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HYGIENIC ASSESSMENT OF DAIRY
COWS UNDER TIE-STALL HOUSING

Abstract.

In modern dairy farming, the microclimate parameters of livestock premises are considered
one of the leading factors determining the physiological state, productivity and welfare of dairy cows.
Air temperature, relative humidity, speed of its movement and concentration of harmful gases form a
thermoregulatory load on the animal body and directly affect feed consumption, milk production,
immune status and reproductive function. According to modern research, deviation of microclimate
parameters from the thermoneutral zone causes heat or cold stress, which is accompanied by a
decrease in milk yield, a change in the composition of milk and an increase in morbidity. The problem
becomes particularly relevant in conditions of tethered and stalled housing, where the motor activity
of cows is limited, and the animals are in direct contact with the litter and the stall microclimate for
a long time. In such systems, it is the parameters of the air environment and the sanitary condition of
the stalls that determine the level of body contamination, udder cleanliness and the risk of mastitis,
which is considered an effective indicator of welfare outcome. Modern climate changes and the
tendency to increase the ambient temperature lead to an increase in the frequency of heat stress in
cowsheds, which requires systematic monitoring of the microclimate and assessment of its impact on

62


mailto:virvikishka@gmail.com
mailto:katerina.rodionova@ukr.net
mailto:tatianaihnatieva@gmail.com

Agrarian Bulletin of the Black Sea Littoral. 2026, Issue 118
ISSN2707-1162 (online) ISSN 2707-1154 (print) //Bemepunapni nayxu//

the productivity and health of cows.

The paper investigates the parameters of the microclimate of the premises for keeping dairy
cows in different seasons of the year and their impact on the hygienic condition of the animals. A
pronounced seasonal variability of temperature, humidity, air velocity and gas composition of the
cowshed air with deviations from the standards of NTP-APK 01.05, most significant in the winter and
summer periods, was established. In the winter period, the air temperature was 2+1 °C with increased
concentrations of NHs and CO:, which indicates insufficient efficiency of the ventilation system. In
summer, the temperature reached a maximum value of +32 °C, forming a risk of heat stress, while
the gas composition of the air improved. In the autumn-spring period, according to the results of the
multi-zone assessment of cleanliness, 83% of cows had 3 points and 17% - 4 points, the hygiene
assessment index was 3.17 points, which corresponds to an unsatisfactory sanitary condition. In the
summer period, the index decreased to 2.88 points, which indicates a relative improvement in animal
hygiene. It was established that the deterioration of microclimate parameters is accompanied by an
increase in the contamination of the cows' bodies and microbial contamination of the air. The results
obtained confirm the decisive role of the indoor microclimate in the formation of the hygienic status
of the dairy herd and the need to optimize ventilation systems, manure removal and management of
maintenance.

Keywords: temperature, humidity, ammonia, gas pollution, microclimate, hygiene, stress.

Introduction. In modern dairy farming, animal housing conditions are among
the key factors determining productivity, reproductive performance, longevity, and
milk quality. Increased stocking density, inadequate manure removal, and suboptimal
microclimatic conditions in housing facilities lead to the accumulation of organic
contaminants on the hair coat and skin of cows, which contributes to the development
of pathological conditions [1]. Effective hygiene management is critically important
for improving the sanitary and microbiological quality of milk and reducing the risk
of mastitis [2].

Analysis of recent studies and publications.

The microclimate of the cowshed (temperature, relative humidity, air velocity,
gas composition, and dust levels) is a determining factor in the welfare of dairy cows,
as it affects their behavioral and physiological parameters [3] and creates risks of heat
stress, mastitis, and reduced productivity [1].

Ensuring proper housing conditions for farm animals in Ukraine has a
regulatory basis. The Laws of Ukraine “On the Protection of Animals from Cruelty”
[4] and “General Requirements for the Welfare of Farm Animals during Keeping” [5]
establish the obligation to provide conditions that do not harm animal health and meet
their physiological needs. The EFSA report emphasizes that inadequate housing
conditions and related environmental hazards cause a range of adverse consequences
for the welfare of dairy cows, and that optimization of environmental parameters is a
key prerequisite for reducing risks to animal health and behavior [6].

