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Simple Summary: Amino acids (AA) are known to be a factor limiting animals’ growth when
requirements are not achieved, specially lysine (Lys) and methionine (Met). However, requirements
of these AA are not well established for dairy calves. This study aimed to evaluate the performance
and metabolic changes in dairy calves supplemented with Lys and Met in milk replacer (MR) or
starter concentrate (SC) according to doses recommended in the literature. The supplementation with
Lys and Met did not benefit dairy calves’ performance nor metabolism. However, supplementation
through the MR was more efficient than SC to result in adequate daily intakes of AA. Further studies
are needed to understand the negative effects of AA on calf starter intake.

Abstract: This study aimed to evaluate the performance and metabolic changes in dairy calves
supplemented with lysine and methionine in milk replacer (MR) or starter concentrate (SC). Male
Holstein calves (n = 45) were blocked and distributed in Control without supplementation (1) and;
Lysine and Methionine supplementation to achieve an intake of 17 and 5.3 g/d in the SC (2) and to
achieve of 17 and 5.3 g/d in the MR (3). MR was fed (6 L/d) until the 8th week of life when weaning
occurred. Calves were followed until the 10th week of age. Feed intake was measured daily. Weight
and body measurements were registered weekly. Blood samples were collected biweekly to evaluate
the intermediate metabolism. The AA supplementation resulted in lower body weight at weaning
and week 10. Calves fed SC Lys:Met had lower SC intake and lower total feed intake at weaning
when compared to control. Calves fed control had higher heart girth, hip-width, and plasma glucose
concentration. The supplementation with Lys and Met did not benefit dairy calves’ performance nor
metabolism in this study. Supplementation through the MR was more efficient than SC to result in
adequate daily intakes of AA. Further studies are needed to understand the negative effects of AA
on calf starter intake.

Keywords: amino acids; blood metabolites; calf; glucose; pre-weaning

1. Introduction

Recent research has shown the benefits of increasing weight gain of dairy calves,
mainly by feeding higher levels of liquid diet [1,2], even if there is an impact on the raising
daily costs. Feeding with milk replacer (MR) can be an alternative to reduce costs, but it
can result in different performance when feeding the same volumes due to differences in
crude protein (CP) and fat content when compared to whole milk [3]. Furthermore, the
inclusion of non-dairy protein sources can cause amino acid imbalance and difficulty in
meeting the calves’ needs to achieve a desirable growth rate [4–6].

The amino acid requirements for calves are not well defined. The industry uses values
estimated in a limited number of studies, with calves fed whole milk and no access to
starter concentrate [7–9]. According to Gerrits [10], the rate of protein deposition may be
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limited by one or more AA. Lysine (Lys) and methionine (Met) are always cited as the main
limiting amino acid (AA) for the potential growth of milk replacer-fed calves rather than
whole milk [7,11–13]. However, threonine and isoleucine can also be considered, especially
when non-dairy protein sources are used in MR formulation [6,14].

Nevertheless, the recommendation of 17 g/d Lys and 5.3 g/d Met for calves under
5 weeks of age has proved to be adequate to meet the requirements of calves in the study
by Hill et al. [12], supplementing MR containing 24% to 28% CP and 17% fat. Depending
on the supplemented AA, there may be an increase in the average daily gain (ADG) [12,15]
and positive or no response on growth [4,16,17].

Even when calves are fed whole milk, considered the best source of protein due
to its high digestibility and AA profile, the Met concentration is below ideal levels for
improved calf performance [4,12,15]. Besides, calves fed a medium CP milk replacer do
not meet the requirements recommended by Hill et al. [12] when moderate volumes such
as 6 L/d are fed [3]. Other studies suggested that the industry should consider synthetic
AA supplementation in MR formulation to improve the performance of dairy calves [3,15].

Solid feed intake can also provide AA for intestinal absorption. However, starter
concentrate (SC) intake is low for young calves and is negatively correlated with the MR
feeding level [18]. As SC intake increases, ruminal development begins, and calves can use
microbial protein (MP) to meet AA requirements. Several changes in protein metabolism
occur as a result of ruminal development [19]. These changes affect the bacterial population
and consequently affect the composition of the MP and the percentage of N reaching the
abomasum and the intestine. According to Quigley et al. [19], bacterial N represents about
45% of the total N reaching the abomasum, when calves present a starter intake of around
1 kg/d. However, even for adult dairy animals, the production of the MP that reaches the
small intestine can be low and supplementation of Lys and Met improves performance [20].

