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ABSTRACT: Stock-type mares (498 ± 9 kg BW; 
12 ± 7 yr) were used in a completely randomized 
design for 56 d to test the hypothesis that concen-
trate fortification improves apparent digestion and 
enhances lean mass over the topline. Horses were 
stratified by age, BW, and BCS and randomly as-
signed to either a custom pelleted concentrate 
(CON; n = 13), or an iso-caloric, iso-nitrogenous 
pellet that included amino acid fortification, com-
plexed trace minerals, and fermentation metabol-
ites (FORT; n  =  10). Concentrate was offered at 
a total 0.75% BW/d (as-fed) twice daily, and diets 
were designed to meet or exceed maintenance re-
quirements for mature horses. Horses had ad lib-
itum access to Coastal bermudagrass hay (7.4% 
CP, 67% NDF, and 40% ADF). Every 14 d BW and 
BCS were recorded, and ultrasound images were 
captured every 28 d. longissimus dorsi area (LDA) 
and subcutaneous fat thickness (FT) were meas-
ured between the 12th and 13th ribs (12th/13th) 
and 17th and 18th ribs (17th/18th). Intramuscular 
fat at the 17th/18th ribs and rump fat-thickness 
were also obtained. Horses were dosed with 10 g/d 
of titanium dioxide (TiO2) for 14 d to estimate 
forage dry matter intake (DMI). To account for 

diurnal variation, fecal samples were collected 
twice daily at 12-h intervals during the last 4 days, 
advancing by 3  h each day to represent a 24-h 
period. Fecal samples were composited by horse 
and analyzed for TiO2 to estimate fecal output and 
acid detergent insoluble ash was used to calculate 
forage DMI. To evaluate body composition, horses 
were infused with a 0.12 g/kg BW deuterium oxide 
(D2O) on d 0 and 56. Body fat percentage (BF) 
was determined by quantifying D2O in plasma 
samples collected at pre- and 4-h postinfusion via 
mass spectrometry. All data were analyzed using 
PROC MIXED (SAS v9.4). The model contained 
a fixed effect of diet; horse (diet) was a random ef-
fect. Horses receiving FORT gained 17th/18th FT 
(P < 0.01) and increased 17th/18th LDA from d 0 
to 56 (P < 0.01) while 17th/18th FT and LDA were 
unchanged in CON. Regardless of diet, BF esti-
mated by D2O infusion increased in all horses from 
d 0 to 56 (P < 0.01). Average hay DMI was 2.1% 
BW, but did not differ between diets. In this study, 
concentrate fortification did not significantly (P ≥ 
0.27) affect apparent digestion. In conclusion, con-
centrate fortification may promote greater muscle 
development along the posterior topline.
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INTRODUCTION

Forage is the primary component of  the equine 
diet; however, variation in quality and consist-
ency of  available stored forages provides a chal-
lenge when developing a nutritional program. 
Enhancing the diet with key nutrients and feed 
additives may provide a layer of  protection against 
forage low in nutritive value and improve the 
health and performance of  mature horses. Adding 
lactic acid-producing bacteria (Lactobacillus, 
Bifidobacterium, and Enterococcus) to a diet bene-
fits the horse by improving mineral digestibility 
(Swyers et  al., 2008) and tends to improve NDF 
and ADF digestion (Coverdale et al., 2013). When 
forage low in nutritive value was offered to mature 
horses (8.1% CP, 75.3% NDF, and 37.6% ADF), 
Morgan et  al. (2007) determined the dietary fer-
mentation aid Saccharomyces cerevisiae enhanced 
digestion of  DM, CP, and NDF. Although dietary 
fermentation aids may increase microbial utiliza-
tion of  structural carbohydrates, forage alone may 
not fully address the nutrient demands of  the horse. 
Therefore, commercially formulated concentrates 
are used to offset this deficit by supplying the horse 
with dietary additives to promote maintenance of 
body condition.

Morphometric analysis is necessary to under-
stand change in tissue development, which may 
outwardly reflect the role of  dietary intervention. 
A  tactile body condition scoring (BCS) system 
(1 = extremely thin; 9 = extremely obese) was es-
tablished by Henneke et al. (1983) to visually quan-
tify overall fatness of  a horse. Ultrasonography 
provides a more objective method to monitor 
changes in tissue development. Additionally, 
rump fat-thickness (RF) measured ultrasonic-
ally may be utilized in an equation to estimate 
total body fat (BF; Westervelt et al., 1976). This 
equation assumes a specific location over the 
rump is representative of  the animal’s entire BF. 
Furthermore, the equation indicates that a horse 
with no rump fat would still have 8.64% BF. In 
contrast, a more precise BF measurement may 
be obtained through deuterium oxide (D2O) in-
fusion and subsequent plasma analysis (Dugdale 
et al., 2011). The D2O method accounts for total 
BF, including intramuscular fat and deeper adi-
posity that is not detected by the aforementioned 
methods.

