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   Abstract 

Compost-bedded pack (CBP) systems are increasingly used in dairy production, but bedding 

composition and management may affect bacterial dynamics, cow hygiene, and exposure to 

mastitis-associated microorganisms. This exploratory field study compared two commercial CBP 

systems in Córdoba, Argentina: one using peanut hulls as the organic substrate (CB-S) and one 

without substrate addition (CB-W). Composite bedding samples, cow-level composite milk 

samples, and hygiene scores from selected lactating cows were evaluated using culture-based 

microbiological methods and a standardized visual scoring system. Both systems harbored 

culturable bacteria commonly associated with bovine mastitis, including coagulase-negative 

staphylococci, Staphylococcus aureus, Escherichia coli, Enterococcus spp., and Bacillus spp. Total 

aerobic mesophilic counts in bedding were not significantly different between systems. However, 

CB-W showed higher mean counts and greater variability than CB-S (8.58 ± 0.55 vs. 7.65 ± 0.11 

Log10 CFU/g) and a broader range of culturable bacterial groups. Cows housed in CB-S had 

lower hygiene scores than cows housed in CB-W (1.05 ± 0.12 vs. 3.01 ± 0.10), indicating better 

cleanliness. The differences observed should be interpreted as associations with complete 

commercial systems, including bedding composition and management practices, rather than as 

the isolated effect of organic substrate addition. These findings highlight the importance of 

bedding management, ventilation, aeration, moisture control, and stocking density for cow 

hygiene and microbial stability in CBP dairy systems. 
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Introduction 

Bovine mastitis is an inflammatory condition of 

the mammary gland, most commonly caused by 

bacteria that gain access through the teat canal 

(Wieland and Abuelo, 2025). According to the 

etiological agent and transmission pattern, 

intramammary infections are generally classified 

as contagious or environmental (Cheng and Han, 

2020; Reinoso, 2017). Mastitis negatively affects 

milk yield and quality, induces pathological 

alterations in mammary tissue (Costa et al., 
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2025), increases treatment and veterinary costs, 

and may lead to milk discard and premature 

culling (Cheng and Han, 2020). It also 

compromises animal welfare, making mastitis a 

major health and production concern in dairy 

farming (Ferronato et al., 2025). 

Bedding material is one of the main 

environmental sources of exposure to mastitis-

associated microorganisms because it is in direct 

contact with the teat surface during lying 

behavior (Wieland and Abuelo, 2025). Compost-

bedded pack (CBP) systems have been 

increasingly adopted as an alternative housing 

strategy aimed at improving animal comfort, 

longevity, and productivity when they are 

adequately designed and managed (Martinez and 

Suarez, 2022). These systems may be 

implemented with added organic substrates, 

such as peanut hulls, or without additional 

substrate, where the pack is composed mainly of 

manure-based material. Although both 

configurations require aeration, moisture control 

and adequate ventilation, they differ in bedding 

composition, infrastructure needs, microbial 

activity and the surface area required per cow 

(Andrade et al., 2024; Eberl et al., 2026). 

Moisture balance is a key determinant of 

compost-bedded pack performance. Stocking 

density, ventilation efficiency, access to outdoor 

areas, climatic conditions, and the capacity of the 

bedding material to maintain porosity and absorb 

water directly influence evaporation, bedding 

temperature, and microbial activity. Moisture 

levels between 35% and 50% favor aerobic 

microbial activity and temperatures above 40 °C, 

whereas excessive moisture reduces aeration, 

favors wet or muddy areas, and creates 

unsuitable resting conditions for cows (Jimenez 

and Roger, 2021). 

In substrate-added systems, absorbent 

organic material may contribute to moisture 

stabilization, structural stability, and sustained 

microbial activity. In contrast, substrate-free 

systems generally require careful management 

and often a larger available area per cow to 

maintain acceptable moisture levels and bedding 

conditions (Andrade et al., 2024). Therefore, 

differences between commercial systems are 

likely to reflect the combined influence of bedding 

composition and associated management 

practices. Bedding moisture and composition 

may affect the survival and proliferation of 

environmental bacteria that contact the teat 

surface, thereby increasing the risk of 

intramammary infection under inadequate 

management conditions (Ferraz et al., 2020). In 

addition, cows prefer dry resting surfaces over 

clean but wet surfaces, emphasizing the 

importance of preventing moisture accumulation 

and mud formation in CBP systems (Schütz et 

al., 2019). 

