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Effects of training distance on feed intake, growth, body condition
and muscle glycogen content in young Standardbred horses fed
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This study examined feed intake, growth, body condition, muscle glycogen content and nutrition-related health in 16 Standardbred
horses fed a high-energy, forage-only diet ad libitum and allocated to either a control training programme (C-group) or a training
programme with the high-intensity training distance reduced by 30% (R-group), from January as 2-year olds until December as
3-year olds. Feed intake was recorded on 10 occasions during 3 consecutive days. Body weight was recorded once in a week and
height, body condition score (BCS), rump fat thickness and thickness of the m. longissimus dorsi were measured at 7 ± 3-week
intervals throughout the study. Muscle biopsies of the m. gluteus medius were taken in December as 2-year olds and in November
as 3-year olds and analysed for glycogen content. Nutrition-related health disorders were noted when they occurred. Horses
consumed 1.7% to 2.6% dry matter of BW, corresponding to 19 to 28 MJ metabolisable energy/100 kg BW. There were no
differences between training groups in feed intake or any of the body measurements. The pooled weekly BCS was maintained
between 4.8 and 5.1 (root mean square error (RMSE) = 0.4). Muscle glycogen content was 587 and 623 mmol/kg dry weight
(RMSE = 68) as 2- and 3-year olds, respectively, and there was no difference between training groups. When managed under
normal conditions, no nutrition-related health disorders or stereotypic behaviours were observed. It was concluded that the training
programme did not affect feed intake, growth, BCS or muscle glycogen content. In addition, the forage-only diet did not appear to
prohibit muscle glycogen storage, growth or maintenance of body condition, and seemed to promote good nutrition-related health.
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Implications
Excessive amounts of high-intensity training and the use of
starch-rich diets can both cause serious health problems in
racehorses and are therefore an animal welfare issue, as well
as being costly for the horse industry. Use of a forage-only
diet and reduced training distance has the potential to lower
the incidence of these health problems. However, data on the
response to forage-only diets and different training regimes
in growing horses in race training are scarce. Therefore this
study evaluated a restricted training programme and use of a
forage-only diet for growing horses in race training.
Introduction
Excessive amounts of high-intensity training may cause
serious health problems in racehorses, so decreasing the
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amount of high-intensity activities may be advantageous.
Swedish Standardbred racehorses are generally trained with
the goal of starting their harness racing career at 2 or 3 years
of age, meaning that training will start while the horses are
still growing. Fast, qualitatively good growth is probably
crucial for performance in racehorses and it has been shown
that performance capacity increases with height of the horse
in Swedish Standardbreds (Thafvelin, 1990). Moreover, body
composition seems to be important for performance
capacity, while body fat content may affect performance and
velocity at a blood lactate concentration of 4 mmol/l (VLa4)
(Lawrence et al., 1992; Kearns et al., 2002; Leleu and Cotrel,
2006; Fonseca et al., 2013). It has also been suggested that
the size of the m. longissimus dorsi has a positive relationship with performance (Dobec et al., 1994).
To meet the high-energy requirements of racehorses,
starch-rich concentrates are most commonly used (Jansson
and Harris, 2013), even though this practice is associated
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with various health problems. Recently, the use of highenergy forage has been suggested as an alternative feeding
strategy that might even contribute to improved performance
(Jansson and Lindberg, 2012). We have previously shown
that Standardbred yearlings in training can grow well and
maintain moderate body condition when fed a high-energy,
forage-only diet (Ringmark et al., 2013). However, the
training of yearlings is not as intense as that of 2- to 3-yearold horses and thereby not as energy consuming. It could be
speculated that 2- to 3-year-old horses in race training would
not be able to meet their energy requirements on a forageonly diet, due to a longer feed intake time compared with
concentrates (Meyer et al., 1975) and/or to a lowered
appetite caused by exercise (Gordon et al., 2006b). If so, such
diets would negatively affect body condition and perhaps
also growth, unless the training level, and accordingly the
energy requirements, were reduced.
A possible limitation (Lacombe et al., 2001) to the use of
forage-only diets for horses performing rigorous exercise
could be the lower levels of muscle glycogen observed
compared with a starch-rich diet (Jansson and Lindberg,
2012). However, it remains to be conﬁrmed whether the
reduced muscle glycogen content observed by Jansson and
Lindberg (2012) was due to a true limitation in the storage
capacity or simply a prolonged recovery period after training.
As far as we know, no previous study has investigated
muscle glycogen content in 2- to 3-year-old horses in race
training on a forage-only diet.
The aim of this study was to document feed intake,
growth, body condition and muscle glycogen content in
16 2-year-old Standardbred horses fed a forage-only diet and
allocated to either a control training programme or a training
programme in which the high-intensity training distance was
reduced by 30% until the age of 4. An additional aim was to
study a possible correlation between VLa4 and body composition and to record all nutrition-related health problems.
The hypothesis was that the two training programmes would
result in differences in growth, body condition and muscle
glycogen content between training groups.

Material and methods
In total, 16 Standardbred geldings, born 2009, were studied
from January in the year they turned 2 years until December
in the year they turned 3. The study is a continuation of that
by Ringmark et al. (2013) on the same horses as 1-year olds
and, for some parameters, data from that period were used
as a starting point in the present study. The study was
conducted at the Swedish National Trotting School, Wången,
and the experimental protocol was approved by Umeå Local
Ethics Committee (A 90-10, 2010-09-14) according to
Swedish animal welfare regulations.

