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ABSTRACT

The consequences of supplementing Lys, Met, and
Thr in milk replacers (MR) for calves have been widely
studied, but scarce information exists about potential
roles of other AA (whether essential or not). The ef-
fects on growth performance of supplementation of 4
different AA combinations in a mixed ration (25.4%
crude protein and 20.3% fat) based on skim milk pow-
der and whey protein concentrate were evaluated in 76
Holstein male calves (3 £ 1.7 d old). The 4 MR were
as follows: CTRL with no AA supplementation; PG,
supplying additional 0.3% Pro and 0.1% Gly; FY, sup-
plying additional 0.2% Phe and 0.2% Tyr; and KMT,
providing additional 0.62% Lys, 0.22% Met, and 0.61%
Thr. All calves were fed the same milk allowance pro-
gram and were weaned at 56 d of study. Concentrate
intake was limited to minimize interference of potential
differences in solid feed intake among treatments. Ani-
mals were weighed weekly, intakes recorded daily, and
blood samples obtained at 2, 5, and 7 wk of study to
determine serum urea and plasma AA concentrations.
Plasma AA concentrations were explored using com-
positional data analysis, and their isometric log-ratio
transformations were used to analyze their potential in-
fluence on ADG and serum urea concentration using a
linear mixed-effects model. We detected no differences
in calf performance and feed intake. Plasma relative
concentration of the AA supplemented in the KMT and
PG treatments increased in their respective treatments,
and, in PG calves, a slight increase in the proportion of
plasma Gly, Glu, and branched-chain AA was also ob-
served. The proportions of plasma branched-chain AA,
His, and Gln increased, and those of Thr, Arg, Lys, and
Glu decreased with calves’ age. A specific log-contrast
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balance formed by Arg, Thr, and Lys was found to be
the main driver for lowering serum urea concentrations
and increasing calf growth. The use of compositional
mixed-effects models identified a cluster formed by the
combination of Arg, Thr, and Lys, as a potential AA to
optimize calf growth.

Key words: amino acid, calf growth, compositional
data analysis

INTRODUCTION

Newborn dairy calves are usually separated from their
mothers at birth, and after 2 or 3 colostrum or transi-
tion milk feedings, they are fed either milk replacer
(MR), saleable milk, or waste milk. A recent report
(Urie et al., 2018) showed that the whole or waste milk
was the most (~40%) common liquid feed used in the
United States, with 35% feeding MR and the rest a
combination of MR and whole or waste milk. Although
MR attempts to replace whole milk (WM), its nutri-
tional composition differs considerably from that of
WM, which is commonly richer in protein and fat than
MR. In recent years, the tendency in the MR industry
has been to increase the CP and decrease fat content
of MR, but AA composition of MR, which depends in
part on the protein sources used in MR formulation,
has received little attention. Some studies (Hill et al.,
2008; Castro et al., 2016; Chagas et al., 2018) involving
young calves (<80 kg) have suggested that supplemen-
tation of limiting AA might improve N utilization. For
example, Hill et al. (2008) suggested that MR should
supply 2.34% Lys, 0.72% Met, and 1.8% Thr to maxi-
mize ADG and feed efficiency, and Bai et al. (2020), fol-
lowing these suggestions, reported an economic benefit
with an MR containing 22% CP and complying with
the previously listed AA indications, compared with an
MR containing 24% CP without achieving Lys and Met
levels reported in Hill et al. (2008).

Whole milk has 2 protein fractions: ~82% are caseins
and ~17% whey proteins, and both differ in their AA
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profile (Ceballos et al., 2009). Existing MR differ in
their ingredient composition and in their AA profile
(Hill et al., 2007, 2008; Morrison et al., 2017); therefore,
their availability in the intestine due to abomasum curd
formation (Yvon et al., 1985), or to the regulation of
intestinal AA transport (Bhutia and Ganapathy, 2018),
can vary greatly. For instance, Phe and Tyr (formed
from Phe) are 30 and 46% greater in WM than in
the all-whey protein MR used in Hill et al. (2008), re-
spectively; and proportions of Lys and Met previously
evaluated by Hill et al. (2008) are also present in lesser
concentrations in the all-whey basal MR compared with
WM. Other, nonessential AA, such as Pro and Gly are
also in lesser proportions in MR than in WM, and these
2 AA participate in systematic functions such as cell
signaling, gene expression, and metabolic regulation
(Wu et al., 2014), and they are the main contributors to
collagen formation, which is critical to sustain growth
(Li and Wu, 2018).