Despite the increasing adoption of CBP 

systems, comparative information on the 

microbiological and hygienic characteristics of 

substrate-based and substrate-free systems 

under commercial dairy farm conditions remains 

limited, particularly in regional production 

systems. Therefore, the objective of this 

exploratory field study was to characterize and 

compare the microbiological profiles of two 

commercial CBP systems, one managed with 

added organic substrate and the other without 

substrate addition, and to assess their 

association with cow hygiene status and the 

occurrence of culturable microorganisms 

commonly associated with bovine mastitis. 

Material and methods 

Study design and farm selection 

This exploratory field study was conducted in 

May 2025, during the autumn-winter season, at 

two commercial dairy farms located in the central 

dairy basin of Cordoba Province, Argentina. Both 

farms used CBP housing systems but differed in 

bedding composition and associated 

management practices. One system included 

peanut hulls as an organic substrate (CB-S), 

whereas the other operated without added 

substrate (CB-W). At each farm, compost bedding 

samples and cow-level composite milk samples 

from lactating cows were collected for 

microbiological analysis. Cow hygiene was 

evaluated using a standardized visual scoring 

system. Because only one farm represented each 

housing system, the farm was considered the 

practical unit of comparison, and the results 

were interpreted as field-based associations. 

Farm management and housing 

characteristics 

The main management and housing 

characteristics of both farms are summarized in 

Table 1. The CB-W housed approximately 430 

lactating cows (range: 420–440) and was 

managed under a conventional system with three 

daily milkings. Average milk production was 35.6 

L/cow/day. Cows were housed in a roofed CBP 
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barn with a central feeding alley and bedding 

areas located on both sides. Animals also had 

access to outdoor yards, allowing free movement 

between the barn and the external areas. The 

infrastructure included concrete flooring in the 

feeding areas and relied exclusively on natural 

ventilation. Bedding areas were organized 

according to productive category and distributed 

across three independent packs: high-producing 

cows (30–90 days in milk), fresh cows (0–21 days 

in milk), and first-lactation heifers (0–120 days in 

milk). Stocking density, considering only the 

bedding area, was approximately 8 m² per cow. 

This compost pack was managed by daily 

aeration using a double-action chisel twice per 

day, with annual removal of excess material. 

The CB-S farm housed approximately 700 

lactating cows under a conventional 

management system, with an average milk 

production of 30 L/cow/day. Cows were housed 

in a roofed CBP barn without access to outdoor 

yards. The barn included a central feeding alley, 

bedding areas on both sides, and a combination 

of natural and mechanical ventilation. Bedding 

areas were separated according to productive 

category, including first-lactation cows and high-

producing cows, with a stocking density of 

approximately 10 m² per cow, considering only 

the bedding area. The bedding consisted of a 

compost system with the addition of peanut hulls 

as an organic substrate and was managed 

through daily aeration using a rotovator once per 

day and a chisel twice per day, along with 

periodic substrate replenishment at least once 

per year.  

Table 1: Main characteristics of the two commercial compost-bedded pack systems. One system included 

peanut hulls as an organic substrate (CB-S), whereas the other operated without added substrate (CB-W). 

 

Sampling 

Compost bedding samples were collected using a 

soil corer to obtain material from different layers 

while preserving the original structure of the bed. 

Sampling was performed at six representative 

points per CBP. At each point, samples were 

collected from two depths: surface (0-5 cm) and 

deep layer (25-30 cm), following the methodology 

described by Oliveira et al. (2023). Individual 

subsamples of approximately 60 g were collected 

from each point and depth. The subsamples were 

pooled to obtain one composite sample of 

approximately 720 g per bedding system. 

Therefore, bedding microbiology was interpreted 

primarily as a descriptive estimate of the average 

culturable bacterial load and profile of each 

commercial system. Samples were placed in 

sterile plastic bags, sealed, and stored at 4 °C 

until laboratory processing. 

Furthermore, 20 lactating cows were 

randomly selected at each farm. Cow-level 

composite milk samples were obtained from each 

cow by collecting milk from the individual 

mammary quarters after washing and 

disinfecting the teats with 70% ethyl alcohol. 

Approximately 2 mL of milk from each quarter 

were collected and pooled into a single sterile 

labeled tube, resulting in one composite milk 

sample per cow. Samples included milk from 

cows without clinical signs and from cows 

showing clinical signs compatible with mastitis, 

such as clots, abnormal milk appearance, or 

mammary gland inflammation. The use of 

composite milk samples was considered when 

interpreting the results, because bacteria from 

an affected quarter may be diluted by milk from 

unaffected quarters. All samples were stored at 4 

°C until microbiological analysis. 

