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INTRODUCTION

Wild pigs (Sus scrofa L.) are reported to cause crop 
damage especially corn field damage in many coun-

tries (Anderson et al., 2016; Francesco et al., 2005), and 
such damage rate by wild pigs is increasing day by day. In 
addition, African swine fever is a fatal disease in pigs caused 
by the African swine fever virus that originated from wild 
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tonium benzoate) and thiophanate-methyl chemical. No differences were noted in the number of feeding approach 
among the natural repellent, capsaicin, red chili, ground garlic, and dead insects (Riptortus clavatus). Moreover, there 
were no significant differences (P > 0.05) on the number of feeding approaches in the non-repellent feeder. The sig-
nificant differences (P < 0.05) on feed intake were recorded in the repellent feeder. The lowest value was recorded in 
case of thiophanate-methyl repellent feeder (P < 0.05). A significant lower (P < 0.05) feed intake was noted in bitrex 
repellent feeder than the natural repellent ingredients (capsaicin and ground garlic and dead insects). However, as 
expected, no significant differences were noted on pig’s feed intake in non-repellent feeders. Considering, the lower 
number of feeding approach and the lower feed intake in bitrex and thiophanate-methyl chemical as a repellent, we 
suggest performing further research with bitrex and thiophanate-methyl chemicals as repellent for pigs.
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pigs (Denzin et al., 2020). The carcasses of wild pigs that 
usually get exposed to the crop land due to any accident or 
hunting activity by the human play as an important source 
of African swine fever (Denzin et al., 2020). To prevent the 
crop damage by wild pigs, different physical barriers, such 
as the electric fencing around the crop field or LED blink-
ers were established earlier (Francesco et al., 2005; Denzin 
et al., 2020). In addition, a few lethal elements were applied 
to prevent such type of crop damage. For example, some 
developed countries have applied toxic materials as pig’s 
repellent (Shapiro et al., 2016). Ethically, those methods 
are prohibited due to the animal welfare issue (Dale and 
Dan, 1994). Furthermore, it causes a high risk of spreading 
the African swine fever from the dead carcass. All the phys-
ical barriers like electric wire fencing and lighting methods 
are expensive and need high maintenance costs (Francesco 
et al., 2005). Therefore, there is a necessity to identify the 
effective repellent for swine species. Now, farmers and re-
lated authorities are highly interested in efficient alterna-
tives to the expensive and labor-intensive electrical fences 
(Schlageter and Daniel, 2012). Repellent products may 
act on taste, smell, or both senses. Those products have a 
scarce effect on the wild pigs or predator’s attractiveness of 
food (Brown et al., 2000). Natural ingredients include red 
chili, capsaicin, ground garlic, dead insect (Riptortus clav-
atus), while the two chemicals include bitrex (denatonium 
benzoate) and thiophanate-methyl were used in this study. 
Red chili and capsaicin are generally irritants and could 
be applied to prevent deer browsing (Wagner and Nolte, 
2000). Norinjae insects (Riptortus clavatus) can produce 
odor or specific pheromones which can be used as odor 
repellent (Maharjan and Jung, 2015). Bitrex (denatonium 
benzoate) is known as the most bitter component in ani-
mals (Francesco et al., 2005). Denatonium benzoate was 
applied in seedlings, and caring individual trees to prevent 
browsing by rodents, deer, and other wild animals (Shu-
make et al., 2000). Furthermore, bitrex chemical was also 
reported to be effective in reducing the damage to young 
olive trees by deer (Santilli et al., 2004). Methyl-anthra-
nilate is known as a repellent and can prevent wild birds 
from grain consumption (Cummings et al., 1995). Those 
ingredients also can be used to eliminate the consump-
tion of pelleted baits by birds but may risk of release the 
non-target hazards from granular pesticides to birds (Ma-
son et al. 1993). However, no successful repellent has been 
identified for wild pigs to date. Also, limited investigations 
are available that compare the efficacy of natural ingredi-
ents and chemicals as repellent on the wild pigs. 

