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Simple Summary: Poor feed hygiene is also referred to as spoilage and can be measured by means
of determining growth of microorganisms (bacteria, mold and yeast). Evidence has been provided of
mold spores triggering equine asthma, a chronic, non-infectious respiratory disease. Furthermore,
a high yeast load is suspected to trigger gastrointestinal disorders (colic) in horses. One aim of
the present study was to clarify the possible connection between certain equine diseases and poor
feed hygiene. For this purpose, archived reports of hygiene examinations of concentrates for horses
were processed statistically. Reports contained information on disease symptoms as reported by
horse owners or equine practitioners, as well as results of sensory and microbiological analyses.
Further assistance to horse owners and equine practitioners should be provided in evaluating health
hazards emanating from poor feed hygiene. Another objective was to assess the possibility of
detecting hygiene deficiencies by means of simple examination methods such as determination of
dry matter content and sensory analysis in order to estimate the validity of these field methods. It
was shown that a connection can be made between mold content of oats and coughing in horses,
whereas no connection could be found between poor feed hygiene and equine colic or elevated liver
enzyme activities. No significant predictability of poor feed hygiene by means of sensory analysis
could be established, whereas a significant association between low dry matter content and mold
contamination in grains was shown.

Abstract: Evidence has already been provided that feed-borne mold spores and endotoxins can trigger
chronic, non-infectious respiratory disease if inhaled. Furthermore, deficiencies in feed microbiology
are suspected to trigger gastrointestinal and liver disorders in horses, but the connection needs
further clarification. Most of the previous studies regarding horse feed hygiene focused on forage,
whereas research regarding hygienic quality of concentrates is scarce. In the present study, results
of reports on hygienic quality of compound feed and cereals for horses were evaluated secondarily.
Results included sensory findings, and counts of aerobic bacteria, molds and yeasts determined by
cultivation and lipopolysaccharide (LPS) contents. It was found that microbial counts of compound
feed exceeded VDLUFA orientation values significantly more frequently than cereals (38.4 vs. 22.6%).
However, average counts of bacteria, molds and yeasts were higher in cereals than in compound
feeds (p < 0.0001, respectively). Mold counts in grains were significantly higher if dry matter contents
were below 86% (p = 0.0201). No relation could be established between the anamnestically reported
gastrointestinal disorders or elevated liver enzyme activities and microbiological deviations. Mold
counts of concentrates which were suspected to cause coughing in horses were significantly higher
than mold counts of control samples (3.29 vs. 2.40 log10 cfu g−1, p = 0.0313). These results indicate
that hygienic status of concentrates is relevant for horse health in the respiratory tract.
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1. Introduction

In horse feeding practice, forage-based rations are complemented by concentrates
to supplement performance requirements [1]. Individual feedstuffs such as cereals or
compound feed in pelleted or non-pelleted (e.g., “muesli”) forms can be used for this
purpose [2]. Cereals are used to meet the energy requirements of horses, whereas compound
concentrates may also contain protein-rich ingredients (e.g., soya, peas, beans) and mineral
supplements [3]. Compound feedstuffs are mostly produced and marketed industrially [4],
whereas cereals such as oats are mostly obtained directly from agricultural production [5].

In the literature, it was already reported that inadequacies in the hygienic quality of
basic and concentrated feeds for horses are frequent [6–8]. To assess the hygienic quality of
feedstuffs, sensory and microbiological methods are applied [9]. Feedstuffs are checked for
abnormal odor, color and texture and whether storage pests have infested the feed. This
procedure can give indications of inadequate microbiological quality, especially of molds
and yeasts [7,10]. In terms of quantifying the extent of microbial growth, microbiological
methods such as cultivation are used. Plate counts are then expressed in colony forming
units (cfu) per gram sample. For evaluating the microbiological quality of horse feed,
different reference values for plate counts of bacteria, molds and yeasts are used in the
literature. Sliwinsky et al. [8] used reference values from a study conducted in 1991 by
Schmidt [11], who considered germ counts above 2 × 106 cfu and mold counts above
1 × 104 cfu inadequate. Kaya et al. [12] used a benchmark of 104 cfu per gram sample for
yeasts, 70–103 cfu per gram for mold and 106 cfu per gram sample for bacteria, as proposed
by Kamphues in 1999 [13]. The Association of German Agricultural Investigation and
Research Institutions (VDLUFA) [14] established orientation values in 2017 to indicate to
which extent the microbial load can be considered as normal. For this purpose, molds are
classified into “product-typical” and “spoilage” or “storage” molds and distinct orientation
values were established for both groups [15]. The same was applied to bacteria, whereas
yeasts have not been further classified [14]. In the present study, VDLUFA orientation
values were used to assess microbial counts as inadequate or excessive.

Measures preventing the spoilage of feedstuffs are referred to as feed hygiene accord-
ing to EU legislation [16]. For example, reducing the initial content of microorganisms in
feedstuffs can improve storage stability [17]. Therefore, hydrothermal processes such as
pelleting can be used [18]. As another measure of feed hygiene, the moisture content of
concentrates has to be kept at a maximum of 14% due to dry conditions at harvest or the
subsequent drying of grains in order to impair growth conditions of microorganisms [17].
If grain is stored at moisture contents above 14.5%, spoilage molds will proliferate in the
material, resulting in heating and dry matter losses [19]. As for the growth of product-
typical molds such as Alternaria, Cladosporium or Fusarium, moisture contents of 20–25%
are crucial, whereas storage molds can proliferate at markedly lower moisture contents of
14–18%. The main factors that favor mycotoxin production in stored grain have shown
to be high grain moisture content (16–30%), high grain temperature (25–32 ◦C) and high
relative humidity of air in storage facilities (80–100%) [20]. Hence, as well as ensuring
cleanliness of facilities and pest control [17], feed hygiene includes measures to keep air
humidity levels below 70% [21] during storage.

