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Abstract

:

Simple Summary


This study was realized to explore the effects of calcium chloride (CaCl) and monocalcium phosphate (MCP) supplementation on the reproductive efficiency of grazing yak heifers. The body weight, serum markers of bone metabolism, and conception and calving rate of grazing yaks in control group and supplementary feeding groups were compared. The results revealed that supplementation with MCP but not CaCl could significantly improve the reproductive performance, possibly due to the improvement in body weight and bone phosphorus storage providing better estrous physiological conditions for grazing yak heifers. The findings of this study may be helpful and instructional to improve the reproductive efficiency of yaks on the Qinghai Tibet Plateau.




Abstract


Reproductive efficiency is the main factor limiting yak production on the Tibet Plateau. The purpose of this study was to investigate the effect of supplementation with calcium chloride (CaCl) and monocalcium phosphate (MCP) for 30 days before breeding on body weight (BW) change, serum bone metabolism biomarkers, conception rate, and calving rate of grazing yaks. Ninety 3 year old yak heifers (153.05 ± 6.56 kg BW) were assigned to three treatments (n = 30 per treatment): grazing without supplementation (CONT), grazing plus calcium chloride supplementation (CaCl), and grazing plus monocalcium phosphate supplementation (MCP). Compared with the CONT group, supplementation with CaCl increased the serum concentrations of osteocalcin and decreased the alkaline phosphatase (ALP) levels (p < 0.05); supplementation with MCP increased the average daily gain (ADG), serum concentrations of phosphorus (P) and osteocalcin, conception rate, and calving rate (p < 0.05), whereas it decreased the serum concentrations of hydroxyproline, ALP, and calcitonin (p < 0.05). Both CaCl and MCP supplementation had no effect on serum calcium (Ca) concentration. The ADG, conception rate, and calving rate were higher in the MCP group than in the CaCl group (p < 0.05), while the serum concentrations of hydroxyproline and calcitonin were lower (p < 0.05). It could be concluded that premating supplementation with MCP increased the body weight gain and subsequent conception and calving rate of grazing yaks. Supplementation with MCP had a positive effect on body condition and bone metabolism, thus providing a better estrous condition for grazing yak heifers, which could contribute to enhancing reproduction efficiency.
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1. Introduction


Yaks (Bos grannies) have successfully adapted to the harsh high-altitude (2500 to 6000 m) environment with long-term cold temperature (below zero degrees Celsius), playing an indispensable role in the alpine meadow grazing ecosystem as the key breed of the pasture–livestock industry on the Tibetan Plateau [1]. Currently, more than 90% of yaks in the world live in China, which provide local residents with meat, dairy products, service force, and fuel [2]. Unfortunately, compared to the vast majority of cattle living in the plains, yaks generally exhibit lower reproductive efficiency [3]. Unlike domestic cattle, grazing yaks are considered to be seasonal breeders with mating occurring only from July to October (warm season) [4]. The sexual maturity of yaks is relatively late, with male yaks first used at the age of 3 years and female yaks first calving after 4 years [5]. On the other hand, yaks also face the problem of low fertility. According to statistics, the average annual reproduction rate of adult yaks is less than 49%, and more than half of them calve once every 2 years or twice in 3 years [6]. In addition, female yaks can experience a long postpartum anestrus period, whereby approximately 90% of postpartum female yaks cannot be rutted during the breeding season in the same year [7,8]. Therefore, it is of great practical significance for the development of yak production to explore methods for improving reproductive performance.



Nutritional status and dietary nutrition levels are the crucial factors determining the reproduction of female yaks [8]. Yaks kept in zoos or farmhouses did not show obvious seasonal estrus characteristics [9], which may be related to the continuous supply of food. However, in the wild, grazing yaks have to go through the withering process of grass in the cold season (November to the following May), during which the shortage of available pasture cannot satisfy the nutritional requirement of yaks [10]. The inadequate intake of nutrients would lead to a depletion of body reserves and decline in body condition of pregnant yaks. This results in a long postpartum anestrus of those yaks, because they need much more time to recover from the poor body conditions after calving [9]. Nutritional supplementation has a positive effect on the body weight gain and body condition of grazing yaks, which could be helpful for improving reproductive performance. Previous studies reported that supplementation with concentrates during the cold season [11,12,13] and warm season [14,15] could enhance the growth potential of grazing yaks. The body condition and nutritional status of beef cows are related to age at first calving, duration of the postpartum interval after successive calving, and conception and pregnancy rate [16]. Regretfully, we only found one report showing a greater calving rate and a shorter postpartum anestrous interval in yak cows after supplementation with oat hay or barley straw during the cold season [17]. Moreover, data describing the effects of mineral supplementation on yak reproduction are even more limited.