Proteins have a unique linear AA sequence, and AA
bioavailabilities are linked to one another for protein
synthesis (Regmi et al., 2016). Amino acids are absorbed
in the intestine and then used by different tissues of
the organism for different biological functions. Amino
acid excess will be metabolized in the liver through
the urea cycle and most of the carbon skeletons used
as energy sources (Brosnan, 2003). The metabolic flow
of AA among tissues and organs is affected by diverse
factors (plane of nutrition, physiological state, diseases,
and more), and it is ultimately reflected in the plasma
AA profile (Shikata et al., 2007). Then, to some ex-
tent, the plasma AA profile that maximizes growth
may help to determine the adequate AA dietary profile
(Wu, 2014). The mixture of AA in plasma can be evalu-
ated as a compositional vector, where the components
cannot be interpreted in isolation without considering
their interdependencies. Compositional data consist
of data vectors containing relative information on the
parts of some whole. Plasma AA concentrations may
be regarded as compositional data, because they are
measured with respect to a reference volume. Compo-
sitional data analysis has a longstanding tradition in
geology, where mineral concentrations in rock samples
have long been regarded as compositional and analyzed
using the log-ratio approach (Aitchison, 1986). Simi-
larly, AA concentrations can be seen as compositional
and analyzed with the log-ratio methodology. Amino
acids in blood samples show large differences in con-
centrations, where concentrations of Gly are easily 10
times as large as those of Met. A small change in a con-
centration may thus represent a minor relative change
in the concentration of Gly but a bold relative change
for Met. This indicates that ratios of concentrations
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may actually be more informative than differences of
concentrations, and that a compositional approach is
called for. In fact, in human medicine, several plasma
AA ratios have been described for the diagnosis of
metabolic diseases (Kimura et al., 2009). To date, most
of the literature analyzing the relationship between ani-
mal growth and AA profile of feeds have ignored these
characteristics of AA (Morrison et al., 2017; Chagas et
al., 2018), and those studies that performed plasma AA
determinations (Rius et al., 2012; Ahangarani et al.,
2020) have analyzed the different AA independently
of one another using ANOVA or linear regressions. In
general, a compositional data analysis-based approach
is based on the analysis of relative information (ratios),
and it can lead to different conclusions than a standard
statistical analysis.

Therefore, the hypothesis of this study was that for-
mulating MR with different AA combinations, with a
closer profile to that found in WM, may improve calf
performance, and the use of compositional data analysis
would help to better understand the importance of AA
to sustain growth. The objective of the present study
was to determine whether treating changes in plasma
AA profile as a compositional vector may help us to
understand the influence of AA on growth performance
and protein utilization.

MATERIALS AND METHODS
Animals and Feeding Program

Seventy-six male Holstein newborn calves (3 + 1.7 d
of age and 43.4 £+ 6.38 kg of BW) from a single farm
were enrolled in this study between December 2016 and
March 2017 and raised in the facilities of Institut de
Recerca i Tecnologia Agroalimentaries (IRTA) at Torre
Marimon (Caldes de Montbui, Spain). Within the first
6 h of life, calves received 3.5 L of colostrum with a
minimum of 23 °Brix (previously thawed). Calves were
blocked by arrival date at the research facilities and
randomly distributed into 4 treatments following a ran-
domized complete block design. Calves were managed
under common rearing conditions under the supervision
of IRTA technicians and the approval of the Animal
Care Committee of the Government of Catalonia (au-
thorization code 9733). Calves were individually housed
in indoor pens (1 x 1.6 m) equipped with one bucket
for water, one for concentrate, and one for forage. Pens
were bedded with sawdust on a daily basis, and calves
were bottle-fed MR. Once moved to the research facili-
ties, calves had ad libitum access to water and chopped
barley straw (2.4% CP, 87.7% NDF, 59.6% ADF, on a
DM basis). Straw was chopped using a forage chopper
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Table 1. Ingredient and chemical composition (% of DM) of milk replacers for the different treatments, and
starter concentrate and straw used as common feeds for all treatments’