Most of the studies have evaluated the AA supplementation in MR. However, AA can
be included in starter in an attempt to improve MP synthesis [21–23], and consequently the
MP that reaches the intestine can be used by the animals [24]. In addition, supplementation
of hydroxyl-analogue AA may increase absorption through the rumen wall [25]. However,
solid feed intake has a high coefficient of variation [26], resulting in difficulties to achieve
adequate AA intake.

This study aimed to evaluate the effect of adding Lys and Met in the milk replacer or
the starter concentrate, on AA daily intake, performance and metabolism of dairy calves.

2. Materials and Methods

All experimental procedures were approved by the Animal Care and Use Commit-
tee of the University of São Paulo and followed the guidelines recommended (Protocol
numeber 2013-8).

This study was conducted at the calf facilities of the Department of Animal Science,
“Luiz de Queiroz” College of Agriculture, University of Sao Paulo, located in Piracicaba–
Sao Paulo, Brazil. The trial period was from January to June 2013. During this period, the
average temperature was 23.1 ◦C, with a maximum of 28.9 ◦C and a minimum of 17.2 ◦C.
The mean relative humidity during the study period was 82%, and the average rainfall was
149.3 mm/mo.

Forty-five male Holstein calves from a commercial farm (2 ± 2 d of age), were used.
Calves were immediately separated from their dam at birth, weighed, and fed 2 L of
unpasteurized high-quality colostrum (>50 g/L of IgG) in the first two meals by bottle,
resulting in an intake of 4 L within 10 h of age. When fresh colostrum was not adequate
in quality or volume, frozen non-pooled stored colostrum was thawed for the newborn.
Only animals with serum protein above 5.5 g/dL at 48 h of life were enrolled in the study,
as suggested by the literature as a cutoff for adequate passive transfer [27]. Calves were
transported to the experimental calf facility at the “Luiz de Queiroz” College of Agriculture,
University of São Paulo (approximately 100 km), and housed in individual wood shelters
(1.35 m height, 1 m width and 1.45 m depth) distributed in a trimmed grassy field. Calves
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were contained with a chain belt attached to a thin chain, allowing an adequate walking
area, but no physical contact with each other.

The animals had free access to water and a commercial finely ground SC during
the entire experimental period. Calves were bucket-fed with 6 L/d (730 g DM/d) of a
commercial milk replacer (21.6 CP:13.8 fat, diluted to 12.5% solids; Violet Sprayfo®, Sloten
do Brasil Ltd.a., Santos, SP, Brasil; São Paulo, Brazil), divided into two meals (07 h and 17 h),
from the 2nd day of life until the eighth week of life, when calves were abruptly weaned.
Abrupt weaning was applied and hay was not fed after that to do not confound AA intake
during and after the weaning process. The medium CP milk replacer was chosen because it
was the most adopted by producers at the time of the study, suggesting an opportunity for
AA supplementation for this type of commercial product. The feed intake was measured
daily by weighing the feed offered and orts.

Calves were enrolled in the study from the second half of January to the first half of
March, as cows calved. Calves were blocked considering the birth date and weight and
randomly assigned to treatments. Treatments differ in Lys and Met supplementation as
follows: (1) Control: MR and SC without AA supplementation (n = 15); (2) SC Lys:Met:
ground SC with the addition of Lys and Met to achieve a consumption of 17 and 5.3 g/d,
respectively, with correction based on the analysis of the SC composition (n = 15); (3) MR
Lys:Met: MR with the addition of Lys and Met to achieve a consumption of 17 and 5.3 g/d,
respectively, with correction based on the analysis of the MR composition (n = 15).