Horses and training
The horses mainly had an American pedigree, but eight
horses also had some (<27%) French ancestry.

The horses were cared for and trained by high school
students under the supervision of professional trainers. The
goal for all horses was to pass a qualiﬁcation race (2140 m,
>11.8 m/s, an ofﬁcial requirement to ensure that horses are
ﬁt for true races) at the age of 3 years and also to start
competing in ofﬁcial races as 3-year olds. Performance goals
and a training programme were established together with a
reference group consisting of four professional trainers with
international experience. From early September as 1-year
olds until mid-March as 2-year olds, all horses followed the
same conventional training programme (Ringmark et al.,
2013 and 2015). In March as 2-year olds, the horses were
divided into two groups balanced with respect to parameters
known to affect performance (Ringmark et al., 2015),
including height at withers, age (days), sire and breeder.
One group was allocated to a control training programme
(C-group) and the other to a reduced training programme
(R-group) until December as 3-year olds. The training programmes aimed to resemble common practice in the Swedish
Standardbred racing industry, but with some reduction in the
high-intensity training distance in the R-group. All training
expected to cause a heart rate (HR) >180 beats per minute
(bpm) was reduced by ~ 30% of the distance in the R-group
compared with the C-group (Ringmark et al., 2015). In total,
ﬁve times between May and December in 2012 as 3-year
olds, a test of individual lactate threshold (VLa4, velocity at
blood lactate concentration of 4 mmol/l) was performed
(Ringmark et al., 2015). VLa4 was used to study correlations
between body characters and aerobic capacity. The mean
weekly planned high-intensity training was 6.3 and 4.4 km
for horses in groups C and R, respectively.

Diet and management
Horses were stabled individually in boxes for ~16 h/day 4 to
5 days/week and spent the rest of the time in an outdoor
paddock with access to shelter. Wood shavings were used as
litter in both shelters and boxes. Water was offered from two
20-l buckets in the box that were reﬁlled twice a day and in
the paddock from a large tub that was heated during
wintertime. Faecal samples were collected in spring and
autumn each year and analysed by microscope for occurrence
of strongyloid (Cyathostominae) eggs. Horses were dewormed
twice per year (spring and autumn) with Cydectin® vet/
Cydectin comp vet (Zoetis Manufacturing & Research Spain,
S.L, Girona, Spain).
Horses were fed grass haylage ad libitum as described by
Ringmark et al. (2013) in the box and provided from three
feeding stations in the paddock (two stations during spring
as 3-year olds due to damage to one station). New haylage
was delivered once a day in the box and every 3 to 4 days in
the paddock. From the end of April until October, some grass
was available in the paddock. The haylage mainly consisted
of meadow fescue, timothy and ryegrass and was harvested
in Enköping, Sweden (59°37.8′N; 17°04.5′E). During the
study, a total of six batches of haylage were used and
samples of each batch were collected in connection with feed
intake recordings and on a change to a new batch, and
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11.6
114
521
135
31
65
2
32
4
2.8
1.2
3.6
2.3
1.1

64
10.8
93
569
131
30
57
3
37
4.2
2.7
1.4
66
11.2
99
565
164

47
11.1
143
551
9
2
5
3
0
4.1
2.9
1.5
60
11.7
154
483
96
33
54
0
0.9
4.3
2.1
1.3
4.7
3
1.7

4.9
3.2
1.7

5.2
3.2
1.7

65
11.3
119
513
86
28
44
10
11
4.3
2.6
1.3
55
10.8
156
68
11.5
144
460
103
68
10.9
153
516
83

DM = dry matter content, ME = metabolisable energy; WSC = water-soluble carbohydrates.
1
Samples were collected in both months and then mixed before analysis.
2
Analysed only in periods when muscle biopsies were sampled and when horses were active in racing.
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2.8
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5.5
2.7
2.3

4.7
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67
10.4
134
522
84
10
42
4
27
4.4
2.3
2.1
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10.5
140
498
110
62
10.7
142
535
41
61
10.8
164
514
79
59
10.3
149
532
62
11.0
138
519
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January A
Samples

DM (%)
ME (MJ)
CP (g)
NDF (g)
WSC (g)
Glucose (g)2
Fructose (g)2
Sucrose (g)2
Fructans (g)2
Ca (g)
P (g)
Mg (g)

October B
June B
September and October1

1
Batches

January B

2

March and May1

June and August1

3

December

March

May

June A

4

July

August

October A

6
5

3 years
2 years
Age of horses

Nutrient intake
Voluntary feed intake was recorded on ten occasions during
3 consecutive days, as described by Ringmark et al.
(2013). During these days, horses were kept in their boxes
except during training (if training was scheduled), or
otherwise exercised in a walker for ~1 h. Ad libitum was
deﬁned as a minimum of 2.0 kg of haylage left-overs per
24 h. Feed samples were dried (60°C for 24 h and 103°C for
16 h) and individual dry matter (DM) intake was calculated.
Calculations of nutrient intake were based on the individual
DM intake per 100 kg BW including lucerne supplement
(Tables 2 and 3). Analysis of nutritional composition of
forage samples was performed by NIRS (FOSS, Hilleröd,
Sweden) that was calibrated for airtight stored forage with
DM contents of 35% to 65% and hay with DM contents of
75% to 85%. Before calibration analysis, feed samples were
dried to 95% DM. Inductively coupled plasma–atomic
emission spectroscopy (Spectro Flame; SPECTRO Analytical
Instruments, Kleve, Germany) were used for analysis of
mineral content. Analysis of water-soluble carbohydrate
(WSC), glucose, fructose, sucrose and fructans was carried
out according to Larsson and Bengtsson (1983) using
enzymes from Roche Diagnostics GmbH (Mannheim,
Germany). Lucerne content was analysed from a sample
collected in December as 1-year olds and was assumed to
be valid for the rest of the study due to the standardised
production and low feeding level.

