X

AGRO PRODUCTIVIDAD

Colegio de
Postgraduados

Citation: Retureta-Gonzdlez, C. O.,
Cervantes-Acosta, P., Hernandez-
Beltran, A., Judrez-Lagunes F. L.,
Herndndez, E. A., Inurreta-Aguirre,
H. D., & Vega-Murillo, V. E. (2026).
Evaluation of factors affecting milk
production and composition in dual-
purpose systems. Agro Productividad.
https://doi.org/10.32854/yp3g9m20

Academic Editor: Jorge Cadena
Iniguez

Associate Editor: Dra. Lucero del
Mar Ruiz Posadas

Guest Editor: Juan Francisco Aguirre
Medina

Received: November 17, 2025.
Accepted: Januaryl5, 2026.
Published on-line: April XX, 2026.

Agro Productividad, 19(2). February.
2026. pp: 25-35.

This work is licensed under a
Creative Commons Attribution-Non-

Commercial 4.0 International license.

Evaluation of factors affecting milk production
and composition in dual-purpose systems

Retureta-Gonzalez, Cynthia 0.1; Cervantes-Acosta, Patricial; Hernandez-Beltran, Antonio’ H
Juarez-Lagunes Francisco I.l; Hernandez, Erika A.2; Inurreta-Aguirre, Héctor D.3;
Vega-Murillo, Vicente E."

Universidad Veracruzana, Facultad de Medicina Veterinaria y Zootecnia. Miguel Angel de Quevedo S/N,
esq. Yanez, Veracruz, Veracruz, México, C.P. 91710.

Tecnolégico Nacional de México, Instituto Tecnoldgico Superior de Tantoyuca. Desviacién Lindero
Tametate S/N, La Morita, Tantoyuca, Veracruz, México, C.P. 92100.

Instituto Nacional de Investigaciones Forestales, Agricolas y Pecuarias, Campo Experimental Cotaxtla.
Carretera Veracruz-Cordoba, km 34.5, Medellin de Bravo, Veracruz, México, C.P. 91700.

* Correspondence: vvega@uv.mx

ABSTRACT

Objective: This study aimed to evaluate the genetic and environmental effects on milk production and
composition in dual-purpose cows in the Veracruz tropics.

Methodology: A population of 79 cows grouped by crossbreeds in different proportions of ZebuXHolstein
(17), ZebuXSwiss (50), and ZebuXHolstein X Swiss (12) was used. Milk samples were collected at 28-day
intervals and analyzed using infrared (IR) spectrophotometry (MilkoScan FT-120, A/S FOSS Electric®).
Adjusted means were estimated using PROC GLM from SAS®. The fixed effects included in the model were:
genotype, herd, season, lactation number, year, and cow identification. The response variables were: lactation
duration (days), production (kg), fat, protein, and lactose (%).

Results: The duration of lactation averaged 307%=71.95 days, with total production of 1,240%+468.19 kg.
The values for protein, fat, and lactose were 3.18+0.41, 3.49+0.82, and 4.42+0.47, respectively. Significant
differences (p<<0.05) were found for the effects of year, calving season, and number of calvings on lactation
duration (319£6.6 days) during the dry season and total milk production per lactation during the same season
(1,239£40.6 kg) by number of calvings. The longest lactation duration was reported in primiparous cows
(345%7.5 days). The effect of sampling season on milk composition was significant (p<0.05) in the rainy season
for protein (3.4%0.03 %) and fat (3.8+£0.08%).

Study limitations: This study is limited to a dual-purpose production system with crossbred cattle of different
racial composition, under the management and environmental conditions of the participating herds.
Conclusions: The results indicate that milk production and composition are influenced by environmental
factors and by differences between the groups evaluated.

Keywords: lactation, fat, protein, genetic, environmental.

