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Extended Abstract

Background: Limiting feed intake, low fiber, and high grain can increase the risk of stereotypical
behavior in horses, which indicates poor welfare. Extending meal consumption time is closer to
natural grazing behavior and leads to a reduction in the feed intake rate and the risk of diseases
such as colic. Therefore, conducting research to limit meals increases the feed consumption rate
in horses. On the other hand, it has been found that consuming a large amount of feed once a day
leads to an increase in the passage rate of substances in the digestive system and, therefore,
decreases the digestibility of nutrients in horses. Increasing the feed consumption time increases
chewing activity in horses, and as a result, increasing chewing activity can have a positive effect
on enzymatic and microbial digestion in the horse's digestive system. Therefore, the present
research aimed to investigate the effect of restricting access to feed by a hay net on the apparent
digestibility of nutrients and nutritional behavior in Arabian horses.

Methods: In this experiment, eight purebred Arabian horses (average age 9 = 3 years and average
weight 396 + 45 kg) were studied in two groups, including horses fed with a hay net and hay on
the ground for two 28-day rotation periods (56 days). Each period included 3 weeks of habituation
and 1 week of stool sample collection. Throughout the period, the horses were fed individually
and had free access to clean water and mineral supplements. The remaining hay and concentrate
were weighed by looking at the place of feeding on the ground and hay nets. Then, the total
amount of feed consumed was measured both in free and hay net treatments. The start and end
times of each meal by the horses were examined using cameras placed in the stable to measure
the actual time of feed consumption per 24 hours. The feed consumption rate was calculated in
grams per 24 hours. Horse feces were sampled through the rectum 2 hours after the morning meal
for 7 days at the end of each experimental period. The apparent digestibility of nutrients was
measured through feces point sampling (twice a day) one hour after feeding (morning and evening
meal) between days 22 and 28 of each cycle. Feces samples were analyzed for dry matter, organic
matter, ash-free neutral detergent fiber, ash-free acid detergent fiber, and crude protein. The acid-
insoluble ash of the samples was measured by boiling the ash in hydrochloric acid for 5 minutes.
Nutrient digestibility was determined by the acid-insoluble ash method. To measure feces pH, a
sample of fresh stool (10 g removed from the rectum) was homogenized with an equal amount of
distilled water, and the pH of its extract was immediately measured after filtering using a mobile
automatic pH meter calibrated at the same place. The daily behavior of horses was recorded using
fixed cameras around the clock for 48 hours. Behavioral observations of horses were evaluated
as well. Finally, the results of the experiment were analyzed with the statistical program SAS
version 9.1.

Results: Feeding using the hay net significantly increased (P < 0.05) feeding time from 257 to
659 minutes per day and decreased (P < 0.05) the forage consumption rate from 1592 to 610 g/h.
Moreover, the results showed the improved apparent digestibility of nutrients, including protein,
compared to the control group (P = 0.06), although this effect was not significant. In addition, the
pH of the rectal contents was not affected by the treatment, but the results of the horses' behavior
showed that the use of hay nets significantly reduced the behavior of searching in the stall in the
absence of feed (P < 0.05). The hay net use significantly reduced abnormal behaviors, such as
turning and restlessness in the stable, swallowing air, and throwing the head in the air, compared
to the control group (P < 0.05).
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Conclusion: The use of a hay net was effective in increasing the accsess time to forage. In
addition to improving the apparent digestibility of nutrients, including protein, it has a significant
effect on reducing some aggressive and abnormal behaviors in Arabian horses.
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Figure 1. A hay net and horses access to forage
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Table 2. The effect of using a restricting net on the duration, amount of feed consumption, and fodder consumption rate

in adult Arabian horses
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Table 3. The effect of fodder restriction on apparent digestibility of nutrients in adult Arabian horses
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Table 4. Effects of the duration of access to fodder on natural behaviors in Arabian horses
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Table 5. The effect of restricting access to fodder by a feed net on abnormal behaviors in Arabian horses
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Figure 2. Abnormal nutritional movements in horses

