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Abstract

Different nutritional factors affect the resumption of postpartum ovarian activity in dual-purpose cattle in the
tropical region. First, this review establishes the importance of reducing postpartum anestrus in cows to
achieve greater reproductive performance. Next sections describe how each nutritional component has
affected reproductive parameters. In most of the studies analyzed, comparisons of reproductive parameters
were made between a group receiving the treatment and the control group. Then, a series of strategies to
improve reproduction in dual-purpose cattle were described. Finally, conclusions and practical implications
were presented.
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Resumen

Son diversos los factores nutricionales que afectan al reinicio de la actividad ovéarica posparto en bovinos
de doble propésito en la regién tropical. En este manuscrito se describe la importancia de reducir el anestro
posparto de las hembras con el propdsito de lograr una mayor eficiencia reproductiva. Las secciones
siguientes describen como cada componente de los alimentos ha afectado los parametros reproductivos.
En la mayoria de los estudios analizados se realizaron comparaciones de los parametros reproductivos
entre un grupo que recibe el tratamiento y el grupo control. Asimismo, se describe una serie de estrategias
para mejorar la reproduccion en bovinos doble propédsito. Finalmente, se presenta las conclusiones e
implicaciones practicas.

Palabras clave: anestro posparto, actividad ovarica, eficiencia reproductiva, suplementacion,
requerimientos.

INTRODUCTION

In Mexico, dual-purpose cattle production systems are mainly distributed in the humid
tropical and dry tropical climate regions, where grazing is the basis of feeding (Gonzalez-
Padilla et al., 2019). Crossbreds of Bos primigenius species, Bos primigenius indicus
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(Cebu) and taurus (Swiss, Holstein, Jersey, Montbeliard and Simmental subspecies) are
used in tropical regions (Rios-Utrera et al., 2020). In addition, dual-purpose cattle present
a lower nutritional requirement and a different nutrient partition compared to cattle with
dairy merit. However, nutritional deficiencies in forages and lack of supplementation lead
to low reproductive efficiency in both systems (Aguilar-Pérez et al., 2009).

Prolonged postpartum anestrus directly affects reproductive efficiency in dual-purpose
systems (Rojo-Rubio et al., 2009; Lassala et al., 2020). Postpartum anestrus is the period
of time from parturition to the restart of postpartum cyclic activity or first estrus with
ovulation (Pohler et al., 2020), such that the restart of the postpartum reproductive stage
occurs when the bovine female presents an estrous cycle with ovulation that produces a
viable oocyte. However, it has been shown that the main factors that determine the
duration of postpartum anestrus in dual-purpose cattle are calving season and parity
(Hernandez-Reyes et al., 2000); lactation and nutrition (Montiel & Ahuja, 2005; Rojo-
Rubio et al., 2009). The latter is closely related to factors such as loss of body condition,
negative energy balance and metabolic disorders, as well as uterine pathologies, udder
health and foot problems in high milk producing cows (Walsh et al., 2011). Therefore, itis
necessary that the animal covers its nutritional needs to maintain an adequate body
condition during pre- and postpartum (Montiel-Olguin et al., 2018). This will allow
improving the synthesis of essential hormones in sufficient quantities so that follicular
development, oocyte quality, corpus luteum function and subsequent embryo survival are
not affected (Robinson et al., 2006). For this purpose, it is recommended that the cow
achieves conception between 75 and 85 days postpartum. Thus, the sum of the
postpartum anestrus time plus the duration of gestation is equivalent to an annual cycle
in the cow (Bolafios, 2020). Thus, the reproductive efficiency of dual-purpose cattle is
influenced by the ability to restart cyclic activity as soon as possible after calving (Butler,
2003). Therefore, the present review has the objective of studying how and how much
forage nutritional deficiencies influence the resumption of postpartum ovarian activity in
dual-purpose cattle.

