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In the Peruvian tropics, crossbreeding occurs between Bos taurus cattle, such as Brown Swiss (BS), Holstein (H), and Jersey (J), and Bos indicus cattle, such as Brahman (B) and Gyr (G). However, these cattle are exposed to high temperature humidity indices (THI). The aim was to evaluate variations in milk components, blood parameters of cows, and weight gain of calves in pasture-based production systems with mixed approaches along an altitudinal gradient. Six cows and six calves were evaluated at altitudes of 170, 503, 661, and 1110 m. Cattle experience higher heat stress in monoculture pasture areas; however, silvopastoral areas and altitudinal gradients mitigate this stress. The fat content in the milk of BSxJ cows showed significant differences (CI: 95%), with lower values; glucose and hemoglobin in their blood exhibited strong positive and negative correlations (p<0.05) with THI. At 661 m, the milk from GxH cows had higher values of fat, solids, density, protein, and salts, which were associated with better chemical properties of the pastures. Blood electrolytes Cl- and Na+ tended to be higher in BSxG cows, while Na+ levels were lower in GxH cows. However, red blood cells and hemoglobin were higher in GxH cows and lower in cows crossed with BS. In calves, the highest weight gains at lower altitudes were observed in BSxB crosses, while at higher altitudes, GxH crosses showed the greatest gains, likely associated with better production management.
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1 Introduction


The production of cattle (B. taurus and B. indicus) in the Peruvian Amazon has experienced significant expansion, increasing from 5 million to more than 70 million head since the 1960s (Veiga et al., 2002). Initially, Criollo cattle were introduced during the Spanish conquest (Encina Ruiz et al., 2021). Later, breeds such as H and BS were incorporated, but they faced adaptation challenges due to heat stress in the tropical climate, resulting in low reproductive performance (García et al., 1990). Despite these challenges, cattle farming in the Peruvian Amazon has become a significant economic activity for small and medium-sized farmers (Loker, 1993; Murga et al., 2018).


Heat stress affects the welfare of cattle. Calves are born with lower birth weight, compromised immune function, and reduced growth rates (Tao et al., 2019; Dahl et al., 2016; Collier et al., 1982). In adulthood, fertility and milk production are affected (Monteiro et al., 2016). During lactation, heat stress not only reduces milk production and composition but also affects blood biochemical parameters. It has been shown to impact protein content and casein concentration in milk (Guo et al., 2018; Cowley et al., 2015), as well as blood metabolites, including amino acids, glucose, and lipids (Saeed et al., 2021; Yue et al., 2020). These negative effects cause reduced dry matter intake, metabolic disruptions, and reproductive impairment (Wang et al., 2020). Mitigation strategies include genetic improvements, environmental adjustments, and nutritional management (Wang et al., 2020; Baccouri et al., 2023).


Currently, cattle farmers in the Peruvian Amazon raise genetically improved cattle by crossing breeds such as BS, B, G, H, J, and F as they offer advantages over purebred animals. These crosses have demonstrated higher meat and milk yields and faster adaptation to various climatic zones (Galukande et al., 2013). In particular, HxG and HxB crosses offer better productivity and economic returns than pure H breeds (Vargas-Leitón et al., 2024), while HxBS crosses show greater reproductive efficiency and adaptability to heat stress (El-Tarabany et al., 2016).


The Peruvian Amazon lies along an altitudinal gradient ranging from 80 to 1,800 m above sea level. Along this gradient, farming systems vary in their climatic conditions, which influence tree and pasture biodiversity and, consequently, decisions regarding cattle breed selection based on altitude adaptation. Studies show that pasture biomass and yield follow a unimodal pattern along the altitudinal gradient, with optimal conditions at mid-altitudes (Yuan Jiang et al., 2004; Wang et al., 2012). Furthermore, the yield, quality, structure, and biodiversity of pastures vary along the altitudinal gradient, affecting cattle nutrition (Yuan Jiang et al., 2004; Samfira et al., 2010). Rumen bacteria are influenced by the altitudinal gradient, with significant differences between cattle from high and low altitudes (Wu et al., 2020; Yang et al., 2023). Similarly, the altitudinal gradient affects cattle’s physiological responses, including respiratory and pulse rates (Hermawansyah et al., 2021).


Livestock farms in the Peruvian Amazon follow a mixed approach, with areas under monoculture pasture and areas under silvopasture. Monoculture pasture areas lead to soil degradation, reduced crop yields, and increased phytosanitary problems (Belete and Yadete, 2023). Therefore, they should transition towards exclusively silvopastoral systems for greater sustainability. Silvopastoral systems promote biodiversity and soil conservation while providing shade, thereby reducing heat stress in livestock (Cubbage et al., 2012; Peri et al., 2016), as trees offer a more comfortable thermal environment by regulating microclimatic conditions (Da Silva Morenz et al., 2024; Goncherenko et al., 2024). In addition, they improve forage yield, nutritional quality, and animal productivity (Manriquez-Mendoza et al., 2011). These systems are promising for mitigating climate change and offer sustainable alternatives to conventional livestock farming (Montagnini et al., 2013; Peri et al., 2016).


It is essential to understand animal responses to heat stress on farms with a mixed approach, in order to manage the sustainability of livestock farms, taking into account factors such as genetics and animal welfare in relation to the altitudinal gradient in the Peruvian Amazon. This study hypothesizes that calf growth, milk components, and blood parameters of cows vary depending on cattle breed crosses, the chemical composition of pastures, and the THI along the altitudinal gradient. The objective was to evaluate variations in milk components, blood parameters of crossbred cows, and calf weight gain in mixed silvopastoral systems along the altitudinal gradient of the Peruvian Amazon.






2 Materials and methods





2.1 Location of the study area


The study was conducted from March 2023 to February 2024 in the Peruvian Amazon, across an altitudinal gradient ranging from 100 to 1,200 m. Within this gradient, 24 cattle farms were located across four districts. In the Loreto region, the district of Yurimaguas at 170 m, and in the San Martin region, the districts of Cuñumbuqui at 503 m, Zapatero at 661 m, and Calzada at 1,110 m. In each district, six cattle farms were geolocated using a Garmin 65S GPS (
Figure 1
).


[image: Map of Peru showing the regions of Loreto and San Martín, highlighting specific areas: Yurimaguas, Zapatero, Cuñumbuqui, and Calzada. Each inset map shows altitude variations with Yurimaguas (30-284 masl), Zapatero (237-1553 masl), Cuñumbuqui (206-1353 masl), and Calzada (699-1425 masl). Orange circles indicate mixed silvopastoral systems. A legend identifies each area with colored markers.]
Figure 1 | 
Map showing the location of experimental farms in the districts of Yurimaguas (170 m), Cuñumbuqui (503 m), Zapatero (661 m), and Calzada (1,110 m) in the Loreto and San Martin regions.




The climatic characteristics of the altitudinal gradient vary significantly between lower and higher altitudes. In Yurimaguas, between 1990 and 2019, the average monthly temperature in July drops to 25.5°C, while in September and October, it reaches 27°C. As for monthly precipitation, it decreases to 100 mm in August, while in May it reaches 280 mm (Murga-Orrillo et al., 2024). In contrast, in Calzada, the average monthly temperature in July decreases to 22°C, while in October, it reaches 23.5°C. Additionally, monthly precipitation in August is 70 mm, rising to 180 mm in February (SENAMHI-Servicio Nacional de Meteorología e Hidrología del Perú, 2024).






2.2 Temperature-humidity index


For the THI estimations between monoculture and silvopastoral areas of the farms, temperature and humidity data from 8 portable stations (HUNAN Rika, RK900-05, China) were used, with two stations located in each district (
Table 1
).



Table 1 | 
Latitude (Φ), longitude (λ), and altitude (φ) of the portable station locations.