For the determination of amino acid profile in feeds, a near infrared spectroscopy
(NIRS) calibration curve for dairy products validated by Adisseo Brazil Animal Nutrition
Ltd.a. was used. Based on this analysis, SC and MR were supplemented until reaching
the recommended levels of Lys and Met by Hill et al. [12]. For calculation, a total intake
of 6 L/d of the MR and an average of 800 g of SC intake during the whole period were
considered. Milk replacer evaluation showed a concentration of 1.09 g/100 g DM of Lys
and 0.306 g/100 g DM of Met, resulting in a total intake of 7.9 g of Lys and 2.23 g of Met. To
correct the gap for the total intake of Lys (17 − 7.9 = 9.04 g) and of Met (5.3−2.23 = 3.07 g),
the MR was supplemented by adding 309 g of L-lysine (Ajinomoto do Brazil Ind. e Com.
de Alimentos Ltd.a, São Paulo, Brazil) and 105 g de DL-methionine (110 g de Rhodomet,
Adisseo for each 25 kg of MR. Thus, MR was corrected to have 12.6 g/kg and 4.2 g/kg of
Lys and Met, respectively, allowing the total planned intake to be reached by feeding 730 g
of MR. The same rationale was applied for the SC. Starter concentrate analysis resulted in a
concentration of 1.40 g/100 g DM of Lys and 0.50 g/100 g DM of Met, leading to a total
intake of 11.2 g/d of Lys and 4.0 g/d of Met, considering an average intake of 800 g/d of
concentrate. To supplement the difference for the total intake of Lys (17−11.2 = 5.8 g) and of
Met (5.3−4.0 = 1.3 g), the starter was supplemented by adding 171.6 g L-lysine (AjiLys® 99,
Ajinomoto) and 40.59 g DL-methionine (Rhodimet, Adisseo, São Paulo, SP, Brazil) for each
25 kg of starter. Therefore, SC was corrected to have 6.86 g/kg and 1.62 g/kg of Lys and
Met, respectively, allowing the total planned intake to be reached with an average SC intake
of 800 g/d.

Feed samples were collected during the experimental period for further analysis
(Table 1). The samples of feed were oven dried (model MA035-Marconi, Piracicaba, Brazil)
at 55 ◦C for 72 h and ground through a 1 mm in Wiley mill (Marconi, Piracicaba, Brazil).
The dry matter (DM) was determined by drying the samples in an oven at 105 ◦C for
24 h and mineral matter (MM) by incinerating the samples in muffle at 550 ◦C for 4 h
(AOAC, 2012). The total nitrogen concentration was determined using the Leco TruMac®

N apparatus (Leco Corporation, St. Joseph, MI, USA; AOAC, 2012). The crude protein (CP)
was calculated by multiplying the total nitrogen by 6.25. The extract ether concentration
was determined according to AOAC [28]. The gross energy was determined by calorimetry
(PARR 1261, Parr Instrument Company, Moline, IL, USA).
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Table 1. Chemical composition of milk replacer and starter, with or without lysine and methionine supplementation.

Parameter Milk Replacer Milk Replacer Lys:Met Starter Starter Lys:Met

Dry matter (%) 95.72 93.96 91.13 90.73
Ash (%DM) 8.14 9.68 6.56 6.40

Crude protein (%DM) 21.57 22.32 20.50 21.40
Crude fat (%DM) 13.79 14.84 6.11 5.92

Gross energy (cal/kg) 4360.12 4409.04 4072.03 4059.85

Notes: Milk replacer: Milk replacer without lysine and methionine supplementation; Milk replacer Lys:Met: Milk replacer supplemented
with lysine and methionine; Starter: Starter concentrate without lysine and methionine supplementation; Starter Lys:Met: Starter
concentrate supplemented with lysine and methionine. Starter ingredients composition as % of DM: 32.30% ground corn, 29.2% soybean
meal, 15% wheat meal, 8.5% soybean expeller, 10% pregelatinized corn, 5% mineral and vitamin supplement.

The animals were weighed weekly on a mechanical scale before the morning feeding,
and growth measures were taken using a ruler for hip-width and withers height, and a
flexible tape for heart girth until the 10th week of life when the study ended. The fecal
score was monitored daily, as described by Larson et al. [29], regarding the fluidity of feces:
(1) normal and firm, (2) loose but with general healthy aspect, (3) very loose not watery
separation, and (4) watery. When a fecal score was higher than 2, calves were rehydrated
with an oral electrolyte solution. Health problems were monitored and treated according
to veterinary recommendations.

