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			Abstract | Dairy production in the Ecuadorian Amazon operates under conditions of high climatic variability, where environmental evaporation may influence the physicochemical and sanitary quality of milk. The aim of this study was to evaluate the relationship between environmental evaporation and the quality of raw bovine milk in dairy farms located in Pastaza, Ecuador. A total of 50 milk samples (n = 50) were collected between August and September 2024 and analysed for physicochemical and microbiological parameters using an automated analyser (Lactoscan SP) and standardised laboratory methods. Associations between environmental evaporation and milk quality parameters were assessed using simple linear regression models. TThe results showed significant associations between environmental evaporation and pH, fat, protein, total solids, solids-not-fat, somatic cell count, and cryoscopy (p < 0.05), whereas density, lactic acid, temperature, and total bacterial count did not exhibit significant associations. A decreasing trend in protein, fat, and total solids was observed at higher levels of environmental evaporation. In conclusion, environmental evaporation emerges as a relevant climatic factor associated with the compositional quality of milk in tropical dairy production systems.
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			Introduction

			Bovine milk is a food of high nutritional value whose physicochemical and sanitary composition, including fat, protein, total solids, and somatic cell count, is determined by the interaction of genetic, nutritional, and environmental factors, with the latter becoming increasingly relevant in the context of global climate change (Boudalia et al., 2021; Intergovernmental Panel on Climate Change (IPCC), 2021). 

			Environmental conditions play a pivotal role in shaping productivity, animal health, and milk quality, particularly in regions where climatic variability is pronounced and challenging (Bernabucci et al., 2010; Thornton et al., 2022). Fluctuations in environmental factors have been shown to alter the nutritional profile of milk, with reductions in protein, fat, and total solids frequently reported under adverse climatic scenarios. Such changes compromise both production stability and food safety (Nardone et al., 2010).

			These characteristics make it a representative model for understanding climate-related impacts on milk production across similar tropical Amazonian contexts (Bernabucci et al., 2010; Valdés Sáenz et al., 2024). By contrast, environmental evaporation emerges as a functional climatic indicator that integrates the interaction between temperature, relative humidity, and solar radiation, variables that directly influence thermoregulation, water balance, and the energetic metabolism of dairy cattle (Asefa and Teshome, 2019; IPCC, 2021).

			Despite the growing global interest in the impacts of climate change on dairy production systems, a clear scientific gap remains regarding the specific role of environmental evaporation as an independent variable influencing the physicochemical and microbiological quality of milk, particularly in humid tropical ecosystems such as the Amazon, where climatic dynamics differ markedly from the temperate systems more commonly studied (Thornton et al., 2022). 

			Most studies have primarily focused on temperature or heat stress, while the direct influence of evaporation on compositional and sanitary milk parameters has been comparatively underexplored (Silva et al., 2021). This gap is especially relevant in the Ecuadorian Amazon, a region characterised by high rainfall, ecological fragility, and predominantly small- and medium-scale production systems, where environmental variability, limited infrastructure, and restricted access to appropriate technologies condition the sustainability and resilience of dairy production (Food and Agriculture Organization of the United Nations [FAO], 2020)..

			From a sustainability and agro-livestock resilience perspective, understanding the specific effect of environmental evaporation on the nutritional quality of milk is essential for the development of evidence-based adaptive strategies, including microclimatic management, agroforestry integration, and environmental monitoring in tropical agricultural settings (Valdés Sáenz et al., 2024).

			 

			Within this framework, the present study aims to analyse the association between environmental evaporation and the nutritional composition of bovine milk in Amazonian production systems, focusing on key parameters such as fat, protein, lactose, and total solids, in order to generate robust scientific evidence that contributes to a deeper understanding of productive resilience and the sustainability of tropical dairy systems under increasing climatic variability.