Limited information has been gathered to com-
pare performance and digestibility characteristics 
of mature horses maintained on forage low in nu-
tritive value. Therefore, the objective of the current 

study was to determine the effect of concentrate 
fortification on apparent digestion and body com-
position in mature horses consuming a forage low 
in nutritive value.

MATERIALS AND METHODS

The experimental protocol was approved 
by the Institutional Animal Care and Use 
Committee at Texas A&M University (AUP# 
2016-0304).

Horses and Dietary Treatments

Twenty-three mature stock-type mares (498  ± 
9  kg BW; 12  ± 7 yr) were used in a completely 
randomized design for a 56-d trial. Horses were 
stratified by body weight (BW), age, and BCS and 
assigned within strata across two dietary treat-
ments. Investigators were blinded to dietary treat-
ments which consisted of either a control diet 
(CON, n = 13) offered at 0.75% BW daily and for-
mulated to meet or exceed nutritional requirements 
for mature horses at maintenance (NRC, 2007), or a 
fortified pelleted concentrate (FORT; n = 10) which 
included the following enhancements: amino acid 
fortification, fermentation metabolite additives, 
and complexed trace minerals. Dietary treatments 
were formulated to be isocaloric and isonitroge-
nous (Table 1; Table 2). Horses had ad libitum ac-
cess to Coastal bermudagrass (Cynodon dactylon) 
hay. Every 14 d, BW was recorded and rations were 
adjusted accordingly.

Table 1. Energy and nutrient composition of pel-
leted concentrate and Coastal bermudagrass 
(Cynodon dactylon) hay fed to stock-type mares

Item*

Concentrate†

Hay CON FORT

DM, % 93.40 92.90 94.90

Energy and nutrient (DM basis)

 NDF, % 41.50 40.70 77.50

 ADF, % 20.20 21.10 46.00

 ADIA, % 1.57 1.95 3.55

 Starch,‡ % 11.50 10.80 0.68

 DE,|| Mcal/kg 2.76 2.79 1.85

*Determined from laboratory analyses conducted at Texas A&M 
University.

†Concentrate consisted of a either a control (CON) pellet or the 
same pelleted concentrate fortified (FORT) with an additional amino 
acid package, fermentation metabolite additives, and complexed trace 
minerals concentrate that was offered at 0.75% BW (as-fed basis).

‡Values were obtained from laboratory analyses conducted at a com-
mercial feed testing laboratory (SDK Laboratories, Hutchinson, KS).

||Calculated from equations in NRC (2007).



3Effect of diet fortification in mature horses

Translate basic science to industry innovation

Morphometric Variables

Mares were evaluated every 14 d for BW and 
BCS, and on d 0, 28, and 56 for fat thickness (FT), 
longissimus dorsi area (LDA), and intramuscular 
fat (IMF) using an ultrasound machine (Aloka 
SSD-500V, Aloka, Inc., Tokyo, Japan). The mus-
culoskeletal probe was fitted with a contoured pad 
and corn oil was applied to the ultrasound site to 
maximize echogenicity and minimize image arti-
facts. Measurements included the FT and LDA 
over the intercostal space between the 12th/13th 
ribs and the 17th/18th ribs, and FT over the rump. 
All FT and LDA measurements were taken with 
the transducer oriented perpendicular to the horse’s 
spine. Estimates of IMF were determined by cap-
turing four independent images over the 17th/18th 
ribs with the transducer positioned parallel to the 
horse’s spine. In accordance with Westervelt et al. 
(1976), BF percentage was estimated from an equa-
tion using rump FT measurements taken 5  cm 
from the midline and centered between the tuber 

coxae and tuber ischiadicum [% BF  =  4.70  × fat 
depth (cm) + 8.64]. All ultrasound measurements 
were obtained and interpreted by a single certified 
technician blind to treatments (Designer Genes 
Technologies, Inc., Harrison, AR).

