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ABSTRACT: Horses are animals that are affected very quickly by the warnings coming from the environment. 

In this study, it was aimed to evaluate oxidative stress parameters of horses obtained from saliva analysis 

related to animal welfare as a result of keeping horses together with goats. While the research was being 

prepared, three groups were developed based on the time spent sheltering goats and horses. The horses 

were housed alone in the first and last 15-day groups, and along with the goats in the second 15-day group. 

In these stages, the levels of malondialdehyde (MDA), catalase (CAT), glutathione peroxidase (GPx), 

superoxide dismutase (SOD) activities and ischemia-modified albumin (IMA) level in saliva were examined. 

Results showed that MDA and IMA levels decreased, but CAT, GPx, and SOD activities increased. It was 

concluded that goats had a positive effect on horses according to the oxidative stress parameters examined 

in terms of animal welfare. However, there is still a need for research that will house horses with various 

animals in acceptable animal welfare circumstances, analyse their stress metrics, and maintain a high level 

of welfare. 
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INTRODUCTION   
 

Behavior is described as a change in the condition of an animal's body in all or part of it, or in other words, the animal's 

reaction to its environment while it is in direct contact with it (Özbeyaz and Akçapınar, 2006). Most animals use behavior 

to adapt to and regulate their surroundings (Kappeler, 2010). Unsuitable care and feeding circumstances in animal 

husbandry might result in aberrant behavior in animals (Mellor, 2015; Arndt et al., 2022). Horse abnormal behaviors are 

characterized by a succession of unwanted, ineffective, and recurrent negative habits (McAfee et al., 2002; Gill et al., 

2005). 

Most research believes that abnormal behaviors are induced by the suppression of friendship, i.e., loneliness in 

individual compartments. As a result, offering friendship to other animals or establishing conditions that are not harmful 

to horses will benefit their welfare. 

As with most animals, horses need someone to live their daily lives and social interactions and care. Isolating horses 

completely from their surroundings or from their social environment might result in the development of undesired 

disorders (Landsberg and Denenberg, 2019). Therefore, the primary goal of this research was to see how the enhanced 

environment created by the breeders for the goats influenced the horses, and the horses were allowed to interact with the 

goats. 

It is known that unstimulated saliva plays an important role in oral immunity, enamel integrity and keeping the oral 

mucosa wet. Insufficient saliva flow causes dental caries, mucosal deterioration, and dry mouth (Ono et al., 2006). In the 

last 10 years, the use of saliva as a diagnostic fluid has become increasingly important. The use of saliva as a diagnostic 

material in the monitoring of drug metabolisms in autoimmune disorders, pharmacology, endocrinology, nephrology, 

infectious diseases, cardiovascular diseases, psychiatry, oncology, and many other fields is becoming widespread 

(Streckfus and Bigler, 2002). There are many defenses in the body against oxidative stress caused by free radicals, and 

the first line of these defenses is saliva. It has been stated that the attacks of free radicals on the oral mucosa can cause 

different results from infection to cancer. Saliva is the first defense step against free radicals with the antioxidant 

molecules (a rich source of antioxidants) and enzymes it contains (the salivary peroxidase system) (Maciejczyk et al., 

2021).  

Various antioxidant defense systems have been developed in biological systems to limit the formation of free radicals 

and the damage they cause. Glutathione peroxidase (GPx) is an antioxidant enzyme that contains the amino acid 

selenocysteine in its active site and is effective on H2O2, steroid and lipid hydroperoxides. The primary scavenging enzyme 

in scavenging oxygen free radicals (ROS) is superoxide dismutase, which converts O2- to H2O2. GPx, on the other hand, is 
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the key enzyme responsible for the detoxification of cellular H2O2. It transforms H2O2 into molecular oxygen and water 

(McCord, 2000; Wei et al., 2004). Saliva is the first biological agent to encounter foreign substances that enter our body 

through food, drink or inhalation and is the first defense step against free radicals (Streckfus and Bigler, 2002). 