o Cawl (Sas a0y (sl ygi 3l 4dn dad o oyl oS s
0 ol e lble pl o bl slasdss cble o
0% P8 g (s pRIPl g A s (BS54
Spae b Sy )l8) clag)lmal gond Ygane

i el S UYL (el S b oS
Waters et ) Cuol lagye odxe o dbdpwl 5 e SYob
g Shed cdlyy gly sl (S ebay (al, 2002
Oladss S e dbul [ il susbee cunl (gl (Siw)S
USLM Sraids ixe OAJB‘_JB b ylojon aS Wilesls ol
GRS gl S placwl gane b I3
P S Iy Wil ey Sl 4 plejen Wisde
5 d9ien pbel Cug & Vgems (3515 oo
WS (6 ey Oloj (gl sl & Lo ol &y e oo
S e g 5 oy 3 GHSYeb Gl g wloe
» (Redbo et al., 1998) >)bs Jl,§ lacts sk,
Sl ©ygob 0I5 )95 9 w By) 93yl adlla
Lo ddlas alen u3)S J1E wyp dyse cuwol o (gly

Rochais ) o,Ken ¢ 329, Slallas b oselcanday gobs

et al, 2022) . l\Ken o yolls et al, 2018
(Correa et al., 2020) .|, Ken ¢ LS 5 (Sundman
38,5 3 s Jab oS s ales I glailS s 451)1;'315)%
2o L (1354108 gl 4y U b S 93]
(Benhajali et al., 2010) 4, Ken o Jurlbry .0b !
I opShes olej Gl & ol (s el by
(255 ©r59) ddgle (soominer slacus ) (3 Senl b 5 )b
P pouie slonl OMolsd g jiaS RSBy 4 e
(Jio 3 .ol lacaol 018y 3400 0t ylis 45" 45 by bole
slaads sla,ls, a8’ 5 S ssalie (Cross, 2023) ol S
65 & lacwl sl ol ) (13508 5 (3ja00y Lo
Sy ) 3 (oS 48, 1 63,5 o G s i
dgaoxa g yiwd Jalody Ylain Ol o] il 3] oaims oL
8, ol (Locke et al., 2023) ), Kan 5 SV .Caild
(30l el LS 45 Cas o b dosigy (sl g 3l oolaiinl &S
390 AVl G slacal ) ()55 gla)ld) o o il


http://dx.doi.org/10.61882/rap.2025.1749
http://rap.sanru.ac.ir/article-1-1479-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-24 ]

[ DOI: 10.61882/rap.2025.1749 ]

A

sri el SIS e olf o)lo (ugp
VEF Y ojlous [pmd 3l Jlo (ools Slides (sla yings

3590 oyl o (Cooper et al., 2000) -, San g oS .l
il a6y @) &S bl a8 wled,S agl 1,
dl.tbw] O Jnl;u OK“ o M dl).g PHLZETN O ygody
Bla o> g bl )0 W S o paly8 1y Glied dgaoe
Sl S ol o il 3 [y 3 SIS3) 3L 5,
@t slaylid) 3 Shos g drwgi (iR (lp 55 6,500
diiwd S5l llge oy 5 (Jad Copio o b oS
Liloss u.gl.).)')l 9 dxwgs

NaoKwd /Lmd”)' N\odusS Oy Sldlas y
1ie Ce il (gl €ais oauSuisy alisee iljupss
Sloas  oolitwl ddgle a4 wywd oy wliEl
Rochais et al., Glunk, et al., 2014 <Ellis, 2010)
Sl Bpas yloj &S Wloaly L Slalllas ) (2018
b dwslio ;o oauSus cpl 5l adgle 0)58 plKin ol
OllSen 5 bysS cusl S GVsb blaol Gl ol ()68
“assg 69" S oS audl s (Correa er al., 2020)
£ (orye csloailas 5 ey p 558 D b b onib
) sl Slygs e o Slgign Bog 55 sio
Jeslial o8 €8l Gl on 5 53 (ygte IS S SV b
5 729y IS e p3b Gl slaylid) Gop  laoaus s
» cwl a8 ussl,s (Rochais ef al., 2018) )\Kon
owej 58S Glos a4 i a5y slasygi b dss plin
Al w1y (oS lands layls, wad als
O3 ey by ol (0Se 8T (8.5 I8 s Jgly
b ol el b e slain] Jobss 5 (ool plul b
23l L 55 (Sundman et al., 2022) )Ses g posibo
(e sl ¥/¥0) S 68 yhad s axigy gloygs jl odlisl Ly o
slelgl (slayad iomen g (o Blo VIEY jad) S5
I8 glacwl SLbl g5 ooh alls S ) 35290
By Wb oo M (R9)S Gjgody lilgiel slayd
aloj a8 by cinly L 395 51 (gloyalie b SisungsST
S g ALSIB y (gla)ld) coss gbos)y b s
Correa etal.,) ;Ko o b5 S cd S b (558
Sl j3 donigy paiS WSl eolatwl &S aidly ;s 3.5 (2020
wle) (ooleps by 5 b el (gly Jdeol
Dy Ledgw 059y Vo )93 Sy 5> (55955