Table 1 Forage nutrient content in six batches of forage fed ad libitum to 16 2- to 3-year-old Standardbred horses in training. Content per kilogram of dry matter (DM)

analysed for nutrient content (Table 1). Both ﬁrst and
second cut forage was used. The ﬁrst cut was fertilised with
120 kg N in spring and the second cut with 75 kg N after the
ﬁrst cut was harvested. In March when the horses were
3 years old, a smell of butyric acid from the silage was
detected so a feed sample was analysed for microbiological
activity (SVA laboratories, Sweden) but this failed to detect
any deviations.
The diet was supplemented with 0.25 to 1.0 kg (depending
on haylage nutrient content) of a pelleted lucerne product
(95% lucerne, 5% molasses; Krafft AB, Falkenberg, Sweden)
to enhance mineral supplement intake and meet the CP
requirements (National Research Council Committee (NRC),
2007). A commercial mineral supplement was used to meet
the vitamin and mineral requirements (50 to 150 g of Miner
Röd, content/kg: Ca 110 g, P 17 g, Mg 60 g, NaCl 125 g, Cu
1200 mg, Se 15 mg, vitamin A 200 000 IU, vitamin D3
10 000 IU, vitamin E 15 000 mg; or 150 g of Miner Vit,
content/kg: Ca 55 g, P 65 g, Mg 60 g, NaCl 125 g, Cu 900 mg,
Se 15 mg, vitamin A 100 000 IU, vitamin D3 10 000 IU,
vitamin E 5000 mg; Krafft AB). This was supplied throughout
the study except between September as 2-year olds and May
as 3-year olds, when the only supplement used was a
selenium and vitamin E product (Protect E-Selen; Lantmännen
Lantbruk, Malmö, Sweden), due to sufﬁcient content of Ca, P
and Mg in haylage during this period. Salt was always provided
as salt blocks in boxes and, from September as 2-year olds,
15 g of NaCl were also added to the diet due to expected
increased sweat losses.
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Table 2 Daily nutrient intake per 100 kg BW based on individual feed intake recorded during 3 consecutive days on ten occasions (least
squared means)
Ages

Groups

2 years
May
July
August
November
December
3 years
March
May
August
October
December

DM (kg)

CP (g)

ME (MJ)

NDF (g)

WSC (g)

Ca (g)

P (g)

Mg (g)

C
R
C
R
C
R
C
R
C
R

2.1
2.2
1.9
2.3*
2.5
2.5
2.6
2.4
2.4
2.3

369
376
316
337
348
345
372
349
328
314

24
25
24
25
26
26
28
26
25
24

1148
1167
1175
1255
1298
1286
1312
1230
1263
1209

168
172
77
94*
104
103
284
262*
199
190

15.0
15.3
14.6
15.4
15.8
15.7
13.1
12.3
11.4
10.9

8.4
8.5
8.0
8.4
8.7
8.6
5.6
5.2
5.6
5.4

6.9
7.0
7.0
7.3*
7.5
7.4
4.8
4.5
5.1
4.9

C
R
C
R
C
R
C
R
C
R

1.7
1.7
2.1
2.2
2.3
2.2
2.3
2.3
2.0
2.0
0.2

268
263
285
291
324
318
235
232
244
240
24

19
19
22
23
25
24
25
25
23
23
2

894
876
900
922
1236
1212
1304
1282
1035
1012
91

137
136
212
224
23
22
288
282
261
254
17

8.9
8.7
10.3
10.5
12.2
12.0
13.7
13.6
12.0
11.8
0.8

5.2
5.1
6.3
6.4
6.9
6.7
6.5
6.4
5.8
5.7
0.5

3.0
3.0
3.4
3.4
4.6
4.6
4.1
4.0
3.2
3.2
0.3

RMSE

DM = dry matter; ME = metabolisable energy; WSC = water-soluble carbohydrates; C = control training programme; R = reduced training programme; RMSE =
root mean square error.
*Signiﬁcant difference between groups within occasion, P < 0.05.

Table 3 Intake of sugars – glucose, fructose, sucrose and fructans
(g/100 kg BW and day, least squares means)
Ages
2 years
3 years

December
August
October
December
RMSE

Glucose

Fructose

Sucrose

Fructans

23a
5b
64c
58d
4

97a
12b
122c
121c
8

11a
8b
13c
11a
1

62a
2b
78c
59a
5

RMSE = root mean square error.
a,b,c,d
Different superscript letters indicate a signiﬁcant difference between
observations (P < 0.05).

