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Abstract

The aim of this study was the assessment of the airborne microorganisms in tie-stall dairy cattle barns, through
determination of the total number of bacteria (mesophilic bacteria, staphylococci, streptococci and gram-negative
bacteria) and fungi. We investigated 8 dairy cattle barns with tie-stalls in Brasov County during the winter of 2009.
The mean numbers of bacteria and fungi in the morning and in the evening were: 1.0 x 10°- 1.26 x 10° CFU/m” for
mesophilic bacteria, 5.34 x 10* - 5.91 x 10* CFU/m’ for staphylococci, 2.93 x 10" - 3.60 x 10* CFU/m’ for
streptococci, 2.17 x 10° - 3.48 x 10° CFU/m’ for gram-negative bacteria and 1.54 x 10* - 2.75 x 10* CFU/m’ for
fungi. In the investigated cattle houses staphylococci represented 52.35 — 46.90%, streptococci were 28.73 — 28.57%,
and the gram-negative bacteria were 2.13 — 2.76% within the overall number of mesophilic bacteria. The numbers of
bacteria and fungi were slightly elevated in the evening comparative to the morning, but the differences were
statistically insignificant (p>0.05). The great numbers of bacteria and fungi in the air of dairy cattle tie-stall barns
indicate an elevated risk of disease for animals and human workers.
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1. Introduction the floor and bedding types, the air temperature

and humidity and, especially, the ventilation level
The air in livestock buildings contains a large [7]. Improper working methods and hygienic
variety of different microorganisms, gases and conditions may be causes of considerable
considerable amounts of dust. Animals and farm microbial air pollution [8]. To estimate the health
workers are exposed to high concentrations of risk of microbiological air contamination it is
bacteria and fungi as well as endotoxins and necessary to evaluate the number of bacteria and
mycotoxins produced by them [1, 2, 3]. Airborne fungi, including potentially pathogenic strains.
microorganisms may cause various negative The aim of this study was the assessment of the
effects, especially infectious, allergenic and airborne microorganisms in tie-stall dairy cattle
immunotoxic diseases [4, 5]. Furthermore, the fact barns, through determination of the total number
that the fresh cow milk contains microorganisms of bacteria (mesophilic bacteria, staphylococci,
coming from the barns air is well known, the streptococci and gram-negative bacteria) and
phenomenon  being termed  postsecretory fungi.

contamination [6]. The concentration and kind of

microorganisms in the indoor air depends on on 2. Materials and methods

different parameters, such as the size of the

livestock, breeding and production technologies, The study was done in 8 dairy cattle barns (30 - 90
cows/barn), with tie stalls, in Brasov County,
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manually (once or less than once daily). All the
investigated barns were naturally ventilated. In all
barns bedding was used (straw, sawdust) on the
cows’ bed. The cows are tethered in barns during
the cold season, pasturing in the rest of the year.
In all of the barns the milking is mechanically or
manually made, inside of the building. Each barn
was visited three times during the winter. The air
sampling was done in the morning (5-6 a.m.) and
evening (6-7 p.m.) in three different locations of
the barns (at the ends and in the centre),
approximately 1 m above the floor, representing
the height of the animals’ breathing zone. The
total number of samples/barn was 90. Air samples
were taken using a MAS-100 air sampler (Merck,
Germany) based on the principle of the Andersen
air sampler. Bacteria and fungi were collected in
Petri dishes on different standard culture media:
Columbia agar for mesophilic bacteria, Chapmann
agar for staphylococci, Endo agar for gram-
negative bacteria, blood agar for haemolytic
bacteria and Sabouraud agar for fungi. The air
was sampled in a volume of 10 L because
preliminary studies showed it to be optimal for the
subsequent plate analysis and type of agar. Plates
with the usual bacterial nutrient Columbia agar
and with selective culture mediums were then
incubated for 24 h in an incubator at a working
temperature of 37 C°. The material sampled on
Sabouraud agar was incubated for 5 days at 22 C°.
The grown colonies were calculated by a
mechanical optic colony counter, the results were
corrected using the conversion formula devised by
Feller [9]. The mean number of bacteria and fungi
was calculated for each barn and also the mean
number for all of the 8 barns, both for the morning
and for the evening samples. The average number
of bacteria and fungi was calculated as colony-
forming units in one cubic metre of air (CFU/m’).
The obtained data were statistically processed
using the SPSS wversion 17 software. The
descriptive statistical indicators (mean, standard
deviation, median, minimum, maximum) were
calculated for the determined microbiological
parameters in the 8 dairy barns. The comparison
of the wvalues obtained was done with the
nonparametric Mann-Witney test.