	District

	Φ (°)

	λ (°)

	φ (masl)

	Condition






	Yurimaguas
	5.905814
	76.178019
	170
	Silvopastoral



	5.974249
	76.172438
	157
	Monoculture



	Cuñumbuqui
	6.524987
	76.515568
	571
	Silvopastoral



	6.514662
	76514662
	572
	Monoculture



	Zapatero
	6.602583
	76.487449
	652
	Silvopastoral



	6.509388
	76.538333
	648
	Monoculture



	Calzada
	6.04472
	77.053862
	1112
	Silvopastoral



	6.041470
	77.048273
	1009
	Monoculture










For determining the THI for the 24 farms, daily temperature was estimated following Equation 1 proposed by Murga-Orrillo et al. (2023), using latitude (Φ), and altitude (φ) (
Table 2
). Additionally, the astronomical day length Equation 2, sunset angle Equation 3, and solar declination angle Equation 4 were used, based on the Julian days of the evaluation period. Relative humidity data were obtained from SENAMHI meteorological stations with influence in the study area: for Yurimaguas, from the San Ramon Agricultural Experimental Station (5.93°S, 76.1°W, at 184 m); for Cuñumbuqui and Zapatero, from the Tarapoto Station (6.47°S, 76.36°W, at 356 m); and for Calzada, from the Soritor Station (5.1°S, 77.1°W, at 870 m).



Table 2 | 
Latitude (Φ), longitude (λ) and altitude (φ) of 24 cattle farms.





	District

	Φ

	λ

	φ

	Cow

	Milk

	Calf

	Herd

	Ranch

	Paddocks




	°

	masl

	Breed

	Age

	Calving

	L/day

	Sex-Breed

	und

	ha






	Yurimaguas (170 m)


	5.94
	76.14
	155
	BSxH
	8
	6
	7
	M1-BSxGxH
	42
	27
	12



	5.91
	76.18
	170
	BSxG1
	9
	7
	0*
	M2-BSxBxG
	47
	25
	7



	5.98
	76.19
	178
	BSxG2
	7
	3
	5
	F1-BSxGxH
	66
	25
	6



	5.97
	76.17
	157
	BSxG3
	12
	5
	5
	F2-BSxG
	31
	20
	5



	5.89
	76.2
	192
	GxH1
	7
	4
	4
	M3-BSxGxH
	76
	87
	8



	5.89
	76.19
	169
	BSxB
	8
	6
	3
	F3-BSxB
	19
	16
	5



	Cuñumbuqui
(503m)
	6.53
	76.52
	373
	GxH2
	7
	3
	10
	F1-GxH
	29
	20
	7



	6.52
	76.52
	571
	BSxG4
	7
	3
	10
	M1-BSxG
	35
	23
	5



	6.54
	76.48
	554
	GxH3
	5
	2
	10
	M2-BSxGxH
	69
	72
	13



	6.51
	76.51
	466
	GxH4
	8
	4
	10
	F2-GxH
	55
	74
	25



	6.52
	76.5
	466
	BSxJ1
	5
	2
	8
	M3-BSxGxJ
	23
	29
	14



	6.55
	76.49
	483
	BSxJ2
	5
	2
	8
	F3-BSxBxJ
	21
	18
	10



	Zapatero
(661 m)
	6.51
	76.54
	648
	GxH5
	5
	3
	10
	F1-GxH
	62
	90
	17



	6.55
	76.51
	724
	GxH6
	4
	2
	10
	M1-GxH
	91
	80
	13



	6.55
	76.52
	651
	GxH7
	5
	3
	8
	M2-GxH
	33
	40
	9



	6.61
	76.49
	637
	GxH8
	4
	2
	9.5
	M3-GxH
	94
	50
	12



	6.61
	76.49
	637
	GxH9
	5
	3
	8
	F2-GxH
	52
	50
	12



	6.6
	76.49
	652
	GxH10
	5
	3
	8
	M4-GxH
	52
	40
	9



	Calzada
(1110 m)
	6.04
	77.05
	1112
	BSxG5
	5
	2
	8
	M1-BSxG
	6
	6
	10



	6.04
	77.1
	1035
	BSxG6
	7
	3
	6
	M2-BSxG
	13
	11
	20



	6.05
	77.1
	1260
	BxH1
	7
	3
	6
	F1-BxGxH
	11
	11
	12



	6.04
	77.05
	1009
	GxH11
	8
	4
	8
	F2-GxH
	51
	20
	10



	6.04
	77.09
	1138
	GxH12
	8
	4
	8
	F3-GxH
	42
	50
	20



	6.08
	77.07
	1104
	BxH2
	7
	3
	6
	F4-BxFxH
	30
	15
	20







BS, Brown Swiss; B, Brahman; G, Gyr; H, Holstein; J, Jersey y; F, Fleckvieh. F1, female 1; F2, female 2; F3, female 3; F4, female 4; and M1, male 1; M2, male 2; M3, male 3.

*loose calf.
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Where: DAT= daily average temperature (°C), φ = altitude (masl), Ω= astronomical length of day (h/day), H= hourly angle of sunrise or sunset (degrees), Φ= latitude (degrees), δ= sun declination angle (degrees), jd= Julian days.


The daily THI was calculated using the equation Equation 5 proposed by the National Research Council (US) (1971). Thermal stress was then classified according to Collier et al. (2011): THI<68, no stress; 68≥THI<72, mild stress; 72≥THI<78, moderate stress; 78≥THI<82, high stress; and THI>82, very high stress.
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Where: THI - Temperature-Humidity Index, T - daily temperature (°C), RH - relative humidity (%).






2.3 Systems with a mixed approach


The 24 farms were identified as systems with a mixed approach, with areas managed under silvopasture and areas of monoculture with Brachiaria spp. On each farm, a paddock was selected where tree families and pasture species were recorded. In the silvopastoral areas, tree canopy cover was moderate (30%), allowing sufficient light for pasture growth.






2.4 Sample collection and chemical analysis of B. brizantha



Ten subsamples of grasses were collected from the diagonals of the total area of the evaluated paddock. Each subsample was taken from 1 m2, which were mixed to obtain a single sample of 200 g per field, obtaining 24 samples. These samples were placed in a hot air oven (KertLab, ODHG-9070A) at 60°C for 3 days, until a constant weight was obtained, from which, by differences in fresh and dry weight, the moisture content of the sample was determined. Then the dry samples were ground, where 20 g of pulverized grass were treated in the laboratory, where the protein was determined by the Kjeldahl (1883), the fat was extracted with petroleum ether, while the crude fiber was obtained by differences in weight of the digestion of sulfuric acid and sodium hydroxide, the ash was obtained by calcination between 550 to 600°C, according to the AOAC-Association of Oficial Analytical Chemists (1990). On the other hand, nitrogen free extract (NFE) was obtained by calculating the difference between 100% and the percentage sum of moisture, protein, lipids, fiber and ash.






2.5 Animals


On each of the 24 farms, one lactating cow and her calf were selected from the herd, based on healthy appearance and most visible phenotype. A total of 48 animals were evaluated, consisting of 24 cows and their calves — 12 female and 12 male calves. Both cows and calves were crossbreeds of Brown Swiss, Brahman, Gyr, Holstein, Jersey, and Fleckvieh breeds (
Table 2
). Herd rotation in the paddocks generally occurred on a monthly basis. The cattle were fed exclusively on pasture, except in Yurimaguas, where concentrate feed was used as a supplement for lactating cows. Milk sampling and calf weighing were carried out every 15 days, while blood sampling from cows was conducted monthly. All sampling was performed between 5:00 and 6:00 a.m. in the barn.





2.5.1 Evaluation of calf weights


The calves evaluated were aged between 1 and 5 months at the beginning of the evaluations. Weights were recorded before milking using a bovine tape with a ring (Inalmet), following the methodology of Alvarado-Bolovich et al. (2021).






2.5.2 Milk collection and chemical analysis


Prior to sample collection, the udder and teats were washed and dried. Milking was mostly manual and once a day. The samples were 500 ml obtained in the middle of milking, which were analyzed in the Milkotester LTD Eco-45920 equipment, where fat, solids, density, freezing point, protein, lactose, salts and pH were determined, with three readings of the same sample for data generation. Milk was classified according to lactation cycle, as early, peak, post-peak, mid, late and beginning of dry period, considering what was proposed by Ternman et al. (2019).