			Materials and Methods

			Research location

			The study was conducted in dairy farms located in Pastaza, an Amazonian province of Ecuador situated at approximately 950 m above sea level, characterised by a warm-humid climate and annual rainfall ranging from 3,000 to 4,000 mm. Such environmental conditions exert a significant influence on bovine physiology and milk quality (FAO, 2020; Silva et al., 2021). Geographically, Pastaza is bordered by Napo and Orellana to the north, Morona Santiago to the south, Peru to the east, and Tungurahua to the west. The region corresponds to a fluvial valley with moderately fertile soils and predominantly agrosilvopastoral systems, where crop production (e.g., maize, cassava, sugarcane, and guava) is integrated with tropical pastures, resulting in heterogeneous and climate-sensitive production systems (Valdés Sáenz et al., 2024).

			[image: ]

			Figure 1: Political map of the Province of Pastaza.

			Climatic conditions

			The Province of Pastaza is characterised by a tropical climate with high relative humidity exceeding 80% and mean temperatures ranging from 22 to 26 °C. Environmental evaporation data were obtained from the Instituto Nacional de Meteorología e Hidrología (INAMHI, 2021), using daily records from the meteorological station nearest to each sampling site. Evaporation values were derived from standard Class A evaporation pan measurements, expressed in millimetres (mm/day), and averaged over the sampling period to ensure temporal representativeness (INAMHI, 2021). These climatic conditions directly influence livestock production dynamics by promoting environmental evaporation, increasing ambient microbial load, and generating fluctuations in forage quality, which may ultimately affect animal health and the physicochemical and microbiological quality of milk in tropical production systems (FAO, 2020). Climatic variability, coupled with high humidity and precipitation, therefore plays a critical role in shaping productive sustainability, food safety, and the resilience of Amazonian livestock systems under climate change scenarios (Espinoza et al., 2019).

			Experimental design and study type

			The study was conducted using a cross-sectional observational design, appropriate for examining associations between environmental variables and the physicochemical and microbiological parameters of milk under real-world conditions of tropical dairy production. Such an approach is widely applied in livestock and production system research to characterise environmental and productive variability in heterogeneous farming contexts without direct experimental manipulation (Bernabucci et al., 2010). The study period (August–September 2024) allowed the capture of pronounced climatic variability typical of the Amazon region, providing a suitable temporal framework for analysing emerging environmental drivers, particularly environmental evaporation.

			Farm selection and sampling strategy

			Farms were selected through non-probabilistic purposive sampling based on technical criteria, prioritising herds with more than five lactating cows to ensure productive stability and representativeness of small- and medium-scale tropical dairy systems. This methodological approach is commonly applied in milk quality studies conducted in tropical production settings, where herd structural heterogeneity significantly influences milk composition and microbiological variability, often shaped by constraints in infrastructure, cooling systems, and access to technological resources (Boudalia et al., 2021; Contero et al., 2021).

			Raw milk samples were collected under strictly aseptic conditions using sterile 500 mL glass containers, directly drawn from randomly selected bulk containers according to herd production volume to ensure representativeness and minimise sampling bias. All equipment was previously sterilised and handled with gloves, face masks and clean laboratory coats to prevent any form of contamination that could alter the physicochemical or microbiological properties of the milk. Samples were transported to the Agrocalidad laboratory in Quito in insulated polystyrene boxes with refrigerant packs, maintaining a controlled temperature between 2 °C and 8 °C without reaching freezing conditions, and were properly labelled to ensure full traceability. 

			This protocol was based on the recommendations of the Codex Alimentarius Commission (2023), FAO (2020), and previous studies (Mogotu et al., 2022; Silva et al., 2021), which emphasise the critical importance of hygienic handling, thermal control and rigorous documentation in the management of milk samples intended for laboratory analysis.

			Inclusion and exclusion criteria for milk samples

			Inclusion criteria comprised farms with regular milk production, manual milking practices, adequate herd traceability, and availability of freshly obtained raw milk handled under appropriate hygienic conditions. Only intact samples that were properly labelled and maintained within a continuous cold chain were considered eligible for analysis. Samples were excluded if they exhibited visible contamination, organoleptic alterations, disruption of the cold chain, insufficient volume, or lack of relevant production data, in accordance with international recommendations for microbiological milk quality studies (Briones-García et al., 2024; Codex Alimentarius Commission, 2023).

