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The aim of this study was to investigate, the effect of different levels of concentrates and grain processing
on feeding behavior, nutrient digestibility, fecal pH and blood metabolites in the horse. Sixteen 5 to 11
years old Turkmen horses with an initial body weight 433+£50 kg were used in this experiment based
on completely randomized design. Four treatments were studied, in three treatments were used 20, 25
and 30% of concentrate containing processed grains (A20, A25 and A30, respectively), and in one treat-
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Digestibility ments (P> .05). By increasing the concentrate level up to 30%, the digestibility coefficients of dry matter,
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organic matter, crude protein, ash-free neutral detergent fiber, ash-free acid detergent fiber and digestible
energy increased. The highest digestibility coefficients were observed in A30 treatment (P< 0.05). The di-
gestibility of organic matter, crude protein, ash-free neutral detergent fiber and digestible energy in A25
treatment significantly increased compared to B25 (P< 0.05). The concentration of total protein, triglyc-
erides, cholesterol and low-density lipoprotein were not affected by experimental treatments (P> 0.05).
The concentration of glucose increased with increasing concentrate for treatment A30 (P< 0.05). In con-
clusion, comparing the two levels of 25% concentrate showed that the use of processed grains compared
to unprocessed grains had no effect on feeding behavior, fecal pH and blood parameters. The use of 30%
concentrate containing processed grains improved digestion without adversely affecting feeding behavior
and fecal pH.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

Today, horse management practices are very different from the
past. To increase energy density and provide essential nutrients to
high-yielding horses, concentrate is used as a substitute or in com-
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bination with forage mixtures [1]. Due to the fact that horses are
herbivores (cecal digestors), the use of high levels of concentrate
can lead to some metabolic diseases (e.g., colic), so the use of con-
centrate in the diet has become a challenge [2]. For example, when
a small amount of oats is given to a horse, approximately 80% of
its starch is digested and absorbed in the small intestine [3]. But
when the amount of oats in the horse’s diet exceeds 20% of the
diet, digestibility in the small intestine is reduced by 58%. The use
of concentrate in horse nutrition should be in the lowest propor-
tion of forage and normally the concentrate should be used in less
than 50% of the diet and at the desired level of 20 to 30% [4]. In
this way, a 450 kg mature horse fed 2% of its body weight per day,
of which 1.5 to 3 kg is allocated to concentrate [4]. It has been re-
ported in a study that not processing grains has an adverse effect
on starch fermentation in the gastrointestinal tract, which leads to
laminitis by increasing lactic acid production in the gastrointestinal
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tract [5]. By fermenting large volumes of starch in the large intes-
tine, lactic acid is produced, so increasing the production of this
acid leads to a change in the microbial population of this area of
the gastrointestinal tract due to a decrease in pH [6]. Decreasing
the pH of the large intestine lead to reduces the number of fiber
degradation bacteria [7], fiber digestion [8], reduce the production
of volatile fatty acids and its absorption [G]. On the other hand,
the use of concentrates containing processed ingredients (e.g., ce-
real grains) that increase the digestibility of starch and protein in
the primary part of the gastrointestinal tract can reduce the nega-
tive effects of increasing concentrate in the horse diet [9]. Because
grain processing improves the effect of small intestinal enzymes on
starch granules, so that most of starch are digested and absorbed
in the small intestine. Therefore, the use of processed grain due to
its effect on pre-cecum digestion can be a desirable solution in the
horse management. In this study, our aim was to compare three
levels of concentrate containing processed cereal grains (20, 25 and
30%) with unprocessed cereal grain (25%) on feeding behavior, nu-
trient digestibility, blood parameters and fecal pH.

2. Materials and Methods

The experiment was performed at Tarbiat Modares University
(Tehran, Iran) with cooperation from the Zoljanah Equestrian Club.