INTRODUCTION

It is estimated that by 2050, the world population will reach 9.7 billion, creating a need
to increase animal products (UN, 2022). Cow milk production is one of the most important
livestock activities worldwide to meet this demand (North et al., 2023).
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Mexico ranks 14" worldwide in cow’s milk production in 2023, with 13.5 billion liters
per year (CANILEC, 2024). This production takes place under diverse agroecological,
technological, and socioeconomic conditions (Barrén et al., 2023), which has given rise
to three production systems: specialized or intensive, semi-specialized or family-based,
and dual-purpose (SDP) (SIAP, 2021; CANILEC, 2024). Among these, SDP is mainly
found in the tropical region, mainly in the state of Veracruz, which accounts for 6.1% of
national milk production (SIAP, 2024). The tropical zone offers potential for increasing
milk production and quality through genetic crossbreeding used in SDP (Quero et al.,
2018, INIFAP, 2018). One of the challenges for livestock farming in this area is to identify,
analyze, and estimate milk production and quality parameters and compare them with
reference values (Loera & Banda, 2017). In this regard, understanding the variability of
milk composition and production in SDP cows will allow for the identification of factors that
influence their performance, such as agroecological conditions, nutritional management,
and milking practices. This will facilitate the design of strategies to improve milk quality,
optimize resources, and increase producer profitability, strengthening the dairy sector and
promoting sustainability and economic development in rural communities that depend on
this system.

Therefore, the objective of this study was to evaluate the genetic and environmental

effects on milk production and composition in dual-purpose cows in the Veracruz tropics.

MATERIALS AND METHODS
Study location

The research was conducted with lactating cows from three dual-purpose (DP) dairy
herds located in the central region of the state of Veracruz de Ignacio de la Llave, Mexico.
Herd 1 was located in the municipality of Cotaxtla (18.83° N, —96.31° W; 116 m above
sea level), herd 2 was located in the municipality of Jamapa (18.59° N, —96.15° W; 22
m above sea level), and herd 3 was located in the municipality of Veracruz (19.10° N,
—96.12° W; 14 m above sea level). All three herds have a warm subhumid climate (Aw)
according to the Koppen classification modified by Garcia (Garcia, 2004).

Study population

A population of 79 crossbred cows in a dual-purpose production system was
used. All animals had production and pedigree data. The grouped genotypes were
HolsteinXZebu (H/C) crosses (n=17), Brown SwissXZebu (S/C) crosses (n=>50), and
Brown Swiss X Holstein X Zebu (S/H/C) crosses (n=12).

Animal handling

The animals were fed using controlled rotational grazing with grass varieties such
as Digitaria decumbens, Brachiaria decumbens, Brachiaria brizantha, Brachiaria dictyoneura,
Cynodon nlemfuensis, Megathyrsus maximus, and native grass (Paspalum spp. and Axonopus
spp-)- Supplementation consisted of commercial feed containing 18% protein, supplied at
milking time (2 kg per cow), in addition to mineral salts (phosphorus 18%, calcium 18%,

sodium 5%, magnesium 4.5%) and free access to water.
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The recorded production corresponded to milk milked. In the three herds studied,
milking management involved restricted suckling of the calves. During the first 60 days of
life, the calves were left a quarter of the udder with residual milk and then only residual milk
until weaning. Itis estimated that the milk consumed by the calf accounts for approximately
17% of total production (Cervantes et al., 2007; Betancourt et al., 2012). Milking was done
mechanically once a day, in the morning.

Reproductive management was by direct mating and artificial insemination. In terms
of health management, vaccination was carried out twice a year against bovine paralytic

rabies and clostridial diseases, as well as annual deworming.

Milk sampling

Milk production for cows in herd 3 was recorded using the milk weighing device on
the mechanical milking machine, while for the other two herds it was recorded using a
mechanical clock scale. A total of 652 records were obtained for the period from January
2023 to September 2024.

Milk samples were obtained at 28-day intervals using a simple mechanical milking
system. In each herd, 100 ml of milk samples, without preservatives, were collected in
capped bottles and kept refrigerated (8 °C) until analysis. Each sample was collected
individually at the time of milking to exclude possible adulteration with water, in
accordance with the parameters established in Mexican Official Standard NOM-155-
SCFI-2012 and the methods of the Association of Official Analytical Chemist (AOAC
International, 2016).