Muscle glycogen content
Muscle biopsies were taken at a standardised depth in the
m. gluteus medius as described by Ringmark et al. (2013)
in December as 2-year olds (after >48 h of rest ( = no highintensity training)) and in November as 3-year olds (seven
horses (C-group 3, R-group 4) after 48 h of rest, eight horses
(C-group 5, R-group 3) after >48 h of rest, one horse was
eliminated). Biopsies were stored at −80°C until analysed
for glycogen content according to Lowry and Passonneau
(1973).
Body development and plasma leptin concentration
Horses were weighed weekly (weight indicator U-137; UNI
Systems and Vågspecialisten, Skara, Sweden) and individual

4-week mean BW was calculated. Measurement of
m. longissimus dorsi, rump fat at croup (site 1) and 15 cm
caudal from this (site 2), height at withers, height at croup,
body length, shinbone circumference and body condition
score (BCS) assessment (scale 1 to 9) were performed as
described by Ringmark et al. (2013). Fat-free mass was calculated using the equation by Westervelt et al. (1976) for
estimation of body fat content. A blood sample (Li-hep,
vacutainer technique) was collected from the jugular vein in
March, before the division into two groups, and in May in the
horses as 2-year olds and analysed for plasma leptin
concentration with a radioimmunoassay kit (Millipore
Corporation, Billerica, MA, USA) where only samples with an
intra- and inter-assay CV of <10% were used.

Statistical analysis
All statistical analyses were performed in Statistical Analysis
Systems package 9.3 (SAS Institute Inc., Cary, NC, USA).
Differences were considered signiﬁcant at P < 0.05. Values
presented are least squares means and root mean square
error (RMSE).
For statistical analyses, a mixed model where the residuals
follow an autoregressive (AR(1)) structure was used, with the
effect of individual as repeated measurements and with start
values included as a covariate
Yijkl = μ + ai + βj + yk + ðβy Þjk + δl + eijkl
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where Yijkl is the observation, µ the mean value, ai the effect
of individual, βj the effect of group, γk the effect of period,
(βγ)jk the interaction of group and period, δl the effect of
start value and eijkl the residuals. For analysis of differences
in BW between groups, data on BW in the last 4-week period
before the different training programmes started were used
as a start value. For analysis of the change in BW over time in
all horses, the mean BW for the last 4 weeks in December as
1-year olds was used as a start value. The change in BW was
also calculated as a percentage of the start value.
Analysis of differences in muscle glycogen content
between groups and sampling occasions was performed
using the same model as described above, including values
of muscle glycogen content in December in the horses as
1-year olds as a covariate. One analysis was also performed
including the values from when the horses were 1-year olds
as a variable. Only horses that were rested for >48 h before
sampling as 3-year olds (n = 7) were included in this
analysis. The same model was used for analysis of differences
between groups of plasma leptin, using the samples from
March as 2-year olds as a covariate.
For analysis of differences between groups in terms of
nutrient intake (except for separate sugar fractions for which
the start values were excluded), muscle thickness, s.c. rump
fat thickness, fat-free mass, height at croup and withers,
body length and BCS, a mixed model was used. It included
the values recorded in March as 2-year olds – that is, at the
start of the different training programmes – as a covariate

Figure 1 Body weight, height at withers, height at croup and body
length. Unﬁlled dots are signiﬁcantly different from the last value in
December as 3-year olds.

Yijkl = μ + ai + βj + γ k + ðβγ Þjk + δl + eijkl
where Yijkl is the observation, µ the mean value, ai the effect
of individual, βj the effect of group, γk the effect of period,
(βγ)jk the interaction of group and period, δl the effect
of start value and eijkl the residuals, with a spatial power
correlation structure between periods.
For analysis of changes over time in all horses, the same
model with the effect of group excluded, and including
values recorded in December as 1-year olds as a covariate,
was used.
In all the above analyses, if the overall effect of interaction
between group × occasion was <0.1, a separate analysis
with the interaction excluded was run. If no overall effect of
interaction is presented, the P-values for effect of group
reported originate from this analysis.
Pearson’s correlation test was used to study correlations
between the individual mean VLa4 and individual mean
values of all body measurements performed as 3-year olds
and also between muscle glycogen content and nutrient
intake, s.c. fat, muscle thickness and BCS.
Results

Body development
There was no difference between training groups in weight
gain rate per 4-week period, calculated as percentage of start
weight (C-group 0.46%, R-group 0.44%, RMSE = 1.5), or in
1722

Figure 2 Thickness of the m. longissimus dorsi (circles), s.c. rump fat 1
(diamonds) and rump fat 2 (triangles). Unﬁlled dots are signiﬁcantly
different from the ﬁrst dot in January as 2-year olds.

absolute weight in December in the horses as 3-year olds
(C-group 508 kg, R-group 508 kg, RMSE = 32, P > 0.05). For
all horses, BW and body length increased until week 4 in
January as 3-year olds (Figure 1) with a small decrease during
May to June the same year. In total, mean BW increased by
60 kg (RMSE = 11).
There was no effect of training programme on height at
withers, height at croup, body length, shinbone circumference, m. longissimus dorsi thickness, rump fat at site
1, site 2, fat-free mass, BCS at any measurement site (back,
neck and shoulders, ribs, tailhead) or total BCS. Shinbone
circumference in all horses measured in March and December
both as 2-year olds and 3-year olds was 21.6, 21.6, 21.7 and
21.5 cm (RMSE = 0.7, P < 0.01), respectively. During the
study period, mean height at withers, height at croup and
body length in all horses increased by 6, 4 and 10 cm,
respectively (Figure 1) and continued to increase in the last
measurement obtained in December as 3-year olds.
Compared with the start value in January as 2-year olds, the
thickness of the m. longissimus dorsi was larger in December
as 2-year olds and in the following months with the exception of May and October as 3-year olds (Figure 2).