2.5.3 Blood sample collection and biochemical analysis


The samples were 10 ml of blood collected in two vacutainer tubes from the coccygeal vein by venipuncture, where one tube contained EDTA, according to Najarnezhad Mashhadi et al. (2009). Subsequently, they were transferred to the laboratory in cold chain in 5 L coolers at 5°C. In the laboratory, chemical analysis was performed to determine glucose, cholesterol, triglycerides, protein, urea, albumin and globulin by photometry in the Biolab analyzer, AS-160, following the methodology of Clariget et al. (2021). Also, blood electrolytes Na+, Cl- and K+ were determined using electrode potentiometry according to the methodology of Clariget et al. (2021). In addition, hematological tests were performed by high-speed refrigerated microcentrifugation with the CFGR-B16.5B/CFGR-17B analyzer (Infitek Co. Ltd., Shandong, China). Blood serum was kept at -20°C for counting red blood cells, hemoglobin, platelets, using Dymind equipment, DH36 with electrical impedance method, flow cytometry, spectrometry, following the methodology of Windberger et al. (2023).







2.6 Data analysis


The data on biochemical compounds in pastures did not show homogeneity of variance or a normal distribution; therefore, a median comparison analysis (p<0.05) was conducted using the Kruskal-Wallis test. In contrast, the data on calf weights showed homogeneity of variance and a normal distribution, so a regression analysis was performed (p<0.05). Principal Component Analysis (PCA) was carried out for the milk variables, grouping them by altitude, cow breed, lactation cycle, and heat stress. For the factors that showed the greatest clustering in the PCA, a boxplot analysis was conducted. On the other hand, the blood data presented homogeneity of variance and a normal distribution, so ANOVA and a means test (p<0.05) were performed using the Scott-Knott method. Also, we searched for crosses of cows whose milk components and blood parameters showed a significant association (p<0.05) with THI, using Pearson’s correlation analysis. The correlation coefficient (r) was classified as perfect (|r|= 1), very strong (0.8 ≤ |r| < 1), strong (0.6 ≤ |r| < 0.8), moderate (0.4 ≤ |r| < 0.6), weak (0.2 ≤ |r| < 0.4) and insignificant (|r| < 0.2) (Murga-Orrillo et al., 2024). These analyses were performed using the packages readr, FactoMineR, factoextra, ggplot2, tidyverse, ggpubr, car, grid, patchwork, gridExtra, RColorBrewer, ExpDes.pt, ggpubr, ggthemes, corrplot, seriation and the Rstudio starter packages (R Core Team. 2024).


3 Results<u>3.1 Systems with a mixed approach</u>The farm areas were established with 80% in monoculture pasture and 20% in silvopastoral systems. In the monoculture areas, more than 95% consisted of the genus Brachiaria, with Brachiaria brizantha dominating at 80%, followed by Brachiaria decumbens and Brachiaria humidicola at 10% each. Across all farms, the grasses recorded included Axonopus compressus, B. brizantha, B. decumbens, B. humidicola, Brachiaria mutica, Homolepis aturensis, Paspalum virgatum, Panicum maximum, Pennisetum purpureum, Pennisetum sp., and Tripsacum laxum, as well as legumes like Centrosema macrocarpum, Pueraria phaseoloides, and other forages like Tithonia diversifolia, with little variation across the altitudinal gradient. The tree families present included 82%, with the breakdown as follows: Apocynaceae (6%), Asteraceae (14%), Fabaceae (14%), Malvaceae (10%), Melastomataceae (6%), Rubiaceae (5%), Rutaceae (3%), Sapindaceae (4%), and Simaroubaceae (20%), with the greatest number of families found at 170 m.


Livestock production in the Peruvian Amazon is constantly exposed to high THI values, particularly on sunny days, which affects cattle behavior (
Figure 2
). Between 5 and 6 a.m., after milking, the cows leave the barn for the monoculture pasture areas, where they graze until 11 or 12 p.m. (
Figure 2A
). However, due to heat stress, the cows seek microclimatic comfort under the trees in the silvopastoral areas, staying there between 12 and 4 p.m., where THI values and solar radiation are lower (
Figures 2B–D
). In the silvopastoral areas, cows also graze but mainly rest and ruminate. Then, between 5 and 6 p.m., they return to the barn, repeating this cycle every day (
Figure 2
).


[image: A) Cows grazing in a monoculture pasture. B) Box plots show THI and solar radiation levels for monoculture and silvopastoral areas. C) Cows beneath trees in a silvopastoral setting. D) Timeframes indicated: 7 to 12 hours for monoculture, 12 to 16 hours for silvopastoral.]
Figure 2 | 
Cattle dynamics in mixed silvopastoral systems. (A) areas in monoculture, (B) temperature humidity index (THI), (C) solar radiation, (D) areas in silvopasture, at 170, 503, 661 and 1110 m altitude.








3.2 Chemical analysis of pastures


The chemical composition of B. brizantha is shown in 
Figure 3
, where the medians were subjected to the Kruskal-Wallis test (p<0.05). In 
Figure 3A
, the fat content of B. brizantha from 661 m showed a significant difference, with higher values compared to the fat content from 170 m and 1110 m. Regarding protein content (
Figure 3B
) and nitrogen-free extract (NFE) content (
Figure 3E
), the medians did not present significant differences when compared across altitudinal origins. The fiber content analysis (
Figure 3C
) of B. brizantha at 170 m showed significant differences, with higher values compared to 661 m and 1110 m. Meanwhile, the ash content in 
Figure 3D
 showed significant differences, with B. brizantha from 503 m, 661 m, and 1110 m presenting higher values compared to B. brizantha from 170 m. For moisture content (
Figure 3F
), all the medians showed significant differences from each other.


[image: Box plots showing the percentage of fat, protein, fiber, ash, NFE, and moisture across different groups labeled as 170, 503, 661, and 1110. Statistical significance is indicated in panels A (fat), C (fiber), D (ash), and F (moisture) using the Kruskal-Wallis test with p-values provided.]
Figure 3 | 
Medians of fat (A), protein (B), crude fiber (C), ash (D), NFE-nitrogen free extract (E) and moisture (F) of B. brizantha from 170, 503, 661 and 1110 m, subjected to Kruskal-Wallis test (p<0.05). *significant, **highly significant.








3.3 Calf weight




Figure 4
 presents the regressions (p<0.05) for the weight of female (F1, F2, F3 and F4) and male (M1, M2 and M3) calves. The regressions were adjusted to linear models, with a very good fit (0.8 ≤ R²adj < 1) or good fit (0.6 ≤ R²adj < 0.8). These models were used to estimate accumulated weight gains over an eight-month period. At 170 m (
Figure 4A
), the females F1-BSxGxH, F2-BSxG, and F3-BSxB reached weights of 82.4, 115.0, and 284.0 kg, respectively, while the males M1-BSxGxH, M2-BSxBxG, and M3BSxGxH reached 114.8, 282.0, and 201.0 kg. Similarly, at 503 m (
Figure 4B
), the females F1-GxH, F2-GxH, and F3-BSxBxJ reached weights of 144.0, 120.8, and 250.0 kg, while the males M1-BSxG, M2-BSxGxH, and M3-BSxGxJ reached 157.0, 139.0, and 64.0 kg. At 661 m (
Figure 4C
), the females F1-GxH and F2-GxH weighed 96.8 and 123.0 kg, respectively, while the males M1-GxH, M2-GxH, M3-GxH, and M4-GxH reached 250.0, 151.0, 151.0, and 143.0 kg. Finally, at 1110 m (
Figure 4D
), the females F1-BxGxH, F2GxH, F3-GxH, and F4-BxFxH reached weights of 115.0, 179.0, 177.0, and 70.4 kg, while the males M1-BSxG and M2-BSxG reached 188.0 and 70.4 kg, respectively. These results indicate that at lower altitudes (170 and 503 m), cattle are raised for both meat and milk production, whereas at higher altitudes (661 and 1110 m), cattle are primarily raised for milk production.