Milk replacer

Ttem CTRL PG FY KMT Concentrate Straw
Ingredient, %
Barley 16.5
Corn 30.0
Wheat 15.0
Soybean meal 21.4
Soybean hulls 1.04
Wheat bran 13.1
Calcium carbonate 1.20
Dicalcium phosphate 0.70
Magnesium oxide 0.05
Sodium chloride 0.80
Micromineral vitamin premix 0.20
Skim milk powder 39 40 40 40 — —
Whey protein concentrate 35 15 15 15.7 15.6 — —
Whey protein concentrate 60 4 2.6 2.05 0.95 — —
Fatted whey 39 39 38.85 39 — —
Mineral and vitamin premix” 3 3 3 3 — —
L-Pro’ 0.3 — — —
Gly* 0.1 — — —
L-Phe’ — 0.2 — — —
L-Tyr* — 0.2 — — —
L-Lys® — — 0.62 — —
L-Met® — 0.22 — —
L-Thr? — 0.61 — —
Chemical composition, % of DM
DM 97.9 97.4 98.1 98.0 87.7 83.8
CP 254 25.5 25.1 254 19.3 3.8
Fat 20.2 20.4 20.2 20.2 3.0 —
Lactose 44.8 45.4 45.6 44.4 — —
Ash 7.0 7.3 7.0 6.9 5.7 6.4
ADF — — 6.4 52.9
NDF — — — 16.9 79.7
ME," Mcal/kg 4.82 4.82 4.82 4.82 3.05 1.23

!CTRL = milk replacer (MR) with no AA supplementation; PG = MR supplying additional 0.3% Pro and
0.1% Gly; FY = MR supplying additional 0.2% Phe and 0.2% Tyr; KMT = MR providing additional 0.62%

Lys, 0.22% Met, and 0.61% Thr.

*Mineral and vitamin composition: vitamin A 25,000 TU/kg; vitamin Dy 4,500 TU/kg; vitamin E 300 mg/kg,
vitamin C 300 mg/kg, vitamin B, 16 mg/kg, vitamin B, 10 mg/kg, vitamin B; 10 mg/kg, vitamin B, 80 mg/T,
vitamin K 5.5 mg/kg, folic acid 1 mg/kg, pantothenic acid 23 mg/kg, niacin 50 mg/kg, iron 150 mg/kg, zinc
170 mg/kg, copper 10 mg/kg, manganese 40 mg/kg, iodine 1.3 mg/kg, selenium 0.4 mg/kg.

*Unprotected AA from Livzon Group (Fuxing Pharmaceutical Co.).

‘Estimated according to NRC (2001) equations.

(Seco) to reach the following particle size distribution:
84.9% > 20 mm, 7.0% between 8 and 20 mm, and 8.1%
< 8 mm, according to Penn State Particle Separator.
The amount of a pelleted starter feed (19.3% CP, 16.9%
NDF, 6.4% ADF, 5.7 ash, 3.0% fat, on a DM basis)
that was offered to calves was restricted to homogenize
the effect of starter concentrate intake on calves’ me-
tabolism and minimizing interference with the nutri-
ents (and AA) supplied by MR. The restriction was as
follows: from d 1 to 17, calves were offered a maximum
of 100 g of starter concentrate; from 18 to 21 d, 200
g/d; from 22 to 24 d, 300 g/d; from 25 to 28 d, 400
g/d; from 29 to 31 d, 500 g/d; d 32 and 33, 600 g/d; d
34, 700 g/d; d 35, 800 g/d; from 36 to 38 d, 1,000 g/d;
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from 39 to 49 d, 1,300 g/d; thereafter fed ad libitum.
Calves were fed 2 L of MR (25.4% CP and 20.2% fat;
Nukamel; Table 1) twice a day containing 12.5% MR
powder (500 g/d) for the first 4 d; subsequently MR
was increased to 5 L/d of MR at 12.5% (625 g/d) for
the next 3 d, and then 2 meals of 3 L at 15% (900 g/d)
until 49 d of age. Then, MR was limited to a single offer
of 3 L also at 15% (450 g/d) until d 56, when calves
were fully weaned.

Milk Replacer Treatments

Calves were randomly assigned to 1 of 4 MR treat-
ments containing different AA combinations. The AA
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Table 2. Amino acid composition (% of DM) of milk replacers for the different treatments' and starter

concentrate

AA profile CTRL PG FY KMT Concentrate
DL-Asp 2.17 2.07 2.14 2.10 1.55
DL-Glu 4.89 4.93 4.87 4.82 3.33
DL-Ser 1.32 1.25 1.29 1.29 0.85
DL-His 0.53 0.52 0.55 0.52 0.41
Gly 0.53 0.62 0.50 0.51 0.76
DL-Thr 1.37 1.30 1.36 1.75 0.70
DL-Arg 0.74 0.76 0.77 0.76 1.17
DL-Alanine 0.93 0.87 0.90 0.91 0.79
DL-Tyr 0.87 0.86 1.02 0.90 0.58
DL-Val 1.49 1.47 1.48 1.44 0.77
DL-Met 0.53 0.49 0.50 0.67 0.21
DL-Phe 0.96 0.95 1.20 0.97 0.82
DL-Ile 1.32 1.30 1.32 1.28 0.66
DL-Leu 2.45 2.35 2.38 2.36 1.35
DL-Lys 2.22 1.92 1.98 2.49 1.06
DL-Hyp <0.030 <0.030 <0.030 <0.030 0.043
DL-Pro 2.00 2.32 2.03 1.92 1.05
DL-Trp 0.33 0.33 0.34 0.36 0.19

