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Abstract: To investigate the impacts of various sources of omega-3 on feed intake, digestibility, and blood 
metabolites in horses, this research was conducted. In this survey, 6 medium-sized Turkmen horses, aged 14 to 
16 years, were used. The horses had no movement and health problems. This research was carried out in the 
form of a rotating design and included 3 periods, and each treatment had 2 repetitions in each period. In each 
experimental period, horses were randomly assigned to each of the 3 experimental treatments. The 
experimental treatments included C) Omega-3-free supplement (control treatment), R) Persialin flaxseed oil, 
and P) Persialin fat powder. At the beginning of each period, after the withdrawal period for the previous 
period, blood and feces samples were taken as the covariate factors, then the experimental treatments were 
consumed for 14 days, and after the adaptation to 100 grams of supplementing fat powder or flax seed oil, 
blood and feces samples were taken at the end of the course. Fat supplements were added to the concentrate 
1.5 hours before feeding the midday hay. The palatability was affected by the P treatment and was significantly 
lower than the R and C groups (P<0.05). But the difference between the two treatments (R and C) was 
insignificant in any of the periods. The digestibility of acid detergent insoluble fiber (ADF), crude protein (CP), 
ether extract (EE), and organic matter were not affected through any of the experimental treatments. Blood 
metabolites including glucose, cholesterol, triglyceride, total protein, and blood urea nitrogen were not 
influenced by experimental treatments. The serum albumin concentration of horses was affected by the R 
treatment in the first and third periods, but no significant difference was observed between the treatments in 
the second period. 
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Introduction 

These days, one of the most important topics in the nutrition of sports horses is how to enhance 
the energy level in the feeding ration. Grains can be used in the ration to provide energy over the 
animal's maintenance level, but the consumption of grains in the ration as an energy source has 
limitations [1]. Supplying excess energy through a high percentage of grains such as barley or corn 
in concentrate exposes the animal to dangerous metabolic diseases such as colic, laminitis, and 
gastrointestinal ulcers that will harm the animal's health and sport activities [2–14]. 

In numerous surveys, it has proposed that fat supplements in concentrate, using to provide 
excess energy, for the maintenance of sports horses [9,8,15–21] or workhorses and ponies [22–26] 
should be consumed. By adding a fat supplement to the diet, the energy level of the ration is 
concentrated and the animal receives required energy through a smaller meal [18,27–30], and there 
is no necessity to consume high levels of forage or grains to meet the animal's energy needs, and this 
improves sports horses’ performance [21,25,31]. Consuming a fat source in the horse nutrition 
increases glycogen levels in skeletal muscles and liver [21,25,26,32] that stored glycogen will be used 
throughout competitions or activities. In fact, intense exercise [25,33–35], and the severe reduction of 
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glycogen resources lead to fatigue and will have detrimental impacts on horses’ performance [36]. 
Therefore, it is recommended to add this form of fat supplement (oil) to the concentrate like soybean 
oil and flaxseed oil, which are known excellent sources of omega-3 [4,37]. 

The consumption of fat supplements at the optimal level, especially supplements rich in omega-
3 such as flaxseed oil and fish oil, in addition to providing fat-soluble vitamins, reducing food dust, 
making the body coat shiny, and improving hair growth in horses [18], can improve clotting 
parameters, support immune function, and enhance fertility rate [2,38], influence some health criteria 
including the production of prostaglandins and leukocytes that have anti-inflammatory properties 
and can improve inflammatory responses by increasing resistance to the membrane of red blood cells 
affecting the osmotic pressure and reduce the blood cortisol level during stress [16,17,39–45]. 

Based on some studies’ results, adding fat supplements in the form of oil to the daily feed of 
horses increased feed intake. Therefore, it is assumed that adding oil to feed improves palatability 
[4]. Melo et al. [46] showed that consuming oils rich in omega-3 and omega-6 fatty acids increases 
their antioxidant capacity and subsequently improves horses’ performance and also has shown n-3 
PUFA have the potential to mitigate the pain and inflammation caused by arthritis, as well as possibly 
slowing joint degradation [47–49]. The advantage of flaxseed oil over other vegetable oils is due to its 
high content of omega-3, especially polyunsaturated fatty acids (PUFA), especially alpha-linolenic 
acid (ALA) [4,50,51]. In addition, flaxseed oil has a very favorable omega-6 to omega-3 ratio, which 
does not exceed the ratio of 2:1 [52]. Flaxseed oil also reduces the TC/HDL ratio, which is an excellent 
index for reducing the risk of the arteriosclerosis and other cardiovascular disorders [53]. Enriching 
the diet with omega-3, for example using flaxseed or flaxseed oil, may improve the blood lipid profile 
playing an vital role in preventing heart diseases [51,54] and increase tissue sensitivity to insulin 
[17,55]. Flaxseed or flaxseed oil has also been used as a laxative [56], treatment of inflammation [2], 
and allergic skin diseases [57]. Flaxseed oil and marine fatty acids supplementation decrease platelet 
aggregation in different species [58,59]. 

