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Abstract: In agricultural experimentation,
in general, researchers estimate the precision
of experiments using the coeflicient of
variation (CV) through works suggesting
classification ranges of values considering
the mean, standard deviation and CV values.
In this work, the objective was to study the
distribution of CV values of experiments
with sheep finished in confinement,
proposing ranges that guide researchers
in the evaluation of studies. CV data were
collected from studies published in Brazilian
journals, with emphasis on beef sheep,
addressing: weight gain, feed intake, feed
conversion, digestibility, ingestive behavior,
hot carcass weight, hot carcass yield, weight
loss by cooling, loin eye area, fat thickness,
final pH (24 hours post-slaughter), cooking
weight loss, water holding capacity, shear
force, moisture, ash, meat proteins and lipids.
Ranges of CV values were obtained for each
variable based on the normal distribution,
classifying them as low, medium, high and
very high. The results obtained indicated
that ranges of CV values differed among the
different variables, presenting wide variation,
therefore, it is necessary to use a specific
evaluation range for each variable.
Keywords: Agricultural experimentation,
classification ranges, precision.

INTRODUCTION

The coefhicient of variation (CV) is a
measure of dispersion used to estimate the
precision of experiments and represents the
standard deviation expressed as a percentage
of the mean (OLIVEIRA et al., 2009). The
CV makes it possible to compare results from
different studies involving the same response
variable, allowing the quantification of the
research’s precision (KALIL, 1977; GARCIA,
1989). The number of replications, plot
size, experimental design, environmental
heterogeneity and the genetic diversity of
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the animals influence the experimental error
(MOHALLEM et al, 2008).

In equal conditions, the experiment with
the lowest coefficient of variation is more
accurate (GARCIA, 1989). According to
Snedecorand Cochran (1980) the distribution
of the CV makes it possible to establish
ranges of values that guide researchers on the
validity of their experiments.

Articles are published with indications
of low experimental precision, often due
to the lack of adequate reference values for
comparison (JUDICE etal., 2002). In general,
in the absence of specific tables, agricultural
science researchers have compared the
VC results of their experiments with those
suggested by Pimentel-Gomes (2000) who
considers VC values to be low, when lower
than 10%; medium, when they are between
10% and 20%; high, when they are between
20% and 30% and very high, when they are
above 30%. These limits were proposed by the
author in 1965, and the book went through
revisions and re-editions without, however,
changing them.

This classification, in addition to being
based on agricultural data, is being used to
classify coefficients of variation of different
variables  indiscriminately = within the
experiment. Therefore, in the evaluation
and interpretation of the statistical results
obtained through experimentation, it is
recommended to explore all available
information so that the researcher, when
reaching his conclusions, is as safe and
correct as possible. Data analysis becomes
more informative when, in addition to the
average, some measures of dispersion or
variability are obtained.

Therefore, the objective of this study
was to evaluate the distribution of CV
in experiments with beef sheep finished
in confinement, considering their main
response variables, to establish classification

ranges that guide the researcher regarding
the accuracy of the data of his research.

METHODOLOGY

Coefficients of variation were tabulated
from several studies on beef sheep published
in Brazilian journals. The variables that
occurred most frequently in the research were
selected, which are: weight gain, feed intake
(DM, OM, CP and NDF), feed conversion,
digestibility (DM, OM, CP and NDF) and
ingestive behavior ( feeding, rumination and
idle time in min/day) and hot carcass weight
(PCQ), hot carcass yield (RQC), chilling
weight loss (PPR), rib eye area (AOL), fat
thickness (EG), final pH (24 hours post-
slaughter), weight loss by cooking (PPC),
water holding capacity (WRC), shear force
(FC), moisture, ash, meat proteins and lipids.

In this work, the experimental projects
were notspecified, considering the conclusion
of Estefanel et al. (1987), according to which
such aspects did not significantly influence
the CV values, assuming that the research
layout aims, in principle, to attenuate the
possibility of experimental error.

To test the fit of the data to the normal
distribution, the Shapiro-Wilk-1965 test in
the SAS (Statistical Analysis System) was
used. Considering as a criterion for rejection
of the hypothesis HO of normality, the critical
region of the test such that P (W<w) < 0.05,
where w is the value of the test statistic.
For variables that did not show normal
distribution, logarithmic transformation was
used as suggested by Estefanel et al. (1987),
obtaining the classification ranges and, later,
returning the data to the original scale.