Variable CB-W CB-S 

Number of lactating cows 430 700 

Milk production 35.6 L/cow/day 30 L/cow/day 

Bedding substrate Without added substrate Peanut hulls 

Ventilation Natural Natural + mechanical 

Outdoor yard Access Yes No 

Stocking density 8 m²/cow 10 m²/cow 

Aeration Chisel twice daily Rotovator once daily + chisel twice daily 

Bedding removal/replenishment Annual removal Annual substrate replenishment 

Cow categories sampled 
High-producing, fresh cows, 
heifers 

First-lactation and high-producing cows 
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Microbiological analysis 

Bedding and milk samples were analyzed using 

conventional culture-based microbiological 

methods. Forty-five grams of bedding sample 

were serially diluted in sterile phosphate-

buffered saline (PBS), and 100 µL aliquots were 

spread-plated on Tryptic Soy Agar (TSA) 

(Laboratorios Britania S.A., Buenos Aires, 

Argentina) for aerobic mesophilic counts. Milk 

samples were inoculated by the spread-plate 

technique, using 100 µL aliquots, onto 5% sheep 

blood agar as an enriched non-selective medium, 

MacConkey agar (Laboratorios Britania S.A., 

Buenos Aires, Argentina) for the selective and 

differential recovery of Gram-negative enteric 

bacteria, and mannitol salt agar (Laboratorios 

Britania S.A., Buenos Aires, Argentina) for the 

selective recovery of staphylococci, following 

National Mastitis Council guidelines (NMC, 

2017). Plates were incubated aerobically at 37 °C 

for 24-48 h. Microbial counts were expressed as 

Log10 CFU/mL for milk samples and Log10 CFU/g 

for bedding samples. The limits of detection were 

1.0 Log10 CFU/mL for milk samples and 2.0 Log10 

CFU/g for bedding samples. 

Representative colonies were selected 

according to colony morphology, pigmentation, 

hemolysis pattern, and growth characteristics on 

the different culture media. At least one colony 

from each distinct morphotype was purified to 

obtain a representative collection of culturable 

bacterial isolates. Identification was based on 

Gram staining, cellular morphology, catalase, 

oxidase, and coagulase reactions, together with 

complementary biochemical tests. Bacterial 

identification is reported as presumptive 

throughout the manuscript. 

Gram-positive, catalase-positive cocci were 

classified as presumptive staphylococci and 

differentiated into coagulase-positive 

staphylococci, presumptively identified as 

Staphylococcus aureus, and coagulase-negative 

staphylococci (CNS). Gram-negative, oxidase-

negative bacilli growing on MacConkey agar were 

evaluated using triple sugar iron agar and sulfur-

indole-motility medium; lactose-fermenting, 

indole-positive isolates showing biochemical 

characteristics consistent with Escherichia coli 

were presumptively assigned to this species, 

whereas other related isolates were reported as 

members of the family Enterobacteriaceae. 

Gram-positive, catalase-negative cocci showing 

bile-esculin hydrolysis and growth in 6.5% NaCl 

were presumptively identified as Enterococcus 

spp. Gram-positive rods were differentiated 

according to cellular morphology, catalase 

reaction, spore formation, hemolysis, and starch 

hydrolysis, and were presumptively assigned to 

Bacillus spp. or coryneform bacteria. 

Evaluation of hygiene score 

Cow hygiene was assessed using the visual 

scoring method described by Sambuceti and 

Raviolo (2023). Hygiene was evaluated in three 

anatomical regions: the mammary gland (lower 

two-thirds), the lower hind leg region, and the 

hind feet. A scoring scale from 0 to 4 was applied, 

where 0 indicated clean, and 4 indicated severely 

dirty. Because the housing system was visually 

evident at each farm, observer blinding was not 

feasible; however, all evaluations were performed 

by the same trained observer to ensure 

methodological consistency. 

To account for within-system variability, cows 

were randomly selected from each CBP according 

to the productive category housed in each area. 

A total of 30 cows were evaluated in the CB-W 

system, corresponding to three packs, whereas 

20 cows were evaluated in the CB-S system, 

corresponding to two packs. Observer agreement 

could not be assessed because a single trained 

observer performed all evaluations. Results were 

expressed as mean hygiene scores per system 

and anatomical region. 

