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Feed additives such as monensin (MON) and virginiamycin (VM) are commonly utilized in feedlot diets to enhance rumen fermentation. Nevertheless, the precise effects of combining MON and VM during specific feedlot periods and the advantages of this combination remain unclear. This study was designed to investigate the effects of withdrawal of MON when associated with VM during the adaptation and finishing periods on ruminal metabolism, feeding behavior, and nutrient digestibility in Nellore cattle. The experimental design was a 5 × 5 Latin square, where each period lasted 28 days. Five rumen-cannulated Nellore yearling bulls were used (414,86 ± 21,71 kg of body weight), which were assigned to five treatments: (1) MON during the entire feeding period; (2) VM during the entire feeding period; (3) MON + VM during the adaptation period and only VM during the finishing period 1 and 2; (4) MON + VM during the entire feeding period; (5) MON + VM during the adaptation and finishing period 1 and only VM during the finishing period 2. For the finishing period 1, animals fed T3 had improved potential degradability of dry matter (p = 0.02). Cattle fed T3 and T5 had the highest crude protein degradability when compared to animals receiving T2 (p = 0.01). Animals fed T2 and T3 had reduced the time (p < 0.01) and area under pH 6.2 (p = 0.02). Moreover, animals fed T4 had greater population of protozoa from the genus Diplodinium (p = 0.04) when compared to those from animals fed T2, T3 and T5. For the finishing period 2, animals fed T3 had greater starch degradability when compared to animals receiving T4 and T5 (p = 0.04). Animals fed T3, T4 and T5 had increased the duration of time in which pH was below 5.6 (p = 0.03). The area under the curve for ruminal pH 5.2 and pH 5.6 was higher for the animals fed T3 (p = 0.01), and the area under pH 6.2 was higher for the animals fed T3 and T5 (p < 0.01) when compared to animals receiving T2. There is no substantial improvement on the rumen fermentation parameters by the concurrent utilization of MON and VM molecules, where the higher starch and protein degradability did not improve the rumen fermentation.
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1 Introduction

The inclusion of higher energy levels in feedlot animal diets can lead to various digestive disorders (1) due to the high fermentability of the ingredients used, often involving grains and concentrate feedstuffs (2, 3). These are incorporated to maintain production efficiency within economically viable limits. Consequently, optimizing animal weight gain can be achieved through either increasing dry matter intake (DMI) or enhancing animal efficiency.

In line with the fermentative potential of diets, the use of feed additives that can improve feed efficiency, weight gain, and even have positive environmental impacts by reducing methane emissions, has gained traction among nutritionists. Among these additives, ionophores are extensively utilized in feedlots in Brazil and North America (2, 3). Their mode of action is well-established; they target gram-positive bacteria, which alters the fermentation process in the rumen, resulting in elevated propionate levels and decreased acetate levels (4).

Sodium monensin (MON), a carboxylic polyether ionophore (5), has been extensively researched for its impact on feedlot cattle performance (6). A meta-analysis by Duffield et al. (7) revealed a reduction in DMI by 3.1% and an improvement in gain-to-feed (G:F) ratio by 6.4% in feedlot cattle fed MON. Furthermore, combinations of ionophores and antibiotics have been explored (8–11). One commonly associated antibiotic is virginiamycin (VM), a non-ionophore antibiotic that hinders protein synthesis by attaching to the 50S ribosomal subunit (12) and inhibits the growth of Gram-positive bacteria, especially lactic acid-producing bacteria (13). Virginiamycin may also exhibit a protein-sparing effect (14), reducing ruminal protein degradation (15, 16) and enhancing post-ruminal nutrient uptake (17). These effects imply better gains for animals, thanks to increased gain efficiency and dietary net energy for maintenance (NEm) and gain (NEg) (9, 18, 19). Salinas-Chavira et al. (20) and Salinas-Chavira et al. (14) observed an enhancement in G:F ratio by 3.83 and 4.20%, respectively, with the inclusion of VM in the diets of Holstein cattle in feedlots. These additives improved the G:F ratio when administered independently in feedlot cattle; however, only MON has demonstrated a reduction in DMI (7). Additionally, Rigueiro et al. (10) demonstrated in a performance study that the removal of MON increased DMI, resulting in improved animal weight gain.

Research on the combined effects of MON and VM in cattle is limited, and the benefits of this combination remain unclear. Erasmus et al. (17) reported a complementary effect between MON and VM when both were included in the diets of early lactation cows. Previous studies by Nuñez et al. (21) and Lemos et al. (22) explored combinations of MON, salinomycin, VM, and flavomycin, yielding no positive effects on feedlot performance. Nuñez et al. (21) reported that the combination of VM and salinomycin decreased DMI, increased NEm and Neg, suggesting a positive effect of this combination compared to salinomycin; however, no effect on ADG and G:F ratio was observed. Despite these studies evaluating the combination of MON and VM in feedlot diets, none of them specifically addressed the combination of two feed additives in specifics periods. In this context, the present study forms part of a larger research effort by this research group, evaluating the effects of different combinations of MON and VM at specific feedlot periods (10, 11, 23, 24). Rigueiro et al. (10) and Squizatti et al. (24) investigated various combinations of MON and VM throughout the adaptation and finishing stages of feedlot Nellore cattle. Their research revealed that Nellore yearling bulls experienced improved feedlot performance (10) and rumen fermentation (24) with high-concentrate diets containing MON and VM during adaptation, and VM alone during finishing. Moreover, Rigueiro et al. (10) observed enhanced performance in the last 40 days of the study in cattle solely fed VM during the finishing period. Based on these findings, we hypothesized that the withdrawal of MON, when combined with VM and a higher-energy diet during the final third of the feedlot period, would enhance DMI and improve ruminal fermentation and nutrient digestibility. Subsequently, Rigueiro et al. (23) conducted a performance trail and found that withdrawing MON in conjunction with VM, alongside a higher energy diet, during the last 40 days of the feedlot period led to enhanced final body weight (BW), average daily gain (ADG) and hot carcass weight (HCW) in Nellore cattle compared to those fed either MON or VM alone.

Consequently, it was hypothesized that the withdrawal of MON, when associated with VM, combined with a higher energy diet during the final third of the feedlot period would enhance ruminal fermentation and nutrient digestibility in Nellore cattle. Therefore, the present study encompasses the metabolism assay linked with the performance trial conducted by Rigueiro et al. (23). Thus, this study was designed to evaluate the effects of withdrawal of MON when associated with VM during the adaptation and finishing periods on ruminal metabolism, feeding behavior, and nutrient digestibility in Nellore cattle.



2 Materials and methods

The protocols and procedures followed in this study were approved by the São Paulo State University Ethical Committee for Animal Research (protocol number CEUA - 154/2016). The study was conducted at the São Paulo State University feedlot, Dracena campus, Brazil.


2.1 Animals and treatments

Five rumen-cannulated Nellore yearling bulls (36-mo-old, 414,86 ± 21,71 kg) were randomly assigned to a 5 × 5 Latin square design. Each period lasted 28 days, 14 days of adaptation diets and 14 days of the finishing diet, and the cattle were randomly assigned to different treatment.

The experimental treatments were as follows: T1) MON during the entire feeding period; T2) VM during the entire feeding period; T3) MON + VM during the adaptation period and only VM during the finishing period 1 and 2; T4) MON + VM during the entire feeding period; T5) MON + VM during the adaptation and finishing period 1 and only VM during the finishing period 2. Doses used in this study were based on Rigueiro et al. (10, 23) when either MON (30 mg/kg of DM;) or VM (25 mg/kg of DM) were fed as sole feed additives in the diet. MON (Bovensin 200; Phibro Animal Health Corporation, Guarulhos, São Paulo, Brazil) was added at 1000 mg/kg of mineral mixture and VM (V-Max 2; Phibro Animal Health Corporation, Guarulhos, São Paulo, Brazil) was added at 833 mg/kg of mineral mixture and offered to yearling bulls according to the treatments.



2.2 Feeding and management description

At the beginning of the study, all steers underwent deworming and vaccination (tetanus, bovine viral diarrhea virus, 7-way Clostridium sp.; Cattlemaster and Bovishield, Pfizer Animal Health, New York, NY, United States). Subsequently, Nellore steers were individually housed in pens measuring 72m2 each, with 6 meters of linear bunk space provided and free access to water via a shared drinking fountain (3.00 × 0.80 × 0.20 m) for two animals.

Animals were provided ad libitum feed once daily at 0800 h, and DMI was calculated by weighing the ration offered and leftovers before the next morning delivery, expressed both in kilograms and as a percentage of BW. Dietary DM content was determined daily following method 934.01 (25). The amount of feed offered was adjusted daily based on the targeted quantity of orts (3 to 5%) remaining before the morning feed delivery (0700 h). The BW was measured at the beginning (day 1) and at the end (day 28) of each period at 0700 h.

Experimental diets were formulated according to the Large Ruminant Nutrition System (26) and are shown in Table 1. The step-up adaptation program involved ad libitum intake with progressively increasing levels of concentrate ingredients until reaching the concentrate levels of finishing diets 1 (84%) and finishing 2 (88%). The adaptation protocol lasted 14 days, during which three adaptation diets containing 66, 72 and 78% concentrate were fed for 5, 4 and 5 days, respectively.



TABLE 1 Feed ingredients and chemical composition of high-concentrate diets fed to Nellore yearling bulls during adaptation and finishing periods.
[image: Table1]



2.3 In situ degradability

The in situ degradability determination was carried out following a methodology adapted from Mehres and Ørskov (28) on days 16, 17, 18, and 19 for finishing diet 1, and 23, 24, 25 and 26 for finishing diet 2. Approximately 15 g of diet samples, previously dried at 65°C for 72 h, were placed into nylon bags with a porosity of 50 microns (dimensions: 10.0 × 19.0 cm) in triplicate. These bags were then introduced into the rumen and incubated for 3, 6, 12, 24, 48, and 72 h. Following retrieval from the rumen, the nylon bags were washed with cold running water and subsequently oven-dried at 65°C for 72 h. Samples that were not incubated in the rumen underwent the same washing procedure.

Samples were analyzed for crude protein (25) by total N determination using the micro-Kjeldahl technique (method 920.87; (29)); NDF, with heat-stable α-amylase (30); and starch (31). Potential degradation and effective degradability of DM, starch, and crude protein were calculated according to Ørskov and McDonald (32), and effective degradability was estimated for each ingredient assuming the rumen solid outflow rates of 0.02, 0.05, and 0.08 h−1, which are representative of low, medium and high feeding amounts (33).



