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Introduction 
Foot and Mouth Disease (FMD) is a highly 
contagious disease causing widespread concern 
worldwide. FMD, however, has nothing to do 
with Hand, Foot, and Mouth Disease (HFMD). 
Viruses of different sorts carry both diseases. 
FMD is caused by the Aphthovirus from the 
Picornaviridae’ family and affects exclusively 
cloven-hoofed animals (e.g., cow, buffalo, 
goat, and pig). Only serotypes O, A and ASIA 
1 were detected in Peninsular Malaysia (World 
Organization for Animal Health, 2019). The 
animal movement has been a crucial contributor 
to the quick spread of the FMD virus (Ramanoon 
et al., 2013). However, the illegal animal 
movement contributed significantly to the FMD 
outbreak (Ramanoon et al., 2013). 

Previous studies have shown that the impact 
of FMD outbreak on cattle production differs 
by country (Knight-Jones & Rushton, 2013) 
farming systems (Jemberu &., 2014), breeds, 

gender, and age of animals (Şentürk & Yalçin, 
2008). Knight-Jones and Rushton (2013) found 
that the impact of the FMD outbreak on cattle 
output is disproportionately great in developing 
countries because of the high dependence on 
livestock as the main source of income among 
people experiencing poverty. Although herds of 
animals experience a one-time shock, the impact 
of the FMD outbreak on cattle production is 
permanent and prolonged (Lyons et al., 2015). 
Furthermore, the probability of recovery for 
production is usually not the same as before the 
outbreak (Kitching, 2002). 

According to Alhaji et al. (2020) and 
Knight-Jones and Rushton (2013), the impact 
of an FMD outbreak on cattle can be divided 
into direct and indirect losses. The direct losses 
include losses due to the decline in production, 
mortality, weight loss, losses of draft power, milk 
loss, fertility problem, change in herd structure 
and delays in sale. The indirect losses include 
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additional costs incurred for the FMD control 
measures (e.g., vaccination and culling) and 
revenue forgone (e.g., denied market access). 

In fact, loss in cattle production occurs more 
in the form of morbidity1 than mortality (Bayissa 
et al., 2011; Ferrari et al., 2014). Despite the 
morbidity rate having a higher record, the 
impact of mortality is greater (Young, Suon, 
Andrews, Henry & Windsor, 2013). In monetary 
terms, on average, the total cattle production 
losses caused by the FMD outbreak can be 
as high as hundreds of dollars. For example, 
average losses of cattle production incurred by 
Cambodia farmers ranged between USD216.32 
and USD370.54 per cattle (Young et al., 
2013), that of Turkish farmers ranged between 
USD152 and USD294 per cattle (Senturk & 
Yalcin, 2008) and the Ethiopian farmers’ losses 
ranged between USD76 and USD174 per herd 
(Jemberu et al., 2014). However, the adverse 
impact of disease on the cattle industry is not 
only limited to the FMD but also includes E. 
Coli (Moon & Tonsor, 2020), Johne’s disease 
(Ott et al., 1999), brucellosis (Singh et al., 2015) 
and many more. As aforementioned, this paper 
aims to estimate the economic loss of cattle 
production (from mortality and weight loss of 
cattle) due to the FMD outbreak in Peninsular 
Malaysia by looking at the different types of 
cattle breeds, ages, and gender (i.e., Kedah-
Kelantan, Charolaise and limousine).

Materials and Methods
Source of Data
Although the study was conducted in Peninsular 
Malaysia, not all states were included in the data 
collection. The only sample of cattle farmers 
was chosen to participate in this study because 
as data provided by DVS Malaysia, the number 
of cattle farmers (i.e., over 15,000 in six states) is 
significant enough for the study. The respondent 
then was picked using the snowball sampling 

method, and respondents were chosen based on 
their recent experience with the FMD outbreak 
between 2017 and 2018 and their accessibility 
for study. The data were collected in six states 
of Peninsular Malaysia (i.e., Kelantan, Pahang, 
Selangor, Melaka, Negeri Sembilan and Johor) 
from April until October 2018. As a result, 349 
farmers from six states were involved in the FMD 
outbreak study. A questionnaire was used to 
collect data and then administered via interview. 
Before the researcher starts with the interview, 
each respondent has explained the purpose, 
risks, and benefits of the study. Respondents 
voluntarily can refuse to participate in the study 
and have their answers presented confidential.

