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Reducing lesion incidence in pork carcasses by heating  
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Objective: This study was conducted to investigate the effect of heating of foot-and-mouth 
disease (FMD) vaccine before injection, on the incidence of lesions at the injection site (pork 
butt), amount of discarded meat, and economical benefit.
Methods: In total, 101,086 piglets raised in 30 farms, were vaccinated in the neck with 2 mL 
of FMD vaccine at 56 d and 84 d of age using a commercial syringe. The heat treatment group 
(48,511 pigs) was injected with the FMD vaccine after it had been heated in a water bath at 
40°C for 20 min. After slaughter, the incidence of lesions on the pork butt was inspected, 
and the subsequent amount of discarded meat was recorded.
Results: Heat treatment of FMD vaccine reduced the incident rate of lesions on the pork butt 
(p<0.01). Overall, 17.81% of the pigs in the heat treatment group had lesions, while the inci
dent rate in the control group was 21.70%. The amount of discarded meat per head of total 
pigs and per head of pigs with lesions were significantly lower in the heat treatment group 
than the control group (p<0.01). Thus, the proportion of discarded meat to dressed carcass 
was lower in the heat treatment group (0.249%) compared with the control group (0.338%) 
(p<0.01). Farms that rear 1,000 sows can gain 1,863,289 KRW (1,600 USD) in one year when 
they adopt heat treatment of FMD vaccine before injection. 
Conclusion: Heat treatment of FMD vaccine using simple heat equipment (water bath) can 
be effective in reducing lesions caused by FMD vaccination and increase the economic 
benefits in pig farms.
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INTRODUCTION 

An outbreak of infectious diseases in animal husbandry has resulted in great economic losses. 
Foot-and-mouth disease (FMD) is a highly contagious disease of cloven-hoofed animals 
and it is difficult to control this disease [1]. Vaccine injection is the most effective mode of 
preventing infectious disease outbreaks [2]. In South Korea, intensive vaccination campaigns 
for FMD began in 2011 because of a large outbreak of FMD in 2010 [3]. 
  Although vaccination has contributed to controlling FMD, adverse reactions to the FMD 
vaccine in animals have been reported [4-6]. One of the adverse reactions of FMD vacci-
nation is the incidence of lesions at the vaccination site. Incidence of lesions, such as abscess, 
fibrosis, and granuloma in animals, have been found at the vaccination sites of various 
vaccines, including the FMD vaccine [6-9]. The incidence of muscular lesions at the vac-
cination site in animals results in economic loss [3,9]. Ko et al [7] reported that the amount 
of abnormal meat in pork carcasses was dramatically increased by the incidence of lesions 
at the injection site after FMD vaccination. The abnormal meat that has lesions is discarded 
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or trimmed. In pork, the lesions are mostly formed in the pork 
butt because the major site of FMD vaccination is the neck 
of an animal [8]. Pork butt is relatively expensive compared 
with other pork cuts, such as loin and ham, because it is prefer-
able in South Korea, thus the incidence of lesions in pork butt 
results in high economic loss. Therefore, a method to reduce 
the incidence of lesions at the vaccination site of the FMD 
vaccine is required.
  The lesion incidence at the vaccination site in animals is 
known to occur due to tissue damage and contamination 
caused by the needle [8]. Recent studies reported that the use 
of needle-free injection devises instead of needle syringes for 
vaccination of pig resulted in the increase of pork quality by 
reduction of muscular lesions with the inhibition of muscle 
damage [10,11]. However, the adaptation of needle-free injec-
tion devises in farms is costly because of the expensive devise, 
training of a worker, and maintenance [10]. 
  Adjuvants are one of reasons for lesion incidence at vacci-
nation site of animals. It is added to vaccines to improve the 
immune response. However, adjuvants can generate lesions 
at the vaccination site by causing local reactions after intra-
muscular inoculation regardless of adjuvant types [9,12]. An 
oil adjuvant especially multiphasic emulsions (water in oil in 
water) is generally used in the FMD vaccine because of its 
effective short- and long-term immune response [3,13-15]. 
The incidence of lesions associated with local reactions, such 
as cell death and granulomatous inflammatory responses at 
the injection site, have been reported after vaccination with 
oil emulsion adjuvants [16-18]. The local reactions with oil 
adjuvant in muscle tissue could be caused by various factors 
including the toxicity of oil components and accumulation 
of vaccine in muscle tissue with low absorption rate [12,17]. 
Previous study [12] found a decrease in lesions as well as mor-
tality of birds at the vaccination site, when the vaccine with 
an oil adjuvant was heated before injection, to increase the 
vaccine temperature that matches the body temperature of 
birds. Therefore, we hypothesized that heating of the FMD 
vaccine before injection would decrease the incidence of 
lesions at the injection site of the pig. Therefore, the aim of 
this study was to investigate the effect of heating the FMD 
vaccine before injection to pigs, on the incidence of lesions 
on the pork butt, amount of discarded meat, and economic 
benefit. 