Body Composition

On d 0 and 56 of the trial, horses underwent D2O 
(Aldrich Chemistry, 99.9% atom) infusion. On the 
morning of D2O infusion, BW was measured on a 
digital platform scale, and a jugular intravenous cath-
eter (MILA International, Inc., 14 Ga. × 13 cm) was 
inserted and secured with adhesive bandaging tape. 
The jugular catheter site was prepared by clipping the 
coat to a sanitary length (blade size 0.25 mm), and 
sterilized using Chloradine scrub 4% and isopropyl 
alcohol 70%. Lidocaine was used as a local anesthetic 
and injected subcutaneously at the site of catheter in-
sertion. Two 10 mL blood samples were obtained for 
baseline determination (Lithium Heparin 15 mL BD 
Vacutainer, 158 U.S.P.  units). Horses were infused 
with D2O (D2O; 0.12 g/kg BW) over a time period of 
60 s, followed by a 100 mL saline flush to ensure all 
D2O was delivered. The dose of D2O was determined 
using previously described methods in the horse 
(Dugdale et al., 2011; Ferjak et al., 2017). Feed and 
water were withheld during the 4 h D2O equilibration 
period. At 4 h postinfusion, two 10 mL blood sam-
ples were obtained contralateral to the site of cath-
eter insertion. All blood samples were stored on ice 
then centrifuged at 2,000 × g for 12 min. Plasma was 
aliquoted and immediately stored at −80 °C in 2 mL 
air-tight tubes (VWR, 2 mL micro-centrifuge tubes). 
Samples were analyzed by a commercial laboratory 
(Stable Isotopes Lab, University of Arkansas).

In brief, plasma samples were thawed then fil-
tered before analysis in triplicate by gas isotope 
ratio mass spectrometry. Samples underwent zinc 
reduction of the isotope-marked water. The deu-
terium abundance in the plasma samples was de-
termined relative to a reference standardized tap 
water which had been normalized against the in-
ternal standards. Subsequent values were used to 
calculate the subject’s total BF with a 4% correc-
tion factor to account for the exchange of nonwa-
ter related hydrogen atoms within the body. A body 
lean hydration factor of 0.732 was used as previ-
ously described (Speakman, 1997). The following 
calculations were used to estimate total body 
water (TBW), BF, and fat-free mass FFM: cor-
rected body water (actual) (BWa) (kg) = BW/1.04; 
%TBW = BWa / BW; %BF = 100 − (%TBW/0.732); 
and %FFM = %TBW/0.732.

Table 2.  Amino acid composition of the con-
trol (CON) pellet and fortified (FORT) pellet that 
contained an additional amino acid package, fer-
mentation metabolite additives, and complexed 
trace minerals concentrate offered at 0.75% BW 
(as-fed basis)

Item (W/W%)* CON FORT

Glutamic acid 2.22 2.14

Aspartic acid 1.25 1.20

Leucine 1.08 1.07

Proline 0.88 0.86

Arginine 0.83 0.79

Alanine 0.74 0.73

Glycine 0.73 0.71

Valine 0.72 0.70

Lysine 0.68 1.02

Phenylalanine 0.64 0.62

Serine 0.56 0.53

Isoleucine 0.56 0.54

Threonine 0.52 0.53

Tyrosine 0.41 0.40

Histidine 0.36 0.35

Cysteine 0.27 0.25

Methionine 0.24 0.33

Tryptophan 0.15 0.13

Hydroxyproline 0.14 0.14

Lanthionine 0.08 0.09

Taurine 0.07 0.07

Hydroxylysine 0.03 0.03

Ornithine 0.01 0.01

Total 13.17 13.24

* (W/W%) indicates percent mass of item per 100 g of solution.
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Digestibility

Nutrient digestibility was assessed through 
the use of internal (acid detergent insoluble ash, 
ADIA) and external (Titanium IV Dioxide, rutile; 
Sigma–Aldrich) markers. On d 27, baseline fecal 
samples were collected. From d 28 to 41, 5 g of ti-
tanium dioxide (TiO2) was mixed into each concen-
trate meal. After a 10-d supplementation period, 
feces were collected from d 38 to 41 of the study. To 
account for diurnal variation of marker concentra-
tion, feces were collected twice daily at 12-h inter-
vals, advancing by 3 h each subsequent day, which 
resulted in 8 fecal samples per mare over a 4-d col-
lection period. After each collection time point, a 
200 to 400 g sample of feces was stored at −20 °C 
before analysis.