If excessive microbial growth occurs in feedstuffs, this spoilage process yields the
decomposition of the feed, and thus, nutrient losses [22]. In addition, the sensory proper-
ties of the feed, such as odor and palatability, are negatively affected, which can lead to
reduced feed intake and feed refusal [23]. As for excessive mold growth, the production
of mycotoxins in stored grains is problematic, with potential health hazards posed to
animals and humans [24]. Field fungi of the genus Fusarium colonize feedstuffs mainly
pre-harvest, whereas spoilage molds such as Penicillium and Aspergillus proliferate during
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storage [25]. Production of mycotoxins can occur in feedstuffs colonized by molds under
certain conditions of stress impacting the fungi, such as changing environmental conditions,
shortage of substrates and the competing growth of other microorganisms [26]. In tem-
perate climates, mycotoxins produced mainly pre-harvest such as deoxynivalenol (DON,
produced by Fusarium graminearum and Fusarium culmorum), as well as T-2 and HT-2 toxins
(Fusarium langsethiae), and mycotoxins produced pre-harvest such as zearalenone (Fusarium
graminearum and Fusarium poae) [27] are of major interest when it comes to minimizing
natural contaminants in the food chain [19].

Regarding the effects of mycotoxins on horse health, T-2 and HT-2 have been shown to
induce central nervous disorders [28] and zearalenone may alter the reproductive function
in mares [29]. Regarding the reduction in feed intake due to ingestion of DON, horses are
considered to have a higher tolerance for this toxin than other species [30].

Previous studies investigated the hygienic quality of concentrates and found that
frequencies of inadequacies were different between concentrate types. In the study by
Sliwinsky et al. [8], 64% of the oat samples were found to have greatly increased counts of
bacteria of above 1.2 × 107 cfu per gram as fed, whereas this applied to 28% of “bought-
in” compound feed. As for molds, counts were determined above 2 × 105 cfu in 20%
of oat samples, but none were above for the compound feed samples. No distinction
was made between product-typical and spoilage molds or bacteria. Wolf et al. [7] used
orientation values of the VDLUFA from 2002 [31] to assess microbiological quality of feeds
for horses. They found deficiencies in 34% of the grain and 9% of the industrially produced
feed samples.

Regarding effects of inadequate feed hygiene on horse health, different health disor-
ders are discussed, for example, regarding the gastrointestinal and respiratory tract [32–34].

In equine medicine, the term colic stands for a generic form of abdominal pain that
usually originates in the gastrointestinal tract and is one of the most frequent causes of
emergency treatment by equine practitioners and death [35,36]. This painful state can be
induced by different processes; for example, by distension of the intestinal tube due to
congestion of ingesta or excessive gas formation [37]. Alimentary causes of colic have
already been verified, such as excessive intake of concentrates [36,38] regardless of the
hygienic quality of the ingested material. The intake of feed of inferior hygienic quality
is also suspected of causing gastrointestinal disorders, since the intake of material rich in
carbohydrates may favor conditions for microbial growth in the gastrointestinal tract. In
the equine stomach, pH values can stay above 5.5 for 2–3 h after feed intake [39]. Thus,
feed borne microorganisms may subsequently reach the small intestine [39] and lead to
gas formation [40]. This process was particularly described for feed-borne yeasts [41].
Furthermore, the function of the enteric nervous system, and thus, intestinal peristalsis, can
be disturbed by an excessive microbial content in the feed [42]. In a case study, five of six
horses showed colic symptoms after ingesting oats highly contaminated with molds [43].

In terms of investigating the effect of feed hygiene on respiratory equine diseases,
aeroallergens such as lipopolysaccharides (LPSs) and mold spores have been a focus of
several studies. Due to excessive growth of Gram-negative bacteria, the endotoxin LPSs as
a cell-wall component of these microbes can accumulate in the feed [44]. LPSs play a role as
aeroallergens in triggering chronic, non-inflammatory lung diseases in horses [45]. This is
also referred to as equine asthma (EA) [46], which is a reversible bronchial hyperreactivity
triggered by environmental allergens characterized by symptoms such as dyspnea and
chronic coughing, and can be compared to asthma in humans [47]. The prevalence is
estimated at 10–20% in the Northern Hemisphere [24]. In Switzerland, in a randomized
study it was found that as many as 50% of the horse population may be affected [48].
Additionally, relevant for this disease complex is the content of inhalable dust as well
as its content of mold spores, especially of the genus Aspergillus [49–51]. Exposure to
endotoxins, forage mites and mold spores from dusts from the provided roughage has
been experimentally shown to induce symptoms of EA [45]. Vandenput et al. [50] showed
that rolled grains can be a source of mold-contaminated feed dust. Whole grains as well as
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industrially produced concentrates were of minor importance with regard to the emission
of aeroallergens.