MATERIALS AND METHODS 

Animals and treatments
This study used a total of 101,086 pigs. Pigs were raised in 30 
farms and cared for in accordance with the guidelines of the 
Dodram Pig Farmers’ Cooperative. The piglets were vaccinat-
ed two times, in the left neck, with 2 mL of the FMD vaccine 
(Aftopor, Merial Amimal Health Ltd., Surrey, UK), which was 

composed of serotypes O, A, and Asia 1 emulsified with the 
adjuvant Montanide ISA 206 (water-in-oil-in-water), by com-
mercial syringe at 56 d and 84 d of age. Pigs were slaughtered 
for 8 months in a slaughter house of Dodram livestock pro-
cessing complex (Anseong, Korea). The control group (52,575 
pigs) was vaccinated with the FMD vaccine without heat treat-
ment. The heat treatment group (48,511 pigs) was injected 
with the FMD vaccine after heating the vaccine in a water 
bath at 40°C for 20 min.

Inspection of lesions on the Boston butt
The pork carcasses were deboned in Dodram livestock pro-
cessing complex (Anseong, Korea). The incidence of lesions, 
such as abscess, fibrosis, and granuloma, on the pork butt was 
inspected by plant workers. The number of pork carcasses 
with lesions on the pork butt was recorded, along with the 
amount of discarded meat. 

Statistical analysis
The data were aligned according to the time (month), farm, 
number of pigs participating in the experiment, incidence 
rate of lesions, proportion of discarded meat, and informa-
tion that indicates the use of heat treatment. The data were 
used to perform the equality tests of the means of the treated 
and untreated groups and to examine the effects of heating 
the FMD vaccine on the incidence rate of lesions on the pork 
butt and amount of discarded meat. 
  The t-test was used to perform the equality tests for the 
two types of means in the treated and untreated groups, in-
cluding the mean of the incidence rate of lesions, mean of 
discarded meat/each carcass of total pork, mean of discarded 
meat/each carcass of pork having lesions, and mean of the 
proportion of discarded meat/each carcass of total pork. The 
null hypothesis was that the means of the two groups are not 
statistically different from each other. 
  The random- and fixed-effect models, in the form of the 
following linear equations, were estimated to examine the 
effects of heat treatment on the FMD vaccine.

  Yit = α0+α1Xit+α2Kit+vi+eit 		  Equation 1

  Zit = β0+β1Xit+β2Kit+vi+eit 		  Equation 2

where Yit is the incidence rate of lesions, Zit is the proportion 
of discarded meat calculated by dividing the weight of the 
discarded meat by the carcass weight, Xit is the dummy vari-
able for indicating heat treatment, Kit is the number of pigs, 
vi is the unit-specific error term, eit is the usual error term, i 
denotes the cross-section identifier, and t denotes the time 
identifier. Yit and Zit are expressed as percentages in the data. 
  The number of pigs is included in the model to consider 
the effects of the differences in the number of experiments 
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across farms and time. The models were estimated using Stata 
14 software [19]. The estimation results were compared to 
identify the most appropriate model for estimating the effects 
of heating the FMD vaccine on the incidence of lesions and 
proportion of discarded meat. In particular, the Hausman 
specification test was implemented to compare the fixed- and 
random-effect models [20].