Effect of training distance on growth in horses

Figure 3 Body condition score for the areas back (a), neck and shoulders (b), ribs (c) and tailhead (d) and mean score for all four areas (e). Unﬁlled dots
are signiﬁcantly different from the ﬁrst dot in January as 2-year olds.

Fat thickness at sites 1 and 2 at the croup in all horses
showed a variation of <1 mm at site 1 and 3.5 mm at site 2
(Figure 2). Mean BCS in all horses varied between 4.8 and 5.1
during the study period (Figure 3). There was no effect of
training group on plasma leptin concentration (C-group
1.1 ng/ml, R-group 1.2 ng/ml, RMSE = 0.4).
Individual mean VLa4 in the horses as 3-year olds was
negatively correlated with rump fat at site 1 (R = −0.58,
P = 0.03), BCS back (R = −0.71, P = 0.004), BCS tailhead
(R = −0.62, P = 0.02), BCS neck and shoulders (R = −0.65,
P = 0.01) and BCS total (R = −0.65, P = 0.01).

Muscle glycogen content
There was no difference between groups in muscle glycogen
content in the horses as either 2- or 3-year olds (Table 4).

Table 4 Muscle glycogen content (mmol/kg dry weight, least squares
means)
Age (years)

11

n

2

n

3

n

P (age)

RMSE

All horses
C-group
R-group
P

531a

16

587b
588
594
0.9

15
7
8

623b
583
688
0.07

8
5
3

0.008
0.9
0.06

68
78
78

RMSE = root mean square error; C = control training programme; R =
reduced training programme.
a,b
Different superscript letters indicate a difference (P < 0.05) within a row.
1
After Ringmark et al. (2013).

In 3-year olds that rested for 48 h before sampling, muscle
glycogen content was 497 mmol/kg dry weight (DW),
whereas in 3-year olds that rested >48 h before sampling it
1723
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was 620 mmol/kg DW (RMSE = 77, P < 0.01). In horses that
rested >48 h before sampling, muscle glycogen content was
higher in 2- and 3-year olds than in 1-year olds (Table 4).
There were no differences in glycogen content in horses
rested for >48 h between the age of 2 and 3, but in horses
exercised 48 h before sampling as 3-year olds, muscle
glycogen content was lower than in these horses as 2-year
olds (497 v. 585 mmol/kg DW, respectively, RMSE = 77,
P < 0.05). Glycogen content was positively correlated to
intake of fructans/100 kg BW (R = 0.31, P = 0.04), BW
(R = 0.47, P = 0.002) and fat-free mass (R = 0.47,
P = 0.003), but no correlations were found with BCS,
s.c. fat, calculated body fat percentage, muscle thickness or
intake of any other nutrient component.

Nutrition-related health
During the whole study period (24 months), only one horse
suffered from colic, in a single episode that happened a
couple of hours after a gastroscopic examination (for another
study), when the horse had been fasted for 12 h and sedated.
Besides that, no nutrition-related health disorders or
stereotypic behaviours were observed during the 24 months
of the study.
Discussion
This paper reports a longitudinal evaluation of the effect of
training intensity on energy balance, growth and muscle
glycogen content in young Standardbred horses fed a forageonly diet during a period of 2 years. As the concept of feeding
a forage-only diet to racehorses is novel, this paper also
contributes new information about the function of such diets
to growing horses in training.
The results showed that a difference of 30% in highintensity training did not affect feed intake, growth, body
condition or muscle glycogen content in 2- to 3-year-old
Standardbred horses fed a forage-only diet ad libitum.
Moreover, the data indicated that feeding a forage-only diet
to young horses in training seemed to promote good
nutrition-related health and appeared to pose no limitation
to body development or muscle glycogen concentration
at rest.

Feed intake, body condition and growth
Surprisingly, there were no differences in feed intake
between the training groups. Moreover, although horses in
R-group consumed a similar amount of feed as horses in
C-group but exercised less, BCS, rump fat and BW were not
different between the groups. One explanation for this
may be that horses in R-group showed less cardiovascular
adaptation to training (Ringmark et al., 2015) and, as a
consequence, displayed higher HR both in response to
exercise and at rest (about 5 bpm increase in HR 10 min postexercise and ~4 bpm higher HR at rest). This indicates greater
energy consumption (Coenen, 2005) and could explain the
lack of difference in BCS between training groups. It is also
possible that the methods used were too imprecise to detect
1724