2.4 Feeding behavior and particle sorting

Cattle underwent visual observations to assess feeding behavior at 5-min intervals throughout a 24-h period on days 11, 17, and 24 of each experimental phase. These days corresponded to the adaptation, finishing period 1, and finishing period 2, respectively. The visual observations adhered to the methodology outlined by Robles et al. (34). Feeding behavior data were recorded for each individual animal as follows: time spent eating, ruminating, and resting (expressed in minutes), as well as the frequency of meals per day. A meal was defined as the continuous period during which cattle consumed the ration uninterruptedly from the feed bunk. Meal length in minutes was computed by dividing the total time spent eating by the number of meals per day. The DMI per meal in kilograms was calculated by dividing DMI by the number of meals per day. Additionally, the time spent eating and time spent ruminating data were utilized to calculate the eating rate of DM (ERDM; time spent eating/DMI) and rumination rate of DM (RRDM; time spent ruminating/DMI), both expressed in minutes per kilogram of DM.

On the day when feeding behavior data were gathered, samples of the diet and orts were obtained to evaluate particle-size distribution. The analysis was conducted using sieving techniques with the Penn State Particle Size Separator, and the results were reported based on an as-fed basis following the methodology outlined by Heinrichs and Kononoff (27). Particle sorting was determined as follows: n intake / n predicted intake, in which n = particle fraction retained on screens of 19 mm (long), 8 mm (medium), and 1.18 mm (short) and a pan (fine). Particle sorting values equal to 1 indicate no sorting. Those <1 indicate selective refusal (sorting against), and those>1 indicate preferential consumption (sorting for), according to Leonardi and Armentano (35). Furthermore, samples of the diet and ort were collected on the days of feeding behavior data collection for chemical analysis of neutral detergent fiber (NDF; (30) to determine the intake of NDF. The eating rate of NDF (ERNDF) was then calculated by dividing the time spent eating by NDF intake. Similarly, the rumination rate of NDF (RRNDF) was determined by dividing the time spent ruminating by NDF intake. Both ERNDF and RRNDF were expressed in minutes per kilogram of NDF.



2.5 Ruminal fermentation variables

Ruminal pH was continuously measured every 10 min, on days 18, 19, and 20 on finishing periods 1 and days 25, and 26 and 27 on finishing period 2 of each experimental period, using a Lethbridge Research Centre Ruminal pH Measurement System (LRCpH; Dascor Inc., Escondido, CA, United States) in accordance with the methodology outlined by Penner et al. (36). The pH electrode (model T7-1 LRCpH, Dascor, Escondido, CA model S650) was enclosed by a shroud that allowed passage of particle and liquid but prevented direct contact between the pH electrode and the ruminal epithelium surface. The capsule was attached to the ruminal cannula plug to facilitate positioning within the rumen and to maintain the electrode in a vertical orientation. To ensure placement in the ventral sac of the rumen, two 900-g weights were attached to the base of the electrode shroud. Before placing the LRCpH system into the rumen, pH readings were taken in pH buffers 4 and 7. Daily ruminal pH data were averaged and presented as minimum pH, mean pH, and maximum pH, along with metrics such as the area under the curve, and the duration of time in which pH was below 6.2, 6.0, and 5.8. The area under the curve was computed by multiplying the absolute deviations in pH by the time (min) spent below the established threshold for each measure, divided by 60, and expressed as pH unit × hour. Additionally, data loggers recorded rumen temperature and ox-redox potential (36).

During each experimental period, on days 16, 17, 18, and 19 for finishing diet 1, and days 23, 24, 25, and 26 for finishing diet 2, approximately 500 mL of rumen fluid was collected via cannula, at intervals of 0, 4, 8 and 12 h following the morning meal, from three different areas of the rumen. Subsequent to sample collection, the remaining ruminal fluid was promptly returned to the rumen. In the laboratory, the samples were centrifuged at 2,000 × g for 20 min at room temperature, and 2 mL of the supernatant was added to 0.4 mL of formic acid and frozen at −20°C for further short-chain fatty acid (SCFA) analyses, according to Erwin et al. (37). The SCFA concentrations were determined using gas chromatography (Finnigan 9,001, Thermo Scientific, West Palm Beach, FL) equipped with a glass column MEGABOR (model 1 OV-351, Ohio Valley Specialty Chemical, Inc., Marietta, OH, USA) of 1.0 Micron, 1.22 m length and 0.63 cm internal diameter, to determine the concentration of acetate, propionate, and butyrate. Analysis involved injecting 1.0 μL of the sample into the chromatograph, which was linked to a computer running Borwin software (version 1.21) for quantification calculations. Nitrogen served as carrier gas (flow rate: 25 mL/min), hydrogen as fuel gas (15 mL/min) and oxygen as oxidant gas (175 mL/min). Temperatures were set at 220°C for the vaporizer, 250°C for the flame ionization detector, and 195°C for the separation column initially, increasing by 10°C/min until reaching 200°C. A standard solution was used as a reference for organic acid concentrations in the samples. The number of repetitions per sample was adjusted to maintain reading differences below 5%. To mitigate potential column contamination effects on readings, the standard solution was injected after every ten consecutive sample injections. Organic acid concentration calculations were conducted on a computer by comparing samples with the standard solution.

Lactic acid concentration was assessed using a colorimetric method outlined by Pryce (38). To determine NH3-N concentration, 2 mL of the supernatant of ruminal samples was mixed to 1 mL of 1 N of H2SO4 solution, and the centrifuge tubes were promptly frozen until colorimetric analyses were conducted, following the procedure described by Kulasek (39) and adapted by Foldager (40).



2.6 Ruminal protozoa counting

To conduct the differential counting of rumen-ciliated protozoa, ruminal contents were manually collected by sweeping the floor of the rumen. Subsequently, 10 mL of this material was preserved in a vial containing 20 mL of 50% (v / v) formaldehyde. Collections were carried out on days 20 and 27 of each experimental period, 4 h after the morning feeding. For analysis, a 1-mL sample was mixed with two drops of 2% brilliant green dye (Sigma, B6756) and diluted with 9 mL of 30% glycerol. Protozoa, including those of the genera Isotricha, Dasytricha, Entodinium, and Diplodiniinae subfamily, were identified and counted using a Sedgwick counting chamber Rafter with internal dimensions of 50 mm × 20 mm × 1 mm (capacity 1 mL) through optical microscopy (Olympus CH-2®, Japan) (41).



2.7 Ruminal dynamics

On day 28 of each experimental period, the ruminal digesta was completely removed manually from each steer through a rumen cannula, to assess the disappearance rate (Kt) in the rumen, following the methodology described by Dado and Allen (42). The rumen emptying process took place at 11:00, approximately 3 h after the morning meal, under the assumption that the rumen was at its maximum volume. The same procedure was repeated on day 29 of each experimental period, at 8:00, just before the morning meal delivery, assuming the rumen was at its minimum volume at this time. During the process of emptying the ruminal contents, both liquid and solid phases were segregated, weighed, and then a 1 kg sample was homogenized from each steer, considering the proportion of liquid and solid phases, to determine DM. Afterward, rumen digesta was reconstituted and returned to the rumen of the respective steer. The rumen pool of DM and its disappearance rate were calculated based on the dry weight of each sample (55°C for 72 h). The DM disappearance rate was considered equal to the intake rate, and they were estimated using the formula (43): DM disappearance rate (%/h) = Daily DM intake (kg) / DM Ruminal contents (kg) /24.



2.8 Statistical analysis

Data were analyzed by PROC MIXED of SAS (SAS Inst., Inc., Cary, NC), where residual normality (Shapiro–Wilk’s and Kolmogorov–Smirnov’s) and variance heterogeneity (GROUP option of SAS) tests were performed before the analysis of variance. In the model, the effect of the treatments was considered fixed; however, the effects of period and animal were considered random factors. Response variables, such as, the molar proportion of SCFA and NH3-N concentration were analyzed with repeated measures over time (44), in this case, the model included the same effects just described plus time and its interactions with treatments. Each variable analyzed as repeated measures were subjected to 8 covariance structures: unstructured, compound symmetric, heterogeneous compound symmetric, autoregressive of order one [AR (1)], heterogeneous first-order autoregressive [ARH (1)], Toeplitz, heterogeneous Toeplitz, and ante-dependence of order one [ANTE (1)]. The covariance structure that yielded the smaller Akaike and Schwarz’s Bayesian criterion based on their −2 res log-likelihood was considered to provide the best fit. Differences were considered significant at the p ≤ 0.05.




3 Results


3.1 In situ degradability

The results in situ degradability of dry matter are presented in Table 2. There was a difference in potential degradability (p = 0.02) for the finishing period 1, it shows that the withdrawal of MON after adaptation (T3) improved the degradability when compared to the treatments T2, T4 and T5. In the finishing period 2, there was no difference between the degradability (p > 0.05).



TABLE 2 In situ degradability of dry matter for rumen cannulated cattle fed high-concentrate diets containing different combinations of virginiamycin (VM) and monensin (MON) during the feedlot period.
[image: Table2]

For starch degradability, there was a difference only for the finishing period 2 (Table 3), for effective degradability at disappearance rates 0.02, 0.05 and 0.08 h−1 (p = 0.04, p = 0.03, p = 0.04 respectively). Animals fed T3 had greater starch degradability when compared to animals receiving T4 and T5; however, there were no differences in starch degradability between T3 and the animals receiving T1 and T2.



TABLE 3 In situ degradability of starch for rumen cannulated cattle fed high-concentrate diets containing different combinations of virginiamycin (VM) and monensin (MON) during the feedlot period.
[image: Table3]

Crude protein degradability data are presented in Table 4. No differences were found in the finishing period 1 for crude protein degradability, as well as for potential degradability (p > 0.05). However, the withdrawal of MON in the finishing period 2 (T5) improved the crude protein degradability at passage rate of 2 h−1 in relation to the other treatments (p < 0.01), and the animals fed T1 and T2 had the lowest degradability at 2 h−1. Moreover, animals fed T1 and T5 during finishing period 2 had higher crude protein degradability at 5 h−1 when compared to animals receiving T2 (p = 0.01). Similarly, cattle fed T3 and T5 had higher degradability at 8 h−1 when compared to animals receiving T2 (p = 0.01). However, no differences were found in the finishing period 2 for potential degradability (p = 0.07).



TABLE 4 In situ degradability of crude protein for rumen cannulated cattle fed high-concentrate diets containing different combinations of virginiamycin (VM) and monensin (MON) during the feedlot period.
[image: Table4]



3.2 Feeding behavior and particle sorting

The feeding behavior data for the finishing period 1 are presented in Table 5. Differences were found only for time spent resting (p = 0.04) and DMI (p = 0.04). The lowest values observed for time spent resting were found in animals fed T2 and T3 when compared to animals receiving T5. In addition, cattle fed T1 had lower DMI when compared to T2 and T3, where the withdrawal of MON at the end of the adaptation period showed an increase in DMI. Moreover, animals fed T4 sorted (p < 0.01) more intensively for short particles when compared to animals receiving T2 and T3. In addition, cattle fed T4 sorted (p = 0.03) against fine particles when compared to animals receiving T2 and T3.



