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Abstract

The aim of the present study was to evaluate the effects of oral drench solution on blood p-hydroxybutyrate (BHBA) concentration, milk yield, and milk composition of Holstein cows. Primiparous and multiparous Holstein cows (n=129) on commercial farms in southern Brazil were blocked by parity and calving season. Cows were randomly assigned to one of two treatments: 1) Control (40 L of water) and 2) Drench (40 L of water containing propylene glycol, rumen-protected choline, and minerals). Treatments were administered immediately after calving and 24 hours later. Cows were fed total mixed rations and milked twice daily. Body condition score (BCS) was assessed weekly. Blood BHBA concentration was measured twice weekly. Concentrations of BHBA were lower (P=0.05) in drench than control cows, 0.93 and 1.08mmol/L respectively. Older (parity >3) compared to younger (parity ≤2) cows had greater (P=0.02) blood BHBA concentration. An interaction of treatment and parity revealed that older drenched cows had lower (P=0.04) BHBA concentration than control (0.93 and 1.19mmol/L, respectively) but such differences were not observed in younger cows. Milk yield and milk composition did not differ among treatments or seasons, but differed between parity. Older compared to younger cows had greater yields of milk, fat, protein, and lactose. Drench treatment administered immediately after calving and 24 hours later decreased blood BHBA concentration in the present study, however, no affects were observed in milk yield, milk composition or BCS.
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Introduction

The transition period in dairy cows, comprising the period from 21 days before to 21 days after calving, is characterized by great metabolic stress associated with 30% reduction in feed intake, increased nutritional requirements, and lipomobilization Drackley et al. [1]. This period is considered of high risk to develop metabolic disorders which compromise the health of the cow Herdt [2]. Those events may induce energy, protein, and mineral deficiencies which frequently result in disorders like displacement of abomasum, metritis, mastitis, hypocalcemia, and ketosis Cameron et al. [3]. In dairy cows, abnormal concentrations of beta-hydroxybutyrate (BHBA) and non-esterified fatty acids (NEFA) have been considered sensitive indicators of severe negative energy balance. Many studies have demonstrated that high blood concentrations of those metabolites are related to the onset of several metabolic diseases LeBlanc et al. [4], Ospina et al. [5], productive inefficiency Duffield et al. [6], and reproductive failure Ospina et al. [7].

Some prophylactic treatments have been proposed in order to minimize the effects of negative energy balance and peripartal disorders such as hypocalcemia and ketosis Goff & Horst [8], Studer et al. [9] with the aim of obtaining adequate milk yield and reproductive performance Miyoshi et al. [10]. An important prophylactic strategy to prevent puerperal disorders in dairy cows is the use of a mixture of electrolytes, glucose precursors, and calcium commonly known as drench (liquid solution administered directly into the rumen). It increases blood calcium concentration and minimizes energy deficiency, as well as rehydrates the animal and corrects probable hydro-electrolytic and acid-base imbalances Stokes & Goff [11].

Numerous studies have been conducted to assess the effect of glucose precursors and mineral additives as oral drench on metabolism and health as well as productive and reproductive performance of the cow. These studies vary in the method of administration, quantity, timeframe, and more importantly in the composition of the drench. The drench solution administered to cows in the present study contained propylene glycol, minerals, and rumen-protected choline. Propylene glycol administered orally has been extensively evaluated and has shown to increase glucose, insulin, and glycogen as well as to decrease NEFA and BHBA concentrations Miyoshi et al. [10], Pickett et al. [12]. Common mineral additives supplemented to cows include calcium propionate, calcium chloride, potassium chloride, and sodium chloride. Oral administration of calcium chloride increased blood calcium levels Dhiman & Sasidharan [13], and decreased hypocalcemia and displacement of abomasum Oetzel [14]. Potassium chloride and sodium chloride are source of essential minerals involved in the transport of glucose and amino acids into cells NRC [15]. To our knowledge there is no information of rumen-protected choline supplemented as oral drench, however, its inclusion in the diet of dairy cows has shown positive effects on lipid metabolism Cooke et al. [16] and milk production Pinotti et al. [17].

Although administration of glucose precursors and mineral additives as oral drench has shown positive results, it is labor intensive if administered for several days or weeks. Thus, the aim in the present study was to evaluate the effects of an oral drench solution administered immediately after calving and 24h later on blood BHBA concentration, milk production, and milk composition of Holstein cows in southern Brazil.

