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Dietary chromium supplementation before, during, and after weaning was conducted
to evaluate the hypothesis that chromium supplementation could reduce weaning-induced
cortisol release in beef calves. We examined the effects of chromium supplementation in
150 crossbred calves (male and female) between five and six months of age. The calves were
randomly divided by sex and breed into two equal homogeneous groups (n=75). One group
was used as the control, and the other experimental group received supplementation with
0.9mg of chromium carbon-amino-phospho-chelate per 100kg BW. The chromium supplement
was mixed with mineral salt for the consumption of 0.1% of BW, and the supplement was
administered via creep feeding 60 days before and 60 days after forced weaning. Calves were
weighed, and their blood and urine samples were obtained at four time-points: TO (60 days
before weaning), T1 (at weaning), T2 (48 hours after weaning), and T3 (60 days after
weaning). Blood samples were used to determine chromium, cortisol, total protein, and
albumin concentrations, and urine samples were used to determine urinary creatinine and
chromium levels. Cumulative weight gain was higher in calves supplemented with chromium
before weaning and during the experiment (P<0.05). In addition, weaning-related stress
caused an increase in chromium excretion in the urine, and chromium supplementation
reduced stress, which resulted in lower cortisol and total protein levels during weaning.

INDEX TERMS: Organic chromium, supplementation, beef calves, weaning stress, cattle, performance,
stress, mineral supplementation, chromium.

RESUMO.- [Influéncia da suplementa¢cao com cromo
organico no desempenho de bezerros de corte submetidos
ao estresse da desmama.] O estudo foi realizado para
avaliar a hipdtese de que a suplementacido dietética com
cromo antes, durante e ap6s a desmama possa diminuir
a concentragdo de cortisol causado por este processo em
bezerros de corte. Para tal, foram utilizados 150 bezerros
mesticos, machos e fémeas, entre cinco e seis meses de
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idade. Os animais foram divididos randomicamente por sexo
e grupo genético em dois grupos homogéneos (n=75), um
mantido como controle e outro suplementado com 0,9mg de
carboaminofosfoquelato de cromo/100 kg PV misturado a
um sal proteinado para ser consumido na base de 0,1% do
PV via creep feeding, no decorrer de 60 dias antes e 60 dias
apods a desmama forgada. Os animais foram pesados e foram
coletadas amostras sanguineas e urinarias no M0 (60 dias
antes da desmama), M1 (desmama), M2 (48 horas apds a
desmama) e M3 (60 dias apdés a desmama) para determinag¢do
de cromo, cortisol, proteina total e albumina no sangue e
da concentracao urindria de creatinina e cromo. O ganho
acumulado de peso foi superior nos bezerros suplementados
com cromo antes da desmama e no decorrer de todo o
experimento (P<0,05). A suplementacdo com cromo reduziu
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os teores de cortisol e de proteina total durante a desmama.
0 estresse da desmama provocou aumento da excrecao de
cromo pela urina.

TERMOS DE INDEXAGAO: Suplementagio, cromo organico, bezerros
de corte, estresse da desmama, bovinos, desempenho, estresse,
suplementacdo mineral, desmama.

INTRODUCTION

During weaning, calves are exposed to several stressful
factors, including separation from the mother, limited udder
access, milk deprivation, and changes to their physical and
social environment (Newberry & Swanson 2008, Weary et al.
2008). In addition to the modification of normal physiological
mechanisms in cattle, stress can lead to increases in disease
susceptibility (Enriquez etal. 2011), plasmatic cortisol levels
(Lay etal. 1998), and concentrations of acute phase proteins
(Carroll et al. 2009).

When exposed to severe stress conditions, rats and humans
exhibit significantly increased urinary chromium excretion
(Anderson 1987). Although strong evidence suggests that
this phenomenon also occurs in cattle, the hypothesis still
needs to be tested. To date, there are no established chromium
requirements for ruminants; however, previous studies have
shown that chromium requirements increase under stressful
conditions (Underwood & Suttle 1999). The creep feeding
system provides specific mineral supplementation to calves,
including chromium (Cr) supplementation (Burton etal. 1994,
Wright etal. 1995, Gudev et al. 2007, Yanchev et al. 2008), in
addition to favoring contact with solid food prior to weaning
progressively reduced the nutritional and social dependency
of calves (Weary et al. 2008, Enriquez et al. 2011).