Data Analysis
This section is divided into two: Estimation 
and statistical sections. The estimation section 
estimates cattle production loss due to the 
FMD outbreak. The statistical analysis was 
used to examine the cattle distribution and test 
for any significant differences of loss in cattle 
production between and within the breed. IBM-
SPSS software was used to analyze the data.

Estimation of Cattle Production Losses
Although draught power2 loss captures cattle 
production losses, in Peninsular Malaysia, 
usually, the cattle farmers no longer use the 
cattle for agricultural activities (e.g., ploughing 
and threshing). Therefore, it is no longer relevant 
to estimate drought power loss. On the other 
hand, despite the efforts made to estimate milk 
loss in this study, the number of dairy farmer 
respondents is too small to be reported (i.e., 2 
farmers). Thus, after considering this issue, only 
the loss of cattle production from mortality and 
weight loss were estimated. Adapting Jemberu 
et al. (2014) model, the estimation of loss of 
cattle production from mortality was expressed 
in equation (1).

1	 Morbidity refers to a situation where animal is dying due to the disease. It is an opposite word of mortality.
2	 Draught power loss refers to the loss of day use of animal in agriculture (e.g., plowing and threshing). This estimation 

is normally conducted at smallholder or farm level.
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LMij= (NCMi×CP) + (NYMi×YP)+(NAMi×AP) 	 (1)                              

where LMij refers to loss of cattle production due 
to mortality for herd  in farming system j,  NCMi 

is the number of calf3 that died in herd i,  CP is 
the price of a healthy calf,  NYMi  is the number 
of young4 cattle that died in herd i,  YP is the 
price of healthy young,  NAMi is a number of 
adult5 cattle that died in herds, i and  AP is the 
price of a healthy adult. Meanwhile, based on 
Young et al. (2013), loss of cattle production due 
to weight loss can be calculated by multiplying 
the average weight of healthy livestock by the 
average weight loss percentage and the value of 
live weight per kg. Thus, adopting this equation, 
the loss of cattle production due to the weight 
loss is expressed in equation (2):

	      LWij= NIi× AWLi× MP	 (2)                              

where LWij refers to loss of cattle production due 
to weight loss of herd  in farming system j, NIi is 
the number of infected cattle by FMD outbreak 
for herd i, AWLi is the average weight loss per 
cattle for herd i, and MP is the average meat 
price per kg in Peninsular Malaysia. 

Statistical Analysis
A statistical analysis was done to test if there are 
significant differences in total cattle production 
loss between breed, age, and gender within the 
breed. Two tests were carried out to test the 
result: Independent t-test and one-way ANOVA. 
Specifically, the independent sample t-test was 
used to determine if there were any significant 
differences between the gender of the breed; 
while one-way ANOVA, on the other hand, was 

used to determine any significant differences 
between breed and age within the breed. 
Multiple comparisons or post-hoc tests were 
applied after one-way ANOVA to determine 
where the differences lie. 

Results and Discussion 
Farm Size
Three groups of cattle breeds were identified 
from a total of 349 affected cattle farmers 
surveyed (i.e., Kedah-Kelantan, Charolaise, and 
Limousine). Kedah-Kelantan has the highest 
number of herds and cattle (197 herds and 1630 
cattle), followed by Charolaise (100 herds and 
604 cattle) and Limousine (52 herds and 245 
cattle), as shown in Table 1. 

