
371

The effect of  diet composition on the digestibility and fecal excretion of  trace 
minerals in horses

Gülşah Karasu Kaya1, Hıdır Gümüş2

ABSTRACT
This study investigates the correlation between dietary intake of  these trace minerals and their fecal 
excretion rates, aiming to enhance our understanding of  equine mineral metabolism and improve 
dietary recommendations. The criteria for selection included healthy horses aged 4 to 14, weighing 
400 to 600 kg, with a good body condition score (BCS, 3/5) across 14 yards in the Netherlands. Data 
on yard type, size, and location, as well as horse demographics (age, sex, breed, weight), were colle-
cted. Each horse’s diet was analyzed concerning daily nutritional intake and requirements according 
to National Research Council (NRC). Fecal samples were randomly collected from stables (n=14) 
for dietary analysis and stored in three labeled jars. Samples, approximately 200 g each, were frozen 
at -20°C and later analyzed for cobalt (Co), copper (Cu), manganese (Mn), and zinc (Zn) using indu-
ctively coupled plasma mass spectroscopy (ICP-MS). Among the 14 horses, all were geldings, with 
one being a cold blood and another a Welsh pony, while the rest were warmbloods. Their median age 
was 10 years, mean body weight (BW) 506 ± 82.3 kg.  Most horses grazed, averaging 8.6 ± 8.5 h/day. 
All received commercial concentrate feed, with nine also receiving supplements. Energy intakes va-
ried, with ten horses consuming more than required. Trace mineral intake was classified by the NRC; 
two horses had high Cu intake. Manganese intake exceeded NRC recommendations significantly 
(618.6 ± 125.1 mg vs. 1403.8 ± 312.7 mg), while Co intake was 2.3 ± 1.6 mg against a requirement 
of  0.8 ± 0.2 mg. Manganese excretion in feces was highest (459.1 ± 386.4 mg/day), followed by Zn 
(58.3 ± 46.0 mg), Cu (2.7 ± 3.2 mg), and Co (1.5 ± 0.4 mg). This study emphasizes the need for tai-
lored diets to prevent excess mineral intake in horses, which mainly originates from concentrate feed 
and supplements. Further research with a larger sample size is necessary for a deeper understanding.
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INTRODUCTION  

Maintaining optimal levels of  trace minerals is paramount 
for the health and performance of  horses (Jackson, 1997). 
Trace minerals, including Co, Zn, Co, and Mn play indis-
pensable roles in various physiological processes essential for 
equine well-being. These encompasses Cu; including proper 
coat and hoof  health Zn; skin health, wound healing, and im-
mune function Co; the synthesis of  vitamin B12 crucial for 
energy metabolism and nerve function Mn; contributes to 
bone formation, cartilage development, and enzyme function 
(NRC, 2007). Despite their significance, achieving and main-
taining the delicate balance of  trace minerals in equine diets is 
challenging. Horses acquire minerals primarily through their 
diet, with excess amounts often excreted through feces (Co-
enen, 2013). This excretion pattern underscores the intricate 
relationship between dietary intake and fecal excretion rates, 
which can be influenced by factors such as mineral form, in-
teractions among supplemented minerals, and individual varia-
tions in mineral metabolism. Deficiencies in trace minerals can 
have profound implications for equine health. Cu deficiency, 
for instance, may manifest as poor coat quality, joint issues, 
and anemia, while Zn deficiency can lead to skin problems, 
impaired wound healing, and compromised immunity (Balta-
ci et al., 2019). Co and Mn deficiencies similarly contribute 