In order to consider the seasonal effect, the samples were classified into three periods:
dry (March to May), rainy (June to November), and windy seson (December to February).

Analysis of milk samples

The milk composition analysis was performed in duplicate during the first 24 hours after
collection using infrared (IR) spectrophotometry using a MilkoScan FI-120 equipment,
A/S FOSS Electric®. The values recorded were: milk production (kg), fat (%), protein (%),
lactose (%).

Compilation of information on production units and animals used in research
The production units were characterized by recording information on pedigree, genetic

group, cow age, number of lactations, milk production, calving date, and days in lactation.

The variables under study were: duration of lactation (days), milk production (kg), fat,

protein, and lactose (%).

Statistical analysis

SAS (SAS Institute Inc., Cary, NC, USA) version 9.4 (SAS 2024) was used for data
exploration and analysis. The response variables were verified to be normally distributed
using the Kolmogorov-Smirnov test of the UNIVARIATE procedure.

An analysis of variance was performed using the least squares method through a general
linear model, with the GLM procedure including the fixed effects of genetic group, year,
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herd, sampling period, calving period, and number of calvings. The duration of lactation

was included as a covariate in the corresponding models.

Yt =,u+al.+bj.+ck +d, +e,+ [, +g e

i ijklmno

Where: Yl.j. =Duration of lactation (days), Milk production (kg), fat, protein, and lactose

klmno
(%); u=Opverall average; a,=i-th genetic group effect; bj=j—th year effect; ¢,=£-th herd
effect; d;=effect [-th sampling period; ¢, =m-th effect number calving period; f, =f-effect:

number of calving; g =covariate; & =random error.

ijklmno
The final model included the main effects and interactions that were significant (P<0.05)
in preliminary analyses. Fisher’s protected LSD test was used to determine statistically
significant differences (P<0.05) between the effects considered in the final models. A
Pearson correlation analysis was performed using the CORR procedure in SAS® (2024)
between the concentration of its components and the total milk production variable.

RESULTS AND DISCUSSION
Descriptive statistics

Table 1 shows the average values, number of observations, and descriptive statistics for
the animals used in each analysis, by variable analyzed.

The duration of lactation averaged 307+71.95 days, which is higher than the 219+39.6
days reported by Peralta et al. (2021) in SDP. This variation may be associated with
differences in reproductive management and drying criteria, since in the herds evaluated,
cows were dried off upon confirmation of pregnancy, so the duration depended on the
open days (Cristébal et al., 2007; Lopez et al., 2009; Recinos et al., 2017).

The average total production was 1,240 kg, lower than that reported by Magafa e/
al. (2016), who documented an average of 1,490 kg with an average lactation period of
213 days. This difference can be attributed to the fact that, in the study by Magana et al.,
the cows had access to forage throughout the year, with irrigation of the pastures, and
therefore milk production was not affected by seasonality (Jayasinghe e al., 2024). In terms
of composition, the average protein content was 3.18%, fat 3.49%, and lactose 4.42%, which
is within the acceptable range according to NOM-155-SCFI-2012. The protein, fat, and
lactose values were similar to those reported in previous studies by Cervantes et al. (2015)
and Judrez et al. (2016) under dual-purpose system conditions.

Table 1. Number of observations and descriptive statistics for lactation duration (days), production (kg),
protein (%), fat (%), and lactose (%).

Variable N Average SD Minimum | Maximum
Duration of lactation 480 307 71.95 127 436
Total yield per lactation (kg) 471 1,240 468.19 152.5 2,375.56
Protein 652 3.18 0.41 1.89 5.37
Fat 652 3.49 0.82 1.73 5.95
Lactose 652 4.42 0.47 1.98 5.86
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Effects of the model

Table 2 shows the significance level (Pr>F) of each fixed effect included model of the
variables analyzed.