There is no scientific research in the literature that shows the change in some oxidative stress values that are 

considered important for animal welfare when goats and horses are housed together. For this reason, this research aims 

to show the changes in some oxidative stress parameters MDA, IMA, SOD, GPx and CAT activities that occur when keeping 

goats and horses in a paddock. In accordance with all of the observations, literature, and reviews, the hypothesis of this 

study is that goats will contribute positively to some oxidative stress parameters of horses that are regarded as important 

in terms of animal welfare. 

 
MATERIALS AND METHODS 

 

Research plan 

While forming the study groups of this research, three groups were formed considering the residence times of goats 

and horses together and separately. During the first and last 15 days of these groups, horses were housed alone, and in 

the second 15-day group, horses were housed together with goats. At the end of each 15-day stage, saliva samples were 

taken from horses, and the materials for the research were created. 

 

Ethical approval 

Experimental procedures adopted in this study were complied with the ARRIVE guidelines (Percie du sert et al., 

2020). 

 

The test area, animals and management 

Figures 1 and 2 show the research areas in the barn where the horses stay alone or with the goats. In these areas, 

horses and goats were housed together (19:00 to 08:00 h) while the horses were in the stables. 

The horse barn where the research was conducted had a length of 19.5 meters, a width of 9.5 meters, and a middle 

roof height of 6 meters. The horses in the stable used in the research were sheltered in six individual boxes surrounded by 

iron fences over the walls. The individual compartment of each horse, where the study was carried out, had an area of 3.5 

x 3 m2. The service road in the middle of the barn is 2.8 meters wide. 

The breeds of six horses used in the study were 3 Thoroughbred (1 gelding, and 2 mare) and 3 Haflinger (1 stallion, 1 

gelding, and 1 mare), and their ages ranged from 9 to 20. Horses and goats were given both concentrate and roughage 

twice a day at 08:00 and 19:00 while they were in the barn. The nutritional needs of the animals used in the study were 

given daily by the breeders. The needs of these nutrients were calculated by the enterprise and presented as roughage 

and concentrate. Goats used in the research—breed-hair goats—were used to be 6 months old and female.  

To meet the daily water needs of horses and goats, they always had clean water in front of them. The cleaning and 

maintenance of their litter material was done daily at 08:00. The breeders and observers at the shelter constantly 

checked the general condition of the horses and goats. Everything needed by horses and goats in the animal shelter was 

met as much as possible. In addition, horses and goats were grazed and irrigated in an outdoor paddock area during 

daylight hours convenient for observers. 

 

Figure 1 - The horse's box stalls. 
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Figure 2 - Housing horse and goat in the box stall.  

 
Accustoming goats to horses 

Initially, for a certain period of time, horses and goats eventually become acquainted with one another. The goats 

were permitted to stay with the horses for 15 days (16-30 days) after becoming acclimated to them during the second 

groups days of the research. One horse stayed with a goat during the research while the goats and horses were together. 

The same goat was placed next to the same horse each time. 

 

Saliva analysis 

Saliva samples were taken from the mouths of all Horses in the morning on an empty stomach by means of swaps. A 

total of 18 (6x3) saliva samples were collected on the 15th, 30th and 45th days of the study. In saliva samples taken; 

MDA level (Yoshioka et al., 1979), CAT (Goth, 1991), GPx (Matkovics et al., 1988), SOD activities (Sun et al., 1988) and 

IMA (Bar-Or et al., 2000) levels were measured with Biotek ELISA Reader (Bio Tek μQuant MQX200 Elisa reader/USA). 

 

Statistical analysis 

To examine the outcomes of salivary data from horses, a statistical program was used. (SPSS, Version 25, IBM Corp., 

Armonk, NY, USA). With this program, oxidative stress parameter variables (MDA, SOD, CAT, GPx, and IMA) obtained from 

horse saliva analysis were analyzed using the GLM procedure. Tukey multiple range tests were performed on unique 

groups according to the results. If the level of difference was P<0.05 in the whole data analysis, it was considered 

statistically significant. 