Statistical analysis 

Data were analyzed using InfoStat software, 

version 2020. Bacterial counts from bedding and 

milk samples were Log10-transformed before 

statistical analysis. Descriptive statistics, 

including mean, standard deviation, standard 

error, and minimum-maximum range, were 

calculated for all variables. The coefficient of 

variation (CV) was also calculated as an indicator 

of data dispersion. 

Bedding bacterial counts were compared 

descriptively between systems. A one-way 

ANOVA, with housing system as the fixed factor, 

was also performed as an exploratory analysis 

based on subsample-level data; because only one 

farm represented each system and composite 

bedding samples were used. Milk bacterial 

counts were analyzed using a two-way ANOVA, 

with housing system and clinical condition as 

fixed factors, including their interaction. Hygiene 

scores were analyzed using a two-way ANOVA, 

with housing system and anatomical region as 
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fixed factors, including their interaction. When 

significant differences were detected, mean 

comparisons were performed using Tukey's test. 

Statistical significance was set at P < 0.05. Given 

the limited number of farms, all inferential 

analyses were interpreted as exploratory and 

within the context of a field-based observational 

design. 

Results 

Compost bedding microbiology 

Across the two evaluated systems, the culturable 

bacterial groups presumptively identified 

included CNS, Enterococcus spp., Bacillus spp., 

and Escherichia coli. In the CB-S system, isolates 

obtained from bedding samples were 

predominantly CNS, which represented 71.4% of 

the identified isolates in this system. Escherichia 

coli and an unidentified Gram-positive Bacillus 

were also detected, each representing 14.3% of 

the isolates. Total aerobic mesophilic counts were 

7.65 ± 0.11 Log10 CFU/g, with values ranging 

from 7.57 to 7.72 Log10 CFU/g. 

In the CB-W system, bedding samples showed 

a broader range of culturable bacterial groups, 

including CNS (28.6%), Enterococcus spp. 

(14.3%), Bacillus spp. (28.6%) and Escherichia 

coli (28.6%). The average total aerobic mesophilic 

count was higher than that observed in CB-S, 

with a mean value of 8.58 ± 0.55 Log10 CFU/g 

and a range of 7.95-8.91 Log10 CFU/g, although 

this difference was not statistically significant in 

the exploration analysis (F1,3 = 5.11; P = 0.1088). 

The CB-W system also showed greater variability 

(CV = 6.40% vs. 1.39% in CB-S) among the 

samples evaluated. 

Milk microbiology 

Microbiological analysis of cow-level composite 

milk samples revealed the presence of culturable 

bacteria in both dairy farms. The bacterial profile 

and counts varied according to the bedding 

system and the clinical condition of the animals. 

In the CB-S farm, Escherichia coli, CNS, and 

Staphylococcus aureus were presumptively 

identified, representing 33.3%, 50.0%, and 

16.7% of the recovered isolates, respectively. 

Composite milk samples from cows without 

clinical signs showed an aerobic mesophilic 

count of 2.51 ± 0.39 Log10 CFU/mL, with values 

ranging from below the detection limit (<1.00 

Log10 CFU/mL) to 3.88 Log10 CFU/mL, including 

CNS. No detectable bacterial growth was 

observed in 3 of 20 samples (15%). Samples from 

cows with clinical signs showed a higher mean 

bacterial count, with a value of 3.67 ± 0.48 Log10 

CFU/mL and a range from 1.00 to 7.65 Log10 

CFU/mL, including Staphylococcus aureus and 

Escherichia coli. However, the effect of clinical 

condition on bacterial counts was not 

statistically significant (P = 0.23). 

In the CB-W system, milk samples yielded 

presumptive isolates of Escherichia coli, 

Enterococcus spp., Corynebacterium spp., 

Staphylococcus spp., and Bacillus spp. Bacterial 

counts in samples from cows without clinical 

signs were 2.53 ± 0.48 Log10 CFU/mL, with 

values ranging from 1.00 to 4.12 Log10 CFU/mL, 

including CNS and Staphylococcus aureus. 

Samples from cows with clinical signs showed a 

higher mean bacterial count than cows without 

clinical signs, with a value of 3.74 ± 1.41 Log10 

CFU/mL and a range of 1.00-5.95 Log10 

CFU/mL, including Escherichia coli, 

Enterococcus spp., Corynebacterium spp., and 

Bacillus spp. 

Statistical analysis revealed no significant 

effects of housing system (F1,36 = 0.10; P = 0.76), 

clinical condition (F1,36 = 1.47; P = 0.23), or their 

interaction (F1,36 = 1.05; P = 0.31) on milk 

bacterial counts. The coefficient of variation of 

the model (52.27%) indicated considerable 

variability in milk bacterial counts among 

samples. 

