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The present study aimed to analyse dried grape pomace as a possible source of crude fat and polyunsaturated
fatty acids in equine nutrition, as well as its effect on apparent digestibility of crude fat and selected fatty acids.
Twelve clinically healthy sport horses were used in the feeding trial (Slovak warm blood breed). Animals were
divided into three groups; control group (without supplementation) and two experimental groups where diets were
enriched by 200 g and 400 g of dried grape pomace, respectively. Digestibility analysis was carried out by total
faeces collection method. Crude fat of feeds and faeces, extracted by Soxhlet-Henkel method, was subsequently
subjected to fatty acid profile analysis by gas chromatography. Grape pomace contained 96.17 g.kg’1 of crude fat
with linoleic (70.03% in fat) and oleic (15.86% in fat) as the most abundant fatty acids. An indication (P>0.05) of
higher digestibility of crude fat and oleic acid in both experimental groups, in comparison with control group, was
detected. The digestibility of palmitic, linoleic, a-linolenic and cis-11-eicosenoic acids was not affected by dried
grape pomace consumption (P>0.05). Based on the results of this experiment, dried grape pomace had no
significant effect neither on digestibility of crude fat nor on the selected fatty acids. However, this winery by-
product could be used as an alternative source of crude fat in equine diets.

Keywords: crude fat, equine, polyunsaturated fatty acid utilisation, wine by-products

1 Introduction

Dietary fats in mammals play an important role as carriers of fat-soluble vitamins and essential
polyunsaturated fatty acids (PUFA) (NRC, 2007). It is well known that PUFA are necessary for the
normal course of a wide range of biological functions in animals (Piccione et al., 2014a). The
biologically most important essential fatty acids from the omega-3 and omega-6 series are associated
with a number of health benefits, in connection with a wide range of physiological and pathological
conditions (Piccione et al., 2014b, Ross-Jones et al., 2014). These fatty acids are irreplaceable in the
physiological processes, but their endogenous synthesis is limited by the lack of suitable enzymes
(Hess et al., 2014). Forage, which constitutes the largest portion of traditional equine diets, is a good
source of omega-3, whereas omega-6 fatty acids are very abundant in grains (Kentucky Equine
Research, 2016). Higher energy requirements of performance horses are often covered by high-fat
commercial concentrates usually containing vegetable oils or dry ingredients containing high levels of
fat such as rice bran or flaxseed (Vineyard et al., 2010). In these terms, grape pomace could be used
in equine diets as a novel source of fats and omega-6 fatty acids, particularly linoleic acid. In addition,
grape pomace is also rich in biologically active substances with antioxidant properties (Georgiev et al.,
2014, Lichovnikova et al., 2015) that may contribute to an overall improvement of animal health
(Brenes et al., 2016). According to Aslanian et al. (2011) and Hanganu et al. (2012), grape pomace is
relatively rich in fat content (5-11%), which is mainly contained in grape seeds (Mironeasa et al.,
2016). Therefore, this study aims to evaluate dried grape pomace (DGP) as a possible source of fat
for horses and its effects on the apparent digestibility of fat selected fatty acids.
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2 Material and methods

The experiment took place in cooperation with The Riding Centre of the Department of Animal
Husbandry (Faculty of Agrobiology and Food Resources, Slovak University of Agriculture, Nitra) and
lasted 30 days. In the study, 12 individually stabled sport horses were used (Slovak warm blood, six
geldings and six mares, average age 9 + 4 years, average body weight (BW) of 577 + 34 kg, medium
level of exercise). The horses were divided randomly into 3 groups, each comprised of two mares and
two geldings: control group (C) and 2 experimental groups (E1 and E2).

Feed rations, formulated individually depending on the estimated daily requirement of nutrients (NRC,
2007), consisted of crimped barley and oat (at a ratio of 1:1, 0.6 kg per 100 kg of BW), meadow hay
(1.5 kg per 100 kg of BW), and texturised feedstuff (0.3 kg per 100 kg of BW). Meadow hay was
harvested at the beginning of flowering and dried naturally. The texturised feedstuff was composed of
wheat bran, soybean meal, hot-air dried alfalfa, corn, extruded flaxseed, sunflower oil, vitamin and
mineral premix. Forage was fed in the morning (50%) and in the evening (50%). The daily amount of
concentrates was divided in 3 meals (25% in the morning and at midday, and 50% in the evening).
The DGP (Vitis vinifera variety Pinot gris) was supplemented in the evening portion of concentrates
supplied to E1 and E2 at the doses of 200 g and 400 g/horse/day, respectively. The feed intake was
measured individually. No feed refusals or leftovers were detected throughout the experiment.