Material and Methods

Animal management, diets, and experimental design Experimental procedures were approved by the Federal University of Rio Grande do Sul Animal Care and Use Committee. The study was conducted on primiparous and multiparous Holstein cows in commercial farms in Rio Grande do Sul, Brazil. At calving, cows were randomly assigned to one of two treatments in a randomized incomplete block design. Cows were blocked regarding parity (2.85±1.71), body condition score (BCS; 3.18±0.51), and calving season. Treatments were: 1) Control (40L of water) and 2) Drench (40L of water containing 500g of calcium chloride, 290g of propyleneglycol, 250g of potassium chloride, 250g of magnesium sulphate, 50g of sodium chloride, and 100g of rumen-protected choline (Reashure®; Balchem Corporation, NY, USA)). All cows received the respective treatment on the day of calving and 24 hours later using a siphon esophageal tube. Each drench procedure took approximately 10 minutes to be performed by a trained individual. All attempts to drench cows were successful and no associated side effects were observed. The drench treatment was a testing product formulated by the manufacturer (Nutrifarma, Rio Grande do Sul, Brazil). Drench solution was prepared and administered according to the manufacturer's instructions.

The study involved 129 cows housed in free stall and semiconfinement systems, i.e., cows were in confinement as well as allowed to pasture. Fifty-seven cows (younger (parity ≤2)=29 and older (parity >3)=28) received control and 72 (younger (parity ≤2)=36 and older (parity >3)=36) received drench treatment. During summer (n=63) the enrolment period was from December 31st, 2012 to April 23rd, 2013. During winter (n=66) the enrolment period was from June 11thto September 3rd, 2013. Cows were group fed diets as total mixed rations (TMR) for ad libitum intake, formulated according to NRC (2001) guidelines to meet the nutritional requirements. The TMR were offered two times daily and amounts of feed offered were adjusted daily to maintain 10% refusals. Feed and water were available at all times. The husbandry characteristics of the herd are presented in (Table 1).


Table 1:Husbandry characteristics of the herds used in experiment 1 and experiment 2.
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Measurements, sampling, and analyses Cows were milked two times daily and milk yields were electronically recorded. Milk composition was determined monthly through an official dairy control (Official Milk Control of Holstein Cattle Association, Passo Fundo, Rio Grande do Sul). Milk samples were analysed on the day following collection using a combination system (Delta Instruments), consisting of Somato Scope CA3A5 for somatic cell count by flow cytometry, and Lacto Scope FT1 for determination of chemical composition by mid infrared spectrometry (protein, fat, lactose and total solids). Yields of 3.5% fat corrected milk (FCM) and energy corrected milk (ECM) were calculated using daily milk yield and milk component concentrations, as follow: FCM=(0.432 x milk yield (kg)) + (16.216 x milk fat (kg)) and ECM=(12.97 x fat yield (kg) + (7.21 x protein yield (kg)) + (0.327 x milk yield (kg)) Tyrrell & Reid [18].

Body condition score was assessed weekly by the same two trained individuals for the entire experiment using a 1=thin to 5=obese scale Ferguson et al. [19] with quarter-point increments, and the two scores were averaged for each cow. Concentrations of p-hydroxybutyrate (BHBA) in whole blood were determined on-site, twice weekly on week 1 through 4, using a hand-held meter (Precision Xtra, Abbott Diabetes Care Inc., Alameda, CA) according to the manufacturer's instructions. A blood drop was collected by puncture of coccygeal vein or artery with 20-gauge x 2.5cm needles (Becton Dickinson and Company, Franklin Lakes, NJ). Whole blood was transferred to the sensor of the test strip and values displayed on the hand-held meter were recorded onto a data collection form.

Statistical analysis

The experiment was conducted and analyzed as a randomized incomplete block design. Statistical analysis of collected data was performed using SAS (v9.4 Institute Inc., Cary, NC). Linear mixed models using the MIXED procedure Littell et al. [20] were constructed to analyse variables measured over time. Daily measurements for milk yield and BHBA were reduced to weekly means before statistical analysis. For every analysed variable (milk yield, milk components, BHBA, and BCS) the model contained the fixed effects of treatment, parity, season, time, and their interactions. Farm and cow nested within farm and season were considered random effects. Time was specified as repeated and cow nested within farm and season as subject. Initial measurements, before treatment administration, were used as covariates when analyzing BCS and blood BHBA concentration. The covariance structures considered for repeated measures analysis were compound symmetry, autoregressive order 1, and unstructured. The autoregressive order 1covariance structure yielded the lowest Akaike information criterion and was used in the model Littell et al. [20]. Least squares means were calculated and are presented with the respective standard error (SEM). Degrees of freedom were estimated by using the Kenward- Roger method Littell et al. [20] in the model statement. Residual distribution for each variable was assessed for normality and homoscedasticity. Statistical significance was declared at P≤0.05 and tendency towards significance at 0.05 <P≤0.10.