Horses have a low capability to elongate fatty acids, and this issue is crucial in response to 
inflammatory activities. There are speculations about flaxseed that, as a source of long-chain omega-
3 fatty acids, may reduce the symptoms of laminitis by inhibiting inflammatory mediators [39]. 
Moreover, in a study due to the consumption of sesame oil, the concentration of red blood cells, 
hemoglobin and hematocrit increased following the improvement of the level of omega-3 in the blood 
[60]. Therefore, there are several reasons for horse breeders to be attracted in using different flaxseed 
products in horse ration [15]. 

The major objective of this study was to investigate the difference between two sources of 
flaxseed calcium fat powder and flaxseed oil added in the amount of 10% (100 grams per 1 kg of 
concentrate) per day on feed intake, nutrients digestibility, and evaluate the possible improvement 
of inflammatory responses due to the consumption of flaxseed as a source of omega-3 fatty acids and 
its effects on blood metabolites in horses. 

Experimental methods 

Animal welfare  

Entire experimental procedures, rearing, and management schedules in addition to sampling 
methods throughout the study were performed based on the fundamentals and guidelines of the 
Iranian Council of Animal Care [61]. 

Materials and Methods 

This study was implemented at Azmoun riding club located on the east side of Azadi sport 
comlex in Tehran, Iran from August to November 2018. Six adult, medium-sized, castrated Turkmen 
stallions were allocated to this study. The horses had no movement or health problems and were kept 
in individual boxes with standard dimensions. All boxes were equipped with automatic water trough 
and separated mangers. To equalize the initial conditions between experimental treatments, horses 
were randomly assigned to each treatment in each period. 
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The bed of each box was filled with wood chips and the feces collected in the box bed of each 
horse were cleaned daily, and the entire bed cover was changed weekly. Throughout the project, the 
horses had free access to water and salt block. To neutralize exercise effect on digestibility trait, 
horses’ exercise was equalized [62,63]. In this way, the training schedule of all 6 horses throughout 
the week consisted of one day of rest, one day of lunge for 15 minutes of trotting, and the remaining 
five days the horses walked for 10 minutes, trotted for 20 minutes, and slow trotting for 10 minutes 
by the rider for a total of 40 minutes in the mange. 

In the Azmoun riding club, the horses’ daily feeding program included 3 meals of hay, the first 
meal at 5:30 am, 1:30 pm, and 8:30 pm. To prevent respiratory issues and to reduce the dust from dry 
forage, in all meals, hay was first completely wet and then given to the horses. All horses were given 
4 kg of hay in the morning and evening meals and 2.5 kg of hay in the noon meal (10.5 kg in total). 

The composition of the concentrate consumed to feed the horses had minor changes throughout 
the study. For this reason, at the end of each period, samples were taken from the consumed 
concentrate (approximate analysis data is given in Table 1). The concentrates were completely 
pelleted and nutty, and 1 kg was provided to the horses 1 hour prior to the midday hay meal, at 12 
to 12:30. 

Table 1. Approximate analysis of feed samples at the end of three periods. 

%OM %EE %ADF %CP Nutrients 
92.2 1.498 33.07 13.01 End of the first period 

92.92 1.524 32.78 12.58 End of the second period 
94.92 1.828 32.77 12.50 End of the third period 