			Sample size

			A retrospective power analysis was performed to evaluate the adequacy of the sample size (n= 50). Assuming a moderate effect size (R² ≈ 0.15), a significance level of α = 0.05, and a simple linear regression framework, the statistical power was estimated at approximately 0.70–0.80, suggesting an acceptable ability to detect significant associations under field conditions. Although no formal prospective power analysis was conducted, the sample size aligns with observational studies in dairy production and provides sufficient capacity to identify statistically significant relationships through regression models across diverse agroclimatic contexts (Bernet et al., 2001; Thornton et al., 2022).

			Control of confounding variables

			To enhance the internal validity of the study, potential confounding variables were recorded, including predominant breed type (crossbred or dual-purpose), feeding system (grazing-based), sanitary management practices (use of anthelmintics and vaccination), herd size (more than five lactating cows), and stage of lactation (early and mid-lactation). These factors directly influence the physicochemical composition of milk and may interact with environmental conditions; therefore, their descriptive control is essential in observational studies conducted in tropical dairy systems (Bernabucci et al., 2010; Nardone et al., 2010).

			Ethical considerations and animal welfare

			The methodological protocol was conducted in accordance with established animal welfare and biosecurity principles, using exclusively milk obtained during routine milking procedures without any invasive intervention on the animals. The study complied with national and international guidelines for research involving animal production systems and animal-derived products, and informed consent was obtained from the farm owners prior to sample collection (Organización Mundial de Sanidad Animal [OIE], 2021).

			Physicochemical analysis of raw cow’s milk samples

			The physicochemical composition of bovine milk, including protein, fat, total solids (TS), solids-not-fat (SNF), lactose, water content, freezing point, salts, and density, was determined using an automatic milk analyser (Lactoscan SP, Milkotronic Ltd., La Roche-sur-Foron, France, 2012), widely recognised for its accuracy in rapid raw milk assessment. For each analysis, 25 mL of milk were placed in the sample holder, the equipment was set to standby mode, and measurements were initiated, with results obtained within approximately 45 seconds via the integrated digital display. All analyses were performed in duplicate to ensure data reliability and analytical consistency. This procedure followed standardised protocols commonly applied in milk quality research and aligns with validated instrumental methodologies for nutritional and compositional characterisation of raw milk, as recommended in FAO guidelines and previous studies employing automated milk analysers (FAO, 2020; Boudalia et al., 2021).

			Statistical analysis

			All physicochemical analyses were performed in duplicate, and the mean value of each pair of measurements was used for statistical analysis. Variability between duplicates was assessed to ensure analytical precision. Statistical analyses were initially conducted using simple linear regression models to evaluate the association between environmental evaporation and the physicochemical and microbiological parameters of bovine milk, Statistical analyses were conducted using InfoStat version 12.0 (InfoStat, 2020). Prior to modelling, the assumptions of normality and homoscedasticity were assessed using the Shapiro–Wilk and Levene tests, respectively, to ensure the robustness of statistical inferences. For each dependent variable, regression coefficients (β), coefficients of determination (R²), 95% confidence intervals, and significance levels were estimated, adopting p < 0.05 as the threshold for statistical significance.

			Outliers were identified and examined through standardised residual analysis and scatter plots, and exclusion criteria were applied only when extreme values adversely affected model consistency and violated regression assumptions. This analytical approach allowed for a rigorous evaluation of linear associations while maintaining transparency and reproducibility in the statistical procedure.

			Results and Discussion

			Although several associations were statistically significant, the coefficients of determination (R²) ranged from low to moderate (3–34%), indicating that environmental evaporation explains only a limited proportion of the variability in milk quality parameters. Regression coefficients were accompanied by 95% confidence intervals to provide a more robust interpretation of the strength and precision of the observed associations.

			Table 1 summarises the relationship between environmental evaporation and the physicochemical and microbiological parameters of bovine milk in dairy systems of the Ecuadorian Amazon. Overall, environmental evaporation showed significant associations with key compositional variables, whereas other indicators remained statistically independent. These findings suggest that milk quality in tropical systems is shaped by the interaction between climatic conditions, animal physiology, and production management factors (Bernabucci et al., 2010; Nardone et al., 2010).