2.1. Experimental Design

The experiment was performed based on randomized complete
balanced design with three treatments and four replicates in each
treatment. The experiment consisted of 28 days, of which 21 days
were considered to be adaptation and 7 days for data collection.
During the adaptation period, the horses were exercised by lung-
ing twice a day (morning and evening for 20 minutes). Behavioral
observations, feed intake and fecal sampling were performed on
days 22 to 28. Blood plasma sampling was performed on day 27
of the experiment. The Guide for the Care and Use of Agricultural
Animals in Research and Teaching [10]| was followed for housing,
feeding, transport, proper and humane care and use of animals,
veterinary care, occupational health and safety, program manage-
ment and procedures. The Committee of Animal Science of Tarbiat
Modares University (Iran) approved the experimental protocols.

2.2. Animals, Diets and Experimental Treatments

Sixteen 5 to 11 years old Turkmen horses (15 mares and 1 geld-
ing) with an initial body weight 433+50 kg were used in this ex-
periment. All horses were examined by a veterinarian and then
treated against internal and external parasites. They were housed
in an individual stalls of dimensions 4m x 5m with a sawdust bed-
ding. During the experiment, water and salt licks were freely avail-
able at all times. The experimental diet consisted of two parts:
forage and concentrate, which were provided separately for each
experimental treatment. The forage used in this experiment con-
tains: alfalfa hay and wheat straw, which was fed in a ratio of 2
to 1, respectively. Two concentrates were used in this experiment,
concentrate A, which contained processed grains and was fed at
three levels 20, 25 and 30% (A20, A25 and A30, respectively), and
concentrate B, which contains unprocessed grains and was fed at
the level of 25% (B25). The ingredients used in these two concen-
trates were the same and the only difference was the type of grain
processing. The ingredients used in the diets were formulated ac-
cording to NRC (2007) [11]. The ingredients and chemical compo-
sition of the diets is presented in Table 1. The ration was divided
into four parts and fed at 07:00 hours, 13:00 hours, 19:00 hours
and 01:00 hour recommended by Direkvandi et al. (2021) [12].
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Table 1
Ingredients and chemical composition used in the experimental treat-
ments.

Diets?

Ingredients (g/kg DM) 525 A20 Aos 30

Alfalfa hay 500 533 500 467
Wheat straw 250 267 250 233
Micronized wheat - 11,5 237 364
Micronized barley and Steam flake - 23.1 358 479
Extruded corn - 23.1 346 479
Steam flake Oats - 115 242 364
Wheat grain 23.7 - - -
Barley grain 35.8 - - -
Corn grain 34.6 - - -
Oats grain 242 - - -
Roasted soybeans 173 173 17.3 17.3
Rice Bran 173 173 173 173
Beet pulp 17.3 17.3 17.3 17.3
Premix feed® 624 624 624 624
Vegetable oil mixture® 104 104 104 104
Vitamin and mineral supplements 693 693 693 693
Chemical composition (g/kg DM)

Dry matter 935 944 945 947
Organic matter 824 816 823 831
Crude protein 116 115 116 118
Ether extract 36.2 353 375 39.8
NDFom 498 516 496 476
ADFom 333 348 331 314
DE? (M]/kg DM) 899 897 9.01 9.29

Abbreviations: ADFom, ash-free acid detergent fiber; DE, digestible energy;
NDFom, ash-free neutral detergent fiber.

a B25, 25% of concentrate containing whole grains; A20, 20% of concen-
trate containing processed grains; A25, 25% of concentrate containing pro-
cessed grains; A30, 30% of concentrate containing processed grains.

b A mixture of soybean, canola, and sunflower meal.

¢ A mixture of soybean, sunflower, and canola oil.

d Calculated according to the NRC (2007) [11].

2.3. Collection Procedures

During the experiment period for estimating the feed intake,
feed offered and residue were recorded daily before morning feed-
ing, and feed and residue samples were stored at -20°C for subse-
quent chemical analysis. Chewing and swallowing rates in horses
were observed and recorded by two observers who also recorded
the duration of alfalfa hay and concentrate intake per meal at all
meals for each horse. Therefore, in each meal, after presenting the
feed individually (concentrate and forage), the rate of chewing and
swallowing was observed for at least 5 minutes [13]. The number
of chewing and swallowing per kg of dry matter (DM) was calcu-
lated for each horse. Also, the total feed intake time for each horse
was measured during feeding.