Economic analysis
The economic benefit of heating the FMD vaccine at the farm 
level is the increase in normal meat production by reducing 
the incidence rate of lesions and proportion of discarded meat. 
The revenue of a farm that does not heat the FMD vaccine 
can be represented by Equation 3.

  Bt = (1–γ)Rt+γRt(1–δ) 			   Equation 3

where Bt is the total revenue per year of a farm that does not 
heat the FMD vaccine, γ is the incidence rate of lesions, δ is 
the proportion of wasted meat, and Rt is the yearly revenue 
of the farm from selling pigs that have no lesions, which is 
calculated by the following equation.

  Rt = SNtSWtPt				    Equation 4

where Rt is the yearly revenue of the farm from selling pigs 
that have no lesions, SNt is the number of pigs slaughtered 
per year, SWt is the average carcass weight per slaughtered 
pig, and Pt is the average price of pork.
  On the other hand, the revenue of a farm that heats the 
FMD vaccine can be represented by Equation 5, which as-
sumes that heating the FMD vaccine reduces the incidence 
rate of lesions from γ to γ′ and proportion of discarded meat 
from δ to δ′.
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  Therefore, the economic benefit, at the farm level, of heating 
the FMD vaccine can be calculated by subtracting Equation 
3 from Equation 5, as below.

  Et = Rt(γδ–γ′δ′)				   Equation 6

where Et is the economic benefit, at the farm level, of heating 
the FMD vaccine. γ′ can be obtained by (γ+α1), using α1 from 
Equation 1, and δ′ can be obtained by (δ+β1), using β1 from 
Equation 2 (The signs of α1 and β1 are expected to be minus).
  Heating the FMD vaccine results in costs from purchas-
ing, maintaining, and operating the heating equipment. The 
purchasing cost of the heating equipment is a fixed cost. The 
maintaining and operating costs of the heating equipment are 
variable costs. With the fixed cost being I and variable costs 
being Vt, the net present value (NPV) of a farm introducing 
heating equipment can be represented by the following equa-
tion.
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The incident rate of lesions on the pork butt (vaccination site) was 21.70% in the control group (Figure 188 

		  Equation 7

where NPV is the net present value, r is the annual interest 
rate, T is the duration of planning, Et is the annual economic 
benefit of heating the FMD vaccine in Equation 6, Vt is the 
annual variable costs of heating the FMD vaccine, and I is 
the fixed cost of heating the FMD vaccine. 
  A summary of the independent variables in Equation 3 to 
7 is presented in Table 1, with the exception of γ′ and δ′, which 
are only known after estimating Equation 1 and 2.

RESULTS AND DISCUSSION 

The incident rate of lesions on the pork butt (vaccination site) 
was 21.70% in the control group (Figure 1). This value is 
higher than 19.17% of a previous study [11]. In the present 
study, the FMD vaccine was injected in the neck, while the 

Table 1. Summary of the independent variables

Variable Value Unit Source

SNt 1,780; 8,900; 17,800 head Assumed, KREI 2019 [23]1)

SWt 89.36 kg/head Based on the experimental data
Pt 4,497 KRW/kg MAFRA 2018 [24]
γ 21.66 % Based on the experimental data
δ 0.34 % Based on the experimental data
Vt 0 KRW Assumed2)

I 120,000 KRW Market price3)