			Table 1: Descriptive values (mean ± SD) and regression parameters describing the association between environmental evaporation and physicochemical and microbiological variables of bovine milk in tropical dairy systems (r, intercept (a), slope (b), and p-value).

			
				
					
					
					
					
					
					
					
				
				
					
							
							Variables

						
							
							Statistical

						
							
							p value

						
					

					
							
							Mean ±SD

						
							
							r

						
							
							R2 (%)

						
							
							Intercept

						
							
							Slope

						
					

					
							
							Temperature ºC

						
							
							26.35 ± 5.73

						
							
							0.10

						
							
							1.09

						
							
							23.14

						
							
							0.044

						
							
							0.244

						
					

					
							
							Density at 15 °C

						
							
							28.86 ± 0.90

						
							
							0.11

						
							
							1.19

						
							
							28.15

						
							
							0.009

						
							
							0.224

						
					

					
							
							Acidity (Lactic acid)

						
							
							0.17 ± 0.01

						
							
							0.09

						
							
							0.75

						
							
							0.17

						
							
							0.000

						
							
							0.334

						
					

					
							
							pH

						
							
							6.56 ± 0.07

						
							
							0.19

						
							
							3.54

						
							
							6.48

						
							
							0.001

						
							
							0.035

						
					

					
							
							Fat (%)

						
							
							3.71 ± 0.37

						
							
							0.19

						
							
							3.56

						
							
							4.12

						
							
							-0.005

						
							
							0.034

						
					

					
							
							Protein (%)

						
							
							3.28 ± 0.31

						
							
							0.28

						
							
							7.92

						
							
							3.78

						
							
							-0.007

						
							
							0.001

						
					

					
							
							Total solids (%)

						
							
							12.60 ± 0.78

						
							
							0.25

						
							
							6.18

						
							
							13.73

						
							
							-0.015

						
							
							0.005

						
					

					
							
							Solids-not-fat (SNF, %)

						
							
							8.90 ± 0.55

						
							
							0.26

						
							
							6.81

						
							
							9.74

						
							
							-0.011

						
							
							0.003

						
					

					
							
							Somatic cell count (SCC × 10³ cells/mL)

						
							
							613.56 ± 315.15

						
							
							0.25

						
							
							6.08

						
							
							1064.16

						
							
							-5.986

						
							
							0.005

						
					

					
							
							Total bacterial count (TBC × 10³ CFU/mL)

						
							
							5965.68 ± 8649.06

						
							
							0.05

						
							
							0.23

						
							
							3568.71

						
							
							31.864

						
							
							0.596

						
					

					
							
							Cryoscopy

						
							
							-0.55 ± 0.02

						
							
							0.58

						
							
							34.07

						
							
							-0.63

						
							
							0.001

						
							
							7.36×10−13

						
					

				
			

			Values are expressed as mean ± standard deviation (SD). Statistical parameters include the correlation coefficient (r), coefficient of determination (R²), intercept , regression coefficient (Slope), and probability (p-value). Abbreviations: SNF = solids-not-fat; SCC = somatic cell count; TBC = total bacterial count.

			Significant associations were observed for pH, fat, protein, total solids (TS), solids-not-fat (SNF), somatic cell count (SCC), and cryoscopy (p < 0.05). Notably, the progressive decline in protein, fat, and total solids with increasing environmental evaporation suggests a potential environmental modulation of productive metabolism and energy balance in dairy cattle under tropical conditions.

			This pattern may be linked to alterations in feed intake, water consumption, and metabolic efficiency, all of which directly influence milk component synthesis (Thornton et al., 2022; Vithanage et al., 2017). As an integrative climatic indicator encompassing temperature, relative humidity, and solar radiation, environmental evaporation reflects the functional characteristics of the production environment and may affect thermoregulation and the physiological status of the animal (Bernabucci et al., 2010).

			The mean milk temperature recorded at farm level in the Ecuadorian Amazon was 26.4 ± 5.7 °C, showing no statistically significant association with environmental evaporation (p > 0.05). However, this temperature range falls within the optimal growth interval for mesophilic bacteria (15–40 °C), thereby increasing the risk of microbial proliferation in the absence of immediate cooling.