!CTRL = milk replacer (MR) with no AA supplementation; PG = MR supplying additional 0.3% Pro and
0.1% Gly; FY = MR supplying additional 0.2% Phe and 0.2% Tyr; KMT = MR providing additional 0.62%

Lys, 0.22% Met, and 0.61% Thr.

used to supplement MR were obtained from Livzon
Group (Fuxing Pharmaceutical Co. Ltd.). The 4 MR
were formulated to be isonitrogenous and isoenergetic,
replacing whey protein concentrate by the AA mixture
supplemented in each treatment (Table 1). Treatments
were identified by colors, and research personnel were
blinded to the relation of colors and AA compositions,
which were as follows: control treatment (CTRL)
without additional AA supplementation; Pro and Gly
treatment (PG), providing an additional 0.3% Pro and
0.1% Gly in the MR formula; Phe and Tyr treatment
(FY), supplying additional 0.2% Phe and 0.2% Tyr
in the MR formula; and Lys, Met, and Thr treatment
(KMT), providing an additional 0.62% Lys, 0.22%
Met, and 0.61% Thr in the MR formula. Amino acid
profiles of MR and starter concentrate are depicted in
Table 2.

Measurements

Calves were weighed using an electronic scale (Mobba
SC-01) at farm arrival and on a weekly basis thereafter.
Individual MR and solid feed consumption (pellet and
straw) were determined daily by measuring leftovers.
Daily scores for both digestive and respiratory health
status were recorded, being 1 for animals without dis-
orders, 2 for animals with moderate symptoms, and 3
for animals with severe symptoms.

At 14, 35, and 49 d from the beginning of the study,
blood samples were obtained from the jugular vein 4 h
after the MR morning feeding at 0730 h, using 20-gauge
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needles and 10-mL Vacutainer tubes with lithium hepa-
rin or without additives (BD Diagnostics), and kept
refrigerated until being centrifuged at 1,500 x ¢ for
10 min at room temperature and stored in aliquots at
—20°C until subsequent plasma AA and serum urea
analyses.

Chemical Analysis

Feeds were analyzed for DM (4 h at 103°C) and ash
(550°C calcination), and for CP with a Kjeldahl auto-
matic distiller (Kjeltec Auto 1030 Analyzer, Tecator),
with copper sulfate/selenium as a catalyst instead of
copper sulfate/titanium dioxide (method 988.05; AOAC
International, 2000). Analysis for NDF was performed
using sodium sulfite and heat-stable a-amylase (Van
Soest et al., 1991), and ADF was analyzed following
(Robertson and Van Soest, 1981). Ether extract was
analyzed following method 920.39 from AOAC Inter-
national (1999) with petroleum ether instead of diethyl
ether (AOAC International, 2000), with a previous acid
hydrolysis. Total AA and total Trp concentrations were
determined using fluorescence-HPLC and UV-HPLC,
respectively, after a strong acid hydrolyzation with
OPA and Fmoc (UNE, 2005a,b).

Serum urea concentration was performed with an
Olympus AU400 analyzer using the Olympus System
Reagent. Plasma AA were measured by HPLC as de-
scribed by Yu et al. (2018), using an Elite LaChrom (Hi-
tachi) equipped with a UV detector (Hitachi L-24200)
with a Novapak C18 column (300 x 3.9 mm) from Wa-
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ters. EZChrom Elite system V3.1.7 software (Agilent)
was used for system control and data acquisition. The
AA pairs formed by Ser and Asn and His and Gln could
not be distinguished in the chromatogram, and their
plasma concentrations were presented together as Ser.
Asn and His.Gln, respectively.

Statistical Analysis

Outliers were checked using JMP 14.2.0 (2018, SAS
Institute Inc.), and outlier boxplots were considered.
Performance and intake data were analyzed using a
mixed-effects model accounting for the fixed effects of
AA supplementation in the MR, week of study, and
their 2-way interaction, plus the random effect of calf
using SAS 9.4 (2018, SAS Institute Inc.). Time entered
the model as a repeated measure using an autoregres-
sive variance-covariance matrix. Initial BW was used as
covariate and enrollment date as a block, both entering
the model as fixed effects.