Among the smart monitoring tools, video monitoring is 
the most popular technique practiced in modern swine 
farm (Mahfuz et al., 2022). With the help of video mon-
itoring system, the behavior of individual pig and even a 
group of pig’s behavior can be detected easily (Benjamin 

et al., 2019). Actual feed intake and the non- nutritive vis-
it to feeders (only feed approach) are the most important 
parameters to determine the feeding behavior of animals 
(Miller et al., 2019). Data of feeding behavior can provide 
important information about the degree of feed rejection 
or actual feed intake by animals. Considering the above 
facts in consideration, this study aims to find out the nat-
ural and effective repellent ingredients for pigs, based on 
feed intake and the number of feeding approaches. 

MATERIALS AND METHODS

aniMalS and houSing
The experiment was conducted at the Sunchon National 
University Experimental Pig Farm, Suncheon, South Ko-
rea. The trial comprised a total of 6 growing pigs having 
an average body weight was 66.03± 3.99 kg. The pigs were 
crossbred [(Duroc) x (Landrace White x Yorkshire)]. Care 
and handling of animals were conducted according to the 
Institutional Animal Care and Use Committee (IACUC), 
Sunchon National University, South Korea. Before starting 
the trial, all pigs were adapted for five days in the indi-
vidual pens. Then the six pigs were raised in an individual 
pen with a measurement of 6.0 m (L) × 2.80 m (W) with 
two feeding troughs (feeders). About 30 g of each repel-
lent ingredients and 9 insects were hanged over one feeder 
which was identified as repellent feeder. The other feeder 
was considered as a non-repellent feeder. The distance of 
two feeders were 3 m away. The trial was conducted for the 
same pigs, consecutively for 4 days (total 24 days) for each 
repellent ingredient with a two day’s interval between two 
tests.

The pigs were housed in the monitored type growing shed 
with concrete flooring and good ventilation. The average 
housing temperature was 18.38°C, the relative humidity 
varied from 35.30 to 58 % (mean: 44 %), and the ammonia 
(NH3) level was around 1.97 ppm. The housing tempera-
ture was determined using eight-bit Smart Sensors (mod-
el: SMT-75, Seoul, South Korea). The ammonia (NH3) 
concentration was measured by installing a sensor-NH3 
3E 100 SE (City of Technology, Bonn, Germany) and in-
stalled inside the pig house at the height of 1.90 m at a 
range of 0-50 ppm (Mun et al., 2020). 

Monitoring of feed approaChing nuMBer 
Camera was installed inside the pig’s house for the real 
time monitoring of the feeding behavior of pigs and the 
feed approaching number. The camera was placed on an 
elevating bracket about 2.8 m off the ground, pointing 
downward to get a top view of the pen. To detect the most 
active time of pigs, real time video image was monitored by 
CCTV for 24 h during adaptation period. We noted that, 
the selected pigs were more active on feeding from 7.00 
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am to 9.00 am and at 2.00 pm to 4.00 pm. Therefore, we 
selected specific video monitoring time from 7.00 am to 
9.00 am and from 2.00 pm to 4.00 pm to detect feed ap-
proaching number as feeding behavior. The pig was consid-
ered in an actual feeding practice when his head was inside 
a feeding trough. Each number of approach was counted 
only if pigs approached the feeding troughs and stayed for 
at least 20 sec. There were several studies where the feeding 
behavior of pigs was considered based on putting down 
the head (Lou et al., 1998), putting the head in the food 
area, biting, smelling and chewing food, and grubbing with 
snout inside the feeder trough (Lao et al., 2016; Maselyne 
et al., 2015). 

MeaSureMent of feed intake 
Feedstuffs were supplied daily into two feeders equally. The 
feed intake was calculated by subtracting the remaining 
feed from the supplied feed in a specific feeder every day.