Blood samples were collected once at weeks 2, 4, 6, 8, and 10, always 2 h after the
morning feeding, through jugular venipuncture, into vacuum tubes containing sodium
fluoride and potassium EDTA (Vacuette, Campinas, Brazil) and vacuum tubes containing
clot activator and gel (Vacuette, Campinas, Brazil). The samples were centrifuged (Uni-
versal 320R, Hettich, Tuttlingen, Germany) at 2000× g, for 20 min at 4 ◦C. Plasma and
serum were freezers stored (−26 ◦C) until further analysis. Specific commercial enzymatic
kits (Labtest Diagnóstica S.A., Lagoa Santa, Brazil) were used to analyze plasma glucose,
total serum protein (TSP), serum albumin, alkaline phosphatase, and serum creatinine.
β-hydroxybutyrate (BHBA) was determined using a commercial kit RANBUT (Randox
Laboratories, Life Sciences Ltd.a., Crumlin, UK). Plasma urea nitrogen (PUN) determi-
nation was performed according to the colorimetric method [30], adapted for reading in
Automatic System for Biochemistry-Model SBA 200 (CELM, Barueri, Brazil).

All data were tested for normal distribution by the Shapiro-Wilk test, and homogeneity
of the variances using the Levene test. The data were analyzed using the MIXED procedure
of the SAS statistical package (version 9.4, SAS Institute Inc., Cary, NC, USA), with the
collection days as repeated measures (model 1). The best covariance structure was identified
from different covariance structures by comparing the AICC statistic (Akaike Information
Criteria Corrected). The differences were considered significant at p < 0.05. Treatments
comparison was carried out according to the adjusted Tukey test.

Model (1): Yijk = µ + Ti + Ij + TIij + Bk + eijk
Where: Yijk = dependent variable; µ = overall average; Ti = Treatment Effect; Ij = effect

of age; TIij = interaction Treatment × Age; Bk = Block effect; eijk = experimental error.

3. Results

The average starter concentrate intake throughout the pre-weaning phase increased
with the age of the calves (p < 0.05), but was not affected by supplementation or by the
interaction between age and supplementation (Table 2). The starter concentrate intake
at weaning (8th week) was higher for the animals without supplementation (control) as
compared to those supplemented in the SC, without differing from those supplemented
in the MR (p < 0.05). At the 10th week, the starter concentrate intake was similar among
treatments. However, overall starter intake was below the expected 800 g/d regardless of
treatments (336.5 g/d).
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Table 2. Intake of starter, total feed, lysine and methionine of dairy calves with or without lysine and methionine
supplementation in starter or in milk replacer.

Parameter
Treatment

SEM
p Value

Control SC Lys:Met MR Lys:Met T A TxA

Starter concentrate intake (g/d)

Whole period 436.7 260.7 312.1 65.41 0.13 <0.05 0.24
At weaning (8th week) 433.4 a 197.7 b 243.3 ab 55.13 <0.05 – –

Tenth week 1542.6 1059.4 1265.3 161.34 0.10 – –

Total feed intake * (g DM/d)

Pre-weaning 881.6 800.1 807.3 40.44 0.27 <0.05 0.18
Post-weaning 1354.2 a 856.4 b 1048.8 ab 151.59 0.05 <0.05 0.74

Pre-weaning AA intake, (g/d)

Lysine 10.14 b 9.58 b 17.84 a 0.657 <0.01 <0.01 0.69
Methionine 3.03 b 2.75 b 5.64 a 0.220 <0.01 <0.01 0.56

Post-weaning AA intake, (g/d)

Lysine 18.85 17.81 14.81 11.702 0.43 <0.01 0.42
Methionine 6.74 5.64 5.27 0.855 0.38 <0.01 0.64

Whole period AA intake, (g/d)

Lysine 11.94 b 10.96 b 17.45 a 1.257 0.01 <0.01 <0.01
Methionine 3.81 b 3.24 b 5.66 a 0.427 0.01 <0.01 <0.01

SEM, Standard error of mean; T, treatment effect; A, age effect (week); T×A, interaction treatment × age; Control: basal diet without
supplementation with amino acids; SC Lys: Met: starter concentrate supplemented with lysine and methionine; MR Lys: Met: milk replacer
supplemented with lysine and methionine; a,b Means values with different superscripts within the same parameter are different at p < 0.05;
* Solid and liquid diet.

Milk replacer intake was variable in the first weeks of life, although the supply was
constant (730 g DM/d; Figure 1). There was a reduction between the first and second to
third weeks of life (Figure 1). After the second week of age, no refusals were observed for
any of the treatments.
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Figure 1. Milk replacer intake in dairy calves with or without lysine and methionine supplementation in starter concentrate
or milk replacer. Error bars indicate standard error of the mean.