to anemia, decreased energy levels, and skeletal abnormalities. 
Therefore, ensuring adequate intake of  these trace minerals 
is imperative for safeguarding equine health and preventing 
associated health complications. There exists a positive linear 
relationship between dietary mineral intake and fecal excretion 
(Coenen, 2013). Supplementation of  trace minerals in horse 
diets is common practice, yet it often exceeds dietary require-
ments, resulting in elevated fecal excretion rates (Harper et al., 
2009). Studies have shown that higher plasma concentrations 
of  certain minerals, such as Zn, may not always correlate with 
the highest dietary intakes, highlighting the complex dynamics 
of  mineral metabolism in horses (Cymbaluk and Christensen, 
1986). Moreover, the environmental impact of  excessive min-
eral excretion in horse manure cannot be overlooked. Minerals 
excreted in feces due to oversupply from supplements can dis-
rupt the agricultural cycle, affecting soil health and potentially 
contaminating water sources (Hsu et al., 2000). Understand-
ing the mobility of  trace minerals in horse manure and their 
subsequent impact on the environment is crucial for sustain-
able equine management practices. Consideration of  mineral 
forms in horse ration formulation is essential, as interactions 
between dietary compounds and mineral availability can in-
fluence overall mineral absorption (Kaya Karasu et al., 2018). 
While organic trace mineral compounds are often presumed 
to offer superior bioavailability compared to inorganic salts, 
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this assumption remains uncertain in horses. Assessing true 
mineral digestibility provides a more accurate estimation of  
bioavailability, aiding in the formulation of  balanced equine di-
ets. Despite advancements in understanding mineral nutrition 
in other species, research specific to horses is limited, particu-
larly regarding the effect of  mineral form on availability. Stud-
ies investigating plasma responses to different mineral forms 
have shown varying degrees of  availability, emphasizing the 
need for further research in this area (Wichert et al., 2002).

This study aims to bridge existing knowledge gaps by as-
sessing the correlation between dietary intake of  trace minerals 
(Co, Cu, Mn, and Zn) in horses and the subsequent excretion 
rates observed in feces. By elucidating the relationship between 
dietary mineral intake and fecal excretion, this research seeks 
to enhance our understanding of  equine mineral metabolism, 
inform more precise dietary recommendations. 

MATERIALS and METHODS

The selection criteria included a healthy horse aged 4 to 14, 
a gelding weighing 400 to 600 kg, in good health, and in good 
body condition score (BCS, 3/5) in the 14 yards in the Neth-
erlands. Data were gathered regarding geographical location, 
yard size (number of  horses), yard type, and demographic de-
tails of  the horses (body weight (BW), breed, age, and sex). 
Each horse’s daily level of  activity was recorded, as well as 
information about their dietary intake (grazing duration, for-
age intake, concentrate intake, supplements with types, brands, 
and quantities).  Feces samples were collected from the same 
yards, and the ration was calculated for horses.

Ration calculation

The nutritional requirements and total diet of  each horse 
were assessed based on their daily intake of  nutrients. The nu-
trient intake for crude protein (CP), crude fiber (CF), starch, 
energy, and micro minerals such as Zn, Co, Mn, and Co were 
calculated, an estimate of  workload was also calculated and 
these data were utilized to compare the estimated intake with 
the estimated horse requirements based on National Research 
Council recommendation (NRC, 2007). The estimated nutri-
tional content of  the pasture and forage given were predicted 
using published NRC recommendations (NRC, 2007), while 
the data for feed and supplements was based on publicly avail-
able product data.  A 500 kg horse was estimated to consume 
pasture dry matter (DM) of  1.2 g DM/kg0.75 (NRC, 2007).  The 
pasture DM intake was estimated for the initial 4h at pasture as 
1.5 g DM/kg BW/h and for every hour after the initial 4 hours 
as 0.9 g DM/kg BW/h based on published estimated intakes 
(Dowler, 2009). 

The metabolizable energy (ME) requirement for horses be-
tween 200 and 800 kg was determined based on the calculation 
by Kienzle and Zeyner. (Kienzle and Zeyner, 2010). The ener-
gy requirement calculation included an adjustment for activity 
level as classifications “light,” “moderate,” “heavy,” and “very 
heavy”(NRC, 2007). The provision of  nutrients for energy, 
starch, sugar, crude fat, crude protein, energy, crude protein, 
and trace minerals for Co, Cu, Mn, and Zn were classified as 
low (<90%), normal (90%–110%), and high (>110) of  the 

requirement compared to the NRC recommendations (NRC, 
2007). The mineral intake for trace minerals Co, Cu, Mn, and 
Zn by diet minus the requirement, which is defined as “poten-
tial mineral excretion”. 