[image: Four scatter plots labeled A, B, C, and D show livestock weight against months at different elevations: 170, 503, 661, and 1110 meters above sea level. Each plot has various colored lines representing different sex-breed combinations, with equations and R-squared values indicating trend lines. The weight increases across months, with differences in gradients and intercepts among graphs based on altitude and sex-breed. Legends identify the symbols and colors for each combination, showing variations in growth rates and weights.]
Figure 4 | 
Linear regression models (p<0.05) of crossbred calf weights at altitudes 170 m (A); 503 m (B); 661 m (C); 1110 m (D). BS, Brown Swiss; B, Brahman; G, Gyr; H, Holstein; J, Jersey and F, Fleckvieh. F1, female 1; F2, female 2; F3, female 3; F4, female 4; and M1, male 1; M2, male 2; M3, male 3.








3.4 Milk components




Figure 5
 presents the PCA of the milk components from cows of breeds BSxB, BSxG, BSxH, BxJ, BxH, and GxH, which explains 79.4% of the data variability (Dim1 and Dim2). In 
Figure 5A
, Dim1 (65.9%) of the PCA groups data from BSxJ cows, associated with the freezing point vector, contrasting with the data from BSxB, BSxG, BSxH, BxH, and GxH cows, which do not show a clear relationship with the other vectors. Meanwhile, in Dim2 (13.5%), the PCA groups data from BSxH cows associated with the pH vector, distinguishing them from GxH cows, which group data associated with the fat vector. When grouped by altitude, in the same PCA, Dim1 (
Figure 5B
) shows that the data from 661 m are grouped with the fat, total solids, salts, and protein vectors, differentiating from 503 m, where the data are grouped with the freezing point vector. On the other hand, in Dim2, at 170 and 1110 m, the data are grouped with the pH vector, distinguishing from 661 m, where the data are grouped with the fat vector. Regarding heat stress and lactation cycles, the PCA did not present clear grouping patterns (
Figures 5C, D
).


[image: Four scatter plots labeled A, B, C, and D show a principal component analysis with dimensions one and two representing 65.9% and 13.5% variance, respectively.   A) Displays data by breeds: BSxB, BSxG, BSxH, BSxJ, BxH, GxH.  B) Segregates data by altitude levels: 1110, 170, 503, 661 meters above sea level.  C) Differentiates by stress levels: high, moderate, and very high.  D) Categorizes by lactation stages: early-dry, late, mid, and post-peak.  Each plot includes vectors for pH, Fat, Density, Solids, Salts, Protein, Lactose, and FP.]
Figure 5 | 
Principal component analysis (PCA) of milk composites; for factors BSxB; 706 BSxG; BSxH; BxJ; BxH and GxH cows (A); at 170; 503; 661 and 1110 m (B); 707 heat stress (C); lactation cycle (D). BS, Brown Swiss; B, Brahman; G, Gyr; H, Holstein and J, Jersey.




The median values of the milk components from the evaluated cows, based on crossbreed type, are presented in 
Table 3
. Significant differences (CI: 95%) were determined for fat percentage, with lower values in BSxJ cows compared to BSxB, BSxG, BSxH, BxH, and GxH cows. BSxJ cows also showed lower values in total solids, protein, lactose, and salts, though the upper range of the confidence interval remained within the values observed in BSxB, BSxG, BSxH, BxH, and GxH cows.



Table 3 | 
Medians and confidence intervals (CI:95%) of the milk components of cows.





	Cow

	Breed

	Fat

	Solid

	Protein

	Lactose

	Salts

	Density

	FP

	pH




	%

	g/cm

	°C






	1
	BSxB
	
3.05

	
8.65

	
3.15

	
4.7

	
0.7

	
1.03

	
-0.55

	6.85



	n=6
	(1.49; 3.66)
	(7.44; 9.09)
	(2.71;3.30)
	(4.11;4.99)
	(0.60; 0.70)
	(1.02;1.03)
	(-0.59; -0.50)
	(6.60; 6.99)



	6
	BSxG
	
2.5

	
9

	
3.3

	
4.9

	
0.7

	
1.03

	
-0.57

	
6.7




	n=34
	(0.50; 4.00)
	(7.83; 10.71)
	(2.83; 4.15)
	(4.47; 6.17)
	(0.60; 0.81)
	(1.03; 1.04)
	(-0.81; -0.52)
	(6.37; 7.17)



	1
	BSxH
	
1.2

	
8.35

	
3

	
4.6

	
0.62

	
1.03

	
-0.52

	
6.7




	n=6
	(0.91; 2.54)
	(8.10; 8.40)
	(2.90; 3.00)
	(4.40; 4.60)
	(0.60; 0.63)
	(1.03; 1.03)
	(-0.53; -0.51)
	(6.61; 6.80)



	2
	BSxJ
	
0.9

	
3.55

	
1.3

	
1.95

	
0.53

	
1.02

	
-0.2

	
6.5




	n=12
	(0.50; 1.17)
	(2.11; 9.77)
	(0.73; 3.47)
	(1.40; 5.17)
	(0.23; 0.72)
	(1.01; 1.04)
	(-0.59; -0.13)
	(6.50; 6.67)



	2
	BxH
	
2

	
9.2

	
3.35

	
5

	
0.71

	
1.03

	
-0.58

	
6.7




	n=10
	(0.85; 3.12)
	(8.40; 9.60)
	(3.10; 3.50)
	(4.60; 5.20)
	(0.68; 0.75)
	(1.03; 1.03)
	(-0.61; -0.56)
	(6.10; 6.70)



	12
	GxH
	
2.7

	
9.1

	
3.2

	
4.8

	
0.71

	
1.03

	
-0.58

	
6.5




	n=70
	(0.90; 4.00)
	(8.17; 12.65)
	(2.97; 4.28)
	(4.40; 5.73)
	(0.60; 0.84)
	(1.03; 1.04)
	(-1.11; -0.53)
	(6.10; 6.70)







BS, Brown Swiss; B, Brahman; G, Gyr; H, Holstein and J, Jersey.

The values in bold  are averages, and the values in parentheses are the upper and lower limits at a 95% confidence level.




The milk components by individual cow and altitude are presented in 
Figure 6
.


[image: Box plots representing various milk components per altitude. Charts A to H show fat, solids, density, freezing point, protein, lactose, salts, and pH percentages. Colors classify altitudes: 170, 503, 661, and 1110 meters. Each subplot shows variations across different sample codes on the x-axis.]
Figure 6 | 
Milk components from BSxB; BSxG; BSxH; BxJ; BxH and GxH crossbred cows; located at 170; 503; 661 and 1110 m altitudes. Fat (A); solids (B); density (C); freezing point (D); protein (E); lactose (F); salts (G) and pH (H). BS, Brown Swiss; B, Brahman; G, Gyr; H, Holstein and J, Jersey.




The highest median fat percentages (
Figure 6A
) were recorded for cows BSxG4 (at 503 m), GxH5, and GxH6 (at 661 m), while the lowest medians were found in cows BSxG3 (at 170 m), BSxJ1, and BSxJ2 (at 503 m). Regarding total solids and density (
Figures 6B, C
), the highest medians were observed in cows GxH5 and GxH6 (at 661 m), with the lowest median in cow BSxJ2 (at 503 m). As for the freezing point (
Figure 6D
), the medians at 170, 503, and 1110 m were similar, close to -0.6°C. However, cows GxH5, GxH6, GxH7, GxH8, GxH9, and GxH10, at 661 m, had medians below -0.9°C. For protein and lactose percentages (
Figures 6E, F
), cows GxH5 and GxH6 (at 661 m) showed the highest medians, while the lowest median was recorded in cow BSxJ2 (at 503 m). Similarly, for salt percentages (
Figure 6G
), cows GxH5, GxH6, and GxH7 (at 661 m) had the highest medians, with the lowest median found in cow BSxJ2 (at 503 m). Finally, the pH (
Figure 6H
) showed slight acidity, with the highest median of pH 6.9 recorded in cow BSxB (at 170 m) and the lowest median of pH 6.3 in cow GxH9 (at 661 m).