TABLE 5 Feeding behavior and particle sorting for rumen cannulated cattle fed high-concentrate diets containing different combinations of virginiamycin (VM) and monensin (MON) at finishing period 1 of the feedlot period.
[image: Table5]

Regarding the finishing period 2, animals fed T2 and T3 had greater DMI (p = 0.02) when compared to animals receiving other treatments, where the treatment T5 showed the lowest value (Table 6). Similarly, cattle fed T3 had greater DMI per meal (p = 0.04) when compared to animals fed T1, T4 and T5. In addition, for animals fed T1 had higher eating rate of NDF (p = 0.04) when compared to other treatments.



TABLE 6 Feeding behavior and particle sorting for rumen cannulated cattle fed high-concentrate diets containing different combinations of virginiamycin (VM) and monensin (MON) at finishing period 2 of the feedlot period.
[image: Table6]



3.3 Dry matter intake and ruminal pH

The results of DMI and ruminal pH are presented in Table 7. Animals fed T2 in finishing period 1 had greater DMI (Table 7) when compared to other treatments, and also animals fed T3 had greater DMI when compared to animals receiving T1 (p < 0.01). For rumen pH variables in the finishing period 1, cattle fed T3 had greater mean pH when compared to the animals fed T1 and T5 (p = 0.02). Moreover, the treatments T2 and T3 reduced the duration of time in which pH was below 6.2 (p < 0.01) when compared to the other treatments. Likewise, area under the curve for ruminal pH 6.2 decreased in animals fed T2 and T3 when compared to the other treatments (p = 0.02). In addition, the ruminal temperature was higher for the animals fed T2 and T3 when compared to animals receiving T1 and T5 in finishing period 1 (p < 0.01).



TABLE 7 Ruminal pH of rumen cannulated cattle fed high-concentrate diets containing different combinations of virginiamycin (VM), and monensin (MON) at different stages of the feedlot.
[image: Table7]

For the finishing period 2, animals fed T2 and T3 in finishing period 1 had greater DMI (p < 0.01; Table 7) when compared to animals receiving other treatments. In addition, cattle fed T5 had higher maximum pH (p = 0.03) in relation to the other treatments, while the minimum pH was lower for the animals fed T3 and T5 when compared other treatments (p < 0.01). Moreover, the duration of time in which pH was below 5.2 was longer in the cattle fed T3 (p < 0.01) when compared to animals receiving T1 and T2. Similarly, animals fed T3, T4 and T5 had increased the duration of time in which pH was below 5.6 (p = 0.03) when compared to other treatments during finishing period 2. The area under the curve for ruminal pH 5.2 was higher for the animals fed T3 (p = 0.01) when compared to T1 and T2. Moreover, the area under the curve for ruminal pH 5.6 was higher for the animals fed T3 (p = 0.01) when compared to T2, and the area under pH 6.2 was higher for the animals fed T3 and T5 (p < 0.01) when compared to animals receiving T2. Likewise, the ruminal temperature was higher for the animals fed T3 and T5 when compared to animals receiving T1 and T2 in finishing period 2 (p < 0.01).



3.4 Ruminal fermentation and protozoa counting

The results of ruminal fermentation products are presented in Table 8. There was no significant treatment effect (p > 0.05) for any of the ruminal fermentation parameters in both finishing periods 1 and 2. However, time effects were found in some of the measured variables. Regarding finishing period 1, the concentration of acetate and butyrate were affected quadratically (p < 0.01) by time after feeding, where the lowest value was found at 4 h after feeding. Furthermore, the concentration of propionate and total SCFA were linearly increased (p < 0.01) by time after feeding. Moreover, it was observed an interaction between treatments and time for Acetate: Propionate ratio (p = 0.03), which is shown in Figure 1. For the finishing period 2, the concentration of acetate, propionate, and total SCFA were linearly increased (p < 0.01), while for the levels of ruminal NH3-N and for Acetate: Propionate ratio were linearly decreased (p < 0.01) by time after feeding. In addition, it was observed an interaction between treatments and time for concentration of butyrate (p = 0.03), which is shown in Figure 2.



TABLE 8 Evaluation of ruminal fermentation products of rumen cannulated cattle fed high concentrate diets containing combined use of virginiamycin (VM), and monensin (MON) at different stages of the feedlot.
[image: Table8]
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FIGURE 1
 Interaction between treatment and time after feeding about the levels of Acetate: Propionate, in animals fed with MON during the entire feeding period (■; T1); VM during the entire feeding period (♦; T2); VM + MON during the adaptation and only VM during the finishing period 1 and 2 (▲; T3); VM + MON during the entire feeding period (x; T4); VM + MON during the adaptation and finishing period 1 and only VM during the finishing period 2 (●; T5) on Nellore yearling bulls fed high-concentrate diets. Means without a common letter differ (p < 0.05).


[image: Figure 2]

FIGURE 2
 Interaction between treatment and time after feeding about the levels of Butyrate, in animals fed with MON during the entire feeding period (■; T1); VM during the entire feeding period (♦; T2); VM + MON during the adaptation and only VM during the finishing period 1 and 2 (▲; T3); VM + MON during the entire feeding period (x; T4); VM + MON during the adaptation and finishing period 1 and only VM during the finishing period 2 (●; T5) on Nellore yearling bulls fed high-concentrate diets. Means without a common letter differ (p < 0.05).


The results of differential counting of protozoa are presented in Table 9. Regarding the finishing period 1, animals fed T4 had greater population of protozoa from the genus Diplodinium (p = 0.04) when compared to those from animals fed T2, T3 and T5. For finishing period 2, cattle receiving T1 had greater population of protozoa from the genus Isotricha (p < 0.01), as well as greater total count (p = 0.04) when compared to other treatments.



TABLE 9 Differential protozoan counting of rumen cannulated cattle fed high concentrate diets containing combined use of virginiamycin (VM), and monensin (MON) at different stages of the feedlot.
[image: Table9]



3.5 Ruminal dynamics

The results of ruminal dynamics are presented in Table 10. There was no significant treatment effect for most of the ruminal dynamics variables evaluated (p > 0.05). However, animals fed T2 and T3 had higher disappearance rate, expressed in kg/h (p = 0.03), when compared to animals receiving T1 and T4.



TABLE 10 Ruminal dynamics of rumen cannulated cattle fed high concentrate diets containing combined use of virginiamycin (VM), and monensin (MON) at different stages of the feedlot.
[image: Table10]




4 Discussion

The transition of animals into a feedlot environment triggers significant metabolic changes, primarily driven by the shift from a forage-based diet to one rich in fermentable ingredients. This transition holds paramount importance within the overall production cycle. Consequently, the utilization of products designed to modulate rumen fermentation processes and mitigate undesirable effects has become widespread. In our study, we employed two specific molecules, Sodium Monensin and Virginiamycin, either alone or in combination at full doses (30 mg/kg and 25 mg/kg, respectively). We designed our experiment to remove one of these molecules at two critical junctures: at the end of the adaptation phase (when animals transition to the finishing diet), and after an increase in the energy density of the finishing diet (achieved through elevated concentrate inclusion).

In this scenario, assessing DMI serves as a crucial metric to evaluate how well cattle are either accepting or adapted to the diets (45), and a quicker attainment of a DMI equivalent to 2% of BW indicates superior diet adaptation. Rigueiro et al. (10) noted that Nellore bulls fed only VM during the adaptation phase reached a DMI of 2% of their initial BW within an average of 4.3 days, whereas those fed MON took 20.7 days to achieve a similar intake. Monensin, the most commonly used molecule in feedlots (2, 3), functions as a regulator of animal DMI, as corroborated by studies (7). Consequently, the removal of MON, particularly at the end of the adaptation period and during the final phase of the feedlot, can enhance animal consumption. This phenomenon became apparent in our study when MON was withdrawn at the end of the adaptation phase. In this instance, animals exhibited increased DMI compared to those consuming MON alone, and during the finishing diet 2, these animals showed a higher DMI compared to other treatments involving the combination of additives. Similar observations were reported by Rigueiro et al. (10) in performance animals. However, the withdrawal of MON, combined with an increase in energy density in the finishing diet, did not affect DMI in our study. Squizatti et al. (24) reported that the addition of MON in feedlot diets, whether with or without VM, leads to a reduction in DMI. This reduction in intake may be attributed to prolonged ruminal retention time of dry matter, and to the increased propionic acid production, known to regulate animal satiety in ruminants (46).

Concerning metabolic data, the removal of MON after the adaptation period improved the potential degradability of dry matter compared to other treatments involving additive combinations or VM alone during the first finishing phase. However, during the second finishing phase, the use of additive combinations, either throughout the entire period or with MON removal in this phase, reduced starch degradability at passage rates of 2, 5, and 8 h−1 compared to MON removal at the beginning of the adaptation phase. This suggests that the prolonged use of additive combinations may hinder the utilization of one of the primary components of feedlot diets (2, 3). Reduced starch degradability in the rumen results in more starch passing into the intestines, which can reduce diet energy utilization (47, 48), and trigger inflammatory processes in animals (49), thus impacting animal performance (10). Moreover, Squizatti et al. (24) also reported that cattle fed MON decreased ruminal degradability of DM, NDF, ADF, starch, NFE, and TDN, but increased CP degradability when compared to animals consuming VM.

Protein degradability data only exhibited an effect during the second finishing phase, where VM inclusion in diets appeared to reduce protein degradability. However, the combined use of additives, regardless of the phase, seemed to mitigate this effect. This aligns with Ives et al. (15), who reported that VM had a protein-sparing effect on diet proteins in the rumen of steers fed corn-based finishing diets, and this effect can potentially enhance the metabolizable protein supply to cattle due to the observed increase in the concentration of α-amino nitrogen in the rumen for the VM-based diets. Similarly, In vitro studies by Van Nevel et al. (16) demonstrated that VM reduced deamination and casein degradation. Additionally, the inclusion of ionophore can also decrease CP degradation in the rumen, leading to an increase in the amount of protein bypassing the rumen (50). In addition to the improvement in energy efficiency, MON can reduce proteolysis and deamination in the rumen (51, 52). Thus, this ionophore reduces losses of proteins and amino acids that would be degraded and converted into ammonia (53), resulting in greater passage of dietary proteins and amino acids to the small intestine (54). However, other studies have reported an increase in protein degradability in animals fed ionophores (55, 56). Mazza et al. (56) reported an increase in CP digestibility in animals receiving MON. Furthermore, the same authors observed that increasing the proportion of concentrates in the diet linearly increased the apparent digestibility of crude protein compared to a diet with more roughage. In the present study, animals fed T1 showed greater protein degradability during the second finishing phase. One potential explanation could be attributed to the effects of MON on specific groups of bacteria in the ruminal environment, considering that certain Gram-negative bacteria in the rumen are sensitive to ionophore initially, and there is potential for adaptation even among Gram-positive bacteria (57). Moreover, recent studies have also reported a residual and long-term effect of ionophores on ruminal fermentation parameters and ionophores-insensitive microbe population after withdrawal from the diet (58–60). Streptococcus bovis, a Gram-positive bacterium, is widely recognized as one of the primary bacterial species involved in ruminal proteolysis due to high peptidolytic activity, particularly in leucine aminopeptidase (61, 62). However, research indicates that proteolytic activity in the rumen may be attributed to several associated species or potentially to complementary functions. Hence, it’s challenging to solely attribute specific stages of proteolysis to the activity of a single bacterium, as these species may employ complementary approaches in their proteolytic activities (61–63). Dennis et al. (64) reported that out of the three strains of S. bovis tested (S. bovis 124), two were susceptible to MON, whereas the third strain exhibited resistance to it. The authors highlighted this resistant strain of S. bovis as an exception to the general notion that monensin inhibits gram-positive bacteria (65–67). In this context, monensin-resistant bacteria might be found in greater numbers in rumens of animals fed MON when compared to those not fed MON (65, 68), and this could result in higher protein degradability, as observed in the present study.