To measure digestibility of nutrients and fecal pH, fresh fecal
grab samples were collected from the rectums of all horses three
times per day post-feeding on days 22 to 28 of the sampling pe-
riod, and grab was mixed with 20 mL of distilled water, the pH of
the fecal fluid was measured using a portable pH meter [14]. Fecal
samples were transferred to aluminum pans and dried at 50 °C in a
forced-air oven for 48 hours, then ground to pass through a 1-mm
Wiley mill screen, and a single composite sample was prepared for
each horse by mixing equal amounts (on a dry matter basis) from
the three samples. Feed, residue and fecal samples were analyzed
for DM, organic matter (OM), ether extract (EE), ash-free neutral
detergent fiber (NDFom) and ash-free acid detergent fiber (ADFom)
and crude protein (CP). In this experiment chromium oxide (Cr,03)
was used as an indigestible external marker to determine the di-
gestibility of nutrients. The marker was mixed with concentrate
and given to horses during the experiment and digestibility of nu-
trients was calculated according to Church (1993) [15].
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On the 27th day of the experiment period, blood was collected
at 3 time points. The venesection was performed at 6:30 (before
first feed), 8:30 and 10:30, respectively. Approximately 10 mL of
blood sample was collected from the jugular vein using tubes con-
taining anticoagulant (Becton Dickinson, Rutherford, NJ, USA). The
blood samples were centrifuged (3,000 x g for 15 minutes at 4°C)
and the plasma was separated and frozen at -20°C until measuring
biochemical parameters. Biochemical parameters including glucose,
triglycerides, total protein, cholesterol and low-density lipoprotein
(LDL) were determined using enzymatic methods and by spec-
trophotometer (Jenway, Genova, UK) and using kits of the Pars Az-
mun Company (Tehran, Iran). The analyses were performed in the
animal nutrition laboratory of the Faculty of Agriculture, Tarbiat
Modares University.

2.4. Chemical and Statistical Analyses

Feed and fecal DM, ash (number 924.05), CP (N x 6.25; num-
ber 984.13) and EE (number 954.02), ADFom (method 973.18) were
analyzed according to the methods of AOAC (1990) [16]. Further-
more, NDFom was analyzed using the method of presented by Van
Soest et al. (1991) [17] and Cr,03 was determined as described by
Kozloski et al. (1993) [18]. Digestible energy (DE) of the diet was
calculated according to NRC (2007) [11].

The data obtained from assessing nutrient digestibility and
feeding behavior of horses were analyzed as a randomized com-
plete design using General Linear Models (GLM) procedure in
SAS software [19], which is based on the statistical model:
Yij = 1 + T; + e;. Where Yj; is observation (nutrient digestibil-
ity, feeding behavior), p is the general mean, T; is the effect of
experimental treatment and ej; is the standard error term. Blood
metabolite and fecal pH data were analyzed as repeated measure-
ments using the MIXED procedures of SAS, based on the statistical
model: Yy, = @ + T; + Hj + (TH); + ejj. Where Yjy is observa-
tion (blood metabolite and fecal pH), it is the general mean, T; is
the effect of experimental treatment, H; is effect of sampling hours,
(TH); is interactions between effect of experimental treatment and
sampling hours and ey is the standard error of term. Means were
compared by the Duncan multiple comparison tests at P< .05.

3. Results and Discussion
3.1. Feeding Behavior

Feed consumption behaviors are influenced by feed type (for-
age or concentrate), forage and concentrate type and its processing
and even horses used in experimental treatments (body size, ani-
mal species, physiological state) [20]. In present study, the amount
of concentrate intake, chewing and swallowing rate and total in-
take time increased with increasing concentrate level from 20 to
30% (from 1.73 to 2.60 kg). However, none of these parameters
were affected by the experimental treatments (P> 0.05) (Table 2).
In agreement with the results of the present study, it has been re-
ported that with increasing the level of concentrate in the diet and
chewing rate, the duration of concentrate intake increases [21].

