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ABSTRACT - The objective of this study was to study the animal reactivity and correlate it with performance and meat
quality of cattle finished in feedlots. A total of 20 animals of the Tabapuã breed and 20 animals of the Nellore breed were
confined for 112 days: 28 days of adaptation and 84 days of data collection. Performance was determined by the average daily
weight gain (ADG) and average dry matter intake (DMI) estimated through the use of indicators. On the 1st, 42nd and 84th

days of the experiment, two methods were used to measure the animal reactivity: animal reactivity in mobile cage and visual
reactivity during handling. The characteristics of meat quality were evaluated by the color, shear force and pH24 after slaughter
(pH24). Through the study of correlation, the degree and direction of linear association on animal reactivity, performance
and meat quality were established. Regression equations were generated for the parameters evaluated according to the values
of animal reactivity. Correlations between mobile cage and visual reactivity were 0.77, 0.56 and 0.45 in the 1st, 2nd and 3rd
evaluations, respectively. There was no correlation between animal reactivity and DMI. The correlations between ADG, pH24,
and color with animal reactivity were -0.31, 0.40, 0.47 and -0.34, and -0.33 for mobile cage, 0.74, 0.71 and -0.51, for visual
reactivity, respectively. The parameters of meat quality varied according to the reactivity. Undesirable values of pH24, animal
reactivity and color were found when mobile cage reactivity was higher than 780, 590 and 540, respectively. In general, animals
that show greater reactivity tend to have lower daily weight gain and lower meat quality. The reactivity can be used in animal
breeding programs, in order to improve performance and meat quality of Zebu cattle finished in feedlot.
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Introduction

Cattle subjected to sudden change of environment
encounter a situation different from that to which they were
adapted, requiring new social organization, and certainly
changing their well-being. This fact is common in
confinement, especially when the grouping of animals of
different properties for the formation of lots occurs.

Overall, the temperament is defined as the reaction of
the nervous system, which is determined by genetic and
environmental factors (Lanier et al., 2001). The animal
reactivity has been proposed as objective measurement of
temperament, which may be related to feed efficiency,
performance and meat quality (Curley et al., 2004; Lancaster
et al., 2005). Due to its importance, the evaluation of animal
reactivity should be done effectively, applying safe methods,
efficient in determination and applicability within the
production system (Paranhos da Costa, 2007).

The current scenario of the beef industry shows the
need for a quality product that meets the consumers demand.
The customer requirements are linked to meat characteristics
that influence the buying decision. In a preference order,
the purchase decision is influenced by color, tenderness,
flavor and juiciness.

From the standpoint of production, the quality
parameters of meat may be influenced by factors such as
race and management. Thus, more efficient intensive production
systems require more adapted animals, without, however,
compromising the quality of the meat (Le Neindre et al., 1996).

Zebu breeds account for 80% of the national herd and
are generally characterized by restless temperament, easily
observed during handling. Assessment studies in animal
reactivity in Zebu animals were conducted using methods
of visual assessment and escape velocity (Petherick et al.,
2002; Silveira et al., 2006) and also by the method of animal
reactivity in mobile cage (Maffei et al., 2006). The relationship
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between animal reactivity, performance and meat quality of
Zebu animals is not well understood.

This study was conducted to understand the temperament
of animal (bovine reactivity) and its association with
performance, feed efficiency and meat quality of Zebu
animals finished in feedlot.

Material and Methods

A total of 40 Zebu steers, 20 from the Nellore breed and
20 from the Tabapuã breed, with average initial age of 18
months and initial weight of 350 kg were used. The animals
were housed in collective stalls with an area of   30 m2 per
animal, with 10 Nellore steers and 10 Tabapuã steers allocated
in each stall. The feedlot facilities had a compacted earth
floor and slope of approximately 8%, concrete area feeding
trough, and were divided by smooth wire fences. The
collective drinkers were located at the division of two stalls.
Vinilona feeding troughs were place transversely at the
upper part of the stall with 70 cm linear for each animal.

At the beginning of the adaptation period, the animals
were weighed after fasting for 16 hours and treated against
ecto and endoparasites. During the adaptation period,
lasting 28 days, they were fed without restriction with the
same diet of the experimental period.