For the compositional analysis of plasma AA concen-
trations, data were analyzed using R (R Core Team,
2020) and using the composition library (version 1.40-
5) for AA and the nlme library (version 3.1.140) for
fitting mixed-effects models. A similar approach was
used by Palarea-Albaladejo et al. (2017) with methane
emissions and ruminal volatile fatty acids. First, data
were explored by analyzing descriptive statistics, con-
structing a correlation matrix, and running a principal
component analysis (PCA) among ADG, feed intake,
incidence of diarrhea (defined as number of days that
calf suffered from diarrhea per week), initial BW, ini-
tial age, and serum urea concentration. Then, plasma
AA concentrations were explored using compositional
data descriptive statistics (Aitchison, 1986) and ana-
lyzing the codependence structure of centered log-
ratio-transformed AA through a biplot to determine
the AA that contributed most to the total variance
of the data, the AA that contributed to identify the
different treatments, and those that changed through
the different weeks of the study. This analysis allowed
us to combine the components (i.e., amino acids) with
low variance values using geometric means. Next, hi-
erarchical clustering was performed using Ward’s ag-
glomerative method, and the AA variation matrix of
every log-ratio pair (Table 3) was used as a measure
of similarity between the components to construct a
dendrogram (Figure 1), allowing us to reduce the initial
composition of 16 AA (Asn.Ser, Glu, Gly, His.Gln, Arg,
Thr, Ala, Pro, Tyr, Val, Met, Lys, Ile, Leu, Phe, and
Trp) into a set of 10 components. Then, this simpli-
fied composition of plasma AA was clustered using
Ward’s method, and its variation matrix was used as
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the input distance matrix to obtain a useful isometric
log-ratio transformation with reasonably interpretable
coefficients, in which each agglomeration step was used
to encode the corresponding balances depicted in Table
4. Then, a sign matrix was constructed, in which the
components merging into a group were coded as +1
or —1, indicating whether the component belonged to
the first or second subgroup, and those not coded as
0. Last, the balance matrix was built as the weighted
log-ratio of the geometric means of the 2 groups:

)1/7"

™S (i1, Bizs--» Ty

b.:
K r+s

)

(le,xﬂ,...,xjs

where z;; ¥y, . . ., ¥, represent the parts of the +1
group and z;; Xj, . . . , Tj; the parts of the —1 group,
r is the number of parts of the +1 group, and s is the
number of parts of the —1 group.

Growth performance and serum urea concentra-
tion of individual data were analyzed with a linear
mixed-effects model (Pinheiro and Bates, 2000) with
a random intercept to account for correlations between
measurements made on the same calf, and considering
milk and solid feed intake, week of study, days with
diarrhea, initial age, initial BW, type of MR (or treat-
ment), and the previously calculated isometric log-ratio
coordinates (balances) as fixed effects. The final model
excluded nonsignificant isometric log-ratio coordinates,
but variables of biological interest used in the PCA (i.e.,
milk and feed intake, AA treatment supplementation,
days with diarrhea, and week of study) were kept in
the model, irrespective of their statistical significance.
The individual random coefficient was tested for both
dependent variables.

RESULTS

Two animals were removed from the study due to
a leg injury and an initial BW <30 kg. After remov-
ing these 2 animals, no other outliers were found using
the outlier boxplots. Then, the study was conducted
with 19 calves in the CTRL and FY treatments and 18
calves in the KMT and PG treatments.

Performance Data

We detected no differences in performance (844 +
22.3 g/d of BW growth), feed intake (646 £ 36.4 g/d
of concentrate feed intake), or feed efficiency (0.62 =+
0.001) among the different MR treatments (Supplemen-
tal Table S1, https://doi.org/10.34810/data40). The
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Table 4. Interpretation of balances resulting from the compositional
analysis of plasma AA concentrations from calves fed milk replacers
differing in AA composition

s. (Thr x Arg x Lys)
by All AA) vs. (Met)

'G3 = Ala + His.Gln (plasma concentrations of both AA) 4+ Asn.Ser
(plasma concentrations of both AA) + Pro; G1 = Val + Ile + Leu;
G2 = Tyr + Phe.

Balance Interpretation’
by (G3) vs. (G1)
by (G3 x Gl) . (Trp)
bs (G3 x G1 x Trp) vs. (G2)
by (Thr) vs. (Arg)
bs (Thr x Arg) vs. (Lys)
bs (G3 x G1 x Trp x G2) vs. (Glu)
b; (G3 x G1 x Trp x G2 x Glu) vs. (Gly)
bg (G3 x G1 x Trp x G2 x Glu x Gly)
(