The rate of chewing per kg of DM and the duration of concen-
trate intake in B25 treatment numerically increased compared to
A25 treatment. It seems that the use of whole grain in B25 treat-
ment compared to its peer treatment (A25) has caused this dif-
ference. Because whole grains require more force to break than
processed grains, resulting in more jaw movements. Processing can
cause changes in size, density and texture of feed. In this regard,
it has been reported that the duration of feed intake and chew-
ing activity depends on the type and physical form of feed [22,23].
However, similar to our results it has been reported that grain pro-
cessing had no effect on eating time [24].
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Table 2
Effect of different level of concentrate to forage on feeding behavior.
Diets®
Item SEM P Value
B25 A20 A25 A30
Concentrate
Intake (g/min) 141 134 146 157 183  0.339
No. of chews/kg DM 643 529 561 576 63.7 0.642

No. of swallowing/kg DM 11.0 10.8 11.0 12.4 1.18  0.257
Total intake time (min) 15.8 14.9 15.2 16.3 1.15 0.069
Forage

Intake (g/min) 431 45.0 44.4 41.7 8.72  0.345
No. of chews/kg DM 2521 2609 2495 2518 133  0.277
No. of swallowing/kg DM  37.5 36.4 394 40.8 245 0.119
Total intake time (min) 156 162 154 151 9.46 0.406

Abbreviations: SEM, standard error of the means.

2 B25, 25% of concentrate containing whole grains; A20, 20% of concentrate con-
taining processed grains; A25, 25% of concentrate containing processed grains; A30,
30% of concentrate containing processed grains.

Table 3
Effect of different level of concentrate and processing on nutrient digestibility (g/kg
DM).

Diets?
Item SEM P Value
B25 A20 A25 A30
Dry matter 512b¢ 498¢ 531P 609° 7.22 0.001
Organic matter 506°¢ 512¢ 547 6072 9.55 0.001
Crude protein 527°¢ 523¢ 545b 580° 7.83 0.001
NDFom 358¢ 357¢ 373b 408 5.76 0.001
ADFom 307° 259¢ 274b¢ 336° 9.86 0.001

DE (Mj/kg DM)  7.79¢  7.80¢  7.96>  823* 002  0.001

Abbreviations: ADFom, ash-free acid detergent fiber; DE, digestible energy; NDFom,
ash-free neutral detergent fiber; SEM, standard error of the means.
2,b.bc, ¢ Means in the same row with different superscript letters are different (P<
.05).

a B25, 25% of concentrate containing whole grains; A20, 20% of concentrate con-
taining processed grains; A25, 25% of concentrate containing processed grains; A30,
30% of concentrate containing processed grains.

Forage intake, total intake time as well as chewing and swal-
lowing rate were not affected by experimental treatments (P> .05)
(Table 2). In this study, horses consumed 6.93, 6.50 and 6.10 kg
of forage in treatments containing 80, 75 and 70% of forage, re-
spectively, which is why the intake time had a decreasing trend.
Because with the increase of NDF, ADF and lignin, the duration
of feed consumption increases [25]. Also, the amount of physical
effective fiber stimulates chewing and saliva secretion. Therefore,
the highest chewing rate was observed in A20 treatment as a re-
sult of higher amounts of cell wall fibers in this treatment. Since
all horses received the same forage, the observed numerical differ-
ences are only related to the amount of forage fed.

3.2. Digestibility of Nutrients and Fecal pH

By increasing the concentrate level up to 30%, the digestibil-
ity coefficients of DM, OM, CP, NDFom, ADFom and DE increased.
The highest digestibility coefficients were observed in A30 treat-
ment (P< .05) (Table 3). As can be seen from Table 3, no signif-
icant difference was observed between A20 and B25 treatments
(except for ADFom). Also, comparison of two treatments A25 and
B25 showed that the digestibility of OM, CP, NDFom and DE in
A25 treatment significantly increased compared to B25 (P< 0.05).
The increase in digestibility in the present study is probably due to
the decrease in forage levels, because naturally with increasing lev-
els of concentrate in the diet digestibility increases due to the de-
crease in the amount of cell wall fibers. As can be seen in Table 1,
with increasing concentrate, the amount of NDFom and ADFom de-
creased by 40 and 34 g/kg, respectively. According to our results,
the digestibility of DM, OM, CP and energy improved with increas-
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7,00