Nutritional needs

Dual purpose cattle with 50 % Bos taurus genes represent the optimal genotypes for the
humid tropical region (Lopez et al., 2010). Although Arce et al. (2017) found that genotype
had no significant effect on calving interval. In contrast, the Holstein x Zebu cross is
considered the most appropriate for milk production (Vite-Cristobal et al., 2007). In
addition, this cross has lower nutritional requirements and different nutrient partitioning
compared to cows with high milk merit. Thus, it would be expected that both the magnitude
and duration of the negative energy balance (NEB) would be different in these cattle due
to their lower milk production potential. Also, these genotypes show a greater response
to additional energy supplementation in early lactation, improving or eliminating NEB and


mailto:abanicoveterinario@gmail.com
https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario
https://doi.org/10.21897/rmvz.1637
https://doi.org/10.1016/j.livsci.2008.09.004
https://doi.org/10.1007/s11250-008-9249-8
http://dx.doi.org/10.22201/fmvz.24486760e.2019.3.677
https://doi.org/10.1016/B978-0-12-817052-6.00003-3
http://www.redalyc.org/articulo.oa?id=30234604
https://doi.org/10.1016/j.anireprosci.2003.11.001
https://doi.org/10.1007/s11250-008-9249-8
https://doi.org/10.1007/s11250-008-9249-8
https://doi.org/10.1016/j.anireprosci.2010.12.001
https://doi.org/10.1007/s11250-018-1681-9
https://doi.org/10.1016/j.anifeedsci.2005.08.006
https://vun.inifap.gob.mx/BibliotecaWeb/_Content
https://doi.org/10.1016/S0301-6226(03)00112-X
https://doi.org/10.1016/S0301-6226(03)00112-X
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S2007-11242010000400002
https://doi.org/10.22319/rmcp.v8i1.4347
https://www.redalyc.org/pdf/423/42338107.pdf

ABANICO VETERINARIO E-ISSN 2448-6132 abanicoveterinario@gmail.com M

https://abanicoacademico.mx/revistasabanico-version-nueva/index.php/abanico-veterinario
Creative Commons (CC BY-NC 4.0

increasing their productive and reproductive performance (Aguilar-Pérez et al., 2009). In
this regard, Garmendia (2005) recommends supplementation when: 1) The forage supply
is low, from 3 to 6 tons of dry matter/year, 2) There are energy limitations during the
prepartum and postpartum periods, since feed restriction before calving affects the
animal's body condition, and in the postpartum period it influences the secretion of
essential hormones for the restart of the reproductive cyclic activity, 3) There is a low
protein intake in the diet, 4) There are animals that have not finished their growth and in
pregnant animals to guarantee the viability of the calf and the restart of the postpartum
reproductive cycles, 5) There are lactating cows that rapidly lose body condition and are
in a critical period of forage limitation (dry season), and 6) In the diet the phosphorus
content is less than 0. 20 %, since it affects voluntary consumption and ruminal
fermentation of dry matter, causing imbalances in the production of ruminal gases and
microbial protein, affecting reproduction.

Table 1. Nutritional requirements of dual purpose cows with 10 kg milk/day

Live weight Consumption

k

9 DM MP CP ME Ca P

kg/day g/day g/day Mcal/day g/day g/day

400 9.2 778 1788 19.2 37 24
450 10.1 814 1870 20.3 39 26
500 11.0 848 1949 21.3 41 28
550 11.9 882 2027 22.4 42 30
600 12.7 915 2103 23.4 23 32

DM: dry matter; MP: metabolizable protein; CP: crude protein; ME: metabolizable energy; Ca: calcium; P: phosphorus
(Adapted from Anrique, 2014)

