
Calculations 

Potentially digestible dry matter (pdDM) was estimated using the samples collected by 

cutting at ground level, following the equation of Paulino et al. [20]: 

𝑝𝑑𝐷𝑀 = 0.98 ∗ (100 − 𝑁𝐷𝐹) + (𝑁𝐷𝐹 − 𝑖𝑁𝐷𝐹) 

where 0.98 is the true digestibility coefficient of cell content; NDF is the forage content 

of neutral detergent fiber (%); and iNDF is the forage content of indigestible neutral detergent 

fiber (%). 

Fecal excretion (FE) was estimated as a ratio of the TiO2 excreted in feces and the 

marker concentration in feces. Voluntary intake of dry matter of forage (DMF) was estimated 

using iNDF from forage as an internal marker following the equation of Detmann et al. [15]: 

DMF (𝑔/𝑑𝑎𝑦) = [(𝐹𝐸 ∗ 𝑖𝑁𝐷𝐹𝑓) − (𝑆𝐼 ∗ 𝑖𝑁𝐷𝐹𝑠)]/ 𝑖𝑁𝐷𝐹𝑓𝑜 

where FE = fecal excretion (kg/d), iNDFf = indigestible neutral detergent fiber in feces 

(kg/kg), SI = supplement DM intake (kg/d), iNDFs = indigestible neutral detergent fiber in 

supplement (kg/kg), and iNDFfo = indigestible neutral detergent fiber in forage (kg/kg). 

The daily urine volume was estimated using the relation between daily creatinine 

excretion (CE) and its concentration in urine. Daily excretion was estimated by the equation 

according to Costa and Silva et al. [21], where shrunk body weight (SBW) was estimated as 0.88 

x BW1.0175 [22]. 

𝐶𝐸 (𝑔/𝑑𝑎𝑦) = 0.0345 ∗ 𝑆𝐵𝑊0.9491 

Total excretion of purine derivatives was calculated by the sum of the amounts of 

allantoin and uric acid excreted in urine by the equation:  

𝑌 = 𝑋 − 0.301 ∗ 𝐵𝑊0.75/0.8 

where Y= absorbed purine (mmol/d); X = excretion of purine derivatives (mmol/d); 0.301 

= endogenous excretion of purine derivatives in urine (mmol); BW0.75 = metabolic weight; and 

0.80 = recovery of absorbed purine as purine derivatives in urine (mmol/mmol).  

Ruminal synthesis of microbial nitrogen was calculated according to the absorbed purine 

using the equation proposed by Barbosa et al. [23]: 



𝑍 = 70 ∗ 𝑌/(0.93 ∗ 0.137 ∗ 1000) 

  where Z = ruminal synthesis of microbial nitrogen (g/d); Y= absorbed purine; 70 = purine 

N content (mg/mol); 0.93 = digestibility of microbial purine; and 0.137 = the ratio between N 

purine and total microbial N. 

Microbial efficiency was obtained by the ratio between the production of crude microbial 

protein (PBmic), expressed in grams, and the amount digested organic matter intake (dMO), 

expressed in kilograms. 

 Milk production corrected to 4% fat was determined by the equation [16]: 

𝐹𝐶𝑀 = (0.4 ∗ 𝑀𝑌) + (0.15 ∗ 𝑀𝑌 ∗ 𝐹) 

where MY=milk yield (kg/d) and F= fat yield (%). 

  The serum content of low-density lipoprotein (LDL) and very low-density lipoprotein 

(VLDL) were calculated according to Friedewald et al. [24], equation TC= HDL + LDL + 

VLDL, where TC= total cholesterol and VLDL = triglycerides/5. Globulins were calculated by 

the difference between total proteins and albumin. Blood urea nitrogen (BUN) was estimated as 

46.67% of total serum urea. 

Statistical analyses  

Analyses of variance (ANOVA) for the nutritional and performance variables measured 

during pre- and post-calving were performed using the following model: 

 

𝑌𝑖𝑗𝑘 = 𝜇 + 𝑇𝑖 + 𝑒(𝑖)𝑗 + 𝜀(𝑖𝑗)𝑘 

 

where: Yijk = observation took on animal k, within paddock, submitted to treatment I; µ = overall 

constant; Ti = fixed effect of the treatment i; e(i)j = random effect of paddock j nested to treatment 

I, assumed to be NIID (0, σ²e); ε(ij)k = random error effect associated to each observation k, 

which was assumed to be NIID (0, σ²ε). 

The initial body weight or initial BCS were used as covariates in the model. However, 

when the effects of these variables on animal performance were found non-significant, the model 

was reparameterized excluding the covariate effect 



The measurements of ADG, metabolites and hormones were analyzed as repeated 

measures over time, where the best structure of (co)variance matrix was chosen based on 

Akaike’s information criterion with correction. Effects of treatment, day and treatment*day 

interaction were analyzed. When necessary, means were compared by the Fisher’s least 

significant difference. The pregnancy rate was evaluated using a chi-square test. 

All the statistical evaluations were performed considering 0.10 as the critical level of 

probability for the occurrence of the type I error. In this type of experiments, animals are handled 

freely, hence subject to natural or unnatural disturbances, what strongly interfere to their social 

and intake behavior compared to feedlot experiments. Therefore, there is a higher probability of 

occurrence of type II error (accept H0 when is false). The best control of the type II error is 

obtained by increasing the α value (i.e., 0.10 rather than 0.05). 

The statistical analyses were carried out using the PROC MIXED and PROC FREQ of 

SAS 9.4 (Inst. Inc., Cary, NC, USA). 

 