For each response variable, the following
were obtained: highest value, lowest value,
mean and standard deviation.

The criterion used to establish the CV
ranges was the one proposed by Garcia
(1989), who considers the following ranges
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and respective classifications for data with
an approximately normal distribution: low
(CV ££ x-s); mean (x-s < CV ££ x+ s); high
(x+s < CV £xx+ 2s); very high (CV > x+ 2s),
where x and s are, respectively, the mean and
standard deviation of the CV values.

RESULTS AND DISCUSSION

Tables 1 and 2 present the statistical
results obtained from the CV values found
in the Brazilian literature with experiments
related to the performance of beef sheep. By
the Shapiro-Wilk test, the variables studied
showed a distribution close to normality (P
> 0.03) (Table 01).

As demonstrated by its average CV (Table
01), the digestibility of dry matter, organic
matter and protein are variables with different
behavior from the others, the high CV is
less than 10%. This is because the estimate
of digestibility by the conventional method,
the method used in this work, that is, total
collection of feces through collection bags, is
the one with the highest degree of confidence
(LANCANOVA et al., 2001).

Analyzing the methodology proposed by
Costa et al. (2002), Table 02 must be used as a
reference by the researcher to verify whether
the CV results obtained in their studies are
or are not within an expected range of values.

When comparing the classification ranges
found (Table 02) with the one proposed by
Gomes (1990), in which CV values lower
than 10 are considered low, the information
disparity is evident. Because in this table,
each variable presented specific CV ranges
of values, justifying the need to consider the
nature of the CV classification variable.

Among the characteristics evaluated,
only rumination time (min/day) had a
VC classification range similar to that
recommended by Pimentel-Gomes in
1985. This variable had the highest mean
VC. According to Mertens (1997), the

rumination time varies according to the size
of the food particles, particles smaller than
1.18 mm pass through the rumen without
the need for rumination, whereas particles
with an average size, above 8 mm, cause the
food stays longer in the gastrointestinal tract
(Castro et al., 2009).

Another factor that interferes in the
rumination time is the fiber content,
especially the neutral detergent fiber (NDF)
content (COLENBRANDER et al., 1991).
Foods with a high content of NDF (BOEVER
et al.,, 1990; OBA and ALLEN, 2000), or
NDF with low degradability (MCQUEEN
and ROBINSON, 1996), need to be chewed
and, mainly ruminated for a longer period of
time.

For the variables DMS, BPD and BMD,
a CV above 7.9, 8.3 and 13.5%, respectively,
are considered very high, unlike what was
advocated by Pimentel Gomes (1985).

The variables consumption of DM, OM,
CP and NDF present higher CV values,
compared to the other characteristics, this
can be explained through the mechanisms
that govern the control of food intake by two
theories: one due to the physical limitation
of the digestive tract and the other by
the animals physiological and metabolic
requirements (VAN SOEST, 1994).

The application of the Shapiro-Wilk
normality test showed that the data of carcass
characteristics studied had a distribution that
did not differ from the normal (Table 03).

By means of the coefficients of variation
observed (Table 03), there is a tendency for
the variables PPR, AOL, EG, FC and meat
lipid content to present higher CV values,
compared to the other analyzed variables,
especially PPR, which can be associated
with the cooling speed of a carcass, being
dependent on several factors: specific heat
of the carcass, weight, amount of external
fat, thermal conductivity, temperature of the
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Shapiro-Wilk

Variables Quantity ~ Minimum  Maximum  Medium cslzi?i?:)i _
W P (One sided D)

CA 42 2,25 21,36 10,61 5,32 0,92 0,0310
CMS 33 3,67 20,3 10,69 4,41 0,91 0,0320
CMO 19 0,24 18,88 9,25 6,88 0,93 0,3799
CPB 29 6,39 27,43 14,28 6,11 0,91 0,0385
CFDN 24 6,4 27,55 13,23 5,15 0,89 0,0380
DMS 23 2,61 11,25 513 2,14 0,96 0,1232
DMO 29 0,63 14,61 6,39 3,60 0,92 0,0324
DPB 23 2,03 10,34 9,11 2,39 0,90 0,0665
DFDN 24 4,17 14,08 8,54 2,59 0,91 0,1124
REF 14 7,49 30,81 19,25 6,15 0,90 0,8567
RUM 14 8,74 31,14 16,31 5,88 0,90 0,4026
oC 14 8,05 26,08 14,34 5,10 0,91 0,2439

CA: Food conversion; CMS: Dry matter consumption; CMO: Consumption of organic matter; CPB:

Crude protein consumption; CFDN: Consumption of neutral detergent fiber; DMS (%): Digestibility of
dry matter; BMD (%): Digestibility of organic matter; BPD (%): Crude protein digestibility; DEND (%):
Digestibility of fiber in neutral detergent; REF: Meal; RUM: Rumination; OC: Idle (Min/day).