Cow hygiene scores 

Significant differences in cow hygiene scores were 

observed between housing systems (F1,144 = 

150.91; P < 0.0001). The CB-S system showed 

lower overall hygiene scores than the CB-W 

system (1.05 ± 0.12 and 3.01 ± 0.10 for CB-S and 

CB-W, respectively), indicating better cow 

cleanliness. Anatomical region also had a 

significant effect on hygiene scores (F2,144 = 

8.21; P = 0.0004). Hind feet showed the highest 

dirtiness scores (2.40 ± 0.14) and differed 

significantly from the mammary gland region 

(1.62 ± 0.14; P < 0.05) (Figure 1). No significant 

interaction was observed between housing 

system and anatomical region (F2,144 = 0.23; P 

= 0.79), indicating that the poorer hygiene 

observed in CB-W was similarly manifested 

across all body regions. The cleanest anatomical 

region in the CB-W system (udder, 2.60 ± 0.17) 

remained significantly dirtier than the dirtiest 

region in the CB-S system (hind feet, 1.50 ± 0.21; 

Tukey's test, P < 0.05). 
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Figure 1: Cow hygiene scores by anatomical region in the two compost-bedded pack systems. Bars represent 

mean hygiene scores (± SE) for the udder, hind legs, and hind feet of cows housed in compost-bedded pack 

systems with added organic substrate (CB-S; n = 20 cows) or without substrate (CB-W; n = 30 cows). Lower 

scores indicate better hygiene. Different letters indicate significant differences between housing systems 

(Tukey's test, P < 0.05). 

Discussion 

This exploratory comparison of two commercial 

dairy farms showed that CBP systems with 

different bedding compositions and management 

practices were associated with distinct hygiene 

and microbiological profiles. In both systems, 

culturable bacterial groups commonly associated 

with bovine mastitis (Wieland and Abuelo, 2025; 

Zewude et al., 2026) were detected, including 

CNS, Escherichia coli, Enterococcus spp., 

Corynebacterium spp., and Bacillus spp. 

However, the two systems differed in the diversity 

and variability of culturable bacteria recovered 

from bedding and in cow hygiene scores, 

suggesting that bedding composition, aeration 

strategy, ventilation, stocking density, and 

general management practices may modulate 

bacterial dynamics within compost-bedded 

packs (Leso et al., 2020; Black et al., 2014; 

Damasceno et al., 2022). These findings should 

be interpreted as associations with complete 

commercial production systems rather than as 

the isolated effect of organic substrate addition, 

because the farms also differed in ventilation, 

stocking density, access to outdoor yards, and 

aeration strategy. 

In the CB-W system, a broader range of 

culturable bacterial groups was detected in the 

bedding material. This more heterogeneous 

profile, together with the higher variability in 

bacterial counts, may reflect the heterogeneous 

microenvironmental conditions that can occur in 

substrate-free systems. In these systems, 

moisture content and aeration depend strongly 

on animal density, ventilation efficiency, climatic 

conditions, and the capacity of the bedding 

material to maintain porosity and water balance. 

Inadequate control of these factors can favor wet 

areas and uneven aerobic activity, creating 

conditions that support the proliferation and 

persistence of environmental bacteria (Leso et al., 

2020; Black et al., 2014; Oliveira et al., 2023). 

In contrast, the CB-S system showed more 

homogeneous aerobic mesophilic counts in 

bedding samples, with a predominance of CNS 

and sporadic detection of Escherichia coli. The 

presence of peanut hulls may have contributed 

to improved moisture absorption, structural 

stability, and maintenance of aerobic conditions 

within the pack. Previous studies have shown 

that bedding material characteristics, including 

moisture, particle size, porosity, and water-

holding capacity, are critical determinants of CBP 

performance (Damasceno et al., 2022; Oliveira et 
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al., 2023). Nevertheless, the lower variability 

observed in CB-S should be interpreted as 

associated with the overall management and 

housing conditions of this system rather than as 

an effect attributable exclusively to the organic 

substrate. 

Because bedding samples were pooled into 

composite samples, microbiological results 

provide an integrated estimate of the average 

culturable bacterial load of each bedding pack, 

but do not fully capture the spatial heterogeneity 

that may occur across different zones or depths 

within the bedding area (Black et al., 2014; Leso 

et al., 2020). Therefore, comparisons of bedding 

microbiology should be considered mainly 

descriptive. Future studies should include 

independent samples from multiple bedding 

areas and multiple farms per system. 