Representative samples of feeds and faeces were transferred to the Laboratory of Quality and
Nutritive Value of Feeds (Department of Animal Nutrition, Faculty of Agrobiology and Food Resources,
Slovak University of Agriculture in Nitra) and processed according to standardised laboratory
principles (EC No 152/2009). Feed samples were taken three times during the experiment. The crude
fat (CF) content was determined by the Soxhlet-Henkel extraction method using Soxtec apparatus
(TECATOR) and weighing the dried petroleum ether extract. The fatty acid composition of analysed
samples was carried out by gas chromatography on Agilent 6890A GC machine (Agilent
Technologies, USA). The chemical composition and selected fatty acids content in feeds used in the
experiment is reported in Table 1.

Table 1 Chemical composition of feeds used in the experiment

Unit DGP Meadow hay | Barley:oat 1:1 ]:Li)g:trlﬁ?d
MeanzStandard Deviation
Dry matter g.kg'l 927.50+0.14 943.00+0.00 929.55+0.49 | 937.38+0.07
Organic matter 889.30+0.14 | 889.25+0.07 | 897.10+0.85 | 857.68+0.49
Crude protein 94.20+1.27 57.90+0.99 103.00+1.70 | 126.95+0.68
Crude fiber g.kg'1 DM 154.35+£2.76 322.75+0.92 74.25+0.64 90.23+1.77
NFE 551.55+1.91 496.80+0.42 719.85+0.21 | 640.50+1.13
Ash 38.20+0.00 53.75+£0.07 32.45+0.35 79.45+0.14
Crude fat 96.17+0.59 12.52+0.60 21.74+0.77 35.80+0.71
Palmitic acid 7.92+0.03 16.92+0.99 20.60+£0.13 | 13.39+0.42
Oleic acid 15.86+0.01 7.11+0.02 19.85+0.19 24.29+0.60
Linoleic acid % in fat 70.03+0.04 15.77+0.84 49.97+0.25 48.18+0.42
a-linolenic acid 0.56+0.00 13.37+1.39 4.60+0.06 6.27+0.26
;'Csi;jll'e'coseno'c 0.1920.00 0.00£0.00 1.02£0.00 |  0.66%0.20

DGP - dried grape pomace, NFE - nitrogen free extract

The average intake of fat and selected fatty acids per group is reported in Table 2. The amount of fat
in the feed rations was calculated by multiplying the intake of each feed by its fat content. The amount
of fatty acids ingested was calculated on the basis of their percentage of the total fat content of each
feed.
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Table 2 Calculated average intake of fat and fatty acids of the feeding groups (g)

C group E1 group E2 group
Crude fat 210 234.75 252.59
Palmitic acid 35.54 38.34 39.75
Oleic acid 31.86 34.31 37.14
Linoleic acid 70.7 85.67 98.16
a-linolenic acid 19.14 22.06 22.15
cis-11-eicosenoic acid 0.94 0.91 0.94

C group — control group, E1 group — group supplemented with 200 g DGP/horse/day, E2 group —
group supplemented with 400 g DGP/horse/day, DGP — dried grape pomace

Concerning the digestibility analysis, the total collection of the daily amount of faeces produced within
24h was carried out individually from each animal during 3 sampling days (3 days per each horse).
After weighing and homogenising the daily faeces, average samples were taken from each animal.
Apparent digestibility of CF and fatty acids was determined by total faeces collection method (TFC).
Digestibility coefficient (D) of nutrients determined from TFC was calculated according to the
formula:

% Dtrc = (Nutrient Intake — Faecal Excretion) / Nutrient Intake x 100.

Statistical analysis was conducted using IBM SPSS v. 20.0 software. One-way ANOVA was
performed to investigate the impact of the feeding group (C, E1, E2) on apparent digestibility of CF
and selected fat acids. The Tukey post-hoc test was conducted to check if differences between
feeding groups were statistically significant.

3 Results and discussion

The DGP used in the experiment (Table 1) was characterized by higher CF content than that reported
by Azevédo et al. (2012) and Glilcl et al. (2019). The predominance of linoleic acid is in line with that
reported in literature (Hussein and Abdrabba, 2015, Ribeiro et al., 2015). In comparison with Guerra-
Rivas et al. (2016) lower amounts of all the fatty acids were detected for grape pomaces. On the other
hand, Gulcu et al. (2019) measured higher content of the same fatty acids, except for linoleic acid.
Russo et al. (2017) studied the fatty acid profile of six grape pomaces with very similar results to those
reported in the present study.