Cattle Production Losses
Table 2 presents the mean total cattle production 
loss from mortality and weight loss due to FMD 
outbreak per herd by breeds. Between breed, 
Charolaise and Limousine experience higher 
production losses than Kedah-Kelantan. This 
occurred due to Charolaise and Limousine greater 
body size than the Kedah-Kelantan. Charolaise 
and Limousine, mature body size, can reach up to 
1100 kg and 1200 kg for males and 900 kg and 
700 kg for females, respectively. Kedah-Kelantan 
comprises only 250 kg for males and 175 kg for 
females. Therefore, this explains why Charolaise 
and Limousine experience higher production 
losses than Kedah-Kelantan. Using one-way 
ANOVA accompanied by multiple comparisons 
test, the mean total cattle production losses are 
statistically significantly higher for Limousine 

3	 Calf refers to cattle age ≤ 1 year.
4	 Young refers to cattle age range between >1 < 2 years.
5	 Adult refers to cattle age ≥ 2 years.

Table 1: Farm size by breeds

Breeds No. of Farm or Herd No. of Cattle Average Farm Size
Kedah - Kelantan 197 1630 8

Charolaise 100 604 6
Limousine 52 245 5
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(MYR390.24) and Charolaise (MYR328.60) 
than Kedah-Kelantan (MYR235.01) (p < 0.001). 
However, between Limousine and Charolaise, 
there is no statistically significant difference.

By comparing between ages within the 
breed, the adults have statistically significantly 
higher mean total production losses than the 
young and calf (P < 0.001). The mean total 
production losses for Kedah-Kelantan are 
MYR447.80 (adult), MYR214.29 (young), 
and MYR42.96 (calf). Charolaise has a mean 
total production loss of MYR696.67 (adult), 
MYR247.92 (young) and MYR41.19 (calf), 
while Limousine has a mean total production 
loss of MYR750.13 (adult), MYR291.65 
(young) and MYR128.94 (calf) as shown in 
Table 3. 

Using an independent t-test, each gender 
within the age of breed shows a different result. 
Table 4 shows mean total production loss 

between the gender of Kedah-Kelantan is only 
statistically significant for the calf and adult, 
while young cattle is not statistically significant. 
The mean total production losses for male calf 
(MYR53.83) is statistically significantly higher 
than for female calf (MYR32,10). In contrast, 
male adult (MYR228.75) has statistically 
significantly lower mean total production 
loss than female adult (MYR666.84). For the 
Charolaise it is only statistically significant 
for young and adults, while the calf is not 
statistically significant. Young (MYR71.78) 
and adult (MYR316.61) males have statistically 
significantly lower mean total production 
loss than young (MYR424.07) and adult 
(MYR1076.74) females. While for the 
Limousine, unfortunately, the differences in all 
mean total production losses between genders 
within the age are not statistically significant, as 
shown in Table 4.

Table 3: Mean total cattle production losses per herd by age

Breeds Age of Cattle
(year)

Mortality 
Loss Weight Loss Total Production 

Losses F-statistic 

Kedah-
Kelantan

Calf 21.51 21.45 42.96

51.59***Young 7.66 206.63 214.29

Adult 18.80 429.00 447.80

Charolaise

Calf 27.51 13.68 41.19

33.00***Young 27.96 219.96 247.92

Adult 97.05 599.62 696.67

Limousine

Calf 67.67 61.27 128.94

10.89***Young 0 291.65 291.65

Adult 133.87 616.26 750.13

Note: *, **, *** denote 10%, 5% and 1% significance levels, respectively.

Table 2: Mean total cattle production losses per herd by breed

Breeds Mortality Loss Weight Loss Total Production Losses F-statistic

Kedah-Kelantan 15.99 219.03 235.01
9.00***Charolaise 50.84 277.75 328.60

Limousine 67.18 323.06 390.24
Note: *, **, *** denote 10%, 5% and 1% significance levels, respectively.
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Improving the hygiene procedure in the 
production system is not limited to reducing 
the impact of contaminated or animal disease 
on production (Mohamad & Hamzah, 2020) 
but is also capable of increasing consumer 
demand locally or internationally and reducing 
cost (Tansor & Schroeder, 2015). Therefore, 
an effort to develop a strategy to mitigate, 
increase surveillance and eradicate FMD is 
needed. However, to enhance the acceptance of 
farmers to the adaption of new knowledge on 
technologies or farm management, education, 
age, and gender should also be considered 
(Gillespie et al., 2014; Sodjinou et al., 2015; 
Awotide et al., 2016).