Horses were randomly assigned to each of the experimental treatments in every period (each 
treatment 6 repetitions, 3 periods). The design was carried out in the form of a rotating design in 3 
periods, and each treatment was repeated twice in each period, and at the end of the study, all 6 
horses had fed experimental treatments. The experimental treatments included C) Omega-3-free 
supplement (control treatment), P) flaxseed calcium fat powder (Persialin fat powder, Kimiya Danesh 
Alvand Co., Qom, Iran), and R) flaxseed oil (Persianlin flaxseed oil, Kimiya Danesh Alvand Co., Qom, 
Iran). The nutritional value and chemical composition of the treatments are given in Table 2. The 
experimental treatments were weighed using a digital scale (1 mg accuracy), 100 grams of fat powder 
and 100 grams of oil were weighed in a special container (containing a spray) and used throughout 
the survey. Flaxseed oil treatment was sprayed on 1 kg of concentrate and then given to the horses. 
In addition, the fat powder treatment was completely combined with 1 kg of concentrate and given 
to the horses 1 hour before consuming hay. In previous research, a 3-week period was considered to 
investigate the effects of fat supplements on horses’ nutrition, and it has been argued that this period 
is sufficient for changes in metabolism as a result of dietary changes [21,25,26,32] and this study was 
also carried out in a period of three weeks. The treatments containing oil and fat powder were fed for 
14 days in each period, and after that, blood and feces samples were obtained at the end of the 
experimental period. 4 days were allocated for the adaptation process (25 grams on the first day, 50 
grams on the second day, 75 grams on the third day, and 100 grams on the fourth day). The horses 
received 100 grams of experimental treatments from the fourth day for 10 days. At the end of each 
experimental period, 7 days were considered as experimental free-course to make prepared to initiate 
the next period, when the horses did not receive the oil or fat powder treatments, and their daily 
ration only included 11.5 kg of hay plus 1 kg of concentrate. 

Table 2. Chemical composition of fat supplements. 

Item Oil 

Persialin Fat Powder Persialin Flaxseed oil 
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Fatty Acids, %   

C16:0 10 8 

C18:0 7 5 

C18:1 -  9  21 22 

C18:2 -  6  18 12 

C18:3  -3 42 50 

-6/-3 0.42 0.24 

Crude Fat 85 100 

PUFA 60 62 

In each experimental period, the concentrate fed in all treatments was the same, and they were 
kept in the club's feed warehouse. Horses were kept in individual boxes with mangers. To evaluate 
the palatability index (Delobel et al. method [4]), during feeding on the last 4 days of each period, the 
duration of consumption of 1 kg of concentrate was recorded in experimental treatments. 

This study evaluates the digestibility of acid detergent insoluble fiber (ADF), crude protein (CP), 
ether extract (EE), organic matter (OM), and acid insoluble ash (AIA) in feed and feces samples. To 
measure ADF, Van Soest method [64] and the Fibertec 1010 device was used. To measure protein and 
crude fat Kjeldahl and Soxhlet devices were used respectively, and AIA and organic matter of the 
samples, was measured based on AOAC method [65]. Due to the lack of standard protocols for 
collecting partial feces samples, the method of collecting total feces throughout the last 2 days of each 
period was selected and performed based on the method suggested by Martin-Rosset et al. [66]. To 
achieve this purpose, the beds of individual horse boxes were filled with wood shavings, and in the 
last 2 days of each period, 24 hours before sampling, the feces in the bed were not cleaned. After the 
first meal of feeding at 7-8 a.m. from a total of 100 to 200 grams of feces collected from different parts 
of the box bed, samples were taken. After sampling on the first day, the bed of the boxes was cleaned. 
On the second day, sampling was done in the same way. 

At the end of each period samples of consuming concentrate were taken (500 grams), and a 
sample of alfalfa was taken at the beginning of the study to represent the alfalfa consumed 
throughout the entire period. To measure the dry matter percentage at the end of the study, the feed 
and feces samples were placed in an oven with a temperature of 65°C for 72 hours. Within 2 days 
after drying, the ration and feces samples were completely mixed and ground with a 1 mm sieve, and 
AIA was used as an internal marker to calculate the amount the nutrients digestibility. Several studies 
in horses have shown that the digestibility coefficients obtained by AIA marker are statistically 
similar to those obtained with total collection [67–70]. 