In equine nutrition, the relation between hematologic and clotting parameters and dietary PUFA was
investigated by Piccione et al. (2014b) and Ross-Jones et al. (2014). The positive effect of PUFA
supplementation on athletic horses’ oxidative metabolism was confirmed by Hinchcliff et al. (2013).
This can be explained by the increased metabolisation and oxidation of fatty acids in muscles, which
in turn leads to high glycogen content and its better utilization within the tissue during performance
(Burke, 2009). Moreover, in terms of joint health, the long chain derivates of these fatty acids, known
as eicosanoids, play an important role during inflammatory events (Hess et al., 2014).

The effect of DGP on apparent digestibility of CF and selected fatty acids is reported in Table 3. An
indication (P>0.05) for an increased digestibility of CF in both experimental groups, in comparison with
C group, was detected. The same result (P>0.05) was also observed for oleic acid digestibility. The
supplementation with DGP did not affect the utilisation of palmitic and linoleic acids. The a-linolenic
and cis-11-eicosenoic acids were not recovered in faeces, likely due to the low concentration
observed in the feeds. Therefore, they can be considered as completely digested in the C group, as
well as in both experimental groups. According to Galik et al. (2019) the effect of grape pomace is
mainly affected by the daily intake. However, in this experiment, the level of DGP inclusion in horse
diets had no effect on apparent digestibility of the studied nutrients. Currently, only few references in
the literature regarding the use of grape by-products in horse diets are available and information from
other animal studies is limited. Davies et al. (2009) recorded a positive effect on fermentation in
hindgut of Thoroughbred race horses when 150 mg of grape seed extract’/kg BW was fed. Kollathova
et al. (2020) reported an indication of better dry matter, organic matter and crude protein digestibility in
sport horses fed 200 g of DGP; however, 400 g of DGP in horse diets affected the utilisation of
nutrients negatively. An improved utilisation of some nutrients was detected also in studies with dairy
steers fed grape pomace powder at 2% of dry matter intake (Foiklang et al., 2016), and broilers fed
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1.5% red grape pomace powder (Lichovnikova et al., 2015). Viveros et al. (2011) suggested that these
results could be due to polyphenolic compounds in grape pomace and their effect on gut morphology
and intestinal microflora. The mechanism underlying the action of DGP in nutrients digestibility is still
not completely clear. Therefore, further studies are needed to determine the optimum feeding

concentration of DGP and its effect on nutrient digestibility in horses.

Table 3 Apparent digestibility of crude fat and selected fatty acids related to dried grape pomace

administration (%)

C group E1 group E2 group Feeding
effect

MeanzStandard Deviation P-value
Crude fat 65.83+£10.56 68.11+6.63 68.24+7.90 0.90
Palmitic acid 77.71+£7.35 77.48%5.07 77.54+7.09 0.94
Oleic acid 89.4046.17 92.45+1.80 90.34+4.27 0.76
Linoleic acid 96.13+1.41 96.69+1.20 96.00+1.11 0.48
a-linolenic acid 100.00+0.00 100.00+0.00 100.00+0.00 -
cis-11-eicosenoic acid 100.00+0.00 100.00+0.00 100.00+0.00 -

C group — control group, E1 group — group supplemented with 200 g DGP/horse/day, E2 group -
group supplemented with 400 g DGP/horse/day, DGP — dried grape pomace

4  Conclusions

Due to its fat content and quality, grape pomace could be used as an alternative source of fatty acids
in horse diets. Feeding grape pomace to horses had no significant impact either on digestibility of CF
or selected fatty acids in both levels of inclusion. However, a suggestion of improved CF and oleic acid
utilisation was detected. In the future additional research is required to determine the optimal dose of
grape pomace in horse feed rations and confirm the indicated trends.

Acknowledgments

The study was supported by the Slovak Research and Development Agency under the contract no.
APVV-16-0170 (By-products from grape processing as a bioactive substances source in animal
nutrition).

References

Aslanian, A., Dizaji, A. A., Farhoomand, P., Shahryar, H. A., Sis, N. M., & Rouhnavaz, S. (2011).
Characterization of the nutritive value and protein fractions the cornell net carbohydrate and protein system in
White and Red Grape (Vitis vinifera sp.) Pomace. Research Journal of Biological Sciences, 6(7), 298-303.