D1 D2 D3 D4 D5 D6 D7
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Fig. 1. Effect of different level of concentrate and processing on fecal pH. ¢ (B25),
25% of concentrate containing whole grains; A (A20), 20% of concentrate containing
processed grains; o (A25), 25% of concentrate containing processed grains; [J (A30),
30% of concentrate containing processed grains. * Indicates a differ significantly (P<
.05) (treatment effect).

7,00 1
6,95 -
6,90 -
6,85 -
6,80
6,75 A
6,70 -
6,65

P=.423
SEM= 0.09

Fecal pH

B25 A20 A25 A30
Treatments

Fig. 2. Effect of different level of concentrate and processing on mean fecal pH (day
1-7). B25, 25% of concentrate containing whole grains; A20, 20% of concentrate con-
taining processed grains; A25, 25% of concentrate containing processed grains; A30,
30% of concentrate containing processed grains. Data were analysed as repeated
measurement and this figure we used only the main effect of treatment. Effects
are considered significantly different if P< .05. SEM, standard error of the means.

ing concentrate to forage ratio [26]. Contrary to the results of the
present study, in an experiment with increasing the level of con-
centrate from 35 to 50%, digestibility was reduced, which is due
to the high level of concentrate in the diet (50%) and its adverse
effect on large intestinal microbes and the possibility of subacute
acidosis [21]. In the experiment of Karlsson et al. (2000) [26], di-
gestibility of cell wall fibers improved by increasing the concentra-
tion up to 20%, however, by increasing the level of concentrate to
more than 20% the digestibility of cell wall fibers decreased, due
to the negative effect of starch fermentation in the large intestinal
on fiber fermentation.

Mechanical processing increases the pre-cecal digestibility of
corn starch by more than 15% [27]. Processed grains and starches
are digested more efficiently in the gastrointestinal tract than
whole and unprocessed grains [11,28], which was consistent with
our results. Researchers have reported that grain processing in-
creases the digestibility of cereal starches such as corn, oats, bar-
ley and wheat by more than 96% [28]. Therefore, in our study, in
A20 treatment, despite the use of less grains, digestibility was al-
most similar to B25 treatment. Several studies have also reported
increased pre-cecal digestibility as a result of micronization [3], ex-
trusion [29] and flocculation [30].

The effect of experimental treatments on daily fecal pH changes
as well as mean pH is shown in Figs. 1 and 2. Only on days 3,
5 and 6, a significant difference was observed between the treat-
ments (P< .05). In our study, as shown in Fig. 2, although the
mean pH had a decreasing trend with increasing concentrate level,
but no significant difference was observed between the treatments
(P>0.05) and the pH was almost in the neutral range. The mean
pH was almost similar between treatments A25 and B25 and pro-
cessing had no significant effect (P> .05). This indicates that most
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Table 4
Effect of different level of concentrate and processing on blood metabolites.
Diets?
Item SEM P Value

B25 A20 A25 A30

Total Protein (g/dL) 5.59 5.80 533 5.69 0.31 0.200
Glucose (mg/dL) 97.3b 97.2>  97.4b 100° 1.36  0.001
Triglycerides (mg/dL) 26.2 26.1 26.2 26.4 0.68 0.541
Cholesterol (mg/dL) 141 139 142 143 440 0.071
LDL (mg/dL) 82.1 81.6 80.8 84.1 249 0321

Abbreviations: LDL, low-density lipoprotein; SEM, standard error of the means.
2b Means in the same row with different superscript letters are different (P< .05).
Data were analysed as repeated measurement and this table we used only the main
effect of treatment.

