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Backfat Thickness Does Affect the Restoration of Ovarian Activity Postpartum in Different Breeding Programs in Zebu Cattle
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The backfat thickness (BFT) was used to forecast the onset of ovarian activity and predict the calf growth. Eighty Brahman cows with their calves were allocated in two groups of 40 distributed in 4 months according to the month of calving, starting in March and finishing in June. One was synchronized and inseminated at fixed time following by natural mating (TAI+NM); whilst the other only by natural mating (NM). The programs started at 60 ± 5 days postpartum and ended 60 days later. From day 30 postpartum, serial ultrasound examinations and progesterone samples were used to monitor the onset of ovarian activity. The BFT in the rump area was measured by ultrasound from 30 days postpartum and every 15 days thereafter. The weight of the calves was recorded at birth and at weaning on 160 days. The adjusted effect of BFT on ovarian activity and the calves' development was assessed by binomial logistic regression at 30, 60, 75, and 120 days postpartum. The cycling cows averaged higher BFT irrespective of breeding program (P < 0.001). Also, slower changes in BFT were recorded during the follow-up at each time for all cows. However, the former had the higher BFT values from calving to the end of the study (P < 0.001). At 60, 75, and 120 days, the BFT measured, at the preceding time, was the only factor predicting the commencement of cyclicity (P < 0.001). The accumulative pregnancy through time was higher in TAI+NM (P = 0.003). Daily weight gain and weaning weight of the calves born in March was significantly heavier (P < 0.001) than peers born in April, May, or June. The most critical element to forecast the onset of ovarian activity is the monitoring of BFT around calving regardless of the breeding program. BFT to estimate the development of the calves until weaning was unpredictable.
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INTRODUCTION

The restoration of ovarian activity in Zebu cattle is commonly affected by the availability and quality of native or introduced pastures. These features are dependent on the onset of the rainy season, that can be unpredictable in many areas of the tropical world (1). In many instances, the poor management in the last trimester of gestation incises in the body condition of the dams, which would further accentuate the loss of body weight if the rainy season is delayed (2). Thus, combining body weight loss in the last trimester of gestation and a delayed rainy season, makes a problematic scenario for clinicians and farmers alike to achieve a successful pregnancy rate. Consequently, past and present studies have shown that about only 50% of cattle calve every year (3).

Sa-Filho et al. (4) reported that the use of synchronizing agents with timed artificial insemination and natural mating, increases the number of pregnant cows in the short term, compared only to natural mating. However, at the end of a 90-day breeding season the proportion of pregnant animals was similar. The authors also observed that the number of pregnant animals was highly associated with body condition. Ultrasonographic measurements of backfat thickness (BFT) is a tool allowing us to obtain an objective measure of the animal current metabolic state, especially in the last trimester of gestation, when other indicators such as weight, body condition score, glucose, non-esterified fatty acids (NEFA's), among others, become difficult to interpret (2, 5, 6). This methodology is not frequently used in breeding programs for predicting the early resumption of ovarian activity postpartum. Furthermore, the development of the calves in the tropics can add useful information in the decision-making process as to decide on the most adequate time to breed animals (7).

The objective of the present study was to compare, the effect of backfat thickness after calving on the resumption of ovarian activity, and calf birth weight to weaning, testing two different breeding programs.



MATERIALS AND METHODS


Location

The study was conducted, from March to June, at the Center for Teaching, Research and Extension in Tropical Animal Husbandry belonging to the Faculty of Veterinary Medicine and Zootechnics of the National Autonomous University of Mexico, located in the State of Veracruz, Mexico at 20° 04′N and 97° 03′W, with a humid tropical climate, mean annual temperature of 24°C and mean annual rainfall of 1,742 mm.



Animals

A total of 80 multiparous postpartum Brahman cows between 4 and 10 years in a proportion of 10 animals per year of the study and their calves were used and distributed equally according to the month of calving from March to June. All animals were kept under pasture conditions based on rotational grazing of Cynodon nlemfuensis (African star grass), Paspalum spp. and Axonopus pp, supplemented with minerals and water ad libitum.