Restart of postpartum cyclic activity in cattle

The anestrus period in beef cattle can vary depending on the effects of lactation, mother-
calf relationship, nutrition and calving problems (Pohler et al., 2020), as well as uterine
infection, protein deficiency, early mating, parasitism and environmental stress (Bolafios,
2020); even calving season and parity (Hernandez-Reyes et al., 2000); the day of the
week when calving occurs and herd size affect reproductive performance (Montiel-Olguin
et al., 2020). However, in dual-purpose cattle, suckling and nutrition are the main factors
that can modify female ovarian cyclicity (Montiel & Ahuja, 2005; Rojo-Rubio et al., 2009).
However, it has also been found that body condition and energy balance (dry matter
intake) are the factors that contribute most to the frequency of Luteinizing Hormone (LH)
pulses to achieve the first ovulation. In addition, these factors have been observed to
indirectly affect postpartum uterine health in beef and dairy cattle (Crowe et al., 2014).
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With less research, in dual-purpose cattle, mastitis has been reported to be a negative
factor on cow reproductive efficiency (Bacha & Regassa, 2010; Nava-Truijillo et al., 2010).
Other factors to consider are semen management at the time of service, among many
other factors, sperm deposition in the ideal reproductive tract site at the appropriate
estrous cycle time and heat stress (Lopez-Gatius, 2012). Thus, postpartum anestrus or
puerperium is defined as the time elapsed from the time of parturition until reproductive
functions are restored so that effective service and consequently gestation can occur.
Simultaneous to this regeneration, there is a progressive increase in the frequency of
circulating LH pulses, which is essential for the establishment of normal estrous cycles
after parturition (Pohler et al., 2020). In this regard, Diskin et al. (2003) in their literature
review mentioned that the nutritional status of cattle is an important factor affecting
follicular growth, maturation and ovulatory capacity and that the resumption of ovarian
activity is related to a reduced frequency of LH pulses, which is controlled by the release
of GnRH from the hypothalamus. Therefore, a delay from calving to first estrus with
ovulation is caused by a lack of LH pulses, which is a result of calf suckling inhibition in
beef breeds (30-130 days) and high production in dairy breeds (25-45 days; Crowe, 2008).
When the above occurs, the cow cannot reach conception (Lucy et al., 1992; Robinson et
al., 2006).

In high milk producing cows, it has been shown that the main factors that determine the
duration of postpartum anestrus are closely related to situations such as loss of body
condition and NEB, metabolic disorders and uterine pathologies, udder health and
lameness (Walsh et al., 2011).

Walsh et al. (2011) consider that, the points to be addressed to reduce the problem of low
fertility in cattle are: firstly, minimize pre- and postpartum NEB; ensure estrous expression
and detection in the cow followed by artificial insemination; achieve ovulation and
fertilization of a high quality oocyte; followed by this, to provoke a rapid increase in corpus
luteum progesterone synthesis, simultaneously, to ensure that the uterine endometrium
rapidly produces an appropriate environment to stimulate embryo development and
finally, to get the embryo to produce adequate amounts of interferon-1, which is an
antiluteolytic factor that prevents lysis of the corpus luteum in ruminants and in a
coordinated and local way between embryo-uterus-ovary maintains pregnancy.
Interferon-t acts on uterine cells to inhibit the transcription of certain genes and to
abrogate the development of the endometrial luteolytic mechanism. The molecular
mechanisms involved in the silencing of the expression of such genes by interferon-T are
probably due to the fact that interferon-1 induces the expression of another factor, which
is a potent repressor of uterine enzyme transcription (Thatcher, 2017). However, all of the
above may be limited due to nutritional deficiencies caused by poor forage quality or
reduced postpartum dry matter intake. For example, blood progesterone concentration is
a factor that becomes more relevant in high-producing dairy cows, because their corpora
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lutea produce less progesterone and this hormone is eliminated faster from the blood, due
to elevated hepatic metabolism (Hernandez, 2016).

Nutritional factors affecting the resumption of postpartum cyclic activity

Dual-purpose cattle production systems are mainly found in humid tropical and dry tropical
climate regions, grazing is the basis of feeding (Gonzalez-Padilla et al., 2019) on pasture
and rangeland available in the region (Garay-Martinez et al., 2020). In addition, dual-
purpose cattle in the tropics present a lower nutritional requirement and a different nutrient
partition compared to cattle with dairy merit, nutritional deficiency of forages causes low
reproductive efficiency in both systems (Aguilar-Pérez et al., 2009). Feed supplementation
is most frequently used during climatic times with low pasture availability, mainly in
drought (Granados-Rivera et al., 2018), being the most common with commercial
concentrates (Lassala et al., 2020). However, offering feed supplementation in strategic
physiological stages of dual-purpose cattle correlates with an increase in milk production
(Bautista-Martinez et al., 2017) and with better reproductive efficiency, so feed
supplementation should be a permanent management practice and independent of the
climatic season (Granados-Rivera et al., 2018). The impact of nutrient deficiency on
reproductive parameters in cattle, focusing mainly on dual-purpose systems, is presented
below.

Energy deficiency

In ruminants, reproductive activity is associated with energy availability. Deficient glucose
availability caused by lower dry matter intake and high demand for milk synthesis, commit
the animal to enter a NEB (Chandra et al., 2011). In addition, increased ketogenesis is
one of the requirements for good hepatic adaptation to increase energy demand in the
period immediately after calving, thus ketone bodies are a very important alternative
energy resource for the tissue when glucose is being redirected to the mammary gland
(Herdt, 2000). However, it can be harmful to the animal causing ketosis.

