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ABSTRACT 

The primary focus of dairy farming in the central region of Peru centers on producers. However, there is limited 

information on how different altitudinal zones, particularly during rainy and dry seasons, affect milk production. The 

present study aimed to investigate the effects of the rainy and dry seasons on the physicochemical properties of milk 

from Brown Swiss and Holstein cattle. A total of sixty cows were selected for the study, comprising 30 Brown Swiss 

and 30 Holstein. The study was conducted across two distinct seasons, including rainy and dry seasons. All animals 

received the same semi-intensive management and were fed ryegrass and balanced feed. Each animal provided 500 

ml of milk for analysis in the morning. The milk was transported at a temperature of 2 °C, where they were analyzed 

with the Lactoscan equipment to evaluate protein, lactose, fat, total solids, milk density, freezing point, salts, and 

pH. Significant differences were observed in the interaction between Brown Swiss and Holstein breeds across 

different seasons, including rainy and dry periods. Significant differences were observed in protein content, showing 

a positive effect in the interaction “rain: Brown” a value of 3.50 ± 0.36, while “rain: Holstein” showed 3.14 ± 0.05. 

Statistical differences were observed in the interactions for lactose content, with rain: Brown at 4.82% and dry: 

Holstein at 4.37%. Similarly, there were significant differences in fat content and total solids for rain interaction of 

rain: Holsten, and dry: Brown. Nevertheless, no differences were observed in terms of milk density, freezing point, 

salts, and pH. It is concluded that there was an influence of the interaction between breed physiology and seasonal 

conditions on milk composition. The results also highlight the impact of season-specific environmental factors on 

the quality of milk. 
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INTRODUCTION  

   

Climate affects the growth and quality of forage and feed crops. Droughts, floods, and extreme weather events can 

reduce the availability of high-quality feed, leading to lower milk production and altered milk composition. Dairy 

production holds a prominent position in global agribusiness, as it plays a crucial role in supplying essential nutrients for 

human nutrition (Britt et al., 2018; Godfrey et al., 2019), while also contributing to employment and income generation 

in numerous countries (Loos and Zeller, 2014; Garcia-Olarte et al., 2024a). Milk, as a cornerstone of the economic 

sector, is highly valued for its nutritional richness, providing essential nutrients crucial for growth, particularly during 

infancy, and supporting overall health (Barłowska et al., 2011). 

Ensuring food quality is paramount to guaranteeing food safety and safeguarding human health, while also 

maintaining the nutritional integrity of the food supply (Sachs, 2012; Hernandez et al., 2019; Kamboj et al., 2020). 

However, many producers lack the means to access or evaluate the nutritional or chemical composition of milk, 

especially in rural areas where production methods may be rudimentary and resources limited (Anstalt, 2013). 

The physicochemical composition of milk represents critical variables in assessing its quality (Rodriguez et al., 

2015; Guajardo et al., 2020; Garcia-Olarte et al., 2024b). Milk is a complex mixture of proteins, carbohydrates, fats, 

minerals, vitamins, and other constituents (Fox, 2008; Guetouache et al., 2014). Among various types of milk, cow's 

milk remains predominant (Vanga and Raghavan, 2018), with all milk varieties generally sharing identical constituents, 

albeit in different concentrations, basic nutritional elements, such as protein, fats, and minerals in all types of milk, the 

specific amounts of these components can differ significantly depending on the source and processing methods and 

especially the season (Ceballos et al., 2009). The chemical composition of specific elements and minerals commonly 

found in milk is of significant importance due to their absorption in the gut and subsequent biological utilization, these 
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components play essential roles in maintaining health, growth, and energy supply for consumers, including transport, 

assimilation into cells, and conversion into biologically systemic forms (Zamberlin et al., 2012).  