Several studies have also shown that chromium
supplementation under stressful conditions exerted a positive
effect on productive performance and overall health status.
In addition, it also helped to improve the immune response, and
this was observed following vaccination in cattle (Faldyna et al.
2003, Pechova & Pavlata 2007, Montemor & Margal 2009,
Kumar et al. 2013). Therefore, increased interest in using
chromium as a dietary supplement for beef calves is justified
by the possible stimulatory effect on their growth rates and
immune responses (Chang & Mowat 1992, Moonsie-Shageer
& Mowat 1993, Depew et al. 1998, Kumar et al. 2013).

The present study aimed to verify the effect of dietary
chromium supplementation on cattle performance during
pre- and post-weaning periods, and it also sought to evaluate
the relationship between weaning-induced stress and urinary
chromium excretion.

MATERIALS AND METHODS

A total of 150 Nelore crossbred calves were analyzed in this study,
and the calves were randomly divided by sex, genetic group, and
weight into two experimental groups (75 nursing calves in each
group). During the 120-day experiment, calves were kept in paddocks
containing Brachiaria brizantha and Panicum maximum grass, and they
were given access to creep feeding troughs. The calves were weighed
at the beginning of the experiment TO (60 days before weaning),
T1 (at weaning) and T3 (60 days after weaning). All weighing was
conducted after 16 hours of fasting.
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The control group received a protein-salt supplement, which included
20% raw protein and an increased amount of essential macro-and
microelements as compared to chromium. The treatment group received
the same diet, with a 30mg chromium carbon-amino-phospho-chelate
(as Cr®*)/kg dry mass (DM) supplement. In both groups, each
supplement was offered so that the average daily consumption
per calf was 0.1% of the body weight (BW) (adjusted based on the
animal’s weight). The protein salt was formulated with 63% corn
bran and 37% soy bran, to which 30% mineral supplement was
added. This provided 1.17-2.45mg Cr/animal/day to the smallest
and largest calves, respectively. Moreover, this amount met the
Nutritional Requirement Criteria (NRC 2000) for beef cattle, which
state that the chromium concentration should range between
0.6 and 0.75mg Cr/animal/day. Grass samples were collected from
paddocks throughout the experiment to determine the chromium
levels, which varied from 0.05 to 0.12ppm (average of 0.08ppm.).

The weighing was conducted in corrals, which separated calves
from the rest of the cattle. The calves were separated into two different
compartments based on the experimental group, and each animal
was provided a social space of 10m? During the 48-hr weaning
period, water and protein salt were provided ad libitum. Weaned
calves, separated from their mothers, were then returned to the
paddocks until the end of the experiment (60 days after weaning).

During all time points (TO, T1, T2 (48 hours after weaning),
and T3), blood samples were collected from calves in tubes without
anticoagulants (BD Vacutainer®, New Jersey, EUA). Analyses of serum
samples were conducted to determine concentrations of total protein,
albumin, cortisol, and chromium. Biochemical analyses were carried
out in a Daytona RX (Randox®, Antrin, UK) automatic biochemical
analyzer, using specific kits (Randox®, Antrin, UK) for each variable.
The determination of cortisol concentrations was performed using
a chemiluminescent assay kit (Siemens®, Munich, Germany) in an
immunoassay analyzer (Immulite 1000, Siemens®, Munich, Germany).

Urine samples were collected at the four time-points during
the experiment, after manual stimulation of the vulva or foreskin.
The sample were centrifuged and the supernatant stored in microtubes
and frozen at-20°C until analysis. Samples were analyzed to determine
chromium and creatinine (Crt) concentrations. The urine creatinine
were determined in equipment Daytona RX (Randox®, Antrin, UK),
using kit Randox®. The resulting calculations and the metabolic
weight (live weight®”®) of each animal were used to calculate the
chromium urinary secretion rate (CrUSR), which corresponds to
the secreted amount of chromium in the urine (CrU) (corrected by
urinary Crt and metabolic weight). This value was calculated following
the recommendations of Fleming et al. (1991) and Soares (2004).

Serum and urine also samples were used to determine chromium
concentration via digestion with chromium-free nitric acid and
perchloric acid solutions (4:1 v/v), which were analyzed using optical
spectrophotometry by plasma emission (Varian®, Saint Claire, USA)
(Minervino et al. 2018).