5 85 s

Cadgioe sl )l Glsiedr )98 jl eyl adlllas
dallae cpl guls o oolitw! lacwl jo ddgle & s
G35 Copde slp Slyed ()98 5l oalawl 45 wimd o LS
@ ol (o piod Slg5 oo Jelaol )3 01565l Sl
5 4dgle Byae (loj Liljl 4 poeie 9 LS d9aoxe | adgle
5 oolatwl & wim e 208 Sl il Ce g SialS
ol )3 (gdaa dlgo (5 i)l 2 )3 e 6 &9
N Fr ol p Sl B 8 Ll sty S8
Ca 30 yid Olagdss ol lis cwl ) sl slba)ls,
olejnta Jobo (Il el 503 alaylil g () (o)
Sl 3 (s sla)kd; ol 13U 5 0 p5luS’ B pan
it 55390 Jelao!

ool b 1y bacasl (o303l asdas wlgd calisee lalllao
Jolds oaB)l3S sblje blos)S (1)13S Adgle slas )y
S oloj uliel (60,8 Suid odle Bpnas ials
sl 13 grbo s g (SlialS (slanylid) iS5 STygs
(Burla ez al., 2016) )| ,\Sen 5 Y9 ¢l p 0gMe .04
w59y Slbcsy ) o3lizl b 45 o] S 1538 snlie
By b 4l e b ojlas gled 4 olngl daxe
Wle 0l (ot 4 Comd (5 Clided 9 (02led
d)'L»L\? PLEGNY le’u.o ‘Oil » [RERN uL*“ sy )‘l PRy
4 Comd 4591 (698 Wilo (labuwy S 45 (oS
Al 4 S e Ky i e slagiy,
gy 55 S 4 oy el adlllan 15 tuurisS] Mol
e S wal)b |y 435 atal lacis b cul (Ses
5 el ol p3 a8 ams LS 1) (g 5dgdore gute Canl (Sow
S oo 0385 a5 b G5 peles

2olie el Jolis &Sl i sla by, OMS
Do oo bl (gl BUeS e yd dogg b e (oo
Sor S (o g |y GP b Sl ) aal @i
iglite slag i L oadosnlie glallS'L (oole pé (gla)L8)
56 eyl 6,95 g Ol wds ol adlbe
Lol bcwl glods glalsy, ol p pde sleogus
(Roberts et al., 2017) ,Sen 5 i ply &S jobjlon
bl olyor rwsl Cudgizee b oS Lole ya wiilos S Lo
Jolos Ll 98 glite (layldy ol 4 oxie Wl
5 yldy bl 5 (uwjee > BT L & w10 il
By &S Cunl oyl g oliel 6yl bloyl gole jut slaainlS
g il lajls lie o8 ol slacwl 5)l) (slajls
Gl jglaiocn] (slp Co e g 290 485 i) el Ll
b Bliply) it 5 sladdS sbo)ld) ogd ool
o) (Henderson, 2007) suicw dgu0 (o0l 3o b le5 oo
258y Gl (BT L ol adllas 3 g |y 4k
Aol wilod)S" oolaswl ()55 5l 4" SUlges 5o acwl (oole
Ol g Wigh e dud ol ) gy Jsb 53 el 8
9d e Oy ol 4 (il b dogs o plae By b
Pt sy Gl A0 Jgide 2)90 cnl ) sl 51 (S5
] ol 55, Jobo 5 45 ol sl Ssi by 5
Dg AA‘? IS s w&w S cwl d“); L9 PR
Shle jl (S $lg5 oo Aoy o sl Sy g0 cpl 2é
A5l e Ll gy oMl g o5, (slyy Mg oo o 1, o
spaze scwl o ole e ooyl jallas a8 Gl
88 o (S5 gllach bz S5 3 gl 4 amd o Lt
.(Henderson, 2007) (sleags L)