small differences in feed intake and body composition.
However, the lack of difference in plasma leptin concentration also indicates that the horses did not differ substantially
in body fat content (Buff et al., 2002) and/or that the exercise
programmes were not sufﬁciently different to cause altered
appetite and plasma leptin levels as previously observed
post-exercise in horses fed concentrate (Gordon et al.,
2006a). The lack of difference in feed intake in the present
study, despite a training difference of 30%, is interesting.
Further studies are needed to evaluate whether the feeding
strategy with high-energy forage ad libitum promotes good
appetite.
Horses in both groups maintained a BCS between 4.8
and 5.1, which is in agreement with an earlier report on
Standardbreds in training (Gallagher et al., 1992) and implies
that energy intake was sufﬁcient to match energy output.
Feed DM intake on the ten measurement occasions varied
between 1.7% and 2.5% of BW in all horses, which
corresponded to an estimated energy intake of 19 to 27 MJ
metabolisable energy(ME)/100 kg BW. According to NRC
(2007), this is similar to the requirements of horses performing
‘heavy to very heavy exercise’ (comparison made after
converting net energy to ME by factor 0.87 (NRC, 2007)).
Body weight increased on average by 120 g/day as 2-year
olds and 27 g/day as 3-year olds and horses appeared to
reach their mature BW in January as 3-year olds, which is
similar or earlier than estimated from a report by Bigot et al.
(1987) on horses of light breeds. Further reports on the age at
which adult BW is reached in light horses and where feeding
level has been controlled for are scarce. No quantiﬁable
fattening occurred, with the exception of rump fat 1 in
December when the horses were 3-year olds, which could be
related to a decrease in days with training during October to
December in both groups as 3-year olds (Ringmark et al.,
2015). Body condition score also showed a small variation,
whereas rump fat 2 varied rather like BCS tailhead, which is
logical as these sites are close to each other. Although BW gain
ceased in January in the horses as 3-year olds, height at withers
and at croup still increased up to December, which implies that
mature height was not reached before 4 years of age.
In conclusion, the ﬁndings of maintained body condition,
constant s.c. fat thickness and high-growth rate indicate that
a forage-only diet may not inhibit body development in
young Standardbred horses in training for races. However, in
spring 2012 as 3-year olds, signs of a negative energy
balance were observed (drop in BCS (−0.2 points), rump fat 2
(−30%), BW (−2%) and m. longissimus dorsi thickness
(−4%)), probably related to the decreased DM intake
observed in March. The reason for this is not clear, but was
most likely multifactorial. Causes might have been decreased
hygienic quality of the forage which may have affected
palatability negatively, although the microbiological analysis
failed to show any deviations, eruption of a second molar
tooth, the loss of one feeding station (so all 16 horses had
to share only two feeding stations possibly causing more
competition for feed) and high occurrence of strongyloid
(Cyathostominae) eggs (11 horses with >700 eggs/g faeces).

Effect of training distance on growth in horses
Horses recovered after deworming and provision of a third
feeding station, but these ﬁndings highlight factors that can
affect the ability to maintain body condition on a forageonly diet.

Muscle glycogen content
In this study, age and exercise ⩽48 h before sampling
seemed to have a greater impact on muscle glycogen content
than a reduction in the high-intensity training distance, as
there was no difference between groups but an indication
that glycogen was not fully replenished in horses sampled
48 h after training. The latter conclusion is supported by the
fact that muscle glycogen content in horses rested for only
48 h (eight individuals as 3-year olds) decreased compared
with the values obtained as 2-year olds (when rest was
longer than 48 h), whereas there was no difference in the
horses that rested >48 h both as 2- and 3-year olds. This
proves the importance of several days of rest for the recovery
of glycogen stores in horses in training. Slow recovery has
been reported previously in experimental studies on horses
fed concentrates (Snow et al., 1987; Lacombe et al., 2004),
but to our knowledge our study is the ﬁrst to show that it is
also detectable in true Standardbred race training. In horses
rested for >48 h, muscle glycogen content increased with
age (from 1 year onwards), which might reﬂect an increased
level of ﬁtness and/or age (Lindholm and Piehl, 1974).
Lower glycogen levels and slower glycogen repletion have
been reported in horses fed a high-ﬁbre and high-fat diet
compared with a diet rich in non-structural carbohydrates
(Pagan et al., 1987). However, the present study showed that
a forage-only diet still resulted in muscle glycogen content
within the range reported previously in adult, trained Standardbred horses fed starch, which extends from 546 mmol/kg
DW (Palmgren-Karlsson et al., 2002) to 644 mmol/kg DW
(Jansson and Lindberg, 2012). The glycogen content also
seemed to be higher than that reported in 2- to 3-year-old
Standardbred horses (426 mmol/kg DW) by Lindholm and
Piehl (1974). However, 40 years of selective breeding since
that study may have changed muscle characteristics and it is
unclear how those horses were fed and rested before sampling. Interestingly, at least two individuals in the present
study were able to store >740 mmol/kg DW (743 and
748 mmol/kg DW, respectively). High glycogen levels
(630 mmol/kg DW) in horses fed a forage-only diet have been
observed previously in a study by Essen-Gustavsson et al.
(2010), where adult horses were fed forage with 16.6% CP,
resulting in CP intake of 319 ± 31 g/100 kg BW. This intake is
similar to that in the present study in December in the horses
as 2-year olds, but higher than that in December as 3-year
olds. It is possible that the content of both WSC and CP
(Essen-Gustavsson et al., 2010) in forage affects glycogen
stores, but that could not be conﬁrmed in the present study,
probably due to the horses being fed the same diet, resulting
in a small variation in nutrient intake. We concluded that a
forage-only diet appears to be no limitation to achieving
high-muscle glycogen levels, although time of replenishment
may be >48 h. This needs further investigation.

