG respondents on health care practices.
technology adoption by
Parameters
DFG [n =97]
Non DFG [n= 70]
p
DFG and Non-DFG
Frequency
%
Frequency
%
Value
farmers
Findings from the study Vaccinate cow against notifiable disease
96
98.97
70
100.0
NS
indicated that, over 95 Know zoonotic disease
36
37.11
12
17.14 0.006
percent of DFG and Encountered incidence of disease outbreak
71
73.20
54
77.14
NS
non-DFG members had Prompt reporting of disease outbreaks
97
100.00
65
92.86 0.074
problem
with
the Isolation of sick animals
95
97.94
66
94.29
NS
availability of pasture to Disease control and eradication program
73
75.26
40
57.14
NS
feed
their
animals Avail animal health extension services
87
89.69
55
78.57
NS
[Table 7]. The main Practice deworming of animals
48
49.48
22
31.43
NS
problem with pasture is Give extra care when sick
82
85.42
48
68.57
NS
lack of irrigation, less Avail service for Disease surveillance
91
83.49
66
0.029
94.29
land and very cold
weather in some selected study areas. Other important hindering factors for technology adoption were unavailability of
people/labour working in the farms, lack of training and awareness. Old and illiterate people work in the field, which could
have contributed to low technology adoption. Majority of dairy farmers still live in remote villages and the improved dairy
technology adoption has not taken place due to poor network facility. There was a significance difference in the dairy
technology adoption between DFG and non DFG members [p<0.05], which suggests that more attention should be given
to farmers of non-DFG members.
4. CONCLUSIONS

Table 7: Comparison of DFG and non DFG respondents on
overall technology adoption.
DFG
Non DFG
[n=97]
%
[n=70]
%
Pasture
unavailability
92 94.85
69 98.57
Irrigation
57 58.76
37 52.86
Land
36 37.11
29 41.43
Labor
39 40.21
41 58.57
Cold weather
17 17.53
18 25.71
AI and Breeding
28 28.87
16 22.86
Non
educated
farmers
45
46
45
64
Training attended
87
90
21
21

The study concluded that, in general, overall technology
adoption rate is higher in DFG than non-DFG. DFG
respondents have high level adoption in practices of
feeding, dairy husbandry and health care. Breeding
practice adoption DFG are medium and non-DFG is low.
Adoption of improved dairy technologies is influenced by
many factors. Among others, level of education,
awareness on available technologies and willingness of
farmers to adopt technologies are major ones.
There is a good scope for strengthening the adoption
of technologies in DFG and non-DFG. Extension services
should be strengthened and training of farmers on
improved technology and technical support should
continue. There is a large gap in technology adoption on breeding practices, which should be filled by improving the
knowledge of both groups. Government should intervene with subsidy and other financial incentives to attract youths and
educated lots to replace the old people looking after dairy farming in remote villages.
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ABSTRACT
A study was carried out to understand the productive and reproductive performances
in local Nublang/Thrabam cattle managed at the nucleus herd, Tashiyangphu,
Bhutan. Data on performances were accessed and analyzed from 3794 individual
animal records maintained at the farm for 21 years [1997 to 2018]. The record
covered 1st to 8th parity for individual animals. The nucleus herd had a fair balance of
young and old stock for regular replacement. Overall average daily milk yield of
local Thrabam cows [all parity] was 3.54±0.23 kg [n=436] and take-home milk was
2.04±0.23 kg day-1, excluding 1.5 kg day-1 estimated to be spared to suckling calves.
The average daily milk yield increased from 3.11 kg day-1 in first parity to 3.78 kg
day-1 in fourth parity. Similarly, the average lactation milk yield increased from
708±215 kg in first parity to 889±190 kg in fourth parity. Lactation yield in fourth
parity was significantly higher than yields in all other parity. The average lactation
length was 230.9±5.4 days [7.7 months], which had little or no improvement with
advancing parity. Notably, calving interval had decreased from 16.1±3.6 months
[n=173] in 1st/2nd parity to 12.1±1.1 months in 7th/8th parity [n=165], indicating
improvement in reproductive efficiency of the nucleus herd.
The study concluded that the highest milk yield [daily and lactation yield] of
Thrabam cattle is in fourth parity with no drastic decline till seventh parity,
suggesting that cows fit for breeding can be retained in the nucleus herd beyond
seventh parity based on their productivity. Further, Thrabam being draught purpose
breed with short lactation length and low milk yield, it is unlikely to compete in milk
production with recognized dairy breeds even if they are rigorously selected. Hence,
apart from improvement in milk production, traits for diseases resistance,
adaptability/ foraging ability] need to be given equal weightage while selecting this
cattle breed.

1. INTRODUCTION
Nublang breed [Nublang-male and Thrabam-female], is popularly known to the scientific community as a Siri breed
[Bos indicus]. This breed is a foundation stock for crossbreeding to develop superior breeds in Bhutan. The breed is
selected over thousands of years of domestication and natural selection in a wide range of Bhutanese environments. The
breed is more disease resistant than exotic dairy breeds, suitable for low input management system.
Many farmers strongly believe that Bhutan is the real home of Nublang/Thrabam cattle. Genetic analysis also
suggests that this breed has prominence in Bhutan than any other neighboring countries [Arbenz and Tshering 2005].
Bhutanese legend links the origin of Nublang with the legendary Lake Nob Tshonapata, located on the mountain ranges
above Nakha village, Sombay Gewog [block] of Haa Dzongkhag [district]. Payne and Hodges [1997] classify this breed
as a stabilized indigenous breed evolved from crossing of humped cattle of the Indian subcontinent and humpless cattle
migrated to southern slope of Himalayas. This breed is found in small number in the hill tracts around Darjeeling
district, West Bengal and Sikkim States of India [Banerjee 1991]. Nublang/Thrabam is reared across all Bhutan.
In view of positive attributes of this breed, the Royal Government of Bhutan established the National Nublang
Breeding Centre [NNBC] at Tashiyanghu [Tashigang district of Bhutan] in 1994 as a nucleus Nublang/Thrabam herd.
The farm caters to breeding bull needs of the farmers. However, with the changing time, the mandate of the farm needs
to be expanded not just for breeding bull production but also for overall herd improvement. As a mechanism to monitor

Tamang et al. [2019]

22

Bhutan Journal of Animal Science 2019, 3 (1): 22-26
performance of the farms for herd improvement, the nucleus farm submits periodic progress report. However,
information collected periodically through such reports, does not fully compliment the performance of the farm. Further,
for improved production, this local cattle breed is crossed with Jersey and other exotic breeds at the farmer’s level,
resulting in gradual loss of valuable local cattle genetic diversity. Hence, it is essential to maintain a pure
Nublang/Thrabam cattle breed through pureline breeding and selection at the farm for steady supply of quality bulls and
heifers to needy farmers. Therefore, a study to assess the overall performance of the nucleus herd, including production
and reproductive performance at different parity was undertaken. The objectives were to: analyze and interpret data on
productive and reproductive performance of Nublang/Thrabam nucleus herd at NNBC, Tashiyangphu; and understand
constraints and opportunities for improvement of Nublang/Thrabam cattle for milk production and draft-ability.
2. MATERIALS AND METHOD
The available raw data were accessed from 3794 individual animal records maintained at the farm for 21 years [1997 to
2018]. The record covered daily milk yield/ production, breeding/reproduction from 1st to 8th parity of individual cows at
the nucleus herd. The data on daily milk yield and daily milk production, monthly milk production, days in milk, milk
suckled by calves, take home milk for home consumption/ sale were aggregated parity-wise/lactation number-wise for
analysis. Besides breeding records, age at first service, age at first calving, and calving interval in different parity were
assessed. Informal discussion was held with Farm Manager and staff to understand constraints faced and opportunities to
improve the pureline breeding of Nublang/Thrabam cattle at the nucleus herd, NNBC. The data was analyzed in
Microsoft Excel to generate descriptive statistics and a standard statistical package Minitab Version-18 was used for
inferential statistics.
3. RESULTS AND DISCUSSION
3.1 Milk yield of local Thrabam cows in different parity
3.1.1 Daily milk yield
The daily milk yield of cows at nucleus herd, NNBC is presented in Table 1. The increase in parity [lactation number]
effected the daily milk yield of cows. The mean daily milk yield increased from 3.11 kg day-1 in first parity to 3.78 kg
day-1 in 4th parity. Lactation yield in 4th parity was significantly higher than the yields of all other parity [p<0.000]. The
overall mean milk yield was 3.54±0.23 kg day-1. Champion cow [NBIN 150000047] produced the highest milk yield of
6.5 kg day-1. The animal producing more than 5 kg milk day-1 was recorded for 65 counts and 6 kg milk day-1 was
recorded for 4 counts [out of the total records], indicating that under good management, Nublang cattle selected for its
genetic superiority can produce above 5 kg total milk day-1. Tamang and Perkins [2005] reported that assessment of
actual milk yield of Bos indicus cows is often difficult because of partial suckling by their calves. Efforts have been
made to correct actual milk yield by estimating the allowance for the quantity of milk taken by calves. Padersen and
Madsen [1998] weighed calves before and after suckling to estimate the amount consumed by calves. Likewise,
Coulibaly and Nialibouly [1998] and Sandoval-Castro et al. [1999] also estimated milk consumed by calves using the
same method. These authors found that mean daily milk consumption by calves falls within the range of 0.75 to 2.7 kg
per calf per day. Though measurement was not done at NNBC, assumption on amount of milk suckled by calves falls
within the prescribed range.
Table 1: Daily milk yield of cows at nucleus herd, NNBC
Parity

Sample size [n]

Mean yield/day [kg]

Take home milk/day [kg]

Milk consumed by calves [%]

129
93
70
47
41
34
21

3.11
3.41
3.51
3.78
3.67
3.64
3.69

1.61
1.91
2.01
2.28
2.17
2.14
2.19

48.2
44.0
42.7
39.7
40.9
41.2
40.7

3.54

2.04

42.5

0.23

0.23

2.89

1
2
3
4
5
6
7
Overall
mean
SD
[mean]

3.1.2 Lactation milk yield
Similar to daily milk yield, parity of cows has direct effect on lactation milk yield [Table 2]. The highest lactation yield
was achieved in 4th parity, and there was a gradual decrease in yield until most cows were culled after 7th parity. The
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mean lactation milk yield of cows was highest [889 kg, n=47] in 4th lactation, which is significantly higher than all
parity/lactation numbers [p<0.000]. The results suggest that unless the cows have deformity and/or are very low
producers, the cows may be retained in the herd till 7th lactation and beyond before taking a decision to cull them.
3.1.3 Lactation length
The mean lactation length of cows at NNBC Tashiyangphu was 230.9±5.4 days [7.7months], ranging from 221 to 236
days [Figure 1]. Increase in lactation length from parity 1st to till 7th parity was not significant [p<0.674]. Hence, any
effort to increase lactation yield, has to consider increasing the average lactation length of the breed. Tamang and
Perkins [2005] reported lactation length of eight to nine months in local Thrabam cows in Bhutan, which is slightly
longer than the findings of present study. This could be because the cows at the village farms are milked for longer
period if they fail to conceive or milked until next calving. The days in milk or lactation length are proportionate to
lactation milk yield.
240.0

Lactation length [days]

Table 2: Mean lactation yield of nucleus
herd in different lactation numbers
Mean
lactation
±SD
Lactation
Sample
yield
mean
number
size [n]
[kg]
1
129
708
215
2
91
759
224
3
69
834
183
4
47
889
190
5
40
820
271
6
34
710
299
7
21
763
215
Overall mean
783
SD [mean]
67.25
p-value
0.000

235.6
235.0

231.9

236.3

235.7

230.5

230.0
224.9
225.0
221.4
220.0
215.0
210.0
Parity 1 Parity 2 Parity 3 Parity 4 Parity 5 Parity 6 Parity 7

Figure 1: Average lactation length [1st to 7th parity]

3.2 Reproductive performance of local Thrabam cows in different parity
3.2.1 Age at first calving
The mean age at first service [AFS] was 37.5±8 months [n=173] and age at first calving [AFC] was 47.6±8.5 months
[n=165]. Tamang and Perkins [2005] reported age at first calving for local cattle as five years [60 months] in most cases
at the village farms. It indicates that NNBC’s good feeding and management of animals has lowered AFS and AFC
compared to village farms where fodder shortages and underfeeding are common.

3.4 Culling and replacement
NNBC practices annual culling and replacement of
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Lactation4&5

Lactation3&4

Lactation2&3

11
Lactation1&2

3.3 Breeding and management
Different category of animals [heifer, breeding bull,
young bulls, milking cows, dry cows, and calves]
were housed and managed separately. Yet in absence
of Artificial Insemination [AI] services at the farm,
mating of cows through natural service of breeding
bulls is advocated. But bulls at times are difficult to
control and unplanned mating has been reported.

Calving interval [months]

3.2.2 Calving Interval
With the increase in parity, calving interval had decreased. The mean calving interval between 1st and 2nd lactation was
16.1±3.6 months [n=106], which progressively
decreased to 12.2±1.1 months [n=22] in 7th & 8th
17
lactation [Figure 2]. Sharma [1999] also reported that
mean calving interval of 17.6 months [528±162
16
days] for 22 Nublang/Thrabam cows in first
16.1
lactation. It is therefore, evident that the adoption of
15
good breeding practices has improved the
14
14.2
reproductive performances of animals in the farm.
13.9

Parity/lactation number

Figure 2: Mean calving interval in different stage of lactation.
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herd with more promising younger generation. In 2017-2018, about 18% of animals were culled [Dendup Pers. Comms
2018]. This is lower than the culling rate of 26 to 33% practiced in Canada [CDIC 2018] and 25.4% in Dutch dairy
farms [Norihari et al. 2013]. Nevertheless, the level of culling practiced at NNBC is adequate to maintain a sizable herd.
3.5 Herd dynamics
The herd dynamics at NNBC is conducive with 44 heifers and 22 young female calves available to replace 54 aging
cows [32%] [Figure 3]. Equally, it has a good number of breeding bulls at the farm to ensure periodic reshuffling in
successive generation to avoid inbreeding. Norhari, et al. [2013] supplemented the view that rearing own young stock
heifers, has positive economic gains and should be proportionate to the number of dairy cows that has to be culled from
the herd.

6%
13%
32%

15%

26%

8%

Cows

Heifer

young bulls

Calves male

Calves female

Breeding bulls

Figure 3: Herd dynamics at NNBC
3.6 Challenges and opportunity for nucleus herd improvement at NNBC
• Mixing of other cattle breeds such as Karan Fries and Black Angus during the 11th Five Year Plan [FYP] period
diluted the mandate of nucleus farm. Unless proper breeding plan for the nucleus is prepared and implemented based
on defined mandate, advancement of breeding program in the farm is likely to be at stake.
• Though, all required data are recorded in bovine register. Digitalization of these data needs to be expedited. There is
also a felt need to develop a simple and user-friendly database for recording required farm parameters, and train staff
on how to regularly update the data for periodic analysis.
• With an adequate infrastructure, pastureland and other basic facilities in place, the farm will be able to sustain a
reasonable number of animals for targeted herd improvement. However, placing suitable AI Technician to perform
breeding services and Administrative Assistant to maintain proper records at the farm is a felt necessity.
4. CONCLUSIONS
• Owing to short lactation length and low lactation yield, Nublang/Thrabam cattle may not catch-up in milk production
with recognized dairy breeds even if they are rigorously selected. Hence, multiple traits selection giving equal
importance to milk production, disease resistance, adaptability, and foraging ability is necessary. Besides, efforts
should be made to improve lactation length for higher lactation yield.
• Daily/lactation milk yield of Nublang/Thrabam cattle is highest in 4th parity with gradual decline till 7th parity.
Hence, cows in nucleus herd if necessary, could be retained beyond 7th parity based on their productivity and fitness.
• Interrupted AI services at the farm owing to staff unavailability are hampering the implementation of planned
breeding program to maintain quality pure-bred herd. Hence, human resource gap at the farms needs to be
periodically reviewed and timely remedial measure must be taken.
• Mixing of other breeds of cattle during 11th FYP had major implications to the farm management to pursue pure line
breeding of Nublang/Thrabam nucleus herd. Such actions undermine the mandate and hinder the farm’s progress.
• There is a need to develop a simple, yet effective breeding guidelines/strategies and user-friendly parameters
recording database for herd recording.
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ABSTRACT
A study was conducted to evaluate the performances of Karan Fries [KF] and Jersey
Pure [JP] dairy cattle breeds managed at the government farm in the sub-tropical
environment of Samtse, Bhutan. Quantitative data on production and reproduction were
retrieved from 320 individual cow/calf performance records maintained at the farm
from July 2014 to March 2018. Qualitative data on adaptability were congregated
through key informant interviews. The mean birth weight and monthly weight gain in
KF calves were significantly higher than JP. Mean age at first service and age at first
calving for JP were 24.6 months and 33.9 months, respectively, which were
significantly lower than KF. Mean daily milk yield [kg] in 1st lactation was significantly
higher in JP than KF, but there was no yield variation in subsequent lactations. Mean
lactation yield [305 days] for KF cows increased to 3823.9 kg in 4thlactation, which was
371 kg higher than JP, but not statistically significant. Milk production was closely
associated with season in a year with higher production for both the breeds in winter.
KF had good foraging ability and was surefooted to survive in the rugged terrain.
However, bad temperament and high quantity forage requirement for animals are the
disadvantages. The study concluded that JP breed attains production at younger age and
has medium body size requiring lesser fodder intake. Thus, JP and its crosses shall
continue to be a breed of choice for the subsistence and semi-commercial dairy farms
with limited fodder resources. KF may be recommended in commercial farm with
adequate facilities and resources at hand to sustain them.

1. INTRODUCTION
Most Bhutanese are rural based and rely heavily on livestock, particularly dairy for meeting the household nutritional
needs and cash income from sale of milk and milk products. Due to micro nature of farm operation in smallholder
system, producers are unable to meet the rapidly growing demand for dairy products. This has led to substantial import
of milk and milk products annually, resulting in balance of payment deficit.
Attaining self-sufficiency for dairy product is possible but it will take some time because of inherent difficulties:
limited access to market, inadequate provision of finance/credit and slow adoption/non-adoption of better farming
advisory services. These difficulties combine to create a trap that prevents smallholders from fully exploiting dairy
productivity advantages. To overcome the insufficient returns to investment, interventions are made to improve quality
of dairy animals and their management. Breed improvement through supply of quality breeding bulls and artificial
insemination services, imparting knowledge and skills to farmers on better farming practice [feeding, housing and health
care], provision of subsidy support to purchase improved cattle breeds to up-scale levels of production, and facilitation
on product value addition are important steps taken up by Department of Livestock to accelerate livestock development.
Currently, most of the 300,000 [DoL, 2018] cattle are Bos indicus type, known locally as Thrabam [female] and
Nublang [male], which is a Siri breed. Milk production from this breed is low, though it has potential to improve with
selective and cross breeding. To enhance milk production, farmers are taking interest to cross local cows with exotic
dairy breeds mainly Jersey and to some extent Brown Swiss and Holstein Friesian [Bos taurus] bulls/semen. The
National Jersey Breeding Centre [NJBC], Samtse produces and supplies quality purebred Jersey breeding bulls to
farmers. Lately, to offer more choices to farmers, Karan Fries [KF], a composite dairy breed was procured from India
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and housed at NJBC because of space availability. This breed, although, is reported to be hardy with high milk
production in India, its performance in comparison with JP cows remains to be studied. Therefore, there is a lack of
understanding on the comparative advantage of KF breed in Bhutanese smallholder system. Hence, this study was
undertaken with two main objectives. The first objective was to compare the performances [production, reproduction
and adaptability] of Karan Fries with Jersey pure cattle, under same management conditions at NJBC, Samtse. Based on
study results, the second objective was to make policy recommendations on the newly introduced KF, as an alternative
dairy cattle breed for Bhutanese farmers.
2. MATERIALS AND METHOD
2.1 Study location
The study site is located at NJBC, Samtse, Bhutan. Samtse Dzongkhag [district] has an elevation ranging from 300-800
m asl. The Dzongkhag has sub-tropical environment with temperature varying from 15 to 30oC and receives an annual
rainfall of 1500-4000 mm [SD 2010].
KF breed was developed in hot and dry environment at Karnal, Haryana, India by crossing Tharpakar as a Zebu
breed with other exotic breeds mainly Holstein Friesian. KF is reported to have high milk production [8,383l per
lactation] with milk fat of 4% [NDRI 2018]. The performance of KF in subtropical environment of NJBC Samtse
[Figure 1] was compared with JP breed, which produces lactation milk yield of 4500 kg with 4.5% fat.