The genotype showed a highly significant effect only on the duration of lactation. In
contrast, the herd influenced total production and fat content (p<0.01) and, to a lesser
extent, protein (p<0.03), suggesting differences between production units associated with
management, forage availability and quality, and animal variation (Aranguren et al.,
2011). The sampling year affected the duration of lactation, total production, and protein
(p<0.01), and showed a minor effect on fat (p<0.05), reflecting interannual variation in
climatic conditions and/or management practices. The sampling period influenced total
production and protein (p<0.01) and fat (p<0.05), while the calving period affected the
duration of lactation, total production, and fat (p<0.01), highlighting the role of seasonality
on productive response (Calunga et al., 2007). Finally, the number of calvings had a highly
significant effect on lactation duration and total production, and a significant effect on fat,
which is consistent with the expected physiological variation between primiparous and
multiparous cows (Roca et al., 2012).

Table 3 presents the least square means (+SE) for year, sampling season, and calving

season for lactation period and total production per lactation.

Table 2. Pr>F values for the fixed effects included in the models.

Effect duz:‘.::::z‘c’l‘;ys) oro d:;"tt;ln (kg | Prowin(h) | Fat(%) | Lactose (%)
Genotype <0.0001%* 0.1454 0.3586 0.9560 0.6988
Herd 0.644 <0.0001%* 0.0204* 0.0013%** 0.0895
Sampling year <0.0001%** <0.0001** 0.0004** 0.0434* 0.0961
Sampling season 0.0548 0.0009** <0.0001%** 0.0259* 0.0646
Calving season <0.0001%** <0.0001%* 0.1107 0.0051%* 0.4943
Calving number <0.0001%** <0.0001%* 0.0650 0.0235* 0.1529

** Highly significant (p<0.01); * Significant (p<0.05).
ghly sig] p ; g p

Table 3. Least square means (£ SE) by year, sampling season, and calving season for lactation
period and total milk production per lactation.

Lactation period Total milk production
Effect
(days) per lactation (kg)
v 2023 321+6.1% 905+37.4*
ear
2024 283+5.8" 1,323%36.5"
Dry 297+6.5% 1,107+40.1*
Sampling period Rain 292+6.0% 1,232+36.9"
Windy 313+7.1% 1,002+43.4¢
Dry 319+6.6" 1,239+40.6"
Calving season Rain 286+5.1" 1,101 +31.8"
Windy 297+6.1" 1,000%37.4

¥ Different letters within each column and effect indicate differences (P<0.05).
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Differences (P<0.05) were observed in lactation duration and total milk production per
lactation associated with year and calving season, as well as differences in milk production
by sampling season (Table 3). In 2023, lactation duration was longest (321%6.1), but total
production was lower (905%37.4 kg) compared to 2024 (283+5.8 days and 1,323+36.5
kg). This demonstrates the impact of analyzing production records for decision-making, as
preliminary results for 2023 showed that cows remained in milking for a long time and it
was possible to make adjustments to this parameter to optimize the efficiency of the system.
The sampling period did not alter the duration of lactation (P>0.05); however, total
production was higher during the rainy season (1,232+36.9 kg) than during the dry season
and windy season (Table 3), which coincides with the influence of seasonality on forage
availability and quality and, therefore, on productive performance (Arias et al., 2008).

In terms of calving season, cows that calved during the dry season had the longest
lactation period (319%6.6 days) and highest total production (1,239%40.6 kg) than those
that calved during the rainy and windy seasons (Table 3). These results are consistent
with those reported by Castillo ez al. (2017), who mention that cows that calved during
the dry season had higher milk production adjusted to 305 days, with almost 150 kg more
milk than cows that calved during the rainy season. The timing of calving has an effect
on production trajectory, since, as Vélez de Villa (2013) mentions, when calving occurs at
least two months before the peak of maximum forage production, cows tend to produce
milk fairly uniformly during the first four months of lactation. Table 4 presents the least
square means (£SE) for genotype, herd, and number of calvings in lactation length and
milk production per lactation.

