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Abstract: We investigated the efficacy of five fermented plant extracts 

(kaffir lime, noni, garlic, chili and mint) as rat repellents, using circular 

open field thigmotaxis. Plants were fermented for 1, 3 and 5 days. Rats 

(Rattus rattus) were exposed to fermented plant extracts placed in the core 

zone (central area) of a circular open field. Rat behaviors in the field were 

observed for one hour and movements within the outer, middle and core 

zones of the field were recorded. Rats showed anxiety and aversion to the 

circular open field’s core zone. The average time (in minutes) that rats 

spent in the three zones was compared using a one-way ANOVA. Rats 

showed the highest aversion responses to noni and kaffir lime extracts. 

Calculation of thigmotactic ratios revealed that fermented noni and kaffir 

lime had higher scores than any of the other plants. Our results show that 

noni and kaffir lime could be used in rat repellent products, which would 

be low cost and environmental friendly. 

 

Keywords: Fermented Plant Extracts, Rat Repellent, Circular Open Field 

 

Introduction 

Rats can cause significant damage to agricultural 

products, dwellings and structures. Moreover, rats carry 

germs and diseases, such as the plague, that affect human 

health. Patients suffering from the plague may 

experience sepsis, fever, neurosis, lymphadenopathy and 

bleeding related to inflammation; without proper 

treatment, death can occur. Leptospirosis, which occurs 

most frequently during the rainy season and scrub typhus 

are also transmitted by rats (Tangkanakul et al., 2005; 

Singla et al., 2008; Hinjoy, 2014; Singla et al., 2016). 

Rodenticides are widely used in Thailand as they are 

convenient and provide rapid and certain results. However, 

when rats are killed, the chemicals used in rodenticides 

disperse and persist in the environment and can affect 

human and pet health (Trakulsrichai et al., 2017; Vyas, 

2017). Accordingly, the chemicals mainly affect the car-

diovascular, respiratory, Gastrointestinal (GI), hepatobiliary 

and hematologic systems and causes electrolyte and 

metabolic abnormalities (Trakulsrichai et al., 2017).  

Allelopathy is the biochemical phenomenon whereby 

secondary metabolites (allelochemicals) released by 

plants influence the growth, development, or behavior of 

other organisms and it is often applied in agriculture. 

The smell of some plants can have a repellent effect on 

animals, causing them to avoid the source of the smell and 

such chemicals could be used to produce rat repellents 

(Nielsen et al., 2015). Plant products are safer for the 

environment than many rodenticides as they are non-toxic 

to ecosystems, agricultural products, humans and pets. 

Using plants that are easily found in local areas as repellents 

against pest animals can also reduce expenses. 

Singla et al. (2014) found that eucalyptus oil (5% and 

10%) repelled both male and female rats (Rattus rattus). 

Singla and Kaur (2014) used citronella oil, applied as a 

paint in laboratory pens and found that food 

consumption from the treated side of the pen was 

significantly lower (p<0.05) compared to the untreated 

side, indicating a significant repellent effect of the oil. 

Kalandakanond-Thongsong et al. (2011) used bergamot 

oil to coat cardboard paper and found that this 

significantly reduced biting and chewing by rats.  

Circular open field tests were first introduced by Hall 

in 1934 as a tool for measuring rats’ emotional condition 

(Michael and Michael, 2015). A circular open field arena 

is an important apparatus for studying the activities of 
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experimental animals in behavioral neuroscience. 

Animals are exposed to a stimulus and their behavior is 

recorded, including their activity in the area close to the 

stimulus, avoidance behaviors and signs of anxiety 

(Beatrice et al., 1994; Sestakova et al., 2013). These 

tests are now one of the most widely used tools in animal 

psychology studies (Seibenhener and Wooten, 2015). 

Behaviors such as thigmotaxis (staying close to the 

walls of the field (and defecation are indicators of 

anxiety or fear, while time spent in the center of the 

field and high locomotor activity indicate exploratory 

behavior. Rats with high levels of anxiety spend less 

time in the center of the field and have low levels of 

locomotion (Hines and Minton, 2012). 