Modern monitoring approaches confirm the feasibility of continuous, real-time
monitoring of microclimate parameters (temperature, NHs, CO-, etc.) throughout the
day [7] as a tool for early detection of problems and optimization of housing
conditions from a welfare and productivity perspective [8]. The gaseous composition
of air in dairy housing, particularly the concentrations of NHs and CO-, has a
significant impact on the physiological status of animals [9]. Toledo et al. (2022)
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reported that housing conditions are directly reflected in behavioral and physiological
indicators of dairy cow welfare, with heat stress and inadequate ventilation identified
as key risk factors [3]. Guarnieri et al. (2023) demonstrated that disruption of the
humidity regime affects not only productivity but also overall health status and
immune function in dairy cows [10].

An important integrative indicator in welfare assessment is the hygiene
assessment index (IGO), which is considered a welfare outcome measure — a
performance indicator reflecting the actual impact of housing conditions on animal
status [11]. According to the international Welfare Quality® assessment protocols,
IGO is evaluated using a multifactorial approach that includes the cleanliness of the
udder, lower limbs, thighs, and flanks, thereby reflecting the overall level of animal
welfare and the quality of housing management [12]. An increased IGO score indicates
excessive accumulation of organic contaminants within the housing environment and
is associated with a higher risk of mastitis and dermatological lesions [13—14].

Therefore, the investigation of cowshed microclimate parameters and their
influence on the hygienic status of dairy cows is not only scientifically justified but
also represents a normatively regulated area of contemporary research. The IGO can
thus be used as an objective indicator of the effectiveness of microclimate management
in dairy farming systems.

The aim of this study was to evaluate seasonal variation in cowshed
microclimate and its relationship with the hygienic status of dairy cows housed in tie-
stall systems.

Materials and Methods. The study was conducted at the Agricultural Limited
Liability Company “Peremoha” (Khrushchivka village, Zolotonosha district, Cherkasy
region, Ukraine) and at the Department of Infectious Pathology, Biosafety and
Veterinary Sanitary Inspection named after Prof. V.Ya. Atamas, Faculty of Veterinary
Medicine, Odesa State Agrarian University. The experimental cowshed had a
rectangular layout (75 m x 21 m) and was designed as a four-row tie-stall facility. The
experimental herd (n = 150) consisted of Ukrainian Red-and-White and Black-and-
White dairy cows with partial Holstein improvement.

Microclimate parameters were determined in accordance with NTP-APK 01.05
requirements [15] and methodological guidelines on veterinary hygiene [16].
Measurements were performed at three control locations within the cowshed: at the
center of the building and at a distance of 1.5-2.0 m from the external walls, at a height
of 1.2—1.5 m above the floor corresponding to the animal breathing zone.

Air temperature was measured using a smart air meter with integrated COx,
temperature, and humidity sensors (GM8804, Benetech, China); relative humidity was
measured with an August psychrometer; air velocity with a digital vane anemometer
(GM8908, Benetech, China); CO: concentration with a portable gas analyzer (UG-2)
and the GM8804 sensor; NHs concentration with a UG-2 gas analyzer. Air exchange
rate was calculated from the ventilation rate or supplied air volume. The daylight factor
was determined using a Yu-116 luxmeter. Airborne microbial contamination was
assessed by the sedimentation method on Petri dishes.
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The cow hygiene index (CHI) was calculated as the mean cleanliness score across
individual anatomical regions (udder, lower limbs, thighs, and flanks). Scoring and
index calculation were performed according to the Welfare Quality® protocol [12].

CHI=2(niXbi)/N

where,
n; — the number of animals with the corresponding score;
b; — the purity score;
N — the total number of animals examined.