Table 01. Normality test and descriptive statistics of the coefficients of variation of the variables studied in

the published experiments on beef sheep

< Low Medium High Very high >
Variables

CV<X-S X-S<CV< X+S X+5<CV< X+ 2§ >X+ 28

CA <5,41 5,41<CV<11,72 11,72<CV< 14,88 >18,61
CMS <5,55 5,55<CV< 15,17 15,17<CV< 19,68 >19,68
CMO <4,33 4,33<CV<21,04 21,04<CV<=29,39 >29,39
CPB <8,97 8,97<CV< 22,90 22,90<CV< 29,86 >29,86
CFDN <8,99 8,99<CV< 22,59 22,59<CV<29,39 >29,39

DMS <2,99 2,99<CV<6,29 6,29<CV<7,93 >7,93
DMO <2,63 2,63<CV<9,94 9,94<CV<13,59 >13,59
DPB <2,56 2,56<CV=6,43 6,43<CV< 8,37 >8,37
DFDN <4,80 4,80<CV<13,32 13,32<CV< 17,58 >17,58
REF <13,11 13,11<CV< 25,40 25,40<CV< 31,55 >31,55
RUM <10,43 10,43<CV< 22,19 22,19<CV< 28,07 >28,07
OoC <9,24 9,24<CV< 19,45 19,45<CV< 24,55 >24,55

CA: Food conversion; CMS: Dry matter consumption; CMO: Consumption of organic matter; CPB:

Crude protein consumption; CFDN: Consumption of neutral detergent fiber; DMS (%): Digestibility of
dry matter; BMD (%): Digestibility of organic matter; BPD (%): Crude protein digestibility; DEND (%):
Digestibility of fiber in neutral detergent; REF: Meal; RUM: Rumination; OC: Idle (Min/day).

Table 02. Classification ranges for the coeflicients of variation (%) of the variables commonly evaluated in

performance experiments with beef sheep.




Standard Shapiro-Wilk

Variables Quantity Minimum Maximum Medium

deviation W P (one-sided D)

PCQ (Kg) 54 3,13 20,56 9,71 4,55 0,94 0,0418
RCQ (%) 30 3,1 7,85 4,88 1,3 0,93 0,1371
PPR (%) 38 8,46 73,83 34,62 18,52 0,93 0,0934
AOL (cm?) 31 9,83 34,42 16,25 6,79 0,91 0,0419
EG (mm) 24 19,15 59,7 33,82 10,55 0,89 0,0434
pH final 23 0,17 4,97 1,54 1,38 0,92 0,1976
PPC (%) 27 1,96 13,48 8,65 3,48 0,93 0,3589
CRA (%) 18 1,12 8,1 4 2 0,94 0,3213
FC (KgF) 33 4,37 36,3 19,76 8,73 0,91 0,1823
Moisture 26 0,04 2,99 0,89 0,72 0,92 0,0704
Ashes 21 0,93 12,02 3,88 3,75 0,92 0,1886
Proteins 27 0,68 8,41 2,7 2,16 0,92 0,1483
Lipid 25 0,62 45,85 18,39 13,71 0,91 0,0791

Hot carcass weight (PCQ), Hot carcass yield (RCQ), Chilling weight loss (PPR), Loin oil area (AOL), Fat
thickness (EG), final pH (24 hours post slaughter), Cooking Weight Loss (PPC), Water Holding Capacity
(WRC), Shearing Force (FC), Moisture, Ash, Proteins and Lipids.

Table 03. Normality test and descriptive statistics of the coefficients of variation of the variables studied in
beef sheep carcasses.