To prepare samples for analysis, feces, hay, and 
grain were dried in a forced air oven at 55 °C for 
96 h and allowed to equilibrate to room tempera-
ture for 24 h. All samples were weighed before and 
after the drying process to determine partial dry 
matter (DM) percentage. Samples were ground in 
a Wiley mill through a 1 mm screen. To determine 
overall DM percentage, samples were exposed to 
a 105 °C drying oven for 24 h. Similarly, to deter-
mine organic matter (OM) percentage, difference 
in sample weight was measured before and after 
exposure to a combustion oven at 450 °C for 8 h. 
The NDF and ADF values were determined by the 
Ankom Fiber Analyzer with sodium sulfite and 
α-amylase admitted and without correction for re-
sidual ash (Ankom Technology Corp., Macedon, 
NY). A  Parr 6300 Calorimeter (Parr Instrument 
Company, Moline, IL) was used to measure gross 
heat energy (GE) for hay, grain, and fecal samples.

Forage consumption was estimated by TiO2 
analysis following a previously established protocol 
(Myers et  al., 2004). Concentrate, hay, and fecal 
samples were ashed at 450 °C for 12 h then exposed 
to concentrated sulfuric acid (95% to 98% w/w) 
for 2 h before the addition of 30% hydrogen per-
oxide solution. Samples were digested at 350 °C for 
45  min in a SCP digester. Absorbance at 410  nm 
was measured and compared with standards of 10, 
8, 6, 4, or 2  mg TiO2 per 50  g solution. The fol-
lowing calculations were used to estimate voluntary 
DMI of nutrients in the diet: mg TiO2 / g  =  (mg 
TiO2 sample / g sample) − (mg TiO2 baseline / g sample); 
fecal output (kg/d) = (10 g/d TiO2) / ([TiO2] feces (g/
kg), where [TiO2] indicates concentration of TiO2 
in the feces; and DMI (kg/d) = fecal output (kg/d) 
× ([ADIA] feces/[ADIA] feed), where [ADIA] indi-
cates concentration of ADIA.

Statistical Analysis

Intake, digestion, D2O, and morphometric vari-
ables were analyzed using the MIXED procedure in 
SAS (SAS Inst., Inc., Cary, NC). The model con-
tained the main effect of treatment and horse within 
diet was included as a random effect. Pearson cor-
relation coefficients were determined using the 
PROC CORR procedure in SAS for BCS and BF 
percentages determined by either a prediction equa-
tion (Westervelt et al., 1976) or D2O infusion. Main 
effects were considered significant when P ≤ 0.05 
and a trend toward significance when P ≤ 0.10.

RESULTS

Nutrient Intake

There was no effect of dietary treatment on 
total DMI (P  =  0.41), with mares on the CON 
diet consuming 2.86% BW compared to 2.74% 
BW in mares in the treatment group (Table 3). 
Concentrate DMI, when expressed as a percentage 
of BW, was not affected (P = 0.24) by dietary treat-
ment. Similarly, dietary treatment did not affect 
hay DMI (P ≤ 0.54), with CON and FORT horses 
consuming 2.13% and 2.03% BW, respectively. 
Using measures of nutritive value and calculations 
based on the NRC (2007), the CON and FORT 
concentrates were calculated to contain 2.76 and 
2.79 Mcal/kg, and the hay contained 1.85 Mcal/
kg. Estimates based on the use of TiO2 in a dual 
marker system, CON mares consumed an average 
of 29.50 Mcal DE/d and FORT mares consumed 

Table 3. Dry matter intake (DMI) of control (CON) 
or iso-caloric, iso-nitrogenous fortified (FORT) 
pelleted concentrate and Coastal bermudagrass 
(Cynodon dactylon) hay fed to stock-type mares 
(least square means)

Item

Treatment*

SEM P value†CON FORT

Intake, % BW

 DMI Grain 0.73 0.71 0.01 0.24

 DMI Hay‡ 2.13 2.03 0.03 0.54

 DMI Total 2.86 2.74 0.04 0.41

*Treatment consisted of either a control (CON; n = 10) concentrate 
or the same pelleted concentrate fortified (FORT; n = 12) with an add-
itional amino acid package, fermentation metabolite additives, and 
complexed trace minerals concentrate that was offered at 0.75% BW 
(as-fed basis).

†Main effect of dietary treatment.
‡Hay intake determined using a dual-marker system with TiO2 as the ex-

ternal marker and ADIA as the internal marker (Titgemeyer et al., 2001).
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29.05 Mcal DE/d. Horses consumed an average of 
638.5 and 654.6 g CP and 21.32 and 31.97 g Lys per 
d from the CON and FORT concentrates, respect-
ively (Table 3). Based on NRC (2007) estimated nu-
trient composition values of Coastal bermudagrass 
hay, horses consumed a maximum of 0.36 g Lys/kg, 
or an average of 4.46 and 4.44 g Lys for the CON 
and FORT dietary treatments, respectively.