StatiStiCal analySiS
One-way analysis of variance (ANOVA) was applied via 
SPSS (2006). Individual pig was the experimental unit for 
trial. Tukey’s multiple range test was applied to separate 
the statistical differences. Mean value and SEM were used 
to express results. Statements of significant level was as P 
< 0.05. 

RESULTS AND DISCUSSION

The average number of feeding approaches by pigs in re-
pellent and non-repellent feeders were presented in Figure 
1. In the repellent feeder, the average number of feeding 
approaches was significantly lower (P < 0.05) in bitrex 
chemical (denatonium benzoate) and thiophanate-methyl 
chemicals than that of other tested groups. No differences 
were noted on the number of feeding approach among the 
natural repellent that includes capsaicin, red chili, ground 
garlic and dead insects (Riptortus clavatus).  In the non-re-
pellent feeder, there were no significant differences (P > 
0.05) in the number of feeding approaches among the test-
ed groups (Figure 1). 

The effects of feed intake with and without the repellent 
feeder was presented in Figure 2. The significant differenc-
es (P < 0.05) in feed intake were recorded in the repellent 
feeder. The lowest value was recorded in case of thiophan-
ate-methyl repellent feeder (P < 0.05). Lower (P < 0.05) 
feed intake was noted in bitrex repellent feeder than the 
natural repellent ingredients (capsaicin and ground garlic 
and dead insects). However, no significant differences were 
noted in feed intake of pigs in non-repellent feeders as ex-
pected. 

Figure 1: Average total number of feeding approaches by 
pigs in Repellent and Non-repellent feeder

Figure 2: Average daily feed intake of pigs in Repellent 
and Non-repellent feeder

Individual pigs feeding or drinking behavior including 
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feeding time, visiting number of feeding troughs or drink-
ers etc. is measured by video monitoring as a tool of smart 
farming system (Andersen et al., 2014). As it is difficult 
to study with wild pigs, this study was designed to meas-
ure the feed approaching number with repellent feeder 
by domestic pigs. In a study by William et al. (1994), the 
mixture of hot sauces (capsaicin) was very effective to re-
move the wild deer from apple fields. Thus the same au-
thors claimed that the capsaicin possesses repellent value 
for predator animals. Conversely, hot sauce failed to reduce 
corn consumption when added at 10 g/kg of corn, but the 
daily consumption was reduced by 80.5% at level of 25 g/
kg (Francesco et al., 2005). Many naturally occurring bitter 
compounds are generally regarded as unpalatable and un-
pleasant (Garcia and Hankins, 1975).

Bitrex is an effective compound that could reduce the dam-
age of olive trees by young deer (Santilli et al., 2004). The 
authors claimed that animals could not damage crops for 
the bitter taste of bitrex chemical. Thiophanate-methyl is 
popular for bird repellent. Cummings et al. (1995) report-
ed that the application of thiophanate-methyl in seedling 
grains could reduce the damage consumed by birds which 
is in line of our findings for lower feed intake and lower 
feed approaching number in case of bitrex and thiophan-
ate-methyl repellent feeder. In addition, Mason and Clark 
(1995) reported that thiophanate-methyl (a commercial 
product) prevents both crop loss and crop damage that 
caused by birds. Information about the dead insect (Rip-
tortus clavatus) as repellent value in pigs is not available in 
literature. However, Maharjan and Jung (2015) indicated 
that norinjae insects produce bad odor representing re-
pellent importance. The feed avoidance with the repellent 
feeder relates to the olfactory repellent effect. Lower feed 
approaching number and feed intake were found in repel-
lent feeder while no differences in the number of feeding 
approach and feed intake by pigs in non-repellent feeders 
were recorded in this study.

CONCLUSION

Based on our findings, the bitrex (denatorium benzoate) 
and thiophanate-methyl had the repellent value for pigs. 
Considering the lower number of feeding approach and 
the lower feed intake in bitrex and thiophanate-methyl 
chemicals repellent feeder, we suggest performing further 
research with bitrex and thiophanate-methyl chemicals as 
a repellent for pigs. 