Notably, while dry matter degradability during the first finishing phase was higher with MON removal, pH was higher when MON was removed (T3) compared with MON (T1) and the combination of MON+VM (T5), even with greater DMI. Moreover, the duration of pH below 6.2 and the area under the pH curve below 6.2 were lower when MON was removed after the adaptation period, in comparison to animals consuming MON or other additive combinations. This implies that the presence of MON tends to increase the consumption of shorter feed particles compared to VM or MON removal at first finishing period. In the second finishing phase, no differences were observed in particle selection in response to the treatments. However, concerning feeding behavior, animals fed T1 showed higher ERNDF compared to the other treatments. The justification for this increase is related to the low consumption of NDF and the increase in TSE for animals fed T1. In addition to the effects on ruminal fermentation, changes also occur in the satiety mechanism in response to MON, which may result in a reduction in the amount of food ingested, an increase in meal frequency, a reduction in meal size, and an increase in the number of daily meals, thus dividing the entry of passive fermentation substrate. MON enhances propionic acid production, increasing the supply of propionate to the liver and hepatic gluconeogenic flux. This increased oxidation in the liver triggers a signal of satiety, leading to a reduction in meal size (69). This may be one of the points that helps minimize the decrease in ruminal pH (70). Erickson et al. (71) observed that steers supplemented with MON visited the feed bunk more frequently and consumed less during each meal compared to the control group. In this context, MON in the present study affected feeding behavior, increasing the number of meals per day in animals fed T1. Consequently, this change in feeding behavior results in pH changes, where animals fed T1 showed higher minimum pH, less duration of time in which pH was below pH5.2, and smaller area under the curve for ruminal pH < 5.2. Additionally, the ruminal temperature of animals fed T1 was low during the finishing phase, precisely the group that showed the lowest DMI.

Interestingly, rumen temperature was higher in treatments involving VM. The animals fed with T2, T3, and T4 during finishing phase 1, and T3, T4, and T5 during finishing phase 2, exhibited higher rumen temperature values. Notably, these treatments excluded the use of MON alone. Additionally, treatments T3, T4, and T5 showed higher values for the duration of pH below 5.6. The elevated rumen temperature and prolonged pH values below 5.6 in these treatments can be attributed to energy spilling in the rumen. Rumen microbes display inefficient cellular protein production, partly because they do not allocate all ATP exclusively for growth (72). Instead, ATP not utilized for growth is redirected towards non-growth functions like maintenance, energy storage, and energy spilling. This process, described as a futile cycle dissipating heat, involves the dissipation of energy as heat when ATP exceeds the requirements for growth, maintenance, and storage (73, 74). Both energy spilling and the synthesis of reserve carbohydrates primarily happen when there is an excess of available carbohydrates. In the rumen, animals fed grain, especially those transitioning to a high-concentrate diet, as observed in feedlot diets, have a higher abundance of carbohydrates (72). Thus, research studies have explored ways to mitigate the risk of ruminal acidosis. But, it’s crucial to note that a low pH does not necessarily lead to diminished performance (10, 23, 75, 76).

In this context, the pursuit of higher animal performance in the finishing phase implies an increase in the challenge and risks to ruminal fermentation due to the higher energy density of the diet. In the present study, we can infer that the higher energy availability and ATP resulting from VM contribute to the elevation of ruminal temperature, as well as increasing the duration and area under pH 5.2 and pH 5.6 for T3 and T4 when compared to animals fed T1 and T2 due to higher rumen fermentation. However, in the current study, the simultaneous use of MON and VM molecules does not exhibit any impact on total SCFA. This lack of effect may be attributed to the mechanism of SCFA absorption in the rumen. The regulation of ruminal pH is intricate and encompasses factors influencing both SCFA production and the removal of acid from the rumen. Various factors, such as the rate of fermentation, meal size and frequency, temperature, and fermentation pathway, can influence ruminal pH based on SCFA production and absorption (76). The dynamics of rumen SCFA are influenced by both the thermal environment and feed intake. Bedford et al. (77) reported an increase in acetate absorption with decreased DMI, potentially attributed to heightened expression of rumen epithelium transporters involved in SCFA absorption. In cases of low feed intake, the rumen epithelium seems to enhance its capacity for SCFA absorption and transport, possibly as a compensatory mechanism to boost energy balance (77). This can explain the findings for animals fed T3, exhibiting higher dry matter intake (DMI) compared to T1 and T2, impacting SCFA absorption and, consequently, the area and duration at pH below 5.6. However, during the second finishing phase, combinations of additives resulted in an extended duration of pH below 5.2 and 5.6, along with larger areas under the respective pH curves, in comparison to animals consuming VM alone. This consumption pattern suggested that withdrawing MON at the end of adaptation increased DMI per meal compared to other additive combinations and MON, aligning with findings reported by Fanning et al. (78). Furthermore, as MON reduces DMI, the efficiency of neutral detergent fiber (NDF) feeding was higher in treatments using VM. It is crucial to acknowledge that as pH decreases, the proportion of undissociated SCFA increases, and only undissociated SCFA are permeable across the lipid bilayer of cells. Consequently, a pH reduction would enhance the proportion of undissociated SCFA, allowing them to freely diffuse across the rumen epithelium (76, 79). This phenomenon elucidates the limited enhancement observed in treatment on SCFA concentration and rumen fermentation parameters.

In this scenario, the rumen pH and NH3-N concentration play a pivotal role in influencing the end products of rumen fermentation, particularly SCFA and microbial protein, which serve as vital sources of energy and amino acids for animals. The release and proportion of SCFA in the rumen are contingent on factors such as pH (80, 81), dilution rate (82), and substrate (83), all controlled by the host and the population of microorganisms inhabiting the rumen. Therefore, antimicrobials like MON and VM help regulate these strains, particularly bacteria. Although the metabolite data in our study did not differ between treatments, it exhibited time-dependent effects, with an interaction observed for the Acetate:Propionate ratio during the first finishing phase. The breakdown of this interaction revealed that treatment involving additive combinations throughout the entire period exhibited a higher Acetate:Propionate ratio at the initial time (0 h), which decreased in the subsequent hours of collection (Figure 1). This dynamic can be attributed to the quadratic response of acetate levels, which were higher at time 0, decreased at time 4, and then rose again in subsequent hours. Conversely, propionate concentrations exhibited a linear increase, consistent with total SCFA levels. Butyrate levels also displayed a quadratic response (Figure 2), mirroring the pattern observed with acetate levels. As previously mentioned, when faced with an excess of carbohydrates, rumen microbes may respond beyond the simple processes of spilling energy and synthesizing reserve carbohydrates. Moreover, various interconversions of SCFA and their utilization for anabolism can lead anaerobic bacteria to occupy metabolite intermediates, potentially expending ATP and reducing the efficiency of microbial protein production (72). Interconversions among SCFA, such as from acetate to butyrate, can consume ATP and negatively impact the efficiency of microbial protein production. Several research studies have noted significant interconversion from acetate to butyrate, minimal interconversion between butyrate and acetate or between butyrate and propionate, and almost no interconversion between acetate and propionate (72, 84, 85). Based on this information, we can suggest that there was SCFA interconversion between acetate and butyrate in the present study, reducing the concentration of acetate and increasing the concentration of butyrate, as shown in Figures 1, 2, respectively, over time after the meal in response to treatment T3. In addition, Bedford et al. (77) reported that during periods of elevated ambient temperature, butyrate production increases, but the absorption and transport capacity to remove butyrate metabolites from the epithelium decrease.

Moreover, the interaction of butyrate levels in the finishing phase 2 may be linked to population characteristics and microbial growth. In this phase, MON withdrawal resulted in lower butyrate levels before feeding compared to the last collection hour (12 h). Although it was not measured in the present study, this effect may be attributed to the activity of Megasphaera elsdenii in lactate fermentation, which produces butyrate and valerate as the final products at lower pH levels (20, 80, 86). Conversely, at higher pH levels, this strain of bacteria prioritizes the production of propionate (87). Diets with high energy levels can reduce protozoan populations due to lower rumen pH or increased passage rate. It’s worth noting that VM-fed cattle had higher Kt, suggesting that Diplodinium protozoa were washed out of the rumen (44). The increased Kt in animals consuming VM may be linked to their higher DMI, which can accelerate passage rate, thereby influencing Kt. Furthermore, animals consuming only VM had fewer Diplodinium protozoa in the rumen, consistent with previous reports in the literature (88, 89). However, this reduction in protozoa count did not impact NH3-N concentrations, as the decrease in proteolytic and deamination enzyme activity in protozoa has been linked to this reduction (90). Frazolin and Dehority (91) reported that diets rich in energy might cause a decline in the protozoan population, possibly due to decreased rumen pH or accelerated passage rate. It’s worth noting that cattle fed with VM exhibited higher Kt, suggesting the possibility that Diplodinium protozoa have been flushed out of the rumen (24). The increased Kt in animals consuming VM may be linked to their higher DMI, since the animals consuming VM or with the withdrawal of MON after the adaptation period had higher DMI, which can increase the passage rate, thereby influencing the Kt.