To evaluate blood metabolites (glucose, albumin, total protein, triglyceride, cholesterol, and 
blood urea nitrogen), at the beginning of each experimental period before applying experimental 
treatments (as a covariate factor) and at the end of each period (main record), 2.5 hours after feeding 
hay at 8 a.m. blood samples, from the jugular vein through vacuum tubes containing EDTA, K3 
anticoagulant, were obtained. Obtained blood samples were centrifuged at 3,000 × g for 15 min at 4°C 
to separate plasma. The plasma was poured into 3 ml-microtubes and preserved at -20°C till 
biochemical analysis. The plasma samples were analyzed to determine concentrations of glucose 
(GOD-PAP), albumin (Bromocresol Green method), total protein (TP) (Biuret with sample blank), and 
blood urea N (BUN) (Berthelot) utilizing commercial kits following the manufacturer’s instructions 
(Pars Azmoon Co.). The ELISA device (Hiperion, MPR4+, Microplate Reader, Germany) of the 
Physiology Laboratory of the Department of Animal Sciences, University of Tehran was used to 
evaluate glucose, albumin, total protein, and BUN, cholesterol, and triglyceride were measured using 
the optical absorption spectrophotometer of the Nutrition Laboratory of the Animal Science 
Department. 
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Experimental design and data analysis 

Data was analysis by SAS statistical software [71] (version 9.1, 2000, SAS Inst. Inc., Cary, NC) 
and GLM procedure. The averages compared by LSMeans and the probability of less than or equal 
to 0.05 (P ≤ 0.05) were considered a significant difference. All the data were first analyzed with the 
complete statistical model and if the covariance factor was meaningless, it was removed from the 
equation. 

Results 

Palatability 

The results related to the comparison of the palatability average among the experimental 
treatments are shown in Table 3. Delobel et al.'s [4] method was used to measure palatability. Based 
on this method, at the end of each period, 4 observations were recorded on the feeding of each horse 
with experimental treatments on 4 consecutive days. 

Table 3. Average palatability of experimental treatments. 

P value SEM Flaxseed oil Fat powder Control  

0.0014 0.31 b5.29 a7.33 b5.45 Palatability 
a,bMean values within a row with unlike superscript letters were significantly different (P < 0.05). 

Experimental treatments were: No fat supplement (C), Persialin fat powder (P), Persialin flaxseed oil 
(R). 

Digestibility of insoluble fiber in acid detergent (ADF), crude protein (CP), ether extract (EE), 
and organic matter (OM) 

The results related to the comparison of the average of ADF, crude protein, ether extract, and 
organic matter digestibility among experimental treatments are shown in Table 4. 

Table 4. Average of nutrients digestibility (%). 

P value SEM Flaxseed oil   Fat powder Control 
Items 

0.47 5.79 61.75 65.35 59.22 ADF 

0.49 2.22 84.38 86.39 84.14 Crude protein 

0.63 7.94 61.55 66.53 64.88 Crude fat 

0.51 3.42 75.25 78.11 74.84 Organic matter 

a,bMean values within a row with unlike superscript letters were significantly different (P < 0.05). 
Experimental treatments were: No fat supplement (C), Persialin fat powder (P), Persialin flaxseed oil 

(R). 

Blood metabolites 

Blood serum glucose concentration 

Glucose concentration in all horses was in the normal range (75-115mg/dl) reported in previous 
study [99]. The results related to the comparison of the average concentration of blood serum glucose 
among experimental treatments are shown in Table 5. The effect of the experimental treatment in the 
model was insignificant, and blood serum glucose was not affected by the experimental treatments. 
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Table 5. Effect of experimental treatments on blood serum glucose (mg/dL). 

Major factor effect 

P value SEM 3 2 1  
0.19 7.26 96.16 81.34 88.62 Treatment effect 

0.36 7.26 87.10 84.45 94.57 Period effect 

Treatment/Period interaction 

P value SEM Flaxseed oil Fat powder Control  
0.16 11.98 106.34 80.15 97.22 First period 

0.37 11.98 81.34 94.04 77.97 Second period 

0.10 11.98 100.79 69.84 90.67 Third period 

a,bMean values within a row with unlike superscript letters were significantly different (P < 0.05). 
Experimental treatments were: No fat supplement (C), Persialin fat powder (P), Persialin flaxseed oil 

(R). 

Blood serum total protein concentration 

The effect of experimental treatment in the used model was insignificant. No significant 
difference was observed between the experimental treatments, and the treatments did not affect 
blood serum total protein (Table 6). 

Table 6. Effect of experimental treatments on blood serum total protein (g/dL). 

Major factor effect 

P value SEM 3 2 1  
0.17 0.43 7.99 7.12 7.09 Treatment effect 

0.31 0.43 7.45 7.03 7.72 Period effect 

Treatment/Period interaction 

P value SEM Flaxseed oil Fat powder Control  
0.34 0.77 8.36 7.16 7.64 First period 

0.52 0.77 7.28 7.18 6.63 Second period 

0.20 0.68 8.33 7.01 7.00 Third period 

a,bMean values within a row with unlike superscript letters were significantly different (P < 0.05). 
Experimental treatments were: No fat supplement (C), Persialin fat powder (P), Persialin flaxseed oil 

(R). 