The diet (Table 1) was formulated according to the  NRC
(2000) and supplied without restriction to the animals at
8:00 am and 3:00 pm, and the feed leftovers were collected
the following morning. The quantity of diet supplied was
adjusted each day to allow 5% of leftovers.

The experimental period, after the adaptation period,
was divided into two phases of 42 days: from 1 to 42 days
(Phase 1) and from 42 to 84 days (Phase 2). At each phase
of evaluation, the dry matter intake and daily weight gain
were obtained, and these values were used to study the
correlation.

At every 14 days, the dry matter intake (DMI) was
estimated through the use of indicators (chromic oxide and
LIPE®), according to the methodology of Saliba (2005) and
Valadares Filho et al. (2006) . The weighing of the animals
was realized at the end of each period after fasting for 16
hours.

For the study of animal reactivity each animal was
measured on the 1st, 42nd and 84th days of the experimental
period, through the method of animal reactivity in mobile
cage. For the measurement of the mobile cage reactivity, an
electronic device that quantifies the frequency and intensity
of movement of the animal was coupled to it and the
assessments were made according to the methodology
described by Maffei et al. (2006).

After the evaluation of the mobile cage reactivity, the
animals were led to a paddock for the determination of
animal visual reactivity, where a team of three evaluators
ranked the animal temperament through a behavior scale
adapted by Piovezan (1998) and Petherick et al. (2002),
according to the following criteria:

- Score 1 (very docile): docile animal. Shows no
aggression, walks slowly, allows the appraiser to approach
slowly, no change in behavior due to plant or human
presence.

- Score 2 (docile): slightly restless animal. Shows no
aggression or sudden movements, moves quickly along the
fence, but when the appraiser is away, it stays far away,
watching the environment.

- Score 3 (mildly agitated): moderately aggressive animal.
Runs over fences, is astonished by the approach of the
observer and stops before colliding with the fence and
gates;

- Score 4 (agitated): aggressive animal. The head remains
high, very attentive to the environment, sudden movements
or gets ready to attack if the observer approaches; trying
to escape, collides with fences and gates.

- Score 5 (aggressive): very agitated and aggressive
animal. Presents sharp and agile movements, is
uncomfortable with the stable environment and human
presence, gets ready to attack the evaluator, bumps against
fences and jumps gates.

Because of the tendency of the observers to not separate
animals classified as score 3 from those with scores 2 or 4,
score 3 was omitted; thus, to improve the visual assessment
of reactivity, only the scores 1, 2, 4 and 5 were used, as done
by Carneiro et al. (2006).

Table 1 - Composition of experimental diet supplied to Zebu
cattle (Nellore and Tabapuã) finished in feedlot

Ingredient          (g/kg)

Corn silage1 3 9 8
Ground corn1 5 0 4
Soybean meal1 78
Mineral nucleus*1 20
Chemical composition
Dry matter2 6 6 4
Crude protein1 1 1 5
Neutral detergent fiber corrected for ash and protein      305
Non-fibrous carbohydrate1 4 9 1
Ether extract1 33
Total digestible nutrients1,3 7 4 0
1 g/kg of dry matter.
2 g/kg of natural matter.
3 Calculated according to the NRC (2000).
* Guaranteed content per kilogram of product: calcium - 235 g; phosphorus - 45 g;

sulfur - 23 g; sodium - 80.18 g; zinc - 2.38 mg; copper - 625 mg; iron - 1.18 mg;
manganese - 312 mg; cobalt - 32 mg; iodine - 41.6 mg; selenium - 11.25 mg;
vit. A - 70.000 UI; vit. D3 - 5.000 UI; vit. E - 15 UI and niacin - 3.33 mg.
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All evaluations were realized by the same evaluators.
The visual reactivity of the animal in each evaluation period
was obtained by the average of the three evaluators.

After evaluation of reactivity (84 days) at 10:00 am, the
animals boarded livestock truck with capacity of 22 animals
each and were sent to commercial meat-packing, covering
a distance of 60 km. During the pre-slaughter, the animals
were fasted for solid diet and water for 24 hours in stalls
without coverage, with the use of aspersion, for greater
thermal comfort.