The total feed intake (SC + MR) in the pre-weaning phase also increased with age
(p < 0.05), but was not affected by the supplementation or the interaction between age and
supplementation (Table 2). However, after weaning, the control animals had a higher total
feed intake, as compared to the animals fed with the SC Lys:Met, without differing from
the animals fed with the MR Lys:Met (p = 0.05).
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Differences in SC intake and fixed MR feeding affected total Lys and Met intake during
the pre-weaning period (Table 2 and Figure 2; p < 0.01). Feeding MR Lys:Met resulted in
higher Lys and Met intake, aiding calves to meet recommendations for these AA.
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Figure 2. Lysine and methionine intake of dairy calves with or without lysine and methionine
supplementation in starter concentrate or milk replacer. Calves fed milk replacer supplemented
with Lys and Met, presented a higher intake of both amino acids during the pre-weaning period
(week 2 to 8) with p < 0.01. Error bars indicate standard error of the mean.

Body weight was higher for the animals fed the control compared to the animals in
SC Lys:Met diet, without differing from those fed with MR Lys:Met in the whole period
(p < 0.05). Body weight increased with age (p < 0.05). There was also a significant effect of
the interaction between treatment and age (p < 0.05; Table 3), with animals in the control
group with greater body weight after the sixth week of age, while supplemented calves
did not differ in this parameter throughout the experimental period (p < 0.05; Figure 3).
Besides, animals fed with SC Lys: Met had lower average body weight (from birth to the
10th week) compared to animals fed with control (p < 0.05), with no differences between
animals fed with MR Lys: Met. The body weight at weaning and the 10th week were also
higher for animals in the control group compared to supplemented animals (p < 0.05).
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Table 3. Body weight, average daily gain and corporal measures of dairy calves with or without lysine and methionine
supplementation in starter or milk replacer.

Parameter
Treatment

SEM
p Value

Control SC Lys:Met MR Lys:Met T A TxA

Body weight (kg)

Initial 40.5 39.1 40.3 1.51 0.84 – –
At weaning 53.8 a 47.9 b 48.8 b 1.90 <0.05 – –
10th week 61.4 a 51.8 b 53.4 b 2.64 <0.05 – –

Whole period 47.8 a 43.7 b 45.1 a,b 1.64 <0.05 <0.05 <0.05

Average daily gain (g)

Pre-weaning 245.2 168.6 173.2 31.47 – – –
Post-weaning 539.7 214.2 358.8 10.56 – – –
Whole period 306.9 180.6 212.2 38.42 0.06 <0.05 0.19

Average corporal measures (cm)

Withers height 83.5 81.6 82.6 0.57 0.10 <0.05 <0.05
Heart girth 83.4 a 81.0 b 82.2 a,b 0.62 <0.05 <0.05 0.17
Hip width 23.4 a 22.4 b 22.8 b 0.21 <0.05 <0.05 0.31

SEM, Standard error of mean; T, treatment effect; A, age effect (week); T×A, interaction treatment × age; Control, basal diet without
supplementation with amino acids; SC Lys:Met, starter concentrate supplemented with lysine and methionine; MR Lys:Met, milk replacer
supplemented with lysine and methionine; a,b Means values with different superscripts within the same parameter are different at p < 0.05.
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The supplementation did not affect pre or post-weaning average daily gain with
values of 195.6 and 370.9 g/d, respectively. Although the effect of age was significant
(p < 0.05), there was no interaction between supplementation and age (Table 3). Amino
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acid supplementation per se did not affect withers height, however there was a treatment
by age interaction (Table 3). However, hip-width was greater for the animals in the control
group compared to supplemented animals (p < 0.05). The animals fed SC Lys:Met showed a
smaller heart girth than the control group, but similar to that of MR Lys:Met. All measures
increased with age (p < 0.05). Only the withers height was affected by the interaction
between supplementation and age, with higher values for control calves only after weaning
(p < 0.05).