Comparison of measured cowshed microclimate parameters (Table 1) with the
normative values of VNTP-APK 01.05 [15] demonstrated marked seasonal variability
and deviations from recommended hygienic standards, particularly during winter
(December—February) and, to a lesser extent, in summer (June—August).

Table 1
Microclimate parameters in the cowshed during tethered and stalled housing,
(M=£m, n=3)
Microclimate indicators Season

winter spring summer autumn
Air temperature, 0C +2+0,5 T18+3,5 31,354 | +1843,5
Relative air humidity, % 70+L15 | 71742 85ELT | T5ELT
Concentration of CO2 in the 0,5+0,05 0,3+0,01 | 0,1£0,005 | 0,3+0,01
air, %
Concentration of NH3 in the 35+1,73 27+2,88 20+1,15 271,72
air, mg/m3
Air velocity, m/sec 0,3+0,02 | 0,6+0,06 | 0,2+0,03 | 0,6+0,06
Concentration of H2S in the air, 15+0,6 12+1,15 10+0,6 12+0,6
mg/m3
Coefficient of natural light, % 1,2+0,21 1,3+0,41 1,6+0,02 1,6+1,4

The table data — the results of the authors' research.

During winter, indoor air temperature ranged from +1 to +3 °C, which is below
the recommended range of 810 °C. This indicates insufficient thermal insulation
and/or inadequate ventilation balance and poses a risk of cold stress in dairy cows.
Relative humidity remained within 68—72%, corresponding to the permissible range
(65-75%). Air velocity (0.25-0.35 m/s) was close to the recommended winter values
(0.3-0.5 m/s). However, NHs concentrations (35-38 mg/m?®) and CO: levels (0.5—
0.6%) exceeded recommended limits approximately twofold, indicating insufficient air
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exchange during the cold season.

During spring, air temperature (+12 to +24 °C) approached the physiologically
comfortable range; however, in August it exceeded optimal values by approximately
10%. NHs concentrations decreased to 22—-32 mg/m? but still exceeded the maximum
permissible level (< 20 mg/m?): by 10% in March, 22.7% in April, and 60% in May.
CO:2 concentrations exceeded the maximum permissible concentration by 12-28%,
although they were 1.5-fold lower than in winter.

The most critical deviations in microclimate parameters were recorded in
summer. Air temperature reached +32 °C, substantially exceeding the thermoneutral
zone for dairy cows (—5 to +25 °C) and posing a risk of heat stress. Air velocity
increased to 0.8—1.0 m/s, corresponding to recommended summer values and partially
compensating for heat load. NHs concentrations remained within permissible limits in
June—July and exceeded the norm by only 10% in August. CO: levels decreased
threefold compared to spring and were approximately twofold lower than the
maximum permissible limit (< 0.25%). In autumn, microclimate parameters gradually
stabilized: temperature ranged from +14 to +22 °C, relative humidity from 72 to 78%,
and air velocity from 0.5 to 0.7 m/s. During September—November, air temperature
corresponded to the thermoneutral zone for dairy cows. In September, however, NHs
concentration sharply increased to 30 mg/m?, representing a 36% rise compared to
August. Elevated ammonia levels during autumn may indicate insufficient efficiency
of manure removal systems and ventilation within the housing facility. In addition, CO:
concentrations increased threefold compared to summer values.

Airborne microbial contamination in the cowshed exceeded recommended
hygienic limits throughout the year, with exceedances of 2—3 x 10* CFU/m? in winter
and 4.0-4.5 x 10* CFU/m? during transitional seasons (spring—autumn), indicating an
elevated risk of infectious disease transmission.

According to the hygiene assessment of dairy cows using a four-point, multi-
zone cleanliness scoring system (udder, lower limbs, thighs, and flanks) during the
autumn—spring period, 83% of the animals received a score of 3. In these cows, the
udder was moderately soiled (12...21% of the surface), the skin above the coronary
band and on the thighs and flanks was covered with dried manure plaques, although
the hair coat remained visible. The remaining 17% of cows received a score of 4,
indicating severe contamination: the udder was covered with dried manure plaques
over 30...34% of the surface, the skin above the coronary band was covered with dense
plaques extending to the upper limb, and the thighs and flanks were heavily soiled. The
cow hygiene index (CHI) averaged 3.17 points, exceeding the threshold value of 3.0
and characterizing the hygienic status of the animals as unsatisfactory.