3.5 Hematological parameters


The ANOVA for blood components showed statistical significance according to the F-test (p<0.05) in the electrolytes Cl- and Na+, in blood biochemical parameters such as cholesterol and urea, as well as in the hematological profile for hemoglobin, platelets, and red blood cells. Additionally, mean tests (p<0.05) were conducted using the Scott-Knott method (
Table 4
). For Cl- and Na+, significant differences with higher means were found in 5 BSxG cows out of 6 evaluated, while the lowest means for Na+ were in 10 GxH cows out of 12 evaluated. Similarly, red blood cells and hemoglobin showed significant differences, with higher means in 9 GxH cows out of 12 evaluated, and lower means in 8 BSx- cows out of 10 evaluated. On the other hand, cholesterol, urea, and platelets showed significant differences, but without a clear pattern based on cow crossbreeding across the altitudinal gradient.



Table 4 | 
Means (n=5) and standard error of blood variables from 24 cows in mixed-approach systems distributed along an altitudinal gradient.





	masl

	Breeds

	Electrolytes

	Blood biochemical parameters

	Hematological profile




	Cl-


	K+


	Na+


	Glucose

	Cholesterol

	Triglyceride

	Urea

	Protein

	Albumin

	Globulin

	R. blood

	Hemoglobin

	Platelet




	mmol/L

	mg/dl

	gr/dl

	mill/mm3


	gr/dl

	mill/mm3







	170
	BSxH
	104.4 ± 1.5a
	5.0 ± 0.3
	139.6 ± 1.9b
	60.4 ± 4.4
	126.4 ± 6.8c
	28.0 ± 4.7
	27.7 ± 3.3b
	7.2 ± 0.5
	3.5 ± 0.5
	3.6 ± 0.7
	5368 ± 68.7b
	7.3 ± 0.2d
	492800 ± 15110a



	BSxG1
	103.7 ± 1.1a
	5.1 ± 0.3
	140.6 ± 1.2a
	51.6 ± 2.6
	132.6 ± 2.9c
	35.4 ± 4.0
	21.8 ± 1.6b
	7.4 ± 0.5
	3.2 ± 0.0
	4.1 ± 0.5
	5308 ± 139.6b
	8.9 ± 0.2c
	319400 ± 20547a



	BSxG2
	103.3 ± 0.8a
	4.8 ± 0.2
	141.0 ± 2.1a
	62.6 ± 2.5
	168.2 ± 10.6b
	43.4 ± 8.3
	20.9 ± 3.3b
	7.9 ± 0.2
	3.7 ± 0.0
	4.2 ± 0.2
	6556 ± 241.5a
	11.0 ± 0.3a
	254400 ± 45555b



	BSxG3
	103.4 ± 1.1a
	4.6 ± 0.1
	142.8 ± 1.7a
	55.4 ± 6.0
	174.8 ± 12.5b
	51.0 ± 3.7
	37.1 ± 2.5a
	8.0 ± 0.5
	3.4 ± 0.1
	4.6 ± 0.4
	6050 ± 286.5a
	9.3 ± 0.5b
	252400 ± 63468b



	GxH1
	100.3 ± 1.1b
	4.8 ± 0.5
	138.5 ± 1.5b
	63.8 ± 6.1
	138.6 ± 10.5c
	38.2 ± 6.8
	22.2 ± 1.9b
	7.8 ± 0.3
	4.2 ± 0.3
	3.6 ± 0.3
	6396 ± 607.6a
	10.5 ± 0.6a
	300000 ± 32326b



	BSxB
	103.4 ± 2.1a
	5.1 ± 0.3
	139.6 ± 1.2b
	56.2 ± 3.4
	126.6 ± 7.1c
	35.8 ± 5.9
	22.4 ± 3.6b
	7.9 ± 0.4
	3.8 ± 0.1
	4.2 ± 0.4
	5733 ± 369.2b
	8.5 ± 0.3c
	339000 ± 84637a



	503
	GxH2
	101.8 ± 0.6b
	5.8 ± 0.4
	142.6 ± 1.0a
	63.2 ± 4.6
	206.8 ± 6.5a
	46.8 ± 6.3
	36.0 ± 3.5a
	8.9 ± 0.4
	3.7 ± 0.2
	5.2 ± 0.4
	6698 ± 552.6a
	9.8 ± 0.4b
	261600 ± 41329b



	BSxG4
	106.0 ± 1.8a
	5.6 ± 0.4
	142.6 ± 1.5a
	52.8 ± 2.2
	147.6 ± 6.3c
	41.6 ± 7.8
	27.6 ± 1.2b
	7.9 ± 0.5
	4.3 ± 0.3
	3.7 ± 0.5
	5250 ± 145.7b
	8.7 ± 0.2c
	259000 ± 16326b



	GxH3
	102.9 ± 0.9a
	5.6 ± 0.6
	139.3 ± 1.3b
	66.0 ± 3.1
	227.0 ± 6.6a
	47.8 ± 7.6
	35.0 ± 1.2a
	7.7 ± 0.3
	3.5 ± 0.1
	4.2 ± 0.3
	6758 ± 121.2a
	9.7 ± 0.4b
	271200 ± 37299b



	GxH4
	103.8 ± 1.7a
	5.0 ± 0.2
	138.6 ± 1.6b
	60.0 ± 4.4
	152.4 ± 6.7c
	37.6 ± 9.1
	31.4 ± 2.1a
	8.4 ± 0.6
	4.1 ± 0.4
	4.2 ± 0.4
	4933 ± 310.9b
	7.8 ± 0.3d
	237000 ± 38856b



	BSxJ1
	100.6 ± 1.1b
	5.0 ± 0.3
	138.0 ± 1.3b
	59.4 ± 6.2
	116.6 ± 7.4c
	39.2 ± 4.4
	28.7 ± 4.2b
	7.9 ± 0.5
	3.6 ± 0.2
	4.3 ± 0.5
	5685 ± 508.7b
	8.1 ± 0.3c
	283250 ± 52933b



	BSxJ2
	104.8 ± 0.8a
	4.9 ± 0.5
	145.4 ± 1.6a
	60.0 ± 2.7
	98.6 ± 3.5c
	37.6 ± 5.8
	26.7 ± 1.3b
	8.6 ± 0.3
	3.8 ± 0.1
	4.7 ± 0.3
	5416 ± 288.9b
	8.2 ± 0.3c
	189600 ± 72344b



	661
	GxH5
	97.8 ± 1.15b
	4.6 ± 0.4
	137.0 ± 2.7b
	62.8 ± 4.5
	159.4 ± 7.6c
	36.0 ± 5.3
	21.4 ± 0.8b
	8.6 ± 0.4
	3.9 ± 0.4
	4.7 ± 0.4
	6222 ± 300.9a
	9.9 ± 0.4b
	298800 ± 24998b



	GxH6
	102.8 ± 1.1a
	5.4 ± 0.2
	138.2 ± 1.7b
	68.0 ± 2.7
	160.4 ± 17.3c
	41.0 ± 9.5
	18.0 ± 2.8b
	8.2 ± 0.3
	3.7 ± 0.1
	4.5 ± 0.3
	6360 ± 124.4a
	9.4 ± 0.4b
	234200 ± 25159b



	GxH7
	99.0 ± 1.2b
	5.4 ± 0.3
	140.0 ± 0.5b
	57.8 ± 7.2
	142.8 ± 15.4c
	30.0 ± 6.4
	21.9 ± 4.3b
	8.1 ± 0.4
	3.7 ± 0.2
	4.4 ± 0.5
	6113 ± 252.1a
	10.7 ± 0.3a
	267500 ± 24903b



	GxH8
	100.6 ± 1.7b
	4.8 ± 0.2
	141.2 ± 2.0a
	57.8 ± 6.7
	124.0 ± 20.9c
	36.6 ± 10.6
	26.5 ± 1.3b
	7.4 ± 0.3
	4.0 ± 0.5
	3.5 ± 0.3
	6038 ± 120.8a
	10.3 ± 0.2a
	221000 ± 57302b