In this study, it was considered that the animal was affected by diarrhea when the
fecal score was >2.5. The highest incidence of diarrhea occurred during weeks 2 and 3 in
all treatments (Figure 4). While control calves had fecal scores >2 only at weeks 2 and 3, SC
Lys:Met calves still had high fecal scores until the 6th week of age. However, no treatment,
age, or interaction of these factors were significant (p > 0.05).
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Figure 4. Fecal score of dairy calves with or without lysine and methionine supplementation in starter concentrate or milk
replacer. Error bars indicate standard error of the mean.

The diets affected only the plasma glucose concentration, with higher concentration
for the animals fed in the control group as compared to the animals fed with the MR
Lys:Met, without differing from the SC Lys:Met (p < 0.05; Table 4). All blood metabolites
were affected by age (p < 0.05). However, only BHBA was affected by the interaction of
supplementation with age (Table 4 and Figure 5; p < 0.05). At the 10th week, control-fed
calves had higher BHBA concentrations

Table 4. Blood metabolites of dairy calves with or without lysine and methionine supplementation in starter or milk replacer.

Blood Metabolite
Treatment

SEM
p Value

Control SC Lys:Met MR Lys:Met T A TxA

Glucose (mg/dL) 91.9 a 89.8 ab 84.2 b 2.33 0.05 <0.05 0.40
BHBA (mmol/L) 0.13 0.09 0.12 0.01 0.18 <0.05 <0.05

Alkaline phosphatase (U/L) 135.5 114.6 111.0 10.67 0.16 <0.05 0.15
Creatinine (mg/dL) 0.83 0.81 0.84 0.03 0.73 <0.05 0.13
Total protein (g/dL) 5.4 5.4 5.3 0.12 0.74 <0.05 0.88

Albumin (g/dL) 2.5 2.4 2.5 0.04 0.07 <0.05 0.53
N-ureic (mg/dL) 11.3 11.1 11.9 0.48 0.49 <0.05 0.51

SEM, Standard error of mean; T, treatment effect; A, age effect (week); T×A, interaction treatment × age; Control, basal diet without
supplementation with amino acids; SC Lys:Met, starter concentrate supplemented with lysine and methionine; MR Lys:Met, milk replacer
supplemented with lysine and methionine; a,b Means values with different superscripts within the same parameter are different at p < 0.05.
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4. Discussion

The SC intake was lower than expected, which negatively affected the intake of AA,
since the average intake of 800 g/d considered for AA supplementation in the starter was
not achieved. According to Quigley [31], calves can consume an average of 680 to 700 g/d
of SC at weaning. Since calves were being followed until the 10th, an average of 800 g/d
was considered. The literature shows that increased volumes of liquid diet may decrease
the starter intake; however, this effect is clear for intakes higher than 750–800 g DM/d [18].
In the present study, calves were fed 730 g DM/d of milk replacer, which should not
depress starter intake. Other studies from our laboratory have shown an average around
800 g/d of starter intake during a 10 wk period of evaluation [32–34].

Intakes of Lys and Met were affected pre-weaning and consequently during the
whole period. Planned AA intakes were observed only for calves that were supplemented
through MR, because of the fixed volumes fed and very little refusals (only during the first
two weeks). The study approached two strategies to increase AA intake, through milk
replacer, disregarding the AA content in the starter intake, and vice versa. Considering
just part of the diet to correct AA intake may result in errors since calves will consume
AA from both MR and SC. However, as a practical prospective, it would be easier to
supplement only the MR, since the intake is fixed (or more predictable) as compared to SC.
Furthermore, supplementation via MR would make AA available in the intestines because
of the esophageal groove closure. On the other hand, when AA is supplemented through
the starter concentrate, part of it may be available and used in the rumen (not in younger
ages because rumen is not fully working) and part will escape and reach the intestine [19].
We expected a different effect for calves supplemented via concentrate as animals aged,
because of rumen development and a shift in the use of the supplemented AA (less in the
intestine and more in the rumen). Supplementation of AA should target the intestines when
aiming the achievement of the ruminant requirements. However, AA supplementation
through SC have depressed its intake. The data of AA intake shows that supplementation
through the milk replacer is more feasible since intake is more predictable and controlled,
and that calves were able to achieve the intake levels suggested by Hill et al. [12].