Blood serum albumin concentration 

The effect of experimental treatment in the used model was significant, and the albumin 
concentration of the flaxseed oil treatment in the first and third periods was significantly higher than 
the albumin concentration of the fat powder treatment and the control group (Table 7). 

Table 7. Effect of experimental treatments on blood serum albumin (g/dL). 

Major factor effect 

P value SEM 3 2 1  
0.02 0.14 3.47a 2.99b 2.91b Treatment effect 

0.21 0.14 3.02 3.05 3.30 Period effect 

Treatment/Period interaction 

P value SEM Flaxseed oil Fat powder Control  
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0.01 0.25 3.96a 2.88b 3.06b First period 

0.24 0.25 2.88 3.33 2.95 Second period 

0.04 0.25 3.58a 2.76b 2.72b Third period 

a,bMean values within a row with unlike superscript letters were significantly different (P < 0.05). 
Experimental treatments were: No fat supplement (C), Persialin fat powder (P), Persialin flaxseed oil 

(R). 

Blood serum triglyceride concentration 

The effect of experimental treatment was not significant in the used model. None of the 
treatments of fat powder or Persialin flaxseed oil had a significant effect on the blood serum 
triglyceride concentration in any period (Table 8). 

Table 8. Effect of experimental treatments on blood serum triglyceride (mg/dL). 

Major factor effect 

P value SEM 3 2 1  
0.07 5.93 18.26 17.27 34.20 Treatment effect 

0.29 6.07 18.03 23.83 27.87 Period effect 

Treatment/Period interaction 

P value SEM Flaxseed oil Fat powder Control  
0.55 10.36 23.18 27.28 33.14 First period 

0.11 10.36 19.85 13.96 37.67 Second period 

0.17 10.36 11.73 10.58 31.79 Third period 

a,bMean values within a row with unlike superscript letters were significantly different (P < 0.05). 
Experimental treatments were: No fat supplement (C), Persialin fat powder (P), Persialin flaxseed oil 

(R). 

Blood serum cholesterol concentration 

The effect of experimental treatment was insignificant in the model, but the covariate factor of 
serum cholesterol was significant in the model. In this experiment, however, no significant difference 
was observed between the treatments, and the experimental treatments did not affect the blood 
cholesterol of the horses (Table 9). 

Table 9. Effect of experimental treatments on blood serum cholesterol (mg/dL). 

Major factor effect 

P value SEM 3 2 1  
0.20 2.95 71.13 68.81 34.20 Treatment effect 

0.50 3.29 66.50 68.69 27.87 Period effect 

Treatment/Period interaction 

P value SEM Flaxseed oil Fat powder Control  
0.47 5.21 68.09 73.38 68.21 First period 

0.37 5.26 72.54 68.12 65.42 Second period 

0.23 5.57 72.75 64.94 61.80 Third period 

a,bMean values within a row with unlike superscript letters were significantly different (P < 0.05). 
Experimental treatments were: No fat supplement (C), Persialin fat powder (P), Persialin flaxseed oil 

(R). 
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Blood urea nitrogen concentration (BUN) 

The effect of experimental treatment was insignificant in the used model. No significant 
difference was observed between the averages of experimental treatments, and the level of blood urea 
nitrogen (BUN) was not affected by any treatment (Table 10). 

Table 10. Effect of experimental treatments on blood serum BUN (mg/dL). 

Major factor effect 

P value SEM 3 2 1  
0.09 1.22 31.53 32.26 34.96 Treatment effect 

0.09 1.22 34.68 31.23 32.84 Period effect 

Treatment/Period interaction 

P value SEM Flaxseed oil Fat powder Control  
0.17 2.08 34.14 29.72 34.66 First period 

0.20 2.08 28.23 32.76 32.70 Second period 

0.14 2.08 32.23 34.31 37.51 Third period 

a,bMean values within a row with unlike superscript letters were significantly different (P < 0.05). 
Experimental treatments were: No fat supplement (C), Persialin fat powder (P), Persialin flaxseed oil 

(R). 