Morphometric Variables

When evaluating the change over the feeding 
period (d 56 minus the d 0 measurement obtained at 
the beginning of the trial), BW and BCS were un-
affected by dietary treatment (P > 0.63). The LDA 
and FT over the 12th/13th ribs (P ≥ 0.74) and IMF 
(P  =  0.57) were not affected by diet. Interestingly, 
IMF values decreased numerically in both the CON 
and FORT groups while subcutaneous fat values in-
creased, but these values did not achieve significance. 
Horses maintained on the FORT diet gained FT over 
the 17th/18th ribs (P ≤ 0.02) and tended to gain in 
LDA over the 17th/18th ribs from d 0 to 56 of the 
trial (P ≤ 0.09; Table 4). No differences in RF or BF 
estimation (P = 0.38 and P = 0.58, respectively) were 
detected. Utilizing a D2O infusion, BF was not af-
fected on d 56 by diet fortification (P ≤ 0.58; Table 
5). Pearson correlation coefficients were determined 
for comparison between BCS and BF estimation 
through the Westervelt et al. (1976) RF equation and 
D2O infusion (Table 6). Overall, the correlations were 
moderate between D2O and BCS (r = 0.52; P ≤ 0.01), 
and slightly weaker between D2O and RF (r = 0.43; P 
≤ 0.01) and RF and BCS (r = 0.42; P ≤ 0.01).

Apparent Digestion

All digestibility coefficients were calculated 
based on total tract apparent digestibility. Average 
starch digestibility coefficients were similar, 0.98 and 
0.96, for horses receiving the CON or FORT diets, 
respectively (P = 0.16; Table 7). Values for ADF and 
NDF did not differ (P ≥ 0.93) between dietary treat-
ments. Similarly, DM and OM were not affected by 
diet (P ≥ 0.96). Despite the addition of fermentation 
aids in the FORT diet, apparent digestion did not 
differ between treatments in this time period.

DISCUSSION

Morphometric Variables

In the current study, BW and BCS of  horses 
were not affected by 56 d of  diet fortification. 
Lucia et  al. (2014) observed a similar response 

in a group of  mature, sedentary horses housed 
in comparable climatic conditions that were fed 
a fortified pellet (complexed trace minerals, pre- 
and pro-biotics, enhanced amino acids, and ele-
vated vitamin E) or a nonfortified control diet. 
Numeric increases in BW and BCS were ob-
served over the 154-d study; however, similar to 
the current study, these variables were not af-
fected by dietary treatment. Lucia et al. (2014) 
observed LDA, LDFT, and RF ultrasonography 
measurements increased (P ≤ 0.01) in response 
to diet fortification. In the current study, FT 
over the 17th/18th ribs increased in response to 
dietary fortification. A  longer study duration 
may have yielded further development in the 
horses’ toplines over the 12th/13th ribs and a 
greater change in BW and BCS. In horses and 

Table 4.  Mean change in ultrasonography meas-
urements (±SEM) of fat thickness (FT) and lon-
gissimus dorsi area (LDA) over the 12th/13th and 
17th/18th ribs and intramuscular fat (IMF) in re-
sponse to feeding either a CON or FORT pelleted 
concentrate and Coastal bermudagrass hay

Variable

Treatment*

SEM P value†CON FORT

LDA 12th/13th ribs, cm2

 Initial 72.07 69.89 2.71 0.55

 Final 77.28 73.32 2.71 0.35

 Change 5.21 3.43 2.84 0.74

FT 12th/13th ribs, cm

 Initial 0.16 0.16 0.01 0.98

 Final 0.17 0.17 0.01 0.99

 Change 0.01 0.01 0.01 0.98

LDA 17th/18th ribs, cm2

 Initial 84.95 80.97 2.78 0.29

 Final 89.43 92.45 2.71 0.41

 Change 4.48a 11.48b 3.03 0.09

FT 17th/18th ribs, cm

 Initial 0.25 0.27 0.03 0.67

 Final 0.28a 0.41b 0.03 ≤ 0.01

 Change 0.03a 0.14b 0.03 0.02

Intramuscular fat, %‡

 Initial 3.92 4.07 0.16 0.47

 Final 3.13 3.45 0.23 0.37

 Change -0.79 -0.62 0.22 0.57

a,bWithin item, means that do not have a common superscript differ 
by P ≤ 0.10.

*Treatments consisted of a controlled (CON) or fortified (FORT) 
pelleted concentrate offered at 0.75% BW (as-fed basis) and allowed 
ad libitum access to Coastal bermudagrass (Cynodon dactylon) hay.