Azevédo, J. A. G., Valadares Filho, S. C., Pina, D. S., Detmann, E., Pereira, L. G. R., Valadares, R. F. D., ... &
Benedeti, P. B. (2012). Nutritional diversity of agricultural and agro-industrial by-products for ruminant feeding.
Arquivo Brasileiro de Medicina Veterinaria e Zootecnia, 64(5), 1246-1255. https://doi.org/10.1590/S0102-
09352012000500024

Brenes, A., Viveros, A., Chamorro, S., & Arija, I. (2016). Use of polyphenol-rich grape by-products in
monogastric nutrition. A review. Animal Feed Science and Technology, 211, 1-17.
https://doi.org/10.1016/j.anifeedsci.2015.09.016

Burke, J. B. Equine International. (2009). Feeding Equine Athletes. Equine International, 1(2), 28-30.

Davies, J. A., Krebs, G. L., Barnes, A., Pant, |., & McGrath, P. J. (2009). Feeding grape seed extract to
horses: effects on health, intake and digestion. Animal, 3(3), 380-384.

European Union. (2009). Commission regulation (EC) No 152/2009 of 27 Jan. 2009: Laying down the
methods of sampling and analysis for the official control of feed.

Foiklang, S., Wanapat, M., & Norrapoke, T. (2016). Effect of grape pomace powder, mangosteen peel powder
and monensin on nutrient digestibility, rumen fermentation, nitrogen balance and microbial protein synthesis in
dairy steers. Asian-Australasian Journal of Animal Sciences, 29(10), 1416-1423.
https://doi.org/10.5713/ajas.15.0689

© Slovak University of Agriculture in Nitra Faculty of Agrobiology and Food Resources

135


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1590%2FS0102-09352012000500024?_sg%5B0%5D=lJ9ZOWg877oP8MSQo6u7CGa_ggvqWLXGyBc5lUr8WqA1sNfVP2rtQD_Zjwzzr2PU7b9RJR5Wceuz9t-v57rCQBcSoQ.3b_Qbro_tIq2MKlWqQAAOgrBaUWbW22p78PkouplLpe_e_jSMW19Qj5RGG5N81qoYTjLJhDrTHf1Id8hrXrO9g
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1590%2FS0102-09352012000500024?_sg%5B0%5D=lJ9ZOWg877oP8MSQo6u7CGa_ggvqWLXGyBc5lUr8WqA1sNfVP2rtQD_Zjwzzr2PU7b9RJR5Wceuz9t-v57rCQBcSoQ.3b_Qbro_tIq2MKlWqQAAOgrBaUWbW22p78PkouplLpe_e_jSMW19Qj5RGG5N81qoYTjLJhDrTHf1Id8hrXrO9g
https://doi.org/10.1016/j.anifeedsci.2015.09.016
https://doi.org/10.5713/ajas.15.0689

Acta fytotechn zootechn, 23, 2020(Monothematic Issue :: Future Perspectives in Animal Production), 132-136
http://www.acta.fapz.uniag.sk

Galik, B., Kollathova, R., Rolinec, M., Juradek, M., Simko, M., Hanusovsky, O., Biro, D., VaSekova, P.,
Kolesarova, A., Barantal, S. (2019). Grape by-products as bioactive substances in animal nutrition: A review.
Agriculture and Food, 7, 67-172.

Georgiev, V., Ananga, A., & Tsolova, V. (2014). Recent advances and uses of grape flavonoids as
nutraceuticals. Nutrients, 6(1), 391-415. https://doi.org/10.3390/nu6010391

Giilcli, M., Uslu, N., Ozcan, M. M., Gékmen, F., Ozcan, M. M., Banjanin, T., ... Lemiasheuski, V. (2019). The
investigation of bioactive compounds of wine, grape juice and boiled grape juice wastes. Journal of Food
Processing and Preservation, 43(1), e13850. https://doi.org/10.1111/jfpp.13850

Hanganu, A., Todasca, M. C., Chira, N. A, Maganu, M., & Rosca, S. (2012). The compositional
characterisation of Romanian grape seed oils using spectroscopic methods. Food Chemistry, 134(4), 2453-2458.
https://doi.org/10.1016/j.foodchem.2012.04.048

Hess, T., & Ross-Jones, T. (2014). Omega-3 fatty acid supplementation in horses. Revista Brasileira de
Zootecnia, 43(12), 677-683. https://doi.org/10.1590/S1516-35982014001200008

Hinchcliff, K. W., Kaneps, A. J., & Geor, R. J. (2013). Equine Sports Medicine and Surgery E-Book. Elsevier
Health Sciences.

Hussein, S., & Abdrabba, S. (2015). Physico-chemical characteristics, fatty acid, composition of grape seed oil
and phenolic compounds of whole seeds, seeds and leaves of red grape in Libya. International Journal of Applied
Science and Mathematics, 2(5), 2394-2894.

Kentucky Equine Research. (2016). Nutrition of the performance horse.