As the Department of Veterinary Services 
(DVS) Malaysia deals with animal health, 
policies such as vaccination, quarantine, 

movement control, disinfection and culling 
may be the relevant strategies to mitigate 
FMD outbreaks. In this regard, we suggest 
that further enforcement of FMD control 
would be worthwhile. For example, enforcing 
vaccination saved production by USD5.70 for 
every US dollar spent (Ferrari et al., 2014). By 
evaluating the alternative control strategies, 
Garner and Lack (1995) and Roche et al. (2014)
demonstrated that stamping out, ring vaccination 
and slaughtering dangerous contact herds are 
some of the most effective ways to eradicate 
FMD outbreak, other than control movement 
(Velthuis & Mourits, 2007). While by applying 
animal tracking system to cattle producers, 
Elbakidze (2007) point out that information 
from animal tracking system can provide faster 
action to surveillance the spread of disease. In 

Table 4: Total cattle production losses per herd by gender

Breeds Age 
(year) Gender Mortality 

Loss Weight Loss Total production 
Losses (TPL) t-statistic

Kedah-
Kelantan

Calf
Male 36.62 17.21 53.83

1.11**
Female 6.40 25.70 32.10

Young
Male 15.31 166.39 181.70

-1.20
Female 0 246.87 246.87

Adult
Male 20.75 208.00 228.75

-5.99**
Female 16.85 649.99 666.84

Charolaise

Calf
Male 26.33 7.30 33.63

-0.37
Female 28.69 20.06 48.75

Young
Male 0 71.78 71.78

-3.58***
Female 55.93 368.14 424.07

Adult
Male 125.67 190.94 316.61

-4.53***
Female 68.43 1,008.31 1,076.74

Limousine

Calf
Male 68.59 25.25 93.84

-0.68
Female 66.76 97.28 164.04

Young
Male 0 280.27 280.27

-0.24
Female 0 303.02 303.02

Adult
Male 136.68 396.86 533.54

-1.31
Female 131.07 835.67 966.74

Note: *, **, *** denote 10%, 5% and 1% significance levels, respectively.
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other words, it will reduce the time used to trace 
the previous history of the movement of animals 
apart from reducing the risk of losses that could 
be bear by the farmers. More interestingly, 
improving management practices has proven 
to increase profit via increases in sale prices 
(Zimmerman, 2010). 

In this study, other cattle production losses 
were not considered (e.g., fertility problem, 
denied market access) as the main purpose was 
to provide evidence from the weight, drought 
power, milk, and mortality perspective. The 
calculation formula was based on the study by 
Jemberu et al. (2014) and Young et al. (2013). 
Although drought power and milk loss are 
categorized as loss in cattle production, both 
were not included in this study since cattle 
in Peninsular Malaysia are no longer used 
for agricultural purposes, coupled with the 
extremely low number of respondents. Indeed, 
to gain better insight into the overall impact of 
FMD on cattle production, future studies need to 
address other types of cattle production losses. 
Cattle production losses are likely higher than 
estimated in this study if other forms of cattle 
production losses were included in the analysis. 

Further research is required to determine 
meat consumption during the high peak of the 
FMD outbreak, especially during the festive 
season among consumers and the economic loss 
bear by small cattle in Malaysia because the 
demand and supply of meat may be uncertain. 
In the widespread uncertainty created by the 
outbreak, it is perhaps natural for consumers 
to seek reassurance that their food supply is 
secure and for some to equate food security with 
(domestic or regional) self-sufficiency.

Conclusion
From the results obtained, there is an indication 
that cattle production loss in terms of weight and 
mortality is higher. Findings show that the mean 
value for total economic loss for each breed is 
MYR235.01 (Kedah-Kelantan), MYR328.60 
(Charolaise) and MYR390.24 (Limousine) 
per farm or herd. By comparing mortality and 

morbidity rates, this result parallels the previous 
studies (e.g. Şentürk & Yalçin, 2008; Young et 
al., 2013) which also found that despite that 
morbidity rate is higher than the mortality rate, 
the loss due to mortality is much greater. These 
are crude estimates based on the survey at the 
farm level.
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