o 0313 55 (sl lid) plodl Cus )b g 4 &S Sl
il slatlS” slaylid) Sop ¢ e (silo s sk
L Glojote culio 445 SGSS 239500 o 5 b Moo
Wgbeo x5 e oot la)ld; p bl
oyl 5o 51 Vel g 1008 o il 3l camd o 33
wig ©F ggblecnl ylp WS xSl ole pe
ol 48,8\ 13 40w dgupy ST L olSiwd S lgieds


http://dx.doi.org/10.61882/rap.2025.1749
http://rap.sanru.ac.ir/article-1-1479-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-24 ]

[ DOI: 10.61882/rap.2025.1749 ]

Spe el s SUS e olf o)l cngp

W sdie dlge b B 2 Sy )9 bawg ddgle &y (s Cudgise 5L

References

Askins, M. J. (2020). The Relationship between Controlled Feeding Methods and Voluntary Activity, Body
Weight, Body Fat and Blood Parameters in Horses [Thesis]. Stephenville (TX): Tarleton State
University. ProQuest Repository.

Baumgartner, M., Boisson, T., Erhard, M. H., & Zeitler-Feicht, M. H. (2020). Common feeding practices
pose a risk to the welfare of horses when kept on non-edible bedding. Animals, 10(3), 411.

Benhajali, H., Richard-Yris, M., Ezzaouia, M., Charfi, M., & Hausberger, M. (2010). Reproductive status
and stereotypies in breeding mares: a brief report. Applied Animal Behaviour Science. 128, 64 - 68.
Berg, E. L., Fu, C. J., Porter, J. H., & Kerley, M. S. (2005). Fructooligosaccharide supplementation in the
yearling horse: Effects on fecal pH, microbial content, and volatile fatty acid concentrations. Journal of

Animal Science, 83, 1549-1553.

Boyd, L. E., Carbonaro, D. A., & Houpt, K. A. (1988). A 24-hour time budget of Przewalski horses.
Appllyed. Animals. Behaviar. Science, 21, 5-17.

Burla, J. B., Ostertag, A., Patt, A., Bachmann, 1., & Hillmann, E. (2016). Effects of feeding management
and group composition on agonistic behaviour of group-housed horses. Applied Animal Behaviour
Science, 176, 32-42.

Cooper, J. J., Mcdonald, L., & Mills, D. S. (2000). The effect of increasing visual horizons on stereotypic
weaving: implications for the social housing of stabled horses. Applied Animal Behaviour Science 344,
69, 67-83.

Correa, M. G. E., Silva, C. F., Dias, L. A., Junior, S. D., Thomes, F. R., do Lago, L. A., de Mattos Carvalho,
A., & Faleiros, R. R. (2020). Welfare benefits after the implementation of slow- feeder hay bags for
stabled horses. Journal of Veterinary Behavior, 38, 61-6.

Cross, T. D. (2023). Evaluation of Prolonged Hay Net Use on Incisor Teeth, Rostral Soft Tissue, and Back,
Temporomandibular Joint, and Atlantooccipital Joint Sensitivity in Adult Horses (Doctoral dissertation,
Tarleton State University).

Direkvandi, E., Rouzbehan, Y., & Fazaeli, H. (2016). Effects of Feeding Frequency on Nutrient
Digestibility and Feeding Behavior in the Turkmen Horse. Journal of Agricultural Science and
Technology, 18(4), 937-948.