In Peru, while there are existing reports on the physicochemical properties of milk (Vilca and Oyarce, 2022), 

misinformation persists due to the diverse altitudinal zones, varied feeding practices, and differing temperature and 

humidity conditions across regions. It is noteworthy that the majority of producers in the central region of Peru primarily 

focus on cattle milk production (Wuletaw et al., 2011). However, there is lack of information on how altitudinal zones, 

particularly during rainy and dry seasons, impact milk production. This knowledge gap is significant given Peru's mega-

diverse environment characterized by highly variable climates. Recent studies emphasize the significant impact of 

climate, particularly the rainy and dry seasons, on milk production and composition in dairy cows (Narmilan et al., 

2021). Seasonal heat stress leads to reduced milk production, primarily due to decreased feed intake and altered 

metabolic processes (Wankar et al., 2021). Typically, milk production is higher during the cooler months. Additionally, 

genetic selection for heat-tolerant traits can enhance resistance to seasonal stress (Moore et al., 2023). Understanding the 

influence of seasons and breeds is crucial for optimizing milk production and improving the quality of dairy products. 

Therefore, the present study aimed to investigate the effects of the rainy and dry seasons on the physicochemical 

properties of milk from Brown Swiss and Holstein cattle in the central highlands of Peru. 

 

MATERIALS AND METHODS 

 

Ethical approval 

Explicit approval for the research procedures was granted under the official sanction of letter Nº 006-GRJ-DRA-

AAC-PERÚ-2023, dated September 25, 2023. Furthermore, the execution of all research protocols was conducted with 

due diligence and in full compliance with the explicit permission and authorization obtained from the pertinent 

overseeing authorities. The research was conducted in strict accordance with both international and national guidelines 

governing the ethical care and utilization of research animals. 

 

Study area 

The studies were conducted at the Mantaro Experimental Station, located in the Mantaro District, Jauja Province, 

in the Junín region of Peru (Figure 1). The station is located at an elevation of 3320 meters above sea level, with an 

average temperature ranging from 4°C to 8°C and an average precipitation of 749 mm (Senamhi, 2023). The research 

was carried out over two distinct periods of the year, namely the rainy season (April-June) and the dry season (July-

September, 2023).  

The Mantaro Experimental Station serves as a pivotal research site due to its strategic location within the Junín 

region, offering insights into the ecological dynamics and agricultural practices pertinent to the area. The station's 

altitude, coupled with its unique climatic conditions characterized by relatively low temperatures and moderate 

precipitation, makes it an ideal setting for studying the effects of seasonal variations on agricultural productivity and 

ecosystem functioning. 

 

Animal and study design 

Samples of milk (n = 60) were collected from 60 female cattle, comprising 30 Brown Swiss and 30 Holstein cows 

aged 6 years, all animals were from their fourth calving (Figure 2b). The animals were divided into two groups, 

including 15 for the rainy season and 15 for the dry season, for both breeds. Milk samples (500 ml) were collected once 

at 6:00 a.m. (Figure 2c). The animals were grazed on alfalfa (Figure 2a) and supplemented with commercial feed 

(Corina, Peru), which contained 14 % CP and 2.7 Mcal. Provided twice daily, in the morning before and evening after 

grazing. The feed was assessed at the Laboratory of Animal Nutrition of the Facultad de Zootecnia at the Universidad 

Nacional del Centro del, Perú. The physicochemical characteristics of the milk were evaluated with the Lactoscan 

(Figure 2e), which uses ultrasound methodology to determine temperature, fat content, density, fat solids, protein 

content, freezing point, salts, total solids, lactose, and pH (Figure 2f). 

 

Data collection 

For the laboratory analysis of milk samples, the following milk sample collected, an aliquot of approximately 

120ml was obtained using a sample holder for its corresponding analysis in the Lactoscan Model SP of Peru (Figure 2e). 

Before operating and running the samples with the lactoscan equipment, calibration, and configuration were carried out 

using cow milk samples considered as standards (Alinezhad et al., 2024). This operation was performed in triplicate to 

enhance the reliability and accuracy of the results. Once the equipment was calibrated and standardized, the physical-

chemical analysis of the samples was conducted, and the results and readings were visualized on a personal computer. It 
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is worth mentioning that the parameters and standards for milk collection were followed (Bardales et al., 2024). 

Sampling was carried out both in the morning and in the afternoon, depending on the milking and milk storage schedule, 

the distance from the livestock facilities, as well as the time of samples collection in the field. To analyze each milk 

sample values, such as fat, non-fat solids, density, lactose, protein, pH, total solids, freezing point, and salts were 

considered.  