Experimental Design

The 80 Brahman cows with their calves were allocated in two groups of 40 distributed in 4 months according to the month of calving, starting in March and finishing in June; one was synchronized and inseminated at a fixed time. Following this event, continuing with a bull of proven fertility introduced to the herd (TAI + NM). The other was allocated to a natural mating (NM) program using a bull with an approved breeding soundness evaluation. The programs started 60 ± 5 and ended 60 days later (Figure 1).
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FIGURE 1. Chronology of the sequence of events and activities performed in TAI+NM (timed artificial insemination followed by natural mating) and NM (natural mating only) breeding programs. TAI, timed artificial insemination; NM, natural mating; US, transrectal ultrasonography; P4, progesterone samples; BFT, backfat thickness.




Breeding Programs

The TAI + NM cows were synchronized using a protocol based on the use of a device with 1.9 g of natural progesterone (CIDR 1900 Cattle Insert, Zoetis, Mexico) and the administration of 2 mg IM of estradiol benzoate (Estradiol Benzoate, Zoetis, Mexico) on the day of insertion (60-day postpartum). At CIDR withdrawal (67-day postpartum), 400 UI IM of ECG were given (Novormon 5000, Zoetis, Mexico) together with 25 mg IM dinoprost tromethamine (Lutalyse, Zoetis, Mexico). This treatment was followed by 1 mg estradiol benzoate at day 68 postpartum. Thus, artificial insemination with the same commercial Brahman bull was performed at 56 ± 2 h after CIDR withdrawal. Then, 20 days after timed artificial insemination the cows were relocated to a natural mating program with a different bull.

The NM cows remained with a 5-year Brahman bull with proven fertility and acceptable following the breeding soundness evaluation in a paddock from day 60 ± 5 to 120 postpartum.



Backfat Thickness

The assessment of BFT in the rump area was carried out using an ultrasound device (Aloka SSD 500, Tokyo, Japan) with a convex transducer and 3.5 MHz frequency to obtain the ultrasonographic images used to measure BFT in centimeters. Observations initiated at day 30 postpartum and thereafter every 15 days. After animal immobilization, the examination site to measure BFT was the rump area, located midway between the tuber coxae (hooks) and the tuber ischiae (pins), 2–3 cm above the greater trochanter of the femur (8).



Transrectal Ultrasonography and Progesterone Samples

The presence of a corpus luteum over time was the indicator of restarting ovulation and was evaluated by transrectal ultrasonography using a 7.5 MHz transductor (Aloka SSD 500, Tokyo, Japan). In addition, blood samples were obtained from the coccygeal vein or artery to measure serum progesterone concentration using an ELISA kit (DRG® Progesterone ELISA, Germany). The presence of a viable corpus luteum was determined when values were above 1ng mL (9). Examinations started on day 30 postpartum and thereafter every 5–10 days until the end of the study to define, cows cycling and/or non-cycling throughout the study.



Pregnancy Diagnosis

Pregnancy diagnosis started at 35 days after the onset of the experiment and continued every 7 days to record as closely as possible the actual time of gestation. It was carried out by transrectal ultrasonography, using an ultrasound (Aloka SSD 500, Tokyo, Japan) with a linear 7.5 MHz transductor to confirm pregnancy by the presence of an amniotic vesicle, the embryo itself, and its heartbeat.



Calves Growth

The sex and the weight of all calves were recorded at birth. All calves remained with their dams until they were weaned at 160 days of age and weighed at this time using a S3 Weigh Scale Indicator (Datamars True-Test, TX USA).



Statistical Analysis

Backfat thickness (BFT) and age of the females were compared using the Mann-Whitney test to determine the comparability of both breeding programs (TAI+NM and NM) at the beginning of the study. Descriptive statistics (mean, SD, median, Q1, and Q3) were calculated for the BFT at 30, 45, 60, 75, 90, 105, and 120 days postpartum globally and by breeding program. Besides, Mann-Whitney tests were performed to make comparisons between programs at each time. The proportion of cows cycling at different postpartum periods, were calculated globally and into the breeding programs at 30, 60, 75, and 120 days postpartum. The difference between them was calculated by the Fisher exact test. The Mann-Whitney test was applied to compare the BFT between cycling and not-cycling cows at each period postpartum (30, 60, 75, and 120 days) This test was also performed comparing the fluctuations in BFT at 45, 60, 75, 90, and 120 days postpartum.