†Main effect of dietary treatment.
‡Intramuscular fat percentage measurements obtained on the left hip 

determined by capturing four independent images over the 17th/18th 
ribs with the transducer positioned parallel to the horse’s spine (Aloka 
SSD-500V, Aloka, Inc., Tokyo, Japan).
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other livestock species, fat-free mass remains 
relatively consistent throughout a mature ani-
mal’s lifespan and is more difficult to change 
compared with fat tissue, which responds more 
sensitively to diet. Safely implementing change 
in an animal’s morphometric parameters 
through diet intervention requires consistency 
and time. Using a mathematical model to pre-
dict alteration in body fat in nonlactating mares, 
Cordero et  al. (2013) quantified an increase or 
decrease in one unit of  BCS during 30 d to be 
reflected by 1.054% change in BF (r  =  0.798). 
Another study which modified the model from 
the aforementioned study to exercising horses 
observed a change of  1.4 BCS units over a 60 d 
period in the nonexercised control horses, and 
each BCS unit was reflected by an increase or 
decrease of  16.47 kg (Zoller et al., 2019).

The horse’s topline is largely comprised of the 
longissimus dorsi muscle, making this location largely 
important for targeting and monitoring change. This 
location is also commonly assessed in beef cattle to 
determine meat quality. On a similar BW comparison, 
cattle have relatable ultrasonography measurements 
compared to horses. Perkins et al. (1992) assessed the 
average LDA in 646 choice or better quality grade 
cross-bred heifers to be, on average, 75.4 cm2. In the 
current trial, the greater increase following 56 d of 
supplementation in LDA over the 17th/18th ribs 
(5.27% CON and 14.18% FORT, respectively) for 
horses in the treatment group is likely due to concen-
trate fortification, which increased the bioavailability 
of Lys in the diet. Throughout the trial, mean LDA 
over the 17th/18th ribs ranged from 81.0 to 92.6 cm2 
for all horses, comparatively larger than the same 
measurement over 12th/13th ribs (7.23% CON and 
4.91% FORT, respectively), which measured 69.0 to 
73.9 cm2 for all horses. Miller et al. (2018) reported 

Table 5. Mean BW (± SEM), BCS, and BF change 
in response to feeding either a CON or FORT pel-
leted concentrate and Coastal bermudagrass

Variable

Treatment*

SEM P value†CON FORT

BW, kg

 Initial 494.35 500.01 12.74 0.74

 Final 505.44 508.34 13.54 0.87

 Change 11.09 8.33 4.32 0.63

Body condition score‡

 Initial 5.60 5.57 0.27 0.92

 Final 5.74 5.78 0.29 0.92

 Change 0.14 0.21 0.15 0.72

Rump fat, cm||

 Initial 0.81 0.86 0.10 0.90

 Final 1.04 0.86 0.10 0.31

 Change 0.23 0.00 0.15 0.38

Body fat estimation,$ %

 Initial 12.65 12.55 0.59 0.90

 Final 12.74 13.51 0.57 0.31

 Change 0.09 0.96 0.72 0.38

Body fat estimation,¶ %

 Initial 7.71 7.57 0.73 0.89

 Final 9.00 8.45 0.81 0.62

 Change 1.29 0.88 0.56 0.58

*Treatments consisted of a controlled (CON) or fortified (FORT) 
pelleted concentrate offered at 0.75% BW (as-fed basis) and allowed 
ad libitum access to Coastal bermudagrass (Cynodon dactylon) hay.

†Main effect of dietary treatment.
‡Average of three evaluators using a 1 to 9 scoring system (Henneke 

et al., 1983).
||Rump fat measurements obtained on the left hip at a point 5 cm 

dorsal of half  way between the tuber coxae and tuber ischiadicum 
(Westervelt et al., 1976) using an ultrasound instrument (Aloka SSD-
500V, Aloka, Inc., Tokyo, Japan).

$Body fat estimated by using prediction equation, % body 
fat = 4.70 × fat depth (cm) + 8.64 (Westervelt et al., 1976).

¶Body fat estimated by using 0.12 g/kg BW of deuterium oxide.

Table 6.  Pearson correlation coefficients of body 
condition score (BCS), deuterium oxide percent 
body fat (BF) estimation, and rump fat BF based 
on ultrasonography values and a prediction equa-
tion (Westervelt, 1976)

Variable

BCS* D2O
† RF‡

r P value r P value r P value

BCS 1.00 — 0.52 0.02 0.42 0.03

D2O%BF 0.52 0.01 1.00 — 0.43 0.02

RF BF 0.42 0.01 0.43 0.01 1.00 —

*Body condition score determined by the average scores of three 
trained personnel.