Energy supplementation prevents or decreases NEB. Thus, cows that are not
supplemented before and after calving show a deep postpartum NEB, whose lowest point
is called "nadir", taking longer to reach a positive energy balance (Aguilar-Pérez et al.,
2009). In a study conducted in beef cows of varying age, supplementation during the last
third of gestation consisting of whole soybean grain (1.36 kg/day) compared to a soybean
meal/hull based supplement (1.56 kg/day), cows fed the first supplement at adulthood
represented higher ovarian activity at the beginning and end of the reproductive season
compared to those fed a soybean meal/hull-based supplement (Banta et al., 2008).
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Similarly, Aguilar-Pérez et al. (2009) found that supplementation with cereal-based
concentrates improved reproductive parameters in cattle. In this study, supplementation
consisted of sorghum (69 %), soybean (14 %), wheat bran (15 %) and minerals (2 %).
These cereals together contained 878 g/kg dry matter, 168 g crude protein/kg dry matter
and 11.8 MJ metabolizable energy/kg dry matter (2.82 Mcal ME/kg DM), providing 0.9 %
of the live weight. For the control group only wheat bran and minerals were offered (15 %
and 2 %, respectively). It is worth mentioning that the cattle used for this study were dual
purpose (Holstein x Zebu) grazing in early lactation in the tropical regions of Mexico. The
supplemented cows presented a higher ovulation percentage compared to the control
group (58 and 30 %, respectively) and higher gestation rate at day 90 postpartum (47 and
22 %, respectively) and shorter interval from calving to first estrus (62.8+6.9 days and
68.2+3.8 days, respectively), so this supplementation tends to improve reproductive
parameters.

In Cynodon nlemfuensis grazing cattle (Swiss x Zebu), the addition of an energy
supplement in the diet (ground sorghum at 0.4 % of live weight) helped to improve
postpartum cyclic activity, shortening the interval from calving to the appearance of the
first corpus luteum (ultrasonography, twice a week during the study) in supplemented
cows. Likewise, the higher gestation rate of supplemented dual-purpose cows (40+10 vs.
51410 days) could not be explained by nutritional status, suggesting additional effects of
supplementation energy mediated by metabolic hormones, which originate higher
progesterone synthesis in luteal cells that are associated with an increase in conception
rate in supplemented cows (42 % vs. 0 %; Tinoco-Magana et al., 2012).

Recently, in a study by De Souza et al. (2019) in Holstein dairy cows they found that,
when supplemented with palmitic acid during the first three weeks after calving, fresh
period, they observed that palmitic acid increases plasma beta-hydroxybutyrate
concentration during the first week after calving compared to the control group. The
significance lies in the fact that ketogenesis, the process by which fatty acids are
transformed into beta-hydroxybutyrate, takes place in the mitochondria of liver cells and
may occur in response to a lack of blood glucose availability (Robinson y Williamson,
1980). The production of beta-hydroxybutyrate is initiated to make energy available
primarily from fatty acids. Therefore, elevated plasma beta-hydroxybutyrate
concentrations as markers of excessive NEB reveal a decrease in reproductive
performance (Chapinal et al., 2012). Plasma beta-hydroxybutyrate concentrations of 10
to 14 mg/dL tend to increase the risk of a metabolic disorder (abomasal displacement,
metritis, clinical ketosis) and 15 % less likely to become pregnant after a voluntary 70-day
waiting period. Although in this study, palmitic acid increased plasma beta-
hydroxybutyrate concentration in the first week of the fresh period, a pronounced
decrease occurred immediately thereafter that does not represent a risk. Therefore, the
researchers concluded that plasma beta-hydroxybutyrate concentrations from palmitic
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acid supplementation are probably associated with increased nutrient partitioning to the
mammary gland rather than as an indicator of metabolic dysfunction. This feeding strategy
reduces NEB and prevents loss of body condition of the postpartum cow.