 

Statistical analysis 

The analyzed data were recorded and organized in Microsoft Excel. Seasonal (rain and dry season) differences 

were performed using analysis of variance (ANOVA). A comparison test was then performed. Values of p < 0.05 were 

considered significant and all statistical analyses were performed using CRAN R software  (Team et al., 2018). 

 

 
Figure 1. Location of study in Peru, specifically in the Junín region and within Junín, the research focused on El 

Mantaro, located in the province of Jauja 

 

 
Figure 2.  Methodology procedure for data collection. a: Grazing forage, b: Research animals, c: Milk samples, d: Refrigeration 

for sample transport, e: Lactoscan, f: Sample analysis. 
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RESULTS  

 

In Graph 1, significant differences in the interaction between Brown Swiss and Holstein breeds and seasons (rainy and 

dry) are evident (p < 0.05). Variations are noticeable in the protein content (%), with the rain: Brown interaction showing 

a value of 3.50 ± 0.36 %, whereas rain: Holstein displayed 3.14 ± 0.05 %. Additionally, differences between the rainy 

and dry seasons, with values of 3.32 ± 0.31% and 2.77 ± 0.35%, respectively, were observed. In terms of lactose content 

(%), significant statistical differences were observed, with higher yields during the rainy season. The values were 4.83 ± 

0.23 for rain: Brown and 4.73 ± 0.23 for rain: Holstein, respectively. However, there were statistical differences between 

dry: Brown and dry: Holstein with 4.37 ± 0.20 and 4.14 ± 0.10, respectively (p < 0.05). Furthermore, statistical 

differences were observed between the rainy and dry seasons, with values of 4.78 ± 0.23% and 4.26 ± 0.19%, 

respectively (p < 0.05). Regarding fat content (%), significant differences are also found in the rain: Brown and rain: 

Holstein" interactions with values of 4.04 ± 1.15 and 3.92 ± 1.13, respectively, as well as in "dry: Brown" and "dry: 

Holstein with 2.74 ± 0.59 and 2.89 ± 0.70, respectively (p < 0.05). As for total solids, slight differences are observed 

between the rain: Brown and rain: Holstein interactions, with values of 13.43 ± 0.87% and 12.87 ± 1.01%, respectively, 

and similarity between dry: Brown and dry: Holstein, with values of 12.87 ± 1.01% and 11.48 ± 0.48%, respectively. 

Additionally, significant differences between rainy and dry seasons are noted, with values of 13.15 ± 0.97% and 11.72 ± 

1.11%, respectively (p < 0.05).  

Regarding density percentage, as detailed in Table 1, no statistically significant differences were observed, 

suggesting a similar behavior for both the interaction between breeds and seasons (p > 0.05). Concerning non-fat solids 

(%), similarities were found between the rain: Brown and rain: Holstein interactions, with values of 9.07 ± 0.77% and 

9.08 ± 0.97%, respectively; similarly, similarities were observed between the dry: Brown and dry: Holstein interactions, 

with values of 8.01 ± 0.67% and 8.29 ± 0.49%, respectively. Regarding freezing point, salts, and pH, no significant 

differences were detected in the interactions between breeds and seasons (p > 0.05).  

 

 
Graph 1. Averages of protein, lactose, fat, and total solids in the interaction of cow's milk with rainy and dry seasons, 

and breed (Brown Swiss, and Holstein) in Perú. Equal letters do not show significant differences (p > 0.05) 
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Table 1. Mean physicochemical yields of milk in two breeds (Brown Swiss, and Holstein), and seasons (rainy and dry) 

Performance 
Rainy season Dry season P-value 

Brown Swiss Holstein Brown Swiss Holstein  

Physicochemical      

Density (%) 

Non-fat solids (%) 

Freezing point 

Salts (%) 

pH 

1.0296 ± 0.0034a 

9.07 ± 0.77a 

-0.56 ± 0.03a 

0.69 ± 0.05a 

6.51 ± 0.29a 

1.0292 ± 0.0039a 

9.08 ± 0.97a 

-0.53 ± 0.03a 

0.66 ± 0.04a 

6.60 ± 0.19a 

1.0309 ± 0.0036a 

8.01 ± 0.67b 

-0.57 ± 0.04a 

0.72 ± 0.05a 

6.78 ± 0.09a 

1.0308 ± 0.0035a 

8.29 ± 0.49b 

-0.57 ± 0.05a 

0.73 ± 0.08a 

6.77 ± 0.41a 

0.5581 

0.0021 

0.0923 

0.0832 

0.0721 
a,b Equal superscript letters in the same row do not differ significantly from each other at 95%. 