Differences in cow hygiene scores between 

systems were marked and consistent across 

anatomical regions. Cows housed in the CB-S 

system showed lower hygiene scores, indicating 

cleaner animals, whereas cows housed in CB-W 

showed higher dirtiness scores, particularly in 

the hind feet and lower hind-leg regions. This 

pattern may be associated with differences in 

bedding moisture, surface condition, ventilation, 

stocking density, and access to outdoor yards. 

Wet or muddy resting surfaces are known to 

reduce cow comfort and cleanliness, and dairy 

cows show a clear preference for dry lying 

surfaces over wet surfaces (Fregonesi et al., 2007; 

Schütz et al., 2019). Poorer body cleanliness may 

indicate less favorable resting conditions and 

potential compromise of cow comfort and welfare 

(Sambuceti and Raviolo, 2023; Linstädt et al., 

2024). 

From an epidemiological perspective, greater 

soiling of the hind limbs and udder is also 

relevant. Poorer leg hygiene has been associated 

with a higher herd-level prevalence of digital 

dermatitis (Relun et al., 2013), whereas poorer 

udder hygiene may increase contact with 

contaminated material and has been associated 

with a higher probability of environmental 

intramammary infections and isolation of major 

mastitis pathogens (Schreiner and Ruegg, 2003; 

Rajabi et al., 2017). In the present study, the 

absence of significant interaction between 

housing system and anatomical region indicates 

that the difference in cow cleanliness between 

CB-W and CB-S was consistent across all 

evaluated body regions. 

The microorganisms isolated from composite 

milk samples likely reflected a combination of 

clinical status, individual cow factors, and 

environmental exposure (Sahoo et al., 2024;  

Büthe et al., 2025). Although cows with clinical 

signs showed higher mean bacterial counts, 

statistical analysis did not detect significant 

effects of housing system, clinical condition, or 

their interaction on milk bacterial counts. This 

lack of significance may be related to the limited 

number of the sampled cows, the use of cow-level 

composite milk samples, individual variability in 

bacterial shedding, previous antimicrobial 

treatments, or the inherent limitations of culture-

based diagnosis. Pooling milk from the four 

mammary quarters may dilute bacteria 

originating from a single infected quarter and 

reduce the sensitivity of culture-based detection 

(Reyher et al., 2011). Therefore, the detection of 

mastitis-associated bacteria in composite milk 

samples should be interpreted as evidence of 

culturable bacteria potentially related to udder 

health, rather than as a direct measurement of 

mastitis occurrence or confirmed intramammary 

infection.  

Some aspects of the study design should be 

considered when interpreting the results, 

including the evaluation of one commercial farm 

per CBP system, differences in management and 

infrastructure between farms, the single-season 

sampling, and the use of conventional culture-

dependent methods for presumptive bacterial 

identification. Nevertheless, the study provides 

useful field-based comparative information on 

the microbiological and hygiene profiles of two 

commercial CBP systems and highlights key 

variables to be addressed in future multi-farm 

and longitudinal studies. 

Conclusions 

This study provides a comparative 

characterization of two commercial CBP systems 

operating under dairy farm conditions in the 

central dairy region of Cordoba Province, 

Argentina. The results indicate that CBP systems 

with and without added organic substrate have 

distinct microbiological and hygiene profiles 

under the evaluated field conditions. The system 

incorporating peanut hulls as bedding substrate 

is associated with more uniform aerobic 

mesophilic bacterial counts and improved cow 

cleanliness, whereas the substrate-free system 

showed greater variability in bacterial 

populations, a wider diversity of culturable 
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bacterial groups, and poorer hygiene scores. 

These results suggest that bedding composition 

and associated management practices may 

influence microbial stability and cow cleanliness. 

The findings underscore the importance of 

bedding composition, moisture management, 

aeration, ventilation, and stocking density as key 

factors shaping bedding microbial ecology and 

cow hygiene. However, because the study was 

limited to two commercial farms, the observed 

differences should be interpreted as associations 

rather than causal effects of organic substrate 

addition alone. Larger multi-farm studies, 

longitudinal and seasonal evaluations, 

physicochemical characterization of bedding 

materials, quarter-level milk sampling, somatic 

cell count analysis, and culture-independent 

molecular approaches are needed to determine 

the specific contribution of organic substrates 

and management practices to bedding quality, 

animal hygiene, udder health, and dairy cattle 

productivity. 
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