Scientific knowledge on the effects of microbial contamination of feeds on liver func-
tion in horses is scarce. Hepatic necrosis was observed in horses affected by aflatoxico-
sis [52]. In cattle, symptoms of hepatogenic photosensitization were observed after the
ingestion of moldy hay [53]. Moreover, elevated activity of liver enzymes was observed
in a dairy herd after feeding on silage contaminated with molds [54]. More evidence of
a possible association between the mold contamination of feedstuffs and liver disease in
horses would be desirable.

Considering the potential health hazards of the hygienically deficient feeds listed
above, it is recommended to critically examine the hygienic status of the feeds used [7,17,55].

The aim of the present study was to obtain further information on the potential effects
of feedstuffs with microbial contents exceeding orientation values for usual quality as set
by the VDLUFA [14] on horse health. For this purpose, differences in microbial counts
of different concentrate types were investigated in order to gain further insights into
the hygienic quality of different concentrate types. Another focal point of the research
study was to clarify whether microbiological deviations can be predicted by means of
sensory analysis. Furthermore, the objective was to clarify whether the occurrence of
microbiological deviations in feedstuffs is to be expected if clinical symptoms such as
gastrointestinal disorders occurred in horses after feeding of the material.

2. Materials and Methods

For the purpose of this study, data of examination reports on hygienic quality of
concentrates that were submitted to the Institute for Animal Nutrition at the University
of Veterinary Medicine Hannover, Foundation, Hannover, Germany between 1993–1999
(period 1) and 2010–2016 (period 2) were analyzed retrospectively. Reasons for the sub-
mission of feed samples for microbiological examination included the routine checking of
feed hygiene or feedstuffs suspected of inducing disturbances or disease symptoms due to
insufficient hygienic quality.

In order to investigate the hygienic quality, different methods were applied at the
Institute for Animal Nutrition. The dry matter (DM) content was determined and feedstuffs
were examined sensorily in a standardized manner. Microbiological examination was
then performed at the Institute for Microbiology of the University of Veterinary Medicine
Hannover, Foundation to determine counts of aerobic bacteria, molds and yeasts, and
thus, quantify the microbial load. In the first examination period, determination of LPS
content was performed to investigate endotoxin levels in concentrates. The methods of the
procedure mentioned above are described in the following subsections.

2.1. Examination Methods

Information derived from the report included the type of concentrate, the time period
of submission, the preliminary report by the sender of the material, the dry matter content
and, if analyzed, the LPS content. Feedstuffs investigated in this study were cereals
and compound feedstuffs for horses. The preliminary report included the reason for
submission and, where indicated, provided information on symptoms that occurred in
horses after feeding of the material. Due to the retrospective design of the present study,
no standardized clinical examination of horses could be performed. Reported symptoms
were observed by senders (veterinary practitioners or horse owners). If feed samples
were submitted for routine examination, it was presumed that no clinical symptoms were
observed in horses after feeding.

Sensory deviations were acquired in a qualitative manner following the scheme for
sensory analysis according to Kamphues [55] (see Table 1).
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Table 1. Sensory analysis of grains and mixed feeds according to Kamphues [55].

Parameter Acceptable Inadequate

Texture Dry Clammy, wet, sticky, clumping

Odor Product-typical Musty, vapid, moldy, roasted, yeasty, sweet, dusty, foreign smell

Content of dirt Unremarkable Abrasion, dust, husks, contamination with soil/sand,
admixtures (husks, feces), storage pests (insects, mites)

Color Typical color Grey, black-brownish, green, reddish (grains only)

Size/Form Unremarkable Macroscopically visible deposits, incomplete evolution of
grains, swollen pellets

Integrity (grains only) Unremarkable Broken grains, eroded, swollen

Loupe view Unremarkable Deficient integrity of grains, deposits of dirt/mold,
fine particles (insects, mites, visible mold growth)

For determination of dry matter (DM) contents, the feed samples were dried at 103 ◦C
until weight constancy was achieved [56]. The DM content should be at least 86% [17,57],
whereas less than 86% was considered inadequate.

Microbiological cultivation was performed to determine counts of aerobic bacteria,
molds and yeasts. The sample material was first diluted in peptone water. Until 31 October
2012, the sample mass amounted to 25 g and the solution volume was 225 mL. From
November 2012 onwards, 20 g of the sample and 380 mL of nutrient solution were used.
Bacteriological cultivation was performed on blood agar and Gassner plates. Cultivation on
Gassner plates was only performed if Enterobacteriaceae was at issue from November 2012
onwards. For the cultivation of molds and yeasts, a fungal culture medium with antibiotic
additive produced at the Institute of Microbiology of the University of Veterinary Medicine
Hannover, Foundation (“Hamburger Testagar”) was used [58]. The dilution was spread
directly and in a dilution series on the abovementioned plates. Dilution was performed in
intervals of 10 with ranges of 10−4 to 10−8 (aerobic bacteria) and 10−2 to 10−5 (yeasts and
molds), respectively [58].

For bacteriological cultivation, samples were incubated for two days at 37 ◦C, whereas
incubation temperature for yeasts and molds was 30 ◦C and duration was five to seven days.
For the determination of the plate counts, slides with approximately 50 colonies were taken
into account. The plate count was designated as below the detection limit, “below 105”
for bacteria and “below 103” for yeasts and molds, if the direct spread was the only plate
containing colonies. In cases where a germ count was determined, biochemical methods
were applied to differentiate the predominant bacteria. The identification of fungal species
was carried out microscopically, whereas yeast species were not further differentiated.