Figure 1: Karan Fries [left] and Jersey Pure [right] cattle at NJBC, Samtse.
2.2 Data collection
The farm records of 247 cows and 71 calves, maintained by NJBC, were used as a source of data. From the records, data
extracted were daily, monthly and annual milk production and individual weight of calves. The production parameters
covered were; milk production [daily, monthly and 305 days lactation yield at different lactation numbers] and seasonal
variation in milk production. Breeding and reproduction parameters were; age at first service, age at first calving,
calving interval, conception and calving rate. Information on adaptability was collected through informal discussions
with key informants who are farm officials and workers. The key informants had several years of experience with Jersey
cows and they were able to detect differences in behavioral patterns of JP and KF animals. The parameters included for
assessing adaptability were; temperament and behavior to indicate the ease of management, foraging capacity, sure
footedness, and disease susceptibility/resistance. Feeding, breeding and health records were also retrieved, covering the
period from July 2014 to March 2018. The data were classified according to breed and lactation of animals for analysis.
2.3 Data analysis
The statistical package Minitab version-18 was used to analyze quantitative data. Descriptive statistics such as mean,
standard deviation and percentage were used for quantitative variables. ANOVA and chi-square test of association were
applied. Qualitative data were described.
3. RESULTS AND DISCUSSION
3.1 Mean birth weight and weight gained in one year [mean] for KF and JP calves
Analysis of mean birth weight of 71 calves [27 KF and 44 JP] born at NJBC from July 2014-June 2017 revealed that the
mean birth weight of calves was 36.5 kg and 27.9kg for KF and JP, respectively. Similarly, the mean body weight of 128
kg at one year of age for KF was significantly higher [p<0.004] than JP, which gained 94 kg weight in a year. In
Bangladesh, Rahman et al. [2015] reported mean birth weight of 29.33 kg and weaning weight of 151.7 kg for a
crossbreed cow with 62.5% Friesian and 37.5% local bloodline. However, the birth weight reported is lower and
weaning weight is higher than the finding of present study. Different feeding and management could have contributed to
the differences. The greater weight gain of KF calves indicates that it has higher genetic potential than JP. Conversely,
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feed requirement for maintaining their body condition and production could also be higher. It raises a question on
whether Bhutanese farmers with limited feeding resources will be able to manage KF breed in a smallholder system.
3.2 Reproductive efficiencies between breeds: Age at first service, age at first calving, service period and calving
interval between breeds
Table 1 shows the mean age at first service [AFS], age at first calving [AFC], service period, and calving interval of JP
and KF breeds. The age at first service and age at first calving were significantly lower in JP, compared with KF
[p<0.001 and p<0.01]. The AFS and AFC are important economic traits. Lower AFS and AFC in JP breed is an
advantage over KF. Thus, JP breed could start producing at an earlier age than KF, which could help farmers to get
earlier returns from the investment. However, AFC of JP in the present study [33.9 months] is slightly higher than AFC
[29.9 months] reported for JP in Ethiopian highland [Direba et al. 2015]. But the service period [129.9 months] and
calving interval [13.7 months] were significantly lower in KF, compared with JP. In this study, the service period and
calving interval of KF are similar to the findings of Japheth et al. [2015] and Singh and Gurani [2004]. As calving
interval is an important indicator of herd reproductive efficiency, shorter calving interval and lesser service period are
positive attributes. Short service periods of KF indicate that there are greater chances for KF cows to produce a greater
number of calves in a given period of time.
3.3 Reproductive efficiencies Table 1: Reproductive traits of KF Jersey cattle at NJBC Samtse
between breeds: conception and Reproductive traits
KF Breed
JP Breed p value
calving rates
31.7±13.5[n= 41]
24.6± 4.7 [n=49]
0.001
The conception rate, calving rate, Age at first service[months]
33.9±4.2 [n=37]
0.009
and AI index of KF were better Age at first calving [months] 41.4±16.2[n= 31]
129.9±69.9[n=69]
174.4±109.1[n=45]
0.009
than JP [Figure 2]. Hence, the Service period[months]
13.7±2.4 [n= 57]
15.4±4.1 [n=39]
0.013
reproductive efficiency of KF Calving interval [months]
surpasses JP. AI index is
significantly lower in KF [1.7 AI, n=116] than in JP [2.4 AI, n=83].
250

Karan Fries

Jersey Pure

200
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Calving rate%
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Figure 2: Conception and calving of KF and JP 2014-18.
3.4 Milk production of KF and JP breeds: Mean daily milk yield and days in milk
The mean daily milk yield in first lactation period was significantly lower in KF than in JP [Table 2]. The lower milk
yield of KF could be explained by the fact that KF is first imported from hot environment of India and needed time to
adapt to Bhutanese subtropical environment. However, in subsequent 2nd, 3rd and 4th lactations, the mean daily milk
yields, although not statistically significant, were slightly higher for KF breeds. Singh and Gurnani [2004] reported that
the yield per day for KF cow in 1st lactation is 10.6±0.2 kg, which is higher than the present finding. For JP, Prendiville
et al. [2010] reported a daily milk yield of 14.2 kg. Both the findings are higher than the result of the present study.
However, in this study, the yield per day of KF in 4th lactation is at par with the findings of Japheth et al. [2015]. For the
outstanding cow at NDRI, it is reported that the peak milk yield is 46.5 kg per day [NDRI 2018], almost two-fold to that
of 27 kg per day recorded for KF at NJBC. The mean days in milk for JP was 296±116 days, which is significantly
higher than 256±60 days for KF [p<0.01]. Hence, Jersey is likely to produce more milk in a lactation period.
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3.5 Milk production of KF and JP breeds: Table 2: Milk production traits of JP and KF breeds.
Adjusted 305 days lactation yield
KF Breed
JP Breed p value
Analysis of 305 days adjusted lactation yield Milk Production Traits
of 123 cows revealed that the lactation yield of Average daily milk yield [kg]
8.2±2.6
10.6±1.9
0.006
KF cows steadily increased from 2657 kg in 1st Lactation 1
10.4±2.8
10.1±3.0
ns
lactation to 3824 kg in 4th lactation wherein the Lactation 2
11.4±2.9
9.9±2.2
ns
yield was 371 kg higher than JP, although not Lactation 3
12.5±4.6
11.3±3.7
ns
statistically significant [Table 2]. The first Lactation 4
lactation yield [305 days] for KF has been
reported to be 3,173±82 kg [Singh and Adjusted 305 days lactation yield [kg]
2657±774 3235±586 [n=13]
Gurnani 2004] and 3393.0 kg [NDRI 2018]. Lactation 1
[n=27] 3286±648 [n=11]
Goni et al. [2015] reported a lactation yield of
3082±805
3041±727 [n=9]
5398 ± 95 kg in 305 days for Jersey [pure] Lactation 2
[n=23] 3452±1137 [n=3]
cows managed in pasture-based feeding
3432±948
system, whereas Borland and Moyo [1996] Lactation 3
[n=21]
reported a lactation yield of 3504 kg in
3824±1163
Zimbabwe. In this study, the lactation yield Lactation 4
[n=10]
was lower than the finding from elsewhere,
which could have been affected by year of calving, feeding and management, proportion of dairy breed bloodline and
herd size.

Seasonal total milk production [kg]

3.6 Milk production of KF and JP breeds: Seasonal variation in total milk production
The total milk production of KF cows increased gradually as winter ended and peaked in spring when lust green grasses
were available in plenty [Figure 3]. Similarly, the seasonal milk production was lowest in summer for Jersey and peaked
in autumn and remained stable in winter and spring. The lower milk production in summer could be related to the
climate and its consequent effects. Heat stress under high humidity could also have contributed to lower milk yield.
Besides, the forages available during summer are more succulent with lesser nutrient content. On the contrary, the higher
milk production in winter is attributed to pleasant climate and better forages, including maize silage with higher nutritive
value that were fed during the entire winter months.
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Figure 3: Seasonal variation in milk production in KF and JP cows.
3.7 Adaptability of breeds
Adaptability of breed and other parameters as per informal interview with respondents are presented in Table 3. Though,
all respondents [100%] reported that KF is surefooted, the same proportion of respondents also said KF has bad
temperament, suggesting that the management of this breed may be difficult at farmers’ level.
3.8 Incidences of diseases in KF and JP herd: Brucellosis storm and its effect on JP nucleus herd
According to respondents, introduction of KF breed in June 2014 at NJBC Samtse has created havoc. There was
abortion storm caused mainly by this disease in 2015-16 and 2016-17. Animals aborted mostly in third trimester of
pregnancy [>6 months] and resulted in loss of calves, milk and farm revenue. Some imported KF animals in carrier stage
could have been inducted in JP nucleus farm and that led to transmission of disease in other animals in the herd. The
number of animals infected soared to 19 cases by 2015-16 up by six to that of 2014-15, which is 31% higher than
previous year [Table 4].
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Chi-square test of association confirmed that brucellosis is independent and not associated with breed types. Hence both
the breeds [KF and JP] were equally infected with brucellosis. Despite serious effort made via strict isolation, hygiene
and sanitation, infection is still prevalent. This observation is supported by findings of Tenzin [2015], who reported that
prevalence of brucellosis is highest [24.6%] at NJBC, Samtse [among the Government farms].
3.9 Incidences of diseases in KF and JP herd: Incidences of
mastitis
Of the 53 incidences of mastitis cases reported between
2014-2018, the incidences of clinical mastitis were higher in
JP [39%], whereas the cases of sub-clinical mastitis were
higher in KF [67%]. However, the cases of chronic mastitis
were not observed in KF [Figure 4]. Chi-square test of
association revealed that incidences of mastitis are associated
with breed of animals [p<0.01]. Similar to the present
findings, Mehla et al. [2012] reported incidences of mastitis
in Karan Fries, Karan Swiss, Sahiwal, Tharparkar cows as
36.90%, 38.46%, 33.98% and 33.44%, respectively, which
suggests that susceptibility is influenced by breed of cattle.
Table 4: Abortion cases 2014-2018 at NJBC
Year
Karan
Jersey [pure]
Fries
Cow Heifer
Cow
Heifer
2014-15
0
4
7
2
2015-16
9
0
9
1
2016-17
3
0
10
3
2017-18
1
0
6
2
Total
13
4
32
8

Table 3: Adaptability traits of KF and JP breed
Respondents%
Yes No Don’t
know
Adaptability trait
100 0
0
• KF cows have bad
temperament, compared with
JP cows
80
20
0
• KF cows are efficient
foragers
90
10
0
• KF cows are resistant to
diseases
100 0
0
• KF cows are surefooted in
difficult terrain

Total

13
19
16
9
57

70
60
50
40
30
20
10
0

JP

4. CONCLUSIONS
• KF is a heavy composite breed with higher body
KF%
JP%
weight than JP, which would require higher
quantity of feed and fodder for maintenance and
production. Hence KF may be more suitable for
commercial farms with adequate facilities and
resources at hand. At the small farmer’s level
[subsistence and semi commercial] where feed
and fodder availability is a bottleneck, JP and
their crosses may continue to remain a breed of
choice.
KF
• Jersey [pure] breed with lower age at first service
and age at first calving, medium body size and
clinical
Chronic
Sub-clinical
lower fodder intake will enable it to start
producing at an earlier age than KF. Hence JP
could be an advantage to resource poor farmers to
Figure 4: Incidences of mastitis in JP and KF cattle.
get faster returns to their investment in dairy
farming.
• Induction of imported KF breed into nucleus Jersey herd eased incursion of brucellosis into the farm. The storm of
abortion caused by this disease reduced the scarce JP gene pool at NJBC, thereby hampering the mandated task of
supplying Jersey breeding bulls to the needy farmers. Hence, to save the limited JP germplasm available at NJBC,
sero-positive animals [JP and KF] at the farm may be stamped out and vaccination against Brucellosis may be
instituted.
• In future, induction of imported breed into nucleus herd should be done only under unavoidable circumstances. In
doing so, appropriate precautions, including disease screening measures, have to be put in place, pros and cons on
mixing of breed are to be thoroughly weighed, so as to enable science-based decision making to prevail.
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ABSTRACT
A study was conducted with an objective to determine the growth performance and Feed
Conversion Ratio [FCR] of two commercial broiler strains [Cobb 400y and Ross 308]. The
study used a total of 330 unsexed Day-Old Chicks [165 of each strain]. Fifty-five numbers
of each strain were randomly allocated to three replications. At the end of the experiment
[42 days], the result showed that the final live body weight of Cobb 400y was better than
Ross 308. There was a significant difference in the live weights between two broiler strains.
There was no significant difference in the mortality trend between two broiler strains. The
significant difference was also not observed in terms of average daily weight gain, FCR and
dressing percentage of two commercial broilers. The study results suggest that the
performance of Cobb 400y and Ross 308 are comparable under sub-tropical environmental
conditions in winter.

1. INTRODUCTION
The global production of poultry meat has been growing faster than any other meat, both in developed and developing
countries since the 1960s [Chang 2007]. In developing countries, poultry production is the main source of household
nutrition and income [Iqba et al. 2016]. Poultry has become one of the major animal protein sources in the world due to
low production cost, changes in lifestyle, trade, and communication in major cities in developing countries [Tangendjaja
2010]. According to Henrique et al. [2017], poultry farming is one of the most developed animal production sectors in
recent years, especially in chicken production. However, feed is a primary concern for poultry industry since it constitutes
about 60–70 % of the total cost of broiler production [Amao et al. 2015; Pathak et al. 2016].
In India, broiler industry indicates that Vencobb is the most preferred breed due to its fast growth, feed efficiency, and
ability to withstand extreme temperature and humidity [Wallace and Intodia 2017]. Nidup et al. [2005] reported that
Bhutan has not made any significant progress in the areas of poultry breeding and development. Bhutan has produced just
1208.711 MT of chicken in 2016 and 1062.855 MT in 2015 [Policy and Planning Division 2016], which is not sufficient
to meet the local demand and have to rely on import. In 2015, Bhutan recorded an import of 58.71% chicken from
neighboring countries [Policy and Planning Division 2016]. Looking at the import trend, it will continue to increase in the
coming years due to high demand for chicken. Thus, Bhutan has great potential to expand commercial broiler production
to substitute import. Broiler production is taken up by both large- and small-scale commercial entrepreneurs in the country.
To enhance broiler production, two commercial broiler strains were imported from India viz. Cobb 400y and Ross
308. These two strains were newly introduced in Bhutan and no studies have been conducted to check the suitability of
these strains under Bhutanese farming condition. Therefore, this study was carried out with the main aim to evaluate the
performance of Cobb 400y and Ross 308 broiler strains in Bhutan.
2. MATERIALS AND METHOD
2.1 Description of experimental site
The experiment was conducted at the National Poultry Research and Development Centre, Sarpang Dzongkhag [District].
The experimental site experiences a warm sub-tropical climate characterized by hot and humid summer and moderately
cool and dry winter. The average annual temperature is 22°C and the average annual rainfall ranges from 1200-2500 mm.
2.2 Experimental design and sampling
A total of 330 unsexed chicks were included and chicks were divided into two groups. The first group was allotted 165
chicks of Ross 308 and second group with the same number of chicks of Cobb 400y strain. The Day Old Chicks [DOC]
of Ross 308 were hatched from government hatchery and Cobb 400y were imported from West Bengal, India.
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2.3 Management of birds
Chicks were reared up to six weeks of age in an open-sided house of deep litter system. Chicks in all replicates were
provided uniform stocking density, feed, and water. They were reared under uniform standard management conditions
throughout the experimental period. Brooding preparation was made prior to the arrival of chicks. On day zero, feed and
water were provided ad libitum. Liquid petroleum gas and electric brooders were used during brooding. Chicks were
provided uniform brooding facilities of 15-watt Compact Inflorescent bulbs [CFL]. For the first three days, 24 hours
lighting was provided, followed by 23 hours lighting till chicks were one week old. Fresh, clean and sun-dried sawdust
was used as bedding materials. Chicks were vaccinated as per the vaccination schedule [Table 1].
From day 1 to 23, birds were provided chick starter in accordance with the standard management guidelines of Ross
308 and Cobb. On 24th day, broiler starter [crumble] and broiler finisher [mash] were mixed and fed at 70% and 30%,
respectively, to acquaint with the change of feed to broiler finisher. On the following day, birds were provided starter and
finisher at 50% each. However, on the 26th day, birds were fed starter and finisher at 30% and 70 %, respectively. From
27th day, birds were provided broiler finisher till 42 days of age.
2.4 Data collection and analysis
Two broiler strains were considered as treatment and each strain was divided into three replicates. Chicks were randomly
distributed with 55 birds of each strain. Data were collected on body weight gain, Average Daily Gain [ADG] and Feed
Conversion Ratio [FCR]. The parameters were recorded weekly and mortality was recorded daily. ADG, FCR, and
mortality were calculated using the following formula.
Table 1: Vaccination schedule
Age
Vaccine
Route
Final weight − Initial weight (g)
0 day
Marek disease
Subcutaneous
ADG =
Age of birds (days)
rd
3 Day
Infectious Bursal Intraocular
Disease
Total feed Intake (g)
FCR =
7th Day
Newcastle
Intraocular
final weight gain (g)
Disease [B1]
14th Day Infectious Bursal Intraocular
No. of dead birds
Disease
Mortality % =
× 100
No. of initial birds
28th Day Infectious Bursal Intraocular
Disease
The daily feed consumption and mortality were recorded in Microsoft
Excel. Independent samples t-test was performed to check significant
differences between two strains. Statistical Package for Social Science [SPSS] version 23 was used to analyze the dataset.
3. RESULTS AND DISCUSSION
3.1 Live weight
The weekly live weights of two broiler strains are presented in Table 2. The initial mean body weight of Cobb 400y
[42.25±3.83 g] was significantly greater than Ross 308 [36.67±2.83 g]. The mean weight of Cobb 400y DoC was slightly
greater than the average Cobb standard of 42 g, whereas the average weight of Ross 308 DoC was below the Cobb standard.
From week one to six, the average weekly body weights of Cobb 400y [2555.17±236.21 g] were consistently and
significantly greater than Ross 308 [2423.83±210.22 g]. There was a significant difference [p<0.05] in the final body
weight between Ross 308 and Cobb 400y at six weeks. Cobb 400y broilers attained greater average live weight than Ross
308 birds by 5.44%. These results are supported by Hristakieva et al. Table 2: Weekly Mean Body weight gain of
[2014] who found a significant difference between two strains. broilers of Ross 308 and Cobb 400. Average
Similarly, a study by Torshizi [2006] revealed a numerically greater values within the row with no common
body weight of Cobb compared to Ross. On the contrary, Hascik et al. superscripts are significantly different at p<0.05.
[2010] showed a greater numerical average body weight for Ross 308
Mean body weight (g)
than Cobb at the slaughtering age of 35 days, but with no significant
Ross 308
Cobb 400y
difference. Another study by Pascalau et al. [2017] found a slightly Age
a
Week
0
36.7±2.8
42.3 ± 3.8b
greater final body weight for Cobb 500 hybrid with 3.42%, compared
a
to Ross 308 hybrid. Ciurescu and Grosu, [2011] demonstrated that the Week 1
133.3±10.0
137.7±13.4b
final body weight of Cobb 500 broilers was slightly lower than Ross Week 2
371.7±28.3a
398.7±31.8b
308, but differences were not significant. Amao et al. [2015] observed Week 3
a
769.3±59.3
813.7±64.3b
the final body weight of 1423 g in eight weeks for Cobb strain, which
Week 4
1264.3±105.1a
1340.7±110.9b
is much lower than the current findings.
a
Week 5
1921.0±166.7
2057.3±142.9b
a
Week 6
2423.8±210.2
2555.2±236.2b
3.2 Average Daily Gain
Statistically, there was no significant difference in average daily
weight gain between two commercial broiler strains, except on the second week of rearing. In contrast, Namakparvar et
al. [2014] observed a significant difference in body weight gain among three strains of Ross 308, Cobb 500 and Arian.
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They also reported that Cobb strain has the highest daily weight gain than Ross 308 and Avian. In the current study, ADG
of 57.32±3.90 g and 59.83±0.78 g was recorded for Ross 308 and Cobb 400y, respectively. A study by Amao et al. [2015]
revealed 66 g daily weight gain in Cobb strain, which was slightly greater than the current result of 59.83±0.78 g. This
result contradicts the findings of Ciurescu and Grosu [2011] that Ross 308 had a higher ADG of 58.05 g and 56.55 g for
Cobb 500. Namakparvar et al. [2014] observed an average daily weight gain of 46.1±0.6 g for Ross 308 and 50.7±1.0 g
for Cobb 500, respectively, which is lower than the current findings. Pascalau et al. [2017] reported a slightly higher ADG
in favor of Cobb 500 [53.69g] against 51.83g in Ross 308.
3.3 Feed Conversion Ratio
The mean FCRs of two broiler strains from first to sixth weeks are presented in Figure 1. Two broiler strains did not differ
significantly in FCR. This result is supported by Ciurescu and Grosu [2011] who observed no significant difference among
three broiler strains of Ross 308, Cobb 500 and Arbor Acres. Further, Pascalau et al. [2017] demonstrated a slightly higher
FCR value of Ross 308 [1.88] than Cobb 500 [1.84]. In this experiment, the FCR values of 1.81 and 1.91 were observed
for Cobb 400y and Ross 308, respectively, at 42 days of age. A study by Iqbal [2012] revealed FCR of 2.17 for Ross 308
in seven weeks of age in Pakistan. In the present study, Ross 308 exhibited a slightly higher FCR value than Cobb 400y.
This indicates that Cobb 400y performed better than Ross 308 during the experiment. In contrast, Hascik et al. [2010]
revealed a FCR value 1.64 for Ross 308, which is slightly lower than 1.7 of Cobb 500 at 35 days. Pathak et al. [2016]
recorded a FCR value of 1.85 in Cobb 400, which is slightly higher than 1.81 for Cobb 400y in this study.
2.5
Ross 308

FCR

2

Cobb 400y

1.5

1

0.5

0
1

2

3

4

5

6

Age of birds [week]
Figure 1: Week-wise FCR of two broiler strains.
3.4. Mortality
There was no significant difference in mortality between two broiler strains. At the end of the experiment, 2.42% mortality
was observed in both strains. For both strains, mortality was observed only during brooding period. A similar result was
obtained by Rokonuzzaman et al. [2015] between three improved breeds of Cobb-500, Hubbard Classic, and Arbor Acres.
Table 3: Live weight and whole carcass yields
3.5 Dressing percentage
The dressing percentage between Ross 308 and Cobb 400y strains of two commercial broilers at six weeks of age.
Ross 308 Cobb 400y
were not significantly different, although Cobb 400y tended to have
higher numerical values than Ross 308. Eviscerated percent of 78 and Live weight [g]
2423
2555
77 were observed in Ross 308 and Cobb 400y, respectively [Table Eviscerated weight [g]
1890
1966
3]. In contrast, Rahman [2014] revealed a dressing percentage of Eviscerated [%]
78
77
69.29±0.11 for Cobb 500 and 69.12±0.12 for Ross 308 at 35 days of
age. The dressing percent of Ross 308 in this study was slightly better than the results of 72.2% by Havenstein et al.
[2003].
4. CONCLUSIONS
Although, Cobb 400y strain is slightly better than Ross 308, it can be concluded that both broiler strains are suitable for a
profitable broiler farming in winter season in subtropical environment of Bhutan.
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ABSTRACT
The study objective was to compare conception rates and sex of calf at birth from
Artificial Insemination [AI] of cows and heifers, using sex-sorted [sexed] and
conventional [unsexed] semen. Imported frozen semen from two sire lines for both
sexed and conventional semen that had equivalent Post Thaw Motility of 40% was
used. Predictors of conception rates and sex of calf at birth were semen type, animal
type, insemination sire, number of AI per conception, AI Technician and breed. In
total, 422 AI was done in 160 heifers and 130 cows of Jersey pure, Jersey cross and
local cattle, of which 151 and 271 were sexed semen and conventional semen,
respectively. The conception rates of 44% and 48% were recorded for sexed and
unsexed semen, respectively. Although, the conception rate was higher in
conventional semen, difference was not statically significant.
Sexed sorted semen gave birth to 89.6% female calves as compared to 51.5% for
conventional semen, indicating a strong influence of semen type on birth of female
calves. Conception rate was significantly influenced by animal type; cow and heifer
and not by other predictors. Conception rate was significantly lower in cows than in
heifers. Hence, expensive sexed semen can be recommended for use in first-service
heifers than in cows for optimizing conception rates.