intake of the 7 AA supplemented in the study differed
(P < 0.001) among treatment groups. Proline intake
was the greatest in PG calves (22.8 + 0.36 g/d), fol-
lowed by CTRL and FY calves (20.8 + 0.36 g/d), and
lowest in KMT calves (19.8 + 0.40 g/d). Glycine intake
was greater in PG (9.2 + 0.26 g/d) than in KMT and
FY calves (8.2 £ 0.28 g/d), and similar to CTRL calves
(8.7 £ 0.27 g/d). Tyrosine and Phe intakes were greater
in FY (10.8 £ 0.20 and 13.6 + 0.29 g/d, respectively)
than in the other treatments (9.8 £ 0.21 and 11.9 +
0.29 g/d, respectively). Threonine intake was greater
in KMT (16.4 £+ 0.26 g/d) than in the other treat-
ments (13.9 + 0.24 g/d), and Lys and Met intake was
the greatest in KMT calves (23.7 £+ 0.40 and 5.9 +
0.08 g/d, respectively), followed by CTRL (22.4 4+ 0.36
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Figure 1. Cluster dendrogram of plasma AA composition, showing
groups (G) 1, 2, and 3.
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Figure 2. Principal component (PC) analysis biplot of perfor-
mance, intake, and serum urea concentration data set of calves fed
milk replacer with different AA composition at 2, 5, and 7 wk of study
based on the correlation matrix. Food = weekly average concentrate of
DM feed intake; milk = weekly average milk DMI; BWO0 = initial BW;
urea = semen urea concentration (mg/dL); diarrhea = the number of
days with diarrhea within a week (score 2 and 3).

and 5.1 £ 0.07 g/d, respectively), and lowest in PG
and FY treatments (20.3 £ 0.36 and 4.8 + 0.07 g/d,
respectively).

The PCA highlighted 2 main components accounting
together for more than 52% of the variance observed
in all calves (Figure 2). The first principal component
captured the variability of ADG and the quantity of
solid feed intake, and the second principal component
mainly referred to serum urea concentrations and
number of days with diarrhea. Thus, the first dimen-
sion captured animal growth, with those calves with
better performance placed at the left of the plot, and
the second accounted for factors limiting growth, with
calves with impaired growth spread far from the center
of the plot depending on the factor (elevated serum
urea levels or digestive disorders).

Compositional Analysis of Plasma Amino
Acid Concentrations

Descriptive statistics of plasma AA concentrations
are depicted in Supplemental Table S2 (https://doi.
org/10.34810/datadl). Table 3 was constructed to
study the codependence structure of plasma AA com-
position. Tt shows the sample center (closure of the
geometric means) in the first row, the pairwise log-ratio
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variances of the AA in the upper triangle, and the log-
ratio means in the lower triangle. Glycine, His plus Gln,
and Thr were the AA with the greatest plasma relative
concentrations, whereas the ones with lowest relative
proportions were Met and Trp, as indicated by the
greatest values of sample center. The upper triangle of
Table 3 shows that Met and Gly were the 2 AA bearing
the greatest contribution to the total variability of AA.
In contrast, the branched-chain AA (Ile, Leu, Val) had
a small variance among them, indicating that they were
highly proportional to each other, and they could be
grouped together for subsequent analysis. The relation-
ships depicted in Table 3 were further used to construct
the dendrogram.

The dendrogram allowed us to identify (at a height of
~0.06) 3 clear groups of AA that could be clustered, be-
fore branched-chained AA were grouped within another
AA cluster (Figure 1). The 3 branched-chain AA were
the first to join into a single cluster. The second clus-
ter, which was tightly composed, consisted of Ala, His/
Gln, and Asn/Ser; and Pro and Phe and Tyr were also
grouped in the dendrogram. After grouping the initial
16 plasma AA proportions, the final AA composition
was reduced to 10 components, which allowed us to
create 9 balances with fairly interpretable coefficients
(Table 4).

Calves fed KMT were clearly identified in the first
principal component (Figure 3A) because Met, Lys,
and Thr proportions in plasma were greater compared
with the other treatments. Similarly, plasma Phe and
Tyr proportions in plasma increased in FY calves com-
pared with the other treatments (Figure 3B), but other
AA were in line with the tendencies of the other MR.
The centered log-ratio coefficient for Gly was always
indicating calves in the PG treatment, and they were
also characterized by slightly larger quantities of Glu
and branched-chain AA. On the other hand, no AA
from the biplots could be highlighted to identify calves
fed the CTRL milk replacer.