ACKNOWLEDGEMENT

The authors would like to acknowledge to the service busi-
ness project of Sunchon National University (SCNU) by 
the JEONJINBIO. Co. Ltd. (Project No. SCNU 2021-

0585). The authors also would like to acknowledge to the 
Korea Institute of Planning and Evaluation for Technol-
ogy in Food, Agriculture, and Forestry (IPET) and Ko-
rea Smart Farm R&D Foundation through Smart Farm 
Innovation Technology Development Program, funded by 
Ministry of Agriculture, Food, and Rural Affairs (MA-
FRA) and Ministry of Science and ICT (MSIT) and Ru-
ral Development Administration (RDA) (421023-04). 

CONFLICT OF INTEREST

The authors claim that they have no competing interest.

NOVELTy STATEMENT

Till now, there is no effective repellent for pigs was identi-
fied. Thus, this study focused on finding the effective repel-
lent for pigs that would be environment friendly. 

AUTHORS CONTRIBUTION

All authors contributed equally in the planning of this 
study, conducting research, and drafting the manuscript. 
All of them approved the final version of the article.

REFERENCES

Andersen HML, Dybkjaer L,  Herskin MS (2014). Growing 
pigs’ drinking behaviour: number of visits, duration, water 
intake and diurnal variation. Animal., 8(11): 1881-1888. 
https://doi.org/10.1017/S175173111400192.

Anderson A, Slootmaker C, Harper E, Holderieath J,  Shwiff 
SA (2016). Economic estimates of feral swine damage and 
control in 11 US states. Crop Prot., 89:89-94. https://doi.
org/10.1016/j.cropro.2016.06.023

Benjamin M,  Yik S. (2019). Precision livestock farming in swine 
welfare: a review for swine practitioners. Animals., 9(4): 133. 

Brown WK, Hall WK, Rinton, LR, Huenefeld RE, Shipley LA 
(2000). Repellency of three compounds to caribou.  Wildl. 
Soc. Bull. 28 (2): 365-371. 

Cummings JL, AveryML, Pochop PA, Davis JE, Decker DG, 
Krupa HW, Johnson JW. (1995). Evaluation of a methyl 
anthranilate formulation for reducing bird damage to 
blueberries. Crop. Prot. 14(3): 257-259. 

Dale N, Dan C. (1994). Potential repellents to reduce damage by 
herbivores. Proc. 16th Vcrtcbr. Pest Conf. Uni. of California,, 
CN.S. Halvcrson & A.C. Crabb, eds. Univ.  Calif. Davis. 
228-232. 

Denzin N, Helmstadt F, Probst C, Conraths FJ. (2020). Testing 
different deterrents as candidates for short-term reduction 
in wild boar contacts-a pilot study. Animals, 10(11):2156. 
https://doi.org/10.3390/ani10112156.

Francesco S, Lorenzo G, Claudia R. (2005). Corn palatability 
reduction in wild boar (sus scrofa l.) In relationship to the 
use of commercial repellents. Annali Fac. Med. Vet. 89: 213-
218. https://doi.org/10.1016/j.cropro.2016.06.023.

Garcia J, Hankins W. (1975). The evolution of bitter and the 
acquisition of toxiphobia. In Olfaction and Taste: Fifth 

https://doi.org/10.1017/S175173111400192
https://doi.org/10.1016/j.cropro.2016.06.023 
https://doi.org/10.1016/j.cropro.2016.06.023 
https://doi.org/10.3390/ani10112156
https://doi.org/10.1016/j.cropro.2016.06.023 


Advances in Animal and Veterinary Sciences

November 2022 | Volume 10 | Issue 11 | Page 2411

International Symposium (D.A. Denton and J.P. Coughlin, 
eds.) Academic Press, New York, 39-45. 