This study used circular open field thigmotaxis to test 

the efficacy of five plant extracts in repelling rats. 

Materials and Methods 

Preparation of Plant Samples 

Five plants available in Mueang District, Phetchabun 

Province, Thailand, were used in this study: Kaffir lime 

fruits, chili fruits, mint leaves, garlic bulbs and noni 

fruits. Fresh plant samples were macerated in ethyl 

alcohol for 1, 3, or 5 days. Samples were then fermented 

further at 1:1 plant: solvent in a closed container. The 

fermented plants were then strained and the liquid was 

retained for the experiments. 

Use of a Circular Open Field to Test Responses to 

Fermented Plant Extracts 

A circular open field arena was used to test rats’ 

responses to plant extracts. The stimulus in this 

experiment was fermented plant extract-soaked cotton 

balls that were placed in the core zone of the circular 

open field (Fig. 1). 

Cotton balls were soaked in the fermented plant 

extract for one day and were then squeezed until almost 

dry and rolled in tissue paper. The tissue paper was 

slightly sprayed with the fermented plant extract again 

and then placed in the core zone of the apparatus. Three 

male and three female white rats (Wistar rat) per 

treatment weighing 180 g was placed in the test 

apparatus to monitor movement behavior (locomotor 

activity). After a one-hour adaptation period, tests were 

conducted using one-, three- and five-day fermented 

plant extracts. Test treatments were repeated three times. 

The treatments were (1) fresh water (the control group); 

(2) fermented mint extract; (3) fermented noni extract; 

(4) fermented kaffir lime extract; (5) fermented chili 

extract; and (6) fermented garlic extract. 

Data Analysis 

Rat behavior was observed for 24 h using a video 

recorder. The amount of time that each rat spent in 

each zone, (core, middle and outer) was recorded to 

the nearest minute. A one-way ANOVA was used to 

compare the average time (minutes) spent in each 

zone with each treatment. Duncan’s new Multiple 

Range Test (DMRT) was used to assess the 

significance level for differences between means. The 

thigmotactic ratio was calculated as: 

 

( )

Outer zone time
Thigmotactic ratio

Middle zone time  Core zone time
=

+

 

 

The ratio is an index of anxiety or aversive behavior 

in response to a stimulus.  
 

 
 

Fig. 1: Circular open field 
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Out site 



Kan Khoomsab et al. / OnLine Journal of Biological Sciences 2019, 19 (2): 98.103 

DOI: 10.3844/ojbsci.2019.98.103 

 

100 

Results and Discussion 

In tests with extracts fermented for one day, rats 

spent the least amount of time in the core zone when 

exposed to noni and kaffir lime extracts (Table 1), 

which was significantly less than the average time for 

other treatments (p<0.05). Rats in the control group 

showed the highest levels of activity in the core zone 

(p<0.05) (Table 1), while rats in the treatment groups 

spent most of the time in the outer zone or seeking 

and climbing. Mint extract also affected rat behavior 

and the rats spent significantly more time in the outer 

zone (p<0.05). 

Table 2 shows that the results with extracts fermented 

for three days were consistent with those for extracts 

fermented for one day. The fermented noni extract 

repelled the rats most, followed by the kaffir lime, mint, 

garlic and chili extract. Rats exposed to kaffir lime 

extract did not visit the core zone, indicating high 

avoidance behavior. 

The study results for extracts fermented for five days 

were also consistent with those of one-day and three-day 

fermented extracts (Table 3). Experimental rats did not 

enter the core zone when exposed to five-day fermented 

noni extract.  

The thigmotactic ratios showed that the fermented 

noni and kaffir lime extracts had higher scores than 

other fermented plant extracts (Fig. 2). Therefore, 

fermented noni and kaffir lime extracts showed 

greater efficacy as rat repellents than other fermented 

plant extracts. 