r 0.045 Rate MOEF 2018 [25]
T 1; 5; 10 Year Assumed
1) Marketed-pig per sow per year of 17.8 [23] and three types of hypothetical farm size are assumed: farms with 100, 500, and 1,000 sows. 
2) Only negligible amounts of electricity and labor are required to maintain and operate the heating equipment for foot-and-mouth disease vaccine.
3) Market price is obtained by contacting the heating equipment supplier directly.
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vaccination site was the ham in the previous study [11]. Ko 
et al [2] found that the incident rate of lesions differed with 
different sites of injection, and it was higher in the neck than 
in pork ham. 
  The estimation results of the random- and fixed-effect 
models from Equation 1 indicated that heat treatment has 
a statistically significant effect on the incidence of lesions 
(p<0.01). The adoption of heat treatment reduces the inci-
dence of lesions by 3.89%p and 3.92%p in the random- and 
fixed-effect models, respectively. On the other hand, the ef-
fect that the number of pigs had on the incidence of lesions 
was almost none and not statistically significant. In addition, 
the Hausmann specification result shows that p>χ2 = 0.943, 
which implies that there should be no systematic difference 
between the two estimators. Therefore, a random-effect model 
is a more appropriate model for examining the effects of heat 
treatment on the incidence of lesions. The incident rate of 
lesions in the heat treatment group was 17.81%, which was 
a reduction of 3.89%p compared with the control group 
(Figure 1). 
  The estimation results of the random- and fixed-effect 
models from Equation 2 showed that heat treatment also 
has a statistically significant effect on the proportion of dis-
carded meat to dressed carcass (p<0.01). The proportion of 
discarded meat to dressed carcass in the control group was 
0.338% (Figure 2). Heat treatment of the FMD vaccine be-
fore injection reduced the proportion of discarded meat by 
0.089%p and 0.090% in the random- and fixed-effect models, 
respectively. The random-effect model is a more appropriate 
model for examining the effects of heat treatment on the pro-
portion of discarded meat to dressed carcass, because the 
Hausmann specification test result showed that p>χ2 = 0.875, 
which implies that there should be no systematic difference 
between the two estimators. From the results, heat treatment 
of the vaccine before injection resulted in 0.249% of the pro-
portion of discarded meat to dressed carcass, by the reduction 

of 0.089%p compared with the control group (Figure 2). The 
reduced proportion of discarded meat in the heat treatment 
group was attributed to the reduction in the lesion incident 
rate and lesion size in the pork butts. The discarded meat 
in the pork butt per pork carcass of total pork was lower in 
the heat treatment group than the control group (Figure 3, 
p<0.01). In addition, the meat discarded from pork having 
lesions (discarded meat per a head of pigs with lesions) was 
1.24 kg in the heat treatment group, which was statistically 
lower than the 1.40 kg in the control group (Figure 4, p<0.01). 
  The lesion incidence caused by the local reaction of adjuvant 
at the injection site is well known side effect of vaccination 
[9,13-15,17]. This side effects were found in poultry, mouse, 
rabbit, and cattle as well as pig [17,18]. The various factors 
such as toxicity of oil components and auto-allergic respons-
es of oil adjuvants for the lesion incidence at the vaccination 
site of animals were reported [21,22]. Previous study reported 
that the use of high purity oil for the production of oil adjuvant 
decreased the local reaction at the injection site of vaccine 

Figure 1. Incident rate of lesions at the injection site (pork butt) of foot-and-
mouth disease vaccine after heat treatment at 40°C for 20 min. Error bars are 
standard error.
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Figure 2. Proportion of discarded meat to dressed carcass (%) of pigs injected 
with foot-and-mouth disease vaccine after heat treatment at 40°C for 20 min. 
Error bars are standard error.
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Figure 3. Amount of discarded meat (kg) per a head of total pigs injected with 
foot-and-mouth disease vaccine after heat treatment at 40°C for 20 min. Error 
bars are standard error.
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[14,22]. In addition, the local reactions at the injection site of 
vaccines composed of an oil emulsion adjuvant was associated 
with the long-lasting deposit of oil emulsion adjuvant in the 
muscle tissue [17,18]. In the present study, the heating vac-
cine to the similar body temperature of the pigs had effects 
on the reduction of lesion incidence and discarded meat per 
a head of pigs with lesions. This result could be caused by the 
increase of vaccine absorption into muscle tissue. Few other 
studies have reported the effect of vaccine temperature on the 
lesion incidence in vaccinated animals. Burns et al [12] found 
that heating the oil emulsion vaccine to 41°C before injection, 
reduced the lesion incidence and size in chicken breast meat 
after vaccination. They reported that the reduction in the le-
sion incidence and size was caused by the rapid absorption 
of the vaccine into the muscle tissue [12]. 
  The NPV is the summation of the present value of a se-
ries of cash flow over a certain planning duration. A value 
greater than zero implies that the investment is economically 
beneficial. The NPV in Equation 7 was calculated using the 
estimated coefficients of heat treatment, which were –3.893 
and –0.089, and the result is shown in Table 2. The results 
indicate that the usage of heating equipment on the FMD 
vaccine generates a positive economic benefit for a farm with 
more than 100 sows, even if the farm uses the heating equip-
ment for only one year. Farms that rear 1,000 sows can benefit 
from 1,863,289 KRW (1,600 USD), in one year, when they 