Kollathova, R., Galik, B., Halo, M., Kovagik, A., Hanusovsky, O., Biro, D., ... & Simko, M. (2020). The effects of
dried grape pomace supplementation on biochemical blood serum indicators and digestibility of nutrients in
horses. Czech Journal of Animal Science, 65(2), 58-65. https://doi.org/10.17221/181/2019-CJAS

Lichovnikova, M., Kalhotka, L., Adam, V., Klejdus, B., & Anderle, V. (2015). The effects of red grape pomace
inclusion in grower diet on amino acid digestibility, intestinal microflora, and sera and liver antioxidant activity in
broilers. Turkish Journal of Veterinary and Animal Sciences, 39(4), 406-412. https://doi.org/10.3906/vet-1403-64

Mironeasa, S., Codina, G. G., & Mironeasa, C. (2016). The effects of wheat flour substitution with grape seed
flour on the rheological parameters of the dough assessed by mixolab. Journal of Texture Studies, 43(1), 40-48.
https://doi.org/10.1111/j.1745-4603.2011.00315.x

National Research Council. (2007). National Research Council Committee nutrient requirements of horses.

Piccione, G., Arfuso, F., Fazio, F., Bazzano, M., & Giannetto, C. (2014a). Serum lipid modification related to
exercise and polyunsaturated fatty acid supplementation in jumpers and thoroughbred horses. Journal of Equine
Veterinary Science, 34(10), 1181-1187. https://doi.org/10.1016/j.jevs.2014.07.005

Piccione, G., Marafioti, S., Giannetto, C., Panzera, M., & Fazio, F. (2014b). Effect of dietary supplementation
with omega 3 on clotting time, fibrinogen concentration and platelet aggregation in the athletic horse. Livestock
Science, 161, 109-113. https://doi.org/10.1016/].livsci.2013.12.032

Ribeiro, L. F., Ribani, R. H., Francisco, T. M. G., Soares, A. A., Pontarolo, R., & Haminiuk, C. W. I. (2015).
Profile of bioactive compounds from grape pomace (Vitis vinifera and Vitis labrusca) by spectrophotometric,
chromatographic and  spectral analyses. Journal of Chromatography B, 1007, 72-80.
https://doi.org/10.1016/j.jchromb.2015.11.005

Ross-Jones, T., Hess, T., Rexford, J., Ahrens, N., Engle, T., & Hansen, D. K. (2014). Effects of omega-3 long
chain polyunsaturated fatty acid supplementation on equine synovial fluid fatty acid composition and
prostaglandin E2. Journal of Equine Veterinary Science, 34(6), 779-783.
https://doi.org/10.1016/j.jevs.2014.01.014

Vineyard, K. R., Warren, L. K., & Kivipelto, J. (2010). Effect of dietary omega-3 fatty acid source on plasma
and red blood cell membrane composition and immune function in yearling horses. Journal of Animal Science,
88(1), 248-257. https://doi.org/10.2527/jas.2009-2253

Viveros, A., Chamorro, S., Pizarro, M., Arija, I., Centeno, C., & Brenes, A. (2011). Effects of dietary
polyphenol-rich grape products on intestinal microflora and gut morphology in broiler chicks. Poultry Science,
90(3), 566-578. https://doi.org/10.3382/ps.2010-00889

© Slovak University of Agriculture in Nitra Faculty of Agrobiology and Food Resources
136


https://doi.org/10.3390/nu6010391
https://doi.org/10.1111/jfpp.13850
https://doi.org/10.1016/j.foodchem.2012.04.048
https://doi.org/10.1590/S1516-35982014001200008
https://doi.org/10.17221/181/2019-CJAS
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3906%2Fvet-1403-64?_sg%5B0%5D=8i6S1F2oEElVmOkcOf9oP5gxUktevR7jsJtccEoFDOX7tTwkDJ-eChzchywS_qwrdTbc2KAlTZDxB9QgGiCFIW0k6w.T7Q1cvfsCkeVJQ9MoAn2sTqiaPBLjC4fhxFFBZFlAuj9GdjVVKi5nqCv2nd0lHlEcKiEZWwlXtk1fi1FY470Ng
https://doi.org/10.1016/j.jevs.2014.07.005
https://doi.org/10.1016/j.livsci.2013.12.032
https://doi.org/10.1016/j.jchromb.2015.11.005
https://doi.org/10.1016/j.jevs.2014.01.014
https://doi.org/10.2527/jas.2009-2253
https://doi.org/10.3382/ps.2010-00889

	1 Introduction
	2 Material and methods
	3 Results and discussion
	4 Conclusions