Protein deficiency

Bolafios (2020) suggests avoiding protein underfeeding of the cow in the diet during
peripartum, since the immune system through the formation of antibodies (protein
compounds) are responsible for capturing and digesting the bacteria that enter the
reproductive system during parturition causing uterine infections. Inflammation in
response to the presence of bacteria in the reproductive tract has negative effects on
reproductive efficiency; in this sense, the researcher considers that the lack of an
adequate protein level in the diet is a cause of metritis. On the other hand, Garmendia
(2005) commented that once the protein reserves in the body are depleted, the lack of
protein limits milk production in the first instance and the synthesis of immunoglobulins,
so that immune competence is compromised. The result is a greater predisposition to the
appearance of pathologies during and after parturition, such as the retention of fetal
membranes.

The low protein quality of unimproved pastures, where ruminants are grazed, does not
cover the nutritional requirements. Protein produces a greater response on dry matter
intake. As crude protein content of forages increases, the magnitude of production
responses due to additional protein supplementation may not be related to changes in
forage intake, but to changes in forage digestibility or metabolic efficiency of nutrient
utilization, including the effects of degradable and non-degradable protein. Due to the high
degradable protein content of grasses, supplementation of non-degradable protein
(overage) can improve grazing performance (Kawas, 2007).

Lara et al. (2015) conducted a study, the objective of which was to evaluate progesterone
and LH concentrations during postpartum in response to different doses of surplus or
protected methionine (0, 8, 16 and 24 g/day). The study was conducted on an
experimental ranch in Mexico with Holstein dairy cows for 96 days in the early postpartum
period. Although the results showed that there was a higher concentration of progesterone
in the first three cycles in those cows that were fed the protected or overage amino acid,
the concentrations of LH, which produce the preovulatory peak, were not statistically
different. Therefore, they concluded that supplementation with protected methionine to
cows during postpartum appears to improve corpus luteum function, without achieving a
higher LH peak compared to cows that are not supplemented. In the literature review by
Alvarez-Cardona et al. (2019) mention that the action of neurostimulatory amino acids
stimulate the secretion of adenohypophysial gonadotropins and, therefore, regulates the
control of gonadal physiological events.
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Vitamin deficiency

Vitamins play an indispensable role in reproductive processes. The nutritional
requirements for vitamin A, D and E are 2123-3685, 579-1004 and 16-27 1U/kg dry matter,
respectively for cows from 400 to 600 kg (Anrique, 2014). For example, deficiencies of
these vitamins cause a high percentage (80 %) of cases of retained fetal membranes, due
to failure of feto-maternal junction separation (Ndiweni y Finch, 1996). Although the
mechanisms associated with fetal-maternal tissue separation are poorly understood, there
have been suggestions of insufficient leukocyte activity immediately after delivery,
resulting in inadequate collagen breakdown of tissue and, therefore, failure of tissue
separation (Kimura et al., 2002). Furthermore, for the chorionic villi to become dislodged
from the crypts on the maternal side of the placenta, strong vasoconstriction of the villus
arteries must be achieved. Vasoconstriction reduces the pressure of the arteries and thus
allows the villi to be released from the crypts (Senger, 2003). In this regard, Montiel-Olguin
et al. (2018) found that dairy cows from family farms in Mexico that arrive at calving in low
body condition are more likely to have retained fetal membranes. This may be attributed
to vitamin deficiency. Supplementation with vitamin E (a-tocopherol) has been shown to
increase various aspects of the immune system including increased migration and
chemotaxis of polymorphonuclear cells (Ndiweni y Finch, 1996) and an increase in the
chemotaxis response by blood neutrophils (Politis et al., 1996). Thus, it has been
suggested that vitamin E supplementation may reduce the prevalence of fetal membrane
retention due to an increase in the immune system and thus ensure the separation of fetal
and maternal tissue (Bourne et al., 2007). Regarding postpartum reproductive infectious
processes, Kaewlamun et al. (2011) found that a higher concentration of 3-carotene, a
precursor of vitamin A, in blood has a positive effect on the percentage of
polymorphonuclear leukocytes in both the uterus and cervix in supplemented cows
compared to the control. From such a study, it is proposed that supplementation with (3-
carotene prior to calving may have a consequent beneficial effect on reproduction. On the
other hand, Gagnon et al. (2015) suggest that intramuscular administration of vitamin B12
(cyanocobalamin) in combination with folic acid in dairy cows during postpartum has an
effect on gene expression, which may be the result of an increase in LH secretion and
consequently promoting cell differentiation and an arrest of cell division in granulosa cells.
Therefore, we can say that vitamins are indispensable micronutrients for the proper
functioning of the organism and the maintenance of cellular homeostasis; in reproductive
matters, their use is focused on preventing disease problems that can occur frequently in
the animal production unit. In their literature review, De Rensis et al. (2017) mentioned
that the administration vitamin E, A and selenium (antioxidants) can protect the oocyte in
follicular dynamics in the ovary during heat stress. It is worth mentioning that vitamin A
does not exist as such, it has to undergo changes and processes to transform into retinol.
It has been shown that these vitamins supplemented prior to calving in cattle have positive
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impacts on the immune and reproductive system, by reducing oxidative stress rates,
helping to prevent some common diseases in production units such as fetal membrane
retention, metritis and abnormal puerperium, caused by immunodeficiency and that have
negative impacts on reproductive parameters (Hernandez, 2016). Furthermore, in this
regard Montiel-Olguin et al. (2018) found that retained fetal membranes, dystocic
parturition and body condition < 2.5 are the main risk factors associated with reduced
reproductive performance of cows (1263 lactations) from small-scale dairy herds (96) in
the tropical and subtropical region of Mexico.