The slaughter was carried out as recommended by the
RIISPOA (Brazil, 1997) in industrial meat-packing under
Federal Inspection (SIF). After slaughter, the pH was
measured (pH0) in the region of the longissimus dorsi
muscle between the 9th and 11th ribs of the left carcass. The
pH0 was determined using a Mettler M1120x portable digital
potentiometer (Mettler-Toledo International, Columbus,
USA). The carcasses were identified, washed, divided into
halves and put into cold storage for a period of 24 hours at
a temperature of 1 °C.

After carcass cooling, the reading of the pH (pH24) was
performed and samples were taken from the longissimus
dorsi between the 9th and 11th ribs of the left half carcass,
then packed and frozen for subsequent laboratory analysis.

Analyses of meat quality: pH, color (CIELAB), shear
force, loss of weight by cooking and water holding capacity
were conducted at Embrapa Pecuária Sudeste laboratory in
São Carlos, SP, according to methods described by
Fernandes et al. (2008).

Cross-sectional samples of the longissimus dorsi were
made, for exposure of myoglobin to oxygen for 30 minutes
(Abularach et al., 1998) and later, six readings of the color
components of the meat through Minolta Chroma Meter
portable colorimeter, model CR 300 were performed, and the
average of six readings was calculated. According to the
system CIE-L * a * b *, luminosity (L *), red index (a *) and
yellow index (b *) were evaluated. For analysis of tenderness,
samples of the longissimus dorsi of 2.54 cm thickness were
roasted in gas oven at 180 °C temperature, until reaching 70 °C
in the center of the sample. The steaks were cooled to room
temperature. After cooling, ten cylinders were removed from
2 cm in diameter, cut parallel to the fiber with the aid of a cutter.
The force required for the complete shearing of each cylinder
was determined using a Texture Analyzer TA-texturometer
XT2i, attached to Warner Bratzler - SMS blade. The average
cutting force of the cylinder, expressed in kilograms force
(kgf) was used to represent the shear force of each steak.

The experimental design was completely randomized
with two treatments (breed) and 20 repetitions; each animal
was considered a repetition, in a total of 40 experimental

units. The model used was:  in
which: Yij = value of the dependent variables, μ = overall
mean; Ti = effect of the breed; εij = experimental residual
error. The data were subjected to analysis of variance and
to the F test (α = 0.05) using the GLM procedure of the SAS
(Statistical Analysis Systems, version 8.0).

The adjustment to normal distribution for the data on
visual animal reactivity was evaluated using the PROC
UNIVARIATE NORMAL (Statistical Analysis Systems,
version 8.0), the latter having made such distribution.
Regression analysis and correlation between the reactivity
and animal daily weight gain, pH after 24 hours, shear force
and color were carried out, and significance was evaluated
by the t test (α= 0.05). The procedures for analysis of
correlation and regression were realized using the PROC
CORR and PROC REG of the SAS (Statistical Analysis
Systems, version 8.0).

Results and Discussion

The variability of those characteristics was not
influenced by breed (P>0.05), so the values correspond to
data obtained from all animals. The values of DMI and
ADG, and therefore feed efficiency (FE) are close to the
values of 9.0 kg/day for DMI and 1.40 kg/day for ADG
found in the NRC (2000) for Zebu animals in termination
(Table 2), indicating that the diet was not a limiting factor
to performance.

Table 2 - Adjusted means, minimum and maximum values,
coefficient of variation (CV) and standard error of the
mean (SEM) of different characteristics evaluated in
Zebu cattle (Nellore and Tabapuã) finished in feedlot

I tem Mean Least Highest CV SEM

DMI (kg/day) 9.65 8.83 10.48 4.44 0.07
ADG (kg/day) 1.26 0.84 1.72 19.56 0.04
FE (kg/kg) 0.13 0.09 0.17 18.51 0.003
MC0 1077 2 4 1 4064 88.52 154.72
MC1 5 6 2 2 6 1 1244 47.23 43.06
MC2 4 3 8 2 7 0 8 4 5 38.92 27.30
VR0 2 .5 1 4 44.37 0.17
VR1 2 .5 1 5 48.40 0.19
VR2 2 .4 1 4 40.91 0.15
pH0 6.97 6.18 7.29 3.04 0.03
pH24 5.63 5.25 6.10 3.86 0.03
SF (kgf) 4.28 2.50 6.10 20.41 0.14
L* 38.50 33.40 44.73 8.26 0.50
a* 15.03 12.15 17.08 6.08 0.15
b* 13.45 8.84 15.75 10.73 0.23