	GxH9
	103.0 ± 1.3a
	5.1 ± 0.2
	138.0 ± 1.4b
	60.0 ± 4.7
	141.2 ± 30.5c
	35.8 ± 6.3
	18.5 ± 3.2b
	8.8 ± 0.7
	3.6 ± 0.3
	5.2 ± 0.7
	5550 ± 285.0b
	9.4 ± 0.2b
	370800 ± 41114a



	GxH10
	99.0 ± 0.7b
	4.9 ± 0.2
	137.6 ± 0.9b
	72.6 ± 5.3
	209.0 ± 9.8a
	33.8 ± 2.5
	26.3 ± 2.1b
	7.9 ± 0.6
	3.6 ± 0.1
	4.3 ± 0.6
	6512 ± 436.6a
	10.1 ± 0.7a
	162600 ± 24937b



	1110
	BSxG5
	99.2 ± 0.7b
	5.2 ± 0.1
	135.6 ± 2.1b
	66.4 ± 4.6
	172.8 ± 22.1b
	46.6 ± 3.9
	25.1 ± 3.1b
	7.7 ± 0.4
	3.6 ± 0.1
	4.0 ± 0.4
	5184 ± 445.7b
	7.0 ± 0.4d
	366000 ± 38666a



	BSxG6
	104.2 ± 1.5a
	6.3 ± 0.3
	139.0 ± 1.9b
	61.6 ± 6.5
	125.8 ± 11.0c
	43.8 ± 8.3
	25.8 ± 5.7b
	8.4 ± 0.4
	3.9 ± 0.2
	4.5 ± 0.3
	5456 ± 465.3b
	10.1 ± 0.3a
	250400 ± 40165b



	BxH1
	104.6 ± 0.7a
	5.3 ± 0.3
	138.6 ± 1.1b
	57.8 ± 5.9
	135.6 ± 8.4c
	38.6 ± 6.6
	33.1 ± 2.2a
	7.9 ± 0.6
	3.5 ± 0.2
	4.4 ± 0.6
	4796 ± 588.5b
	8.7 ± 0.6c
	325800 ± 14034a



	GxH11
	104.2 ± 1.2a
	5.4 ± 0.5
	139.8 ± 1.5b
	53.6 ± 3.5
	223.8 ± 6.0a
	30.8 ± 2.9
	23.3 ± 2.0b
	8.1 ± 0.4
	3.7 ± 0.2
	4.3 ± 0.5
	5310 ± 242.5b
	9.5 ± 0.4b
	407800 ± 15263a



	GxH12
	104.5 ± 1.3a
	5.3 ± 0.4
	141.6 ± 1.3a
	58.6 ± 7.1
	160.8 ± 17.5c
	39.8 ± 6.6
	27.8 ± 3.8b
	8.3 ± 0.5
	3.9 ± 0.3
	4.4 ± 0.3
	6010 ± 289.7a
	10.5 ± 0.3a
	327250 ± 67209a



	BxH2
	106.3 ± 1.0a
	5.3 ± 0.3
	140.0 ± 1.6b
	60.6 ± 5.4
	186.2 ± 6.6b
	39.8 ± 4.3
	18.9 ± 2.9b
	7.2 ± 0.3
	3.7 ± 0.2
	3.5 ± 0.3
	5862 ± 618.8a
	9.5 ± 0.4b
	386000 ± 12288a







BS, Brown Swiss; B, Brahman; G, Gyr; H, Holstein and J, Jersey. Means followed by the same letter in the columns do not differ significantly from each other by the ScottKnott test (p<0.05).








3.6 THI, milk components and blood parameters




Figure 7
 presents Pearson correlation matrices (p<0.05) showing the association between milk components, blood parameters, and THI. In the case of BxH cows, a strong positive correlation (r=0.72) was observed between fat content and THI (
Figure 7A
). Regarding blood parameters, the blood glucose of BSxJ cows showed a strong positive correlation (r=0.65) with THI, while hemoglobin presented a strong negative correlation (r=-0.72) with this index (
Figure 7B
). Additionally, in GxH cows, blood glucose showed a weak positive correlation (r=0.34), globulin displayed a weak negative correlation (r=0.31), and triglycerides exhibited a moderate positive correlation (r=0.44) with THI (
Figure 7C
).


[image: Three correlation matrices labeled A, B, and C show relationships between various health and nutritional parameters:  A) Shows correlations in milk components, using color gradients from green to orange for positive and negative correlations, respectively. B) Displays correlations in a blood sample with elliptical shapes in shades of blue and red indicating correlation strength. C) Represents correlations with square shapes in purple and pink tones, highlighting the correlation magnitude.  Each matrix has a color scale bar ranging from negative one to one.]
Figure 7 | 
Pearson correlation matrices (p<0.05) of cow milk components BxH (A); cow blood parameters BSxJ (B) and GxH (C). B, Brahman; H, Holstein; BS, Brown Swiss; G, Gyr; and J, Jersey.









4 Discussion





4.1 THI in mixed-approach systems and altitudinal gradient


Livestock production in the altitudinal gradient of the Peruvian Amazon is constantly subjected to heat stress, ranging from very high stress at 170 m (THI>82) to moderate stress at 1110 m (72≥THI<78) (
Figure 2B
). Furthermore, in mixed-approach systems, heat stress is more intense in monoculture pasture areas than in silvopastoral areas (
Figure 2B
). That is, heat stress decreases with increasing altitude and in silvopastoral areas; resulting in BSxG cows predominating at lower altitudes and GxH breeds at higher altitudes (
Table 2
; 
Figures 2C, D
). This reflects smallholder farmers’ preferences for these crossbreeds, considering their adaptability to the altitudinal gradient and their better performance in meat and milk production, which generates higher economic income. Various studies have shown that silvopasture in tropical climates reduces heat stress in livestock by modifying the microclimate and providing shade (Pezzopane et al., 2019; Vieira et al., 2021; Carvalho et al., 2020). Cattle recommended for tropical climates are Bos indicus x Bos taurus crosses (GxH and GxJ) due to their better performance (Habimana et al., 2023). Crossbreeding is a genetic improvement strategy that helps livestock adapt to specific environmental conditions (McManus et al., 2011), such as those in the altitudinal gradient of the Peruvian Amazon.






4.2 Calf weight


The higher weight gains in calves may be due to breed, milk quality, and management. The greatest weight gains occurred at 170 m (
Figure 4A
), where the female F3-BSxB gained 32 kg/month and the male M2-BSxBxG gained 30 kg/month. At 503 m (
Figure 4B
), the female F3-BSxBxJ gained 27 kg/month. At 661 m (
Figure 4C
), the male M1-GxH achieved 26 kg/month. At 1110 m (
Figure 4D
), the females F2-GxH and F3GxH gained 17 kg/month, and the male M1-BSxG gained 22 kg/month. At altitudes of 170 and 503 m, the higher weight gains are associated with BSxBx- crosses, as these calves had lower birth weights but generally developed while staying with the cow. Meanwhile, at 661 and 1110 m, the crosses were dairy breeds, and the higher weight gains were due to better management, such as increased assistance to cows and greater milk availability for calves. Crossbreeds with B are lighter at birth but heavier at weaning compared to other crosses (Kennedy and Chirchir, 1971). Environmental factors, type of feed, and breed significantly affected calf growth characteristics (Isik et al., 2009).






4.3 Milk components


Milk production varies as a function of breed crossbreeding (
Figure 5A
), altitudinal gradient (
Figure 5B
), pasture chemical composition (
Figure 3
) and grazing management.