Excess, deficiency, or imbalance of amino acids decreases consumption in non-ruminant
animals [35]. However, in a series of studies by Hill et al. [12], AA supplementation had
no effect on starter concentrate intake when Met and Lys were included in a proportion of
3.25 (study 1), but it had a quadratic effect when Met inclusion was increased (0.64%, 0.68%
and 0.72%, study 2). Silva et al. [17] also found no effect on SC intake when Lys and Met
were supplemented in combination with glutamate and glutamine for calves pre and post-
weaning. In the present study, after weaning, the SC intake increased and quickly reached
the expected values; however, the average intake was still lower for calves supplemented
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through SC, suggesting a different effect than that related to supplementation level. Post-
weaning proportion intakes were 2.79, 3.15, and 2.8 for calves on control, SC Lys:Met and
MR Lys:Met, respectively. Feed intake was more affected postweaning, but Lys:Met ratio
may not be the reason for that because it is within recommended levels [20]. Other factors
such as solid feed particle size may play a role in depressing feed intake [36]. Since the
starter was grounded, we may postulate that, together with AA supplementation trough
SC, the proportion of fines may have affected intake. Unfortunately, we have not measured
the particle size distribution of the SC.

In the first weeks of life, there was a small variation in MR intake for calves in the
MR Lys:Met treatment, perhaps associated with an increased incidence of diarrhea, as
suggested by the highest fecal scores. However, fecal scores were not different among
treatments. Diarrhea is the main factor that influences the performance of the calf during
the first weeks of life. As it is associated with high mortality rates, diarrhea is also respon-
sible for decreasing the intake of liquid diet and SC, leading to weight loss or decreased
ADG [37,38]. However, no differences among treatments were observed for fecal scores,
nor the interaction between treatment and age.

Because of the depressed SC intake, ADG of calves supplemented with Lys and
Met was lower than expected for pre-weaning calves fed 6 L/d of MR [12,16,39]. The
CP level of the MR may have also limited ADG, even for calves supplemented with
AA. Feeding medium CP milk replacers is common in some regions where higher CP
products are not available. Bittar et al. [3] have shown that in Brazil the commercially
available products averaged 21.2% of CP, with the highest product containing 24.9% CP.
Furthermore, those data showed that fat % is also lower, but achieved more easily the
NRC [9] recommendations. The authors [3] have concluded that calves fed 6 L/d, would
not meet the Lys and Met requirements proposed by Hill et al. [12], suggesting that synthetic
AA supplementation could be done. However, in the present study AA supplementation
had no effect on ADG, suggesting that AA supplemented forms and utilization by calves
need to be further studied.

The low SC intake may have also limited ruminal development, as evidenced by the
BHBA concentration, decreasing the opportunity to show effects of AA supplementation
through SC. However, all blood metabolites were affected by age, mainly due to changes
in metabolism because of rumen development, as a response to increased SC intake.
As plasma glucose decreased, BHBA concentrations increased, especially after weaning,
suggesting a transition period from pre to the functional ruminant. Unlike the concentration
of glucose, the concentration of BHBA should increase with age, in response to increased
SC intake, which serves as another indicator of ruminal development [40]. In the 10th
week, the calves fed with control had higher concentrations of BHBA, corroborated by the
higher SC intake.

Calves were weaned regardless of SC intake, which is not recommended for successful
weaning, even though others have shown that calves easily adapt to new feed manage-
ment [33]. As the SC intake was low at weaning, but rapidly increased thereafter, the
increases in BHBA concentrations were more pronounced at this point. This effect can be
observed mainly among calves fed with SC Lys:Met, which was weaned with an SC intake
of 197.7 g/d, and rapidly increased the SC intake and BHBA concentration. As shown in
the present study, other studies with dairy calves reported an increase in the concentration
of BHBA before weaning, with a marked increase after weaning [41,42]. Previous work
by our laboratory evaluating supplementation with Lys and Met, in combination with
glutamate and glutamine, for calves fed with MR, showed similar results [17].

5. Conclusions

Supplementation with lysine and methionine in the milk replacer (21.6% CP and 13.8%
fat) or starter concentrate (20.5% CP) did not benefit the performance or metabolism of
dairy calves, mainly because it reduced solid feed intake. However, supplementation via
milk replacer was more effective in increase AA intake, since intake is less variable and
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more predictable. The changes observed in selected blood parameters were a result of
increases in starter intake and the consequent rumen development as animals aged. Further
studies are needed to understand the negative effects of synthetic AA on calf starter intake.
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