			Raw milk is inherently susceptible to bacterial growth due to its near-neutral pH and the limited effectiveness of its natural antimicrobial systems (Vithanage et al., 2017). Under tropical conditions, high microbial loads, including Staphylococcus aureus exceeding 10⁶ CFU/mL, have been reported when adequate thermal control is not implemented (Castañeda-Ruelas et al., 2025), and a substantial proportion of raw milk samples fail to meet microbiological quality standards (Vázquez-Ojeda et al., 2014). These findings underscore the relevance of milk temperature as a critical microbiological risk factor in smallholder dairy systems with limited infrastructure, independently of its lack of direct association with environmental evaporation.

			Similarly, density and titratable acidity remained statistically independent of environmental evaporation (p > 0.05), suggesting that their variability is more strongly driven by milk solids composition, microbial activity, and storage conditions rather than by specific environmental factors (Vithanage et al., 2017).

			Milk density is a compositional parameter closely associated with total solids concentration and can therefore be used as an indirect indicator of hygienic and nutritional quality in tropical dairy systems (Caicedo Zambrano, 2018; Contero et al., 2021). Moreover, studies conducted in milk collection centres in northern Ecuador have shown that inadequate refrigeration and prolonged environmental exposure increase titratable acidity, thereby compromising product safety and overall milk quality (Pérez Lomas, 2019).
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			Figure 2: Significant association between milk pH and environmental evaporation, indicating physicochemical sensitivity of milk to climatic variability in tropical dairy systems.

			In contrast, milk pH showed a significant association with environmental evaporation, exhibiting a slight increasing trend under higher evaporative conditions. This pattern may reflect a physicochemical response of milk stability to environmental variability that modulates microbial dynamics, animal metabolism and milking conditions in tropical systems (Bernabucci et al., 2010; Foroutan et al., 2019). Comparatively, Huaraca-Aparco et al. (2024) reported pH values ranging from 6.7 ± 0.14 to 6.8 ± 0.19 in high-Andean dairy systems, suggesting that Amazonian milk tends to be slightly more acidic. From a technological perspective, pH is a critical determinant of coagulation behaviour, as lower pH values are associated with shorter coagulation times through their influence on enzymatic activity and casein micelle structure (Foroutan et al., 2019). Similarly, Abd-Elrahman et al. (2013) indicated that this parameter is affected by microbial load, storage time and post-milking temperature, all of which are particularly relevant in climate-sensitive production systems.

			Regarding nutritional composition, fat, protein, total solids and solids-not-fat exhibited significant negative associations with increasing environmental evaporation (p < 0.05). Such trends are consistent with observations in tropical dairy systems, where environmental variability alters dry matter intake, productive metabolism and ultimately milk compositional quality (Nardone et al., 2010; Thornton et al., 2022). Because environmental evaporation integrates temperature, relative humidity and solar radiation, it can be interpreted as a functional climatic indicator that indirectly influences thermoregulation, water balance and physiological status of dairy cattle, thereby affecting milk synthesis under tropical production conditions (Bernabucci et al., 2010).
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			Figure 3: Significant negative association between milk fat content and environmental evaporation, consistent with metabolic adjustments under variable environmental conditions.

			This pattern suggests that, although environmental evaporation may influence the concentration of certain milk components, variation in fat content is more strongly associated with intrinsic factors such as genetic background and feeding quality (Abril-Torres and Pillco-Orozco, 2013; Calderón-Rangel et al., 2011; Fuentes-Cabrera et al., 2016; Mera-Andrade et al., 2017; Valle-Sánchez, 2021). Who reported milk fat values ranging from 3.6% to 3.8%, consistent with the ranges observed in the present study. Additionally, Salazar-Cobo (2022) identified significant correlations between mean monthly precipitation and milk fat percentage in different provinces of Ecuador, indicating that environmental effects on milk composition are complex and may vary according to regional and production system characteristics.
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			Figure 4: Significant decline in milk protein content as a function of environmental evaporation, associated with physiological responses in tropical production systems.