In their literature review, Gonzalez-Maldonado et al. (2019) emphasize that vitamin C
(ascorbic acid), being an antioxidant and indispensable cofactor in enzymatic processes,
collagen degradation in preovulatory follicles, in follicular development and growth, plays
a very important role in the production of viable oocytes. In conjunction with vitamin E, the
results have not shown a better size of the follicle or corpus luteum. However, when
integrated into fixed-time artificial insemination protocols, it has been shown to increase
the number of pregnant cows, possibly due to the fact that, when cows are injected with
these vitamins, they produce better quality oocytes and therefore viable embryos
compared to cows that are not injected.

Regarding the retention of fetal membranes, a medical condition associated with
prolonged postpartum anestrus, there are three theories behind the etiology of this
condition, which are failures in the separation of the feto-maternal union, mechanical
obstruction and myometrial contractions. The first failure is probably due to enzyme
dysfunction, caused by the lack of organic molecules called coenzymes, mainly vitamins,
which help the enzyme in the biochemical transformations for the separation of the
cotyledons from the caruncles. However, no studies have shown that vitamin E deficiency
alone has an effect on the retention of fetal membranes, but that its mechanism of action
may be mediated by selenium (Bourne et al., 2007).

Mineral deficiency

Infertility in dairy cattle is a very complex and multifactorial problem, which should be
evaluated considering other diseases or disorders that occur in the animal. It is pertinent
to mention that hypocalcemia, mastitis, laminitis, retained placenta have a negative impact
on the cow's subsequent fertility. Minerals, trace elements and vitamins play an important
role in the prevention of these diseases (Wilde, 2006).

Mineral requirements during lactation are: calcium, phosphorus, magnesium, sulfur,
sodium and chlorine (0.60-0.80, 0.40-0.45, 0.22-0.28, 0.23, 0.20 and 0.25 % dry matter,
respectively; Anrique, 2014). However, most forages do not provide the adequate amount
of minerals required by the animal (Rojo-Rubio et al., 2009). Limited supplementation
aggravates the body condition and consequently its sexual cycle, which means longer
postpartum anestrus time and longer time for the cow to become pregnant again (Bolafos,
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2020). It has been demonstrated that the supplementation of macro and micro minerals
in premixes, offered to free access, has been the most efficient way to improve the
reproductive response in cattle (Rojo-Rubio et al., 2009).

Macrominerals are involved in acid-base balance and calcium metabolism in dairy and
dual purpose cows. The use of anionic salts in combination with supplementation of
adequate concentrations of calcium and magnesium can help improve dry matter intake
and reduce the negative energy balance in the postpartum period, as well as prevent
hypocalcemia, which is associated with uterine prolapse (Bolafios, 2020), cystic ovaries,
placental retention and formation of small corpora lutea (Roman et al., 2009). In this
regard, Bolafios (2020) considers that the availability of calcium can be responsible for
slow parturition and cause the calf to die before being expelled, due to the fact that at the
moment of parturition the uterine muscle cells demand an energy expenditure and calcium
ions that are responsible for the activation of the contractile system.