1. INTRODUCTION
In Bhutan, cattle breeding is carried out commonly through Artificial Insemination [AI]. The imported conventional
semen and locally produced frozen semen are used for AI in accessible areas, and tested breeding bulls are used in
inaccessible areas. This intervention has enabled government to organize dairy production system through formation of
dairy farmers' groups and cooperatives. In the 11th Five Year Plan [2013-2018], the Department of Livestock [DoL]
imported 2055 dairy animals from India [NDRC 2018] and supplied to interested farmers on cost sharing basis. Such
intervention, although inevitable, poses high risks of introducing exotic diseases into the country despite having strict
quarantine measures in place. Thus, to minimize such risks and also to address the problem of meeting dairy cattle
demand within the country, NDRC imported and initiated field trial on AI with sex-sorted semen in Bhutan from 2014.
The use of sex sorted semen is efficient at commercial level to produce desired number of replacement heifers,
particularly at herd level. Its application in virgin heifers has advantages in improving herd turnover rate, improving
genetic progress, reducing price for superior replacement heifers and reducing costs of milk production [De Vries et
al. 2008]. Generally, sexed semen has been proven to have lower conception rate, compared to conventional semen
[Andersson et al. 2006; Cerchiaro et al. 2007; Norman et al. 2010; Norman et al. 2011; Healy et al. 2013; Karakaya et al.
2014; Sahereh et al. 2017]. Due to reduced conception rate, sex sorted semen is used usually in virgin heifers. It was
ascertained that the use of sex sorted semen in second or later services could reduce conception rate, compared to first
service heifers [De Jarnette et al. 2009]. However, these traits of sexed semen have not been tested in Bhutan. Therefore,
a study was conducted with the primary objective to assess and compare the reproductive efficiency of sex-sorted and
conventional frozen semen in cows and heifers under the farm and field conditions of Bhutan.
2. MATERIALS AND METHOD
2.1 Data collection
Data were collected from August 2014 to March 2018, from cows and heifers inseminated with 151 sex-sorted semen
and 271 conventional semen (Figure 1). It covered animals from government farms viz. National Jersey Breeding Centre
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No. of insemination records

(NJBC) at Samtse with Pure Jersey (PJ) and Cattle Rearing Centre (CRC) at Wangkha with Jersey Cross (JX) and
farmers’ field from three districts, namely Sarpang, Tsirang and Samdrupjongkhar with JX and local cattle (Table 1).
The selection of government farms was based on availability of breeds of animals in the farms required for parallel
inseminations, using both type of semen by equally fluent AI Technicians, and the districts to ensure application of same
protocol, procedures and techniques by the same team. AI was performed under natural heat and after synchronization of
estrus in the government farms and farmers' field. The numbers of inseminations by locations are presented in Figure 2.
Data collected for analysis were animal identity, insemination and calving date, natural/induced heat, animal type
[cow/heifer], service number, semen type [sexed/conventional], AI technician, sex of calf and incidence of twining. AI
was carried out by three experienced AI Technicians, using two sire lines each of sexed and unsexed imported semen
straws. The approximate sperm dosage per straw in sexed and conventional semen were 2×106 and 20×106, respectively,
with 40% post thaw motility of spermatozoa in both semen type.
In two government farms, AI was performed under natural heat during standing oestrus [12-14 hours after onset of
heat signs], whereas in farmers' field, AI was performed in synchronized animals that exhibited clear heat signs, upon
per-rectal palpation, after 48-52 hours post removal of synchronizing device. The agent used for synchronization was 1.9
g Progesterone Releasing Internal Device [PRID] inserted in vagina for 7 days. All inseminations were performed in the
uterine body. Conception rate was obtained by the reciprocal of the average number of services per conception. Service
numbers greater than six were excluded from the data.
500
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300

228

194

188

200

151
111

100

83

40

0
Heifer

Cow

Sex-sorted semen

Total

Conventional semen
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Figure 1: Number of insemination records and animal type.
Table 1: Number of animals by location included in the study.

Government farms

Farmers' field

NJBC-Samtse

CRC-Wangkha

Animal category
Jersey pure
Jersey cross
Local

Heifer
9

Heifer

Cow

Heifer

Cow

89

8

50
12

52
7

No. of insemination records

Location

450
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200
150
100
50
0

Cow
63

Sarpang/ Tsirang/ Sjongkhar

Total
72
199
19

422
271
161 180

151

121
81
19
NJBC, Samtse

40
CRC,Wangkha

28 11 39

26 16 42

Sarpang

Tsirang

Sex-sorted semen

Concentional Semen

38

2

40

S/jongkhar

Total

Total

Figure 2: Number of insemination records by location.
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2.2 Statistical analysis
Analysis was performed using the Statistical Package for Social Science [SPSS] version 23. Multiple regression was
used to determine the conception rate and influence of predictors on conception rate and calf sex. Analysis was
performed by pooling data from all five locations together and assessed the reproductive efficiencies of cows and heifers
inseminated with sex sorted and conventional semen. The possible sources of variation in conception rate were semen
type, animal type, natural/induced heat, insemination sires and AI technician, and semen type for sex of calf.
3. RESULTS AND DISCUSSION
3.1 Conception rate and the number of services per conception
The overall conception rates [CRs] recorded for sex-sorted semen and conventional semen in this study were about 44%
and 48%, respectively [Figure 3]. The fertility for sex-sorted semen in cows and heifers was lower. Although,
statistically not significant, this study result was found consistent with the findings that the sex-sorted semen produced
lower fertility results than conventional semen [Karakaya et. al 2014]. In this study, CRs with conventional semen is
11% higher than the CR reported by Tshering and Tamang [2018].
The overall CRs of 44.4% for sexed semen and 48% for conventional semen in this study are comparable with the
findings of Sharma et al. [2018] in Indian Bos indicus cows, with 40% for sexed semen and 49% from conventional
semen. When CRs were compared by animal type, CR in heifer was recorded slightly higher than those reported by
other authors whose mean heifer conception rates were 39% for sexed semen and 56% for conventional semen
[Cerchiaro et al. 2007; Chebel et al. 2010; Norman et al. 2010; Karakaya et al. 2014; Noonan et al. 2016]. However,
CRs in heifer with sexed semen [47.7%] and conventional semen [59.1%] were much lower than the findings of De
Jarnette et al. [2009] who reported CRs of 53% for sexed semen and 80% for conventional semen in Jersey heifers.
Overall, in this study, CRs in cows and heifers from sexed semen were within 70 - 90% reported for conventional semen
[Manzoor et al. 2017, SaFilo et al. 2014]. This study revealed that, CR was not influenced by semen type,
natural/induced heat, insemination sires and AI technicians, but was influenced significantly [p≤0.05] by animal type
[Table 2].This could be due to good health of heifers, leading to better fertility and subsequent higher conception rates
than cows that may have lost body condition over successive calvings.

Conception rate [%]

80.0
60.0

59.1
47.7

42.6

44.4

48.0

35.0

40.0
20.0
0.0
Heifer

Cow
Total
Sex-sorted semen
Conventional semen
Figure 3: Conception rate [%] of sex-sorted and conventional semen in cows and heifers.
3.2 CR and sex-sorted semen
There was no correlation between CR and sex-sorted semen, but slight correlation of CR with AI Technician and animal
type was observed only for conventional semen [Table 3], which was not coherent with the findings of Sahereh et. al.
[2017] who reported strong correlation between CR and animal type for both semen type.
The number of services per conception [AI Index] for Sex-sorted semen in heifer and cow were 2.1 and 2.7 AIs,
respectively, and for Conventional semen in heifer and cow were 1.8 and 2.4 AIs, respectively. The effect of number of
services on decreasing conception rates was similar for sexed and conventional semen inseminations. Decreasing
conception rates with increasing number of services was in agreement with the conception rates reported by few authors
[De Jarnette et al. 2009; Norman et al. 2010]. Therefore, sexed semen straws should be reserved for the first and second
services because a significant reduction in conception rate associated with increased number of services results in low
cost-to-benefit ratios as ascertained by Sahereh et al. [2017].
3.2 Sex ratio
Female calf sex ratios obtained for sexed and conventional semen in cows and heifers in all study locations are
illustrated in Figure 4. Regression analysis confirmed that the calf sex was significantly dependent on the type of semen
used [p<0.000, adj. R.Sq=0.137], which is in concurrence with other findings [Sahereh et. al. 2017; Sharma et al. 2018].
Average female calf ratio obtained from the use of sexed semen was 89.6%. Similar ratio between 85 and 91% has been
reported [De Jarnette et al. 2009; Norman et al. 2010; Healy et al. 2013].
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The female sex ratio for conventional semen obtained in this study was 51.5%, which is in agreement with the findings
of Norman et al. [2010] with 48.5% single males born to heifer dams, in contrary to most trials, which reported 50 to
52% males [Tubman et al. 2004; De Jarnette et al. 2009]. No twin birth was recorded in the study.

Female calf sex ratio

100.0

90.6

89.6

85.7

80.0
60.0

52.6

50.0

51.5

40.0
20.0
0.0
Heifer
Sex-sorted semen

Cow
Conventional semen

Total

Figure 4: Female calf sex ratio [%] in cows and heifer dams by semen type.
Table 2: Overall conception rate with different predictors.
Predictors
Variables
Conception
rate [%]
Semen type
Sexed semen
44.4
Conventional semen
48.0

n

p-value

adj. R. Sq.

151
271

0.479

-.001

Natural
Induced

47.5
44.6

301
121

0.593

-.002

130128
302761
303587
115479838

47.5
42.4
51.7
47.5

59
92
29
242

0.851

-.002

Leki_NJBC
Bijay_CRC
Abi_Ext.

42.2
55.4
44.6

180
121
121

0.517

-.001

Heifer
Cow

52.8
41.3

199
223

0.018

0.011

Heat type

Insemination sire

AI Tech

Animal type

Table 3: Conception rate of Sexed and Conventional semen with different predictors.
Predictors
Variables
Sexed semen= n [%]

Conventional semen =n [%]

Heat type

Natural
Induced
p-value

28/59
[47.5]
39/92
[42.4]
0.544 [adj.R.Sq.=-.004]

115/242
[47.4]
15/29
[51.7]
0.670 [adj.R.Sq.=-.003]

AI Tech

Leki_NJBC
Bijay_CRC
Abi_Ext.
p-value

9/19
[47.4]
19/40
[47.5]
39/92
[42.4]
0.851 [adj.R.Sq.=-.005]

67/161
[41.6]
48/81
[59.3]
15/29
[51.7]
0.043 [adj.R.Sq.=0.011]

Breed

Jersey pure
Jersey cross
Local
p-value

12/25
[48.0]
50/110
[45.5]
5/16
[31.3]
0.345 [adj.R.Sq.=-.001]

71/165
[43.0]
58/103
[49.4]
1/3
[33.3]
0.068 [adj.R.Sq.=0.009]

Animal type

Heifer
Cow
p-value

53/111
[47.7]
14/40
[35.0]
0.166 [adj.R.Sq.=0.006]

52/88
[59.1]
78/183
[42.6]
0.011 [adj.R.Sq.=0.020]
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4. CONCLUSIONS
The study concluded that CR, using conventional semen, is higher than the sexed semen. However, CR was not
statistically significant for both semen types. Reproductive waste management via synchronization of animals not
coming to heat at breed-able time and their insemination in proper heat were effective because no significant difference
in CR was observed between insemination in natural heat and induced heat.
Overall CR was significantly lower in cows than in heifer dams. Overall calf sex ratio was higher for sexed semen
with more female calves than the sex ratio for conventional semen. Thus, female birth is greatly influenced by the semen
type used. Hence, expensive sexed semen could be best reserved for use in first-service heifers to optimize conception
rates and the return on investment, as it would enable farmers to increase the number of available replacement heifers,
while doing away with the burden of having unwanted male calves born in the herd.
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ABSTRACT
The number of oat varieties used in extension program is limited and there is a need to
provide more options to the dairy farmers by identifying additional oat varieties with good
yield and quality. Therefore, an experiment was conducted to evaluate forage yield and
nutrient content of new oat [Avena sativa L.] varieties in comparison with the varieties
currently used in extension. The new oat varieties were: Gansu oat 1, Gansu oat 2, Gansu
oat 3, Lina oat, and Qingyin oat. The experiment was laid out in randomized complete
block design with six replications and measuring plot size of 4.5 m2 [1.5×3 m]. The
variety Gansu oat 2 and Qingyin oat produced significantly higher green forage and dry
matter yield than variety stampede. However, there was no significance difference in
essential nutrient [Crude protein] content between new and existing oat varieties. The
study concluded that variety Gansu 2 and Qyingyin oat can be suitable for forage
production in summer under temperate climatic condition of Bhutan.

1. INTRODUCTION
Oats [Avena sativa L], belonging to the family Poaceae, originate from Mediterranean region and ranks 5th in cereal
production in the world [Numan et al. 2016]. Oat is a succulent winter fodder crop with excellent growth habit, quick
recovery after cutting, good quality herbage, and good palatability [Khanal et al. 2017]. Temperate and cool subtropical
environments are considered favorable for better growth and productivity of oats. Oat contains large amount of
digestible crude protein, total digestible nutrients [TDN], vitamin B1, minerals and fat, and soft straw that make oat
superior to wheat and barley [Saleem et al. 2015]. Oat tolerates a wide range of soil conditions but requires adequate
fertility for good dry matter production and quality [Gyeltshen et al. 2017].
In Bhutan, oat is used as fodder and managed under cut and carry system in temperate and subtropical regions,
whereas in alpine region it is used as conserved fodder in the form of hay [Gyeltshen et al. 2017]. At present, two oat
varieties Stampede and FOB are recommended for winter fodder production. The number of oat varieties used in
extension program is limited and there is a need to provide more options to the dairy farmers. Thus, there is a need to
identify additional oat varieties with good forage yield, quality, and winter hardiness. Five cold tolerant varieties of oat,
known to provide high forage yield in high altitude areas were introduced in 2017. These are varieties grown on Tibetan
plateau and were imported from Nepal. These varieties were experimented at the National Research and Development
Center for Animal Nutrition [NRDCAN]. The study objectives were to assess growth, dry matter production and
nutritional quality of oat varieties under temperate summer condition of Bhutan.
2. MATERIALS AND METHOD
2.1 Experimental site
A field experiment was conducted from March to October, 2017 at the National Research and Development Center for
Animal Nutrition, Bumthang. The center is located at an altitude of 2650 m above sea level with geographical location
between 27.54° North latitude and 90.75° East longitude. The area falls under temperate climate characterized by cool
wet summer and cold dry winter. The annual mean rainfall is recorded around 63.82 mm [NCHM 2018].
2.2 Experimental design and treatment
A Randomized Complete Block Design was used with six replications and seven treatments. The treatments were five
cold tolerant oat varieties [Gansu oat 1, Gansu oat 2, Gansu oat 3, Qingyin and Lina oat] and two existing oats varieties
[Stampede and Fodder Oat of Bhutan [FOB]]. Stampede and FOB were used as control. Individual plot measured 4.5 m2
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[3×1.5m] and there was a total of 42 plots. Each replication had seven plots. Spacing followed were 50 cm between
plots and 70 cm between replications.
2.3 Management and treatment application
Seed was sown at the rate of 50 kg per acre. Fertilizer Single Superphosphate [SSP] was applied at the rate of 150 kg
per acre. Irrigation was totally dependent on rainfall as it was sown in summer when light rains were frequent.
2.4 Field measurement and data collection
The crop was harvested at booting stage, 75 days after sowing. The second harvest was 60 days after first cut. The data
recorded were; fresh and dry matter yield, number of tillers, plant height, and leaf to stem ratio. Similar measurements
were carried out in the second cut. For the fresh yield, the entire plot was harvested and fresh plant materials were
weighed with weighing scale. For the plant height, ten plants were randomly selected from each plot and plant heights
were measured with measuring scale. Ten plants were selected at random and plants parts were segregated into leaf and
stem and then weighed separately to calculate leaf to stem ratio. The tiller numbers per plant were counted from ten
plants randomly selected from each plot and tiller numbers were recorded.
2.5 Laboratory analysis
Plant materials were thoroughly mixed after harvest and a representative sample weighing 250 gm was collected from
each plot. The total samples collected were 42 in first cut and 35 in second cut. These samples were used to estimate dry
matter content and nutrients. The laboratory tests for dry matter and nutrient content were performed at the Animal
Nutrition Laboratory, Bumthang. Samples were dried in a hot air oven at 65°C for 48 hours. Crude protein was
determined with Kjeldahl method. AOAC method was followed to determine Crude fat and crude fiber content.
2.6 Data analysis
Data were entered in Microsoft Excel program and exported to SPSS version 23. The dataset was checked for outliers,
followed by Shapiro Wilk’s and Levene’s tests for normality of data and homogeneity of variance, respectively. The
Generalized Linear Model with Multivariate ANOVA was used to compare the mean differences on various parameters
between new and existing oat varieties. Means between treatments were compared with Tukey Pairwise comparison test.
Differences in means were considered significant when p-value was less than 0.05.
3. RESULTS AND DISCUSSION
3.1 Morphological characteristics: plant height
The mean plant height, tiller numbers and leaf to stem ratio for the first and second cuts are presented in Table 1. Plant
height is a major factor contributing towards forage yield of different crops [Ansar et al. 2010]. In the first cut, the tallest
plants [61cm] were from Qingyin oat, followed by FOB [58 cm] and Gansu oat 1 [56 cm] among seven varieties. The
plants of variety Qingyin oat and Gansu oat 1 were significantly [p˂0.05] taller than Stampede oat in the first cut. In the
second cut, maximum plant height [68.50 cm] was from Gansu oat 2, followed by Gansu oat 1 [68.17 cm]. However,
there was no significance difference on plant height between new oat varieties and FOB. The significant effect of variety
on plant height in the present study is in agreement with previous findings of Chohan et al. [2004]. Lodhi et al. [2009]
also reported significant differences among oat varieties in plant height. The main cause of difference in height is due to
environmental condition and difference in genetics of varieties [Singh et al. 2018].
3.2 Morphological characteristics: number of tillers per Plant
In the first cut, the tiller numbers per plant were same among five oat varieties [Lina oat, Gansu oat 2, Qingyin oat,
Gansu oat 1 and FOB] and between Gansu oat 3 and Stampede. The tiller number per plant in the second cut was similar
among Gansu oat 1, Gansu oat 3, Gansu oat 1 and FOB and among Lina oat, Qingyin oat and Stampede. Statistically,
there was no significance difference in average tiller number per plant between Tibetan oat and existing oat varieties
[Stampede and FOB] in the first and second cuts. This finding is in line with the result reported by Zaman et al. [2006].
However, in contrast, significant variations among oat varieties in number of tillers per plant have been reported by Arif
et al. [2002] and Naeem et al. [2002]. Differences in number of tillers among the varieties may be attributed to variation
in genetics of varieties [Muhhamad et al. 2011].
3.3 Morphological characteristics: leaf stem ratio
The highest leaf to stem ratio [0.73] was observed in Gansu oat 2, followed by Gansu oat 1 [0.69] and Lina oat [0.67] in
the first cut. In the second cut, the highest leaf to stem ratio [0.73] was observed in Lina oat, followed by Gansu oat 1
[0.72]. The leaf to stem ratio of Tibetan oat varieties Gansu oat 2, Gansu oat 3 and Lina oat were significantly [p˂0.01]
higher than the existing variety FOB in first cut. In the second cut, there was no significance difference between new
[Tibetan] and existing oat varieties. Saleem et al. [2015] reported similar result. The leaf to stem ratio in fodder crops
decreased with advancement of crop growth stage and maturity.
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3.4 Morphological characteristics: Fresh
Table 1: Mean plant height, tiller count and leaf stem ratio for seven
fodder biomass and dry matter yield
varieties of oats.
Fodder yield is the most important trait and
First cut
Second cut
ultimate product of fodder variety. Table 2
Plant Tiller
Leaf
Plant Tiller
Leaf
elucidates the mean green fodder biomass
height
No
stem
height
No
stem
production and dry matter yield from seven Oat variety
[cm]
ratio
[cm]
ratio
oat varieties. The fresh fodder biomass
production and dry matter yield from variety
40
3
0.67
57
4
0.73
Gansu oat 2 and Qingyin oat was found Lina oat
Gansu
oat
2
54
3
0.73
68
3
0.29
significantly [p˂0.05] higher than the existing
Qingyin
oat
61
3
0.57
62
4
0.31
variety stampede oat in the first cut. But
Gansu
oat
3
48
4
0.69
62
3
0.32
statistically, there was no significant
Gansu
oat
1
57
3
0.56
68
3
0.72
difference in fresh biomass production and dry
FOB
58
3
0.45
59
3
0.55
matter yield between new [Tibetan] and
Stampede
46
4
0.61
63
4
0.38
existing oat varieties in the second cut. Nawaz
Total
52
3
0.61
63
3
0.45
et al. [2004] reported significant differences
Significance
ns
**
ns
ns
*
among oat cultivars regarding green forage
**
yield. These results are in conformity with
Ayub et al. [2011] and Naeem et al [2006] *p≤0.05, **p≤0.01, ns: nonsignificant
who found significant variations among
different oat varieties in total dry matter yield. Amanullah et al. [2004] stated that higher yields of fodder in oat varieties
can be possibly attributed to their greater leaf area, responsible for more photosynthetic activities having high capacity to
store assimilative products of photosynthesis.
3.5 Fodder quality parameters: crude protein content
Crude protein is an important factor, which affects the quality
of forage. Table 3 presents the nutrient content, mainly crude
fiber, crude fat, crude fiber and total ash of seven oat varieties.
In the first cut, the highest crude protein [14.47%] was
observed in Gansu oat 3. In contrast, the highest crude protein
content was observed in Lina oat [9.70%] and lowest in
Stampede oat [6.21%] in second cut. But statistically, there
was no significant variation in crude protein content between
new [Tibetan] and existing [Stampede and FOB] oat varieties
in both first and second cuts. The result is in line with the
finding of Habib et al. [2003]. However, these results are
contradictory to those of Muhammad et al. [2011] and Adeel
et al. [2014] who reported that crude protein content varied
significantly among oat varieties. These conflicting results can
be attributed to variation in soil fertility status and climatic
conditions in different agro-ecological zone.