During summer, hygiene assessment showed that 76% of cows received a
cleanliness score of 3, 18% a score of 2, and 6% a score of 4. The mean cow hygiene
index (CHI) was 2.88.

The CHI value observed in summer indicates an improvement in herd hygienic
status compared with the autumn—spring period by 0.29 points and corresponds to a
satisfactory hygiene level. However, from June through August this indicator remained
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above the optimal recommended threshold (< 2.0), suggesting the need for further
improvement of housing and sanitary management practices to achieve a high level of
animal hygiene.

Conclusions and future research perspectives.

1. The microclimate of the tie-stall cowshed demonstrated pronounced seasonal
variability, with the most critical deviations from hygienic standards observed in
winter and summer. Winter conditions were characterized by low air temperature and
elevated NHs and CO: concentrations, indicating insufficient ventilation efficiency,
whereas summer was marked by excessive heat load and risk of heat stress.

2. Airborne microbial contamination in the cowshed exceeded recommended
hygienic limits throughout the year, particularly during transitional seasons,
indicating unfavorable sanitary conditions and an increased risk of infectious disease
transmission in the dairy herd.

3. Hygiene assessment of dairy cows revealed predominantly moderate to severe
contamination of anatomical zones during the autumn—spring period (CHI = 3.17),
corresponding to an unsatisfactory hygienic status. In summer, hygienic status
improved (CHI = 2.88) but remained above the optimal recommended level (< 2.0).

4. Seasonal changes in microclimate parameters were associated with
corresponding changes in cow cleanliness and hygienic status, confirming the impact
of housing environmental conditions on animal welfare indicators.

5. The results substantiate the need to optimize ventilation, manure removal, and
overall sanitary management in tie-stall dairy housing to improve microclimate
conditions, reduce microbial load, and achieve a high level of animal hygiene and
welfare.

Future research should aim to elucidate the relationships between microclimate
conditions in tie-stall housing systems and the welfare, productivity, and physiological
resilience of dairy cows.
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BU3HAYEHHS T'T'TEHIYHOI OIIHKHA JIMHUX KOPIB 3A ITPUB’SI3HO-
CTIAJIOBOT'O YTPUMAHHSA

Anomauis.

Y cyuacnomy monounomy ckomapcmei napamempu MiKpOKIiMamy meapuHHUYbKUX NpUMILeHb
po3enadaiomscsa  AK  O00UH 13 NpOGIOHUX pakmopie, wo 6usHayae QizionociyHull cma,
npooyKmusHicms i 0006pooym Oitinux kopis. Temnepamypa, 6i0HOCHA 80102iCMb, WBUOKICb PYXY
nosimpsi ma KOHYeHmpayis wKiOIUSUX 2a3ié opmyroms mepmopecynayitine HA8AHMANCEeHHs HA
Op2aHism meaput i 6e3nocepeonHbo 8NIUBAIOMb HA CNOACUBAHHS KOPMY, MOJIOYHY NPOOYKMUBHICY,
IMYHHULL cmamyc | penpoOyKmugHy @yHKyilo. 3a OaHuMu Cy4acHux OOCNIONCEeHb, GIOXUNEHHS.
napamempie MiKpoOK1imMamy 6i0 30HU KOMGDOpMY CHpUYUHAE MeNao8ull abo X010008Uli cmpec, ujo
CYNPOBOOIHCYEMBCS ZHUNCEHHAM HAO0i8, 3MIHOK CKAAOY MOJOKA MA 3POCMAHHAM 3AX680PIOEAHOCHIL.
Ocobausoi akmyanvnocmi npobaema Haby8ae 8 ymosax Npus si3HO-CMIUI08020 VMPUMAHHS, Oe
PYX06a akmugHicms KOpie 0OMedxceHa, a meapuHu mpusaiuil yac nepebysaroms y 6e3nocepeoHbomy
KOHMAKmi 3 NIOCMUIKON ma MIKpOKIIMAmomM cmiina. Y maxkux cucmemax came napamempu
NOBIMPSHO20 cepedosuwa ma CAHimapHuil cmax Cmitil 6U3HA4AMsb pieeHb 3a0pyOHeHoCmi mind,
YUCMomy GUMeHI mda PUBUK BUHUKHEHHS MACMUmMy, wo po32140d€EmbCs AK pe3yibmamueHuli
iHOuxamop 00bpooymy (welfare outcome). Kiimamuuni 3minu ma niosuweHHs memnepamypu
HABKONUUWHBO20 CEPeO0sULYd 3YMOBII0I0Mb 3POCMAHHA YaCMOmuU Mmenio8020 CMpecy 8 KOPIGHUKAX.
Came momy, cucmemHuil MOHIMOPUHE MIKPOKIIMAMY mMa OYiHKA 6NIUBY- 3aNOPYKA 300p08 s ma
npOOYKMUBHOCHI KOPIB.