Discussion 

Several studies evaluated the acceptability of oil enriched diets [21,72,73] and compared the 
palatability of various fats and oils [18]. Previous research investigated the effect of consumption of 
different sources of oil including soybean oil [26], corn oil [74], and even animal fats [32,75] on the 
palatability of the diet and they had no negative effect on the feed intake. In studies on horses, there 
are very few reports on the effects of flaxseed oil consumption on palatability. The research results of 
some researchers showed the negative effect of flaxseed oil, as a source of omega-3, on the palatability 
of consumed food [44,76,77]. In this study, there was no significant difference between the average of 
the flaxseed oil treatment and the control group, but the fat powder treatment significantly reduced 
the palatability. The reduction in feed intake may be due to the calcium salts of fatty acids leading to 
unpleasant taste, and sometimes a decrease in feed intake has been reported in other animals such as 
cattle. Delobel et al. [4] reported an insignificant difference in the palatability of the control and the 
oil treatment group testing the effect of flaxseed oil supplementation on the feed intake.  

After realizing the effect of horse sports activities on the digestibility of the diet's dry matter, the 
speed of material passing through the intestines, and the fermentation capacity of the microbes at the 
end of the digestive tract, the researchers conducted various experiments to investigate the effects of 
horse sports activities such as jumping, endurance and running on nutrients’ digestion and 
absorption. They conducted surveys for the digestibility of various fat supplements and checked 
varying levels of their consumption and their effects on the digestibility of other nutrients such as 
crude fiber, crude protein, etc [4,6,78]. Results of numerous researches indicated that the addition of 
fat supplements to the diet had no effect on the apparent digestibility of cell wall contents [79,80], 
neutral detergent fibre [14,30,79–82] or acid-detergent fibre [79]. However, other researchers reported 
an increase in apparent digestibility [4,6,83–87] after the feeding diets containing fat. Improving 
digestibility in horses leads to a reduction in the risk of metabolic diseases such as colic [8]. The usage 
of oil in horses’ ration creates a coating on the surface of the forage, which can increase the speed of 
passage of materials throughout the digestive system, and as a result, the components of the feed and 
nutrients are exposed less time for the digestion, and the digestion is incomplete and can cause the 
difference between the 3 experimental treatments. In this study the effect of the experimental 
treatments (fat powder and flaxseed oil) was insignificant in any of the investigated digestive traits 
with each other and comparing the control group. The results of experiments conducted by Meyer et 
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al. [88] and Jansen et al. [89] indicated that the use of fat sources in horses’ ration decreased protein 
digestibility. Based on the results obtained by Markey and Kline [78] horses consuming the control 
treatment had greater digestibility of DM, OM, total dietary fiber, and GE than did those fed the 
supplemental fat treatments (10% hydrogenated fat; or 10% soybean oil). According to Meyer et al. 
[88] consuming high amounts of fat in the diet may reduce the apparent digestibility in the small 
intestine due to the higher endogenous nitrogen flow, which is related to the stimulation of digestive 
secretions. Delobel et al. [4] reported that the consumption of 80 grams of flaxseed oil significantly 
increased the digestibility of dry matter (DM), crude fiber (CF), neutral detergent-insoluble fiber 
(NDF), and crude fat compared to the control treatment and disagree with the results of the current 
study. However, there was no significant difference between the control group and the oil treatment 
group for the digestibility of crude protein (CP) and acid detergent-insoluble fiber (ADF), and it is 
consistent with the results of the present experiment. Rich et al. [80] reported that ponies consuming 
a diet containing 10% blended fat had decreased NDF digestibility compared to the control or those 
consuming 10% corn oil. In another study ponies consuming diets containing 7.5 or 15% peanut oil 
had increased NDF digestibility compared to ponies consuming the control diet or those consuming 
corn oil, animal fat, or blended fat at the same levels, and ponies consuming any one of the fat sources 
had higher ADF digestibility than the control [80]. Meyer et al. [88] observed that increasing the daily 
fat intake from 0.1 to 1 to 2 grams per kilogram of body weight leads to an increase in pre-ileum fat 
digestibility. According to previous studies, adding fat supplementation have an insignificant effect 
on the digestibility of the fibrous part of the feed [6,14,32,79,80,85]. Other studies also reported a 
decrease in the digestibility of crude fiber, ADF, and NDF [89–91]. In another study the addition of 
10% animal fat to the diet of exercising horses increased NDF digestibility by 12 to 13 percentage 
units compared to the control [87]. 