3. Results and discussion

The tables 1 and 2 present the values of
descriptive statistical parameters (mean, standard
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deviation, median, minimum, maximum) for the
numbers of bacteria and fungi determined in the 8
dairy cattle barns in the morning (Table 1) and in
the evening (Table 2). It can be observed that the
values are slightly higher for the evening
determination in comparison with the morning
samples, for all the groups of microorganisms.
Figure 1 shows the proportions of the
staphylococci, streptococci and gram-negative
bacteria within the total number of mesophilic
bacteria, in the morning and in the evening, in the
investigated barns. It is noticeable that depending
on the moment of the determination (in the
morning, in the evening), staphylococci
represented 52.35 — 46.90% within the overall
number of mesophilic bacteria, streptococci 28.73
—28.57% and gram-negative bacteria 2.13 — 2.76%
The total numbers of mesophilic bacteria were
different in the 8 assessed barns; the determined
values were similar to those in the scientific
literature. Several researches showed that the total
number of mesophilic bacteria in cattle houses
range from 10* to 10° CFU/m’ [2, 10, 11, 12], and
some authors found even values of 10° — 10’
CFU/m’ [1]. More recent studies showed that the
mean values of total bacterial count in the dairy
cows’ barn ranged from 1.7 x 10° to 8.8 x 10*
CFU/m’ [13] or from 2.82 x 10* CFU/m’ to 7.76 x
10* CFU/m’ as it was found by Matkovi¢ et al.
[14] in their research. The great variability of the
mesophilic bacterial count in the air of the barns is
the reason for which a compulsory hygienic
standard for the acceptable number of airborne
bacteria is not yet established on an international
level. The total number of mesophilic bacteria
represents a basic assessment criterion of air
hygiene quality. The microbial loading of the air
indicated through the total number of mesophilic
bacteria is influenced by several factors, such as
the number of housed animals, the breeding
technologies, the flooring type, the bedding
materials, the microclimate quality, the
concentration of dusts, the ventilation level and so
on. As a cause of high air contamination levels,
Lange [7] indicated an improper functioning of
ventilation systems, storage moisture of feed
rations, kinds of work practice and climatic
conditions.

The values obtained in the evening determinations
were slightly higher than those determined in the
morning, agreeing with the results of other studies
[5, 11, 12].
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Table 1. Descriptive statistical indicators for the numbers of bacteria and fungi determined in the barns in the

morning

Parameter  n M;;;E?gc Staphylococci Streptococci nec}?crir\ll_es Fungi

(CFUA) (CFU/m®) (CFU/m®) (CEU ) (CFU/m®)
Mean 8 1.02 x10° 5.34 x10* 2.92 x10* 2.17 x10° 1.54 x10*
SD 8 6.37 x10* 3.36 x10* 2.88 x10* 3.12 x10° 1.34 x10*
Med 8 9.05 x10* 5.05 x10* 1.80 x10* 9.50 x10? 1.26 x10*
Minimum 8 2.50 x10* 1.30 x10* 2.00 x10° 0.00 3.00 x10°
Maximum 8 1.96 x10° 1.14 x10° 7.58 x10* 8.85x10°  4.15x10*

n = number of barns

CFU/m’ = colony-forming units in one cubic meter

SD= standard deviation

Table 2. Descriptive statistical indicators for the numbers of bacteria and fungi determined in the barns in the

evening

Parameter  n M;;;E?gc Staphylococci Streptococci ng?[?\ll_es Fungi

(CFUA) (CFU/m®) (CFU/m®) (CEU ) (CFU/m®)
Mean 8 1.26 x10° 5.91 x10* 3.60 x10* 3.48 x10° 2.75 x10*
SD 8 7.54 x10* 3.36 x10* 2.99 x10* 4.61x10° 2.72 x10*
Med 8 1.17 x10° 5.93 x10* 2.57x10* 1.82 x10° 1.40 x10*
Minimum 8 3.80 x10* 1.78 x10* 5.00 x10° 0.00 7.00 x10°
Maximum 8 243 x10° 1.13 x10° 8.17 x10* 127 x10*  7.85x10*

n = number of barns

CFU/m’ = colony-forming units in one cubic meter

SD= standard deviation
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Figure 1. The proportions of the staphylococci, streptococci and gram-negative bacteria within the total number of
mesophilic bacteria, in the morning and in the evening, in the 8 investigated barns

However, from the statistical point of view the
differences between the two determinations (in the
morning, in the evening) were insignificant (Mann
Whitney test, P>0.05). These results could be
explained as a consequence of diurnal animal and
barn activities.

In the investigated barns the gram-positive
bacteria represented up to 80%. Hartung [8]
indicate that in the barns’ air predominates the
gram-positive bacteria, like the staphylococci and
streptococci, which may be explained by their
high resistance in the environment. Moreover, it is
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asserted that the gram-negative bacteria isolated
from the air of the barns represent a minor
proportion within the totality of bacteria, between
0.02 and 5.2% [3], as it was ascertained in our
study also (Figure 1). The proportion of gram-
negative bacteria is always lower, which can be
attributed to their weak survival capacity in the air
[3].

In relation to fungi, the results are also consistent
with literature data, where the total fungi count in
animal housing is in a range of 10°-10° CFU/m’
[2, 5, 11, 12, 15]. The mean number of fungi in
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the investigated barns was higher in the evening
than in the morning, similar to the report of
Matkovi¢ et al. [15]. The increasing
concentrations of fungi in the air indicate the
presence of continuous contamination sources and
a raised risk of mycoses and of allergic conditions,
through the repeated contacts with the fungi.
Some recorded fungi were earlier reported as
allergenic, toxic, and pathogenic for occupational
workers as well as cattle population.

4. Conclusions

The great numbers of bacteria and fungi in the air
of dairy cattle tie-stall barns indicate an elevated
risk of disease for animals and human workers. In
these conditions is possible also the microbial
contamination of the fresh cow milk to occur.
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