5 Conclusion

Based on our previous findings (23) in a performance trail, the withdrawal of MON when associated with VM, combined with a higher energy diet, during the last 40 days of the feedlot period improved overall final BW, ADG and HCW of Nellore cattle when compared to bulls fed either MON or VM. Then, we hypothesized that withdrawing MON combined with a higher energy diet during the final third of the feedlot period improves the ruminal fermentation. In the present study, there is no substantial improvement on the rumen fermentation parameters by the concurrent utilization of MON and VM molecules. Our findings suggest that the combined use of these molecules during the adaptation phase, followed by the subsequent removal of MON, enhances the ruminal fermentation characteristics of the animals without adverse effects on ruminal metabolism. However, the higher starch and protein degradability did not translate into better rumen fermentation.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The animal study was approved by São Paulo State University Ethical Committee for Animal Research (protocol number CEUA - 154/2016). The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

JD: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Writing – original draft. AR: Investigation, Writing – review & editing. AS: Investigation, Writing – review & editing. MP: Investigation, Writing – review & editing. LF: Investigation, Writing – review & editing. BD: Investigation, Writing – review & editing. ED: Investigation, Writing – review & editing. LS: Investigation, Writing – review & editing. DC: Investigation, Writing – review & editing. KS: Investigation, Writing – review & editing. JS: Data curation, Formal analysis, Visualization, Writing – review & editing. DM: Conceptualization, Data curation, Formal Analysis, Funding acquisition, Project administration, Supervision, Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This project was financially supported by FAPESP, The São Paulo Research Foundation (Grant number: 2017/17896–8); Scholarship for the first author was provided by FAPESP (Scholarship number: 2018/01353–8). The authors declare that this study received funding from Phibro Animal Health. The funder was not involved in the study design, collection, analysis, interpretation of data, the writing of this article, or the decision to submit it for publication.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Nagaraja, TG, and Titgemeyer, EC. Ruminal acidosis in beef cattle: the current microbiological and nutritional outlook. J Dairy Sci. (2007) 90:E17–38. doi: 10.3168/jds.2006-478 

 2. Samuelson, KL, Hubbert, ME, Galyean, ML, and Loest, CA. Nutritional recommendations of feedlot consulting nutritionists: the 2015 New Mexico state and Texas Tech University survey. J Anim Sci. (2016) 94:2648–63. doi: 10.2527/jas.2016-0282

 3. Silvestre, AM, and Millen, DD. The 2019 Brazilian survey on nutritional practices provided by feedlot cattle consulting nutritionists. Rev Bras Zootec. (2021) 50:50. doi: 10.37496/rbz5020200189

 4. Ellis, JL, Dijkstra, J, Bannink, A, Kebreab, E, Hook, SE, Archibeque, S , et al. Quantifying the effect of Monensin dose on the rumen volatile fatty acid profile in high-grain-fed beef cattle. J Anim Sci. (2012) 90:2717–26. Epub 2012/08/17. doi: 10.2527/jas.2011-3966 

 5. Haney, ME, and Hoehn, MM. Monensin, a new biologically active compound. I. Discovery and isolation. Antimicrob Agents Chemother. (1967) 7:349–52.

 6. Goodrich, RD, Garrett, JE, Gast, DR, Kirick, MA, Larson, DA, and Meiske, JC. Influence of Monensin on the performance of cattle. J Anim Sci. (1984) 58:1484–98. doi: 10.2527/jas1984.5861484x

 7. Duffield, TF, Merrill, JK, and Bagg, RN. Meta-analysis of the effects of Monensin in beef cattle on feed efficiency, body weight gain, and dry matter intake. J Anim Sci. (2012) 90:4583–92. doi: 10.2527/jas.2011-5018 

 8. Benatti, JMB, Alves Neto, JA, de Oliveira, IM, de Resende, FD, and Siqueira, GR. Effect of increasing Monensin sodium levels in diets with Virginiamycin on the finishing of Nellore cattle. Anim Sci J. (2017) 88:1709–14. doi: 10.1111/asj.12831 

 9. Montano, MF, Manriquez, OM, Salinas-Chavira, J, Torrentera, N, and Zinn, RA. Effects of Monensin and Virginiamycin supplementation in finishing diets with distiller dried grains plus Solubles on growth performance and digestive function of steers. J Appl Anim Res. (2014) 43:417–25. doi: 10.1080/09712119.2014.978785

 10. Rigueiro, ALN, Pereira, MCS, Squizatti, MM, Ferreira, MM, Dondé, SC, Luiz, FP , et al. Different combinations of sodium Monensin and Virginiamycin during feedlot finishing of Nellore cattle. Anim Prod Sci. (2020) 60:1061. doi: 10.1071/an18657

 11. Rigueiro, ALN, Squizatti, MM, Silvestre, AM, Pinto, ACJ, Estevam, DD, Felizari, LD , et al. The potential of shortening the adaptation of Nellore cattle to high-concentrate diets using only Virginiamycin as sole feed additive. Front Vet Sci. (2021) 8:692705. doi: 10.3389/fvets.2021.692705 

 12. Cocito, C. Antibiotics of the Virginiamycin family, inhibitors which contain synergistic components. Microbiol Rev. (1979) 43:145–92. doi: 10.1128/mr.43.2.145-192.1979 

 13. Nagaraja, TG, and Taylor, MB. Susceptibility and resistance of ruminal Bacteria to antimicrobial feed additives. Appl Environ Microbiol. (1987) 53:1620–5. doi: 10.1128/aem.53.7.1620-1625.1987 

 14. Salinas-Chavira, J, Barreras, A, Plascencia, A, Montano, MF, Navarrete, JD, Torrentera, N , et al. Influence of protein nutrition and Virginiamycin supplementation on feedlot growth performance and digestive function of calf-fed Holstein steers. J Anim Sci. (2016) 94:4276–86. doi: 10.2527/jas.2016-0576 

 15. Ives, SE, Titgemeyer, EC, Nagaraja, TG, del Barrio, A, Bindel, DJ, and Hollis, LC. Effects of Virginiamycin and Monensin plus Tylosin on ruminal protein metabolism in steers fed corn-based finishing diets with or without wet corn gluten feed. J Anim Sci. (2002) 80:3005–15. doi: 10.2527/2002.80113005x 

 16. Van Nevel, CJ, Demeyer, DI, and Henderickx, HK. Effect of Virginiamycin on carbohydrate and protein metabolism in the rumen in vitro. Arch Tierernahr. (1984) 34:149–55. doi: 10.1080/17450398409426938 

 17. Erasmus, LJ, Muya, C, Erasmus, S, Coertze, RF, and Catton, DG. Effect of Virginiamycin and Monensin supplementation on performance of multiparous Holstein cows. Livest Sci. (2008) 119:107–15. doi: 10.1016/j.livsci.2008.03.005

 18. Latack, BC, Buenabad, L, and Zinn, RA. Influence of Virginiamycin supplementation on growth performance, carcass characteristics, and liver abscess incidence, with 2 different implant strategies in calf-fed Holstein steers. Appl Anim Sci. (2019) 35:628–33. doi: 10.15232/aas.2019-01894

 19. Navarrete, JD, Montano, MF, Raymundo, C, Salinas-Chavira, J, Torrentera, N, and Zinn, RA. Effect of energy density and Virginiamycin supplementation in diets on growth performance and digestive function of finishing steers. Asian Australas J Anim Sci. (2017) 30:1396–404. doi: 10.5713/ajas.16.0826 

 20. Salinas-Chavira, J, Lenin, J, Ponce, E, Sanchez, U, Torrentera, N, and Zinn, RA. Comparative effects of Virginiamycin supplementation on characteristics of growth-performance, dietary energetics, and digestion of calf-fed Holstein steers. J Anim Sci. (2009) 87:4101–8. doi: 10.2527/jas.2009-1959 

 21. Nuñez, AJC, Caetano, M, Berndt, A, Demarchi, JJAA, Leme, PR, and Lanna, DPD. Combined use of Ionophore and Virginiamycin for finishing Nellore steers fed high concentrate diets. Sci Agric. (2013) 70:229–36. doi: 10.1590/s0103-90162013000400002

 22. Lemos, BJ, Castro, FG, Santos, LS, Mendonca, BP, Couto, VR, and Fernandes, JJ. Monensin, Virginiamycin, and Flavomycin in a no-roughage finishing diet fed to zebu cattle. J Anim Sci. (2016) 94:4307–14. doi: 10.2527/jas.2016-0504 

 23. Rigueiro, ALN, Pereira, MCS, Silvestre, AM, Pinto, ACJ, Felizari, LD, Dias, EFF , et al. Withdrawal of sodium Monensin when associated with Virginiamycin during adaptation and finishing periods on feedlot performance, feeding behavior, carcass, rumen, and cecum Morphometrics characteristics of Nellore cattle. Front Vet Sci. (2023) 10:1067434. doi: 10.3389/fvets.2023.1067434 

 24. Squizatti, MM, Rigueiro, ALN, Silvestre, AM, Soares, CHG, Assumpcao, A, Dias, EFF , et al. Shortening the adaptation of Nellore cattle to high-concentrate diets using only Virginiamycin as sole feed additive negatively impacts ruminal fermentation and nutrient utilization. Front Vet Sci. (2023) 10:1089903. doi: 10.3389/fvets.2023.1089903 

 25. Chemists AOAC. Official methods of analysis of AOAC. 16th ed. Gaithersburg, MD: Association of Official Analytical Chemists (1995).

 26. Fox, DG, Tedeschi, LO, Tylutki, TP, Russell, JB, Van Amburgh, ME, Chase, LE , et al. The Cornell net carbohydrate and protein system model for evaluating herd nutrition and nutrient excretion. Anim Feed Sci Technol. (2004) 112:29–78. doi: 10.1016/j.anifeedsci.2003.10.006

 27. Heinrichs, J, and Kononoff, P. Evaluating particle size of forages and Tmrs using the Penn State particle size separator. University Park, PA: Department of Dairy and Animal Science, The Pennsylvania State University (1996) 42:1–14.

 28. Mehrez, AZ, and Ørskov, ER. A study of artificial fibre bag technique for determining the dig Estibility of feeds in the rumen. J Agric Sci. (1977) 88:645–50. doi: 10.1017/s0021859600037321

 29. Chemists AOAC. Official methods of analysis of AOAC. 15th ed. Arlington, VA: Association of Official Analytical Chemists (1990).