 
Table 1: Time (mean ± SD) of rat activity in different zones of a circular open field when exposed to five plant extracts fermented 

for one day 

 Time (min) 
 --------------------------------------------------------------------------------------------------------------- 
Treatment Outer zone Middle zone Core zone 

Water (Control) 8.50±2.50b,E 9.50±3.14b,B 42.00±3.95a,A 

Kitchen mint 38.67±8.09a.C 12.28±5.32b,B 9.19±8.41b,C 

Noni 58.37±1.23a,A 1.46±1.17b,C 0.16±0.26b,D 

Kaffir lime 53.58±6.14a,B 5.60±5.81b,B 0.60±1.34b,D 

Chili 21.63±10.55a,D 22.09±11.03a,A 16.27±5.17a,B 

Garlic 26.76±7.39aD 20.71±7.66b,A 12.52±5.05c,B 

Different capital letters indicate significant differences between treatments within zones (p<0.05) 
Different lowercase letters indicate significant differences between zones within treatments (p<0.05) 

 

Table 2: Time (mean ± SD) of rat activity in different zones of a circular open field when exposed to five plant extracts fermented 
for three days 

 Time (minute) 
 ------------------------------------------------------------------------------------------------------------------ 
Treatment Outer zone Middle zone Core zone 

Water (Control) 8.50±2.31b,C 9.50±3.42b,B 42.00±12.93a,A 

Kitchen mint 31.75±9.14a,B 13.97±9.52b,B 14.27±7.51b,BC 

Noni 53.74±3.67a,A 5.47±3.31b,C 0.58±0.81c,D 

Kaffir lime 51.21±8.11a,A 8.58±8.36b,B - 
Chili 24.00±10.83a,B 18.20±6.87a,B 17.80±8.81a,B 

Garlic 29.87±16.95a,B 22.46±18.35ab,A 7.66±8.56b,CD 

Different capital letters indicate significant differences between treatments within zones (p<0.05) 
Different lowercase letters indicate significant differences between zones within treatments (p<0.05) 

 
Table 3: Time (mean ± SD) of rat activity in different zones of a circular open field when exposed to five plant extracts fermented 

for five days  

 Time (min) 
 -------------------------------------------------------------------------------------------------------------------- 
Treatment Outer zone Middle zone Core zone 

Water (Control) 8.50±2.58b,D 9.50±7.92b,B 42.00±8.41a,A 

Kitchen mint 32.00±9.41a,B 20.11±9.63b, A 7.87±4.90c,C 

Noni 58.90±12.78a,A 1.10±4.78b,C - 
Kaffir lime 54.40±2.60a,A 4.40±2.60b,BC 1.20±8.78b,C 

Chili 22.00±5.67a,C 17.40±7.40a,A 21.00±5.52a,B 

Garlic 29.89±10.86a,BC 22.84±6.66a,A 7.26±13.43b,C 

Different capital letters indicate significant differences between treatments within zones (p<0.05) 
Different lowercase letters indicate significant differences between zones within treatments (p<0.05) 



Kan Khoomsab et al. / OnLine Journal of Biological Sciences 2019, 19 (2): 98.103 

DOI: 10.3844/ojbsci.2019.98.103 

 

101 

 
 

Fig. 2: Mean thigmotactic ratios for rats exposed to fermented plant extracts 

 

Our results showed that rats showed aversive 

behavior to the smell of fermented plant extracts. 

Generally, rats show biting behavior but the rats tested 

avoided all five fermented plant extracts. Rats showed 

the greatest aversion to noni and kaffir lime extracts, 

followed by mint, garlic and chili. Rats stayed in the 

outer zone longest when they were exposed to noni. 

We also noted that the rats appeared to experience 

itchiness over the whole body. The fermented plant 

extracts were acrid and emitted butyric acid, a weak 

acid produced by Clostridium bacteria during 

fermentation in the absence of oxygen. Butyric acid 

(butanoic acid) is a carboxylic acid found in butter and 

other dairy products and is the source of the noxious 

smell of human vomit. In previous studies, it induced 

avoidance behavior in laboratory rats and had a deterrent 

effect on wild Norway rats when mixed into food 

(Barnett and Spencer, 1953; Wallace and Rosen, 2000).  