Results

Concentrations of blood BHBA measured with the handheld meter (Precision Xtra) were lower (P=0.05) for cows that received drench compared with control treatment (Table 2). Older (parity ≥3) compared to younger (parity ≤2) cows had greater (P=0.02) blood BHBA concentration, 1.06 and 0.96mmol/L respectively. An interaction of treatment and parity (P=0.04) was observed for concentration of BHBA in blood (Table 2). Older cows that received drench had lower (P=0.04) blood BHBA concentration than those that received control (0.93 and 1.19mmol/L, respectively) but such differences were not observed in younger cows. Season had an effect (P=0.03) on blood BHBA concentration; although numerically small, greater concentrations were observed in summer than winter, 1.02 and 0.99mmol/L respectively


Table 2: Least squares means and associated standard error for body condition score (BCS), milk yield, milk composition, and blood beta- hydroxybutyrate (BHBA) concentration for cows that received control or drench on the day of calving and 24 hours later.
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“Treatment: control (40L of water; n=57) and drench (40L of water containing 500g of calcium chloride, 290g of propylene glycol, 250g of potassium chloride, 250 g of magnesium sulphate, 50g of sodium chloride, and 100g of rumen-protected choline; n=72). All cows received the respective treatment on the day of calving and 24 hours later using a siphon esophageal tube.

bGreatest standard error of mean (SEM).

cTrt=control and drench; Parity=≤2 lactations (n=65) and >3 lactations (n=64); Trt x Parity=interaction of treatment and parity; Season=summer (n=63) and winter (n=66); Trt x Season=interaction of treatment and season; Trt x Parity x Season=interaction of treatment, parity, and season; Time=week or month.

dFat corrected milk.

eEnergy corrected milk.



Yields of milk, 3.5% FCM, ECM and milk composition did not differ among treatments or seasons (Table 2). However, older (parity ≥3) compared to younger (parity ≤2) cows had greater yield of milk (37.2 and 32.6kg/d, respectively), 3.5% FCM (37.0 and 30.9kg/d, respectively), ECM (37.3 and 31.4kg/d, respectively), fat yield (1.23 and 1.03kg/d, respectively), protein yield (1.09 and 0.95kg/d, respectively), and lactose yield (1.67 and 1.52kg/d, respectively). On the other hand, concentration of protein (2.97 and 2.88%) and lactose (4.67 and 4.39%) were greater in younger than older cows, respectively. The interaction of treatment and parity was significant for 3.5% FCM, ECM, fat concentration, fat yield, and total solids.

Body condition score did not differ among treatments or parity, but it differed (P<0.01) among seasons (Table 2). However, differences in BCS across summer and winter were numerically small (3.15 and 3.04, respectively). Two-way interaction of treatment and season (P=0.01), and three-way interaction of treatment, parity, and season (P=0.01) were observed for BCS (Table 2).

Discussion

The drench treatment administered immediately after calving and 24 hours later hours later had no effects on milk yiled and milk components. However, it decreased blood BHBA concentrations during the first 4 weeks of lactation in the present study. In addition, the interaction of treatment and parity revealed that concentrations of blood BHBA were lower in older drenched cows compared with those in control, butno treatment effect was detected in younger cows. Our results agree with Rizos et al. [21] who fed 500 mL of either propylene glycol (PG) or water from day 7 to the day of first ovulation and found that administration of PG compared with control resulted in decreased NEFA and BHBA, and increased glucose and insulin over the subsequent 90 minutes following dosing. Pickett et al. [12] also reported decreased non-esterified fatty acids (NEFA) and a tendency to decreased BHBA concentrations in plasma during the first 21 days postpartum in drenched with PG cows compared with drenched with calcium soaps of palm oil fatty acids (fat).While milk yield was decreased by oral fat drench, oral PG drench had no effect on milk yield and milk composition Pickett et al. [12]. In addition, Moallem et al. [22] supplemented a dry period and lactation diet either with 500g/day of PG (through 21 days in milk), prilled fat, calcium salts of long chain fatty acids or control reporting lower prepartum plasma NEFA and lower pre and postpartum plasma BHBA concentrations in the PG and control group compared to the others.