2.2. Evaluation of Examination Results

For evaluating the resulting plate counts, orientation values in accordance with the
Association of German Agricultural Investigation and Research Institutions (VDLUFA) [14]
were used (see Table 2). No orientation values were available for non-pelleted compound
feedstuffs for horses. [14] Thus, non-pelleted compound feeds were evaluated using the
orientation values for pelleted feed, as proposed in the VDLUFA methods book [40].

The orientation values represent the upper limit of a usual microbial content of various
feedstuffs. These were developed for different types of feeds. Particular values are stated
for counts of spoilage-indicating and product-typical bacteria and molds, whereas for
yeasts, a total count is given.
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Table 2. Orientation values for microbial counts of different concentrates in accordance with
VDLUFA [14].

Type of Micro
Organisms Classification Group No. 1 Exemplary Species

Orientation Value for Colony Forming Units
per Gram Feedstuff

Oats Barley Mixed feed

Aerobic
bacteria

Product-typical
bacteria 1

Pantoea
agglomerans,
Pseudomonas,

Enterobacteriaceae

50 × 106 20 × 106 0.5 × 106

Spoilage
bacteria

2
Bacillus,

Staphylococcus,
Micrococcus

1 × 106 1 × 106 0.5 × 106

3 Streptomyces 0.05 × 106 0.05 × 106 0.01 × 106

Molds

Product-typical
molds 4 Alternaria, Acremonium,

Fusarium 200 × 103 40 × 103 2 × 103

Spoilage molds 5
Aspergillus spp.,

Penicillium,
Scopulariopsis

50 × 103 30 × 103 6 × 103

6 Mucorales 2 × 103 2 × 103 1 × 103

Yeasts 7 All species 200 × 103 100 × 103 5 × 103

1 In accordance with classification by VDLUFA [14].

If counts of aerobic bacteria, molds and yeasts were determined below the detection
limit (below 105 cfu for bacteria and below 103 cfu for molds and yeasts), the values were
included into the calculations as half of the detection limit.

Concentrates were classified into the categories “compound feed” (pelleted and non-
pelleted) and “cereals” (oats and other cereals). As proposed by the VDLUFA [14], non-
pelleted compound feedstuffs for horses were assessed using the orientation values for
pelleted compound feedstuffs. Concentrates other than these were excluded from statistical
analyses due to the lack of orientation values for other feedstuffs.

The data from the results of sensory analyses were collected according to the scheme
of Kamphues [55] (see Table 1). Concentrates were scored and allocated to the categories
“no deviations”, “deviations in one category”, “deviations in two to three categories” and
“deviations in at least four categories”. Furthermore, deviations that were mentioned in
at least ten percent of the cases were subjected to calculations regarding association and
agreement with microbiological deficiencies.

2.3. Statistical Analyses

Descriptive and analytical statistics were performed using SAS® Enterprise Guide®

7.1 for Windows. Chi-square tests and Fischer’s exact tests were performed to test the
association of deviating dry matter contents and microbiological deviations. Table analysis
was used to check whether the frequency of microbiological deviations was different
between concentrate types. Associations between the occurrence of health disorders, such
as colic, coughing, elevated liver enzymes and poor performance, and deviating microbial
counts were investigated by table analysis as well. For these analyses, samples submitted for
routine examination were considered as the control group. The agreement of examination
results of sensory and microbiological analyses was investigated by calculating Cohen’s
kappa (k). Mean comparisons were performed to investigate differences between feedstuffs,
time periods and preliminary reports. For this purpose, the t-test for normally distributed
data and the Wilcoxon rank-sum test for non-normally distributed data were used.
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3. Results

The data available consisted of 517 concentrate samples which were analyzed be-
tween 1993–1999 and 2010–2016. Regarding the frequency of feed types investigated, oats
accounted for the largest share, 45.8% (Figure 1).
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The proportion of feed types did not significantly differ between the two investigation
periods. Regarding oats, the share of rolled oats decreased significantly (p = 0.0027) from
29.1% to 11.1% of oat samples.

The feedstuffs investigated were submitted to the Institute for Animal Nutrition for
various reasons, as displayed in Figure 2.

Vet. Sci. 2022, 9, x FOR PEER REVIEW 7 of 17 
 

 

3. Results 
The data available consisted of 517 concentrate samples which were analyzed be-

tween 1993–1999 and 2010–2016. Regarding the frequency of feed types investigated, oats 
accounted for the largest share, 45.8% (Figure 1). 

 
Figure 1. Proportional frequency of feedstuffs examined. Other concentrates (n = 27): dried pulp (n 
= 8), carrots (n = 5), bran (n = 4), milled supplementary feed (n = 3), linseed (n = 3), maize (n = 3), 
milled linseed (n = 1). 

The proportion of feed types did not significantly differ between the two investiga-
tion periods. Regarding oats, the share of rolled oats decreased significantly (p = 0.0027) 
from 29.1% to 11.1% of oat samples. 

The feedstuffs investigated were submitted to the Institute for Animal Nutrition for 
various reasons, as displayed in Figure 2. 

Gastrointestinal disorders were mentioned most frequently in preliminary records 
(32%, see Figure 2). In 15% of the cases, no preliminary record was given. A total of 75 
samples (14%) were examined because elevated activity of liver enzymes was determined 
in blood samples after the material was fed. The proportion of samples submitted for rou-
tine examination was 9%, whereas this share was 6% for samples that were examined to 
clarify the cause of coughing. Reasons for submission did not differ significantly between 
the feed types (p = 0.1939). 