Milk components presented similar values for BSxB, BSxG, BSxH, BxH and GxH crossbreeds; however, with lower contents of solids, density, protein, lactose and salts for BSxJ cows in the PCA (
Figure 5A
), with significant differences in lower fat content (CI:95%) (
Table 3
), likewise, this trend is corroborated in the boxplots (
Figure 6
), also the BSxJ cow presented significant differences (p<0. 05) with lower hemoglobin values compared to the other crossbred cows (
Table 4
). Possibly, the lower contents of solids, density, protein, lactose and salts in the milk of BSxJ cows were due to heat stress, since hemoglobin presented a strong negative correlation (r=-0.72) with THI (
Figure 7B
). Low hemoglobin levels in dairy cows can affect milk composition, reducing lactose production and altering immunological components (Treacher et al., 1976; França et al., 2013).


Analyzing milk components from altitudinal origin, at 661 m, presented higher fat, solids, density, protein, and salts contents, but with lower values of milk freezing point in the PCA (
Figure 5B
). In boxplot analysis, these outstanding values correspond mostly to milk from GxH cows (
Figures 6A–G
). It is likely that these higher contents of milk components are due to pasture quality, since 12 GxH crossbred cows were evaluated throughout the gradient, however, only those from the 661 m altitude stood out. Since, at 661 m, the pasture presented significant difference (p<0.05) with higher median fat, protein and moisture content (
Figures 3A, B, F
). Murga-Orrillo et al. (2025), in a complementary study to this one, determined that soils at 661 m exhibited higher fertility. This condition has allowed for improved pasture quality and, consequently, better milk quality, resulting in direct benefits for small producers and consumers. Pasture quality affects milk composition (Kuhnen et al., 2021).


The PCA of milk components of crossbred cows in general, did not show clustering as a function of heat stress (
Figures 5C
), however, in the case of milk from BxH cows, a strong positive correlation (r=0.72) was observed between fat content and THI (
Figure 7A
). These results allow inferring that milk components of BSxB, BSxG, BSxH, BxJ and GxH cows show similar behavior to heat stress; however, milk fat of BxH cows is possibly increased by heat stress. Heat stress alters milk fat composition, decreasing short- and medium-chain fatty acids, increasing long-chain fatty acids (Liu et al., 2017). Genetic factors influence susceptibility to heat stress, with high-producing cows being more vulnerable (Sigdel et al., 2019).


Milk components showed little clustering as a function of lactation cycle (
Figure 5D
). This is likely due to the fact that the evaluations were performed after peak milk production, and the cows were multiparous (
Table 2
). These conditions mean that milk components tend to be more stable. Protein and lactose concentrations show more stability after peak milk production (Rook and Campling, 1965). Multiparous cows generally produce higher fat and protein content, while lactose tends to be higher in primiparous cows (Nogara et al., 2024).






4.4 Hematological parameters


Hematological parameters show significant differences (p<0.05) from one breed to another (
Table 4
). Electrolytes Cl- and Na+ tend to be higher in BSxG cows, and Na+ is lower in GxH cows. However, red blood cells and hemoglobin tend to be higher in GxH cows, and lower in BSx- cows. Studies have found differences in blood components between H, BS, J, B and other crossbreds (Yang et al., 2022). These variations are influenced by factors such as age, temperature-season, breed, physiological stage and management systems (Onasanya et al., 2015). Blood profiles can reflect the health status, adaptability and productive performance of cattle (Yang et al., 2022).






4.5 THI and blood parameters


Elevated levels of THI and solar radiation (
Figure 2
) produce thermal stress in Peruvian Amazon cattle. Cows and calves evaluated showed fatigue, panting, higher water consumption, lower feed consumption, in monoculture areas, seeking environmental comfort under trees in silvopastoral areas (
Figure 2D
). Heat-stressed cattle exhibit several thermoregulatory behaviors, including reduced feed intake, increased water consumption, and seeking cooler areas (Herbut et al., 2018; Lee et al., 2021).


Variation in blood parameters can be indicators of heat stress in dairy cows from high THI (
Figures 7B, C
). Glucose presented strong positive correlation (r=0.65) and hemoglobin strong negative correlation (r=-0.72) with THI in BSxJ cows (
Figure 7B
).


While in GxH cows triglycerides exhibited a moderate positive correlation (r=0.44) with THI (
Figure 7C
). Elevated glucose levels have been found in heat stressed cows (Cuiyu et al., 2019); however, they have also determined that high THI can cause a decrease in blood glucose levels (Alves et al., 2014). Blood hemoglobin concentrations tend to decrease with heat stress (Chrast et al., 2023; Berian et al., 2019), although triglycerides show mixed responses, increasing in follicular fluid (Alves et al., 2014).







5 Conclusions


Livestock production in mixed-approach systems is subjected to heat stress (72 < THI ≤ 82) and high solar radiation in monoculture pasture areas; however, silvopastoral areas and the altitudinal gradient mitigate this stress. Cow crossbreds have different responses to heat stress, as in BSxJ blood, glucose and hemoglobin presented strong positive and negative correlations with THI; similarly, in BxH milk, fat presented a strong positive correlation with THI. Milk components varied according to cow crossbreeding and altitudinal origin, finding significant differences (CI:95%) with lower fat content for the BSxJ cow associated with low hemoglobin content and heat stress. Also, at 661 m, the milk presented higher values of fat, solids, density, protein, and salts but with lower values in the freezing point for GxH cows associated with pasture quality. Hematological parameters such as electrolytes Cl- and Na+ tend to be higher in BSxG cows, and Na+ is lower in GxH cows. However, red blood cells and hemoglobin tend to be higher in GxH cows, and lower in BSx- cows. In calves, at lower altitudes, the highest weight gains were for beef-producing BSxB crosses, and at higher altitudes, they were for milk-producing GxH crosses, which were associated with better production management.
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[0) Cow Milk Calf Herd Ranch

Paddocks
masl Breed Age Calving L/day Sex-Breed und ha
594 76.14 155 BSxH ] 6 7 MI-BSXGxH 2 27 12
591 76.18 170 BSXGL 9 7 0 M2-BSxBXG 47 25 7
Yurimaguas 598 76.19 178 BSXG2 7 3 5 FI-BSxGxH 66 2 6
(170 m)
597 76.17 157 BSXG3 12 5 5 F2-BSXG 31 20 5
589 762 192 GxH1 7 4 4 M3-BSxGxH 76 87 8
589 76.19 169 BSxB ] 6 3 F3-BSxB 19 16 5
653 7652 373 GxH2 7 3 10 F1-GxH 29 20 7
652 7652 571 BSXG4 7 3 10 MI-BSG 35 23 5
Cunumbuqui | 654 7648 554 GxH3 5 2 10 M2-BSxGxH 6 7 13
(503m) 651 7651 166 GxH4 8 4 10 F2-GxH 55 74 25
652 765 166 BSy1 5 2 8 M3-BSxGx] 23 29 14
655 7649 183 BSY2 5 2 8 F3-BSxBx] 21 18 10
651 7654 648 GxH5 5 3 10 F1-GxH 62 90 17
655 7651 724 GxH6 4 2 10 MI-GxH 91 80 13
Zapatero 655 7652 651 GxH7 5 3 8 M2-GxH 3 n 9
(eoLa) 661 7649 637 GxHS 4 2 95 M3-GxH 91 50 12
661 7649 637 GxHY 5 3 8 F2-GxH 52 50 12
66 7649 652 GxH10 5 3 8 M4-GxH 52 n 9
6.04 7705 12 BSXGS5 5 2 8 MI-BSXG 6 6 10
6.04 77.1 1035 BSXG6 7 3 6 M2-BSG 13 1 20
605 771 1260 BxH1 7 3 6 F1-BxGxH 1 1 12
Calzada
(1110.m) 6.04 77.05 1009 GxH11 8 4 8 F2-GxH 51 20 10
604 77.09 1138 GxHI2 8 4 8 F3-GxH 2 50 20
6.08 7707 1104 BxH2 7 3 6 F4-BxFxH 30 15 20

BS, Brown Swiss; B, Brahman; G, Gyr; H, Holstein; ], Jersey y; F, Fleckvieh. F1, female 1; F2, female 2; F3, female 3; F4, female 4; and M1, male 1; M2, male 2; M3, male 3.
*loose calf.
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Electrolytes Blood biochemical parameters Hematological profile