†Percent body fat determined from analysis of plasma immediately 
before and 4 h post infusion of 0.12 g/kg BW deuterium oxide.

‡Rump fat measurements obtained on the left hip at a point 5 cm 
dorsal of half  way between the tuber coxae and tuber ischiadicum 
(Westervelt et al., 1976) using an ultrasound instrument (Aloka SSD-
500V, Aloka, Inc., Tokyo, Japan).

Table 7. Apparent digestion of nutrients in response 
to feeding either a CON or FORT pelleted concen-
trate and Coastal bermudagrass ha

Item

Treatment*

SEM P value†CON FORT

Apparent digestion, %

 DM 0.67 0.65 0.04 0.96

 Starch 0.98 0.96 0.01 0.16

 NDF 0.66 0.63 0.06 0.95

 ADF 0.61 0.58 0.06 0.93

 GE 0.69 0.68 0.02 0.71

*Treatments consisted of a control (CON) or fortified (FORT) pel-
leted concentrate offered at 0.75% BW (as-fed basis) and allowed ad 
libitum access to Coastal bermudagrass (Cynodon dactylon) hay.

†Main effect of dietary treatment.
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similar measures in mature Quarter horses (n = 10; 
2 to 6 yr). For instance, the LDA over the 17th/18th 
ribs ranged from 90.0 to 106.9  cm2, and over the 
12th/13th ribs ranged from 77 to 92 cm2. Similarly, 
another study monitoring change in LDA in Arabian 
horses throughout an exercise program observed 
measurements from 69.6 to 89.8 cm2 between base-
line and 90 d into the program (D’Angelis, 2007).

Dietary Supply of Amino Acids

Lysine is the only amino acid with an estab-
lished dietary requirement in the horse (NRC, 2007). 
Comparatively, Lys differed the greatest between 
diets (0.68 CON and 1.02 FORT W/W%). If amino 
acid requirements are not met, or are not bioavail-
able to the animal, then anabolism of muscle tissue 
will be diminished (Mastellar et  al., 2016). In the 
current study, the following equations were utilized 
to estimate Lys requirements according to intake 
and digestibility parameters assessed through the 
dual-marker technique: daily CP requirement for an 
average horse at maintenance = BW (kg) × 1.26 g CP/
kg BW/d; and Lys required for a horse at mainten-
ance (g/d) = CP requirement × 4.3% (NRC, 2007).

Based on prior research that estimated the pre-
cecal digestion of Coastal bermudagrass hay to be 
37% (Gibbs et al., 1988), the average digestible Lys 
intake from forage consumed by CON and FORT 
horses was calculated to be 1.41 and 1.37 g, respect-
ively. Prececal digestion of protein and amino acids 
changes with diet composition (van Niekerk and 
van Niekerk, 1997; de Almeida et al., 1998a, 1998b), 
and the values calculated are likely an overesti-
mation because the CP of hay in the present study 
was significantly lower (8% vs. 10%). Differences in 
other regions of the horses’ toplines may not have 
been detected in the current study due to the short 
56 d duration. Winsco et al. (2011) assessed growth 
measurements and RF over 56 d in weanling horses 
receiving one of four isonitrogenous diets with var-
ying methionine concentrations. The researchers 
did not observe a difference between treatments in 
BW or RF throughout the trial in horses under-
going rapid growth. Lucia et  al. (2014) observed 
changes in RF beginning at d 56 in mature horses 
supplemented with a fortified diet similar to the one 
used in the current study. In one experiment involv-
ing ponies fed a pelleted concentrate at either 1.5% 
BW or ad libitum, Westervelt et al. (1976) noted a 
significant difference between fat cover in the po-
nies after 126 d. Therefore, changes in topline in the 
horse may take a minimum of 56 d to observe any 
significant difference from baseline.

Intake and Digestibility

In situations where both DMI and fecal output 
are not known, such as in the current group-housed 
setting, dual-marker systems may be used to es-
timate intake (Winsco et al., 2013). In the current 
study, DMI of hay did not differ between diets. All 
horses were group-housed in a dry lot with access to 
a round bale of hay. The dual marker system of TiO2 
and ADIA indicated no difference in the apparent 
digestion of starch, DM, OM, NDF, or ADF.