 30. Van Soest, PJ, Robertson, JB, and Lewis, BA. Methods for dietary Fiber, neutral detergent Fiber, and nonstarch polysaccharides in relation to animal nutrition. J Dairy Sci. (1991) 74:3583–97. doi: 10.3168/jds.S0022-0302(91)78551-2 

 31. Poore, MH, Moore, JA, Eck, TP, and Theurer, CB. Effect of Fiber source and ruminal starch degradability on site and extent of digestion in dairy cows. J Dairy Sci. (1993) 76:2244–53. doi: 10.3168/jds.S0022-0302(93)77561-X

 32. Ørskov, ER, and McDonald, I. The estimation of protein degradability in the rumen from incubation measurements weighted according to rate of passage. J Agric Sci. (1979) 92:499–503. doi: 10.1017/s0021859600063048

 33. Petit, HV, and Tremblay, GF. In situ degradability of fresh grass and grass conserved under different harvesting methods. J Dairy Sci. (1992) 75:774–81. doi: 10.3168/jds.s0022-0302(92)77815-1 

 34. Robles, V, Gonzalez, LA, Ferret, A, Manteca, X, and Calsamiglia, S. Effects of feeding frequency on intake, ruminal fermentation, and feeding behavior in heifers fed high-concentrate diets. J Anim Sci. (2007) 85:2538–47. Epub 2007/07/05. doi: 10.2527/jas.2006-739 

 35. Leonardi, C, and Armentano, LE. Effect of quantity, quality, and length of alfalfa Hay on selective consumption by dairy cows. J Dairy Sci. (2003) 86:557–64. doi: 10.3168/jds.S0022-0302(03)73634-0 

 36. Penner, GB, Beauchemin, KA, and Mutsvangwa, T. An evaluation of the accuracy and precision of a stand-alone submersible continuous ruminal Ph measurement system. J Dairy Sci. (2006) 89:2132–40. doi: 10.3168/jds.S0022-0302(06)72284-6

 37. Erwin, ES, Marco, GJ, and Emery, EM. Volatile fatty acid analyses of blood and rumen fluid by gas chromatography. J Dairy Sci. (1961) 44:1768–71. doi: 10.3168/jds.S0022-0302(61)89956-6

 38. Pryce, JD. A modification of the barker-Summerson method for the determination of lactic acid. Analyst. (1969) 94:1151–2. Epub 1969/12/01. doi: 10.1039/an9699401151 

 39. Kulasek, GA. A micromethod for determination of urea in plasma, whole blood cells using urease and phenol reagent. Pol Arch Weter. (1972) 15:801.

 40. Foldager, J. Protein requirement and non protein nitrogen for high producing cow in early lactation. PhD Dissertation. East Lasing, MI: Michigan State University (1977).

 41. Dehority, BA. Laboratory manual for classification and morphology of rumen ciliate Protozoa. Florida: CRC Press (1993).

 42. Dado, RG, and Allen, MS. Intake limitations, feeding behavior, and rumen function of cows challenged with rumen fill from dietary Fiber or inert bulk. J Dairy Sci. (1995) 78:118–33. doi: 10.3168/jds.S0022-0302(95)76622-X

 43. Robinson, PH, Tamminga, S, and Van Vuuren, AM. Influence of declining level of feed intake and varying proportion of starch in the concentrate on Milk production and whole tract digestibility in dairy cows. Livest Prod Sci. (1987) 17:19–35. doi: 10.1016/0301-6226(87)90050-9

 44. Littell, RC, Henry, PR, and Ammerman, CB. Statistical analysis of repeated measures data using Sas procedures. J Anim Sci. (1998) 76:1216–31. doi: 10.2527/1998.7641216x 

 45. Brown, MS, Ponce, CH, and Pulikanti, R. Adaptation of beef cattle to high-concentrate diets: performance and ruminal metabolism. J Anim Sci. (2006) 84 Suppl:E25–33. doi: 10.2527/2006.8413_supple25x

 46. Rogers, JA, Branine, ME, Miller, CR, Wray, MI, Bartle, SJ, Preston, RL , et al. Effects of dietary Virginiamycin on performance and liver abscess incidence in feedlot cattle. J Anim Sci. (1995) 73:9–20. doi: 10.2527/1995.7319 

 47. Owens, FN, Zinn, RA, and Kim, YK. Limits to starch digestion in the ruminant small intestine. J Anim Sci. (1986) 63:1634–48. doi: 10.2527/jas1986.6351634x 

 48. Huntington, GB, Harmon, DL, and Richards, CJ. Sites, rates, and limits of starch digestion and glucose metabolism in growing cattle. J Anim Sci. (2006) 84:E14–24. doi: 10.2527/2006.8413_supple14x

 49. Briggs, NG, Silva, BC, Godoi, LA, and Schoonmaker, JP. Effect of aspirin to intentionally induce leaky gut on performance, inflammation, and carcass characteristics of feedlot cattle. J Anim Sci. (2021) 99:skab328. doi: 10.1093/jas/skab328 

 50. Williams, CL, Thomas, BJ, McEwan, NR, Rees Stevens, P, Creevey, CJ, and Huws, SA. Rumen Protozoa play a significant role in fungal predation and plant carbohydrate breakdown. Front Microbiol. (2020) 11:720. doi: 10.3389/fmicb.2020.00720 

 51. Chen, GJ, and Russell, JB. Effect of Monensin and a Protonophore on protein degradation, peptide accumulation, and deamination by mixed ruminal microorganisms in vitro. J Anim Sci. (1991) 69:2196–203. doi: 10.2527/1991.6952196x 

 52. Van Kessel, JS, and Russell, JB. Energetics of arginine and lysine transport by whole cells and membrane vesicles of strain Sr, a Monensin-sensitive ruminal bacterium. Appl Environ Microbiol. (1992) 58:969–75. doi: 10.1128/aem.58.3.969-975.1992 

 53. Martineau, R, Sauvant, D, Ouellet, DR, Cortes, C, Vernet, J, Ortigues-Marty, I , et al. Relation of net portal flux of nitrogen compounds with dietary characteristics in ruminants: a Meta-analysis approach. J Dairy Sci. (2011) 94:2986–3001. doi: 10.3168/jds.2010-3438 

 54. Yang, CM, and Russell, JB. The effect of Monensin supplementation on ruminal Ammonia accumulation in vivo and the numbers of amino acid-fermenting Bacteria. J Anim Sci. (1993) 71:3470–6. doi: 10.2527/1993.71123470x 

 55. Galloway, DL Sr, Goetsch, AL, Patil, A, Forster, LA Jr, and Johnson, ZB. Feed intake and digestion by Holstein steer calves consuming low-quality grass supplemented with Lasalocid or Monensin. Can J Anim Sci. (1993) 73:869–79. doi: 10.4141/cjas93-089

 56. Rodrigues, PHM, Mattos, WRS, Melotti, L, and Rodrigues, RR. Monensina E Digestibilidade Aparente Em Ovinos Alimentados Com Proporções De Volumoso/Concentrado. Sci Agric. (2001) 58:449–55. doi: 10.1590/s0103-90162001000300002

 57. Russell, JB, and Houlihan, AJ. Ionophore resistance of ruminal Bacteria and its potential impact on human health. FEMS Microbiol Rev. (2003) 27:65–74. doi: 10.1016/S0168-6445(03)00019-6 

 58. Bell, NL, Anderson, RC, Callaway, TR, Franco, MO, Sawyer, JE, and Wickersham, TA. Effect of Monensin inclusion on intake, digestion, and ruminal fermentation parameters by Bos Taurus Indicus and Bos Taurus Taurus steers consuming Bermudagrass Hay. J Anim Sci. (2017) 95:2736–46. doi: 10.2527/jas.2016.1011 

 59. Marques, RDS, and Cooke, RF. Effects of Ionophores on ruminal function of beef cattle. Animals. (2021) 11:2871. doi: 10.3390/ani11102871 

 60. Pasqualino, LF, Oliveira, GB, Miszura, AA, Barroso, JPR, Limede, AC, Sardinha, LA , et al. Residual effect of Narasin on ruminal fermentation characteristics in lambs. Livest Sci. (2020) 240:104141. doi: 10.1016/j.livsci.2020.104141

 61. Russell, JB, and Robinson, PH. Compositions and characteristics of strains of Streptococcus Bovis. J Dairy Sci. (1984) 67:1525–31. doi: 10.3168/jds.S0022-0302(84)81471-X 

 62. Sales-Duval, M, Lucas, F, and Blanchart, G. Proteolytic activity of Streptococcus Bovis cultured alone or associated with Prevotella Albensis, on two kinds of protein substrates: casein or pea proteins. Anaerobe. (2001) 7:199–208. doi: 10.1006/anae.2001.0387

 63. Wallace, RJ. Synergism between different species of proteolytic rumen Bacteria. Curr Microbiol. (1985) 12:59–63. doi: 10.1007/bf01567392

 64. Dennis, SM, Nagaraja, TG, and Bartley, EE. Effects of Lasalocid or Monensin on lactate-producing or -using rumen Bacteria. J Anim Sci. (1981) 52:418–26. doi: 10.2527/jas1981.522418x

 65. DiLorenzo, N, Diez-Gonzalez, F, and DiCostanzo, A. Effects of feeding polyclonal antibody preparations on ruminal bacterial populations and ruminal Ph of steers fed high-grain diets. J Anim Sci. (2006) 84:2178–85. doi: 10.2527/jas.2005-489 

 66. Nagaraja, TG, Avery, TB, Bartley, EE, Galitzer, SJ, and Dayton, AD. Prevention of lactic acidosis in cattle by Lasalocid or Monensin. J Anim Sci. (1981) 53:206–16. doi: 10.2527/jas1981.531206x

 67. Westley, JW. Polyether antibiotics: versatile carboxylic acid Ionophores produced by Streptomyces. Adv Appl Microbiol. (1977) 22:177–223. doi: 10.1016/s0065-2164(08)70163-1

 68. Dawson, KA, and Boling, JA. Monensin-resistant Bacteria in the rumens of calves on Monensin-containing and Unmedicated diets. Appl Environ Microbiol. (1983) 46:160–4. doi: 10.1128/aem.46.1.160-164.1983 

 69. Allen, MS, Bradford, BJ, and Oba, M. Board invited review: the hepatic oxidation theory of the control of feed intake and its application to ruminants. J Anim Sci. (2009) 87:3317–34. doi: 10.2527/jas.2009-1779 

 70. González, LA, Manteca, X, Calsamiglia, S, Schwartzkopf-Genswein, KS, and Ferret, A. Ruminal acidosis in feedlot cattle: interplay between feed ingredients, rumen function and feeding behavior (a review). Anim Feed Sci Technol. (2012) 172:66–79. doi: 10.1016/j.anifeedsci.2011.12.009

 71. Erickson, GE, Milton, CT, Fanning, KC, Cooper, RJ, Swingle, RS, Parrott, JC , et al. Interaction between bunk management and Monensin concentration on finishing performance, feeding behavior, and ruminal metabolism during an acidosis challenge with feedlot cattle. J Anim Sci. (2003) 81:2869–79. doi: 10.2527/2003.81112869x 

 72. Hackmann, TJ, and Firkins, JL. Maximizing efficiency of rumen microbial protein production. Front Microbiol. (2015) 6:465. doi: 10.3389/fmicb.2015.00465 

 73. Russell, JB. The energy spilling reactions of Bacteria and other organisms. J Mol Microbiol Biotechnol. (2007) 13:1–11. doi: 10.1159/000103591 

 74. Strobel, HJ, and Russell, JB. Effect of Ph and energy spilling on bacterial protein synthesis by carbohydrate-limited cultures of mixed rumen Bacteria. J Dairy Sci. (1986) 69:2941–7. doi: 10.3168/jds.S0022-0302(86)80750-0 

 75. Oba, M, and Allen, MS. Effects of diet Fermentability on efficiency of microbial nitrogen production in lactating dairy cows. J Dairy Sci. (2003) 86:195–207. doi: 10.3168/jds.S0022-0302(03)73600-5

 76. Penner, GB. Mechanisms of volatile fatty acid absorption and metabolism and maintenance of a stable rumen environment. In proceedings of the 25th florida ruminant nutrition symposium, Gainesville, FL, USA (2014). 92–104.