The evolution of plasma AA composition over the
different weeks of the study indicated that the propor-
tion of plasma branched-chain AA, and His plus Gln,
increased progressively along the sampling weeks.
Conversely, plasma proportions of Thr, Arg, Lys, and
Glu decreased during the study, whereas the rest of
the AA were similarly balanced throughout the study.
Plasma Arg proportions were affected by an interaction
between treatment and sampling week, which resulted
in an increased plasma Arg concentration at 7 wk of
study in KMT calves, whereas, in the other treatments,
plasma Arg concentrations decreased progressively
with age (data not shown).
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Figure 3. Compositional biplot of first and second dimension (A)
and second and third dimension (B) of plasma AA compositional anal-
ysis from calves fed MR with different AA composition. Treatments:
1 = PG, milk replacer supplying additional 0.3% Pro and 0.1% Gly; 2
= FY, milk replacer supplying additional 0.2% Phe and 0.2% Tyr; 3 =
KMT, milk replacer providing additional 0.62% Lys, 0.22% Met, and
0.61% Thr; 4 = CTRL, milk replacer with no AA supplementation.
PC = principal component.
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Table 5 indicates that the different MR offered in
the study did not explain the variation in ADG or se-
rum urea concentration, and none of the MR improved
growth. However, both intake of concentrate and intake
of MR were positively correlated with ADG, and the
incidence of diarrhea was negatively related to calf
growth, suggesting that those animals that ate all the
concentrate feed offered and those that did not suffer
any digestive health disorders were the ones with better
performance, independent of their MR treatment.

We obtained balances of AA from a hierarchical clus-
tering algorithm (see Table 4), and we used these bal-
ances as predictors in 2 mixed-effects models with ADG
(Supplemental Table S3; https://doi.org/10.34810/
data42) and urea (Supplemental Table S4; https://
doi.org/10.34810/data43) as response variables. We
removed nonsignificant balances by backward elimina-
tion, using a standard significance level of 5%, while
monitoring model fit statistics comparing Akaike’s in-
formation criterion, Bayesian information criterion, and
residual variance across models. Supplemental Tables
S3 and S4 show the sequence of models obtained by
backward selection for ADG and urea, respectively. The
inclusion of the significant balances in the final models
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accounted for a reduction of Akaike’s information cri-
terion from —28.19 and 1,215.4 (without balances) to
—45.58 and 1,165.19 (with significant balances) for the
ADG and urea model, respectively. Residuals of the
final model were normally distributed. The balances b,
and b; were negatively correlated, and the balance bs
was positively correlated with growth. Serum urea con-
centration decreased with week of study and increased
with greater initial BW, and balances b, and bs; were
negatively correlated with serum urea concentration,
whereas balance bg was positively correlated with se-
rum urea concentration.

DISCUSSION

The PCA conducted herein emphasized the impor-
tance of stimulating solid feed intake and avoiding
health disorders to use protein efficiently and to pro-
mote calf growth. Methionine is considered to be one
of the most limiting AA for dairy calves (Hill et al.,
2007), and it may explain why the exploratory analysis
of AA pointed to Met as 1 of the 2 AA contributing
most to the total variability of plasma AA. The other
AA largely contributing to AA plasma variability was

Table 5. Linear mixed model for ADG and serum urea concentration with isometric log-ratio coordinates as predictors of calves fed milk

replacers differing in AA composition

ADG Serum urea concentration

Ttem' Estimate SEM P-value Estimate SEM P-value
Intercept —0.377 0.511 >0.05 19.471 8.493 <0.05
Week 0.036 0.014 <0.01 —0.723 0.239 <0.01
Concentrate feed intake, kg/d 0.424 0.079 <0.01 —2.289 1.390 >0.05
Milk replacer intake, kg/d 1.595 0.544 <0.01 —4.226 9.215 >0.05
Serum urea, mg/dL —0.005 0.004 >0.05 — — —
Diarrhea —0.032 0.014 <0.05 —0.284 0.235 >0.05
Initial age, d —0.005 0.007 >0.05 0.105 0.144 >0.05
Initial BW, kg —0.001 0.002 >0.05 0.160 0.042 <0.01
FY supplement —0.088 0.041 <0.05 —0.894 0.711 >0.05
KMT supplement —0.005 0.034 >0.05 0.253 0.849 >0.05
PG supplement 0.033 0.033 >0.05 1.062 0.714 >0.05
by — — — —8.100 2.298 <0.01
by —0.236 0.072 <0.01 — — —
by —0.353 0.084 <0.01 — — —
by — — — —
bs 0.195 0.067 <0.01 —4.741 1.262 <0.01
b — — — —
b, — — — — —
bg — — 1.924 0.930 <0.05
by — — — — —
G, 0.176 2.835

G, 0.011 1.420

p 0.004 0.200

b, = balances resulting from the compositional analysis of plasma AA concentrations. FY = Phe and Tyr; KMT = milk replacer providing

additional 0.62% Lys, 0.22% Met, and 0.61% Thr; PG = milk replacer supplying additional 0.3% Pro and 0.1% Gly. 6., ¢,, and p: estimated
SD of the error term, estimated SD of the random effect, and estimated intraclass correlation coefficient, respectively.