Yeast supplemented to the horse can have a 
positive effect on digestibility of structural carbo-
hydrates when the concentration of cellulolytic bac-
teria is increased. For example, when S. cerevisiae 
is added to the diet, the prevalence of lactate in the 
hindgut decreases, reducing acidity and creating a 
more favorable environment for cellulolytic bac-
teria (Jouany et al., 2008). In a recent study, Agazzi 
et al. (2011) fed horses a grass/legume mixed forage 
(9.8% CP, 64.2% NDF, and 46.2% ADF) for two 
weeks, followed by 18 d of live yeast (S. cerevisiae) 
supplementation offered twice daily. No difference 
was observed in DMI (P ≥ 0.48); however, apparent 
digestion of DM, OM, NDF, and ADF increased 
(P ≤ 0.04) in supplemented horses compared with 
the control group, and apparent digestion of CP 
tended to improve (P ≤ 0.08). Morgan et al. (2007) 
used total fecal collection to assess apparent digest-
ibility of hay that was either high or low in nutritive 
value, and fed to horses receiving a yeast culture 
supplement. Results from the study indicated that 
the higher quality forage (13.1% CP, 73.1% NDF, 
and 35.3% ADF) was more digestible in every com-
ponent than the lower quality forage (8.1% CP, 
75.3% NDF, and 37.6% ADF). In addition, the 
yeast culture supplement increased digestibility 
of NDF, hemicellulose, and CP. Although mul-
tiple studies have addressed the potential digestive 
benefit of dietary yeast supplements, comparison 
between trials is challenging due to the wide vari-
ation in the source and quantity of active microbes. 
For this reason, the unaltered digestibility observed 
in horses fed the FORT diet in the current study 
may be attributed to less numerous and active 
population of microbes which can be altered to en-
hance potential benefits of the supplement.

Body Composition

Deuterium oxide infusion is an objective, min-
imally invasive procedure, which has been demon-
strated as a more accurate method for estimating 
body fat values in the live horse than utilizing rump 
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fat as a predictor (Ferjak et  al., 2017). Using in-
fusion of the stable isotope, total body water was 
quantitatively assessed in mature horses and per-
cent BF was calculated for mares assigned to either 
the CON or FORT treatment diet. Percentage of 
BF increased across treatments over the 56-d feed-
ing period; however, differences were not detected 
between dietary treatments. No change in percent 
BF relative to treatment correlates with no signifi-
cant change observed in BW, BCS, or BF estimated 
from RF. In this experiment, percent BF (D2O) 
was quantified at 8.72% in mares with an average 
BCS of 5.58 and 5.76 on d 0 and 56, respectively. 
These values were comparable to those obtained in 
similar trials. Dugdale et  al. (2011) estimated BF 
using D2O at 13.1%, in mature horses that were be-
tween a BCS of 1 to 7. Ferjak et al. (2017) estimated 
BF to be 5.99% and 10.28% in horses with a BCS of 
5 or 6, respectively. Body fat estimations from both 
previous trials were similar to values calculated 
in the current study in horses with a similar BCS, 
which ranged from 7.57% to 9.00% BF, and further 
supports the use of D2O to evaluate live morpho-
metrics in the horse.

When data sets were averaged across dietary 
treatments for BCS and BF according to both 
Westervelt et al. (1976) and D2O evaluations, mod-
erately positive correlations were observed. Values 
obtained in this study indicated a lower correl-
ation than another study conducted on stock-type 
horses undergoing moderate exercise, which found 
r  =  0.50 between RF and BCS (Pritchett et  al., 
2016). Prior research which compared these mor-
phometric measurements with postmortem fat as-
sessment determined that D2O estimates are the 
optimal method of assessing actual BF (r  =  0.86 
to 0.98; Ferjak et al., 2017). The Westervelt equa-
tion used to calculate percent BF is as follows: 
BF = 8.64 + 4.70 × RF (cm; Westervelt et al., 1976). 
Assuming that the horse measured had no RF, this 
equation would still estimate the total BF of the 
animal at 8.64%. Thus, this equation can present 
a source of error by estimating the horse’s total BF 
based on one measured location, and may explain 
the current study’s low correlation between the two 
variables calculating percent BF.

In summary, concentrate fortification has the 
potential to improve lean muscle development over 
the topline in the horse. This project investigated 
tissue change through objective means in the ma-
ture, sedentary horse and determined the region 
over the 17th/18th ribs was the most sensitive to 
lean muscle and fat development. In the current 
study, analysis of BF using a D2O infusion provided 

an objective means to quantify change in morpho-
metric values, in addition to BCS and ultrasonog-
raphy. Supplying dietary fermentation metabolites 
when feeding forage low in nutritive value did not 
significantly improve nutrient digestibility in the 
horses during this time frame; however, it should 
be considered that a longer trial may yield further 
positive results.
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