 77. Bedford, A, Beckett, L, Harthan, L, Wang, C, Jiang, N, Schramm, H , et al. Ruminal volatile fatty acid absorption is affected by elevated ambient temperature. Sci Rep. (2020) 10:13092. doi: 10.1038/s41598-020-69915-x 

 78. CT, Fanning KM, Klopfenstein, T, Jordon, JD, Cooper, RJ, and Parrot, JC. Effects of Rumensin level and bunk management strategy on finishing steers. Beef cattle report. Lincoln: Nebraska University (1999). p. 41–44.

 79. Gabel, G, Aschenbach, JR, and Muller, F. Transfer of energy substrates across the ruminal epithelium: implications and limitations. Anim Health Res Rev. (2002) 3:15–30. doi: 10.1079/ahrr200237 

 80. Counotte, GH, Prins, RA, Janssen, RH, and Debie, MJ. Role of Megasphaera Elsdenii in the fermentation of dl-[2-C]lactate in the rumen of dairy cattle. Appl Environ Microbiol. (1981) 42:649–55. doi: 10.1128/aem.42.4.649-655.1981 

 81. Marounek, M, Fliegrova, K, and Bartos, S. Metabolism and some characteristics of ruminal strains of Megasphaera Elsdenii. Appl Environ Microbiol. (1989) 55:1570–3. doi: 10.1128/aem.55.6.1570-1573.1989 

 82. Horn, CK, A; Fouché, G. Selective enrichment, isolation and characterization of fast-growing, acid-tolerant and Ionophores-resistant lactate Utilisers from rumen contents of animals on high-energy diets. In: Y. Chilliard FG, Y. Faulconnier, F. Bocquier, I. Veissier, and M. Doreau editor. Ruminant physiology – Digestion, metabolism and effects of nutrition on reproduction and welfare. Netherlands Wageningen Academic Publishers (2009). p. 216–217.

 83. Rogosa, M. Anaerobic gram-negative cocci In: NRK JGH, editor. Bergey's manual of systematic bacteriology. 1. Baltimore: Williams & Wilkins (1984). 680–5.

 84. Bergman, EN, Reid, RS, Murray, MG, Brockway, JM, and Whitelaw, FG. Interconversions and production of volatile fatty acids in the sheep rumen. Biochem J. (1965) 97:53–8. doi: 10.1042/bj0970053 

 85. den Besten, G, Lange, K, Havinga, R, van Dijk, TH, Gerding, A, van Eunen, K , et al. Gut-derived short-chain fatty acids are vividly assimilated into host carbohydrates and lipids. Am J Physiol Gastrointest Liver Physiol. (2013) 305:G900–10. doi: 10.1152/ajpgi.00265.2013 

 86. Henning, PH, Horn, CH, Leeuw, KJ, Meissner, HH, and Hagg, FM. Effect of ruminal Administration of the Lactate-Utilizing Strain Megasphaera Elsdenii (me) Ncimb 41125 on abrupt or gradual transition from forage to concentrate diets. Anim Feed Sci Technol. (2010) 157:20–9. doi: 10.1016/j.anifeedsci.2010.02.002

 87. Aikman, PC, Henning, PH, Humphries, DJ, and Horn, CH. Rumen Ph and fermentation characteristics in dairy cows supplemented with Megasphaera Elsdenii Ncimb 41125 in early lactation. J Dairy Sci. (2011) 94:2840–9. doi: 10.3168/jds.2010-3783 

 88. Castagnino, PS, Dallantonia, EE, Fiorentini, G, Vito, ES, Messana, JD, Lima, LO , et al. Changes in ruminal fermentation and microbial population of feedlot Nellore cattle fed crude glycerin and Virginiamycin. Anim Feed Sci Technol. (2018) 242:69–76. doi: 10.1016/j.anifeedsci.2018.05.007

 89. Nagaraja, TG, Godfrey, SI, Winslow, SW, Rowe, JB, and Kemp, KE. Effect of Virginiamycin on ruminal fermentation in Faunated or ciliate-free sheep overfed with barley grain. Small Rumin Res. (1995) 17:1–8. doi: 10.1016/0921-4488(95)00647-4

 90. Hristov, AJJ. Factors affecting the efficiency of nitrogen utilization in the rumen In: EP ANH, editor. Nitrogen and phosphorus nutrition of cattle: Reducing the environmental impact of cattle operations. Wallingford: UK CAB International (2005). 117–66.

 91. Franzolin, R, and Dehority, BA. Effect of prolonged high-concentrate feeding on ruminal Protozoa concentrations. J Anim Sci. (1996) 74:2803–9. doi: 10.2527/1996.74112803x 


Copyright
 © 2024 Dellaqua, Rigueiro, Silvestre, Pereira, Felizari, Demartini, Dias, Silva, Casali, Souza, Souza and Millen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impact of combined management strategies of monensin and virginiamycin in high energy diets on ruminal fermentation and nutrients utilization



		1 Introduction



		2 Materials and methods



		2.1 Animals and treatments



		2.2 Feeding and management description



		2.3 In situ degradability



		2.4 Feeding behavior and particle sorting



		2.5 Ruminal fermentation variables



		2.6 Ruminal protozoa counting



		2.7 Ruminal dynamics



		2.8 Statistical analysis









		3 Results



		3.1 In situ degradability



		3.2 Feeding behavior and particle sorting



		3.3 Dry matter intake and ruminal pH



		3.4 Ruminal fermentation and protozoa counting



		3.5 Ruminal dynamics









		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fvets-11-1325198-t010.jpg
Period Treatments'

Adaptation: MONVM MONVM

Finishing 1: VM MONVM

Finishing 2: VM MONVM

()

Total net mass, Kg 4565 1659 14629 4577 45.26 199 0.8
Total solid mass, Kg 747 851 851 800 7.94 049 007
Total mass, Kg 5311 55.09 5480 5376 5320 237 049
Total net mass, % BW. 719 717 724 724 7.21 040 099
Total solid mass, % BW 117 130 133 127 127 008 020
Total mass, % BW 836 847 857 850 848 047 091
Kt Kg/h 0.8 058" 057 0.49" 054 003 003
K, %/ h 656 696 674 629 7.16 061 052
DP* of Ruminal content, % 14.09 1539 1556 1486 1483 055 038

1 (MON during the entire feeding period); T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4
(MON + VM during the entire feeding period); T5 (MON + VM during the adaptation and finishing period 1 and only VM during the fnishing period 2). D, Dried pasta; K1, isappearance
rate. *SEM, standard error of the mean, referent to 11 =6 pens per treatment, Values within a row with different lower case letters differ (p<0.05)
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MONVM
VM
VM

62.16
12240
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MONVM
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0.07

0.04
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‘T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4

(MON + VM during the entir feeding period); T (MON + VM during the adaptation and finishing period 1 and only VM during the inishing period 2). *SEM, standard error of the mean,
referent to n =6 pens per treatment. Values within a row with different lower case letters differ (p<0.05).
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Period Treatments! Time after Feeding (h) p-value

Adaptation: MON MONVM MONVM MONVM 4 8 2 SEM? Trat Time Trat
Finishing 1: MON VM MONVM MONVM
Finishing 2: MON VM MONVM VM
(T1) (T4) (T5)
Finishing period 1
Acetate, mol/
o 6294 6637 6771 6573 6205 6204 6172 6480 7128 234 040 <0.01(Q) 036
mol
Propionate,
3024 3123 2855 2695 3123 2621 2777 2991 3467 216 024 <0.01(1) 030
mol/ 100 mol
Butyrate, mol/
1381 13.88 1441 41 1278 1413 1274 1347 1486 075 076 <0.01Q) 020
100mol
Total SCFA,
" 106.98 11148 11066 106.78 106.06 10237 10222 10818 | 12081 376 0.66 <0.01(1) 015
m
Acetate:
219 225 243 252 207 246 232 226 212 018 002 <001 003
Propionate
Lactate mM 0023 0027 0018 0017 0019 0019 0023 0020 0021 001 0.09 083 046
NH,Nmg/ dl 2123 2029 17.66 1961 17.47 19.68 1687 2045 2001 199 033 018 016
Finishing period 2
Acetate, mol/
Loomol 6201 6445 6381 60.36 60.84 55.18 60.20 6L14 7266 229 0.60 <0.01(1) 0.26
mol
Propionate,
3182 2705 3267 3110 3279 2525 2885 3004 4019 263 047 <0.01(1) 044
mol/ 100 mol
Butyrate, mol/
1288 1266 1232 1207 1251 1 1203 1194 1386 115 083 <001 <001
100mol
Total SCFA,
M 10670 10415 108.80 103.52 106,14 9253 0008 10312 12671 484 082 <0.01(1) 012
m
Acetate:
200 249 212 205 196 226 219 214 192 014 026 <0.01(1) 045
Propionate
Lactate mM 0021 0021 0016 0.020 0.026 0.021 0020 0016 0027 001 019 056 012
NH,-Nmg/ dI 1492 1331 1534 1575 9.00 17.48 15.41 1088 1088 210 0.06 0.04(1) 019

“T1 (MON during the entire feeding period); T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4 (MON + VM during the entire feeding period); T (MON + VM during the
adaptation and finishing period 1 and only VM during the finishing period 2). *SEM, standard error of the mean, referent to n=6 pens per treatment, Values within a row with different lower case letters differ (p<0.05).
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Period Treatments®

Adaptation: MONVM MONVM MONVM
Finishing 1: vM MONVM MONVM
Finishing 2: vM MONVM VM
()] (T5)
Finishing period 1
Degradability at 0.02h™" 77.40 79.85 7720 7753 7933 210 043
at0.05h" 5872 6217 59.01 5969 6255 287 0.46
at0.08h" 48.30 5156 48.80 49.46 5241 285 051
Potential degradability 99.59 99.11 99.82 99.92 98.72 Lo4 031
Finishing period 2
Degradability at 0.02h™" 79.92* 79.65" 80.66' 7543 76.05" 143 0.04
Degradability at 0.05h 62.96" 62.94° 65710 573 5703 221 0.03
Degradability at 0.08h™" 5284 5286' 5639" 4694 661" 230 0.04
Potential degradability 99.70 98.81 97.32 98.79 9995 149 053

“T1 (MON during the entire feeding period); T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4
(MON + VM during the entire feeding period); T5 (MON + VM during the adaptation and finishing period 1 and only VM during the finishing period 2). SEM: standard error of the mean,
referent to =6 pens per treatment; Values within a row with different lower case letters differ (p<0.05).
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Period Treatments'