Table 2: Mean biomass [Fresh] production and dry
matter yield from seven varieties of oats
First cut
Second cut
Biomass
DM
Biomass
DM
per acre yield
per acre yield
Oat variety
[MT]
per
[MT]
per
acre
acre
[MT]
[MT]
Lina oat
7.68
1.69
1.92
0.41
Gansu oat 2
9.10
2.05
1.62
0.33
Qingyin oat
8.80
1.88
1.76
0.37
Gansu oat 3
7.07
1.50
2.04
0.43
Gansu oat 1
7.16
1.61
1.80
0.38
FOB
7.15
1.52
1.48
0.30
Stampede
5.75
1.23
2.26
0.48
Total
7.53
1.64
1.82
0.38
Significance
*
*
ns
ns

*p≤0.05, **p≤0.01, ns: nonsignificant
3.6 Fodder quality parameters: crude fat
The maximum crude fat content [3.21%] was obtained from variety Gansu oat 1 and minimum crude fat content from
variety stampede ain the first cut [Table 3]. But in the second cut, variety Lina oat showed the highest concentration of
crude fat content with 3.5% and lowest crude fat content in Gansu oat 1 with 1.41%. However, there was no significant
variation in crude fat content of new [Tibetan] oat varieties from the existing oat varieties. Staudenmeyer et al. [2017]
obtained the similar result. But this result is in contradictory to the finding of Saleem et al. [2015] who reported
significance difference in crude fat composition among oat varieties. The crude fat content of oat varieties depends on
genetic and environmental factors.

3.7 Fodder quality parameters: crude fiber
In the first cut, the highest crude fiber content [24.75%] was observed in Qingyin oat and lowest [18.66%] in Lina oat. In
the second cut, variety Gansu oat 3 gave the highest crude fiber content [28.50%] and FOB gave the lowest crude fiber
content [23.16%]. The data regarding the crude fiber percentage presented in Table 3 clearly shows that crude fiber
percentage did not vary significantly between new [Tibetan] and existing oat varieties in both first and second cuts. But
the result showed that crude fiber content increased during the second cut. Crude fiber contents greatly increased with
maturity and delay in harvesting, which ultimately reduced its digestibility. The result agrees with the findings of
Hussain et al. [1993] and Mohammad et al. [2004] who reported similar results.
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3.8 Fodder quality parameters: total ash
The highest total ash content of 9.14% was observed in variety stampede in the first cut and 5.75% in variety Gansu oat
2 in the second cut. The minimum total ash content of 6.31% was observed in variety Lina oat and 4.25% in variety
FOB. Statistically, the total ash content did not differ significantly between new [Tibetan] and existing oat varieties. But
Sharma [2009] reported significance difference in total ash content among oat varieties. Higher ash content in oat
varieties is an indicative of higher level of micro-nutrients present [Liu and Mahmood 2015] [10.47%] and that varieties
varied in efficiency to absorb nutrients, which may be due to variable rooting depth and rooting pattern.
4. CONCLUSIONS
The varieties Gansu oat 2 and
Qyingyin oat performed better than
the existing variety stampede in both
green forage production and dry
matter yield. These two new varieties
are suitable for forage production in
Bhutan under temperate climatic
conditions.
However,
further
assessment needs to be carried out
for winter fodder production with the
same oat varieties at different
elevations.

Table 3: Nutrient content for seven varieties of oats.
First cut

Second cut

Oat variety

CP [%]

CF [%]

Ash [%]

CP [%]

CF [%]

Ash%

Lina oat
Gansu oat 2
Qingyin oat
Gansu oat 3
Gansu oat 1
FOB
Stampede
Total
Significance

13.18
14.56
12.29
14.47
13.91
13.86
13.40
13.66
ns

2.66
2.50
2.80
2.71
3.21
2.66
1.79
2.62
ns

6.31
8.35
7.61
8.14
8.54
8.10
9.14
8.02
ns

9.70
9.22
9.22
7.98
7.82
7.70
6.21
8.33
ns

3.50
2.08
2.66
2.16
1.41
3.25
2.80
2.54
ns

4.40
5.75
4.49
4.96
4.51
4.25
4.37
4.37
ns

ns: nonsignificant
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ABSTRACT
The study objective was to determine the Cost of Production [COP] per egg, Break-Even
Point [BEP], Marginal Safety Ratio [MSR] and Payback Period [PBP] of layer farms in the
west-central region of Bhutan. Forty-layer farms having stock size of 100 and more birds
from four districts were surveyed. Information from these farms was collected using semistructured questionnaires and field observations were recorded to complement the
questionnaire. Results showed that 93.8% of farms with the estimated mean stock size of 540
birds had obtained an estimated mean profit percentage of 32.2% from a batch of layer stock.
The estimated mean COP per egg was Nu. 6.79 and mean selling price per egg was Nu.8.85
in the study area. An increase in size of the farm by 100 birds was associated with an
estimated mean decrease in COP per egg by Nu. 0.12. The farms that stock in pullets had an
estimated mean COP per egg of Nu. 1.22, which was higher than those that stock in Day-OldChicks [DOC]. An estimated mean BEP of Nu. 1,96,483.9 and 22,383 eggs or units were
recorded in the region. The estimated mean margin of safety of Nu. 17,49,785 or 85.4%,
indicated a high level of safety in the enterprise. Revenue-Cost ratio of 1.3 indicated that the
enterprise would earn revenue of Nu. 1.3 for every ngultrum invested. The estimated mean
payback period for 93.8% farms were 0.59 batches, indicating that the capital investment can
be recovered from a single batch of layer stock. The general results show that the poultry egg
production in the region is a profitable and sustainable venture in terms of economics.
Technical assistances and improved managerial skills in poultry egg production are some
areas of future support from government.

1. INTRODUCTION
Livestock is an important commodity and a source of human nutrition. In Bhutan, the average consumption of food of
animal origin is far below the nutritional requirements [RGoB 2014; NSB 2013] due to low production. One of the swift
means to fill this gap is poultry egg production, which can provide high quality and nutritious food. Eggs out-rank
chicken, beef and pulses in terms of protein quality, and egg-white protein has a biological value of 100 [Layman and
Rodriguez 2009], the highest biological value of any single protein. In addition to providing high-quality nutritious food,
poultry egg production generates income and supports rural livelihood. In light of increasing human population,
education level, awareness on human nutrition, and purchasing power of communities, there is a growing demand for
eggs. However, in Bhutan, egg production is facing problems such as high feed cost, disease outbreaks, weak marketing
and poor understanding of local economics [Nidup et al. 2005]. These issues have created dilemma among prospective
farmers who are interested to invest in layer farming.
The total number of poultry birds and eggs produced in the country are 1,038,553 and 1,04,149,000, respectively
[DoL 2017]. About 29% [3,00,882] of total poultry birds and about 25% [25,823,000] of total eggs, produced in the
country are from the west-central region, comprising five Dzongkhags [Dagana, Gasa, Punakha, Tsirang and Wangdue].
Although, poultry holds promise for better income, there has been fluctuation in market price of egg and increasing cost
of inputs. These issues raise concerns among poultry farmers on the profitability of poultry enterprise. Bhujel [2014]
investigated the factors causing decline in poultry farming in Punakha Dzongkhag, and identified poor poultry
economics as the major factor. This issue continues to exist since no study was undertaken on the economics of egg
production in the region. To address this deficiency, the current study was conducted with the main objective to generate
information on the economics of poultry egg production in the region. It is expected that the findings of this study will
contribute to formulating policies and promoting poultry layer farming in the region. Further, the information is also
expected to help farmers manage their poultry egg production enterprises more efficiently, resulting in better
productivity and incomes.
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2. MATERIALS AND METHOD
2.1 Survey sites and sample size
The study was conducted in four Dzongkhags in west-central region of Bhutan, covering Punakha, Wangdue, Tsirang
and Dagana Dzongkhags [Figure 1]. All registered layer farms, with stocks of 100 birds and above, were taken as
sampling frame. A purposive sampling method was employed and 20% of total layer farms were selected from each
Dzongkhag. Good record keeping practices were the main criteria for identifying farms. Of 52 farms selected for the
study, data were collected from 40 farms, as the other 12 farms were either out of stock or converted into broiler farm at
the time of visit.
A survey, using a semi-structured questionnaire, was administered in the field through a face-to-face interview with
the main persons responsible for managing farms during the month of June 2018. Information was collected on the total
costs [fixed and variable costs]
involved, total eggs produced and
revenue earned for the existing
batch on a farm. Fixed costs
consisted of interest for capital
investment, cost of leasing land
[for farms established on leased
land] and depreciation of building,
facilities, and equipment. The
variable costs in this study were
cost of birds, cost of feed and costs
of other variables. Other variable
costs were all costs directly related
to the farm size such as costs of
feed,
electricity,
medicines,
sawdust, labour, transportation,
cartons, trays and binding threads.
The maximum sample of
59.38% was from Tsirang,
followed by 21.88% from Dagana.
Punakha and Wangdue had equal
samples of 9.38% each. Of the total
farms surveyed, the characteristics
of the farms showed that 62.50%
Figure 1: Location of poultry farms.
[N=25] had the farm size of
stocking capacity less than 500
birds, 25% [N=10] had stocking capacity of 1000 birds and the remaining 12.5% [N=5] had more than 1000 birds.
Based on the type of stocking done in the farm, it was found that 66% of farms were stocked with Day Old Chicks
[DOC] whereas 34% were stocked with pullets.
2.2 Statistical analyses
Data were analysed to calculate costs and returns; Cost of Production [COP] per egg, Break-Even Point [BEP], Marginal
Safety Ratio [MSR], Revenue Cost Ratio [RCR] and Payback Period [PBP]. The profitability of egg production was
calculated with costs and return analysis. The analysis used relationships > I = TR – TC and TC = TVC + TFC, Where I
is net income, TR is total revenue, TC is total cost, TVC is total variable cost and TFC is total fixed cost. Depreciation
cost was calculated with the straight-line method over the estimated life [number of batches it can hold] of depreciable
assets. Depreciation was calculated on poultry house, electrical wiring and equipment. An interest rate of 10% per
annum was fixed on capital investment and calculated for two years per batch since it takes about 23 months for each
batch of layer birds to complete the cycle. The labour cost was calculated based on the daily cumulative working hours,
over the entire period and converted total hours into number of days. The labour wage per day was fixed at the existing
rate of that locality. Total revenue was calculated from the sales of eggs, spent birds, manure and feed sacks.
The COP per egg at the farm was estimated from the total cost of production of eggs and the total number of eggs
produced [TC/Total number of eggs produced]. For this particular calculation, the depreciation of bird was taken into
account instead of actual cost of bird. Depreciation of bird is the difference between the cost of DOC or pullet and the
revenues earned from the spent birds. Linear regression was used to find associations of COP per egg [outcome] with
exposure variables such as farm size, type of stocking [DOC or pullets], Dzongkhags and years of farming experience.
Sensitivity analysis was conducted, adjusting for possible confounding exposure variables through a multivariate linear
regression. The statistical tests were considered significant when p-values were less than 0.05. Break-even analysis was
performed to estimate the break-even point, using the following formula of Saediman et al. [2014].
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Break-even point in unit [in revenue] =

Total Fixed Cost
[1−(

Break-even point in unit [no. of eggs] =

Total Variable Cost
)]
Total Revenue

Break−even Point [Revenue]
Marker price of an egg

The margin of safety for an enterprise was defined as total sales minus the break-even sales, which would show how
much sales could decline before losses would occur for the enterprise [Reddy and Ram 1996]. Marginal Safety Ratio
was calculated and expressed in percentages. Revenue Cost Ratio [RCR] was calculated to see how much revenue the
farm had earned for every Ngultrum invested. Investment analysis on the feasibility of layer farm business was also
calculated using a simple method of payback period. It was calculated dividing the capital cost of investment by average
batch net income from the investment [Hawawini and Viallet 2011]. The data were entered into the spread sheet and
analyses were conducted in STATA 13.1 [STATA Corporation, College Station, TX].
3. RESULTS AND DISCUSSION
The estimated mean size/capacity of a farm in west-central region was 540 birds [SD504]. With this capacity of laying
birds, the estimated mean total cost per batch of layer stock was Nu. 13,34,926.00 [SD11,71,770.00], which includes
the estimated mean variable costs amounting to Nu. 12,82,966.00 [SD11,15,902.00] and the fixed costs accounted for
Nu. 51,959.49 [SD65,390.33]. The variable and fixed costs account to 95.86% and 2.53% of the total cost, respectively.
The cost of feed had the greatest share [79.31%] of the total variable cost of production. The cost and return analysis
showed that 93.8% of the total farms obtained an estimated mean profit percentage of 32.18% [SD18.8%] from a batch
of layer stock. The scale of loss in 6.2% of total farms was comparatively low with the estimated mean loss percentage
of 2.2% [SD0.41%]. This indicates that poultry egg production is a profitable business in the region. The result of the
RCR ratio analysis showed that the estimated mean RCR was 1.3 [SD0.201], meaning that the farm would earn a
revenue of Nu. 1.3 for every ngultrum invested.
The estimated mean cost of production per egg was Nu. 6.79 and mean selling price per egg was Nu. 8.85
[SD0.65] in the study area. The results on associations between the cost of production per egg and farm size, types of
stocking [DOC or pullets], Dzongkhag and farming experience are shown in Table 1. There was a significant [p≤0.001]
negative association between COP per egg and the farm size. The increase in farm size by 100 birds was associated with
an estimated decrease in mean COP per egg by Nu. 0.12 [95% CI 0.05, 0.19]. The estimated mean COP per egg of
those farms that stocked pullets was Nu. 1.22 [95% CI 0.106, 2.034], which was significantly [p≤0.05] higher than those
that stocked DOC. Sensitivity analysis, adjusting for possible confounding variables, showed no change in the results.
The COP per egg, BEP, RCR, MSR and PBP for different categories of farm size and types of stocking are shown in
Table 2. The BEP, MSR and PBP were calculated only for those farms [N=30], which did not incur losses from the
business. 93.8% of the total farms had production much higher than the BEP, meaning that farms profited from egg
production. An estimated mean BEP of Nu. 1,96,483.90 [SD1,64,519.30] was recorded in the region. Dividing this
BEP in revenue by selling price of egg, an estimated mean BEP in units was 22,383 [SD18,039] eggs. An estimated
mean MSR was Nu. 17,49,785 [SD17,90,558] or 85.4%. The high margin of safety ratio indicates that poultry egg
production is a safe venture. In other words, the enterprise has the shock-absorbing capacity in the case of fluctuation in
returns due to unpredictable conditions.
PBP is one of the simple and popular methods of investment analysis. PBP tells us the maximum number of batches
the investment should take to pay back the capital investment. The estimated mean PBP for 93.8% farms was 0.59
Table 1: Univariable association between exposure variables and cost of production per egg.
Estimated 𝛽 coefficient

95% Confident Interval

p value

-0.12
0.0586

-0.19, -0.05
-0.169, 0.520

0.001
0.288

Type of stocking
DOC
Pullet

Reference
1.220

0.106, 2.034

0.033

Dzongkhag
Punakha
Wangdue
Tsirang
Dagana

Reference
0.427
-0.656
0.590

-1.271, 2.124
-1.947, 0.636
-0.844, 2.024

0.611
0.307
0.407

Exposure variables
Farm size [100 birds]
Farming experience
[Years]
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[SD0.66] batches, meaning the farms are able to make net income equal to capital investment within a laying cycle,
which is within the depreciable period of capital investment. We can tell that the project is feasible when the capital will
be recovered within a specified minimum number of batches. Therefore, the farms included in our study are feasible to
continue except for those two farms operating with the present management practices.
Table 2: Estimated mean COP per egg, RCR, MSR and PBP as per the category of farm size and types of stocking.
Variables
COP egg-1 Nu.
RCR
Safety Margin
Payback Period
[SD]
Batches [SD]
N [SD]
Ratio % [SD]
Farm size [No. of birds]
<500
7.26 [1.04]
1.21 [0.17]
80.83 [12.61]
0.82 [0.76]
>500-1000
6.16 [0.84]
1.39 [0.18]
91.31 [6.27]
0.30 [0.25]
>1000
5.64 [0.16]
1.56 [0.09]
94.09 [3.28]
0.19 [0.12]
Type of stocking
DOC
Pullet

6.35 [0.92]
7.61 [0.99]

1.33 [0.20]
1.24 [0.19]

87.38 [10.66]
81.42 [13.22]

0.48 [0.44]
0.82 [0.95]

10000000
1000000

In log scale

100000
10000
1000
100
10
1
<500 birds

>500-1000 birds

>1000 birds

-Category of farm sizeMean Total Cost (Nu)
Mean Total Revenue (Nu)
Mean Total Egg produced

Mean Break-even point in Revenue (Nu)
Mean Break-even point in unit (eggs)

Figure 2: Figure comparing mean total revenue, Break-even point for revenue, Total revenue, Break-even point in
unit and total egg produced among different category of farm size.
4. CONCLUSIONS AND RECOMMENDATIONS
Poultry egg production enterprise is profitable and economically viable in the region. Although, the main reason for
taking up poultry business is for the net income, employment opportunity and manures were also other reasons. The
profitable poultry egg production in the region warrants attention of policy makers and other stakeholders. The common
problems associated with poultry egg production are related to the supply of inputs, inadequate support services, and
occurrence of diseases. Unavailability of DOC and exuberant rise in feed price are main problems associated with input
supply. On the farmers’ side, the unavailability of skilled and trained workforce, inadequate management ability, lack of
education and knowledge on modern technology makes them unable to maximize production. 65.6% of the farms were
found feeding the birds with commercial feed above the daily-required amount. Since the cost of feed accounts for major
share of production cost, there is still scope to bring down COP per egg.
Realizing the importance of poultry farming and to sustain poultry enterprise in the region, following are the
recommendations based on study findings.
• The poultry farms should strictly adhere to and adopt the guidelines prescribed in the Standard Operation
Procedures [SOP] for poultry farming developed by NPRDC, Sarpang. This could minimize the poultry mortality
rate and increase profit from the poultry business.
• As the farm size increases the cost of production decreases. One unit increase in farm size can decrease the cost of
production by Nu. 0.12. Therefore, farmers must be encouraged to adopt large farm size to bring down the cost of
production and be able to sell eggs in the market at competitive rates.
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•
•

•
•

It is essential to adopt Good Management Practice [GMP], including efficient bio-security and cost-effective
planning in poultry farms, which will improve the economics of poultry farming in the region.
The availability of inputs [DOC and pullets] should be of superior quality and supplied on time to minimize
fluctuation in egg production and marketing. This can be achieved by promoting inputs supply farms in the regional
Dzongkhags through public-private partnership program or liaising with Bhutan Livestock Development
Corporation Limited.
There is a need for policy intervention to stabilize internal and external markets for eggs, which will encourage and
retain poultry farmers in the business to attain continued egg self-sufficiency.
Considering that the cost of feed accounts for maximum investment in poultry business, research is needed to
develop an alternative poultry feed with reasonable cost.
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ABSTRACT
This study was conducted to understand and document different factors affecting yak rearing
practices in Sakteng block under Tashigang district. In total, 60 yak rearing households were
randomly selected and interviewed, using a semi-structured questionnaire to gather desired
information. The results indicated a decline in yak rearing households by about 38% over the
past five years. The major factors reported were high incidence of mortality from a locally
known disease called “Rhimney”, inadequate pastures, and labor shortages to manage the herd
that contributed to the decline in yak farming. About 90% of yak mortality as reported by 40%
of respondents was attributed to Rhimney. About 40% of respondents reported inadequate
pastures as a cause of decline in yak population and yak farming, and the remaining 20% of
respondents reported labor shortage to manage herd as the major concern affecting yak rearing.
There was a contradicting response from the respondents on the average yak herd size
maintained at the household. It was recorded that about 60% of respondents reported a decline
in yak herd size, 23.4% of respondents reported yak herd size to be static, and 15% of
respondents reported an increase in yak herd size over the years. Considering a decline in yak
population and yak farming households over the period, it is time to undertake appropriate
policy interventions to make yak farming attractive and sustainable.

1. INTRODUCTION
Yak [Poephagus grunnines or Bos grunniens] is one of the world’s most remarkable domestic animals that thrives under
extreme climatic conditions, providing means of livelihood for high mountain people [Weiner 2003]. Yak domestication
has led to progress, prosperity and economic advancement of herdsmen because of its value as pack animals and diverse
products from milk, hair, hide and meat [Rhode et al. 2007]. Yak is the most ecologically sustainable animal genetic
resource of the high Himalayas, which provides livelihood support and nutritional security to the highlanders [NRCY
2015]. Besides providing milk, butter, cheese, meat, leather and wool, yak is an important mode of transport for the people
of the Himalayas and plateaus of Central Asia [Joshi 2005]. Since yak is the sustainable source of cash income for the
people of alpine region, without yaks, the survival of herdsmen in such a hostile environment is unimaginable [Ghatani
and Tamang 2016]. Yak is found only in Asia viz. China, Mongolia, Nepal, India, Pakistan, Afghanistan and Bhutan.
Estimated to be about 5% of the country’s population, yak herders of Bhutan reside in the northern alpine region
between 2,500 and 6,000m [Bonnemaire and Derville 2010]. Yak rearing follows the age-old traditional practice of
migration from lowland to highland in summer and vice versa in winter. Yak sustains the herders’ livelihood, as crop
production is not feasible in the alpine region, due to freezing temperature. Brokpa or the community residing in alpine
region, not only rear yak as a main source of livelihoods but also have a firm belief that yak is a gift of God. However,
over the years, both yak rearing households and yak population have declined, due to socio-economic development in the
Himalayan farming system [Wangchuk 2014]. The decline in yak population has been attributed to low economic return
from yak husbandry [Shaha 2000], and dwindling interest of younger generation to continue traditional yak herding
[Weiner 2013]. The decline is also caused by other lucrative economic activities, which guarantee an easier access to
social services and economic opportunities. Passang [2012] reported a decline in yak population by half over the last
decade in nineteen villages under three blocks of Katsho, Bji and Esu under Haa district. A decline in yak rearing is also
found in India and Nepal, which is attributed to youths desiring for a better and more comfortable life at middle and low
altitude areas [Pal 1993]. In Bhutan, the decline in yak farming is a major concern, which if remains unchecked, will have
huge implication on the age-old farming tradition and overall ecosystem balance in the alpine region. Among studies
conducted in Bhutan, Wangchuk et al. [2015] highlighted a decline in yak farming in the cordyceps growing areas in
alpine region. However, there is no specific study conducted in eastern Bhutan where alpine areas do not have cordyceps,
yet there is steady decline in yak farming. It suggests that there are other impediments of yak farming, which remain
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uninvestigated. Therefore, this study was undertaken with the main objective to gain deeper understanding of factors
affecting yak farming in Sakteng block under Tashigang District.
2. MATERIALS AND METHOD
2.1 Study area
The study was conducted in Sakteng Gewog [Block] stretching from latitude 270 17.84 to 270 18.51 °N and longitude 910
50.76 to 910 52.12 °E under Tashigang district in Eastern Bhutan [Figure 1]. The block shares its border with Merak block
to the south-west and Phongmey block to the south, and Tawang district of the Indian state of Arunachal Pradesh to the
north-east. Yak farming is the main source of livelihood, as crop production is less feasible due to short summer and long
cold and dry winter.