Performance capacity
In Standardbred horses, VLa4 is highly correlated to race
performance (Leleu et al., 2005). In the present study, there
were no differences in VLa4 between the groups, but the
negative correlation between VLa4 and BCS is in accordance
with earlier ﬁndings (Leleu and Cotrel, 2006). The importance of lean body mass for performance is well-documented
in human athletes and also in horses (Kearns et al., 2002).
This is probably because extra weight increases the workload, but probably also because more anabolic conditions
alter energy metabolism during exercise. A conclusion from
this study is therefore that ad libitum feeding of a highenergy forage cannot be recommended for all individuals in
race training, as some may get ‘too fat’.
The cross-sectional area of m. longissimus dorsi has
previously been related to performance in Standardbred
horses (Dobec et al., 1994) and is also reported to increase
with training (D’Angelis et al., 2007). However, in the
present study the area was not associated with training
group, VLa4 or race qualiﬁcation ability, as all horses but one
qualiﬁed for races.
Nutrition-related health
The forage-only diet seemed to promote good nutritionrelated health. A study on the feeding regime of racehorses
in training revealed that they are fed 4 to 11 kg of
concentrates per day (Jansson and Harris, 2013). This
increases the risk of colic by ﬁve to sixfold compared with no
concentrate at all (Tinker et al., 1997a). Based on the
reported prevalence of colic (8 to 11 cases/100 horses per
year (Tinker et al., 1997b; Hillyer et al., 2001)), rhabdomyolysis (6 to 9 cases/100 horses per year (Isgren et al., 2010;
Auletta et al., 2011)) and stereotypic behaviours (1% to 9%
of horses (Redbo et al., 1998)), in the present study three to
four cases of colic, two to three cases of rhabdomyolysis and
one horse showing stereotypic behaviour could have been
expected. However, none of these problems occurred under
normal management conditions, so we suggest that horses
fed a forage-only diet may experience fewer nutrition-related
health problems than reported in concentrate-fed horses. The
case of colic that did occur during the study was related to
unusual experimental practices (fasting and gastroscopy),
and therefore most likely not related to the diet.
The conclusion reached in this study is that a 30% difference in high-intensity training distance does not affect feed
intake, growth, body condition or muscle glycogen content in
horses fed a forage-only diet. Earlier ﬁndings that an
increased amount of body fat content can affect VLa4 negatively were conﬁrmed. It can be concluded that it is possible
to train Standardbred horses fed a forage-only diet to race
condition as 3-year olds, while having a muscle glycogen
content, growth and body condition within the normal range
of athletic horses, and that a high-energy forage-only diet
could be recommended for horses in training for races, as it
promotes good nutrition-related health. However, horses
may need >48 h of rest post-exercise for muscle glycogen
replenishment.
1725

Ringmark, Revold and Jansson
Acknowledgements
The authors thank all staff and students at Wången. Special
thanks to Ulf Hedenström and the trainers Roger Persson and
Lars-Åke Swärdfeldt. Thanks also to the reference group of
trainers, Stig H Johansson, Thomas Uhrberg and Jan Halberg,
for help with designing the training programmes. Great thanks
to Trioplast AB, Dow Chemicals, the Swedish Trotting Association, the Swedish Horse Racing Totalisator Board and the
Swedish Horse Council Foundation for ﬁnancial support and to
Scandivet for lactate analyses and Thermobar AB for sponsoring
with thermobars.

References
Auletta L, Greco M, Lamagna B, Navas L, Uccello V, Fatone G and Pasolini MP
2011. Incidence and risk factors associated with rhabdomyolysis in Italian
standardbred racehorses. Ippologia 22, 23–29.
Bigot G, Trillaud-Geyl C, Jussiaux M and Martin-Rosset W 1987. Elevage du
cheval de selle du sevrage au débourrage: alimentation hivernale, croissance et
développement. Centre de Recherches Zootechniques et Vétérinaires Theix,
INRA 69, 45–53.
Buff PR, Dodds AC, Morrison CD, Whitley NC, McFadin EL, Daniel JA, Djiane J
and Keisler DH 2002. Leptin in horses: tissue localization and relationship
between peripheral concentrations of leptin and body condition. Journal of
Animal Science 80, 2942–2948.
Coenen M 2005. Exercise and stress: impact on adaptive processes involving
water and electrolytes. Livestock Production Science 92, 131–145.
D’Angelis FHF, Mota MDS, Freitas EVV, Ferraz GC, Abrahao AR, Lacerda Neto JC
and Queiroz Neto A 2007. Aerobic training, but not creatine, modiﬁes longissimus
dorsi muscle composition. Journal of Equine Veterinary Science 27, 118–122.
Dobec RL, Borger ML and Neal SM 1994. Correlation of real-time ultrasonic
measures of fat and longissimus muscle area in standardbred horses
with lifetime racing record and lifetime winnings. Journal of Animal Science
72, 44.
Essen-Gustavsson B, Connysson M and Jansson A 2010. Effects of crude protein
intake from forage-only diets on muscle amino acids and glycogen levels in
horses in training. Equine Veterinary Journal 42, 341–346.
Fonseca RG, Kenny DA, Hill EW and Katz LM 2013. The relationship between
body composition, training and race performance in a group of Thoroughbred
ﬂat racehorses. Equine Veterinary Journal 45, 552–557.
Gallagher K, Leech J and Stowe H 1992. Protein, energy and dry-matter consumption by racing standardbreds – a ﬁeld survey. Journal of Equine Veterinary
Science 12, 382–388.
Gordon ME, McKeever KH, Bokman S, Betros CL, Manso-Filho H, Liburt N and
Streltsova J 2006a. Interval exercise alters feed intake as well as leptin and
ghrelin concentrations in Standardbred mares. Equine Veterinary Journal 38,
596–605.
Gordon ME, McKeever KH, Bokman S, Betros CL, Manso Filho HC, Liburt NR and
Streltsova JM 2006b. Training-induced energy balance mismatch in
Standardbred mares. Equine and Comparative Exercise Physiology 3, 73–82.
Hillyer MH, Taylor FGR and French NP 2001. A cross-sectional study of colic in
horses on Thoroughbred training premises in the British Isles in 1997. Equine
Veterinary Journal 33, 380–385.