Lindberg and Karlsson [92] found that adding fat to horses’ diets increased apparent ADF 
digestibility and did not affect total fiber digestibility. In horses, the part of the digestive tract where 
fermentation occurs is located after the small intestine, which probably explains the difference in 
digestibility between ruminants and horses [4]. According to Karlsson et al. [93] replacing 
fermentable carbohydrates with fat reduced some of the negative effects of starch on fiber digestion, 
because research has shown that reducing the amount of starch in the diet improves fiber digestion. 

The insignificant difference in ADF digestibility of the diet between the 3 treatments of Persialin 
flaxseed oil, Persialin fat powder, and the control group is an acceptable result because it shows that 
the consumption of 100 grams of fat powder or Persialin flaxseed oil in the diet does not reduce the 
digestibility and it is possible to use both supplements. One of the objectives of this study was to 
investigate the effects of fat powder comparing flaxseed oil on creating the coating on the forage 
surface and the effect on the digestibility of diet’s nutrients. The results showed no decrease in ADF 
digestibility between the two experimental treatments compared to the control group. On the other 
hand, we assumed that the consumption of flaxseed oil, following the increase in the speed of passage 
of nutrients through the digestive system, will reduce the digestibility of nutrients compared to the 
two treatments of fat powder and the control group, and maybe lead to a significant difference in 
digestibility between the control and fat powder treatments with the flaxseed oil treatment, and the 
flaxseed oil treatment have lower digestibility than the other two treatments. Another assumption 
was that following the increase in the passage speed of nutrients throughout the digestive tract, a 
large part of the undigested starch and flaxseed oil reach the caecum of horses, and by creating an 
acidic environment in the cecum, causing digestive disorders, and the increase in the passage rate 
reduces the digestibility of CP, EE, and OM. However, since the digestibility of any of the nutrients 
does not decrease after consuming flaxseed oil, it can be concluded that a ration with high energy 
level and omega-3 (fat powder and flaxseed oil) can be consumed in the horse's diet without any 
problem.  

In this study the digestibility of DM and OM were not influenced (P > 0.05) by experimental 
treatments. These results are similar to findings of other researchers [32,80]. Previous studies 
indicated that adding fat to the horses’ diet increased fat digestion [6,14,28,30,79–81,85,86] and the 
results of this study were not in line with the previous study results. Bush et al.[6] conducted a survey 
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to evaluate the effects of corn oil (5,10,15%) in horses’ diet on CP digestibility and concluded that in 
contrast to previous work [80,87], there was no effect of fat supplementation on CP digestibility. 
Delobel et al.[4] showed that the inclusion of flaxseed oil in the concentrate improved the EE 
digestibility up to 83.7% as opposed to 57.3% for the control ration.   

The analysis of blood metabolites in horses is a useful measure to evaluate the health and well-
being, nutritional requirements, and appropriateness for selecting the type of activity [94]. The 
concentration of blood metabolites is also an efficient tool to show feed efficiency, because it indicates 
the nutritional conditions of animals [95,96]. Most of the results pertain to the analysis of blood 
metabolites in this study were in the range of the results of the sources specific to horses [97,98], 
which indicated optimal health conditions in them. 

Consuming more daily feed and higher digestibility of consumed feed can increase blood 
glucose concentration [100]. The consumption of fat supplemented diet (up to 12%) enhances skeletal 
muscle stores in horses by as much as 51% [25,26,32]. Glycogen provides a significant energy 
substrate for skeletal muscles through exercise activity, with the amount of glycogen utilization 
increasing exponentially as exercise intensity increases [34,35]. Therefore, a fat-added diet may 
improve exercise performance through insuring that sufficient glycogen stores are provided and are 
used to accommodate the elevated glycogen demands occurring during exercise [21]. 

There were 2 hypotheses about serum glucose concentration: 
1) The consumption of a high omega-3 fat supplement increases insulin sensitivity after feeding 

omega-3 in horses, and after consuming food blood glucose returns to normal level (close to fasting 
blood glucose) faster, following that blood glucose decreases compared to the control group. 

2) On the other hand, we expected that due to the body use of fat as a source of energy at rest, 
the glucose absorbed from the food will not be absorbed by the cells and will remain in the 
bloodstream, causing an increase in blood glucose in the experimental groups compared to the 
control group. 