K* Glucose Cholesterol ~ Triglyceride Urea Protein Albumin Globulin R. blood Hemoglobin Platelet
mg/dl gr/dl mill/mm* gr/dl mill/mm®

BSxH 104.4 + 1.52 50+03 139.6 + 1.9b 60444 1264 + 6.8¢ 280+47 27.7%33b 72205 3505 36+07 5368 + 68.7b 73+02d 492800 + 15110a

BSxG1 1037 £ Lla 51+03 1406 + 122 516 +2.6 1326 +2.9¢ 35440 21.8 + 1.6b 74£05 32£00 41£05 5308 + 139.6b 89 +02c 319400 + 20547a

BSxG2 1033 + 0.8a 48 £02 1410 + 2.1a 626 2.5 168.2 + 10.6b 434183 209+ 3.3b 79+02 37£00 42+02 6556 + 241.5a 110+ 03a 254400 + 45555b

& BSxG3 1034 + Lla 46+ 0.1 1428 £ 1.7a 5541 6.0 174.8 + 12.5b 510+37 37.1+25 8005 3401 46+04 6050 + 286.5a 93 £05b 252400 + 63468b
GxH1 1003 £ L1b 48 £05 1385 £ 1.5b 638 6.1 1386 + 10.5¢ 382168 222119 78403 42+03 36+03 6396 + 607.6a 105 + 0.6a 300000 + 32326b

BSxB 103.4 + 2.1a 51+03 139.6 + 1.2b 56.2 3.4 1266 £ 7.1¢ 358+59 224 + 3.6b 7904 38+0.1 4204 5733 + 369.2b 8.5+ 03¢ 339000 + 84637a

GxH2 101.8 + 0.6b 58+ 04 1426 + 1.0a 632+46 206.8 + 652 468+ 63 36.0 + 352 89+04 37+02 52+04 6698 + 552.6a 9.8 + 0.4b 261600 + 41329b

BSXG4 | 1060%18a 56204 | 1426+15 52822 7663 416478 276+ 12b 7905 4303 3705 | 5250+ 1457b | 8702 259000 + 16326b

GxH3 102.9 + 0.9a 5606 1393 + 1.3b 66.0 + 3.1 227.0 + 662 47.8+76 350+ 1.2a 77£03 3501 4203 6758 + 121.2a 9.7 £ 0.4b 271200 + 37299b

o GxH4 1038 + 1.7a 5002 138.6 + 1.6b 60.0 + 4.4 1524 £ 6.7¢ 376+9.1 314+2la 8406 41£04 42+04 4933 + 3109b 78+03d 237000 + 38856b
BSxJ1 100.6 + 1.1b 50+03 1380 + 1.3b 594£62 1166 + 7.4¢c 392+ 44 287+ 42b 79+05 36+02 43£05 5685 + 508.7b 8.1+03c 283250 + 52933b

BSxJ2 104.8 + 0.8a 49+05 1454 + 1.6a 60.0 £2.7 986 +3.5¢ 376158 26.7 + 1.3b 86+03 3801 47+03 5416 + 288.9b 82+ 03¢ 189600 + 72344b

GxH5 | 978+ 115b | 4604 | 1370%27b  628%45 194%76c 36053  214408b 8604 3904 4704 | 6222530092 | 99+04b 298800 + 24998b

GxH6 102.8 + Lla 54£02 1382+ 1.7b 68.0+27 160.4 + 17.3¢ 41095 18.0 + 2.8b 8203 37+01 45+03 6360 + 124.4a 94 £ 0.4b 234200 + 25159b

GxH7 99.0 + 1.2b 54+03 140.0 + 0.5b 57.8+7.2 142.8 + 154¢ 300 + 6.4 219+ 43b 81+04 37+02 44£05 6113 +252.1a 107 + 03 267500 + 24903b

o GxH8 1006 + 1.7b 4802 1412 + 20a 57.8+6.7 1240 +209¢ 36.6 £ 106 26.5+ 1.3b 74£03 40£05 3503 6038 + 120.8a 103+ 02a 221000 + 57302b
GxH9 103.0 + 1.3a 51+02 1380 + Ldb 60.0 £4.7 141.2 £ 30.5¢ 358163 185+ 32b 8807 36+03 52107 5550 + 285.0b 94£02b 370800 + 41114a

GxH10 990 £ 0.7b 49+02 137.6 + 0.9b 726 +53 209.0 + 9.8a 338+25 263+ 21b 7906 3601 43£06 6512 + 436.6a 10.1 +07a 162600 + 24937b

BSxG5 99.2 4 0.7b 5201 135.6 + 2.1b 66.4 4.6 172.8 + 22.1b 46.6 + 3.9 25.1431b 77 £04 36+0.1 4.0+ 04 5184 + 445.7b 7.0 £ 0.4d 366000 + 38666a

BSxG6 104.2 £ 1.5a 6303 139.0 £ 1.9b 616 £65 1258 + 11.0c 438183 258+ 5.7b 84+04 39+02 45103 5456 + 465.3b 10.1 + 03a 250400 + 40165b

BxHI | 10462070 53403 | 1386+ Llb 58559 1356+8dc 38666 33122 79406  35:02 4406 | 479 +5885b  87+06c 325800 14034

e GxH11 1042+ 122 54£05 139.8 + 1.5b 53.6 £3.5 2238+ 6.0a 30.8+29 233+ 20b 81+04 37+02 43£05 5310 + 242.5b 95 + 0.4b 407800 + 15263a
GxH12 1045+ 1.3a 53+04 1416 + 1.3a 58.6 +7.1 160.8 + 17.5¢ 39.8+ 66 27.8+38b 83£05 39+03 44£03 6010 + 289.7a 105+ 03a 327250 + 672092

BxH2 1063 + 1.0a 53+03 140.0 + 1.6b 60.6 +54 186.2 + 6.6b 39843 189 £ 29b 72£03 37+02 35103 5862 + 618.8a 95 £ 04b 386000 + 12288a

BS, Brown Swiss; B, Brahman; G, Gyr; H, Holstein and . Jersey. Means followed by the same letter in the columns do not differ significantly from cach other by the ScottKnott test (p<0.05).
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Density

g/cm

BSxB 3.05 8.65 3.15 4.7 0.7 1.03 -0.55 6.85

1 n=6 (1.49; 3.66) (7.44; 9.09) (2.7153.30) (4.11;4.99) (0.60; 0.70) (1.02;1.03) (-0.59; -0.50) (6.60; 6.99)
BSxG 25 9 3.3 4.9 0.7 1.03 -0.57 6.7

6 n=34 (0.50; 4.00) (7.83; 10.71) (2.83; 4.15) (447; 6.17) (0.60; 0.81) (1.03; 1.04) (-0.81; -0.52) (6.37; 7.17)
BSxH 12 835 3 4.6 0.62 1.03 052 6.7

1 n=6 (091;2.54) (8.10; 8.40) (2.90; 3.00) (4.40; 4.60) (0.60; 0.63) (103;1.03)  (-0.5%-051) | (661; 6.80)
BSxJ 0.9 3.55 1.3 1.95 053 1.02 02 65

2 n=12 (050; 1.17) (2.11;9.77) (0.73; 3.47) (1.40; 5.17) (0.23;0.72) (101, 1.04)  (-0.59% -0.13) | (6.50; 6.67)
BxH 2 9.2 335 5 0.71 1.03 -0.58 6.7

2 n=10 (0.85; 3.12) (8.40; 9.60) (3.10; 3.50) (4.60; 5.20) (0.68; 0.75) (1.03; 1.03) (-0.61; -0.56) (6.10; 6.70)
GxH 27 9.1 32 4.8 0.71 1.03 058 65

12 n=70 (090;400)  (817:1265)  (297; 4.28) (4.40; 5.73) (0.60; 0.84) (103;1.04)  (-L11;-053) | (6.10; 6.70)

BS, Brown Swiss; B, Brahman; G, Gyr; H, Holstein and J, Jersey.
The values in bold are averages, and the values in parentheses are the upper and lower limits at a 95% confidence level.
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