Kearns CF, McKeever KH, Kumagai K and Abe T 2002. Fat-free mass is related to
one-mile race performance in elite standardbred horses. Veterinary Journal 163,
260–266.
Lacombe VA, Hinchcliff KW, Geor RJ and Baskin CR 2001. Muscle glycogen
depletion and subsequent replenishment affect anaerobic capacity of horses.
Journal of Applied Physiology 91, 1782–1790.
Lacombe VA, Hinchcliff KW, Kohn CW, Devor ST and Taylor LE 2004. Effects of
feeding meals with various soluble-carbohydrate content on muscle glycogen
synthesis after exercise in horses. American Journal of Veterinary Research 65,
916–923.
Larsson K and Bengtsson S 1983. Determination of readily available carbohydrates in plant material. Report No 22. National Laboratory of Agriculture
Chemistry Methods, National Laboratory of Agriculture Chemistry, Uppsala,
Sweden, 10pp.
Lawrence L, Jackson S, Kline K, Moser L, Powell D and Biel M 1992. Observations
on body-weight and condition of horses in a 150-mile endurance ride. Journal of
Equine Veterinary Science 12, 320–324.
Leleu C and Cotrel C 2006. Body composition in young Standardbreds in
training: relationships to body condition score, physiological and locomotor
variables during exercise. Equine Veterinary Journal 38, 98–101.
Leleu C, Cotrel C and Courouce-Malblanc A 2005. Relationships between
physiological variables and race performance in French standardbred trotters.
Veterinary Record 156, 339–342.
Lindholm A and Piehl K 1974. Fiber composition, enzyme-activity and concentrations of metabolites and electrolytes in muscles of standard-bred horses.
Acta Veterinaria Scandinavica 15, 287–309.
Lowry OH and Passonneau JV 1973. A ﬂexible system of enzymatic analysis.
Academic Press, New York, NY, USA.
Meyer H, Ahlswede L and Reinhardt HJ 1975. Duration of feeding, frequency of
chewing and physical form of the feed for horses. Deutsche Tierarztlich
Wochenschrift 82, 54–58.
National Research Council Committee (NRC) 2007. Nutrient requirements of horses.
National Academies Press, Washington, USA.
Pagan JD, Essen-Gustavsson B, Lindholm A and Thornton J 1987. The effect of
dietary energy source on exercise performance in Standardbred horses. Equine
Exercise Physiology 2, ICEEP Publications, Davis, CA, USA, 686–700.
Palmgren-Karlsson C, Jansson A, Essen-Gustavsson B and Lindberg JE 2002.
Effect of molassed sugar beet pulp on nutrient utilisation and metabolic
parameters during exercise. Equine Veterinary Journal (suppl 34), 44–49.
Redbo I, Redbo-Torstensson P, Odberg FO, Hedendahl A and Holm J 1998.
Factors affecting behavioural disturbances in race-horses. Animal Science 66,
475–481.
Ringmark S, Lindholm A, Hedenstrom U, Lindinger M, Dahlborn K, Kvart C and
Jansson A 2015. Reduced high intensity training distance had no effect on VLa4
but attenuated heart rate response in 2–3-year-old Standardbred horses. Acta
Veterinaria Scandinavica 57, 17.
Ringmark S, Roepstorff L, Essen-Gustavsson B, Revold T, Lindholm A, Hedenstrom U,
Rundgren M, Ogren G and Jansson A 2013. Growth, training response and health in
Standardbred yearlings fed a forage-only diet. Animal 7, 746–753.
Snow DH, Harris RC, Harman JC and Marlin DJ 1987. Glycogen repetion
following different diets. In 2nd International Conference on Equine Exercise
Physiology (ed. JR Gillepsie and NE Robinson), pp. 701–710. ICEEP Publications,
Davis, CA, USA.
Thafvelin B 1990. The genetic variation in conformation of Standardbred trotters
and the relationship between conformation and performance. Sveriges
Lantbruksuniversitet Institutionen for Husdjursforadling och Sjukdomsgenetik
Rapport, 34, Uppsala, Sweden, pp. 1–18.

Isgren CM, Upjohn MM, Fernandez-Fuente M, Massey C, Pollott G, Verheyen
KLP and Piercy RJ 2010. Epidemiology of exertional rhabdomyolysis susceptibility in Standardbred horses reveals associated risk factors and underlying
enhanced performance. PLoS ONE 5, e11594.

Tinker MK, White NA, Lessard P, Thatcher CD, Pelzer KD, Davis B and Carmel DK
1997a. Prospective study of equine colic risk factors. Equine Veterinary Journal
29, 454–458.

Jansson A and Harris PA 2013. A bibliometric review on nutrition of the
exercising horse from 1970 to 2010. Comparative Exercise Physiology 9,
169–180.

Tinker MK, White NA, Lessard P, Thatcher CD, Pelzer KD, Davis B and Carmel DK
1997b. Prospective study of equine colic incidence and mortality. Equine
Veterinary Journal 29, 448–453.

Jansson A and Lindberg JE 2012. A forage-only diet alters the metabolic
response of horses in training. Animal 6, 1939–1946.

Westervelt RG, Stouffer JR, Hintz HF and Schryver HF 1976. Estimating fatness in
horses and ponies. Journal of Animal Science 43, 781–785.

1726

Reproduced with permission of copyright owner.
Further reproduction prohibited without permission.