Adaptation: MONVM MONVM MONVM
Finishing 1: VM MONVM MONVM
Finishing 2: vM MONVM VM
(T4) (T5)
Finishing period 1
Degradability at 0.02h™" 66.09 6443 6417 64.21 6603 321 0.94
at0.05h" 49.16 48.04 46.15 48.84 5052 294 0.74
at0.08h" 2475 18.03 1637 17.44 18.02 229 0.06
Potential degradability 97.08 91.97 98.00 90.08 9166 239 0.10
Finishing period 2
Degradability at 0.02h™" 61.70" 6193 68.77° 7128 75710 106 <001
Degradability at 0.05h 19.64° 1552 18.22* 17.34% 1934 176 001
Degradability at 0.08h™" 17.95" 1552 1822 17.36* 1934 145 001
Potential degradability 98.86 99.28 96.19 9531 9283 184 0.07

“T1 (MON during the entire feeding period); T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4
(MON + VM during the entire feeding period); T5 (MON + VM during the adaptation and finishing period 1 and only VM during the finishing period 2). SEM: standard error of the mean,
referent to =6 pens per treatment; Values within a row with different lower case letters differ (p<0.05).
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Percent of concentrate®

78

Ingredients, % of DM’

Sugarcane bagasse 14.00 14.00 1400 14.00 1000
Cynodon dactylon hay 2000 1400 800 200 200
Finely ground corn grain 46.00 5400 6200 70.00 76.70
Soybean meal 17.30 1510 1290 1070 800
Mineral mixture’ 230 230 240 240 240
Urea 040 0.60 070 0.90 0.90

Nutrient content, % of DM'

DM, as % of organic matter 74.00 74.00 73.00 73.00 74,00
Total digestible nutrients 72.00 72.00 75.00 78.00 80.00
Crude protein 1520 15.00 1460 1450 1400
Neutral detergent fiber 3430 30.50 26.80 23.00 1920
Non-fiber carbohydrates 43.00 48.00 52.00 57.00 6100
PeNDE * 2600 2200 1800 14.00 1000
Neg, Meal/kg 109 109 115 125 129
Ca 0.60 0.58 056 0.54 052
13 040 041 042 042 042

‘Adaptation diets (66 to 78%), and finishing 1 (84%) and 2 (88%) diets. “Dry matter. *Mineral mixture contained: Ca: 182g/kg of DM; P: 40.5g/kg of DM; Mg: 7.7 g/kg of DM; K: 0.5 g/kg of
DM; Na: 82 2g/kg of DM; Cl: 126.5g/kg of DM; S: 16 g/kg of DM; Co: 27.50mg/kg of DM; Cu: 754.17 me/kg of DM; Fe: 2498 mg/kg of DM I: 37.29 mg/kg of DM; Mn: 740 me/ke of DM; Se:
6,20 mg/kg of DM; Zn: 1790 mg/kg of DM. Monensin was added at 1000 mg/kg of mineral mixture and Virginiamycin was added at 833 mg/kg of mineral mixture, Estimated by equations
according to Large Ruminant Nutrtion System (). Phisically effective NDF, determined according to the method described by Heinrichs and Kononoff (7). ‘Net energy for gain, expressed
in Mcal per kg of diet DM.
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Adaptation:

Finishing 1:
Finishing 2:

Finishing period 1
Degradability at 0.02h™"

at0.05h™"

Potential degradability
Finishing period 2
Degradability at 0.02h™!

Degradability at 0.05h
Degradability at 0.08h™"

Potential degradability

“T1 (MON during the entire feeding period); T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the fnis

60.69
4375
35.05

85.57"

61.88
48.89
40.05

85.61

61.65
4547
3667

82,94

6183
45.29
3677

86.61

Treatments®

MONVM MONVM
VM MONVM
VM MONVM

(T4)
60.66 6131
43.28 4527
3458 3679
87.85" 83.62%
63.07 6393
46.43 47.15
37.61 3843
86.42 87.79

MONVM
MONVM
VM
(T5)

60.70
45.26
36.85

81107

64.53
48.10
3907

86.37

SEM?

216
231
216
173

153

p-
value

093
063
056
002

079

ing period 1and 2); T4

(MON + VM during the entire feeding period); T5 (MON + VM during the adaptation and finishing period 1 and only VM during the finishing period 2). SEM: standard error of the mean,
referent to =6 pens per treatment; Values within a row with different lower case letters differ (p<0.05).
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Period Treatments'

Adaptation: MON MONVM MONVM MONVM

Finishing 1: MON vM MONVM MONVM

Finishing 2: MON vM MONVM VM

(T1) (T4) (T5)

Finishing period 1
DMI kg 1150° 140" 13.60° 1250 1250% 078 <001
Mean pH 600 617 624 603 5.86° 013 002
Maximum pH 680 689 684 676 665 0.08 021
Minimum pH 527 520 536 540 516 0.10 029
Duration pH <5.2,h 198.00 144,00 00 2200 70000 307.68 052
Duration pH <5.6, h 936.00 41400 40000 61200 119000 3445 029
Duration pH <6.2h 2588.00" 1982.00° 170000 2518.00" 2970.00" 33908 <001
AreapH<52pH xh 2717 2852 009 17005 22930 11579 047
Area pH<5.6 pH xh 25178 12445 6284 32149 578,69 25973 070
Area pH<62pH xh 129399 78089 64231° 120605 178105 479.60 002
Temperature 39.09° 3934 39.39° 3925 39.16% o1 <001
Ox-redox potential -35321 -350.39 —36034 ~349.59 ~352.04 19.96 091

Finishing period 2

DMI, kg 11.00° 12200 1230° 10.60° 11.00° 101 <001
Mean pH 606 620 588 607 592 015 0.12
Maximum pH 683 686" 686" 696" 730 015 003
Minimum pH 525 41 484 519" 507" 0.08 <001
Duration pH <5.2,h 114.00% 0.00° 892.00° 514.00 284.00" 34346 <001
Duration pH <5.6, h 78000" 158.00° 1492.00° 1138.00° 1378.00" 49275 0.03
Duration pH <6.2h 2476.00 1982.00 2646.00 2290.00 292800 5717 010
AreapH<52pH xh 830 0.00° 26971° 4657 2489 87.08 001
AreapH<5.6 pH xh 165.25° 13,63 737310 40978 34594 25158 <001
Area pH<62pH xh 111680 565.29" 194751° 140875 1638.84° 51430 004
Temperature 39.07° 3907+ 39.43° 3933 3940 0.07 <001
Ox-redox potential ~36078 ~354.91 ~356.57 ~34203 ~337.61 18.12 019

1(MON during the entire feeding period); T2 (VM during the entire feeding period): T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4
(MON + VM during the entir feeding period); T5 (MON + VM during the adaptation and finishing period 1 and only VM during the finishing period 2). DMI, dry mater intake. SEM,
standard error of the mean, referent to n=6 pens per treatment, Values within a row with different lower case letters differ (p<0.05).
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Period Treatments'

Adaptation: MONVM MONVM MONVM

Finishing 1: VM MONVM MONVM

Finishing VM MONVM VM

(T3) (T4) (T5)

Feeding behavior
‘Time spent resting, min 896.00° 82400 823.00° 896.00" 926.00° 3888 004
‘Time spent ruminating, min 366.00 408.00 419.00 351.00 31700 2829 006
‘Time spent eating, min 178.00 20800 198.00 193.00 197.00 2386 014
DMI, Kg 1047° 14.67° 13.38% 11.89% 191 118 004
Meal length, min 1955 1635 1457 17.82 1625 273 032
Meals per day, n 1040 13.20 13.80 1180 1320 158 0.06
DMI per meal, Kg 144 114 105 113 104 019 021
RR of DM, min/kg de DM 33.09 2891 3168 3085 2697 335 043
ER of DM, min/kg de DM 15.49 1495 1503 1617 1671 204 0.20
NDF intake 397 500 435 406 412 044 047
ER of NDE, min/kg de DM 5176 4293 4522 48.21 4824 596 079
RR of NDE, min/kg de DM 108.73 8317 10402 86.28 7627 1222 0.29

Particl sorting'

Long 1.00 095 097 106 106 0.08 037
Met 104 101 102 L 106 0.03 0.07
Short 103" 102" 102" Lo+ 103 0.01 <001
Fine 095" 097 097 092" 094" 0.02 0.03

1 (MON during the entire feeding period); T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4
(MON + VM during the entire feeding period); T5 (MON + VM during the adaptation and finishing period 1 and only VM during the inishing period 2). 2DMI, dry matter intake; ER, eating
rate; DM, dry matter; RR, rumination rate; NDF, neutral detergent fiber. 'SEM, standard error of the mean, referent to 11=6 pens per treatment, Values within a row with different lower case
letters differ (p<0.05). *Particle fraction retained on screens of 19 mm (long), § mm (medium), 1.18mm (short) and a pan (fine).





OPS/images/fvets-11-1325198-t006.jpg
Period Treatments® SEM®  p-value

Adaptation: MONVM MONVM MONVM

Finishing 1: VM MONVM MONVM

Finishing 2: VM MONVM VM

(T3) (T4) (T5)

Feeding behavior
‘Time spent resting, min 908.00 901.00 885.00 90600 92200 4649 093
‘Time spent ruminating, min 315.00 35600 367.00 33100 322,00 4164 073
‘Time spent eating, min 217.00 183.00 188.00 203.00 196.00 2196 0.40
DMI, Kg 11.98" 1349 1411 1204 10.86° 076 0.02
Meal length, min 1831 17.59 18.38 1581 1881 218 075
Meals per day, n 13.00 1100 10.60 13.00 1280 215 0.15
DMI per meal, Kg 114 Lar® 160" 110" 120 030 004
RR of DM, min/kg de DM 2715 27.10 2604 2745 2892 330 096
ER of DM, min/kg de DM 1873 1378 13.47 1667 19.56 247 0.06
NDF intake 272 372 351 358 316 034 014
ER of NDE, min/kg de DM 90.60" 5195 54110 57.90° 6492 161 0.04
RR of NDE, min/kg de DM 13476 108.60 104.61 97.82 98.16 19.82 053

Particle sorting

Long 117 089 106 108 106 0.08 014
Met L 097 105 L 107 0.04 015
Short 103 104 103 104 102 001 0.40
Fine 093 099 102 091 096 0.04 019

1 (MON during the entire feeding period); T2 (VM during the entire feeding period); T3 (MON + VM during the adaptation period and only VM during the finishing period 1 and 2); T4
(MON + VM during the entire feeding period); T5 (MON + VM during the adaptation and finishing period 1 and only VM during the inishing period 2). 2DMI, dry matter intake; ER, eating
rate; DM, dry matter; RR, rumination rate; NDF, neutral detergent fiber. 'SEM, standard error of the mean, referent to 11=6 pens per treatment, Values within a row with different lower case
letters differ (p<0.05). *Particle fraction retained on screens of 19 mm (long), § mm (medium), 1.18mm (short) and a pan (fine).
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