Feces samples collection and analysis

 Feces samples were collected as randomly from horse sta-
bles in the Netherlands (n=14) to gather data for dietary plans 
and samples for feces as part of  their assignments.  The fresh 
feces samples after horses are defecated immediately collect-
ed without bedding contamination to a minimum. Then com-
posited into 3 disposable sample jars that were kept closed to 
prevent moisture loss. Mix the feces with the plastic spoon. 
Fill wet feces samples in such a way that all 3 disposable sam-
ple jars numbered as A, B and C. Each jars feces capacity is 
approximately 200 g.  Placed the samples at −20 ◦C in the 
freezer within a maximum of  3 hours. The selected horses’ 
feces analyzed trace minerals Co, Cu, Mn, and Zn which were 
identified as “actual mineral excretion”.  The fecal samples 
were homogenized to achieve consistency, and 1 gram of  the 
sample was weighed to ensure appropriateness for analysis. 
The samples were analyzed for minerals for Co, Cu, Mn, and 
Zn using inductively coupled plasma mass spectroscopy (ICP-
MS).  Total fecal excretion was calculated as a 500 kg horse will 
generally produce about 25 kg of  manure (feces and urine) per 
day which means approximately %5 BW (Westendorf, 2004). 

Data Analysis 

Plots and descriptive statistics were examined in the ini-
tial analysis of  the data.  Kolmogorov Smirnov and Levene’s 
tests assessed the data’s normal distribution and homogene-
ity, respectively. Data with a normal distribution were shown 
as mean ± standard deviation (SD), while data with a skew 
were shown as median and range. Descriptive statistics were 
performed on the quantitative data describing percentage re-
sponses with 95% confidence intervals.  To determine whether 
the relationship between variables was statistically significant, 
the chi-squared test and the k-independent test (Kruskal-Wal-
lis) were used. Data were analyzed using SPSS 16.0 (IBM, 
2021), with a value of  P < 0.05 assumed to be statistically sig-
nificant for all analyses. 

RESULTS  

Demographics 

The horses (n=14) were all geldings. One horse was a cold 
blood, one was a Welsh pony, and the remaining horses were 
warmbloods. The median age of  the population was 10, rang-
ing from 4 to 22 years. Horses’ average BW was 506 ± 82.3 kg. 
The median BW of  the horses was 496.5 kg. The horses were 
all in BCS 5/9. The majority of  the horses (n=9) were sport 
horses, with the remainder being livery yard horses (n=5).

Forage, Concentrate and Supplement intake  

Only two horses did not have access to pasture; the rest 
were grazing, with an average grazing time of  8.6 ± 8.5 h/day 
(range, 2-24). Nine horses were grazed with continuous graz-
ing method while four horses were grazed rotational grazing 
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method.  Hay (n=11) or haylage (n=4) was fed to all horses. 
Hay intake averaged was 9 ± 1.9 haylage was 6.7 ± 4.7 kg/d. 
All horses received at least one commercial concentrate feed, 
with one horse receiving two different commercial concentrate 
feeds and four horses receiving three different commercial con-
centrate feeds. The average intake of  concentrate feed was 2.5 
± 1.8 kg/d. Nine horses were fed supplements, two of  which 
received only one supplement, three of  which received two sup-
plements, and three of  which received three supplements. All 
trace minerals in supplements (Zn, Co, Cu, and Mn) were not 
chelated. Vitamin-mineral mixtures were the most commonly 
used supplement (n=8). 