2 B25, 25% of concentrate containing whole grains; A20, 20% of concentrate con-
taining processed grains; A25, 25% of concentrate containing processed grains; A30,
30% of concentrate containing processed grains.

of starch is digested and absorbed in the small intestine. On the
other hand, it seems that the use of levels less than 50% has low
effect on the rate of starch passage to the large intestine. There-
fore, in our study, no difference was observed as a result of in-
creasing the level up to 30% and also processing. However, large
amounts of grains in the diet increases the possibility of it reach-
ing the large intestine and thus reduces its energy importance and
pH. This is usually seen in diets with more than 50% concentrate.
The energy value of fermented grains is about 75% of the energy
value of cereals, which are digested and absorbed in the small in-
testine [31]. Passage of high amounts of starch from the small in-
testine to the large intestine increases lactic acid production in this
area. Increased lactic acid is associated with a decrease in gastroin-
testinal pH. It has been reported in a study that stable horses that
received high concentrate diets compared to horses in the pasture
had a fecal pH of 6.3 compared to 6.9, respectively [32]. Low pH of
the large intestine may adversely affect digestibility and gastroin-
testinal health. Low pH affects the binding of microbes to feed par-
ticles, and also reduces the ability of microbes to break down plant
cell wall [33].

3.3. Blood metabolites

The effect of experimental treatments on blood metabolites is
presented in Table 4. Total protein, triglyceride, cholesterol and LDL
concentrations were not affected by experimental treatments (P>
.05). The lack of effect of experimental treatments on total pro-
tein concentration indicated an improvement in nutritional status
and no use of amino acids and domination to obtain energy. Also,
the percentage of protein in different treatments was the same and
ranged from 11.5 to 11.8% of the diets. The observed changes in
triglyceride and cholesterol concentrations were within the normal
range of triglyceride and cholesterol concentrations in horses [34].
The highest glucose concentration was observed in treatment A30
(P<0.05). The increase in glucose concentration in A30 treatment
was due to the high volume of concentrate used in this treatment,
and also increase the digestibility in this treatment [35]. Although
in a study similar to our results (comparison A25 and B25), pro-
cessing had no effect on serum glucose concentration [36], but
overall mechanical or thermal processing can increase availability
of starch granules for enzymatic digestion in the small intestine
[36].

4. Conclusions

In conclusion, the use of processed grains in concentrate A
compared to concentrate B had led to improvement of the nutrient
digestibility. So that in A20 treatment with 5% less concentrate, no
difference was observed in digestibility with B25 treatment. Also,
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the comparison of two treatments A25 and B25 (equal level of
concentrate) showed that digestibility increased in treatment A25
compared to B25. The use of 30% concentrate containing processed
grains (A30) improved digestion without adversely affecting feed-
ing behavior and fecal pH. The lack of significant effects on fecal
pH, blood parameters, and feeding behavior may have been due to
the use of levels less than 50% concentrate.

References

[1] Varloud M, De Fombelle A, Goachet AG, Drogoul C, Julliand V. Partial and total
apparent digestibility of dietary carbohydrates in horses as affected by the diet.
Anim Sci 2004;79(1):61-72.

[2] Davidson N, Harris P. Nutrition and welfare. In: The welfare of horses. Dor-
drecht: Springer; 2007. p. 45-76.

[3] Potter GD, Arnold FF, Householder DD, Hansen DH, Brown KM. Digestion

of starch in the small or large intestine of the equine. Pferdeheilkunde

1992;1(4):107-11.

Evans P, McKendrick S. Equine Nutrition: Forages. USA: Utah State University

Extension; 2010.

De Fombelle A, Varloud M, Goachet AG, Jacotot E, Philippeau C, Drogoul C,

Julliand V. Characterization of the microbial and biochemical profile of the dif-

ferent segments of the digestive tract in horses given two distinct diets. Anim

Sci 2003;77(2):293-304.

Kohnke JR, Kelleher F, Trevor-Jones P. Feeding Horses in Australia: A Guide for

Horse Owners and Managers. Barton, Australia: Rural Industries Res & Devel-

opment Corp; 1999.

Medina B, Girard ID, Jacotot E, Julliand V. Effect of a preparation of Sac-

charomyces cerevisiae on microbial profiles and fermentation patterns in the

large intestine of horses fed a high fiber or a high starch diet. J] Anim Sci
2002;80(10):2600-9.