The deficiency of calcium (Ca) and phosphorus (P) negatively influences many different steps of the reproduction process in mammals, from gamete maturation to fetal development [18,19]. As mentioned previously, if the intake of Ca and P is insufficient because of the shortage of forages in the cold season, the body reserves of Ca and P become depleted and the reproductive potential of yak cows is inhibited. In addition, studies in ruminants have implied that supplementation with Ca increased the proportion of cows inseminated [20] and supplementation with P improved the reproductive efficiency of grazing cattle [21]. We hypothesized that the deficiency of Ca and P is one of the factors limiting the reproductive efficiency of grazing yaks, and that supplementation with Ca and P affects the body reserves of Ca and P and, thus, the reproductive performance of grazing yak heifers. The objectives of this study were to explore if supplementation with calcium chloride (CaCl) and monocalcium phosphate (MCP) for 30 days before breeding is necessary for grazing yaks, as well as its relationship with Ca and P metabolism.




2. Materials and Methods


2.1. Animals and Treatments


The procedures for animal processing referred to Chinese Animal Welfare Guidelines, and the experimental protocol was approved by the Animal Care and Ethical Committee of Sichuan Agricultural University (#SCAUAC201408-3). The experiment was conducted at the summer pastures (altitude of 3100 m) of Animal Husbandry and Veterinary Institute of Haibei Prefecture (Qinghai Province, China) from June to July. The pasture composition included Kobresia humilis, Stipa aliena, Leontopodium nanum, Potentilla multifida, Taraxacum brevirostre, Oxytropis deflexa, and Gentiana squarrosa. The content of Ca and P in pasture is provided in Table 1. Ninety 3 year old Qinghai plateau yak heifers (153.05 ± 6.56 kg body weight (BW)) were selected and randomly assigned to three treatments with 30 yaks in each treatment as follows: the control treatment, i.e., grazing without supplementation (CONT), grazing with CaCl supplementation (14 g/day each yak) (CaCl), and grazing with MCP supplementation (30 g/day each yak) (MCP). The dosage of MCP was based on a previous study [22], and the daily intake of Ca per yak in the CaCl treatment was equal to that in the MCP treatment. After a 2 week transition period for yak heifers to adapt to supplementary feeding, the 30 day nutritional intervention was initiated. All yaks grazed in the same pasture and had free access to water between 7:00 a.m. and 6:00 p.m. CaCl and MCP were mixed into ground maize with 100 g/head/day and fed to yaks at 7:00 p.m., whereas yaks in CONT group received the same amount of ground maize. The actual daily intake of calcium (Ca) and phosphorus (P) among yaks in the experimental groups is shown in Table 1. All yak heifers were mixed with yak bulls for natural mating after the nutritional intervention.




2.2. Sample Collection


Approximately 10 mL of blood was withdrawn from the jugular vein from each yak into evacuated tubes without anticoagulant on day 30 before grazing in the morning. The tubes were centrifuged at 2500 rpm for 15 min at 4 °C to obtain serum samples. All serum samples were aliquoted and immediately frozen at −80 °C until analyzed.



All yak heifers were weighed with a platform scale and recorded on two consecutive days before morning grazing pre and post trial. Data related to conception, miscarriage, and calving were observed and recorded for each female yak until the next estrus.




2.3. Serum Analyses


The serum concentrations of Ca and P were measured with commercial kits using a Shimadzu CL-7200 Automatic Biochemical Analyzer (Shimadzu, Kyoto, Japan). The serum concentrations of hydroxyproline and activity of alkaline phosphatase (ALP) were also determined using commercially kits (Nanjing Jiancheng, Nanjing, China). In addition, osteocalcin and calcitonin in serum were measured using ELISA kits (Meimian, Yancheng, China). The manufacturer’s instructions were strictly followed to obtain accurate results.