DMI - dry matter intake; ADG - average daily gain; FE - feed efficiency (ADG kg/
DMI kg); pH0 - pH immediately after slaughter; pH24 - pH 24 hours after
slaughter; SF (kgf) - shear force expressed in kilogram force (kgf); L* - luminosity;
a* - chromatic scale from green to red; b* - chromatic scale from blue to yellow;
MC0 - animal reactivity in mobile cage on day 1; MC1 - animal reactivity in
mobile cage in 42 days; MC2 - animal reactivity in mobile cage in 84 days; VR0 -
animal visual  reactivity on day 1; VR1 - animal visual reactivity in 42 days; VR2 -
animal visual reactivity in 84 days.
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There was a numerical decrease of 60% in mobile cage
between the first and last measurements. The means of
visual reactivity remained constant between the first and
second measurement, a decrease of 4% from first to last
evaluation, indicating a possible effect of the adaptability
of the animal at management on the decrease in reactivity.

The average age of slaughter around 21 months was
possibly the main factor for the good quality meat observed
in this experiment, since the average quality parameters
are within the normal values recommended for beef
(Shackelford et al. 1991; Muchenje et al., 2009).

There is a decrease in the correlation between the
measured values of reactivity in different phases of
measurement (Table 3).

The decrease in correlation values may indicate possible
adaptation of animals to confinement and handling. Results
with altered animal reactivity, as it extended the time of
evaluation, were also reported by Hemsworth et al. (2000)
and Aguilar et al. (2004).

The correlation between the methods was different,
depending on the time of measurement. The drop in
correlation coefficient between the two methods as they
moved the evaluation period suggests a decrease of
equivalence between the methods (Table 3). This may be
related to the methodologies used, because the method of
visual reactivity is subjective and has less capacity to
detect changes in the temperament of the animal, which
does not occur with the method of animal reactivity in
mobile cage.

As the objective was to evaluate the difference in
temperament between the animals, it is observed that the
measurement made by the mobile cage enabled the detection
of differences in animal behavior more clearly with the
increase of assessments.

Analyzing the correlations between measures of
reactivity and performance characteristics corresponding

to each phase of evaluation (Table 4), there are differences
in these correlations. Only the measurements taken in the
second phase had a negative correlation with the parameters
analyzed.

In other study, in which reactivity was measured visually
(Lancaster et al., 2005), correlation was observed between
the reactivity and animal dry matter intake; however, this
study found no correlation between measures of reactivity
and DMI.

There was negative correlation between mobile cage
and visual reactivity, with the ADG and FE, as the animal did
not influence the reactivity DMI; it is believed that the drop
in ADG is possibly linked to a higher demand in maintenance
energy presented by the most reactive animals. This fact
was related to the high metabolism and catabolism of the
actions triggered by force factors (Munck, 1971; Voisinet et al.,
1997; Sapolsky et al., 2000).

Only measures of reactivity (Table 4) measured in the
last phase showed correlation with performance parameters,
so according to the regression equation (Figure 1) for each
increase of 0.1 points in the last phase, there is a reduction
of five grams in the ADG of animals.

Despite the low value of r2 found for the equation, this
result indicates the possible negative influence of the
higher reactivity on animal performance, which is consistent
with the value of correlation between the last phase and
ADG (Table 4).

Since only the measurements of animal reactivity in
mobile cage and visual reactivity in 84 days correlated with
performance parameters (Table 4), only these values   were
correlated with measures of meat quality (Table 5).

Table 3 - Correlation between the animal reactivity in mobile
cage (MC) and visual reactivity (VR) and between the
different phases of evaluation of the animal reactivity
of Zebu cattle (Nellore and Tabapuã) finished in
feedlot

I tem MC1 MC2 VR0 VR1 VR2

MC0 0.34* 0.38* 0.77** 0.64** 0.45**
MC1 - 0.50** 0.44** 0.56** 0.36**
MC2 - - 0 .44** 0.53** 0.45**
VR0 - - - 0 .57** 0.56**
VR1 - - - - 0 .48**

*Significant (P<0.05); **Significant (P<0.01). MC0 - animal reactivity in mobile
cage on day 1; MC1 - animal reactivity in mobile cage in 42 days; MC2 - animal
reactivity in mobile cage in 84 days; VR0 - animal visual reactivity on day 1; VR1 -
animal visual reactivity in 42 days; VR2 - animal visual reactivity in 84 days.