Figure 1: Map of study area.
2.2 Data Collection
The study selected randomly 60 out of 122 yaks rearing households fully dependent on yak farming [Livestock Statistics
2015]. The field survey was administered through interviews, using a structured questionnaire. The questionnaire had
questions on factors deterring yak rearing in Sakteng block and reasons for abandoning yak farming over the past five
years. To determine change in yak herd size of households interviewed, respondents were asked on whether their yak herd
size had increased or decreased over the past five years. Respondents were asked on pasture holding status to determine
what percent of households owned sufficient pastures to rear yaks. Respondents were also asked on the issues related to
pasture degradation and conflict with conservation group. In addition, information was gathered through informal
discussion with elderly people to understand the perception on future sustainability of yak farming. Secondary data were
gathered from the Livestock Extension Office.
2.3 Data Analysis
Data gathered were analyzed with descriptive statistics in SPSS version16.
3. RESULTS AND DISCUSSION
3.1 Cash income source and marketing of dairy products
Yak products were used for household consumption. Only excess products were either sold or bartered for other basic
necessities. Butter and fermented cheese were two most common products from yak. Other main products produced from
yaks were wool, which is used for making bags, ropes and garments. The products were also offered as gifts to relatives
and neighbors. The households’ main source of cash income was the sale of butter and fermented cheese. Fermented
cheese had higher demand in the market than butter, and also fetched higher prices between Nu. 350-400 per kg, against
Nu. 200-250 per kilogram of butter. On average, each household earned Nu. 60,416.66 annually from the sale of fermented
cheese and butter. From the total annual cash income generated, about 90% were spent on buying household necessities
such as salt, rice, maize, millets, barley and clothes. About 20% of respondents reported that the income generated from
sale of yak’s products was not enough to cover the household expenditure, and the remaining household expenditures were
met through income generated from involvement in other off-farm activities i.e. construction. Most respondents indicated
that the value of butter has dwindled compared to fermented cheese over the decade, due to ready availability of refined
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cooking oil in the shops. About 70% of products were marketed to Tawang in Arunachal Pradesh, India and the remaining
30% were marketed in Radhi and Phongmey Gewog under Tashigang Dzongkhag.
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3.2 Alpine pasture, labor shortage and livestock diseases
The number of households rearing yaks had reduced by about 40% in 2015, as compared to 2011 [Figure 3]. At this
declining rate, there will be a few or no households rearing yak in a decade from now. The main factors contributing to a
decline in yak farming are presented in Figure 4.
About 40% of respondents had abandoned yak farming due to lack of adequate grassland to feed yaks. About 48% of
respondents owned sufficient private pastures, 47% of respondents owned some pastures but were inadequate and they
were dependent on other pastures, and 5% of respondents did not own pastures at all round the year [Figure 5]. About 78%
of respondents reported an issue of pasture degradation, and remaining 20% did not express their views. The causes
reported for pasture degradation varied. Five percent of respondents reported that overgrazing was partially caused by the
upward migration of sedentary livestock [Cattle] to summer pastures of yak, which escalated grazing pressure, 16.7% of
respondents reported that accrued users among the household members deteriorated pastures, 11.7% of respondents
reported increase in less productive yak population as a cause of high pressure on grazing resources, and 66.6% of
respondents reported invasion by unpalatable trees and bushes as a cause of degradation of grazing resources. They also
reported that around 33% of pasture was covered by bushes and trees after government exercised control over timber
harvesting and prohibited burning to improve pastures.
Respondents abandoned yak rearing due to labor shortage to manage the herd at household level. Yaks from these
households were sold to neighbors who had adequate labor to tend yaks. Of the several reasons outlined, inadequate
grassland and labor shortage to manage yaks featured as major reasons for abandoning yak farming, followed by increasing
incidence of diseases causing high yak mortality. About 20% of households with small herd size abandoned yak farming
because of constant occurrence of locally known disease ‘Rhimney’. According to a local elder, the symptom of Rhimney
ranges from; early diarrhea, poor grazing, wounds and crack on mouth and foot, and shedding of hair from backside of the
body. Furthermore, the local elder expressed that, yaks that died from Rhimney had soft bones. Many respondents in this
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Figure 3: Trend of household rearing yaks [2011-2015].
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study related Rhimney to plant poisoning, resulting from yaks feeding on Senecio plants when grazing resources are scarce
during the severe winter months. As such, this disease in yaks affected milk productivity.
As shown in Figure 6, about 61.7% of respondents reported that the yak herd size had declined, 23.3% of respondents
reported that the yak herd size had remained same, and interestingly 15% of respondents reported that the yak herd size
has increased over the years. The reasons mentioned for the decrease in yak herd size include occurrence of disease,
insufficient of pastures, wild animal attack, and labor shortage to manage herds [Figure 7]. Around 46% of respondents
indicated that incidences of diseases, especially Rhimney led to death of yaks and decrease in yak herd size, 16.4% of
respondents reported that the loss of yaks to wild dogs had decreased the herd size, and 27.1% of respondents reported
lack of sufficient pastures as another factor that prevented increase in herd size. Ninety percent of respondents expressed
that yaks become more susceptible to diseases and had higher chance of death when grazing on scarce grazing resources.
This made yaks to depend on toxic weeds like senecio plants. Another 10% of respondents reported labor shortage as
another factor that contributed to decline in yak herd size. Labor shortage resulted from young people getting enrolled in
schools and leaving behind only few people to look after yaks. A decline in yak population has also been reported in India
and Nepal [Pal 1993].
10.8%

Decline in herd size

16.2%

Diseases
45.9%

No change
27.1%

Insufficient
pastures

Increase in herd size
0% 20% 40% 60% 80%
Figure 6: Status of yak herd size [N=60].

Figure 7: Causes of decline in herd size of yak [N=60].

3.3 Youth’s attitude toward yak rearing
The younger generation desiring for better and more comfortable life is likely. As a result, it might have a huge impact on
the future of yak farming. About 65% of respondents indicated that their youths are less interested to take up yak farming.
Maiti [2014] reported that the younger generations of yak herdsmen are not willing to continue with the age-old yak rearing
as their profession, because transhumance system of livestock rearing is considered as difficult, tough and it devoid of
modern amenities. But that are also youths interested and willing to embrace yak farming as a source of livelihoods,
according to 35% of respondents. This may keep alive the age-old traditional yak farming practices. Government needs to
capitalize on this group of youths and provide necessary supports for the sustenance of their livelihood.
3.4 Rural-urban migration
Only 18.3% of respondents reported that youths migrated to urban areas aspiring to seek lucrative jobs. The remaining
81.7 % respondents reported that youths had not out-migrated and they did not face labor shortage.
3.5 Factors likely to cause decline in yak rearing in future
Yak rearing is currently affected by occurrence of diseases, insufficient pastures, wildlife depredation, and labor shortage
[Figure 8]. Of several reasons, emerging diseases, wildlife depredation and insufficient of pastures were major constraints
to successful yak rearing. This, as a consequence, will have negative effects on the interest of youths who would want to
pursue yak faming. About 31% of respondents reported that youths are likely to shift from yak husbandry practices to
other income generating activities due to difficulty, emerging challenges and low income from yak farming. About 25%
of respondents reported that insufficient pastures to increase their herd size may cause decline in yak rearing in future.
Households that owned less pasture are more likely to abandon yak rearing in future as they encounter difficulty to
get pastures on lease from those who owned sufficient pastures. About 19% of respondents reported occurrence of disease,
especially Rhimney, as a reason that could cause a decline in yak rearing. This is mainly because the disease has negative
effect on milk productivity.
Increase in predators is another threat to survival of yaks. The common predator that attacked yaks was wild dogs.
Therefore, 13% of respondents reported that the increasing number of wild dog depredation will decline yak rearing in
future. Another 12% of respondents reported that yak farming is getting difficult.
3.6 Government support
Yak development in Bhutan is a priority of Ministry of Agriculture and Forests. To promote yak rearing among
highlanders, herders were provided breeding bulls, subsidized milk churning machines, and scissors to shear yak hair.
However, 99% of respondents mentioned that they did not receive trainings related to yak management.
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Figure 8: Factors likely to cause decline in yak rearing in future [N=60].

Intervention measures

3.7 Interventions expected from government
The intervention measures as suggested by respondents are presented in Figure 9.
• Dominance of trees in pastures after government prohibited burning and has led to invasion of pastures by woody
plants. Therefore, respondents suggested the need for the government to revise policy framework to control the growth
of undesirable plants in their pastures.
• Respondents suggested a need for studies to find remedy for fatal Rhimney disease. The cause of this disease still
remains mystery to many herders although they relate it to plant poisoning. This disease occurs in yaks mostly in the
month of May, June and July. According to respondents, yaks have slim chance to survive once this disease attacks.
• Compensation for loss of yaks to wildlife depredation. Loss of yaks to wild dogs is a burden for herders. Therefore,
respondents suggested government to compensate for the loss of more than three yaks to predators. The primary
objective is to buy yaks to cover the loss and to sustain yak farming.
• Respondents feel more comfortable with customary right of using pastures even while migrating to other pastures.
But the new Tsamdro lease is likely to create inconvenience among users.
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Figure 9: Government interventions requested by respondents to sustain yak farming
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4. CONCLUSIONS
The decline in households rearing yaks and dwindle in herd size of yak at household level were attributed by various
factors; youth less interested to continue yak rearing as their source of income, labor shortage to manage the herd as
younger ones are enrolled in schools, occurrence of diseases that led to yak mortality, and lack of sufficient pastures to
develop the herd. These are the major constraints that inhibited the success of yak raring. As a consequence, it is likely to
affect the interest of younger ones to continue their parent to endure yak rearing. Therefore, to ameliorate the challenges
confronted by the herdsmen, there is need of appropriate intervention design such as; medical facilities to reduce incidence
of disease [Rhimney] that particularly threaten the survival of yaks, allow control of bushes and trees in pasture which is
prohibited by conservation law, and need of coherent policy for highlanders to encourage youths to take yak rearing as
their source of income.
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ABSTRACT
Anaplasmosis is a vector-borne, infectious blood disease of cattle caused by the rickettsial
parasites, Anaplasma marginale and Anaplasma centrale. This parasite infects the red
blood cells and causes severe anemia. Ticks are a common vector of this disease. The
estimates of biochemical constituents are the prerequisites to diagnose patho-physiological
disorders in cattle. This study aimed to compare the hematological and serum biochemical
parameters aftereffect of treatment of antibiotics on infected Lulu cattle [Bos taurus]. This
study further investigated the effectiveness of antibiotics with different routes of
administration: intramuscular and intravenous. Hematological and serum biochemical
profiles were taken from 31 Lulu cattle infected with Bovine Anaplasmosis and 14 treated
Lulu cattle. Due to blood parasitic infestation, white blood cells increased to 17.8 and
dropped significantly to normal value 12.7 after treatment. Lymphocyte levels
significantly decreased after treatment from a diseased condition of 13.3 down to 7.92.
Other hematological parameters such as Neutrophil, Eosinophil and Basophil were not
significantly different before and after treatment. Serum biochemical profiles including
glucose, total protein, albumin, calcium and phosphorous were affected by Bovine
Anaplasmosis but values were not significantly different before and after treatment.
Further, we found that intravenous administration of antibiotics is more effective over
intramuscular administration route as blood smear showed clear up parasites after 10 days
treatment by administration of drug by I/V mode. Our results indicate that hematological
values return to normal levels after effective treatment using antibiotic.

1. INTRODUCTION
Livestock is an integral part of nearly all rural livelihoods in Nepal. High proportions of poor and marginalized farmers
depend on livestock as their main or supplementary source of income. The Nepalese agriculture system is subsistence
mixed farming where majority of small farmers rear cattle along with crops. Only 13% of the total cattle are improved,
the rest are indigenous breeds, which can withstand very harsh climatic conditions [Neopane 2006]. Lulu cattle are one
of these breeds having high potential to adapt to a wide range of altitudes and climates. This leads to the breed being at
low risk from the effects of climate change due to its adaptability [Gorkhali et al. 2017]. Lulu cattle are claimed to be
resistant to internal and external parasites [Neopane 2006]. A case of Lulu cattle heavily infested with A. marginalis was
found at the Animal Breeding Division [ABD] farms under the Nepal Agricultural Research Council [NARC] at
Khumaltar, Lalitpur, Nepal, as these infected Lulu cattle were not exhibiting any signs of infestation [Joshi 2018].
Among tick-borne diseases, Bovine Anaplasmosis is considered to be the most important disease in ruminants
worldwide, causing significant economic losses in tropical and subtropical areas [Kocan et al. 2000]. The socioeconomic impact of the disease and restrictions on trading infected animals internationally led the Office International
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des Epizooties [OIE] Animal Health Code to categorize Anaplasmosis as a disease that required a notification of its
presence [OIE 2008]. Cattle can be infected by several Anaplasma species, like A. marginale, A. phagocytophilum, A.
centrale and A. bovis [Kuttler 1966]. Anaplasma marginale is one of the most prevalent tick-transmitted rickettsial
diseases of cattle in the world [Kocan et al. 2003]. This species is highly pathogenic, especially in cattle up to two years
old and causes progressive anemia and icterus [Kuttler 1984]. This tick-borne disease is known to cause high fever,
coughs, miscarriages, decreased milk production and loss of appetite in cattle [Woldehiwet and Scott 1982]. Disease
treatment and prevention strategies focus on using reliable diagnostic tests to accurately and precisely identify infected
cattle. Bovine Anaplasmosis is diagnosed by identifying Anaplasma in Giemsa-stained blood smears from clinically
suspected animals during the acute phase of the disease. Even though this method is not useful for detecting presymptomatic and carrier animals, it is cost effective and is practical for developing countries. A more reliable screening
test for infected cattle can be performed using ELISA [Knowles et al. 1996] or highly sensitive and specific molecular
methods such as identifying A. marginale and A. phagocytophilum DNA [M’ghirbi et al. 2016].
Bovine Anaplasmosis, a rickettsial disease caused by A. marginale is responsible for great economic losses in
developing countries [Rodriguez et al. 2009]. A study was conducted with two main objectives. The first objective was
to compare the hematological and serum biochemical parameters before and after the treatment of antibiotics on infected
Lulu cattle. The second objective was to evaluate the effectiveness of antibiotics’ different route of administration,
including intravenous and intramuscular.
2. Materials and Methods
2.1 Study design and sampling approach
This study was conducted at the ABD Farm in Khumaltar, Lalitpur where cattle shed was found to be infested with ticks.
Five ticks were collected each from five Lulu cattle [25 ticks altogether] from ABD-farm, using chloroform in the cotton
in order to prevent the mouth part. Mouth part is considered for the identification of the tick. The mouth part was
observed under compound microscope and the ticks were identified as Boophilus
microplus [Figure 1].
Blood samples were collected from 31 Lulu cows. Blood was collected from
the jugular vein for hematological and biochemical profiles, primarily having a
history of tick infestation in the shed but animals were apparently healthy with
normal body temperature and with no signs and symptoms of Bovine
Anaplasmosis. These individuals had high infestation by Bovine Anaplasmosis,
which was confirmed by making blood smears. From each animal, 10 ml blood
was drawn from the jugular vein, using an 18-gauze needle with syringe and 5 ml
kept in vacutainer with EDTA vial and 5 ml in clot vial for hematological and
serum biochemical profile, respectively. Cold chain was maintained while Figure 1: Bhoophilus microplus.
transporting samples to laboratory.
Out of 31 Lulu cows sampled, 14 infected cattle were treated with LA OTC @
20 mg kg-1 body weight intramuscular injection three times with 72 hours
intervals. After one month of treatment, blood samples from those 14 treated
individuals were collected. Blood smears were made and results showed that A.
marginale was still prevalent in blood [Figure 2]. This indicated the animals had
not fully recovered. Animals were treated again with LA OTC @ 20 mg kg-1 body
weight intravenous injection for three days with 72 hours intervals.
Oxytetracycline was diluted with physiological saline prior to injecting
intravenously. After 10 days of treatment, all animals [n = 14] were found to have
fully recovered as A. marginale was not present in the smears. This proved that
intravenous administration of LA OTC was more effective than intramuscular. Figure 2: Microscopic
Hematological and biochemical profiles were studied in the treated animals as well examination of Giemsa stained
to compare the values before and after treatment for Bovine Anaplasmosis.
blood smear showing piroplasm
of A. marginale parasite in
Sample Processing
erythrocyte.
2.2.1 Hematological parameters
Hematological parameters were determined by automatic hematology analyzer. The hematological parameters such as
Total erythrocyte count [TEC], Total leukocyte count [TLC], Packed cell volume [PCV], Haemoglobin [Hb] content,
Erythrocyte sedimentation rate [ESR], Mean corpuscular volume [MCV], Mean corpuscular haemoglobin [MCH] and
Mean corpuscular haemoglobin concentration [MCHC] were determined with the automatic hematology analyzer.
2.2.2 Serum Biochemical profile
Serum samples obtained by centrifugation were used to determine total protein, albumin, phosphorus, and calcium using
the automatic biochemical analyzer Spectrophotometer. For serum glucose, Randox assayed method was used.
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2.3 Statistical Analysis
Data on hematological parameters and serum biochemical profiles before and after treatment were compiled in
Microsoft Excel 2010 and the differences in parameters before and after treatment were calculated. All Statistical
analyses were performed using R [v.3.4.1, R Core Team 2013] with GUI RStudio [v1.0.143]. We conducted paired ttests to test the significant differences between means post and prior to treatment for each hematological parameter and
serum biochemical profile. To determine significance, α value was set at 0.05 and any p-values less than α were
concluded as being significant indicating that there is a difference between two means.
3. RESULTS
The change in hematological and biochemical parameters of indigenous Lulu cattle [Bos taurus] before and after
treatment with antibiotics are shown in Table 1 and 2. Reference values for Lulu cattle [Joshi 2018] are shown in Table
1. With regards to hematological parameters, lymphocyte levels significantly decreased by an average of 4.87±3.66 [t=
4.7, p=0.0003].
3.1 Variation in Red Blood Cell [RBC] parameters
RBC count in cattle increased on average by 0.33±1.5 [mean±SD] after treatment. The mean value of RBC before
treatment was 6.5±0.23 and after treatment the value increased to 7.06±0.23. However, the results from the paired t-test
indicated that this difference was not significant [t= 0.788, p= 0.44, α= 0.05].
3.1.1 Sex wise
The mean RBC count in females increased by 0.482±1.48. Prior to treatment, the RBC count in females was 5.75±0.5,
which increased to 6.52±0.4 after treatment. Paired t-test showed this difference was not significant [t= 1.027, p= 0.328,
α= 0.05]. In males, RBC count increased by 1.53±1.5. The mean value of RBC before treatment was 6.0233±0.68 and
after treatment the value increased to 7.54±0.6. Paired t-test indicated that this difference in males before and after
treatment was not significant [t-value = -0.21, p-value = 0.85, α= 0.05].
3.1.2 Age wise
The mean value of RBC in individuals under four years old increased by 0.26±1.40. In the younger individuals, before
treatment RBC count was 6.20±0.7 and after treatment it increased to 7.9±0.7. This difference, however, was not
significant as indicated by paired t-test [t= 0.3, p= 0.7, α= 0.05]. In cattle above 4 years old, the mean value of RBC
increased by 0.3±1.58. In these older individuals, RBC counts before treatment was 5.89±0.8 and after the treatment the
count increased to 6.38 ±0.74537. This difference in older individuals was not significant [t= 0.660, p= 0.52, α= 0.05].
3.2 Variation in White Blood Cell [WBC] parameters
The mean value of WBC count decreased by 4.82±3.7 after the use of antibiotics [Table 1]. WBC counts before
treatment was 16.2±2.5 and after treatment the count decreased to 11.4±3.3. The data were analyzed by t-test and
indicated that this difference was statistically significant [t= 4.68, p= 0.0004, α= 0.05].
3.2.1 Sex wise
The mean value of WBC in female decreased by 4.6±3.9 after treatment. Before treatment, WBC in females was
15.4±2.1 and decreased to 10.8±3.3. This difference was shown to be significant by paired t-test [t= 3.74, p= 0.004, α=
0.05]. In males, the WBC mean value decreased by -5.60±2.78. The WBC count before treatment was 19.28±1.35 and
decreased to 13.5±1.3. Paired t-test results indicated that this difference was, however, not significant in males.
3.2.2 Age wise
For cattle under 4 years old, the WBC decreased by 5.07±5.0. For these young individuals, WBC before treatment was
17.8±2.7 and decreased to 12.78±3.48 after treatment. This difference, however, was not significant [t= 2.03, p= 0.112,
α= 0.05]. For individuals older than 4 years of age, the mean WBC decreased by -4.69±2.7. Before treatment, WBC was
at an average of 15.38±2.01 and decreased to 10.6±3.0 after treatment. In the older cattle, the difference in WBC before
and after treatment was significant [t= 4.83, p= 0.001, α= 0.05].
3.3 Variation in Differential Leukocyte Count
The mean value of leukocyte count decreased by 4.87±3.6 after the use of antibiotics [Table 1]. Leukocyte count before
treatment was 12.1±2.5 and after treatment it decreased to 7.26±2.4. The data were analyzed by paired t-test, which
indicated that this difference was statistically significant [t= 4.68, p= 0.0004, α= 0.05].
3.3.1 Sex wise
The mean value of leukocyte in females decreased by 4.51±4.0. In females, leukocyte count before treatment was
11.1±2.6 and decreased to 6.97±2.1 after treatment. Results from paired t-test support that this difference was
statistically significant [t= 3.54, p= 0.005, α= 0.05]. The mean value of leukocyte in males decreased by -6.21±1.0.
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Average leukocyte count before treatment was 14.57±0.568 and decreased to 8.36±1.48 after treatment. Paired t-test
results showed significant difference in leucocyte counts before and after treatment [t= 8.57, p= 0.013, α= 0.05].
3.3.2 Age wise
For cattle under 4 years of age, leukocyte count decreased by 5.07±5.0. In these young individuals, the average before
treatment was 13.3±2.5 and leukocyte count decreased to 7.92±2.6 after treatment, although not significant [t= 2.44, p=
0.071, α= 0.05]. For cattle above 4 years old, leukocyte count decreased by an average of 4.54±2.7. Paired t-test results
showed significant difference before and after treatment [t= 4.177, p= 0.003].
Table 1: Mean hematological parameters [HP] of Lulu cow before [n=31] and [n=14] after treatment [BT=Before
Treatment, AT=After Treatment] of Bovine Anaplasmosis with LA OTC @ 20 mg kg-1 along with sex wise and age
wise differences. SD=Standard Deviation.
HP
BT
AT
Females
Males
Age wise [Under 4 Age wise [above 4
years]
years]
Mean ±
Mean
BT
AT
BT
AT
BT
AT
BT
AT
SD
± SD
WBC
16±2
11±3 15±2
10±3
19±1
13±2
17±2
12±3
15±2
10±3
LYM
12±2
7.2±2 11±2
6.9±2
6.2±2
10±2
13±2
7.9±2
6.2±2
10±2
MON
0.9±0
0.8±0 0.3±0
0.5±1
0.7±0
0.6±0
0.3± 0
0.5±1
0.6±0
0.7±0
NEU
2.7±0
2.9±1 2.3±0
2.4±1
2.0±0
2.6±0
2.2±0
2.2±1
2.4±0
2.9±0
EOS
0.4±0
0.3±0 0.4±0
0.4±0
0.4±0
0.4±0
0.5±0
0.6±0
0.5±0
0.3±0
BAS
0.0±0
0.0±0 0.0±0
0.0±0
0.0±0
0.0±0
0.0±0
0.0±0
0.0±0
0.0±0
LY
72±8
70±11 71±8
71±0
60±11
63±0
71±8
71±0
60±11
63±0
MO
6.5± 4
5.6±3 5.5±4
6.5±0
5.8±3
5.3±0
5.4±4
6.4±0
5.5±3
5.2±0
NE
17± 6
15±11 16±6
15±0
14±11
13±0
16±0
14±0
12±10
12±0
EOS.1
2.8±1
2.0±1 2.8±1
2.6± 0
2.0±1
2.1±0
2.4±1
2.4± 0
2.0±1
2.1±0
BA
0.0±0
0.0±0 0.0±.0
0.0±0
0.0±0
0.0±0
0.0±0
0.0±0
0.0±0
0.0±0
RBC
6.5±0
7.0±0 5.7±0
6.5±0
6.0±0
7.5±0
4.7±0
6.4±0
6.2±0
7.4±0
10±1
10±1 10±1
9.5±0
11±1
10±0
10±1
9.5±0
11±1
10±0
HGB
HCT
36±0
34±4 35±4
34±0
12±4
13±0
35±4
34±0
12±4
13±0
52±6
48±6 53±6
50±0
45±6
50±0
53±6
50±0
45±6
50±0
MVC
PLT
146±2 176±155 143± 6
132±0 173±155
173±0 143±62
132±0 173±155
173±0
PCT
0.1±0
0.1±0 0.1±0
0.1±0
0.2±0
0.3±0
0.1±0
0.1±0
0.2±0
0.3±0
7.8±0
8.3±1 4.8±0
3.5±0
7.3±1
3.4±0
4.8±0
3.4±0
7.3±1
3.4±0
MPV
3.4 Serum Biochemical Changes Findings
3.4.1 Serum Glucose
The mean value of serum glucose before treatment was 46.6±4.8 and after treatment it increased to 49.0±2.1. Results
from paired t-test illustrate that this difference was not significant.
3.4.2 Sex wise
The mean value of serum glucose before treatment in females was 44.5±2.3 and after treatment it increased to 50.7±3.4.
Results from paired t-test showed this difference was not significant [t= -0.75, p= 0.452, α= 0.05]. The mean value of
serum glucose [gm dl-1] in males before treatment was 54.6044±3.4043 and after treatment it decreased to 54.5±0.0.
3.4.3 Age wise
The mean value of serum glucose for cattle under 4 years old was 52.5±8.4 and decreased to 45.3±6.3 after treatment.
Paired t-test showed this result was not significant [t= -1.75, p= 0.145, α= 0.05]. The mean value of serum glucose for
cattle above the age of 4 was 45.3±6.3 and decreased to 40.3±4.3, which was not significant.
3.5 Total protein
The mean value of total protein before treatment was 5.29±0.1 and after treatment it decreased to 5.0±0.1. Results from
paired t-test indicated that there was no significant difference.
3.5.1 Sex wise
The mean value of total protein in females before treatment was 5.28±0.1 and after treatment the value was 5.12±0.1.
Paired t-test indicated no significant difference [t= 0.162, p= 0.370, α= 0.05]. In males, the mean value before treatment
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was 5.31±0.3 and decreased to 5.00±0.2 after treatment. Paired t-test indicated no significant difference [t= -0.515, p=
0.754, α= 0.05].
3.5.2 Age wise
The mean value of total protein in cattle under 4 years old was 5.04±0.1 before treatment and it decreased to 4.04±0.1
after treatment. Paired t-test did not show significant difference [t= -0.033, p= 0.0.867, α= 0.05]. The mean value of total
protein in cattle above 4 years old was 5.2±0.2 and after treatment it was 5.00±0.2. Results from paired t-test indicated
no significant difference [t= -2.80, p= 0.120, α= 0.05].
3.6 Albumin
The mean value of albumin before treatment was 1.52±0.2 and it increased to 1.63±0.2. Results from paired t-test
indicated no significant difference [t= 0.166, p= 0.122, α= 0.05].
3.6.1 Sex wise
The mean value of albumin in females before treatment was 3.82±0.2 and after treatment it decreased to 3.48±0.2.
Paired t-test results showed significant difference in female albumin levels after treatment [t= -0.841, p= 0.522, α= 0.05].
In males, albumin level before treatment was 3.53±0.3 and it decreased to 2.71±0.1 after treatment.
3.6.2 Age wise
The mean value of albumin in cattle under 4 years of age was 3.02±0.2 before treatment and it decreased to 2.89±0.1
after treatment. The mean value of albumin in cattle above 4 years of age was 3.9±0.2 before treatment and decreased to
3.00±0.1.
3.7 Globulin
The mean value of globulin before treatment was 1.52±0.8 and increased to 1.63±0.9 after treatment. Results from
paired t-test indicated no significant difference [t= -0.335, p= 0.743, α= 0.05].
3.7.1 Sex wise
The mean value of globulin in females before treatment was 1.46±0.2 and after treatment it increased to 1.48±0.3. Paired
t-test indicated no significant difference [t= 0.159, p= 0.174, α= 0.05]. In males, globulin levels before treatment was
1.77±0.1 and after treatment it increased to 2.30±0.2. Results from paired t-test did not show significant difference [t= 1.48, p= 0.130, α= 0.05].
3.7.2 Age wise
The mean value of globulin in cattle under 4 years of age was 3.0±0.2 and after treatment it increased to 3.90±0.1. Paired
t-test results did not show significant difference [t-= -2.09, p= 0.0783, α= 0.05]. Globulin levels in cattle above 4 years
old increased from 1.45±0.1 before treatment to 1.74±0.1 after treatment. Paired t-test showed no significant difference
[t= -1.03, p= 0.621, α= 0.05].
3.8 Serum calcium
The mean value of serum calcium before treatment was 2.24±0.0609 and increased to 5.44±0.2 after treatment. Results
from paired t-test indicated that this difference was not significant.
3.8.1 Sex wise
The mean value of serum calcium in female before treatment was 4.00±0.0 and increased to 5.43±0.2 after treatment.
Results from paired t-test indicated that this difference in females before and after treatment was not significant [t= -1.4,
p= 0.430, α= 0.05]. In males, serum calcium before treatment was 3.9±0.09 and increased to 5.47±0.5 after treatment.
Results of paired t-test indicated that this difference in males before and after treatment was not significant.
3.8.2 Age wise
The mean value of serum calcium in cattle under 4 years old was 4.0±0.3 and after treatment the value was 5.8±0.5.
Results from paired t-test showed this difference in young individuals was not significant [t= -2.48, p= 0.786, α= 0.05].
In cattle above 4 years old, the mean serum calcium before treatment was 3.50±0.1 and after treatment the mean was
5.50±0.5. Paired t-test indicated this difference was not significant.
3.9 Serum phosphorous
The mean value of serum phosphorous before treatment was 2.30±0.1 and increased to 3.46±0.2 after treatment. Paired
t-test results showed this difference was not significant.
3.9.1 Sex wise
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The mean value of serum phosphorous in female before treatment was 2.58±0.1 and after treatment the value was
3.38±0.3. In males, serum phosphorous before treatment was 3.32±0.1 and after treatment it was 3.75±0.3. Paired t-test a
showed significant difference [t= -2.25, p=0.0457, α= 0.05].
Table 2: Comparative biochemical profile of Lulu cattle before and after treatment of Bovine Anaplasmosis via
antibiotics.
Before treatment
After treatment
Biochemical Profiles
Mean±SD
Mean±SD
Total