2.4. Statistical Analysis


The experimental data related to growth performance and serum parameters between groups were analyzed using one-way ANOVA followed by a multiple range test; results are presented as means ± standard deviation (SD). The data related to conception rate and calving rate were evaluated using χ2 analysis. All statistical tests were performed using SPSS 19.0 software (SPSS Inc. Chicago, IL, USA). A p-value ≤ 0.05 was considered statistically significant.





3. Results


3.1. Body Weight


Data on the body weight of yak heifers are presented in Table 2. The average daily gain (ADG) in the MCP group was 48.94% (p < 0.05) and 32.70% (p < 0.05) higher than that in the CONT and CaCl groups, respectively. Supplementation with CaCl did not affect the body weight compared to the CONT group.




3.2. Serum Parameters


Supplementation with Ca and P altered serum parameters, as illustrated in Table 3. Compared with the CONT group, the serum osteocalcin concentrations were higher (p < 0.05) in the CaCl group, whereas the serum concentrations of P and osteocalcin were higher (p < 0.05), while hydroxyproline and calcitonin were lower (p < 0.05) in the MCP group; furthermore, the activity of ALP was lower in the CaCl and MCP groups (p < 0.05). The serum hydroxyproline concentrations were higher in the CaCl group than in the MCP group (p < 0.05).




3.3. Reproduction Performance


The conception and calving rates were higher in the MCP group than in the CONT and CaCl groups (p < 0.05), as shown in Table 4.





4. Discussions


In grazing livestock, phosphorus deficiency is one of the most common mineral deficiencies in the world [24]. As reported in previous studies, the feeding intake (day matter) of 3 year old yaks is 3.262 kg/day/head in the grassy period [25] which is in accordance with the predicted value of dry matter intake (DMI) of beef cows [26]. Thus, we could calculate the daily intake of P of grazing yak as 8.81 g according to the P content of forage in this period (Table 1). This result is between the recommendations of the National Research Council (NRC) [27] for 150 kg growing dairy cows with a daily gain of 300 g (8 g/head/day) to 400 g (10 g/head/day). Phosphorus and Ca metabolism is inextricably associated due to these two minerals playing a common role in bone formation. Here, we compared the recommended and daily Ca intake of grazing yaks using the same method and found that the daily Ca intake was significantly higher than the recommendation of the NRC [27] for 150 kg growing dairy cows with a daily gain of 400 g (27.9 vs. 19.0 g/head/day). In addition, the serum concentrations of P in the CONT (1.35 mmol/L) and CaCl group (1.49 mmol/L) were below the recommended level of 1.5 mmol/L [28]. The serum Ca concentrations of all yaks were in the recommended range (2.25–2.75 mmol/L) [26], which is consistent with the result of Fan et al. (2019) [29]. These results indicated that the problem of P deficiency in grazing yaks may not only occur in the cold season [29], but also at the beginning of the warm season. Supplementation with MCP had a mitigative effect, whereas CaCl did not.



P deficiency has negative effects on the growth efficiency, feed conversion rate, appetite, reproductive function, milk yield, and bone metabolism of beef cattle [30,31]. In this condition, a decrease in DMI would limit microbial activity, thus inhibiting the digestion of fiber and the synthesis of microbial protein, such that the supply of amino acids to the intestine and the growth performance of animals are reduced [28]. Therefore, supplementation with P through MCP could significantly increase the body weight change and average daily gain of grazing yak heifers. Supplementation with MCP provided both P and Ca, whereas supplementation of the same amount of Ca had no effect on the body weight change and reproductive efficiency of grazing yaks in the CaCl group. This is possible due to the fact that grasses can provide an adequate intake of Ca and maintain normal serum Ca levels for grazing yaks. Additionally, the intake adjustment of Ca/P ratio may also be involved, because the excess or deficiency of one mineral may affect the utilization of the other [32].