Dashed line represents the ADG values generated by the equation:
ADG = 1.4954 - 0.5461 (MC2), with r2 of 0.16.

Figure 1 - Functional relationship between animal reactivity in
mobile cage, measured on the 84th day (MC2) and
average daily weight gain (ADG) of Zebu cattle (Nellore
and Tabapuã) finished in feedlot.
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The two measures of reactivity correlated with meat
quality parameters (Table 5). The visual reactivity in 84
days showed the highest correlation; however, mobile cage
reactivity allowed us to detect and evaluate the temperament
of the animals in a more simple and objective way. In
addition to not interfering in the management, the mobile
cage reactivity leads to greater phenotypic variability due
to its capacity to detect major changes in the reactivity of
the animal. Therefore, this tool may be appropriate for
evaluating animals. This evidence was also reported by
Phocas et al. (2006) and Maffei (2009).

The positive correlation between measures of reactivity
and pH24 (Table 5) suggests a greater expenditure of
glycogen in more reactive animals, which would prevent an
effective decrease in pH. For an ideal standard of quality to
ocurr, there must be an effectively drop in pH in the meat,
that is,  it must fall to values   around 7.0, immediately after
slaughter to values around 5.5 to 5.6 at 24 hours post
mortem (Stephens et al., 2006; Roça, 2009).

According Muchenje et al. (2009), although there is
variation in the pH of beef from 5.4 to 6.7, the maximum
acceptable value of pH24 for meat exports is 5.8. The
occurrence of pH24 above the expected score is related to
higher temperament. Nevertheless, on average, the animals

in this experiment had beef with the minimum quality
requirement (Table 2).

According to the regression equation (Figure 2), for
each increase of 0.1 points in reactivity in mobile cage in 84
days, there is an increase of 0.06 points in the value of pH24.

Taking into account the value of the correlation between
reactivity and pH24 (Table 5) and the values observed in
Figure 2, it is implied that animals intended for slaughter
should present values of reactivity in mobile cage in 84 days
less or equal to 780; however, due to the low r2 value found
for the equation, it is recommended that further evaluation
be carried out  in order to confirm these results.

Although it is not the main objective of the study, but
since the value of pH24 was correlated with the reactivity
and it exerts great influence on meat quality parameters
(MacDogaull, 1994, Watanabe et al., 1996), seeking to better
understand the results, the correlation between pH24 and
other determinants of meat quality was evaluated (Table 6).

In this study, pH24 showed high positive correlation
with shear force and a negative correlation with the
parameters of color meat. The values of the parameters

Table 5 - Correlation between animal reactivity in mobile cage
(MC) and visual reactivity (VR) with measures of
meat quality in Zebu cattle (Nellore and Tabapuã)
finished in feedlot

I tem pH0 pH24 SF L* a* b*

MC2 0.16 0.40** 0.47** -0.34* -0.23 -0.09
VR2 0.16 0.74** 0.71** -0.51** -0.22 -0.17

*Significant (P<0.05); **Significant (P<0.01). MC2 - animal reactivity in mobile
cage in 84 days; VR2 - animal visual reactivity in 84 days; pH0 - pH immediately
after slaughter; pH24 - pH 24 hours after slaughter; SF (kgf) - shear force
expressed in kilogram force (kgf); L* - luminosity; a* - chromatic scale from green
to red; b * - chromatic scale from blue to yellow.

Table 6 - Correlation between the pH measured 24 hours after
slaughter (pH24) and other measures of quality of
meat in Zebu cattle (Nellore and Tabapuã) finished in
feedlot

I tem SF L* a* b*

pH24 0.68** -0.66** -0.47** -0.30

**Significant (P<0.01). pH24 - pH 24 hours after slaughter; SF (kgf) - shear force
expressed in kilogram force (kgf); L* - lightness; a* - chromatic scale from green
to red; b * - chromatic scale from blue to yellow.