Ellis, A. D. (2010). Biological basis of behaviour in relation to nutrition and feed intake in horses. In The
Impact of Nutrition on the Health and Welfare of Horses; EAAP publication, Wageningen Academic
Publishers: Wageningen, The Netherlands, 128, 53—74.

Frape, D. (2004). Equine Nutrition and Feeding. Blackwell Sciences Ltd: London. Gill, A. M., Parker, A.,
Leak, S., & Lawrence, L. M. (1998). Effects of meal feeding frequency and roughage on behaviors of
stabled horses. In: Pagan, JD (Ed). University Press.

Glunk, E. C., Hathaway, M. R., Weber, W. J., Sheaffer, C. C., & Martinson, K. L. (2014). The effect of hay
net design on rate of forage consumption when feeding adult horses. Journal of Equine Veterinary
Science, 34(8), 986-991.

Gill, A. M., Parker, A., Leak, S., & Lawrence, L. M. (1998). Effects of meal feeding frequency and
roughage on behaviours of stabled horses. In: Pagan, J. D. (Ed.), Advances in Equine Nutrition.
University Press, Nottingham, 89-92.

Gorka P., Przybyto, M., Kanski, J., & Kloska, A. (2016). Effect of pelleted cereal-based feed used in the
diet on feed intake, eating behaviour, rumination and nutrient digestibility in antelope sitatunga
(Tragelaphus spekii). Journal Animal Feed Science. 25, 125-133.

Grev, A. M., Glunk, E. C., Hathaway, M. R., Lazarus, W. F., & Martinson, K. L. (2014). The effect of
small square-bale feeder design on hay waste and economics during outdoor feeding of adult
horses. Journal of Equine Veterinary Science, 34(11-12), 1269-1273.

Hemmann, K., Raekallio, M., Kanerva, K., Hanninen, L., Pastell, M., Palviainen, M., & Vainio, O. (2012).
"Circadian variation in ghrelin and certain stress hormones in crib-biting horses". The Veterinary
Journal, 193(1), 97-102.

Henderson, A. J. Z. (2007). Don’t fence me in: Managing psychological well-being for elite performance
horses. Journal Applied Animal Welfare Science, 10, 309-329.

Hodgson, S., Bennett-Skinner, P., Lancaster, B., Upton, S., Harris, P., & Ellis, A. D. (2022). Posture and
pull pressure by horses when eating hay or haylage from a hay net hung at various
positions. Animals, 12(21), 2999.

Hothersall, B., & Nicol, C. J. (2013). Effects of diet on behaviour, -normal and abnormal. In Equine Applied
and Clinical Nutrition; Geor, R.J., Harris, P.A., Coenen, M., Eds.; Elsevier: Amsterdam, The
Netherlands, 443-454.

Jansson, A., Sandin, A., & Lindberg, J. E. (2006). Digestive and metabolic effects of altering feeding
frequency in athletic horses. Equine and Comparative Exercise Physiology, 3(2), 83-91.

Jaqueth, A. L., Hathaway, M., Catalano, D. N., Linders, N. C., Mottet, R., & Martinson, K. L. (2019). Using
web-based surveys to explore equine industry practices and future research needs. Journal of Equine
Veterinary Science, 83, 102822.


https://jast.modares.ac.ir/index.php?sid=23&slc_lang=en
https://jast.modares.ac.ir/index.php?sid=23&slc_lang=en
https://jast.modares.ac.ir/browse.php?mag_id=756&slc_lang=en&sid=23
http://dx.doi.org/10.61882/rap.2025.1749
http://rap.sanru.ac.ir/article-1-1479-fa.html

[ Downloaded from rap.sanru.ac.ir on 2026-06-24 ]

[ DOI: 10.61882/rap.2025.1749 ]

sri epls SIS e dlf o)lo g
VWY VEF Y ojlous [pmd 3l Jlo (ools Slides (sla yings

Locke, M. R., Cross, T. D., Hoglan, A., Springer, R., Guay, K. A., Wellmann, K., & Jones, T. N. (2023).
183 Effects of prolonged hay net feeding on equine behavior. Journal of Equine Veterinary Science,
124, 104529.