Although results across studies are consistent regarding the effects of PG drenching in lowering concentration of NEFA and BHBA in times of extensive fat mobilization, production responses are still inconsistent. For instance, McArt et al. [23] found that PG drenched cows produced 0.69kg/day greater milk yield than control. Ballard et al. [24] fed an energy supplement (45% beet pulp, 22% sugarcane molasses, 17% propylene glycol, and 16% calcium propionate; dry matter basis) 21 day before and after parturition reporting greater yields of milk, fat, and protein in supplemented than control cows. On the other hand, feeding a 0.11kg/day of an energy supplement (78.43% propionic acid, 21.36% calcium, 0.155% zinc and 0.053% copper; dry matter basis) 3 weeks before and after parturition decreased yield and concentration of milk fat, and had no effect on milk yield, milk protein yield and concentration Mandebvu et al. [25]. Although lower BHBA (-1 to 7 week relative to calving) and NEFA (-1 week to 1 day relative to calving) were reported by Hoedemaker et al. [26], no effect on milk production, animal health, or reproduction were reported by when the concentrate of the diet was enriched with 10% of PG and fed to cows from -13 to 12 days relative to calving. Miyoshi et al. [10] evaluated the effects of 500mL of PG drenched daily on energy balance, plasma glucose and insulin, as well as ovarian function in early lactation (7 to 42 days in milk) cows. Drenched cows had increased plasma concentrations of glucose and insulin, decreased NEFA concentrations, and earlier days to first ovulation while no effects were observed on dry matter intake, milk yield, energy balance, days to first service, days open, and service per conception Miyoshi et al. [10].

The drench treatment administered to cows in this study contained among other ingredients propylene glycol (300mL). Earlier studies Clapperton & Czerkawski [27], Emery et al. [28] demonstrated that PG disappears from the rumen via fermentation or direct absorption. If fermented, PG is metabolized to propionate in the rumen Emery et al. [28]; whereas if directly absorbed, PG is metabolized to lactate in the liver Kristensen et al. [29]. Both lactate and propionate can be converted to glucose via gluconeogenesis in the liver. In turn, glucose supply stimulates insulin secretion from the pancreas, which down regulate fatty acid mobilization from adipose tissue and thus, ketone bodies production Nielsen & Ingvartsen [30]. Rumen-protected choline (RPC; 100g) was also a component of the drench treatment. Choline is important compound for the synthesis phosphatidylcholine and acetylcholine Pinotti et al. [17]. While acetylcholine is an important neurotransmitter Pinotti et al. [17], phosphatidylcholine is essential to maintain cell membrane structure Davidson et al. [17], hepatic synthesis and secretion of very low density lipoprotein from the liver Cooke et al. [31], and biosynthesis and secretion of milk Kinsella [32]. Several studies have evaluated RPC reporting positive effects on milk yield Pinotti et al. [17], milk composition, and fat mobilization Cooke et al. [5], Zom et al. [33]. Decreased NEFA in RPC fed cows suggests increased capacity of the liver to uptake, oxidize, or esterify NEFA Pineda & Cardoso [34] and hence, reduce ketogenic substrate. Calcium chloride (500g), potassium chloride (250), magnesium sulphate (250g), and sodium chloride (50g) were also components of the drench treatment. Oral supply of large amount of calcium salts to force calcium into the blood by passive diffusion can be used to increase calcium concentration during the peripartum period Stokes & Goff [11]. Oral administration of calcium chloride increased blood calcium levels Dhiman & Sasidharan [35] and decreased hypocalcemia and displacement of abomasum Oetzel [14]. Potassium chloride and sodium chloride are source of essential minerals involved in the transport of glucose and amino acids into cells, whereas magnesium sulphate plays an important role in maintaining calcium homeostasis around calving NRC [15]. Moreover, it has been shown that oral administration of potassium chloride decreased nonesterified fatty acid concentration in cows with experimentally induced hypokalemia Constable et al. [36]. To us, it is clear that lower blood BHBA concentration in drenched cows may be the results of propylene glycol being metabolized to glucose, which in turn may decrease fat mobilization either by the availability of glucose or by insulin secretion down regulating NEFA mobilization from adipose tissue and thus, reducing ketone bodies (mostly BHBA) production. Another possibility may be that choline from RPC increased the capacity of drenched cows to pack and export triglycerides in very low density lipoproteins, decreasing circulating NEFA and so ketone bodies production. Milk yield and milk composition were not affected by treatments, however, these variables were affected by parity with older cows (parity >3) having greater yields of milk, fat, protein, and lactose, which has been well already stablished [37].

Conclusion

The administration of a drench solution containing propyleneglycol, minerals, and rumen-protected choline immediately after calving and 24 hours later decreased blood BHBA concentration in the present study. Effect of drench treatment on blood BHBA concentration was more pronounced in older than younger cows, however, no affects were observed in milk yield, milk composition or BCS.
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