 
Figure 2. Proportional frequency of preliminary records given by horse owners for submitted
concentrate samples (n = 517). GIDs—gastrointestinal disorders (n = 165): colic (n = 150); diarrhea
(n = 11); watery stools (n = 4). Other (n = 96): allergy (n = 20); suitability (n = 15); poisoning symptoms
(n = 12); abortion (n = 9); refusal of feed (n = 8); sudden death (n = 7); laminitis (n = 5); skin problems
(n = 4); esophageal obstruction (n = 4); swollen legs (n = 3); alteration of blood counts (n = 2); central
nervous symptoms (n = 2); fungal infection (n = 2); permanent heat (n = 1); dysfunction of kidney
(n = 1); muscle stiffness (myogelosis, n = 1).



Vet. Sci. 2022, 9, 413 8 of 17

Gastrointestinal disorders were mentioned most frequently in preliminary records
(32%, see Figure 2). In 15% of the cases, no preliminary record was given. A total of
75 samples (14%) were examined because elevated activity of liver enzymes was determined
in blood samples after the material was fed. The proportion of samples submitted for
routine examination was 9%, whereas this share was 6% for samples that were examined to
clarify the cause of coughing. Reasons for submission did not differ significantly between
the feed types (p = 0.1939).

3.1. Proportional Frequency of Deficiencies

As stated above, feedstuffs were examined by cultural methods whose results con-
cerning aerobic bacteria, molds and yeasts were reproduced in colony forming units per
gram sample. Average values of microbial counts (log10 cfu g−1) in the categories “cereals”
and “compound feed” are shown in Figure 3a–c.
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Average counts of aerobic bacteria, molds and yeasts were significantly higher in
grains than in compound concentrates (p < 0.0001 each).

Additionally, the results of microbiological analyses were assessed in accordance with
VDLUFA orientation values [14] for the particular feed types (grains or pelleted mixed
feeds for horses). The results concerning microbiological deviations plus the proportion of
samples with insufficient dry matter content are shown in Table 3.

Table 3. Proportional frequency of deviations in hygienic quality regarding dry matter content (DM)
and microbiological quality (assessed using VDLUFA orientation values [14]).

Feed Type n DM
(% < 86%)

Deviations Regarding Microbiological Quality
(% cfu > n.c.)

Microbiology (Total) Aerobic Bacteria Molds Yeasts

Concentrates
(total) 517 18.2 28.2 26.1 8.1 9.6

Grains 273 16.9 22.6 19.3 7.2 4.5
Oats (intact) 181 13.4 19.2 16.2 6.5 6.1
Oats (rolled) 56 26.1 28.9 25.6 4.7 2.3
Other grains 36 33.3 30.8 25.0 15.4 0

Compound feed 244 19.7 38.4 38.7 11.5 17.5
Non-

pelleted 1 151 24.3 45.1 44.6 11.8 22.6

Pelleted 2 93 11.8 20.5 21.1 4.8 7.7

cfu—colony forming units per gram sample; n.c.—normal counts according to VDLUFA [14]; 1 non-pelleted
compound feed; 2 pelleted compound feed.

The microbiological quality of grains was inadequate in 22.6% of the analyzed feed-
stuff, whereas this applied to 38.4% of compound feeds. Aerobic germ counts of grain
samples exceeded VDLUFA values significantly less frequently (p < 0.0001) than aerobic
germ counts of compound concentrates. The frequency of deviating yeast counts was also
higher in compound feeds than in grains (p < 0.0001), whereas this did not apply to molds
(p = 0.0940).
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The types of grains (oats, rolled oats, other grains) did not differ significantly regarding
the proportion of samples with exceeding microbial counts. Average counts, on the other
hand, were significantly higher in rolled oats than in intact oats regarding counts of aerobic
bacteria (p = 0.0003) and yeasts (p = 0.0260).

Microbial counts were assessed as inadequate significantly more frequently in com-
pound feeds that were non-pelleted than in pelleted compound feeds (45.1% vs. 20.5%;
p = 0.0055). Counts of aerobic bacteria and yeasts exceeded VDLUFA values significantly
more frequently in non-pelleted compound feeds than in concentrates that were pelleted
(p = 0.0174 and p = 0.0444), whereas deviation frequency regarding molds was not signifi-
cantly different. Average counts of aerobic bacteria, molds and yeasts were not significantly
different in pelleted and non-pelleted compound feed.

Inadequate mold counts were most frequently caused by exceeding counts of spoilage-
indicating molds (93.3% of deviations in grains and 66.6% of deviations in compound
feeds). In contrast to this, exceedances of orientation values for aerobic bacteria occurred
in the majority of imperfect grain (65.8%) and compound feed samples (68.9%) due to
field-typical bacteria.

3.2. Comparison of Microbiological Quality in Two Investigation Periods

Examination results of the two investigation periods were compared regarding average
counts of aerobic bacteria, molds and yeasts, as well as regarding the proportional frequency
of plate counts exceeding the VDLUFA criteria [14] (Table 4).

Table 4. Average microbial plate counts and proportional frequency of deviations in hygienic quality
of cereals regarding dry matter content (DM) and microbiological quality (assessed using VDLUFA
orientation values [14]) in investigation periods 1 and 2 (1993–1999 and 2010–2016).

Type of Micro
Organism

n
(Total)

Period 1 1 Period 2 2 Level of Significance (Period 1 vs. 2)

n 1 Log10 cfu
(Mean)

% cfu
>n.c. n 2 Log10 cfu

(Mean)
% cfu
>n.c. p (Mean cfu) p (% cfu

>n.c.)