Serum Glucose[gm/dl]
Total protein[gm/dl]
Albumin[gm/dl]
Globulin[gm/dl]
Serum Calcium[mmol/dl]
Serum Phosphorous[mmol/dl]

46.6±18.2
5.29±0.60
3.35±0.73
1.52±0.82
2.23±0.22
2.30±0.30

49.0±8.10
5.09±0.60
3.31±0.75
1.63±0.93
5.44±0.74
3.46±0.13

Female

Serum Glucose[gm/dl]
Total protein[gm/dl]
Albumin[gm/dl]
Globulin[gm/dl]
Serum Calcium[mmol/dl]
Serum Phosphorous[mmol/dl]

44.5±2.35
5.28±0.16
3.82±0.23
1.45±0.27
4.00±0.06
2.58±0.14

44.53±2.4
5.11±0.18
3.48±0.22
1.48±0.39
4.43±0.21
3.38±0.33

Male

Serum Glucose[gm/dl]
Total protein[gm/dl]
Albumin[gm/dl]
Globulin[gm/dl]
Serum Calcium[mmol/dl]
Serum Phosphorous[mmol/dl]

54.6±0.00
5.31±30.0
3.53±0.33
1.77±0.21
3.90±0.09
3.32±0.14

54.5±0.00
5.00±0.00
2.70±0.13
2.30±0.21
5.47±0.54
3.75±0.37

Under 4 years

Serum Glucose[gm/dl]
Total protein[gm/dl]
Albumin[gm/dl]
Globulin[gm/dl]
Serum Calcium[mmol/dl]
Serum Phosphorous[mmol/dl]

42.2±9.23
4.34±0.67
3.25±0.76
1.34±0.21
2.98±0.34
3.40±0.69

40.3±11.0
3.50±0.67
4.32±0.78
1.82±0.45
2.70±0.56
4.20±0.78

Above 4 years

Serum Glucose[gm/dl]
Total protein[gm/dl]
Albumin[gm/dl]
Globulin[gm/dl]
Serum Calcium[mmol/dl]
Serum Phosphorous[mmol/dl]

45.3±4.34
5.43±0.78
4.39±0.87
1.40±0.56
3.21±0.67
4.26±0.56

41.5±9.56
3.22±0.56
2.58±0.68
1.21±0.54
2.49±0.32
4.52±0.57

3.9.2 Age wise
In cattle under 4 years of age, the mean value of serum phosphorous before treatment was 2.50±0.1 and increased to
3.50±0.3 after treatment. Paired t-test results showed this difference was not significant [t= -0.838, p= 0.453, α= 0.05].
In cattle above 4 years of age, the mean value of serum phosphorous before treatment was 3.5±0.1 and increased to
4.00±0.4 after treatment. Results of paired t-test showed significant difference [t= 3.34, p= 0.034, α= 0.05].
4. DISCUSSION
A. marginale, known to be highly pathogenic to cattle and ranked among the most important pathogens of cattle hosts
[Soulsby 1986], was detected in Lulu cattle. These infected Lulu cattle did not show any symptoms of A. marginale,
which is evident to its resistance to blood parasites. Increase in monocytes observed in this study confirms the blood
parasites infestation. Testing of monocyte level in blood can be an easy method to detect blood parasites infestation. Due
to blood parasitic infestation, white blood cells significantly increased and dropped significantly to normal value after
treatment. Lymphocyte levels significantly decreased after treatment from a diseased condition. In case of Lulu cattle,
the means of eosinophils and neutrophil in the infected cattle did not increase as reported in infected exotic cattle [Zaugg
et al. 1996]. Similarly, other hematological parameters such as RBC, Hb, PCV, and MCHC did not show any significant
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decrease in Lulu cattle as reported in infected exotic cattle [Arslan and Shukur 1994]. Temperatures of the sampled
animals were normal and did not show any signs and symptoms of disease. Above all, scientific evidences indicate that
Lulu cattle are resistant to blood parasites caused by ticks, whereas exotic animals show increase in body temperature
and evidence of icterus and decrease of RBC and haemoglobin, supported by anemic mucus membranes [Splitter et al.
1956]. Long acting OTC for 3 times at an interval of 72 hours by the route of I/V was more effective as no blood
parasites were observed after 10 days of treatment. Faster recovery might be attributed to the early diagnosis and higher
dose of Oxytetracycline used in the present study. This is in agreement with the findings of Ananda et al. [2009].
4. CONCLUSIONS
Among Anaplasma spp, A. marginale is found in Lulu cattle, caused by tick Boophilus multiplus. Lulu cattle are
resistant to blood parasites, caused by ticks. Testing of monocyte level in blood can be an easy method to detect blood
parasites infestation and complete recovery. Long acting OTC for 3 times at an interval of 72 hours by the route of I/V is
more effective.
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ABSTRACT

KEYWORDS

Free-roaming dogs and dog bites are a common public health problem in Bhutan. Several
control measures were implemented during 1980s including mass killing of dogs by
shooting and poisoning. Other control measures such as ad-hoc sterilization and vaccination
against rabies, translocation and impounding of dogs were also implemented to reduce dog
population and control rabies in the country. From 2009, catch-neuter-vaccinate-release
program was initiated to manage dog population and control rabies in the country. Currently
rabies outbreaks in animals are commonly reported in southern parts of the country with
sporadic incursion into interior rabies free areas. However, no human rabies deaths were
reported since 2017. The country is on track to achieve its target to eliminate dog-mediated
human rabies deaths by 2030 through One health approach. In this study, we reviewed rabies
situation in Bhutan in terms of past and current control measures, gaps and future needs for
rabies control using a “Stepwise Approach towards Rabies Elimination [SARE] tool”. We
highlighted the areas where more attention is required in order to eliminate rabies in Bhutan.
The SARE output was used to develop a “Strategic plan for elimination of dog-mediated
rabies in Bhutan by 2023” by incorporating all the agreed activities of Global framework
for the elimination of dog-mediated human rabies.

1. INTRODUCTION
Rabies is a cross-border issue in Bhutan. Several control measures were implemented in the past and is being undertaken
currently to manage dog population and control rabies using One heath approach. There is a global movement to achieve
zero human deaths from dog-mediated rabies by 2030 [WHO 2015, WHO 2018]. With the goal of strengthening a One
Health-based strategy for rabies control in Bhutan and to achieve zero by 30, technical experts from Ministry of Agriculture
and Forests and Ministry of Health held a collaborative meeting on World Rabies day – 28 September 2017 – to evaluate
the national rabies control programme and determine future needs for rabies control in Bhutan using the Stepwise
Approach towards Rabies Elimination [SARE] tool [https://caninerabiesblueprint.org/A-stepwise-approach-to-planning].
2. MATERIALS AND METHOD
We briefly reviewed the rabies situation in Bhutan in terms of rabies incidence in animals and humans, past and current
control measures, gaps and future needs for rabies control. This was followed by description of the features of the SARE
tool and then conducted rabies control programme assessment by providing scores for the activities implemented and also
highlight the areas where more attention is required in order to eliminate rabies in Bhutan. We then presented findings
obtained through the SARE assessment to the group. The SARE output was used to develop a “Strategic plan for
elimination of dog mediated framework for the elimination of dog- rabies in Bhutan by 2023” by incorporating all the
activities within the broad framework of the agreed activities of global goal to eliminate dog-mediated human rabies deaths
[WHO 2015].
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2.1 Description of SARE tool
The SARE tool, developed by FAO and the Global Alliance for Rabies Control [GARC] provides a self-assessment guide
for the evaluation of the current rabies prevention and control activities and to define what is required to move forward
for rabies control programmes in respective countries [FAO 2012, 2013]. The SARE tool provides an “Excel assessment
scoresheet” with measurable steps, designed as a logical flow of activities, to progress from Stage 0 to Stage 5, in an efforts
towards freedom from dog-transmitted rabies. Countries with no information on rabies start at Stage 0, while others may
start further along the scale, and when the country reaches Stage 5, it is free from dog-transmitted rabies [Fig 1]. The
SARE tool allows us to provide a ‘0’ [pending activities] or ‘1’ [completed activities] score for each activity that needs to
be completed. A SARE score is then calculated automatically. The SARE is an integral part of the Canine Rabies Blueprint
[http://caninerabiesblueprint.org], a readily accessible, open source tool which provides practical detailed methods and
guidance to implement each activity in the SARE in a progressive and systematic [stepwise] manner
[https://caninerabiesblueprint.org/A-stepwise-approach-to-planning].

Figure 1: A five stage of SARE steps
The categories of SARE assessment is linked to the agreed activities of Global framework for the elimination of dogmediated human rabies [STOP-R] developed in 2015 with a STRATEGIC VISION: ZERO HUMAN DEATHS FROM
DOG-MEDIATED RABIES BY 2030 [see Table 1] [WHO 2015].
2.2 Description of SARE Stages from 0 to 5
The five Stages of the SARE tools is broadly summarized
in Table 2.

Table 1: Global framework for the elimination of dogmediated human rabies [STOP-R].
S [Socio-cultural]

IEC - Information, education and
communication
DPO - Dog population related issues
PCO - Prevention and control
DCA - Data collection and analysis
LAB - Laboratory Diagnosis
CCI - Cross-cutting issues
LEG - Legislation
R - Resources

2.3 Description of 7 Categories and 120 Specific
Activities of SARE
The SARE tool is divided into 7 relevant categories with T [Technical]
120 stage-specific activities, viz: legislation [13 specific
activities], data collection and analysis [22], laboratory
diagnosis
[13],
information,
education
and O [Organization]
communication [21], prevention and control [26], dog P [Political]
population related matters [13], and cross cutting issues R [Resources]
[12]. Each stage-specific activity under each category
needs to be addressed and then determined whether a country progresses to the next Stage. The specific categories and
number of specific activities under each category comprising the SARE tool are summarized in Table 3.
The above method allows each category to be addressed in a focused and goal-orientated manner. Although each
category has detailed stage-specific activities that need to be addressed, implementation of a specific critical activities
determines whether a country progresses to the next Stage. Therefore, not all of the activities are mandatory for
advancement, but still provide clear guidelines with regards to elements that need to be addressed in order to control and
eventually eliminate rabies. These additional elements also allow countries to progress in half increments if more than
50% of the non-critical activities are addressed within a specific stage [Coetzer et al. 2016]. However, there are 4 activities
which are considered crucial from the beginning and across all stages and includes [1] Dog vaccination [2] Rabies
awareness/communication [3] Accessible PEP and [4] Capacity for rabies diagnosis/surveillance.
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Table 2: Description of five Stages of SARE [refer Figure 1].
Stages

Description

STAGE O
[No data]

No information on rabies available, but rabies is suspected to be present:
No systematic recording of clinical rabies or animal bite events occur, but suspicion of rabies being
present [any species] is based on episodic clinical description [in animals or humans] or historic
confirmation [many years ago]. There is no, or no recent, laboratory diagnosis of rabies [by a laboratory
inside the country or by an international reference laboratory].
There are no national rabies control guidelines or, if available, are not implemented or inappropriate to
the country’s situation.

STAGE 1
[Assessment]

Assessment of the local rabies epidemiology, elaboration of a short-term rabies action plan:
Situation assessment: At this stage the government assesses existing structures, activities and available
resources.
Data collection/analysis: The country analyses existing data on rabies, such as animal bite-related events
and existing prevention and control activities in at least some parts of the country.
Outbreak investigation: Some follow-up of outbreaks and cases has already been conducted or initiated.
Collated information and experiences lead to a short-term action plan regarding initial needs and success
stories.
Stakeholder analysis: It is important to gain insight into the potential stakeholders involved in rabies
prevention and control in the country, and to understand the needs of rabies affected communities.
Action plan: This stage includes activities to lay the foundation for the elaboration of a future national
rabies prevention and control programme and strategy.
Resources: Typically, at this stage there is no, or only limited, funding allocated to rabies control.

STAGE 2
[Strategic
planning]

Development of a national rabies prevention and control strategy:
The activities indicated in the previous stage continue to evolve. Based on the short-term rabies action
plan there is development of needed capacity and elaboration of SOPs or protocols. Development of a
national strategy based on an improved epidemiological understanding and knowledge about the
prevailing institutional landscape. Identification of options for funding [national and international].

STAGE 3
[Control]

Full-scale implementation of the national rabies control strategy:
The capacity to implement the national rabies control strategy is established and functional. Rabies risk
is reduced through implementation of the national control strategy. All key stakeholders are engaged in
the implementation of the strategy and regular meetings to share information and evaluate progress of
rabies control and elimination take place. No human rabies cases are reported.

STAGE 4
[Elimination]

Maintenance of human rabies freedom, elimination of dog rabies
Maintaining the elimination of dog-transmitted human rabies and elimination of dog rabies. Sustaining
implementation of the national elimination strategy including development of plans for the postelimination phase.