Statistical analyses were performed with the aid of the SAS
statistical software (SAS 2009). The normal distribution of the data
was assessed by the Shapiro-Wilk test, and data that followed a
parametric distribution were subjected to an analysis of variance using
the PROC MIXED procedure for repeated measurements over time.
The effects of treatment, time, and the interaction between treatment
and time were examined for each variable. Data that did not follow
aparametric distribution were subjected to the Mann-Whitney test,
and median values were reported. The correlation and determination
coefficients were calculated to determine the correlation between
two variables. A P-value equal to or lower than 5% was considered
significant for all statistical tests.
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RESULTS AND DISCUSSION

Compared to control animals, chromium-supplemented calves
exhibited greater accumulated weight gain 120 days after
the beginning of the experiment (P=0.037), and an average
gain of 6.5kg was observed in treated animals. This effect
of chromium on the accumulated weight gain was verified
during the weaning period (T0-T1, P=0.006), and there was
no significant difference between groups when the weight
gain during the post-weaning period (T1-T3) was considered
(Table 1).

The relationship between chromium and animal production
is controversial, because different studies indicated that no
relationship exists between chromium supplementation and
increased body weight in ruminants (Chang & Mowat 1992,
Zanetti etal. 2003, Pechova & Pavlata 2007, Yanchev et al. 2008,
Kumar et al. 2013). However, the methodology and analysis
employed in the present study are likely factors that contributed
to the positive results obtained. For instance, most studies
assessed BW data and daily weight gain, which are typically
heterogeneous because of the individual characteristics of
animals. In the present study, the accumulated weight gain
was defined as the amount (in kg) that each animal gained
during a given period, and the use of this parameter negated
the effects associated with the variability of BW. In addition,
the large number of animals employed in this study and the
use of timed artificial insemination (TAI) generated animal
consignments resulted in greater homogeneity between groups.

In contrast to most studies, which did not correlate
chromium supplementation to enhanced productive
performance, this study provided the mineral to calves
before the occurrence of an acute stress event (60 days
prior). The factors associated with increased accumulated
weight gain in supplemented animals were associated with
lower stress, reduced fighting, and frequent visits to the
trough. Among animals with limited stress, the benefits
of chromium supplementation would not correspond to
enhanced productive gain (Zanetti et al. 2003).

The mean chromium serum concentrations in supplemented
and non-supplemented animals are shown in Table 3. Chromium
levels in serum were expected to significantly increase in
response to supplementation, but there were no differences
between the treated and control groups. Despite the fact that
excessive chromium levels in the blood correlate to toxic
levels, few cattle studies have assessed chromium levels in
the blood, which may vary based on the amount of chromium
in the food (e.g.,, 57.7-1,769.0nM) (Pechova & Pavlata 2007,
Tomza-Marciniak et al. 2011). The chromium levels in blood
values found in this study were within the indicated interval
and were non-toxic. The results of a recent study indicated
that the concentration of chromium in serum significantly
increased when calves were supplemented with a diet
containing high levels of chromium (24mg/day) (Kumar et al.
2013). In the present study, calves ingested an estimated
maximum of 2.5mg Cr/day, which did not interfere with the

Table 1. Accumulated weight gain (kg) of the calves during the experiment

Control group

Treatment group

Time point P
Mean SD Mean SD
T1-TO 54.58 13.9 60.14 11.7 0.006
T3-T1 14.9 8.0 15.8 5.2 0.464
T3-TO 68.18 17.3 74.64 14.7 0.037

AB Uppercase letters in the column indicate differences between groups, and lowercase letters indicate differences between time points.

Table 2. Urinary chromium excretion rate (nM) in control and treated calves assessed at different time points

. . Control group Treatment group
Time point - - P
Median Median
TO 1.93° 2.14° 0.5725
T1 14.00* 10.93" 0.3254
T2 9.24* 19.28* 0.0735
P 0.0235 0.0218

b Lowercase letters indicate differences between time points based on the Mann-Whitney test.