Aerobic
bacteria 197 136 6.78 23.5% 61 6.15 9.8% 0.0003 0.0243

Molds 208 141 3.20 6.4% 67 3.58 9.0% 0.0360 0.5690 1

Yeasts 200 136 5.45 3.7% 64 5.11 6.3% 0.1580 0.4711 1

1 1993–1999; 2 2010–2016; cfu—colony forming units per gram sample; n.c.—normal counts according to
VDLUFA [14].

Regarding molds, average counts in grain samples increased from the first to the
second investigation period (p = 0.0360), whereas the proportion of samples with counts
exceeding VDLUFA values did not change significantly (p = 0.5690, Table 4). Neither
average yeast counts nor the proportion of samples with inadequate yeast counts was
significantly different between both periods. In contrast to this, a significant decrease could
be shown in average counts and deviation frequency of aerobic bacteria (p = 0.0003 and
p = 0.0243, respectively).

Although the overall quality of grain samples differed as listed above, no significant
changes could be observed at the level of the individual grain types (oats, rolled oats and
other grains).

Microbiological quality of compound feed did not differ significantly between both
investigation periods regarding average plate counts and proportional frequency of devia-
tions. For this reason, the results are not presented here for compound feeds, as is the case
for cereals (Table 4).

3.3. Relations between Low Dry Matter Content and Microbiological Load of Feeds

The proportion of concentrates with exceeding counts of aerobic bacteria, molds
or yeasts was not higher in concentrates with DM contents below 86% than in samples
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with ≥86% DM. Calculations were made separately for the different concentrate types.
The distribution of mold counts in grains with normal or low DM contents are shown in
Figure 4.

Vet. Sci. 2022, 9, x FOR PEER REVIEW 11 of 17 
 

 

≥86% DM. Calculations were made separately for the different concentrate types. The dis-
tribution of mold counts in grains with normal or low DM contents are shown in Figure 
4. 

 
Figure 4. Distribution of mold counts (log10 cfu g−1 sample) in grain samples with dry matter con-
tents of ≥86% and <86%. 

Average counts of molds in grain samples with low DM contents were significantly 
higher than those of grain samples with adequate values (p = 0.0201). Furthermore, mold 
count exceedances occurred significantly more frequently in samples whose DM content 
was low (23.1% when DM < 86% vs. 5% when DM ≥ 86%, p = 0.0023). No significant influ-
ence of DM content on microbiological quality could be shown for counts of yeasts or 
bacteria or for compound concentrates. 

3.4. Associations of Microbiological Quality and Occurrence of Disease Symptoms Reported by 
Sender 

Regarding the frequency of microbial counts exceeding VDLUFA orientation values 
[14], no significant differences could be found between samples submitted due to the oc-
currence of gastrointestinal disorders, elevated activity of liver enzymes or coughing and 
the control group (routine examinations). 

Microbial deviations, regardless of the type of microorganism, occurred most fre-
quently in samples submitted for routine examination and least frequently in samples that 
were submitted to clarify the occurrence of coughing (p = 0.3188, Table 5). Counts of aer-
obic bacteria were assessed as inadequate in 30.5% of samples with preliminarily reported 
gastrointestinal disorders (GIDs) and in 29.4% of the control group (p = 0.9065). Deviations 
regarding molds occurred in 3.8% of GIDs and 2.8% of control samples (p = 0.7794), 
whereas yeast counts exceeded VDLUFA orientation values in 10.9% of GIDs and 5.7% of 
control samples (p = 0.2986). Inadequacies in LPS contents were not significantly different 
in the compared groups (e.g., 37.9% of GIDs and 33.3% of control samples, p = 0.1955). 
  

Figure 4. Distribution of mold counts (log10 cfu g−1 sample) in grain samples with dry matter
contents of ≥86% and <86%.

Average counts of molds in grain samples with low DM contents were significantly
higher than those of grain samples with adequate values (p = 0.0201). Furthermore, mold
count exceedances occurred significantly more frequently in samples whose DM content
was low (23.1% when DM < 86% vs. 5% when DM ≥ 86%, p = 0.0023). No significant
influence of DM content on microbiological quality could be shown for counts of yeasts or
bacteria or for compound concentrates.

3.4. Associations of Microbiological Quality and Occurrence of Disease Symptoms Reported
by Sender

Regarding the frequency of microbial counts exceeding VDLUFA orientation val-
ues [14], no significant differences could be found between samples submitted due to the
occurrence of gastrointestinal disorders, elevated activity of liver enzymes or coughing and
the control group (routine examinations).

Microbial deviations, regardless of the type of microorganism, occurred most fre-
quently in samples submitted for routine examination and least frequently in samples that
were submitted to clarify the occurrence of coughing (p = 0.3188, Table 5). Counts of aerobic
bacteria were assessed as inadequate in 30.5% of samples with preliminarily reported
gastrointestinal disorders (GIDs) and in 29.4% of the control group (p = 0.9065). Devia-
tions regarding molds occurred in 3.8% of GIDs and 2.8% of control samples (p = 0.7794),
whereas yeast counts exceeded VDLUFA orientation values in 10.9% of GIDs and 5.7% of
control samples (p = 0.2986). Inadequacies in LPS contents were not significantly different
in the compared groups (e.g., 37.9% of GIDs and 33.3% of control samples, p = 0.1955).
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Table 5. Proportional frequency of deviations in microbiological quality (assessed using VDLUFA ori-
entation values [14]) of concentrates with different preliminary records given for submitted samples.