STAGE 5
[Maintenance]

Freedom from human and dog rabies being monitored:
Monitoring freedom from human and dog rabies. The national post-elimination strategy is developed
and implemented.

3. RESULTS AND DISCUSSION
3.1 SARE assessment results
Our assessment indicated that 107 of the 120 Stage-specific activities were accomplished and the country have progressed
to Stage 3.5/5 [see Table 4, Figure 2]. However, the following gaps were identified for each category and scored ‘0’ during
evaluation since no specific activities were implemented.
3.2 Data collection and analysis
• Have field investigations for all suspected human rabies cases been conducted?
Prevention and control:
• Have modified protocols for PEP administration for rabies-free areas been implemented?
• Has dialogue been initiated with neighbouring countries to prevent the re-introduction of rabies into designated rabiesfree zones?
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• Has freedom from dog-transmitted rabies in the entire country been verified by the absence of canine variant cases for
at least a 2-year period?
Laboratory diagnosis:
• Are wildlife samples submitted for rabies laboratory diagnosis?
Dog population related issues:
• Have dog population management and responsible dog ownership campaigns been continued after the elimination of
canine-mediated human rabies?
• Have dog population management and responsible dog ownership campaigns been continued as part of the postelimination strategy?
Information, education and communication:
• Have awareness programmes focusing on the maintenance of freedom from dog and dog transmitted human rabies
been implemented?
• Have human rabies free zones been declared publicly?
• Has national freedom from dog-transmitted rabies been publically declared?
• Has national freedom from canine-mediated human rabies been publically declared?
Cross-cutting issues:
• Has the contribution and role of private sector been clarified and shared with other stakeholders?
Table 3: Description of SARE Categories and Specific activities.
Categories

Description

Legislation

Focuses on the existing legislation pertaining to - National case definition for animal rabies [2]
rabies control and elimination in the - National case definition for human rabies [2]
country/region being assessed
- Legal framework [9]

Data collection
and analysis

Focuses on assessing the existing surveillance network
and
capabilities
to
perform epidemiological
analyses
within
the
country/region being assessed

Surveillance [20]
Health economic studies [2]

Laboratory
diagnosis

Focuses on the diagnostic capacity at both national and regional levels of the country/region being assessed

Specimen referral [2]
Laboratory capacity and testing [11]

Information,
education and
communication
Prevention and
control

Focuses on all of the advocacy initiatives being implemented in the country/region being assessed Focuses on existing disease intervention strategies that are being implemented in the country/region being assessed
-

Dog population
related matters

Focuses on all dog population related questions [population size/turnover] in the country/region
being assessed.
Focuses on the collaboration between various stakeholders in the development of control strategies being planned or implemented in the
country/region being assessed

Public awareness [8]
Professional education [5]
Advocacy [8]
Human vaccines [7]
Dog vaccines [8]
Outbreak response and other rabies control
activities [11]
Dog population management [13]

Cross cutting
issues

Activities [# activities]

Intersectoral collaboration [6]
National programme and strategy [6]

3.3 Epidemiology and control of rabies in Bhutan
3.3.1 Rabies in animals
Rabies outbreaks had occurred frequently throughout the country until 1992. Mass dog vaccination and dog population
management program had reduced the incidence of rabies in the interior parts of the country [Tenzin et al., 2012].
Currently, rabies commonly occurs in the southern parts of the country that share border with India [Tenzin et al., 2011].
However, sporadic outbreaks are reported in some of the rabies free districts in Bhutan as a result of incursion of disease
from the bordering areas, and risks establishing endemic transmission [Tenzin et al., 2010, Tenzin et al., 2011; Tenzin et
al., 2017]. Between 1996 and 2017, a total of 366 village level outbreaks in animals were reported [average 17
outbreaks/year] and caused death of 1070 domestic animals viz: 551 cattle [51%], 442 dogs [41%], 22 cats [2%], 19 horses
[1.7%], 18 goats [1.6%], 16 pigs [1.4%], and 2 sheep [0.2%] [Figure 3] [Tenzin 2017].
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Table 4: Summary of the SARE result in Bhutan.

Figure 2: Summary of the five stages of SARE scores in Bhutan.
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Figure 3: Geographic distribution of rabies in Bhutan [A]; Rabies cases in animals [B]; Distribution of rabies in animals
[C] and Temporal distribution of rabies outbreaks in animals [# of outbreaks between 1996-2017] [D].
3.3.2 Rabies in humans
Dog bites in human is a common public health problem in Bhutan. Approximately 7000 dog bites [1026 bites per 100,000
people] are reported annually in the country [Tenzin et al. 2011; Tenzin et al. 2017; Kinley et al. 2019]. However, vast
majority of the cases occur in interior rabies free Bhutan and are commonly due to healthy dog bites and poses no risk to
rabies infection. Between 2006 and 2016, 17 human deaths attributed to rabies, equating to a cumulative incidence of 0.23
per 10,000 population were reported [Tenzin et al. 2012; Kinley et al. 2019]. However, no human rabies deaths were
reported in 2017 and 2018 [Figure 4].
3.3.3 Rabies diagnostic and surveillance system
Rabies is a notifiable disease in Bhutan and any suspect cases are reported for confirmation by laboratory test. Suspect
cases in animals are screened against rabies virus using rapid antigen detection test and further confirmed by FAT. Between
2015 and 2017, 178 brain tissue samples from rabies suspect animals [dogs: 103, other animals: 75] were collected and
tested positive for rabies virus at the National Centre for Animal Health laboratory [NCAH]. Bhutan currently have two
functional FAT facilities at NCAH, Thimphu and Regional Livestock Development Centre [RLDC], Khangma while rapid
tests are being conducted by four satellite veterinary laboratories [Deothang, Nganlam, Gelephu and Phuentsholing],
RLDCs and district veterinary laboratories. Molecular analyses are also conducted occasionally to determine the rabies
virus strains circulating in the country [Tenzin et al. 2011; Jamil et al. 2012]. However, human health does not have rabies
diagnostic facilities and suspect cases are diagnosed based on history of exposure and clinical signs/symptoms of rabies.
Human cases can be diagnosed in animal laboratory if sample is collected and submitted.
3.4 Legislation on rabies control
Livestock Act of Bhutan 2001 and Livestock Rules and Regulation of Bhutan 2017 clearly specifies zoonoses management
including rabies. The national rabies prevention and control plan 2017 [NCAH 2017] and human rabies management
guideline 2014 [MoH 2014] is being followed to guide rabies prevention and control activities in the country. To further
strategize the national efforts to achieve zero human deaths due to dog-mediated rabies before the global target of 2030,
Bhutan One Health Strategy Plan 2017–2021 provide guidelines for the implementation of rabies prevention and control
in the country.
3.5 Rabies prevention and control in human - past and present
Rabies prevention and control activities are coordinated at the national level using One Health approach. Post exposure
prophylaxis [PEP] and human rabies immunoglobulins are made accessible through network of 30 hospitals and 210 BHUs
in the country. All animal-bite victims that visit the hospitals/BHU to seek medical care are provided wound care and PEP
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for rabies if necessary, after careful assessment by the clinical staff [Kinley et al, 2019]. Bhutan stopped use of nerve tissue
vaccine in 1996 and used Essen regimen [intramuscular vaccination using human diploid cell vaccine] until 2012.
Currently, cost-effective updated Thai Red Cross Intradermal regimen [2–2–2-0-2] which requires four visits on day 0, 3,
7 and 28 post-exposure is being adopted and used in Bhutan.

Figure 4: Average annual incidence of dog bites reported to different health centers in Bhutan [2015-2017] [A]; a case of
confirmed rabid dog bites in human [B]; human rabies deaths in Bhutan [2006-2016] [C]; and human rabies
immunoglobulin [D] and intradermal rabies vaccine being administered in rabies exposed people [E].
3.6 Rabies prevention and control in animal - past and present
3.6.1 Shooting and mass killing of dogs
The frequent outbreaks of rabies in the 1980’s in many parts of the country prompted the government and the WHO to
initiate rabies control programmes that involved mass killing of stray dogs. The dart guns, syringes and drugs to kill freeroaming dogs were distributed to all districts and several livestock staff were trained in using the equipment in each district.
Some trained dog shooters were also employed to shoot dogs in the urban areas/public places as part of rabies control
programme; however, it was considered inhumane and was strongly opposed by the general population [Rinzin 2015].
3.6.2 Poisoning and killing of dogs
Dogs were also poisoned using strychnine as part of the rabies and dog population control programme. The strychnine
tablets were placed in raw meat and fed to the dogs [Rinzin 2015].
3.6.3 Selective culling of dogs during rabies outbreaks
From 1990 until recently, culling of free-roaming dogs was undertaken only in the rabies outbreak area [Tenzin et al.,
2010; Tenzin et al. 2011, Rinzin 2015].
3.6.4 Ad hoc sterilization and vaccination campaigns
Campaigns have been organized in various dzongkhags to sterilize and vaccinate both owned and stray dogs. To increase
the effectiveness of such campaigns cash incentives have been given to people who catch and bring in dogs. However, the
coverage and frequency of the campaigns have varied between dzongkhags due to a range of constraints including lack of
financial resources. Most surgeries were conducted on the ground and in the open with poor facilities [Rinzin 2015].
3.6.5 Translocation of dogs
Although translocation of dogs has not been a recommended strategy to control the dog population, it was implemented
in some dzongkhags. Dogs were caught from public places, loaded into trucks and transported to another dzongkhag
territory and into the border areas. There was a report of dogs being dropped at Sengor in Mongar dzongkhag by the
Bumthang dzongkhag authority. These dogs subsequently attacked and killed some sheep in Sengor which lead to a dispute
between the Bumthang and Mongar dzongkhag authorities [Rinzin 2015].
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3.6.6 Impounding of dogs
The increasing stray dog population issue was discussed in length during the 87th session of the National Assembly in
June 2007 and it was resolved to build dog pounds in all 20 districts to render the towns free of stray dogs by December
2007. Separate dog pounds were built in all districts and impounding of dogs in most of the districts was initiated and were
fed and looked after by paid caretakers. It was realized that impounding dogs was not the best solution to control the dog
population as it was not affordable and could result in serious welfare issues for the dogs. This approach was discontinued
in February 2009 as it was not sustainable [Rinzin 2015].
During the major rabies outbreaks in eastern Bhutan in 2005 and 2006, 900 free-roaming dogs were caught and
impounded in 12 temporary shelters constructed in three districts in an attempt to prevent the spread of rabies due to the
movement of free-roaming dogs [Tenzin et al. 2011]. The impounding of the free-roaming dogs was adopted in this
outbreak in response to religious aversion to the mass culling of dogs by the community in eastern Bhutan.
The Royal Society for the Protection and Care of Animals, Thimphu runs an Animal Welfare Treatment Centre in
Serbithang, Thimphu. The RGOB also officially approved the Bhutan Karuna House Program in June 2008 to keep and
care stray dogs in Tashigang dzongkhag. When hundreds of dogs were pounded in Memelakha dog pound in Thimphu in
2008, there was criticism by animal welfare organizations and the local community as the pound was overcrowded and
did not segregate dogs into different categories such as puppies, lactating bitches, sick, weak and old dogs. This prompted
the Brigitte Bardot Foundation to provide funds to the Jangsa Animal Saving Trust [JAST] for the immediate construction
of a rescue shelter and the purchase of a vehicle to transport the dogs recovered, particularly the old, disabled and injured
animals, and to undertake a food drive in the neighbourhood [restaurants, schools, local donors]. The JAST constructed a
treatment shelter adjacent to the RSPCA shelter on land provided by the Government. The shelter is still used for the
treatment and care of sick and weak dogs which are subsequently released back to the street once they are healthy [Rinzin
2015]. Dog shelters are also being operated at Paro as Maya Foundation.
3.6.7 CNVR Programme
The animal birth control program and other strategies carried out in the past were not sufficient to reduce the dog
population to a manageable level. The Department of Livestock and the Humane Society International, USA initiated a
pilot project from February to June 2009 during which 2,846 dogs were sterilized and vaccinated in Thimphu. After a
successful pilot project in Thimphu, the Department of Livestock and HSI embarked on a long-term project titled “National
Dog Population Management and Rabies Control Programme in Bhutan”. The project was officially launched on the 28th
September 2009 in Bumthang to coincide with World Rabies Day. Through this project a CNVR programme was carried
out where dogs were captured, neutered, vaccinated and released back at their place of origin. More than 85,000 dogs and
cats were processed and vaccinated at the end of June 2018 [Figure 5]. Bhutan have an estimated dog human ratio of
1:12.39 with 1:16.3 in the urban and 1:8.43 in rural areas and increasing dog population is still a social and public health
issue in the country [Rinzin et al. 2015].
3.6.8 Cross-border rabies control program
Cross-border rabies transmission is a serious problem in Bhutan. Several control measures are being implemented to deal
with cross-border rabies transmission including creating immune belt and cordon sanitaria along the borders through
annual mass dog vaccination campaign. Mass dog vaccination campaign along the borders was initiated in 2013 and
covered 6178, 5462, 2546 and 3042 dogs in 2013 through 2016, respectively. It is important to promote an inter-country
collaboration and international partnership through regionally coordinated rabies control programme. A cross-border
consultative meeting on animal birth control and rabies control was organized on 8th November 2017 in Phuentsholing
between Alipur Duar district West Bengal India and the department of livestock and local government officials.
3.6.9 Advocacy [Information, education and communication] on rabies
Ever since the first World Rabies Day [WRD] was organized by Global Alliance for Rabies Control in 2007, Bhutan also
observed the WRD on every 28 September and created mass awareness on rabies through radio and television program,
display of posters and banners, distribution of leaflets, education to the students and farmers. Radio and TV program were
developed and aired through Bhutan Broadcasting Service. Information on rabies were also shared through print media.
3.6.10 Rabies researches [data collection and analysis]
Although rabies was widespread throughout the country, no detailed studies were conducted and no written document was
available on rabies in Bhutan. The first author of this paper [Dr Tenzin] conducted first research on epidemiology and
control of rabies in Bhutan as part of his PhD programme in 2009. Since then several scientific papers were published on
rabies and dog population management in the country. The study findings provided information to make science-based
policy decision on rabies prevention and control in the country [see the list of publications in Table 5].
3.7 Economic impact of dog population management and rabies control
Both dog bites and rabies control cause considerable economic losses to people and government. Rabies can also cause
substantial losses to farmers due to death of farm animals as a result of spill-over infection from dogs. The direct outbreak
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cost during the rabies outbreak in Chukha in 2008 was estimated to be Nu. 2.75 million [US$ 59,923] [Tenzin. et al. 2010].
This included losses from cattle deaths [Nu. 42,000; 15%], and costs for post exposure prophylaxis of humans [1,516,500;
55%] and implementation of the rabies control programme [Nu. 820,000; 30%]. The government borne expenses during
2016-2018 rabies outbreak in Trashigang [only intervention cost in animal] was estimated to be around 2 million [Tenzin,
unpublished]. The economic impact of a small rabies outbreak during 2015 in Orong geog under Samdrup Jongkhar was
estimated to be Nu.2,59,703. Of the total estimated cost, Nu. 1,64,872 was borne by the government as direct cost and Nu.
94,831 as indirect cost [income loss for the people, cost borne by people] with a total societal cost [direct + indirect cost]
of Nu. 2,59,703 [Tenzin, unpublished]. The total direct cost of rabies and various interventions between 2001 and 2008
was estimated to be Nu. 46.95 million [US$ 1.03 million]. The direct cost for intensified human PET was estimated to be
Nu. 5.85 million [US$ 0.11 million] per year with a cumulated estimated cost of Nu. 35.10 million [US$ 0.70 million] at
the end of 6 years using Essen treatment regimen. Currently, the annual public health expenditure on human rabies PEP
is approximately Nu. 9.3 million [USD 142,000] and the cost is likely to increase with increasing dog bite incidence and
elevated level of people awareness on rabies risk [Kinley et al. 2019]. The cost of dog population management is huge
[data not available]. Well-planned implemented mass dog vaccination would result in elimination of rabies reservoirs in
the domestic dog population and would eliminate human rabies cases. It would also reduce the recurrent expenditure on
human post-exposure.

Figure 5: Total number of dogs processed [sterilized and vaccinated] during CNVR programme in Bhutan [2009-2018]
[A] and permanently marked dogs with ear-notching of the processed dogs [B].
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Table 5: List of papers published in peer reviewed journals [and also list of papers under preparation, submitted and
under review].
Year published

Research title and publication

2019

1. Penjor K, Tenzin T, Jamtsho RK [2019]. Determinants of health seeking behavior of animal
bite victims in rabies endemic South Bhutan: a community-based contact-tracing survey. BMC
Public Health, 19:237
2. Rinchen S, Tenzin T, Hall D, van der Meer F, Sharma B, Dukpa K, Cork S [2019]. A
community-based knowledge, attitude, and practice survey on rabies among cattle owners in
selected areas of Bhutan. PloS Neglected Tropical Diseases,13[4]: e0007305.
3. Hampson et al., [2019]. The potential effect of improved provision of rabies post-exposure
prophylaxis in Gavi-eligible countries: a modelling study. The Lancet Infectious disease
19:102–11. WHO Rabies Modelling Consortium [Tenzin Tenzin is a co-author of this
publication].
4. Yangchen T, Tenzin T, Tenzin S, Lhamo K, Gurung RB, Dukpa K, Gyeltshen T [2019].
Comparison of antibody responses after vaccination with two inactivated rabies vaccines in
dogs in Thimphu, Bhutan. Bhutan Journal of Animal Science [3[1]: 79-87.
5. Léchenne M, Tenzin T, Miranda ME, Zinsstag J [2019]. Rabies in East and Southeast Asia - a
mirror of the global situation [One Health Book Chapter, Basel University, TPH, Switzerland].
6. Dorji T et al. The preliminary investigation on roaming behaviour of pet dogs in rural and urban
community in the periphery of protected area in Bhutan [under preparation].
7. Penjor K, Marquetoux N, Dorji C, Penjor K, Dorjee S, Dorjee C, Jolly PD, Morris
RS, McKenziee JS. Clinicians’ management of patients potentially exposed to rabies in highrisk areas in Bhutan: A cross-sectional study [under preparation].
8. Dorji T, Tenzin T, Rinzin K, Phimpraphai W, de Garine-Wichatitsky M. Community
perception on ecological impacts and epidemiological risks due to free-roaming dogs and
management practices in the periphery of a protected area in Bhutan [submitted]
9. Rinchen et al. A Qualitative risk assessment of rabies reintroduction into the rabies low-risk
zone of Bhutan [under preparation]

2018

10. Li AJ, Sreenivasan N, Siddiqi UR, Tahmina S, Penjor K, Sovann L, Gunesekera A, Blanton
JD, Knopf L, Hyde TB [2018]. Descriptive assessment of rabies post-exposure prophylaxis
procurement, distribution, monitoring, and reporting in four Asian countries: Bangladesh,
Bhutan, Cambodia, and Sri Lanka, 2017–2018. Vaccine. doi: 10.1016/j.vaccine.2018.10.011.
11. Rinchen S [2018]. Options to control rabies in cattle in Bhutan. Master Thesis, University of
Calgary, Canada
12. Wangmo K [2018]. Comparison of antibody titres between intradermal and intramuscular
rabies vaccination using inactivated vaccine in cattle in Bhutan: Master Thesis, Massey
University, Palmerston North, New Zealand.
13. Tenzin T; Namgyal J, Letho S. [2017]. Community-based survey during rabies outbreaks in
Rangjung town, Trashigang, Eastern Bhutan, 2016, BMC Infectious Disease, 17:281.
14. Tenzin T; Wangchuk S, Dorji T, McKenzie J, Jolly P [2017]. Dog bites and Human Rabies:
Epidemiological Analysis of post exposure prophylaxis in Bhutan [2009-2012], Bhutan
Journal of Animal Sciences 1[1]: 57-64.
15. Rinzin K; Tenzin T, Robertson I [2016]. Size and demography pattern of the domestic dog
population in Bhutan: Implications for dog population management and disease control.
Preventive Veterinary Medicine, 126:39-47.
16. Tenzin T, McKenzie J, Rai B, Morris R, Jolly P, Tshering Y, Rinzin K, Dorjee S, Wangchuk
S, Dahal N, Dukpa K, Ward MP [2015]. Comparison of mark–resight methods to estimate
abundance and rabies vaccination coverage of free-roaming dogs in two urban areas of south
Bhutan. Preventive Veterinary Medicine 118 [4]: 436–448.
17. Rinzin K [2015]. Population dynamics and health status of free-roaming dogs in Bhutan. PhD
Thesis, Murdoch University, Perth, Australia.
18. Tenzin T, Wangchuk S, Rai BD, Rinzin K, Dahal N, Dukpa K [2013]. Enhancing rabies control
in Bhutan. Handbook for South Asia Regional One Health Symposium, Massey University, New
Zealand.
19. Tenzin T, Rai BD, Gempo T, Namgyal U [2013]. Home range analysis of free roaming dogs
in Gelephu [published report]
20. Tenzin [2012]. Epidemiology and Control of Rabies in Bhutan. PhD Thesis, University of
Sydney, Australia.