Table 3. Average concentration and standard deviation of serum and urinary chromium (Cr, nM), cortisol (nM), and total
protein (Pt, g/dL) in control and treated calves assessed at different time points

. Time point
Variable Group
TO T1 T2 T3
Serum Cr (nM) Control 257.3+90.2 216.9 £49.9 - 257.3+94.1
Treatment 222.7+78.7 222.5+57.6 - 2669 +113.3
Urinary Cr (nM) Control 192.2 £ 123.4¢ 238.1+92.9¢ 443.1 £ 148.2° 316.8 + 147.2°
Treatment 228.2+104.2¢ 185.6 +91.6¢ 379.0 + 131.7¢ 333.1 £ 142.4°
Cortisol (nM) Control 64.03 +21.25° 110.4 + 41.44° 76.45 + 28,984 98.25 + 36.43*
Treatment 66.79 + 3.03° 99.63 + 4.69° 63.73 £ 3.03% 106.53 +5.79°
Pt (g/dL) Control 69.0 + 4.2¢ 70.4 £ 4.1 69.5 + 4.7° 69.6 + 5.3%
Treatment 69.2 + 6.6° 68.8 + 4.5% 68.3 +4.3° 71.4 +5.0%

AB Uppercase letters in the column indicate differences between groups, **¢ lowercase letters indicate differences between time points.
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serum concentration. Furthermore, the results of this study
did not corroborate the conclusion proposed by Pechova &
Pavlata (2007), which stated that serum concentrations were
poor indicators of chromium status in normal cattle.

Several studies in humans have shown that various forms
of stress led to increased urinary chromium excretion that
could be up to 10 times higher than normal (Pechova &
Pavlata 2007). However, there are no studies in ruminants that
reportincreased urinary chromium excretion under stressful
conditions. The results of this study show an increase in the
urinary chromium excretion rate at peak stress levels (T2)
relative to the TO time point, and these levels ranged from
380% to 800% in the control and supplemented groups,
respectively (Table 2). By examining this variable, it was
possible to determine that dietary chromium supplementation
tended to increase this index (P=0.0791) (Table 2) relative
to the control group, which suggests that chromium is lost
from its organic reserves in calves under stressful conditions.

When creatinine levels were not used to appropriately
correct the urinary chromium levels, no differences in urinary
chromium levels were detected between the supplemented
and the control groups (Table 3). However, the levels varied
in relation to the time points in that levels were higher in
T2 as compared to T3, and both values were higher when
compared to TO (P<0.05) for the supplemented and control
groups. These results highlighted the fact that the excretion
rate was more effective and accurate when assessing urinary
chromium levels, following proper adjustment with urinary
creatinine data. In fact, many animals under stress become
more dehydrated and urinate less, which results in concentrated
urine that could mask the results.

Lower levels of cortisol were detected in animals
supplemented with chromium at T2 relative to controls,
and the time point analysis within each group indicated
that cortisol was greater at T1 and T3 relative to the values
obtained at TO and T2 (Table 3). This result suggested that
under stressful conditions, chromium diminished excessive
cortisol excretion, which causes metabolic disorders in animals.
Similar results were previously described in a study where
chromium was added to cattle diets (Chang & Mowat 1992,
Mowat et al. 1993, Yanchev et al. 2008, Kumar et al. 2013).

Relative to the control group, lower and higher concentrations
of total protein were detected in the supplemented group
at T1 and T3, respectively. Within the control group, higher
protein concentrations were found at T1, followed by T2 and T3,
and these concentrations were greater than those detected
at TO. In the supplemented group, the highest protein level
was detected at T3 (Table 3). The analysis did not detect a
positive correlation (r=0.196) between albumin and serum
protein levels in the control group at T1. Considering that the
serum protein level at this time point was higher than levels
at the other time points for this group, we might speculate
that the protein increase was triggered by the presence of
acute phase proteins. This hypothesis is based on the fact
that weaning-mediated stress causes an immediate increase
in the level of acute phase proteins in blood; however, this
aspect was not addressed in this study (Wright et al. 1995,
Carroll et al. 2009).

The supplemented group displayed a greater concentration
of total protein and serum albumin as compared to the control
group at T3 (Table 3). An analysis of these variables at T3
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indicated a positive correlation (r=0.611), which suggested
that increased total protein at this time point was due to
increased albumin levels that indicated protein synthesis in
the organism (Kaneko et al. 2008).

CONCLUSIONS

The chromium supplementation promoted greater
accumulated weight gain in calves before weaning and during
the experiment, reduced levels of cortisol and serum protein
and diminished urinary chromium excretion rates during
weaning were detected.

Continuous and prolonged supplementation of organic
chromium in beef calves reduced weaning-related stress.
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