Nutrient Analysis

Horse owners/trainers fed their horses an average of  141.52 
± 25.85 MJ ME/d. The energy intakes varied in comparison to 
requirements, 10 horses had higher intakes than required with a 
further 1 horse fed under the recommended energy levels, the 
rest had optimum intake. The crude protein intake was higher 
in 13 of  the horses compared to NRC recommendations (NRC, 
2007), one horse CP intake was lower than the requirement. The 
CP intake was 3.39 ± 0.71 g/kg BW. The mean CP requirement 
of  these horses was 1.79 ± 0.17 g/kg BW on the base of  NRC 
recommendations (NRC, 2007). The estimated lysine intake was 
within the normal range for 11 horses, with the remaining hors-

es receiving less than recommended (NRC, 2007).  Mean CF 
intake was 5.7 ± 1.3 g/kg BW, and crude fat intake was 0.7 ± 
0.1 g/kg BW, both being within NRC recommendations (NRC, 
2007). Mean starch intake was 1.1 ± 0.8 g/kg BW, which is with-
in the NRC recommendation although sugar intake was 2.3 ± 
0.4 g/kg BW, both of  which were high compared to the NRC 
recommendations (NRC, 2007).

Potential and measured excretion of  trace minerals in feces 

The NRC has classified the trace mineral intake as low, nor-
mal, and high groups. Based on these categorizations, five hors-
es maintained a normal Cu intake, while seven horses had a 
low intake, and two horses had a high intake. All horses used in 
the research were classified in the high-intake Mn group. Eight 
horses were placed in the high-intake Zn group, while the same 
number of  horses were classified in both the low-intake and the 
normal-intake Zn groups also. The low-intake Co group had no 
horses, whereas the normal-intake Co group had one horse, and 
the high-intake Co group had thirteen horses (Table 1). 

The mean weight of  the horse was determined to be 508 kg. 
The mean daily weight of  the fresh and dry feces was measured 
to be 16.3 kg and 4.3 kg, respectively (Table 2). The Cu intake 
was lower (146.9 ± 83.3 mg) compared to the mean require-
ments of  the NRC recommendations (154.6 ± 31.3 mg). The 
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Minerals Low intake Normal intake High intake

Cu, mg 7 5 2
Mn, mg - - 14
Zn, mg 3 3 8
Co, mg - 1 13

Low intake <90%; Normal intake 90-110%; High intake >110 of  the require-
ment compared to NRC recommendations 

Table 1. Trace minerals intakes (number of  horses) of  horses and mean values 
compared to NRC recommendations (n=14)

Weight of  horse (kg) 
(mean ± SD)

*Manure excretion (kg/day) 
(mean ± SD)

**Fresh feces (kg/day) 
(mean ± SD)

Feces (DM) (kg/ day) 
(mean ± SD)

508.9 ± 83.0 25.3 ± 4.1 16.3 ± 4.1 4.3 ± 1.6

Table 2. Average horse manure and feces generated per day (n=14)

*%5 BW is used for manure excretion; ** %26 DM is used for feces (mean ± DM 26.5 ± 7.5)  

Minerals *Mean requirement  
(mean ± SD)

Mean intake  
(mean ± SD)

Mean excretion by horse per 
kg wet feces (with lab results) 

(mean ± SD)

Mean excretion by horse feces 
per day (with lab results) 

(mean ± SD)

Cu, mg 154.6 ± 31.3 146.9 ± 83.3 0.1 ± 0.1 2.7 ± 3.2

Mn, mg 618.6 ± 125.1 1403.8 ± 312.7 29.5 ± 23.9 459.1 ± 386.4

Zn, mg 618.6 ± 125.1 755.7 ± 316.1 3.5 ± 2.5 58.3 ± 46.0

Co, mg 0.8 ± 0.2 2.3 ± 1.6 0.09 ± 0.01 1.5 ± 0.4

Table 3. Average minerals requirements, intake and calculated minerals excretion per day per horse according to laboratory results (n=14)

*requirement calculated on the base of  NRC 



Mn intake was notably higher (618.6 ± 125.1 mg) compared to 
the mean requirements of  the NRC recommendations (1403.8 
± 312.7 mg). The intake of  Co was found to be 2.3 ± 1.6 
mg, whereas Co requirements for horses were 0.8 ± 0.2 mg. 
Mn excretion (459.1 ± 386.4 mg) by horse feces per day was 
the highest of  the mineral excretions, followed by Zn (58.3 ± 
46.0 mg), Cu (2.7 ± 3.2 mg), and Co (1.5 ± 0.4 mg) excretion 
(Table 3).