Drogoul C, De Fombelle A, Julliand V. Feeding and microbial disorders in

horses: 2: Effect of three hay: grain ratios on digesta passage rate and di-

gestibility in ponies. ] Equine Vet Sci 2001;21(10):487-91.

[9] Al Jassim RA. Supplementary feeding of horses with processed sorghum grains
and oats. Anim Feed Sci Technol 2006;125(1-2):33-44.

[10] FASS Guide for the care and use of agricultural animals in agricultural research
and teaching. Champaign (IL): Federation of Animal Science Societies; 2010.

[11] . Nutrient Requirements of Horses. Washington, DC, USA: National Research
Council of the National Academies; 2007. p. 224-6.

[12] Direkvandi E, Rouzbehan Y, Fazaeli H. The positive impact of increasing feed-
ing frequency on feed intake, nutrient digestibility, and blood metabolites of
Turkmen horses. ] Equine Vet Sci 2021;98:103390.

[13] Direkvandi E, Rouzbehan Y, Fazaeli H. Effect of feeding frequency on nu-
trient digestibility and feeding behavior in Turkmen horse. ] Agri Sci Tech
2016;18:937-48.

[14] Miiller CE. Equine digestion of diets based on haylage harvested at different
plant maturities. Anim Feed Sci Technol 2012;177(1-2):65-74.

[15] Church DC. The Ruminant Animal Digestive Physiology and Nutrition. Prospect
Height, Illinois: Waveland Press Ine; 1993.

[16] AOAC Official Method of Analysis. 15th ed. Washington, DC, USA: Association
of Official Analytical Chemists; 1990.

[4

[5

[6

17

8

Journal of Equine Veterinary Science 104 (2021) 103690

[17] Van Soest PJ, Robertson JB, Lewis BA. Methods for dietary fiber, neutral de-
tergent fiber and non-starch polysaccharides in relation to animal nutrition. ]
Dairy Sci 1992;74:3583-97.

[18] Kozloski GV, de Moraes Flores EM, Martins AF. Use of chromium oxide in di-
gestibility studies: variations of the results as a function of the measurement
method. ] Sci Food Agric 1998;76(3):373-6.

[19] SAS Statistical analysis system. Users Guide, Statistics, version 9.2. Cary, NC,
USA: SAS Institute; 2008.

[20] Bochnia M, Goetz F, Wensch-Dorendorf M, Koelln M, Zeyner A. Chewing
patterns in horses during the intake of variable quantities of two pelleted
compound feeds differing in their physical characteristics only. Res Vet Sci
2019;125:189-94.

[21] Freire R, Clegg HA, Buckley P, Friend MA, McGreevy PD. The effects of two dif-
ferent amounts of dietary grain on the digestibility of the diet and behaviour
of intensively managed horses. Appl Anim Behav Sci 2009;117(1-2):69-73.

[22] Dulphy JP, Martin-Rosset W, Dubroeucq H, Ballet JM, Detour A, Jailler M. Com-
pared feeding patterns in ad libitum intake of dry forages by horses and sheep.
Livest Prod Sci 1997;52(1):49-56.

[23] Ellis AD, Thomas S, Arkell K, Harris P. Adding chopped straw to concentrate
feed: The effect of inclusion rate and particle length on intake behaviour of
horses. Pferdeheilkunde 2005;21:35-7.

[24] Brokner C, Norgaard P, Soland TM. The effect of grain type and processing on
equine chewing time. Pferdeheilkunde 2006;22(4):453-60.

[25] Miiller CE. Equine ingestion of haylage harvested at different plant maturity
stages. Appl Anim Behav Sci 2011;134(3-4):144-51.

[26] Karlsson CP, Lindberg JE, Rundgren M. Associative effects on total tract di-
gestibility in horses fed different ratios of grass hay and whole oats. Livest
Prod Sci 2000;65(1-2):143-53.

[27] Meyer H, Radicke S, Kiengle E, Wilke S, Kleffken D. Investigations of preileal
digestion of oats, corn, and barley starch in relation to grain processing. In:
Proc. 13th Equine Nutr. Physiol. Symp., Equine Nutr. Physiol. Soc., Savoy, IL;
1993.