*Number of days with diarrhea per week.
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Gly, which could be attributed to the fact that Gly is
released in degradative pathways of various AA (Ger-
rits et al., 1998; Wang et al., 2013). Regarding the MR
treatments, those treatments supplemented with essen-
tial AA (KMT and FY) clearly resulted in an increase
of the supplemented AA in plasma relative concentra-
tions, as also observed when calves were supplemented
with Leu or Phe (or both) in other MR studies (Cao
et al., 2018). In contrast, PG calves that were supple-
mented with nonessential AA showed only a slightly
increase of plasma Gly proportion in their AA composi-
tion, together with plasma branched-chain AA and Gln.
Probably Pro supplementation is responsible for the
alignment of these AA in PG calves. Glutamine can act
as a precursor of Pro (Wu et al., 2011), and Gln, Pro,
and branched-chain AA are gut oxidative substrates
(Wu, 1998). Then, the additional Pro may have been
used as a gut oxidative substrate, and the metabolism
of GIln and branched-chain AA in the gut may have
been reduced, as Burrin and Stoll (2009) reported when
an increase of gut oxidative substrates reduced gut me-
tabolism of branched-chain AA. Probably CTRL calves
were not clearly grouped in the compositional biplots
because their AA profile in the MR did not differ from
the other treatments by more than 5%.

The differences in the evolution of plasma AA compo-
sition observed throughout the different weeks cannot
be elucidated with the data of the present study, but
some reasons could be envisaged: (1) changes in the ef-
ficiency of utilization of some AA with calf age (Gerrits
et al., 1998); (2) different AA profile of protein reach-
ing the small intestine as the proportion of microbial
protein increases with calf age, as microbial protein is
richer in Ala, Asp, Gly, Phe, Tyr, and Arg and poorer
in Glu, His, Leu, Lys, and Pro compared with MR AA
composition (Sok et al., 2017); and (3) different tissue
needs as the calf develops (Gerrits et al., 1998).

The clusters defined to create AA composition bal-
ances (Figure 1) for further use in a mixed-effects mod-
el were reasonable, because branched-chain AA share
metabolic pathways (Hole€ek, 2018), Phe is a precursor
of Tyr, and the third cluster grouped nonessential AA.
The balance will probably change because many factors
influence plasma AA profile, such as dietary AA profile,
microbial protein contribution, sampling time relative
to feeding, and others. In fact, data obtained from
calves that were fed an MR containing the same ingre-
dients as the ones used herein, but differing in the AA
profile (it was richer in Leu and Thr), were analyzed
using the same statistical approach as in the current
study, and although not all AA were grouped similarly,
several of those identified herein were also present, such
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as Phe and Tyr, Thr and Arg, BCAA, and most of
the NEAA. Calves in the present study were fed an
MR containing skim milk and whey protein, and we
had no intention to provoke any AA deficiency (Tzeng
and Davis, 1980), with at least one of the treatments
directed to achieve the values recommended in recent
literature (Hill et al., 2008). The compositional analysis
performed focused on the relationship among all the
AA instead of a dose-effect for single AA, considering
AA profile as the parameter to be evaluated. The use
of AA balances suggested that instead of focusing on
a specific limiting AA for calf growth, evaluating the
relationship of the ratios among some of them seems to
be more coherent. Among the balances included in the
linear mixed-effects model, balance bs;, formed by Arg,
Thr, and Lys, was positively correlated in the model
exploring ADG, at the same time that it was negatively
correlated in the serum urea concentration model inde-
pendent of the week of study, suggesting that achiev-
ing an increase of the proportion of Arg and Thr with
respect to Lys in plasma might help to synthesize pro-
tein more efficiently and improve growth. A metabolic
relationship among the 3 AA involved in b; has been
reported in chicks (Austic and Scott, 1975). In chick-
ens, a Lys-Arg antagonism exists, wherein an excess of
dietary Lys increases Arg requirements, whereas Thr is
an AA that prevents induction of arginase activity by
Lys. However, this antagonist effect between Arg and
Lys has not been demonstrated in young calves (Abe
et al., 2001).

CONCLUSIONS

The use of compositional methods combined with
model selection for mixed-effects models to analyze
amino acid compositional data through isometric log-
ratios identified a balance among 3 amino acids (ar-
ginine, threonine, and lysine) as being responsible for
improving performance in preweaned calves under the
conditions of the present study using a high-protein
milk replacer with an amino acid profile similar to that
found in whole milk.
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