Preliminary
Report

n

Proportional Frequency of Deviations (%)

Microbiology
(Total) 1

Aerobic
Bacteria 1 Molds 1 Yeasts 1 LPS 2

Routine
examination 47 27.8 29.4 2.8 5.7 33.3

GIDs 165 31.3 30.5 3.8 10.9 37.9
Liver enzymes 75 21.8 21.2 7.1 12.2 29.4

Coughing 32 16.7 15.8% 4.2 0 30.0
1 Share of samples with microbial counts above VDLUFA orientation values [14]; 2 share of samples with LPS
contents of above 50 µg per gram sample [44].

No significant differences were observed between samples with anamnestic reports
of alteration of liver enzymes and the control group regarding counts of aerobic bacteria
(21.2% and 29.4%, p = 0.4406), molds (7.1% and 2.8%, p = 0.3682) and yeasts (12.2% and
5.7%, p = 0.2040). Additionally, inadequate LPS contents occurred in 29.4% of samples with
reported liver enzyme alteration and 33.3% of routine examination samples (p = 0.9047).

The frequencies of inadequate colony forming units of molds and LPS contents were
not significantly different in samples submitted for clarifying the occurrence of coughing
(coughing group) and samples submitted for routine examination (control group). Ex-
ceedances of VDLUFA orientation values for molds occurred in 4.2% of the coughing group
and 2.8% of the control group (p = 0.644). LPS contents above 50 µg were determined in
30% of coughing group samples and 33.3% of control samples (p = 0.8929). However, we
found that mold contamination differed between the preliminary reports of “coughing”
and “routine examination” (p = 0.0313, Table 6).

Table 6. Quantitative determination (log10 cfu g−1 as fed) of mold counts in concentrate samples
without and with occurrence of coughing after feeding (p = 0.0313).

Preliminary Report n
Mold Counts (log10 cfu g−1)

Mean s.d. s.e. Min Max

Molds (total)
Routine

examination 37 2.40 a 1.59 0.26 0.00 4.54

Coughing 24 3.29 b 1.09 0.22 0.00 6.15
Aspergillus sp.

Routine
examination 37 1.12 1.59 0.26 0.00 4.30

Coughing 24 1.85 1.54 0.31 0.00 4.15
a,b Different superscripts indicate significant differences (p < 0.05) depending on preliminary report. cfu g−1—
colony forming units per gram sample; s.d.—standard deviation; s.e.—standard error.

Mean counts of Aspergillus species in the routine examination group and coughing
group were compared, but the difference was not significant (p = 0.0812, Table 6). No differ-
ences were found in LPS levels of the concentrates depending on the preliminary report.

Microbiological quality of samples with the preliminary reports of “elevated activity
of liver enzymes”, “gastrointestinal disorders (GID)” and “poor performance” did not
differ significantly from samples submitted for routine examination.

4. Discussion

Regarding the overall microbiological quality of concentrates, deviations occurred
most frequently in aerobic bacteria (26.1% of samples). Mold and yeast counts were
assessed as inadequate in less than 10% of the samples (8.1% and 9.6%, respectively). When
compared to forage samples, the authors found deviations regarding aerobic bacteria in
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23.5%, regarding molds in 25.3% and regarding yeasts in 10.1% of forage samples. All in
all, exceedance of VDLUFA orientation values occurred more frequently in forage than in
concentrate samples (25.3% vs. 8.1%).

Although average microbiological counts were significantly lower in compound feeds
than in grains, the frequency of germ and yeast counts exceeding orientation values of
the VDLUFA [14] was higher in compound feeds compared to grains. Orientation values
established by the VDLUFA represent usual contents of microorganisms in different feed
types [59] and are about 50 to 100 times higher for cereals than for compound feeds
(e.g., field-typical bacteria: 50 × 106 cfu g−1 for oats vs. 0.5 × 106 cfu g−1 for compound
feed) [14]. Therefore, compound concentrates for horses have been shown to deviate from
the average quality more frequently than grains for horses.

Wolf et al. [7] found that deviations in microbial counts occurred more frequently
in cereals than in compound feed. In this previous study, the share of compound feed
samples whose germ counts exceeded normal counts was 21%, whereas this share was
36% for cereals. Deviating mold counts occurred in 10% of compound feed and 31% of
cereal samples, and deviations regarding yeasts in 34% of cereal and 9% of compound
feed samples. Average microbial counts were not investigated in their study. Samples
were assessed according to Meyer et al. [60], whose reference values were derived from the
VDLUFA orientation values of 2002 [31]. In 2002, orientation values for mixed feeds for
horses had not yet been established. For species other than horses, the threshold is higher
regarding all types of microorganisms. For example, counts of spoilage molds in mixed
feeds for piglets were considered normal up to 2 × 104 cfu per gram sample in the year
2002 [31], whereas this threshold was set as 6 × 103 cfu in mixed feeds for horses in the
year 2017 [14]. Therefore, the assessment of microbiological deviations in compound feed
was derived from different orientation values in both these aforementioned studies, which
is why they can hardly be compared. The same applies when comparing our findings
with those of Sliwinsky et al. [8]. They used reference values from a study by Schmidt [11],
who considered germ counts above 2 × 106 cfu and mold counts above 1 × 104 cfu as
increased and did not differentiate between types of microorganisms. Additionally, the
same thresholds were used for grains and mixed feed. Sliwinsky et al. [8] found exceedances
in microbial counts in cereals more frequently than in mixed feeds as well.