[28] Julliand V, De Fombelle A, Varloud M. Starch digestion in horses: the impact
of feed processing. Livest Sci 2006;100(1):44-52.

[29] Rosenfeld I, Austbg D. Digestion of cereals in the equine gastrointestinal tract
measured by the mobile bag technique on caecally cannulated horses. Anim
Feed Sci Technol 2009;150(3-4):249-58.

[30] Vervuert I, Bothe C, Coenen M. Glycaemic and insulinaemic responses to me-
chanical or thermal processed barley in horses. ] Anim Physiol Anim Nutr
2007;91(5-6):263-8.

[31] Harmon DL, McLeod KR. Glucose uptake and regulation by intestinal tissues:
Implications and whole-body energetics. ] Anim Sci 2001;79(suppl_E):E59-72.

[32] Davie A, Stewart ], Skinner J. Faecal pH measurements in Thoroughbred horses.
Equine Fitness. In: The Olympic way-Proceedings of the AT Reid Memorial Re-
fresher Course for Veterinarians; 2000.

[33] Direkvandi E, Kamyab Kalantari R. Fecal volatile fatty acids and blood metabo-
lites in the Turkmen horse associated with type and source of cereal grains. ]
Appl Anim Res 2018;46(1):1078-83.

[34] Radostits OM, Gay CC, Hinchcliff KW, Constable PD. Veterinary medicine: a
textbook of the diseases of cattle, horses, sheep, pigs and goats. London, UK:
Elsevier; 2006.

[35] Palumbo P, Ditlevsen S, Bertuzzi A, De Gaetano A. Mathematical modeling of
the glucose-insulin system: a review. Math Biosci 2013;244(2):69-81.

[36] Vervuert I, Coenen M, Bothe C. Effects of oat processing on the glycaemic and
insulin responses in horses. J Anim Physiol Anim Nutr 2003;87(3-4):96-104.


http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0001
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0001
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0001
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0001
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0001
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0001
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0002
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0002
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0002
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0003
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0003
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0003
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0003
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0003
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0003
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0004
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0004
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0004
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0005
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0005
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0005
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0005
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0005
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0005
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0005
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0005
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0006
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0006
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0006
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0006
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0007
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0007
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0007
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0007
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0007
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0008
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0008
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0008
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0008
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0009
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0009
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0010
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0011
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0012
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0012
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0012
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0012
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0013
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0013
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0013
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0013
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0014
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0014
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0015
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0015
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0016
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0017
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0017
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0017
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0017
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0018
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0018
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0018
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0018
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0019
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0020
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0020
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0020
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0020
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0020
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0020
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0021
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0021
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0021
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0021
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0021
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0021
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0022
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0022
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0022
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0022
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0022
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0022
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0022
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0023
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0023
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0023
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0023
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0023
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0024
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0024
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0024
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0024
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0025
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0025
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0026
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0026
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0026
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0026
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0027
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0027
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0027
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0027
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0027
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0027
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0028
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0028
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0028
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0028
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0029
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0029
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0029
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0030
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0030
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0030
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0030
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0031
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0031
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0031
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0032
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0032
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0032
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0032
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0033
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0033
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0033
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0034
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0034
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0034
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0034
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0034
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0035
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0035
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0035
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0035
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0035
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0036
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0036
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0036
http://refhub.elsevier.com/S0737-0806(21)00320-8/sbref0036

	The Effect of Three Levels of Concentrate and Grain Processing on Feeding Behavior, Nutrient Digestibility, Blood Metabolites and Fecal pH Of Turkmen Horses
	1 Introduction
	2 Materials and Methods
	2.1 Experimental Design
	2.2 Animals, Diets and Experimental Treatments
	2.3 Collection Procedures
	2.4 Chemical and Statistical Analyses

	3 Results and Discussion
	3.1 Feeding Behavior
	3.2 Digestibility of Nutrients and Fecal pH
	3.3 Blood metabolites

	4 Conclusions
	References