Y pobomi docriosceno napamempu MiKpOKIimMamy npuminyeHHs 0ns YmpumanHs OiliHUX Kopie
Y PI3HI ce30HU poKy ma ixX enaue Ha 2icicHiuHul cman meapuH. Becmanoeneno supasiceny ce30HHy
sapiabenbHicmb memMnepamypu, 80J1020CMi, WUEUOKOCMI PYXy NOGIMPs. MA 2a308020 CKAAAY NOGIMPs
KopisHuka 3 gioxunenuamu 6i0 nopmamusie BHTII-AIIK 01.05, naubinow 3Haunumu y 3UMo8ull ma
JImMHIU nepioou. YV 3umosuti nepioo memnepamypa nogimps cmarosuia 2+1 °C 3a niosuwyeHux
xkonyeumpayit NHs i COz, wo c8ioyums npo He0oCmamuio eeKmusHicmes cucmemu 8eHmMuaaYii.
Bnimky memnepamypa docaeana maxcumanorozo 3uavenna +32 °C, ¢hopmyrouu pusux meniogozo
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cmpecy, mooi AK 2a308Uti CKIAO NO8imps nokpawyeascsi. B ocinHvo-eecHanuii nepioo 3a
pe3yibmamamu. Myabmu30Hanvhoi oyinku yucmomu 83 % xopie manu 3 6amu ma 17 % - 4 6anu,
iHOeKc eieieniunoi oyinku cmanosus 3,17 6anu, wjo 6ionosioae He3ado8LIbHOMY CAHIMAPHOM) CIAH) .
YV nimnuitli nepioo inoexc snuzuscs 0o 2,88 danu, wo ceiouums npo GiOHOCHe NOKPAUjeHHs 2iel€HU
meapun. Bcmanoeneno, wo nocipuwieHHs napamempis  MIKPOKAIMAmMy — CYNpPOB8OOI’CYEMbCA
3POCMAHHAM 3a0pYOHeHOCmI mina Kopie ma MIKpoOHo2o oOcimeninns nogimps. Ompumai
pe3yiomamu  niOmeepo’CYIomv BUHAUAIbHY POJb MIKPOKIIMAMY NPUMIWEHHS V GopMySaHHi
2ieieHiyHo20 cmamycy OillHo20 cmada ma HeoOXIOHIicmb onmumizayii cucmem GeHMuUIAYil,
BUOANIEHHSL 2HOK | MEHEONCMEHM) YIMPUMAHHSL.
Knrwouosi cnosa: memnepamypa, 60102icms, amiak, 3a2a308aHicib, MIKPOKIIMam, 2i2i€Hd,
cmpec.
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