 

DISCUSSION 

 

Regarding protein (%), superior results were observed during the rainy season for both cow breeds. According to Toni et 

al. (2011) and Morton et al. (2016), protein percentage values ranged from 3.0 to 3.2% in Holstein cow's milk and 

reached 3.5% in Brown Swiss cow's milk. These values were recorded 7 days postpartum in cows fed concentrate-based 

diets. Similarly, Yang et al. (2013), reported milk protein values of 3.10 %, in Holstein, and 3.51 % for Brown Swiss 

cows fed a concentrated diet meeting their nutritional needs and undergoing seasonal changes. These similarities stem 

from the use of Holstein breeds and a concentrated feeding system tailored to the animals’ requirements, along with 

samples collected from adult cows experiencing seasonal variations between rainy and dry periods. The lactose 

percentages (4.78%) are similar to those reported by Costa et al. (2019), who compiled data from several countries, 

including New Zealand, Ireland, the United States, and Canada. The findings indicated that lactose percentages range 

from 4% to 4.9%, reflecting a standard expectation for lactose content in Brown Swiss and Holstein breeds. Regarding 

fat %, noticeable differences between seasons exist, with values of 3.98 ± 1.11 % for rainy (Brown Swiss) and 2.81 ± 

0.63 % (Holstein) for dry. These values slightly exceed those reported by Toni et al. (2011), who found milk fat results 

of 3.91% in Holstein. The variance could be attributed to dietary intake differences, with the current research utilizing 

grazing with alfalfa compared to solely concentrated feed. The disparity between the rainy season's impacts on Brown 

and Holstein breeds is attributed to breed physiology (Golan and Assaraf, 2020), with Brown Swiss showing higher 

nutrient content than Holstein  (Stocco et al., 2018). Holstein breed characteristics are more reflected in milk quantity 

(Braunschweig et al., 2000). Differences observed between rainy and dry seasons could be attributed to better quality and 

quantity of green forage during the rainy season, a significant factor in milk production compared to the dry season, 

where feed scarcity occurs. 

In milk density, freezing point, salts, pH, and uniformity in milk composition no notable differences were observed 

between breeds and seasons, that could be attributed to various factors. Firstly, physiological stability may have 

influenced it, given that the studied animals were of similar ages (Pereira et al., 2008; Madhusoodan et al., 2019). 

Additionally, genetic adaptations could have played a significant role; being native to the study region (Casey and Van 

Niekerk, 1988), cows likely developed inherent resistance to abrupt changes in temperature and climate (Sutarno and 

Setyawan, 2016). Furthermore, consistent management and nutrition practices may have contributed to maintaining 

uniformity in milk composition (Zhou et al., 2022). All animals were fed and managed consistently, minimizing 

potential variations in milk quality (Zhu et al., 2018). Measures (similar management, feeding, milking machine, 

personnel, and sanitation) were implemented to control environmental factors that could have influenced the results, 

ensuring a controlled environment for the study. These combined factors likely contributed to maintaining stability in 

milk quality in terms of density, freezing point, salt content, and p/ for both Brown Swiss and Holstein cows, during the 

two seasons of the year. 

 
CONCLUSION  

 

The results reveal significant differences in protein, lactose, fat, and total solids contents between Brown Swiss and 

Holstein breeds, as well as between rainy and dry seasons. These disparities reflect the influence of the interaction 

between breed physiology and seasonal conditions on milk composition. Furthermore, they underscore the impact of 

environmental factors specific to each season on milk quality. Uniformity (density percentage, freezing point, salts 

percentage, and pH) in milk composition suggests stability influenced by factors, including physiological similarities, 

genetic adaptations, consistent management practices, and controlled environmental conditions. The obtained results 

underscore the resilience and consistency of milk quality in both breeds across the different seasons. It is recommended 

to conduct a study on the other breeds, such as Simmental, which has recently seen a rise in breeding in the central 

region of Peru. 
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