adopt heat treatment of the FMD vaccine before injection. 
Ko et al [11] reported that the use of a transdermal needle-
free injection for FMD vaccination effectively reduced the 
incidence rate of lesions in pork carcasses from 19.17% to 
4.35%. However, the needle-free injection requires a high 
[10]. Therefore, heat treatment of the FMD vaccine using 
simple heating equipment (water bath) can be effective in 
reducing the lesions caused by FMD vaccination and would 
be economically beneficial to pig farms. 

CONFLICT OF INTEREST

We certify that there is no conflict of interest with any finan-
cial organization regarding the material discussed in the 
manuscript. Ko EY is an employee of Dodram Pig Farmers’ 
Cooperative.

ACKNOWLEDGMENTS

This work was supported by the National Research Foundation 
of Korea (NRF) and a grant funded by the Korean government 
(MSIT) (No. NRF-2019R1F1A1059662). 

REFERENCES

1. Seo J, Song M, Jo N, et al. The co-injection of antioxidants 
with foot-and-mouth disease vaccination altered growth per
formance and blood parameters of finishing Holstein steers. 
Asian-Australas J Anim Sci 2019;32:792-9. https://doi.org/ 
10.5713/ajas.18.0609

2. Rose N, Andraud M. The use of vaccines to control pathogen 
spread in pig populations. Porcine Health Manag 2017;3:8. 
https://doi.org/10.1186/s40813-017-0053-6

3. Ko EY, Jeong HK, Son JH, Kim Y, Jung S. Mitigating effect 
of dietary bromelain on inflammation at the injection site of 
food-and-mouth disease vaccine. Korean J Agric Sci 2018; 
45:725-32.

4. Ferreira LCL, Cooke RF, Narques RS, et al. Effects of vaccina
tion against foot-and-mouth disease virus on reproductive 
performance of Bos indicus beef cows. J Anim Sci 2016;94: 
401-5. https://doi.org/10.2527/jas.2015-9537

5. Orsel K, Bouma A. The effect of foot-and-mouth disease 
(FMD) vaccination on virus transmission and the significance 
for the field. Can Vet J 2009;50:1059-63. 

6. Yeruham I, Yain H, Haymovich M, Perl S. Adverse reactions 
to FMD vaccine. Vet Dermatol 2001;12:197-201. https://doi. 
org/10.1046/j.0959-4493.2001.00221.x

7. Ko EY, Jung S, Jeong HK, Jeong HH, Son JH. Effects of food-
and-mouth disease vaccination location and injection device 
on the incidence of site lesions in pork. Korean J Food Sci 
Anim Resour 2018;38:498-505. https://doi.org/10.5851/kosfa. 
2018.38.3.498

Figure 4. Amount of discarded meat (kg) per a head of pigs with lesions 
injected with foot-and-mouth disease vaccine after heat treatment at 40°C for 
20 min. Error bars are standard error.

18 
 

 
 

 359 

Figure 4. Amount of discarded meat (kg) per a head of pigs with lesions injected with foot-and-mouth disease 360 

vaccine after heat treatment at 40°C for 20 min. Error bars are standard error. 361 

 362 

 363 
 364 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

Control Heat treatment

D
isc

ar
de

d 
m

ea
t  

(k
g)

 / 
a 

he
ad

 o
f 

po
rk

 (l
es

io
n 

in
ci

de
nc

e)

 p<0.01 

Table 2. Net present value of a farm introducing heating equipment

Planning duration
Sow numbers

100 sows 500 sows 1,000 sows

1 78,329 871,644 1,863,289
5 789,839 4,429,194 8,978,389
10 1,519,940 8,079,700 16,279,401

Unit is KRW.



www.ajas.info    639

Cho et al (2020) Asian-Australas J Anim Sci 33:634-639

8. King D, Painter T, Holtkamp D, DuBois P, Wang C. Effect 
of injection tool on incidence of head and neck abscesses at 
slaughter. J Swine Health Prod 2010;18:290-3.