DISCUSSION 

In the present study, nutritional factors that could affect the 
trace minerals status of  horses fecal excretion were evaluated. 
There are dietary factors include consumption level (relative 
to requirements), intake of  other minerals, and intake of  sub-
stances that may improve or prevent the mineral’s absorption. 
Furthermore, some factors are associated with the mineral 
compound used, including its water solubility and chelating 
properties.  (Kirchgessner, 2004). An oversupply of  minerals 
from supplements in horse diets, with possible interactions 
and interferences (Kaya Karasu et al., 2018), are excreted in 
manure (Fowler, 2020) and can have a potentially negative im-
pact on the agricultural cycle. According to National Institute 
for Public Health and the Environment (Rijksinstituut voor 
Volksgezondheid en Milieu, RIVM) report (Vos and Janssen, 
2008), reducing the amount of  Cu and Zn leaching from ag-
ricultural soils is particularly challenging in the Netherlands, 
although there are no restrictions under Regulation (EU) 
2018/848 on the organic production of  agricultural goods re-
garding the Cu and Zn content in horse manure (Regulation, 
2018). Small changes in daily horse feeding management prac-
tices can have positive impacts on the environment, circular 
agriculture, and horses. Improper management of  compost 
heaps can result in nutrient leaching, raising environmental 
concerns such as eutrophication. Moreover, high concentra-
tions of  trace minerals like Co, Cu, Mn, and Zn can be toxic to 
plants, microorganisms, and aquatic organisms (Nagpal, 2004; 
Harford, 2015). 

Bioavailability

The bioavailability of  a mineral in an animal is a rather elu-
sive entity which may be changing relatively quickly. Factors 
which affect bioavailability of  minerals relating to the animal 
are species, life stage, health and nutritional status. A miner-
al’s bioavailability may be impacted by nutritional status. The 
animal’s ability to absorb a mineral may enhance during this 
mineral deficiency whereas it may diminish during excessive 
intake of  this mineral (Kirchgessner, 2004). The bioavailability 
of  minerals can also be impacted by an excess or deficien-
cy of  other nutrients. Several interactions between minerals 
such as Several interactions between minerals such as zinc and 
copper are commonly assumed to occur in both experimental 
and domestic animals.  (Mertz, 1986; Meyer and Coenen 2002; 
Kirchgessner, 2004). However, few of  these interactions have 
been confirmed in the target species of  horses; they may not 
occur at all or may differ slightly. For copper it is likely that 
bioavailability plays a highly important role in the horse. There 
is no clear consensus on the amounts of  copper requirements. 
(Meyer et al. 1994; Hintz 1996). Variation of  bioavailability of  
copper is an obvious reason for differing evidence on copper 

requirements. Zn is an effective Cu antagonist. In the horse, 
however, 500 mg of  Zn/kg of  diet did not have obvious ef-
fects on Cu metabolism (Hoyt et al., 1995). Ascorbic acid, 
cadmium, iron, and calcium are other potential antagonists 
of  Cu (Meyer et al., 1994). Dietary factors may influence the 
bioavailability of  Zn. Various compounds, including Ca, Fe, 
and phytate, have been documented as blocking Zn absorption 
in other species (Mertz, 1986). There is, however, only one 
study on experimental Zn deficiency in the horse and naturally 
occurring clinical zinc deficiency has not been unequivocally 
described so far in the horse. Excess intake of  Fe decreased 
plasma and liver zinc content in ponies (Lawrence et al., 1987). 