2017

2016

2015

2013
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2011

2010

2009

21. Tenzin T, Ward MP, Dhand NK [2012]. Epidemiology of rabies in Bhutan: Geographic
Information System based analysis. The Reality of rabies: setting the scene. Fooks AR [eds]
Compendium of the OIE Global Conference on Rabies Control [OIE eds., 2012].
22. Tenzin T, Dhand NK, Rai BD, Changlo, Tenzin S, Tshephel K, Ugyen P, Singye K, Ward MP
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4. CONCLUSIONS
This review highlights the incidences of rabies in animals and humans, past and current control measures, gaps and future
needs for rabies control and also progress made in reducing human rabies deaths in Bhutan. There is good scope for Bhutan
to achieve zero human deaths due to dog-mediated rabies before the global target of 2030 and then maintain freedom from
dog-transmitted rabies through application of One health approach.
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ABSTRACT
We compared the antibody responses after vaccination with two commercially available
inactivated rabies vaccines – Rabisin (Merial, France) and Raksharab (Indian
Immunologicals) in dogs in Thimphu city, Bhutan. Fifty puppies were randomly assigned
to two groups of 25 each and one group was subcutaneously vaccinated with a single dose
of Rabisin and other group with Raksharab rabies vaccines as primary vaccination on day
0. Similarly, 50 adult dogs were also randomly assigned to two groups of 25 each and each
group was subcutaneously vaccinated with a single dose of Rabisin and Raksharab vaccines
as booster vaccination. Serum samples were collected on day 0 (prior to vaccination), 14
and 28 from all the dogs. Rabies antibodies were measured over a period of 28 days using
SERELISA® Rabies Ab Mono Indirect enzyme-linked immunosorbent assay (ELISA).
A total of 198 blood samples from 66 dogs (3 sample each on day 0, 14 and 28) were
collected and analyzed. Eight puppies (8/35; 22.86% belonging to Raksharab (n=7) and
Rabisin vaccination group (n=1) demonstrated a minimum protective antibody titre (≥0.5
IU/ml) ranging from 0.6 to 2.75 IU/ml while the remaining puppies (n=27) demonstrated
an antibody titre ranging from 0.1 to 0.45 IU/ml on day 0 (prior to primary vaccination).
The antibody titre level increased after primary vaccination ranging from 0.21 to 4.78
IU/ml and 0.16 to 7.38 IU/ml under Rabisin group on day 14 and 28, respectively, and from
0.59 to 5.80 IU/ml and 1.19 to 6.76 IU/ml under Raksharab group on day 14 and 28,
respectively.
In adult dogs under Rabisin booster vaccination group, 56% (9/16) of the dogs had
≥0.5 IU/ml of antibody titre (ranges: 0.25 to 6.45 IU/ml) on day 0 (before vaccination) and
all dogs attained protective titre on day 14 (ranges: 1.07 to 6.46 IU/ml) and on day 28
(ranges: 2.22 to 10.26 IU/ml). Similarly, under Raksharab booster vaccination group, 56%
(9/16) of the dogs had ≥0.5 IU/ml of antibody titre (ranges: 0.27 to 5.39 IU/ml) on day 0
(before vaccination). Excepting one adult male dog, all other dogs attained protective titre
(≥0.5 IU/ml) on day 14 (ranges: 0.62 to 5.59 IU/ml) and on day 28 (ranges: 1.86 to 6.66
IU/ml). The findings showed that both the inactivated vaccines have elicited minimum
threshold level for protection (≥0.50 IU/ml) responses as per the recommendation of the
World Animal Health Organization (OIE) and World Health Organization (WHO),
indicating that the vaccines used in Bhutan are potent and efficient and thus, acceptable for
primary and booster vaccination against rabies in dogs.

1. INTRODUCTION
Rabies is a fatal viral disease caused by rabies virus of the genus Lyssavirus, family Rhabdoviridae. It is mainly transmitted
through the bite of a rabid animal of which domestic dogs are responsible up to 99% of human rabies deaths in the world
(WHO 2013). Globally, rabies kills more than 59,000 humans annually with most deaths occurring in Asia and Africa
(Hampson et al. 2015). Rabies in humans can be prevented by bite wound management and administration of postexposure
prophylaxis (PEP) whilst source of rabies virus in dogs can be eliminated through mass dog vaccination covering more
than 70% of the total dog population (Zinsstag et al. 2009; WHO 2013). Thus, control of rabies in the animal reservoirs –
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domestic dogs – is the only means to prevent the transmission cycle of disease and eliminate both dog and human rabies
cases in the world (Cleaveland et al. 2006; Zinsstag et al. 2009).
In Bhutan, rabies is endemic in southern parts of the country bordering India (Tenzin et al. 2011). Sporadic occurrences
in dogs have been reported in interior rabies free areas as a result of incursion from the bordering towns (Tenzin et al.
2010; Tenzin 2016; Tenzin et al. 2017). Bhutan practice One Health approach to control rabies in animals and humans
focusing mainly on mass dog vaccination and sterilization, provision of PEP in humans, awareness education and
surveillance (MoH 2014; NCAH 2017). This has resulted in substantial reduction of human rabies deaths from 5 cases in
2011 to zero death in 2017 and 2018, and aims to achieve zero death in human from dog mediated rabies before the global
target of 2030 (WHO and OIE 2016; NCAH 2018). Bhutan use commercially available inactivated tissue culture rabies
vaccine - Rabisin and Raksharab - to vaccinate dogs and cats against rabies. Both the vaccines contain inactivated rabies
virus glycoproteins with a potency of at least 1IU per ml. Although, dog vaccination is carried out annually along with
animal birth control campaign, no detailed studies have been conducted to assess the antibody responses after vaccination
in Bhutan. The standard method of testing to check whether a dog has adequate immunological protection is by measuring
virus neutralizing antibodies (VNA) using the fluorescent antibody virus neutralization test (FAVN), rapid fluorescent
focus inhibition test (REFIT) and also by enzyme-linked immunosorbent assay (ELISA) (Smith et al. 1973; Cliquet et al.
1998; Ma et al. 2012). A serum titre of 0.5 IU/ml and above of rabies virus-specific antibodies is considered adequate
protection against rabies. A titre below this level is considered a vaccination failure, leaving the dog susceptible to rabies
virus infection (Ma et al. 2012; OIE 2013). In this study we conducted a clinical trial and compared two commercially
available rabies vaccines and assessed the antibody responses in free-roaming dogs in Thimphu city, Bhutan.
2. MATERIALS AND METHOD
2.1 Study area
The study was conducted at Jangsa Animal Saving Trust (JAST) and at Royal Society for Protection and Care of Animals
(RSPCA) dog shelter located at Serbithang in Thimphu from December 2014 to March 2015. These shelters keep sick and
weak dogs that were collected from Thimphu street. The animals are treated, dewormed, neutered and vaccinated against
rabies at the shelter. Both JAST and RSPCA had 140 and 60 dogs, respectively, during our clinical trial. We have chosen
these two shelters because of the availability of different age groups of dogs and also for logistic reasons. Prior to carrying
out the study, a meeting was held with the managers and the caretakers of both the shelters to brief them about the research
objectives and to get their approval for carrying out the study in their shelters. They have consented and agreed to provide
necessary support during the conduct of the study period.
2.2 Study design and sampling of dogs
2.2.1 Primary vaccination group
The study was designed to recruit 50 dogs (puppies below 100 days of age) for primary vaccination on day 0 and then
follow up this group for subsequent sampling on day 14 and 28 post vaccination. The puppies were assumed to have not
been vaccinated against rabies previously (considered to be naïve). We captured 50 puppies from Changjiji and
Dechencholing area and then taken to JAST and RSPCA shelters for vaccination and monitoring. The age of the puppies
was determined based on the physical body structure through the experiences of the first author who was engaged in pet
animal treatment for many years. The street dogs (puppies) was used for this primary vaccination since there were no
unvaccinated dogs at the JAST and RSPCA shelters. Fifty puppies captured from the street were randomly divided into
two groups of 25 each. Group 1 (n=25) was vaccinated with 1 ml of RAKSHARAB vaccine and the group 2 (n=25) was
vaccinated with 1 ml of RABISIN vaccine subcutaneously. Prior to vaccine administration, a serum sample (5 ml blood)
were collected from each dog and then a subsequent serum sample post vaccination was collected on day 14 and 28. The
puppies were given neck collar with number tag for identification for monitoring and subsequent sample collection.
2.2.2 Booster vaccination group
In this group, 50 adult dogs from two dog shelters that had been previously vaccinated against rabies were randomly
selected and assigned into two group of 25 each. Group 1 (n=25) was vaccinated with 1 ml of RAKSHARAB vaccine and
group 2 (n=25) was vaccinated with 1 ml of RABISIN vaccine subcutaneously as booster vaccination. Prior to vaccine
administration, a serum sample (5 ml blood) was collected from each dog and a subsequent serum sample post vaccination
were collected on day 14 and 28. However, it is unknown whether these dogs received Raksharab or Rabisin vaccines
previously and the date of previous vaccination was also unknown. The dogs were tagged for identification, monitoring
and subsequent sample collection.
The blood samples collected from all the study dogs were shipped to National Centre for Animal Health laboratory,
Serbithang and then extracted serum on the same day of collection. The serum samples were labelled and preserved at 20 degree Celsius until analysis. The data related to breed, age, sex, date of vaccination, vaccine type and batch, type of
management and the number of vaccinations were collected for each study dog. After the study period the dogs captured
from the streets were sterilized and vaccinated using DHPPI + L and released back to the place of capture. Dog capturing
and sampling were assisted by the staffs of JAST, RSPCA and the three volunteers.
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2.3 Serological analysis
The serum samples were subjected to antibody titre measurement using SERIELISA as per the manufacturer’s direction
(SERILISA™ Rabies Ab Mono Indirect, Synbiotics, France). The SERELISA kit is designed for the quantitative detection
of rabies antibodies in dog and cat serum samples. Based on OIE guideline, the post-vaccination antibody titers level ≥0.5
IU/ml or <0.5 IU/ml were considered acceptable or a vaccine failure, respectively (OIE 2013).
2.4 Data analysis
The data were managed in Microsoft excel (Microsoft excel 2013, Redmond, USA) and analyzed using Stata version 14
(StataCorp USA). T-test for two independent samples were performed to determine the differences in mean antibody titer
responses between and within the vaccination group.
3. RESULTS
Of the total 100 dogs initially enrolled for the study, only 66 dogs (66%) were available for subsequent sampling. Fourteen
puppies had died due to parvovirus infection while the rest (20 adult and puppies) had escaped from the shelter. Therefore,
a total of 198 blood samples from 66 dogs (one sample each on day 0, 14 and 28) were collected and analyzed in this
study.
3.1 Antibody titer of primary vaccination group
The mean and minimum-maximum antibody titre (IU/ml) of rabies vaccination at day 0 (prior to vaccination) and post
vaccination on day 14 and 28 of the two-vaccination group and for individual dog is shown in Table 1 and Figure 1,
respectively. Eight puppies (8/35; 22.86%) belonging to Raksharab group (n=7) and Rabisin group (n=1) had demonstrated
a protective antibody titre (≥0.5 IU/ml ranging from 0.6 to 2.75 IU/ml) on day 0 while the remaining puppies (n=27) have
demonstrated an antibody titre ranging from 0.1 to 0.45 IU/ml. There was a significant difference (p = 0.028) in the mean
antibody level on day 0 between the puppies of Raksharab and Rabisin primary vaccination group (see Table 1). The
antibody titre level had increased after primary vaccination in both the vaccination group ranging from 0.21 to 4.78 IU/ml

Figure 1: Rabies antibody titre (IU/ml) responses before and after vaccination in experimental dogs (n = 66). (A)
primary vaccination group in puppies using Raksharab vaccine; (B) primary vaccination group in puppies using Rabisin
vaccine; (C) booster vaccination group in adult dogs using Raksharab vaccine; (D) booster vaccination group in adult
dogs using Rabisin vaccine.
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and 0.16 to 7.38 IU/ml under Rabisin group on day 14 and 28, respectively and from 0.59 to 5.80 IU/ml and 1.19 to 6.76
IU/ml under Raksharab group on day 14 and 28, respectively (Table 1, Figures 1 and 2). However, no significant difference
in the mean antibody responses were observed between the dogs vaccinated with Rabisin and Raksharab vaccine on day
14 (p=0.148) and 28 (p=0.609) (Table 1). One female puppy under Rabisin vaccination group that elicited an antibody
titre of 0.12 IU/ml on day 0 had failed to respond to vaccination and have not attained protective titre on day 14
(0.21IU/ml). The titre dropped to 0.16 IU/ml on day 28. Overall, there was significance differences (p=0.281) in the mean
antibody titre level of Rabisin vaccination group (mean Ab titre =2.25 IU/ml) and Raksharab vaccination group (mean Ab
titre =2.27 IU/m).
3.2 Antibody titer of booster vaccination group
The mean and minimum-maximum antibody titre (IU/ml) of rabies vaccination at day 0 (prior to vaccination) and post
vaccination on day 14 and 28 of the two-booster vaccination group and for individual dog is shown in Table 1 and Figure
1, respectively. Under Rabisin booster vaccination group, 56% (9/16) of the dogs had ≥ 0.5 IU/ml of antibody titre (ranges:
0.25 to 6.45 IU/ml) on day 0 (before vaccination) and all dogs attained protective titre on day 14 (ranges: 1.07 to 6.46
IU/ml) and on day 28 (ranges: 2.22 to
10.26 IU/ml). Similarly, under Table 1: Mean and minimum-maximum antibody titer (IU/ml) for primary
Raksharab booster vaccination group, and booster rabies vaccination group before vaccination (day 0) and after
56% (9/16) of the dogs had ≥ 0.5 IU/ml vaccination (day 14 and 28) in 66 dogs.
of antibody titre (ranges: 0.27 to 5.39
Primary Rabisin group
Primary Raksharab group
IU/ml) on day 0 (before vaccination)
Day 0
Day 14 Day 28
Day 0
Day 14 Day 28
and excepting one adult male dog (0.42
Mean
0.315
2.178
4.259
0.739
2.902
4.581
IU/ml) all other dogs attained protective
0.1
0.21
0.16
0.139
0.59
1.19
titre on day 14 (ranges: 0.62 to 5.59 Minimum
Maximum
0.72
4.78
7.38
2.75
5.8
6.76
IU/ml) and on day 28 (ranges: 0.63 to
6.66
IU/ml).
No
significance
Booster Rabisin group
Booster Raksharab group
differences in the mean antibody titre
Day
(IU/ml) were observed between Rabisin
Day 0
Day 14 Day 28
Day 0
Day 14
28
and Raksharab vaccination group on Mean
2.119
3.751
5.62
1.419
2.667
3.636
day 0 (p=0.266). The dogs that were
Minimum
0.255
1.07
2.22
0.27
0.42
0.63
vaccinated (booster vaccination) with
6.45
6.46
10.26
5.39
5.59
6.66
Rabisin vaccine showed comparatively Maximum
higher mean antibody titer when compared to Raksharab vaccine on both day 14 (p=0.039) and 28 (p=0.004) post
vaccinations and the difference were significant (Table 1, Figures 1 and 2). Overall, there was significance differences
(p=0.002) in the mean antibody titre level of Rabisin vaccination group (mean Ab titre =3.829 IU/ml) and Raksharab
vaccination group (mean Ab titre =2.552 IU/m).

Figure 2: Comparison of antibody titer (IU/ml) between primary and booster vaccination group using Raksharab and
Rabisin vaccine before vaccination (day 0) and after vaccination (day 14 and 28).
3.3 Antibody titer difference between sexes
No significant differences in the mean antibody titres were found in male and female dogs vaccinated with Rabisin and
Raksharab vaccine in both primary vaccination group on day 0 (p=0.761), day 14 (p=0.943) and day 28 (p=0.548) and
booster vaccination group on day 0 (p=0.812), day 14 (p=0.655) and day 28 (p=0.609) (Figure 3).
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Figure 3: Rabies antibody titer of male and female dogs at day 0, 14 and 28 between primary (in puppies) and booster (in
adult dogs) vaccination group using both Rabisin and Raksharab vaccine.
4. DISCUSSION
In this study we compared two commercially available rabies vaccine - Rabisin and Raksharab -vaccination responses in
dogs. Our findings showed that both the inactivated vaccines have elicited minimum threshold level for protection (≥0.5
IU/ml) responses as per the recommendation of OIE and WHO indicating that these vaccines used in Bhutan are potent
and efficient and thus acceptable for primary and booster vaccination against rabies in dogs.
We have selected puppies from the streets and enrolled for primary vaccination based on physical body condition that
are deemed to be below 3 months of age. We assumed that they would be naïve against rabies vaccine antibodies. However,
our results showed that all puppies (n=34) had antibodies against rabies prior to primary vaccination (day 0) and 20%
(7/34) had protective titer (≥0.5 IU/ml) indicating the presence of maternally derived antibodies. The dam of those puppies
must have been vaccinated previously against rabies and transferred maternally derived immunity to the puppies. In
addition, we have observed the protective antibody titer level at day 0 (prior to primary vaccination) in those puppies that
received Raksharab vaccination group when compared to Rabisin vaccination group (Figure 2). Therefore, the detection
of comparatively higher antibody titer level on day 14 and 28 post vaccination in the Raksharab vaccination group when
compared to Rabisin vaccination group could be explained by the presence of already higher antibody titer level in
Raksharab group prior to the primary vaccination (Figure 2). Thus, the result should be interpreted cautiously since a
completely naïve animals was not available for comparison in this study. Nevertheless, both vaccines have induced
protective titre (≥0.50IU/ml) post vaccination when measured at day 14 and 28 suggestive of an anamnestic response to
vaccination (Figure 2). Similarly, in the booster vaccination group (adult dogs that have been previously vaccinated against
rabies and have already developed protective titer), both Rabisin and Raksharab vaccines have induced production of
higher antibody titer after vaccination when measured at day 14 and 28. However, the dogs under Rabisin group had
comparatively higher pre-vaccination antibody titer (day 0) which might have surged production of higher antibody titre
after booster vaccination when compared to those dogs under Raksharab group. Thus, it is difficult to conclude in this
study that Rabisin vaccine performed better than Raksharab vaccine in terms of antibody responses. Similar findings were
observed in the primary vaccination group (as discussed above) in which those puppies that had higher pre-vaccination
titer against rabies virus (day 0) produced higher antibody titre level after vaccination. Therefore, we can conclude that
both the vaccines have induced production of protective antibody against rabies virus in this clinical trial after vaccination
(by day 14) and the titre increased by third week of vaccination. Study conducted by Lhamo (2012) in free-roaming dogs
in Samdrup Jongkhar, Bhutan also demonstrated development of protective titre (≥0.5 IU/ml) by day 14 after vaccination
which may be due to an anamnestic response to the vaccine. Other studies have showed development of protective titre
by day 14 and peaked by day 21 and 30 post vaccination (Morters et al. 2015; Moore et al. 2016). Our study also
demonstrates no significant difference between the sexes in antibody responses using both Rabisin and Raksharab vaccines
in either primary and booster vaccination group (Figure 3) which is in agreement with studies conducted elsewhere
indicating that the primary immune response is not associated with sex (Delgado and Carmenes 1997; Jekel et al. 2008;
Berndtsson et al. 2011; Wallace et al. 2017).
Our findings showed that puppies responded well to a standard dose of commercially available inactivated rabies
vaccine without any apparent adverse reactions. Generally, puppies less than three months of age are excluded from rabies
vaccination programmes (also recommended by the vaccine manufacturers) assuming that they have immature immune
systems and the presence of maternal antibodies may limit the immune response to rabies vaccine (Day 2007, Hodgins
and Shewen 2012; Morters et al. 2015). On the contrary, excepting one, all the puppies sampled following primary
vaccination in this study generated antibody titre ≥0.5 IU/ml and our findings is in concordance with other studies that had
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seroconverted to protective titer ≥0.5 IU/ml post vaccination without any adverse reactions (Morters et al. 2015).
Therefore, puppies below 3 months of age should be vaccinated against rabies on the basis of this findings, WHO
recommendations (WHO 2013) and also as per our national rabies prevention and control plan (NCAH 2017) since there
is higher risk of human beings contracting rabies from young puppies (Mitmoonpitak et al. 1997, 1998; Taiwo et al. 1998;
Widdowson et al. 2002). However, since antibody titre tended to decrease in young dogs after primary vaccination, it is
recommended to provide a second dose a few weeks apart followed by annual vaccination as booster (Tasioudi et al.
2018). However, this will not be practically feasible in the free-roaming dog population, and thus recommended for annual
vaccination.
It is to be noted that one puppy (female) under primary vaccination group and one adult dog have not responded well
to the vaccination. It is apparent that not all dogs respond equally to vaccination, leaving them susceptible to disease. It
has been demonstrated that approximately 10% of rabies vaccine naïve dogs fail to reach the recommended threshold of
≥0.5 IU/ml after primary vaccination (Aubert 1992; Kennedy et al. 2007; Moore and Hanlon 2010; Wallace et al. 2017).
Failure to produce an adequate antibody response is related to intrinsic factors such as genetics (breed of dogs) and various
extrinsic factors such as health status of dogs, stress during vaccination, vaccine type, age, timing of vaccination and
subsequent blood sampling (Cliquet et al. 2003; Mansfield et al. 2004; Kennedy et al. 2007; Jakel et al. 2008). During this
clinical trial period, there was an outbreak of parvo virus in the shelter which leads to death of puppies (n=14), which
could have affected immune responses. On other hand, some animals also appear to over respond to vaccines potentially
leading to adverse reactions, such as hypersensitivity reactions when re-vaccinated, but was not observed in our study
(Kennedy et al. 2007).
There are few limitations to be noted in this study. First, no naïve puppies (with zero antibody titer at day 0) were
available in the primary vaccination for making effective comparison and measuring antibody responses over time.
Obtaining naïve puppies for vaccine clinical trial is difficult since majority of the dogs (adults) have received one or more
vaccine injection during annual vaccination campaigns conducted in the country and thus must have transferred maternal
immunity to the puppies. Second, the adults’ dogs were randomly selected and captured from the dog shelter that does not
have individual record of previous vaccination date. Ideally, all dogs (both primary and booster vaccination group) should
have proper record of vaccination history to understand the development of antibody over time. Third, we could not recruit
control group for both primary and booster vaccination group due to logistic reasons. Fourth, the neutralization assays
such as rapid fluorescence focus inhibition test (RFFIT) and fluorescent antibody virus neutralization test (FAVN) are
considered the gold standard and has been used to assess the titer of rabies virus neutralizing antibodies for more than
three decades (Ma et al., 2012), but in this study we used ELISA (SERILISA) to estimate the level of rabies virus antibody.
Although, the ELISA appears simpler, safer and more efficient, the assay is less sensitive in detecting low values of rabies
virus neutralizing antibodies than neutralization tests (Cliquet et al. 2004; Servat and Cliquet 2006; Ma et al. 2012). Fifth,
in this study, we could not continue sampling beyond 28 days due to logistic constraints. Ideally, the clinical trial should
have been followed for up to one year or even two year to understand the duration of immunity so that vaccination schedule
can be recommended based on the duration of immunity. Nevertheless, our study has demonstrated good antibody
responses in dogs following vaccination with two commercially available rabies vaccines without any adverse reaction.
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PLATFORM MILK TESTS

ALCOHOL TEST
•
•
Prepare 70% Ethanol by mixing 70ml of 100%
ethanol to 30ml distilled water

ORGANOLEPTIC TESTS
•
•
•
•
•
•

LACTOMETER TEST

•
•
•
•
•

CLOT ON BOIL TEST
•
•
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