			In Figure 4, a decrease of 0.007% in milk protein content was observed for each unit increase in environmental evaporation, with a correlation coefficient of 0.28 and statistical significance (p < 0.01), indicating a moderate but significant association between evaporation and protein concentration. This trend is consistent with findings reported by Contero et al. (2021), who note that in tropical dairy systems milk protein may be influenced by heat stress and forage availability. Nevertheless, the protein values recorded in the present study remained within the ranges established by the Codex Alimentarius Commission (2023), suggesting an adequate compositional quality and productive resilience of Amazonian dairy systems under variable environmental conditions.

			[image: ]

			Figure 5: Significant negative trend of total solids in relation to environmental evaporation, reflecting compositional responses under variable climatic conditions.

			Total solids in bovine milk represent the aggregate of its principal constituents, including lactose, fat, proteins, and minerals. Alterations in total solids may occur under pathological conditions such as mastitis, which increases mammary epithelial permeability and compromises the secretory capacity of the glandular tissue, thereby affecting the synthesis of milk components (Malek dos Reis et al., 2013). From an industrial perspective, total solids constitute a key indicator of milk quality, as higher concentrations are associated with improved processing efficiency, reduced dehydration costs, and greater product yield in dairy manufacturing systems (Contero et al., 2021).
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			Figure 6: Significant decline in solids-not-fat content with increasing environmental evaporation, indicating sensitivity of the nutritional fraction of milk to climatic variability.

			Similarly, solids-not-fat (SNF) content may be associated with regional climatic conditions that influence animal physiology and the concentration of milk constituents. Huaraca-Aparco et al. (2024) reported SNF values ranging from 8.0 ± 0.6 % to 8.5 ± 0.5 %, slightly lower than those observed in the present study, which may be attributable to differences in feeding quality and the genetic background of the herds. From a compositional perspective, SNF represents a key indicator of the nutritional and technological quality of milk, as it encompasses lactose, proteins, and minerals that are highly sensitive to metabolic and environmental variability (Costa et al., 2019; Chen et al., 2024).
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			Figure 7: Significant association between somatic cell count and environmental evaporation, reflecting a multifactorial interaction between environmental conditions and herd health management.

			The somatic cell count (SCC) also exhibited a significant association with environmental evaporation, suggesting a potential interaction between climatic conditions and udder health status. However, SCC is a multifactorial indicator predominantly influenced by sanitary management, milking hygiene, and mastitis incidence; therefore, environmental evaporation should be interpreted as an indirect modulating factor rather than a direct determinant of sanitary changes (Ruegg, 2017).

			In contrast, total bacterial count (TBC) showed no significant relationship with environmental evaporation (p > 0.05), indicating that microbial load in raw milk is primarily driven by hygienic practices, cold chain management, and production infrastructure rather than climatic variability per se (Godziszewska et al., 2018).

			Recent studies conducted in tropical regions of Ecuador have also reported similar variations in SCC, mainly attributed to sanitary management, herd genetics, and milking practices (Puga-Torres et al., 2024). Moreover, SCC is a key parameter within milk quality payment systems, and its control is essential to ensure milk safety and technological suitability for dairy processing (Contero et al., 2021).

			Nevertheless, the presence of pathogenic bacteria in raw milk constitutes a relevant public health concern, as this product should not harbour microorganisms that compromise its safety (Botero et al., 2012; Godziszewska et al., 2018; Martínez and Díaz, 2016). Therefore, although the observed values did not exceed critical thresholds, strengthening good milking practices and on-farm microbiological control remains imperative, particularly in tropical environments where high humidity conditions favour bacterial proliferation (Arauco-Villar et al., 2025).
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			Figure 8: Significant association between milk cryoscopy and environmental evaporation, likely reflecting variations in solute concentration and the animal’s water balance under tropical climatic conditions.

			Finally, cryoscopy showed a highly significant association with environmental evaporation, which may reflect variations in solute concentration and the animal’s water balance under changing climatic conditions. From a physiological standpoint, higher evaporation levels can influence water intake and osmotic regulation, indirectly affecting milk composition (Bernabucci et al., 2010; Juárez-Barrientos et al., 2016).