Microbial counts were assessed as inadequate more frequently in non-pelleted com-
pound feeds than in pelleted feeds (p = 0.0055). As proposed by the VDLUFA [14], all
compound feed samples, pelleted and non-pelleted, were assessed in accordance with
orientation values for pelleted compound feedstuffs for horses. Since exposure to heat
and pressure during the pelleting process reduces the initial load of microorganisms [17],
differences in microbial load between compound feedstuffs that are not or only partly
pelleted (such as muesli) are to be expected. This may also explain the fact that deviations
in microbiological quality occurred more frequently in compound concentrates than in
grains, since VDLUFA orientation values for pelleted feedstuffs may not be suitable for
non-pelleted mixed feeds. The determination of specific reference values for compound,
non-pelleted feedstuffs for horses would be desirable, since the results of this study indi-
cate that both groups, pelleted and non-pelleted compound feeds, are different regarding
microbiological quality.

Regarding the effect of oat rolling on the hygienic status, we found that average
counts of yeasts and bacteria were significantly higher in rolled oats, whereas the frequency
of inadequacies was not significantly higher. Mechanical damage to grains is known to
impair storability [61] and be conducive to the entry and proliferation of storage molds [62].
In the studies regarding hygienic quality of equine feedstuffs mentioned above, rolled
and intact oats were not investigated separately [7,8,10]. Vandenput et al. [50] compared
aeroallergen contents of different feeds and bedding materials for horses and found that
dust contents as well as spore contents of Aspergillus fumigatus were significantly higher
in rolled oats than in hay of sufficient quality and considered rolled oats as a potential
source of aeroallergens. Counts of Aspergillus species were not higher in rolled oats than
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in intact oats in our study (p = 0.5706), and neither were average mold counts (p = 0.3376)
or LPS contents (p = 0.3262). In a previous study [63], it was shown that the rolling of
oats increases the dust emission of the feed. In the present study, dust emissions from
concentrate samples were not investigated. All in all, the hygienic quality was better in the
intact than in the processed oats, but due to the results of our study no recommendation
can be made regarding the feeding of horses that are sensitive to aeroallergens. For future
investigations, inclusion of data on dust emissions of the different concentrates would
be desirable.

The comparison of the two investigation periods showed that the hygienic quality
of compound feeds was constant, whereas the deviation frequency of cereals regarding
aerobic bacteria decreased and deviation frequency regarding molds increased from the first
to the second period. Identical threshold values were used in both investigation periods.
It has to be taken into account that cereals are mostly obtained directly from agricultural
production [5], and thus, no hygienization comparable with pelletizing takes place after
harvest. Due to this, cereals may be more susceptible to variations in hygienic quality. For
example, changing weather conditions during the growing season can influence the extent
of colonization with fungi such as Fusarium [64]. To the authors’ knowledge, no scientific
evidence concerning the effect of weather conditions on colonization of feedstuffs with
bacteria is available. Since data on date and location of growing and harvesting of the cereal
samples were not available, relations between weather conditions and microbiological
quality could not be investigated here.

In our study, we found that mold counts of cereal samples with DM contents below
86% were significantly higher than in samples with at least 86% DM (p = 0.0201). The same
did not apply to compound feedstuffs. High moisture contents are known to favor microbial
growth, and thus, the spoilage of feedstuffs [17]. The lack of evidence of favoring spoilage
due to low DM contents in compound feed may again be attributable to the positive effects
of processing on feed hygiene of compound feedstuffs. However, feedstuffs that have been
processed hydrothermally can be reinfected by microorganisms under inadequate storage
conditions [17]. Data on the storage conditions of the feedstuffs investigated were not
available for this study.

Regarding associations between microbial contamination and reported disease symp-
toms, it was found that average mold counts were significantly higher in concentrate
samples submitted to clarify the cause of coughing in horses than in samples submitted
for routine examination (p = 0.0313). On the one hand, inhaling mold spores is known
to induce coughing in sensitive horses [45]. On the other hand, the exceedance of mold
counts occurred less frequently in concentrate samples than in forage samples of a previous
study [65]. Furthermore, Vandenput et al. [50] indicated that concentrates (except for rolled
oats) play a minor role as a source of aeroallergens in dust, since the emission of dust
is low. Dust emission was shown to be lower in pelleted feedstuffs than in grains and
lower in pelleted than in non-pelleted compound feedstuffs [63]. This suggests that the
contribution of concentrates to dust contamination in horse stables may depend on the
type of concentrate used. The results of the present study give further indications that
concentrates may play a role in the emission of airborne allergens, since average mold
counts were significantly higher in concentrates that were suspected of inducing coughing.
The hygienic quality of non-pelleted compound feeds such as muesli should receive more
attention, since quality differences of pelleted materials were observed in a previous study
regarding dust emission [63] and in the present study regarding microbiological quality
(Table 3). It has to be emphasized that, due to the retrospective character of this study, no
standardized examination of clinical signs in horses could be performed. Furthermore,
the examination of feedstuffs was not performed for the purpose of this study, but reports
of the examination of feed hygiene were evaluated secondarily. Thus, the limitations of
the present study must be taken into account. Further research would be desirable on the
possible harmful effects of concentrates of minor hygienic quality on horse health.
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