Concerning to the effect of genotype, significant differences were observed in the
duration of lactation; cows in the H/C group had the shortest duration (273%=11.0 days),
compared to the S/C and S/H/C groups (327£8.9 and 339+9.8 days, respectively) (Table
4). However, the results obtained differ from those reported by Rios et al. (2015), who
obtained 266.92+61.61 days. This may be largely due to the management practices used
in each of the herds in the different studies. There were no significant differences between
genotypes (p<0.05) in milk production per lactation.

For the herd effect, significant differences were found in milk production per lactation
(p<0.05); herd 3 had the lowest value (1,168.9%=35 kg), compared to herds 1 and 2
(=1,500 kg) (Table 4). These differences may be due to the quality and availability of
feed resources, even though efforts were made to standardize management conditions
(Magana et al., 2016).

With regard to the number of calvings, a clear pattern can be seen: first-calf cows
produced less milk (828+47.3 kg), even with more days in lactation (345%7.5 days),
compared to cows with two or more calvings (Table 4). As the number of calvings
increased, the duration of lactation decreased slightly, while milk production increased,
reaching its peak in cows with five or more calvings. These results are consistent with
those reported by Calderén et al. (2025), who report that first-calf cows had lower milk
production compared to cows with two or more calves. This reflects, as mentioned by
Salazar et al. (2014), that milk production in the first lactation is influenced by the growth
rate and age at first calving.
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Table 4. least square means (£SE) by genotype, herd, and number of calvings for lactation
duration and milk production per lactation.

Effect Duration of lactation Milk prot?.uction per

(days) lactation (kg)

H/C 273+11.0% 1,191+49.7 %

Genotype S/C 327+8.9°" 1,092+31.3*
S/H/C 339+9.8" 1,058+46.6 *

1 299+7.3* 1,498+44.6 *

Herd 2 306=9.3* 1,501%£56.7*

3 297%x5.8" 1,168.9%+35.4¢

1 345+7.5% 828+47.3°¢
2 267+8.0" 1,154+50.2 *

N‘E‘;}:}: of 3 301£6.5 ¢ 1,125+39.7"
4 300+8.1¢ 1,189+49.8 ab

5+ 290+7.7¢ 1,272+47.2*%

B¢, Different letters within each column and effect indicate differences (P<0.05).
Composition
Table 5 presents the least square means (£SE) for year, sampling season, calving season,

genotype, herd, and number of calvings for protein, fat, and lactose.

Table 5. least square means (£SE) by effect for protein, fat, and lactose (%).

Effect Protein (%) Fat (%) Lactose (%)
Veur 2023 3.1£0.03" 3.6+0.08 4.4%0.05
2024 3.3%0.03" 3.8+0.08" 4.2+0.04"

Dry 3.1%0.04" 3.5+0.08" 4.2%0.05

Sampling period Rain 3.4%0.03" 3.8+0.08" 4.4%0.04"
Windy 3.1£0.04" 3.7%0.09" 4.3£0.05"

Dry 3.240.04" 3.6+0.08" 4.3£0.05"

Calving period Rain 3.1+0.03" 3.6=0.07* 4.3+0.04"
Windy 3.2+0.03" 3.8+0.08" 4.3£0.05"

H/C 3.3£0.05" 3.7%0.10" 4.38+0.06"

Genotype s/C 3.2+0.03" 3.7£0.06 4.32+0.04*
S/H/C 3.2+0.04" 3.7%0.10 4.35+0.06"

1 3.2+0.04" 3.5+0.09" 4.36£0.05"

Herd 2 3.2+0.05a 4.0+0.12" 4.25+0.07°

3 3.3%0.03" 3.6+0.13 4.44%0.04

1 3.240.04" 3.7%0.10° 4.42+0.06°

2 3.240.05" 3.7%0.11° 4.29+0.06*

Number of births 3 3.240.04" 3.7+0.08 4.40%0.05°
4 3.3%0.05" 3.9%0.10" 4.37+0.06*

5+ 3.2£0.04" 3.5%0.10°" 4.29+0.06*

¢, Different letters within each column and effect indicate differences (P<0.05).
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Regarding to the effect of year, significant differences were observed between 2023 and
2024 for protein, fat, and lactose (Table 5). In 2024, higher values were recorded for protein
(3.3%0.03%) and fat (3.8+0.08%), while lactose was slightly lower (4.2+0.04%) compared
to 2023. These differences may be related to climatic, nutritional, and management
variations between years (Jayasinghe ez al., 2024).