To estimate the effect of the backfat thickness, age of the dam, sex, and weight of the calf at birth (BBW) and weaning (WBW), the calf daily weight gain (DWG), and the month of calving month on the restarting of ovarian activity, binomial logistic regression models were performed for the 30, 60, and 75 days postpartum. This analysis was done for each timepoint in two phases: univariate and multivariate. Variables with a P-value <0.25 in the univariate analysis were included in the multivariate analysis. In addition, possible confusion and interactions were tested. The Akaike information criterion (AIC) was used to select the best fit model and change the log-likelihood estimates between the new and the previous model. For this purpose, the cow's age, the birth and weaning body weight, the daily weight gain, and the backfat thickness at the points chosen for analysis, were converted from their original continuous form to a categorized one using the tertiles option. A non-parametric survival analysis by Kaplan-Meier curves was undertaken to compare cows becoming pregnant early between the breeding programs and a log-rank test was used to determine their significance.

Kruskal-Wallis test was performed to compare BBW, WBW and DGW of all calves, irrespective of the breeding program, with the month of birth. Furthermore, a non-parametric Spearman correlation was undertaken to test the association between the BFT of the dam at 30 and 120 days postpartum on the BBW, WBW and DGW of all calves.

All the statistical analyses were performed with SAS 9.4 and Jamovi ver. 1.6.23.0. A P < 0.05 was used as the threshold for statistical significance.




RESULTS

No differences by age (P = 0.26) or BFT (H = 1.14; P = 0.28) were observed between breeding programs at the beginning of the follow-up. However, an ascendant tendency to gain BFT was observed in most cows, despite of the assigned program. Besides, no differences were found between breeding programs at any time (Figure 2). As can be observed, there is considerably more variation in the data of cows in the TAI+NM.
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FIGURE 2. Descriptive statistics for BFT at different days postpartum for the total of cows (A) and by breeding program (B).


A trend to increase the percentage of cycling cows is presented during the follow-up period in the breeding programs with no differences, except for the 75-day postpartum, being slightly higher (P < 0.05) in TAI+NM (Figure 3). On the other hand, cycling cows had a higher average of BFT in all the points of analysis irrespective of breeding program (P < 0.0001) (Table 1).


[image: Figure 3]
FIGURE 3. Percentages of cycling cows at different postpartum days global and by breeding program. The bar error depicts the difference between percentages. Different letters between days postpartum are statistically significant (P < 0.01).



Table 1. Comparison of backfat thickness between cycling and non-cycling cows at different days postpartum.
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The cycling cows showed significantly lower changes in BFT during the follow-up compared to the non-cycling ones (P < 0.001) in global and by each period, but the cycling cows had the higher values of BFT since the calving to the end of the study.

The percentage of animals cycling by 30 days postpartum, age of the cow (P = 0.31), month of calving (P = 0.66), calf sex (P = 1.00), BBW (P = 0.29), WBW (P = 0.31), DWG (P = 0.36) and breeding program (P = 0.53) were not associated with the restarting of cyclicity. Only the BFT in its continuous form was associated (P < 0.001); however, the estimated OR and its 95% CI were unpractical to interpret because of their extremely range.

By 60-day postpartum, cow's age (P = 0.44), month of calving (P = 1.00), calf sex (P = 0.66), the BBW (P = 0.63), the WBW (P = 0.36), the DWG (P = 0.45) and breeding program (P = 1.00) were not associated with the restarting of cyclicity. On the contrary, in the univariate analysis, the BFT measured both at the 30, 45, and 60 days postpartum, showed an increased tendency to delay the restarting of cyclicity as the BFT was lower (P < 0.001); however, when they are included in the multivariate model, the BFT at 45 and 60 days postpartum lost significance due to collinearity. Then, at this point, the only variable with a significant effect on the cyclicity restarting was the BFT at 30 days postpartum (Table 2).