Low Medium High Very high
Variables

<(X-S) (X-S) a (X+5) (X+S) a (X+2S) > (X+28)
PCQ (Kg) <515 5,152 14,26 14,26 a 18,81 > 18,81
RCQ (%) <3,58 3,582a6,18 6,182 7,49 > 7,49
PPR (%) < 16,09 16,09 a 53,14 53,14 a 71,66 > 71,66
AOL (cm2) <9,46 9,46 a 23,04 23,04 229,83 > 29,83
EG (mm) <23,27 23,27 a 44,37 44,37 a 54,92 > 54,92
pH final <0,16 0,16 2 2,92 2,92 24,30 > 4,30
PPC (%) <5,17 5,17a12,13 12,13 a2 15,60 > 15,60
CRA (%) <1,99 1,99 2 6,00 6,00 a 8,00 > 8,00
FC (KgF) < 11,03 11,03 a 28,49 28,49 a 37,23 > 37,23
Moisture <0,17 0,17 a 1,60 1,60 a 2,32 >2,32
Ashes <0,13 0,13a7,63 7,63a11,38 > 11,38
Proteins < 0,54 0,54 a 4,86 4,86 a 7,02 > 7,02
Lipid < 4,68 4,68 a 32,10 32,10 a 45,82 > 45,82

Hot Carcass Weight (PCQ), Hot Carcass Yield (RQC), Chilling Weight Loss (PPR), Loin Oil Area (AOL),
Fat Thickness (EG), Final Ph (24 hours post slaughter), Cooking Weight Loss (PPC), Water Holding
Capacity (WRC), Shearing Force (FC), Moisture, Ash, Proteins and Lipids.

Table 04. Classification ranges for the coeflicients of variation (%) of the variables commonly evaluated in

beef sheep carcasses




refrigeration chamber and air circulation
speed (MEDEIROS, 2006). Carcass fat
reduces heat dissipation and PPR is closely
linked to carcass EG, noting the variability
of the CVs of both. The greater the carcass
weight and greater fat coverage, therefore,
the longer the cooling time (URANO et al.,
2006).

The measurement of AOL is usually
performed by tracing the muscle Longissumus
dorsi with the help of tracing paper, which
may be the main source of variation, since
the perfection in the tracing performed by
the researcher will measure the AOL without
under or overestimating it, giving the variable
the lowest possible variation index.

The lipid content of the meat, as a variable
of laboratory measurement, must give a CV
without major changes, however, we can
see (Table 3) that there are large oscillations
and this may be linked to the extraction
methods used in the analyzed works, since,
the Soxhlet method, the values for lipids are
generally higher than those found by the
Folch method. The results may be related to
the fact that in the Soxhlet extraction, there
is a “dragging” of free lipids (triglycerides
and free fatty acids), in contrast to the Folch
method, whereby only lipids bound to
proteins and carbohydrates are extracted.

The exception is in relation to the final pH,
moisture, ash and proteins, which showed
an average well below the other variables,
as it is easy to determine in the laboratory.
The variable, water retention capacity, also
showed a similar behavior, since it is directly
related to the meat’s ability to retain its
moisture or water during the application of
external forces (CEZAR and SOUZA, 2007).

Therefore, the digestibility variable
presented the lowest average coefficients of
variation, while the time in meal variable
presented the highest CV averages. Regarding
the carcass characteristics, the variables

weight loss by cooling, loin eye area, fat
thickness, shear force and lipid content of
the meat presented the highest CVs, whereas
the final pH, moisture, ashes and proteins
presented an average well below the other
variables. Thus, it is not possible to use the
fixed values stipulated by Gomes (1990), as
this author stipulated the CV classification
ranges based on agronomic variables,
however, in the confinement cutting sheep
industry, the uncontrolled variations, or
fruits of the chance, are relatively smaller
than those found in agronomic experiments.
This is because we work with animals in more
controlled environments, and we can even
work with high homogeneity. Therefore, these
ranges stipulated by Gomes (1990), despite
being widely used as reference values, lead to
a great bias in the conclusions of experiments
in the area of beef sheep farming.

CONCLUSIONS

The classification ranges of the coefficients
of variation found for the analyzed variables
can be used as a reference to determine the
experimental precision.

The coeflicients of variation in studies with
beef sheep have their own characteristics and
differ significantly from the ranges proposed
by Gomes (1990) for most of the variables
analyzed.

The ranges of CV values differed among
the different variables, presenting wide
variation, therefore, it is necessary to use a
specific evaluation range for each variable.
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