In terms of the sampling season, there were significant differences in protein (3.4 0.03%)
and fat (3.8 £0.08%) content during the rainy season compared to the dry and windy season
(Table 5). This could be associated with better forage quality and availability, since during
the dry season it tends to be more fibrous and less nutritious, which reduces nutrient intake
(Bolanos et al., 2011). Similar results were reported by Martinez et al. (2020), who observed
higher fat values during the rainy season.

As for lactose, no significant differences were found by sampling period (p>0.05).
Cervantes et al. (2015) reported higher average values under SDP conditions, which may
be related to higher lactation production. In general, lactose plays an osmotic role in the
mammary gland, regulating water entry into the alveoli and, therefore, the volume of milk
secreted (Sadovnikova et al., 2021).

For the effect of calving season, fat was the component significantly affected, with higher
content in cows that calved in the windy season (3.8+0.08%) (Table 5). This behavior may
be associated with production volume (dilution effect), in which higher volumes tend to be
accompanied by lower fat concentrations and vice versa (Angulo ez al., 2009). In this study,
total milk production per lactation was lower in the windy season (1,002+43.4 kg) and was
associated with higher fat concentration.

No significant differences were observed in terms of genotype, herd, and number of
births (p>0.05), which differs from the findings reported by Cervantes et al. (2015). This
discrepancy could be attributed to the possible genotype X environment interaction, where
the effect of genotype may not manifest itself in the same way under different environmental
conditions, especially in tropical regions (Silva et al., 2021).

In relation to the number of calvings, significant differences were observed only
in fat (p<0.05): cows at calving 4 had the highest value (3.9+0.10%), and the content
tended to decrease in subsequent calvings (Table 5). This pattern has been reported in
cows in tropical grazing systems (Rosendo et al., 2021). Some studies, however, report
increases in protein with the number of lactations (Vargas et al., 2016; Heinrichs et al.,
2005).

Table 6 shows Pearson’s correlations between total milk yield per lactation.

Significant correlations were observed between some milk components (Table 6). Total
production showed a weak negative correlation with fat content (r=—0.114; p=0.004),
while no significant correlations were detected with protein or lactose content. This behavior
is consistent with a dilution effect, in which, as milk volume increases, the concentration
of certain components may decrease (Vargas et al., 2016). On the other hand, protein was
correlated with fat (r=0.582; p<0.0001) and lactose (r=0.469; p<0.0001). Similar results
have been reported by Barrientos et al. (2015) and Plascencia et al. (2021), although with
higher magnitudes.
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Table 6. Pearson correlations (r) between total lactation yield and milk
components (n=652).

Variables r P
Total production vs. Protein —0.027 0.4896
Total production vs. Fat —0.114 0.0038*
Total production vs. Lactose —0.016 0.6868
Protein vs. Fat 0.582 <0.0001*
Protein vs. Lactose 0.469 <0.0001*
Fat vs. Lactose 0.182 <0.0001*

* Significant correlation (p<0.05).

Taken together, these results suggest that, in addition to production volume, variation
in milk components responds to physiological mechanisms of the mammary gland and the

availability of substrates for milk synthesis (Rodriguez and Gémez, 2013).

CONCLUSIONS

In dual-purpose systems in the humid tropics, milk production and composition vary
depending on environmental effects and animal characteristics. The duration of the
lactation and total production were associated with year, sampling season, calving season,
genotype, and number of calvings. These sources of variation should be incorporated into
the analysis of productive performance for a more accurate interpretation of the results.
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