On the other hand, zinc and vitamin E are effective in the prevention of mastitis, which
occurs mainly in the first weeks of lactation, by increasing the antioxidant functions and
keratinization of the mammary nipple duct. Likewise in lameness, a result of laminitis in
dairy cattle that occurs mainly during lactation, although most of the original aggressions
to the hoof can occur before calving. However, zinc and biotin are also involved in
improving hoof keratinization and in the prevention of this disease (Wilde, 2006).

In addition, it is important to mention that the percentage of cows that retain placenta can
be reduced by preventing hypocalcemia and administering adequate concentrations of
selenium (Wilde, 2006). In a study by Vedovatto et al. (2019) demonstrated that the
administration of a single dose of trace minerals (60, 10, 5 and 15 mg/mL of Zn, Mn, Se
and Cu, respectively) 30 days before artificial insemination has no positive effect on
ovarian structures in Nelore cows under grazing conditions in the region of Mato Grosso,
Brazil. However, this same group of researchers found that administration of trace
minerals mentioned above does increase plasma concentrations of antioxidant enzymes
in all cows applied to them, regardless of body condition and cows with body condition <5
points tended to improve pregnancy rate, but not in those whose body condition was =5
(scale of 1-9). There are probably other minerals that are related to reproduction and their
performance is still unknown.

A compendium of recent studies on the effect of nutrient deficiency on the restart of
postpartum cyclic activity in cattle was made (Table 2), showing the supplement and
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production system studied, as well as the parameters that influenced the increase in
postpartum anestrus time reported by the authors.

As shown in Table 2, with respect to the present literature review, a small number of
studies conducted in dual-purpose systems were obtained. In this regard, it has been
found that dual-purpose systems the low adoption of reproductive technologies is one of
the main problems (Espinosa-Garcia et al., 2018; Bautista-Martinez et al., 2019; Lassala
et al., 2020; Villarroel-Molina et al., 2021), they have a very small number of heads,
considered subsistence because much of the production is for self-consumption, there is
variability in production that depends on the environment. Similarly, Gonzalez-Padilla et
al. (2019) considered that the main limitations for the growth and profitability of the
production units were the lack of access to credit, followed by the low market value of their
products and insufficient infrastructure. The above leads to the fact that in this guild of
producers is not taken into account to carry out basic and transcendental science.

Table 2. Effect of supplementation on the resumption of postpartum cyclic activity in dairy and dual-
purpose cattle

Nutritional Supplement Production Reproductive parameters Research
component system
Energy Concentrates Dual 1 estrus 74% vs 39% Aguilar-Pérez et al.,
(grains) purpose 1 ovulation 59% vs 30% 2009
1 gestation rate 47% vs 22%
Sorghum Dual 1 presence of CL to 70 days 50% vs 33% Tinoco-Magafia et al.,
purpose 1 gestation rate 42% vs 0% 2012
Protein Methionine Dairy Improves the CL function Lara et al., 2015
(249/d)
Vitamins E Dual | calving interval-1st estrus 28.3+2.4 vs 41.4+1.3 Khatti et al., 2017
purpose 1 gestation rate 86.7% vs 36.84%
Minerals Zn, Mn, Se Meat 1 gestation rate when BC < 5 (scale 1-9) 58.4% Vedovatto et al., 2019
and Cu (30 vs 46.8%
days before
Al)

CL: corpus luteum; BC: body condition; Al: artificial insemination; 1: increase; |: decrease

Feeding management strategies to improve reproduction in dual-purpose cattle
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The negative effects exerted by suckling and grazing, without being supplemented, inhibit
the reestablishment of postpartum ovarian activity, lengthening the interval between
calving, which can exceed 500 days, an extensive period of postpartum anestrus in dual
purpose cattle (Rojo-Rubio et al., 2009), which is no longer economically profitable for a
production unit to keep a cow empty for a year or more (Martinez et al., 2021).