Similar to the study by Hucko et al. [101] the experimental groups, fed omega-3 supplements for 
4 weeks, had higher blood glucose than the control group. The results of the study by Harkins et al. 
[21] indicated that following the consumption of fat in the diet of racing horses, the consumed glucose 
is stored in the form of glycogen in the muscle tissue, and the blood plasma glucose level increases 
in the resting case. However, contrary to these two hypotheses, no significant difference was observed 
between the treatments of fat powder and flaxseed oil on blood glucose, and the treatments of fat 
powder and flaxseed oil did not show significant increase in blood glucose compared to the control 
group. O’Connor et al. [17] indicated that plasma glucose concentrations were not different between 
groups (fed corn oil and fish oil as fat supplements) during exercise but were lower (treatment × time 
interaction; P < 0.01) for the fish oil group during recovery. Hodge et al. [102] reported that both mare 
and foal plasma glucose and insulin concentrations were not affected by experimental treatments 
including fish oil and fish oil plus soybean oil as fat supplements.   

According to the survey conducted by Long et al. [103], the concentration of albumin has an 
inverse relationship with the acute phase proteins (APP), and following the increase in serum 
albumin the concentration of acute phase proteins decreases. Therefore, it can be concluded that the 
treatment of Persialin flaxseed oil may have reduced the inflammatory response in the first and third 
periods in horses by increasing the concentration of serum albumin. But in the second period, no 
significant difference was observed between any of the experimental treatments. 

Following the consumption of fat supplements such as fish oil, many studies reported a 
significant increase in blood serum triglycerides in horses after exercise. This increase following the 
consumption of fat supplements can be attributed to 2 processes: 

1) Increasing the activity of lipoprotein lipase in the oxidation of fatty acids [104,105] 
2) Activation of the negative regulation effect (in the direction of reduction) on triglyceride 

synthesis enzymes by fatty acids [106] 
However, throughout this study, no significant difference was observed between the groups 

consuming fat supplements because the blood samples were taken from the horses at rest and were 
not examined before and after daily exercise. For this reason, the insignificant difference between the 
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blood triglyceride concentration of horses in the experimental groups, consuming fat supplements, 
and the control group is a correct result. Hucko et al. [101] also did not observe any significant 
difference between the control group and the fat supplement-consuming group following the 
consumption of omega-3 supplements in sports horses. 

In another study conducted by Monteverde et al. [107] 70 ml of the fat supplement was used and 
blood samples were taken from horses before and after exercise, the triglyceride level increased 
significantly after the horses’ sports activities, and also the consumption of this supplement improved 
the adaptation of the horse's metabolism to the sports activities by increasing the capacity of 
consuming fatty acids through the horses’ muscle tissues. The results of Sembratowicz et al. [108] 
showed that when flaxseed oil was used in the diet of horses instead of soybean oil, the blood 
triglyceride concentration and the Atherogenic part of LDL cholesterol reduced, and the percentage 
of HDL-TC increased. Omega-3 found in unsaturated fatty acids can reduce blood plasma 
triglyceride concentration by preventing their synthesis in the intestinal wall and liver [109]. Piccione 
et al. [110] reported a significant decrease in triglycerides and NEFAs concentration in experimental 
groups compared with control groups during both training period and after the simulated events 
following omega-3 fatty acids supplementation. Decreased serum triglycerides are the most 
consistently reported result of fish oil supplementation in horses [111]. 

Hucko et al. [101] did not observe a significant difference in blood cholesterol levels between the 
control and the treated group following the daily consumption of 150 gr of omega-3 supplement 
obtained from Oenothera oil, which is consistent with the results of this study. In horses, LDL 
constitutes up to 15% of blood lipoproteins [112]. LDL contains 42% cholesterol, while high-density 
lipoproteins contain 21% to 36% cholesterol. LDL is produced by liver lipase of low-density 
lipoproteins and is responsible for transporting cholesterol to peripheral tissue [113]. O’Connor et al. 
[17] noted that serum cholesterol concentrations were lower in horses receiving fish oil (treatment 
effect; P < 0.05), but serum triglycerides were not affected by treatment.  

Conclusion 

Based on the results of this research, both fat powder and Persialin flaxseed oil supplements can 
be used up to 10% of horse concentrate as an energy source as well as a source of omega-3 unsaturated 
fatty acid. The lack of reduction in digestibility of nutrients after adding these supplements also 
shows that these two products are not superior to each other. It can be concluded that the 
consumption of 100 gr of Persialin flaxseed oil or fat powder in the diet of horses will lead to beneficial 
impacts such as increasing the level of the immune index and reducing inflammation. 
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