Table 4 - Correlation between animal reactivity in mobile cage
(MC) and visual reactivity (VR) with measures of
dry matter intake (DMI), daily weight gain (ADG)
and feed efficiency (FE) in Zebu cattle (Nellore and
Tabapuã) finished in feedlot

I tem DMI ADG FE

MC1 -0.03 -0.26 -0.23
MC2 -0.05 -0.31* -0 .32*
VR1 -0.17 -0.11 -0.11
VR2 -0.03 -0.33* -0 .36*

*Significant (P<0.05). MC1 - animal reactivity in mobile cage in 42 days (first
phase); MC2 - animal reactivity in mobile cage in 84 days (second phase); VR1 -
animal visual reactivity in 42 days (first phase); VR2 - animal visual reactivity
in 84 days (second phase).

Dashed line represents values generated by equation:
pH24 = 5.373 + 0.5493 (MC2), with r2 of 0.22.

Figure 2 - Functional relationship between animal reactivity in
mobile cage measured on the 84th day (MC2) and 24
hours post mortem pH (pH24) in meat from Zebu
(Nellore and Tabapuã) finished in feedlot.
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associated with meat color (Table 2) are consistent with
those found in the literature (Munchenje et al., 2009). No
relationship was found between the parameters a * and b *
and reactivity (Table 5). However, the reactivity was
negatively correlated with the values of L*, and that the
smaller value, the darker the flesh and, consequently, the
lower its acceptance by the consumer.

The effect of pH on the variation of L* can be related
to alteration of enzyme complexes related to the coloration
of the flesh caused by increased reactivity. According to
Voisinet et al. (1997), these changes are due to changes in
the metabolism of the animal at the time of pre-slaughter
caused by the force triggers.

Based on studies of Abularach et al. (1998) and Silveira
et al. (2006), the optimal value of L* for beef would be equal
to 38. In the conditions of work, according to the regression
equation for L * (Figure 3), as it increases the reactivity, the
luminosity of the flesh tends to be less intense. Thus, to
obtain a good meat market acceptance, less reactive animals
must be sought.

The meat of the animals evaluated in this experiment
was considered tender. The average animal reactivity found
was 4.26 kg (Table 2) and, according to the methodology
used in this study for analysis of tenderness, the meat is
considered tender if the animal reactivity value is below
4.60 kg (Fernandes et al., 2008).

The animal reactivity shows a positive correlation with
shear force (Table 5), and according to the regression
equation (Figure 4), for each increase of 0.1 points in animal

reactivity there is an increase of 0.25 points in the value
shear force.

Thus, the interaction between the animal reactivity and
shear force (Table 5) is also evidenced by the values
obtained by the regression equation (Figure 4), despite the
low r2 value presented.

The influence of animal reactivity on the shear force
can be explained by the change in pH24 because it is related
to the action of enzymes responsible for meat tenderness.
Among these enzymes are cathepsins, which have optimum
point for enzyme activity with the pH24 around 5.6 (Pardi
et al., 2001; Alves et al. 2007; Roça, 2009). On the other
hand, the calpains with optimum point at pH above 6.2 are
the most important enzymes for meat tenderness. Thus,
pH24 near the optimal value for the action of calpain
promotes increased meat tenderness (Koohmaraie, 1994;
Luchiari Filho, 2000; Volpelli et al., 2005).

Nevertheless, the positive correlation between
reactivity and shear force found in this study may be
explained by the fact that the maximum value of pH24
observed in the experiment was 6.1, since, according to
Watanabe et al. (1996), in the pH24range between 5.8 and
6.1 there is no effective action of cathepsins. It is believed
that the most reactive animals exhausted their glycogen
stores, allowing small drop in pH, which was kept in a range
that provides tougher meat. It is suggested that this was
also the reason for the changes in meat color, because it is
influenced by chemical reactions dependent on the ideal pH
(Munchenje et al. 2009; Roça, 2009).

Dashed line represents values of L * generated by the equation:
L * = 42.231 to 8.7502 (MC2), with r2 of 0.21.

Figure 3 - Functional relationship between the animal reactivity
in mobile cage measured on the 84th day (MC2) and
meat luminosity (L *) in meat from Zebu (Nellore and
Tabapuã) finished in feedlot.
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Conclusions

To quantify the reactivity, the methodology of animal
reactivity in mobile cage is recommended. Animals with
higher levels of reactivity tend to have average daily gain
lower and below meat quality attributes. The evaluation of
bovine reactivity can be used in animal breeding programs
aiming to improve performance and meat quality.
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