			This pattern is consistent with findings reported in tropical production systems, where cryoscopic values may vary according to water management, feeding strategies and heat stress conditions (Vivanco-Alarcón, 2024). Furthermore, previous studies have demonstrated that cryoscopy is a sensitive indicator of milk integrity, particularly for detecting dilution and alterations in lactose and mineral content, and is closely linked to hygienic milking conditions and compositional stability (Kim et al., 2017).

			Overall, the results indicate that environmental evaporation is primarily associated with compositional fractions and certain sanitary indicators of milk, whereas microbiological and technological parameters appear to be more strongly driven by management practices. Given the observational and cross-sectional nature of the study, the identified relationships should be interpreted cautiously and not as evidence of direct causality. Nevertheless, from an animal health and sustainability perspective, the observed reductions in protein, fat and total solids under higher evaporation levels highlight the need for adaptive management strategies and environmental monitoring to enhance the resilience of Amazonian dairy systems facing increasing climatic variability (IPCC, 2021; Thornton et al., 2022).

			Conclusions and Recommendations

			The findings indicate that environmental evaporation is associated with variations in the nutritional and sanitary quality of milk, particularly in parameters such as pH, fat, protein, total solids, solids-not-fat, somatic cell count, and cryoscopy, reflecting the sensitivity of dairy production to Amazonian climatic conditions. In contrast, density, titratable acidity, milk temperature and total bacterial count appear to be more closely related to hygienic management and technical practices than to climatic factors. Overall, the results suggest that environmental conditions may influence milk composition and physicochemical stability in tropical Amazonian dairy systems.

			Compared with traditional climatic indices such as the temperature–humidity index (THI), environmental evaporation may offer a more integrative representation of environmental stress by incorporating additional variables such as solar radiation and water balance. While THI primarily reflects heat stress, evaporation may better capture the combined effects of climatic factors on animal physiology and milk composition in humid tropical systems.
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Abstract | Dairy production in the Ecuadorian Amazon operates under conditions of high climatic variability, where
environmental evaporation may influence the physicochemical and sanitary quality of milk. The aim of this study was
to evaluate the relationship between environmental evaporation and the quality of raw bovine milk in dairy farms
located in Pastaza, Ecuador. A total of 50 milk samples (n = 50) were collected between August and September 2024
and analysed for physicochemical and microbiological parameters using an automated analyser (Lactoscan SP) and
standardised laboratory methods. Associations between environmental evaporation and milk quality parameters were
assessed using simple linear regression models. TThe results showed significant associations between environmental
evaporation and pH, fat, protein, total solids, solids-not-fat, somatic cell count, and cryoscopy (p < 0.05), whereas
density, lactic acid, temperature, and total bacterial count did not exhibit significant associations. A decreasing trend in
protein, fat, and total solids was observed at higher levels of environmental evaporation. In conclusion, environmental
evaporation emerges as a relevant climatic factor associated with the compositional quality of milk in tropical dairy
production systems.
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INTRODUCTION

Bovine milk is a food of high nutritional value whose
physicochemical and sanitary composition, including
fat, protein, total solids, and somatic cell count, is
determined by the interaction of genetic, nutritional, and
environmental factors, with the latter becoming increasingly
relevant in the context of global climate change (Boudalia
et al., 2021; Intergovernmental Panel on Climate Change
(IPCC),2021).

Environmental conditions play a pivotal role in shaping

productivity, animal health, and milk quality, particularly

in regions where climatic variability is pronounced and
challenging (Bernabucci ez al., 20105 Thornton ef al.,2022).
Fluctuations in environmental factors have been shown
to alter the nutritional profile of milk, with reductions
in protein, fat, and total solids frequently reported under
adverse climatic scenarios. Such changes compromise both

production stability and food safety (Nardone ¢z a/.,2010).

These characteristics make it a representative model for
understanding climate-related impacts on milk production
across similar tropical Amazonian contexts (Bernabucci
et al., 2010; Valdés Sienz et al., 2024). By contrast,
environmental evaporation emerges as a functional
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