Use of improved pastures

Samadi et al. (2013)demonstrated that pasture-based nutritional control before and after
calving can be used to induce marked differences in weight, body condition, and metabolic
hormonal status in postpartum beef cows. These researchers concluded that cows
receiving improved pasture had higher plasma concentrations of glucose, insulin, insulin-
like growth factor-I and leptin compared to cows receiving less digestible pasture. These
differences in glucose and metabolic hormone profiles were associated with earlier
resumption of ovulation for cows on improved pasture. The reduction in the postpartum
anestrus period in beef cows grazing improved subtropical pastures may result in
improved metabolic homeostasis. The earlier resumption of cyclic ovarian function of
cows on improved pasture probably resulted from the general positive actions of glucose
and metabolic hormones on somatic tissues and more specifically on the hypothalamus
and ovaries. The potential actions on different tissues within the reproductive axis
probably reflect the nature of the interrelationships between nutrition, metabolic regulators
and reproductive function, with information available that allows for an integration of the
effects of leptin and insulin-like growth factor-I, on GnRH secretion, which appears to
involve an indirect action through kisspeptin and leptin neurons; and a more direct action
on GnRH (insulin-like growth factor-1) neurons. Since in the experiment the restart of
postpartum ovarian cyclicity (ovulation) at 12 and 15 weeks was 100 % for cows kept on
improved pasture compared to those kept on less digestible pasture, where only 14 %
showed ovulation at 15 weeks.

Technification of production units and manipulation of nutritional components in
the diet

Velazquez et al. (2020) evaluated an induction protocol to restart ovarian activity in Bos
tauros x Bos indicus crossbred cows in the tropical region of Mexico. The hormonal
treatment consisted of the placement of CIDR with and without estradiol in dual-purpose
production units with three technification statuses described as: High technification level,
where grazing is done on pastures with improved pastures, they perform productive and
reproductive records and nutritional supplementation during milking of the animals;
medium technification level, the same conditions as the previous one; however, they do
not perform productive and reproductive performance recording; low technification level,
where grazing is on available natural forage and without productive and reproductive
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records or nutritional supplementation of the animals. In this research, this group of
researchers concluded that cows respond to the induction of ovarian activity of the
combination of progesterone and estradiol in a high proportion in all levels of
technification. These results confirm the benefits of production units with medium and low
technification status, since fixed-time artificial insemination programs, for example, can
be carried out. However, economic issues should be evaluated. Bautista-Martinez et al.
(2019) in their economic-productive characterization of the dual-purpose cattle system in
three tropical regions of Mexico found that practices related to reproductive management
are the least frequently performed in production units, the promotion in the application and
adoption of technologies related to this area, could be an alternative to improve productive
and reproductive variables in the long term.

On the other hand, in the same Mexican region described above, Zarate-Martinez et al.
(2022) studied the reproductive behavior of dual-purpose systems with two levels of
neutral detergent fiber, inducing ovulation with a hormonal protocol of fixed-time artificial
insemination. The experiment consisted of: treatment 1 fed 4.5 kg of concentrate cow/day
and treatment 2 fed 3 kg of concentrate cow/day. Forage was offered ad libitum in both
treatments. The results obtained were that cows in treatment 2 consumed more neutral
detergent fiber than cows in treatment 1, 38 and 44 % of the total diet, respectively. This
group of researchers commented that the increase in forage intake to where the neutral
detergent fiber allowed compensating the energy and metabolizable protein intake, being
similar for both treatments during the first 15 days before calving. Cows in treatment 2
(6.25 dry matter/day) tried to compensate for nutrient deficits by consuming more forage
than those in treatment 1 (7.37 kg dry matter/day). In addition, they comment that
metabolizable protein was always deficient during lactation for both treatments. In
treatment 2 cows, the poor metabolizable protein resulted in lower milk nitrogen content.
Finally, they found that cows in treatment 1 lost less body condition by 75.2 %, this was
reflected in a higher gestation rate at first service in the treatment compared to treatment
2 with 42.8 %, although they did not produce more milk. They concluded that the decrease
of neutral detergent fiber in the diet from 44 to 38 % and the application of the hormonal
protocol of fixed-time artificial insemination decreased the open period to 105 days in
lactating cows in the tropics of Mexico.
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CONCLUSIONS

The importance of nutritional deficiencies affecting postpartum resumption of cyclicity and
dietary management strategies to improve reproduction in dual-purpose cattle were
described. In addition, while conducting this review, the authors became aware of the lack
of scientific information on the effects of feed and forage deficiencies on postpartum
ovarian resumption, specifically in dual-purpose cattle [Bos taurus (Holstein, Jersy) x Bos
indicus (Gir, Nelore, Braman)]. Research on this topic should be developed to establish
specific practical recommendations for these crosses, and thus avoid the improper use of
information generated in other production chains (beef and dairy cattle) and regions (arid
and temperate) in Mexico.
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