The allocation of nutrients to various body functions is often called nutrient distribution [33]. Due to the genetic effect of a long evolutionary process, herbivores are capable of transforming low-quality forages into meat, fur, or milk, as well as of storing nutrients during periods of excessive nutrition supply, which could be used for maintaining production at a later time [33]. Nevertheless, a long-term nutritional supply can still reduce productivity. Generally, the nutrients of cows are prioritized to maintain basal metabolism, feed intake, growth, and basic energy reserves, followed by pregnancy, lactation, and extra energy reserves, and finally estrous cycles, initiation of pregnancy, and excess energy reserves [34]. The energy reserves are manifested as body fat deposition and body weight gain. In reality, the weight loss of grazing yaks during the cold season (November to May) accounted for more than 25% of the weight gain in the same growing season [14]. The yaks in this experiment were in the compensatory growth stage [35], thereby recovering their body condition after undergoing feeding restrictions in the previous cold season. However, P deficiency limited the growth potential of yak heifers in this period. In this study, we found that the performance in terms of growth and reproduction in the MCP group was greater than that in the CONT and CaCl groups. It can be inferred that MCP supplementation could further develop the compensatory growth potential of grazing yaks, which may have a positive effect on the estrous initiation or follicular development of yak heifers. Body condition and nutrient intake control the onset of estrus by regulating pituitary activity in beef cattle [36]. Therefore, supplementation with MCP before mating could increase the conception rate and calving rate of grazing yak heifers by improving body condition and nutrient reserves.



It seems that serum Ca level is not recognized as a reliable marker of Ca status, as it is regulated by a variety of hormones including calcitonin and kept within a stable range [32,37]. The concentrations of serum calcitonin increase in response to hypercalcemia [38], thus decreasing serum Ca levels via inhibiting the resorption of bone Ca and increasing the efflux of urinary Ca [39]. In the current study, we found that serum concentrations of Ca and calcitonin were not affected by CaCl supplementation, which may be related to the mechanism of Ca homeostasis. On the other hand, the absorption and retention of Ca are generally stable or even decrease with increased concentrations of excess dietary Ca [40], which may be one of the reasons for CaCl supplementation having no effect on the performance of growth and reproduction for grazing yak heifers. Although calcium is a critical factor for oocyte maturation [41] and fertilization [18], we do not discuss these topics here.



Approximately 80% of P is stored in the bones and teeth, with the rest distributed in soft tissues. In adult mammals, P deficiency caused by insufficient P intake can mobilize bone P to maintain the normal requirements of physiological function. Contrarily, extra P intake can promote the P reserves in bone [26]. As a marker of bone turnover [42] and bone formation [43], osteocalcin is a bone-specific product secreted by mature osteoblasts, which is used to directly reflect osteoblast function [44]. Osteocalcin can bind strongly to hydroxyapatite to bridge the matrix and mineral fractions of bone tissue [45]. Serum levels of osteocalcin have been proven to be closely related to the bone formation rate [46], and they are positively correlated with serum P levels [47], which is consistent with the findings of this study, suggesting that bone formation could be improved in the MCP group. Previous studies showed that phosphorus-deficient diets could reduce bone formation to maintain serum levels of Ca and P in lactation cows [48] and decrease the serum osteocalcin levels in growing–finishing pigs [49]. Similarly, alkaline phosphatase (ALP) and hydroxyproline are markers of osteoblast activity [50] and bone resorption [51], respectively. Alkaline phosphatase is mainly derived from osteoblasts and participates in inhibiting bone mineralization, increasing bone mass, and enhancing bone metabolism [52]. Inadequate P intake can promote the secretion of parathyroid hormone to improve the proliferation of osteoblasts, which results in a great deal of ALP entering the blood, thereby increasing the serum activity of ALP [53]. In this study, a lower serum ALP activity was observed in the MCP group, which is in agreement with previous reports [54,55]. Hydroxyproline is a degradation product of bone collagen, metabolized in the liver before flowing through the blood and being excreted in urine [56,57]. Urinary hydroxyproline is usually regarded as a marker of bone resorption [58]. A decrease in serum hydroxyproline levels can be considered as weaker bone resorption metabolism, as seen in the MCP group. Bone is a metabolically active tissue, which relies on the balance between bone formation (osteoblasts) and bone resorption (osteoclasts) for continuous remodeling [58]. The results related to serum markers of bone metabolism in this study showed that supplementation with MCP tended to improve the amount of newly formed bone, which provided conditions for the reserves of P and other minerals stored in bone. The storage of minerals, especially P, may contribute to the subsequent estrous initiation and pregnancy of yak heifers.



In the current study, P deficiency in grazing yaks could be recognized, which may be a reason for the restriction of growth and reproduction. Despite P deficiency being found to alter estruses and lower conception rates of cows [59,60], excessive dietary levels of P were found to elevate serum P levels but not affect the reproductive performance [61,62]. We found that supplementation with MCP provided a better pregnancy precondition, including body condition and P reserves for grazing yak heifers, as well as achieved a better reproduction efficiency. The findings of this study suggest that supplementation with P is necessary for improving the growth performance and reproduction efficiency of grazing yak heifers.