Table 2. Association of the backfat thickness (BFT) and the cyclicity restarting at 60-day postpartum; univariate and multivariate results are presented.
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The breeding programs become significant (P = 0.019) by 75-day postpartum, having the NM the higher risk of no returning to cyclicity (Univariate OR = 3.27, 95% CI: 1.21–8.84; Multivariate OR = 6.34, 95%CI: 1.74–23.12). The model for BFT at 30-day postpartum did not converge, but it does for 45, 60, and 75 days postpartum, showing a significant association between the BFT and the no return to cyclicity, having the higher risk, those cows with lower BFT (Table 3).


Table 3. Association of the backfat thickness (BFT) and the cyclicity restarting at 75-day postpartum; univariate and multivariate results are presented.
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For 120-day postpartum, the breeding programs becomes non-significant as it was for 30 and 60 days postpartum (P = 0.17). The model for BFT at 30-day postpartum did not converge, but it does for 45, 60, 75, 90, and 120 days postpartum, showing a significant association between the BFT and the no return to cyclicity, also, as before, having the higher risk those cows with lower BFT. When they are included in the multivariate model, the BFT at all measurements lost significance due to collinearity. None of the other adjusted variables remained in the model; thus, the best fit model was a univariate model corresponding to the BFT at 90-day postpartum.

The percentage of animals pregnant after 30 days of the breeding season was in the group for TAI+NM (25/40 = 62%) than for NM (14/40 = 35%). An overall significant difference (P = 0.02) was observed in the number of animals pregnant during the first 30 days. At the end of the breeding season, the percentage of animals pregnant for TAI+NM was (32/40 = 80%) and for the group of NM was (22/40 = 55%), (P = 0.03). The survival curves comparing the accumulative percentage of pregnancy were different between the two breeding programs (P = 0.003) (Figure 4).


[image: Figure 4]
FIGURE 4. Kaplan-Meier survival curves for pregnancies by breeding program. Different letters indicated by double-headed arrows are statistically significant (P < 0.01).


The birth body weights by month of calving (March = 31.65 ± 3.167; April = 32.25 ± 2.673; May = 30.00 ± 5.047; June = 31.80 ± 3.847) were not significantly different (P > 0.05). Weaning weights by calving month (March = 176.6 ± 19.48; April = 161.1 ± 18.22; May = 155.5 ± 15.16; June = 150.5 ± 14.26) were significant (P < 0.0001) between March and the rest. Daily weight gains by calving month (March = 0.9058 ± 0.1162; April = 0.8053 ± 0.1101; May = 0.7844 ± 0.08860; June = 0.7416 ± 0.09405) were statistically different (P = 0.01 and P = 0.0003) for the month of March vs. May and June, respectively. April was not different to March but equal to the other months (Figure 5). At 30-day postpartum there was no correlation between BFT and BBW (r: −0.014, P = 0.904), WBW (r: 0.039, P = 0.730) and DWG (r: 0.027, P = 0.813). Neither, at the last point of analysis (day 120 postpartum) there was no correlation between BFT and BBW (r: 0.157, P = 0.165), WBW (r: 0.020, P = 0.860) and DWG (r: 0.006, P = 0.954).


[image: Figure 5]
FIGURE 5. Daily weight gain of the calves at 160 days postpartum for every calving month. Different letters between months are statistically significant (P <0.01).




DISCUSSION

As expected, non-significant differences were observed when analyzing the two breeding programs concerning BFT. This result matches similar studies measuring body condition scores (10) or BFT (6). By day 30 postpartum, the percentage of cows starting ovarian activity was 15% in both breeding programs, again, in agreement with several studies demonstrating the tardiness on the onset of ovarian activity, mainly if the offspring is present (11). By day 60 postpartum, 50% of the cows were cycling (TAI+NM = 18/40 and NM = 22/40). Similar percentages of cows cycling have been observed in animals gaining body weight after calving (12). Previous studies have shown that if dams are gaining body fat, as in the case of this study, the use of a hormonal treatment could be beneficial even if the calf is present (13, 14). A significant difference was observed in the number of animals with the presence of an active corpus luteum in group TAI+NM after application of the synchronization protocol, when compared against those with NM. Pessoa et al. (15) found in Bos taurus in Brazil, an increase in the number of cycling animals after application of synchronizing agents compared to females in a natural mating program. Diaz et al. (2) reported that there was no effect of the presence of the calf, or frequency of suckling, on the onset of postpartum ovarian function, suggesting, that energy loss due to the stress of lactation, in animals with a sound metabolic profile, has a minimal effect. The present study supports this concept as changes in BFT between the animals cycling vs. non-cycling by day 75 postpartum was significantly different. A similar dichotomy was observed even by the end of the experiment on day 120 postpartum.