Maceration is used to extract essential substances 

from plants by soaking the plant material in a stoppered 

container with a solvent at room temperature for a period 

of 12-24 h or more, but not longer than two days 

(although for some plants the period can be seven days). 

The advantage of this method is that the substance is not 

exposed to heat; however, a large amount of solvent is 

required. Decoction is a method of extraction involving 

boiling herbal or plant material, which may include 

stems, roots, bark and rhizomes (Azwanida, 2015). 

However, extraction from the various plant parts may 

require different solvents and methods, depending on 

what kind of essential substances are required and what 

kind of properties the substances have. For example, 

polar substances (water-soluble substances such as 

organic acid in tamarind), semi-polar substances (alcohol 

solutions, such as tannins in mangosteen peel) and non-

polar substances (water-insoluble substances, such as 

essential oils) can be extracted by using hexane or by 

steam or water distillation. 

Kalandakanond-Thongsong et al. (2011) tested 

essential oils as rat repellents and found that geranium 

and kaffir lime essential oils showed potential. These 

extracts can activate the brains of vertebrates, especially 

the olfactory system (Witt et al., 2009) and smells can 

stimulate aversive behaviors (Doty, 1986). Singla et al. 

(2014) tested rat responses to eucalyptus oil extract at 

5% concentration and found that rats avoided the areas 

with the repellent and urinated and defecated a lot. Our 

results are consistent with this study.  

Open field tests are one of the most widely used 

measures of behavior in animal psychology. The open 
field test provides simultaneous measures of locomotion, 
exploration and anxiety (Hines and Minton, 2012; Vidal, 
2014). The number of line crosses and frequency of 
rearing are usually used as measures of locomotor 

activity but are also measures of exploration and anxiety. 
A high frequency of these behaviors indicates increased 
locomotion and exploration and lower levels of anxiety. 
The number of core zone entries and the duration of time 
spent in the core zone are measures of exploratory 
behavior and anxiety. A high frequency of these 

behaviors indicates high exploratory behavior and low 
levels of anxiety. Thigmotaxis is the movement of an 
organism either towards or away from the stimulus of 
physical contact. Such movements are interpreted as 
signs of fear or aversive behavior in response to a 
stimulus (Beatrice et al., 1994; Lamprea et al., 2008). 

Our results revealed that the rats tried to stay close to the 
wall of the circular open field. Such behavior is called 
thigmotactic or wall-seeking behavior. Experimental rats 
tried to climb the wall to escape from the stimulus and 
showed anxiety or fear, indicated by frequent urination 
and defecation (Bourin et al., 2007).  

Allelopathy is the biochemical phenomenon whereby 

secondary metabolites (allelochemicals) released by 

plants influence the growth, development or behavior of 

plants, microorganisms and animals. The substances may 

be released from plants by evaporation, washing from 
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root, leaf, flower and fruits, or extraction from the plant 

material (Nath et al., 2016). When animals are exposed 

to these substances, their physiology and behavior may 

be controlled by the hypothalamic-pituitary-adrenal axis, 

the system that controls reactions to fear and stress (File, 

2001). This stress theory was founded by Hans Selye, a 

psychological expert (Steimer, 2011). Animal physiology 

and behavior research has to refer to theories for trying to 

describe mechanism, characteristics, gestures, action that 

can be seen from naked eyes and other mechanisms that 

cannot be observed with naked eyes such as the function 

of nervous and hormone systems that have effect on 

animal behaviors. The techniques used here can be applied 

to other studies investigating potential products for 

repelling pest animals. 

Conclusion 

Our results showed that rats avoid fermented noni and 
kaffir lime extracts and these can be used as rat repellent. 
The development and use of locally available plant products 
with repellent activity is thus an alternative environmental 
friendly strategy for rodent control. The use of the circular 
open field test to observe exploratory behavior and general 
activity in rodents was validated. 
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