5. Conclusions


The results of the current study reveal that supplementation with MCP can improve the body condition and P storage in bone of grazing yak heifers, which may create favorable physiological conditions for estrus and pregnancy. Our findings provide a new reproductive strategy for yak production on the Tibet Plateau.
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Table 1. The content 1 of calcium (Ca) and phosphorus (P) in pasture, calcium chloride (CaCl), and monocalcium phosphate (MCP; air-dried basis).






Table 1. The content 1 of calcium (Ca) and phosphorus (P) in pasture, calcium chloride (CaCl), and monocalcium phosphate (MCP; air-dried basis).





	Items
	CaCl
	MCP
	Pasture





	Dry matter (%)
	99.52
	98.20
	92.87



	Ca (%)
	35.98
	16.37
	0.92



	P (%)
	0.00
	22.14
	0.27



	Supplementation intake (g/day)
	14.00
	30.00
	-



	Daily intake of Ca (g/day)
	5.04
	4.91
	-



	Daily intake of P (g/day)
	0.00
	6.64
	-







1 The content of Ca and P was analyzed according to the Association of Official Analytical Chemists (AOAC) [23].
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Table 2. Effects of calcium (Ca) and phosphorus (P) supplementation on the body weight of yak heifers (mean ± SD). CONT, control.






Table 2. Effects of calcium (Ca) and phosphorus (P) supplementation on the body weight of yak heifers (mean ± SD). CONT, control.





	Items
	CONT
	CaCl
	MCP





	Initial weight (kg)
	153.2 ± 5.7
	155.4 ± 7.33
	150.6 ± 6.7



	Final weight (kg)
	162.6 ± 7.1
	166.0 ± 7.65
	164.6 ± 8.8



	Body weight change (kg)
	9.4 ± 1.9 a
	10.6 ± 2.4 a
	14.1 ± 2.5 b



	Average daily gain (g/d)
	313.3 ± 65.6 a
	351.7 ± 80.7 a
	466.7 ± 82.03 b







Data with superscript letters within rows are significantly different (p < 0.05).
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Table 3. Effects of calcium (Ca) and phosphorus (P) supplementation on serum parameters of yak heifers (mean ± SD).






Table 3. Effects of calcium (Ca) and phosphorus (P) supplementation on serum parameters of yak heifers (mean ± SD).





	Items 1
	CONT
	CaCl
	MCP





	Serum P (mmol/L)
	1.35 ± 0.10 a
	1.49 ± 0.08 a,b
	1.79 ± 0.07 b



	Serum Ca (mmol/L)
	2.32 ± 0.06
	2.33 ± 0.08
	2.32 ± 0.03



	Hydroxyproline (μg/mL)
	1.73 ± 0.04 b
	1.72 ± 0.04 b
	1.65 ± 0.05 a



	ALP (U/L)
	52.21 ± 1.02 b
	49.86 ± 0.72 a
	49.74 ± 0.45 a



	Osteocalcin (ug/L)
	1.80 ± 0.07 a
	1.94 ± 0.08 b
	1.96 ± 0.07 b



	Calcitonin (ng/L)
	145.47 ± 1.16 b
	143.19 ± 2.03 b
	139.26 ± 1.38 a







1 Serum P: serum phosphorus; Serum Ca: serum calcium; ALP: alkaline phosphatase. Data with superscript letters are significantly different (p < 0.05).
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Table 4. Effects of calcium (Ca) and phosphorus (P) supplementation on reproductivity of yak heifers.






Table 4. Effects of calcium (Ca) and phosphorus (P) supplementation on reproductivity of yak heifers.





	Items
	CONT
	CaCl
	MCP





	Number of yak heifers
	30
	30
	30



	Conceived yaks (No. 1)
	19
	19
	25



	Conception rate (%)
	63.33 a
	63.33 a
	83.33 b



	Aborted yaks (No.)
	1
	2
	1



	Calving yaks (No.)
	18
	17
	24



	Calving rate (%)
	60 a
	56.67 a
	80 b







1 No: Number. Data with superscript letters are significantly different (p < 0.05).
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