9. Valtulini S, Macchi C, Ballanti P, et al. Aluminium hydroxide-
induced granulomas in pigs. Vaccine 2005;23:3999-4004. 
https://doi.org/10.1016/j.vaccine.2004.06.058

10. Chase CC, Daniels CS, Garcia R, Milward F, Nation T. Needle-
free injection technology in swine: Progress toward vaccine 
efficacy and pork quality. J Swine Health Prod 2008;16:254-61.

11. Ko EY, Cho J, Cho JH, et al. Reduction in lesion incidence in 
pork carcass using transdermal needle-free injection of food-
and-mouth disease vaccine. Korean J Food Sci Anim Resour 
2018;38:1155-9. https://doi.org/10.5851/kosfa.2018.e46

12. Burns KE, Ruiz J, Glisson JR. Evaluation of the effect of heating 
an oil-emulsion Pasteurella multocida bacterin on tissue 
reaction and immunity. Avian Dis 2003;47:54-8. https://doi.
org/10.1637/0005-2086(2003)047[0054:EOTEOH]2.0.CO;2

13. Park ME, Lee SY, Kim RH, et al. Altered adjuvant of food-
and-mouth disease vaccine improves immune response and 
protection from virus challenge. Trials Vaccinol 2016;5:97-
104. https://doi.org/10.1016/j.trivac.2016.04.006

14. Aucouturier J, Dupuis L, Ganne V. Adjuvants designed for 
veterinary and human vaccines. Vaccine 2001;19:2666-72. 
https://doi.org/10.1016/S0264-410X(00)00498-9

15. Barnett PV, Pullen L, Williams L, Doel TR. International bank 
for food-and-mouth disease vaccine: assessment of Montanide 
ISA 25 and ISA 206, two commercially available oil adjuvants. 
Vaccine 1996;14:1187-98. https://doi.org/10.1016/S0264-
410X(96)00055-2

16. Park JH. Requirements for improved vaccines against foot-
and-mouth disease epidemics. Clin Exp Vaccine Res 2013; 
2:8-18. http://dx.doi.org/10.7774/cevr.2013.2.1.8

17. Stills HF Jr. Adjuvants and antibody production: dispelling 
the myths associated with Freund’s complete and other adju
vants. ILAR J 2005;46:280-93. https://doi.org/10.1093/ilar. 
46.3.280

18. Petrovsky N. Comparative safety of vaccine adjuvants: a sum
mary of current evidence and future needs. Drug Saf 2015; 
38:1059-74. https://doi.org/10.1007/s40264-015-0350-4

19. StataCorp. Stata statistical software; release 14, College Station, 
TX, USA: StataCorp LP; 2015.

20. Hausman JA. Specification tests in econometrics. Econometrica 
1978;46:1251-71.

21. Whitehouse M. Oily adjuvants and autoimmunity: now time 
for reconsideration? Lupus 2012;21:217-22. https://doi.org/ 
10.1177/0961203311429818

22. Woodhour AF, Metzgar DP, Stim TB, Tytell AA, Hillman MR. 
New metabolizable immunologic adjuvant for human use. I. 
development and animal immune response. Proc Soc Exp Biol 
Med 1964;116:516-23. https://doi.org/10.3181/00379727-116- 
29295

23. Monthly livestock outlook: pig. Naju, Korea: Korea Rural 
Economic Institute; 2019.

24. Main statistics for agriculture, livestock, and food. Sejong, 
Korea: Ministry of Agriculture, Food and Rural Affairs; 
2018.

25. Guidelines for preliminary feasibility studies. Sejong, Korea: 
Ministry of Economy and Finance; 2018.