Lundqvist, H., & Muller, C. E. (2022). Feeding time in horses provided roughage in different combinations
of hay nets and on the stable floor. Applied Animal Behaviour Science, 253, 105685.

Martinson, K., Wilson, J., Cleary, K., Lazarus, W., Thomas, W., & Hathaway, M. (2012). Round-bale
feeder design affects hay waste and economics during horse feeding. Journal of Animal Science, 90(3),
1047-1055. doi: 10.2527/as.2011-4087.

Mason, G., & Rushen, J. (2006). A decade-or-more’s progress in understanding stereotypic behavior. In:
Mason, G., Rushen, J. (Eds.), Stereotypic Animal Behavior: Fundamentals and Applications to Welfare.
CAB International, Wallingford, UK, 1el8.

Mcdonald, P., Edwards, R. A., Greenhalgh, J. F. D., Morgan, C. A., Sinclair, L. A., & Wilkinson, R. G.
(2011). Animal Nutrition. 6th Edition, Prentice Hall, Harlow.

Morgan, K., Kjellberg, L., Budde, L. K., Kjell, E., & Ryman, M. (2016). Pilot study on work load
management and feed intake time when feeding horses with small mesh hay nets. Livestock Science,
186, 63-68.

NRC. (2007). Nutrient Requirements of Horses. 6th Revised Edition, National Research Council of the
National Academies, Washington, DC, USA, PP. 224-226.

Pearson, R. A., Archibald, R. F., & Muirhead, R. H. (2001). The Effect of Hay Quality and Level of Feeding
on Digestibility and Gastrointestinal Transit Time of Oat Straw and Alfalfa Given to Ponies and
Donkeys. Br. Journal. Nutrition, 85, 599-606.

Potter, G. D., Arnold, F. F., Householder, D. D., Hansen, D. H., & Brown, K. M. (1992). Digestion of starch
in the small or large intestine of the equine. In: 1. European Conference of Horse Nutrition,
Pferdeheilkunde Supplement, 107—-11.

Redbo, 1., Redbo-Torstensson, P., Odberg, F. O., Hedendahl, A., & Holm, J. (1998). Factors affecting
behavioural disturbances in race-horses. Animal Science, 66(2), 475—481.

Roberts, K., Hemmings, A. J., McBride, S. D., & Parker, M. O. (2017). Causal factors of oral versus
locomotor stereotypy in the horse. Journal of Veterinary Behavior, 20, 37-43.

Rochais, C., Henry, S., & Hausberger, M. (2018). “Hay-bags™ and “Slow feeders”: Testing their impact on
horse behaviour and welfare. Applied Animal Behaviour Science, 198, 52-59.

Sarrafchi, A., & Blokhuis, H. (2013). Review: Equine stereotypic behaviors: Causation, occurrence, and
prevention. Journal of Veterinary Behavior, 1-9.

Siciliano, P. D., & Schmitt, S. (2012). Effect of restricted grazing on hindgut pH and fluid balance. Journal
Equine Veterinary Science, 32, 558-61.

Sondergaard, E., Clausen, E., Christensen, J. W., & Schougaard, H. (2004). Housing of Horses. Danish
Institute of Agricultural Sciences Edition, Tjele, Denmark.

Sundman, E. R., Goodwin, J. D., Reisinger, C. N., Smith, M. R., Costello, E., Walter, K., & Colpoys, J. D.
(2022). Round bale hay net effects on agonistic behaviors of group fed horses. Journal of Veterinary
Behavior, 55, 58-62.

Waters, A. J., Nicol, C. J., & French, N. P. (2002). Factors influencing the development of stereotypic and
redirected behaviours in young horses: findings of a four year prospective epidemiological study.
Equine Veterinary Journal, 34(6), 572-579.

Wickens, C. L., & Heleski, C. R. (2010). Crib-biting behavior in horses: A review. Applyed. Animals.
Behaviear. Science, 128, 1-9.


http://dx.doi.org/10.61882/rap.2025.1749
http://rap.sanru.ac.ir/article-1-1479-fa.html
http://www.tcpdf.org