Mineral source 

A 500 kg horse produces around 25 kilogram of  manure 
daily, reaching around 9 tons per year. The manure usually 
comprises around 5 kg nitrogen (N), 0.9 kg phosphorus (P), 
and 3.6 kg potassium (K) per ton (Annete, 2013). Supple-
menting horses with an excessive amount of  trace minerals 
that is higher than their requirements which may results in an 
increase in fecal output (Harper et al., 2009).  However, the 
accumulation of  trace minerals may lead to environmental 
concerns despite being excreted in smaller amounts (Brugger 
and Windisch, 2015). Supplementing trace minerals such as 
Cu, Mn, Zn, and Co with the diet resulted in an increased loss 
of  Cu via feces compared to the control diet, which may lead 
to raise concerns about water quality (Fowler et al., 2019).  In 
the current study, five horses remained in the normal-intake 
Cu group, seven in the low-intake Cu group, and two in the 
high-intake Cu group. The mean intake and mean daily ex-
cretion of  Cu were found to be 146.9 and 2.7 mg, respective-
ly. The endogenous Cu losses from feces may be established at 
a rate of  35 μg per kilogram of  body weight per day (Coenen, 
2013). Zn toxicosis is uncommon in horses because large an-
imals generally have a high tolerance for this dietary mineral 
(Aragona et al., 2024). Zn use as a feed additive for horses is 
subject to legal restrictions in the European Union. The max-
imum amount of  Zn allowed for equines’ total diet (with 88% 
DM) is 120 mg/kg (PaBlack et al., 2022). Mineral additives are 
commonly used in animal feed in excess of  the physiologi-
cal requirements in order to prevent deficiencies and improve 
animal health. Therefore, this excessive supplementation may 
lead to more excretion of  trace minerals, resulting in soil and 
surface water contamination (Xiong et al., 2023).  Fowler et al 
(2019) showed that supplementing the diet with organic Zn 
resulted in higher levels of  Zn in the fecal bacteria. Dietary 
strategies that improve gut bacteria’s Zn absorption may help 
mitigate the effects of  Zn leaching into water systems. The 
current study showed that the mean intake of  Zn was higher 
than the mean requirement of  Zn. The mean daily excretion 
of  Zn in horse feces was 58.3 mg. Considering the excretion 
of  5 kg fecal DM per day, Zn losses via feces in horses fed 
without additives would be 80 mg/d, but horses fed with or-
ganic trace mineral supplements would lose 210 mg/d of  Zn 
or horses fed with inorganic trace minerals would lose 134 
mg/d of  Zn (Fowler et al., 2019). A minimum daily Mn intake 
of  0.3 mg/kg BW is recommended. The amount of  feces ex-
creted is directly related to the Mn intake (Coenen et al., 2013). 
A study by Fowler et al. (2019a) indicated that the Mn content 
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of  horse fecal compost was 481.23 mg/kg. The current study 
showed that the mean Mn intake was 1403.8 mg, whereas the 
mean Mn loss via feces was 459.1 mg. The NRC established 
the minimal threshold for horses at 0.05 mg of  Co kg/d DM, 
which was lower than the 0.1 mg Co/kg DM recommended 
in the 1989 NRC guidelines (NRC, 2007). Excessive intake of  
Co may disrupt normal organ function and result in thyroid 
dysfunction, cardiotoxicity, as well as heart failure (Mørkeberg, 
2013). A study conducted by Semenza (2003) showed that the 
possibility of  tumor growth due to excessive being overex-
posed of  Co intake. Adequate amounts of  Co are necessary 
for the microflora in the large intestine’s colon and cecum to 
synthesize vitamin B12, or cobalamin. Therefore, a decrease 
in vitamin B12 concentrations in the tissues is most likely the 
cause of  clinical Co deficiency (Mitchell et al., 2007). 

CONCLUSION

This study underscores that the examined minerals Zn, Cu, 
Co, and Mn were consumed by the horses in quantities sur-
passing their requirements and subsequently excreted in feces. 
Given that all horses received concentrate feed and additional 
supplements, these excessive mineral sources likely originated 
from these dietary components. Thus, individualized diet cal-
culations are crucial to ensure a balanced nutritional intake for 
the welfare and health of  horses, while also mitigating poten-
tial environmental impacts. To gain a clearer understanding, 
further studies with a larger sample size are warranted.
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