 
RESULTS AND DISCUSSION 

 

The results obtained between the study groups formed at 15-day intervals are shown in Table 1. As a consequence of the 

research groups, the investigated parameters of horses, MDA level (P<0.05), SOD (P<0.01), CAT (P<0.01), GPx activities 

(P<0.01) and IMA level (P<0.001) were significantly affected by goats. According to the evaluations made between the 

observation groups (1-3), it was determined that MDA and IMA levels decreased, but CAT, GPx, and SOD activities 

increased after the goats were placed next to the horses.  

While Figure 3 shows that a goat even rides a horse, and the horse did not showed any attitude towards it, the 

results of the saliva analysis were also an indication that the goats have a beneficial impact on the horses in the same 

direction. Therefore, it can be concluded that keeping the goat with the horse does not prevent the welfare of the horse 

but is also positive for the health of the animal and reduces stress. However, as with every animal, it should not be 

forgotten that horses can unintentionally harm goats due to their large body size, and precautions should be taken to 

prevent this. 

The current study is the first to report on the effect of goats on animal welfare-related oxidative stress parameters 

(MDA, CAT, GPx, SOD and IMA) in box stall horses. Individual stable boxes are normal practice for many racehorse 

breeders when it comes to performing horses like racehorses (Munoz et al., 2014; Munoz et al., 2018). Similarly to prior 

research, the six box stalls used for this study kept their horses in separate stable boxes (Normando et al., 2002; 

Hockenhull and Creighton, 2010; Leme et al., 2014; Hanis et al., 2020).  
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Horses are still mostly confined in single stalls, despite mounting scientific evidence that single-stall living is 

detrimental to horse wellbeing. As a result, social relationships are critical, and they are a requirement for ensuring 

excellent horse welfare (Lesimple et al., 2020). In this research, we used goat, a live material, for horse socialization, and 

we discovered positive responses in certain oxidative stress measures related to animal wellbeing. 

As with many creatures, horses are creatures that need social contact or communication with other living things 

during the day. Isolating horses from social life and communication may cause undesirable problems for them. The 

communication between goats and horses was ensured in this study, and their idle time was reduced. Also, they were 

observed less as a consequence of these regulations of undesired blood results related to animal welfare. 

 

Table 1 - Oxidative stress parameter values observed at 15-day intervals in the research group consisting of 

Thoroughbred and Haflinger horses (Mean ± SD). 

Variable 
Group 1 

(0-15 days) 

Group 2 

(16-30 days) 

Group 3 

(31-45 days) 
P value 

MDA (nmol/mL) 1.90 ± 0.06 ab 1.86 ± 0.50 b 1.92 ± 0.06 a 0.022 

SOD (U/mL) 15.59 ± 0.75 ab 16.05 ± 0.52 a 15.13 ± 0.92 b 0.018 

CAT (IU/mL) 16.39 ± 1.88 b 18.45 ± 1.68 a 16.00 ± 2.31 b 0.010 

GPx (U/L) 0.19 ± 0.03 ab 0.21 ± 0.03 a 0.18 ± 0.02 b 0.008 

IMA (ΔABSU) 0.18 ± 0.02 a 0.12 ± 0.01 b 0.17 ± 0.03 a <0.001 

The influence of differences between observation periods is shown by the P values; different superscript letters within each row indicate 

differences between groups (P < 0.05). MDA: Malondialdehyde, SOD: Superoxide dismutase, CAT: Catalase, GPx: Glutathione peroxidase, IMA: 

Ischemia-modified albumin 

 

 
Figure 3 - A goat has ridden a horse. 

 

CONCLUSION  

 

When the data collected after the goats were placed near to the horses was analyzed, it was discovered that MDA and 

IMA levels fell while CAT, GPx, and SOD activities increased. These oxidative stress parameter results show that goats 

have a positive effect on the animal welfare of horses. Because horses are sensitive to their surroundings, their 
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environment might induce stress parameter values that produce significantly diverse effects for them. So, there is a need 

for research that will house horses with various animals in acceptable animal welfare circumstances, analyze their stress 

metrics, and maintain a high level of welfare. 
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