Lao F, Brown-Brandl T, Stinn JP, Liu K, Teng G, Xin H. (2016). 
Automatic recognition of lactating sow behaviors through 
depth image processing. Computer Electron Agric., 125: 
56-62. https://doi.org/10.1016/j.compag.2016.04.026

Lou Z, Hurnik JF. (1998). Peripartum sows in three farrowing 
crates: posture patterns and behavioural activities. Applied 
Anim. Behav. Sci., 58(1):77-86. https://doi.org/10.1016/
S0168-1591(96)01144-6 

Maharjan R, Jung C. (2015). Insecticide‐mediated behavioral 
avoidance by bean bug, Riptortus pedestris (Heteroptera: 
Alydidae). Entomol. Resh., 45: 184-192. https://doi.
org/10.1111/1748-5967.12113

Mahfuz S, Mun HS, Dilawar MA, Yang CJ. (2022). Applications 
of smart technology as a sustainable strategy in modern 
swine farming. Suatainability.14(5): 2607. 

Maselyne J, Saeys W, Van Nuffel A. (2015). Review: Quantifying 
animal feeding behaviour with a focus on pigs. Physiol. Behav., 
138: 37-51. https://doi.org/10.1016/j.physbeh.2014.09.012

Mason JR, Clark L. (1995). Evaluation of methyl anthranilate 
and activated charcoal as snow goose grazing deterrents. 
Crop Prot., 14(6): 467-469. 

Mason JR, Clark L, Miller T. (1993). Evaluation of a pelleted bait 
containing methyl anthranilate as a bird repellent. Pest. Sci., 
39: 299-304. doi:10.1615

Miller AL, Dalton H, Kanellos T, Kyriazakis I. (2019). How many 
pigs within a group need to be sick to lead to a diagnostic 

change in the group’s behavior. J. Anim. Sci., 97:1956-1966. 
Mun HS, Dilawar MA, Jeong MG, Rathnayake D, Won JS, 

Park KW, Yang, CJ. (2020). Effect of a heating system 
using a ground source geothermal heat pump on production 
performance, energy-saving and housing environment 
of pigs. Animals, 10: 2075. https://doi.org/10.1016/j.
anifeedsci.2014.07.007

Santilli F, Mori L, Galardi L. (2004). Evaluation of three 
repellents for the prevention of damage to olive seedlings by 
deer. Eur. J. Wildl. Res., 50: 85-90. 

Schlageter A, Daniel H. (2012). Evaluation of an odor repellent 
for protecting crops from wild boar damage. J. Pest. Sci., 
85:209-215. 

Shapiro L, Eason C, Bunt C, Hix S, Aylett P, Mac Morran D. 
(2016). Efficacy of encapsulated sodium nitrite as a new tool 
for feral pig management. J. Pest. Sci. 89:489-495. https://
doi.org/10.1016/j.rvsc.2017.12.020

Shumake SA, Sterner RT, Gaddis SE. (2000). Repellents to reduce 
cable gnawing by wild norway rats. J. Wildl. Management. 
64:1009-1013. 

SPSS. (2006). Statistical software package for the social sciences 
SPSS  Inc., IL. 20.0. 

Wagner KK, Nolte DL. (2000). Evaluation of hot sauce as 
repellent for forest mammals. Wildl. Soc. Bul. 28 (1):76-83.

William F, Burnham K, Baker D. (1994). Effectiveness of 
capsaicin and bitrex repellents for deterring browsing by 
captive mule deer. J. Wildl. Manag., 58(2):330-334. 

 https://doi.org/10.1016/j.compag.2016.04.026 
https://doi.org/10.1016/S0168-1591(96)01144-6  
https://doi.org/10.1016/S0168-1591(96)01144-6  
https://doi.org/10.1111/1748-5967.12113 
https://doi.org/10.1111/1748-5967.12113 
https://doi.org/10.1016/j.physbeh.2014.09.012 
https://doi.org/10.1016/j.anifeedsci.2014.07.007 
https://doi.org/10.1016/j.anifeedsci.2014.07.007 
https://doi.org/10.1016/j.rvsc.2017.12.020 
https://doi.org/10.1016/j.rvsc.2017.12.020 