The percentage of animals pregnant after 30 days of the breeding season was 62% for TAI+NM and for natural mating only 35%. The concept that the use of synchronization agents and timed artificial insemination, will increase the number of cows pregnant at the beginning of the breeding season in the tropics has been reported (4). However, supporting their results, at the end of the experimental trial, the number of pregnancies was similar TAI+NM 80% and NM 72%. Nonetheless, the number of pregnant animals, and their accumulative percentage through time, favored the cows that were synchronized and inseminated during the first 2 weeks. Similarly, Pessoa et al. (15) found that the number of pregnant animals varied between those who received TAI+NM (123/200 = 59.6%) and those who only were in natural mating (84/266 = 31.7%). As the number of cycling females increased, due to the synchronization protocol, this procedure eased the breeding program. The importance of having females cycling earlier in the postpartum has been reported (4).

Diaz et al. (2) comparing diverse methods of calf separation found, like other authors, that no matter what reproductive system is implemented, about 20% of the cows do not respond starting their ovarian function. As in the case of this study, 17 cows were not cycling after 120 days postpartum, which showed a mean of 0.71 ± 0.18 centimeters of backfat thickness compared to those cycling 1.04 ± 0.09 centimeters. Ayres et al. (16) found differences between backfat thickness measured through different times pre and postpartum, but no mention was given for the proportion of cows that were cycling and/or non-cycling. All these information could partially explain the difficulties in achieving a pregnancy rate in the herd on an annual basis. Rodrigues et al. (17) tested different types of resynchronizations and reported that at the end of the 105-day breeding season the pregnancy rate was very similar between treatments. However, 14–20% of the females in the treatments were not pregnant. Molina et al. (18) calculated the cost of a gestation with 52% pregnant, following diverse estrous synchronization protocols, finding that, the pregnancy cost could vary from 65 to 98 US dollars depending on the protocol. How this cost matches with only natural mating? this is a question that practitioners and farmers alike should ask themselves, before embarking in a reproductive management program.

The strong correlation between body condition score and reproductive outcomes has been addressed by several studies in the tropics (16, 19–22). However, there is a debatable issue due to inconsistencies related to the degree of technical expertise or the corporal area of the animal chosen to evaluate. This could be as thinner cows, with reasonably body reserves, erroneously, would be graded as in poor body condition. In our experience, a tangible measured such as ultrasound, should be preferential over a subjective observation based on visual scoring. In effect, Ayres et al. (23) compared the efficacy and precision of body weight, condition score, and BFT and reported a poor correlation between the former two methods and the latter. Even more, as the portability and cost of ultrasound equipment are becoming simpler and cheaper, it is not far-fetched to recommend clinicians to adopt this technique in their normal endeavors.

Escrivão et al. (24) found no differences in the weaning weights of the calves even after performing separation methods of the offspring to promote the resumption of ovarian activity. However, there is no discrimination from the month of birth and their effect on weaning weight in their study. Daily weight gain was affected by the month when the calf was born; thus, March was advantageous for daily weight gain and weight at weaning compared to calves born in April, May, or June. As far as we know, there is no data available on the direct relationship between the backfat thickness of the dam, with the performance of calves prior to weaning. Nevertheless, calf growth from birth to weaning depends on the milk supply of the dam, which could be affected by her nutritional conditions and the demand of the calf. According to Sampaio (25), the increase in the protein content of the diet will favor the intake of dry matter from low quality tropical forages. Therefore, the calves born in March, could be favored by the amount and quality of milk consumed by the dam in this month.



CONCLUSIONS

Our findings pointed out that the most important element is the monitoring of BFT around calving for predicting the onset of ovarian activity, regardless of the breeding program utilized. However, BFT to forecast the calf growth, had an unpredictable mission to estimate their development until weaning. So, the farmer concern, should be, to have better feeding and health management during the close-up period; otherwise, despite the efforts enhancing the backfat thickness of the cows after calving, the restarting of their cyclicity could be jeopardized.
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