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2 Study

Abstract. Non-invasive measurement hormones in feces using enzyme immunoassay (EIA) technique needs
to be validated. This study was conducted to develop and validate an enzyme immunoassay kit for measuring
the concentration of cortisol metabolites in feces of Toraya buffalo. An EIA kit of 11β-hydroxyetiocholanolone (11β-hydroxy-CM assay) was developed and validated analytically and biologically using
feces of Toraya Buffalo for cortisol metabolite measurements. Analytical validation comprises the parallelism
test, accuracy, precision, and assay sensitivity. Biological validation performed by comparing concentration
cortisol metabolites in feces of Toraya buffalo before and after pa’silaga tedong, a fighting contest of buffalo
during the death ceremony of rambu solo at Tana Toraja, South Sulawesi Province. Results showed that the
curve of serial dilution of fecal samples was parallel with the 11β-hydroxy-CM standard curves. The accuracy
and sensitivity of the 11β-hydroxy-CM assay were 96.21%±7.59 and 0.78pg/well, respectively. The
precision based on coefficient variation (CV) of intra- and inter-assay was < 10% and < 15%, respectively.
Biological validation results showed that cortisol metabolites concentrations after pa’silaga tedong were
increased 3-10 fold than before pa’silaga tedong. In conclusion, the 11β-hydroxy-CM assay is a reliable
assay for measuring cortisol metabolites in feces of Toraya buffalo.
Keywords: Toraya buffalo, cortisol metabolites, 11β-hydroxy-CM assay, analytical and biological
validations.

1 Introduction
Toraya buffalo is one of native Indonesian livestock in
Indonesia based on a decision letter of the Ministry of
Agriculture No. 2845 / Kpts / LB.430 / 8/2012. This
buffalo is distributed at Tana Toraja, South Sulawesi,
Indonesia. The characteristic of Toraya buffalo can be
recognized by the body color which varies from white,
black, combination of white and black, and gray. Toraya
buffalo is an important livestock for the Toraja people
because Toraja ethnic has a traditional ceremony called
pa’silaga tedong , a fighting contest of buffalo during the
death ceremony of rambu solo [1].
The pa’silaga tedong is an event in which buffalo
will be fought with other buffalo before sacrificed for
rambu solo ceremony [2]. This event is very famous and
many tourists came. However, this event is not in
accordance with the principles of animal welfare and can
cause stress. Therefore, efforts are needed to monitor the
impact of the buffalo fighting on the stress levels for
assessing animal welfare. Moreover, information related
to stress levels can be used for holding the management
of the tradition of buffalo fighting in the future.
Monitoring stress can be assessed through stress
hormone measurement such as cortisol. The classic
*

method, measuring cortisol concentration performed from
a blood sample as known as an invasive method [3].
However, this method sometimes causes stress on animals
due to the process of capturing, sedating, and taking blood
samples over a long time, so the measurement data
becomes inaccurate [4]. The last few decades have
developed a non-invasive method for measuring cortisol
hormone from feces or urine samples [5,6].
Measurement of cortisol from feces or urine requires
specific antibodies [7]. This is because the hormones
measured in feces or urine are hormones that have been
metabolized by the body, known as the hormone
metabolites. 5β-androstane 3α,11β-diol-17-CMO-BSA
(11β-hydroxy etiocholanolo- ne / 11β-hydroxy-CM) is an
antibody that widely used to measure cortisol metabolite
in feces or urine in several animals [7,8]. This antibody
is a reduction of cortisol hormone by the 5β reductase
enzyme which can specifically measure cortisol
metabolites in animal feces and urine [9]. This type of
assay has been successfully applied to measure cortisol
metabolites in wildlife animals in Indonesia [10].
However, the use of this assay for measuring cortisol
metabolite concentrations in Toray buffalo feces has
never been done. Therefore it is necessary to do a
validation test to evaluate the ability of the 11β-hydroxy-
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CM assay for cortisol metabolite measurement in Toraya
buffalo. Therefore, the present study was conducted to
validate 11β-hydroxy-CM assay analytically and
biologically for cortisol metabolite measurement in feces
of Toraya buffalo.

standards. After that, the slope of the expected dose versus
percent bound of a diluted fecal extract of Toraya buffalo
was compared with the slope of 5β-androstane-3α,11βdiol-17-one standards). The accuracy was tested by
adding known quantities of the hormone to 5βandrostane-3α,11β-diol-17-one standards and then
calculated the percentage of the recovery. The precision
was tested by calculating intra-assay coefficients of
variation (measuring some low-quality controls (QC L)
and high-quality controls (QC H) in one microplate) and
inter-assay CV (measuring some QC L and QC H in
several microplates). The biological validation was
performed by examining the effects of a fighting contest
of buffalo during the death ceremony of rambu solo on
the concentration of cortisol metabolites. For one fighter
buffaloes, fecal samples were collected one week before
and from the day 1 to 7 after fighting event (pa’silaga
tedong). Moreover, fecal samples were also collected
from nine fighter buffaloes 2 to 4 weeks after pa’silaga
tedong and 10 non fighter buffaloes..

2 Materials and Methods
2.1 Fecal sample Collection
Fecal samples were collected from Toraya buffalo in
Makale, Tana Toraja Regency, South Sulawesi. In this
study, 20 male Toraya buffaloes (10 fighters and 10 nonfighters buffaloes) were used. A fecal sample was
collected immediately after defecation, homogenized,
and then 5-10 g was put into a tube and stored in the
freezer at -20ºC before transported to the Laboratory of
Physiology Faculty of Veterinary Medicine, Universitas
Syiah Kuala for hormone analysis.
2.2 Fecal sample preparation and extraction

2.5 Hormone Measurements

Fecal samples were extracted using a method described
by Gholib et al. [8]. The first, frozen fecal sample was
thawed at 50° C for 1-2 hours. Subsequently, the fecal
sample was homogeneous and ~ 0.55 g of fresh fecal
samples were put into a tube containing 4.5 ml of 80%
methanol. Fecal samples were then extracted using a
multivortexer (Brand, USA) at a speed of 1000 rpm for 10
minutes. After that, the sample was centrifuged at 3000
rpm for 10 minutes. Finally, the supernatant was taken
and put into a microtube and stored in a freezer -20ºC
before measuring the cortisol metabolite concentration.

The procedure for measuring cortisol metabolite
concentrations in the fecal extract of Toraya buffalo was
carried out according to Gholib et al ., [13]. 50 μl of fecal
extracts, standards, and quality controls were assayed on
microplates. Afterward, it was added 50 l enzyme
conjugate, and 50l antibody to each well and then mixed.
The mixture was then incubated overnight at 4°C.
Following incubation, the plates were washed four times
with PBS washing solution (containing 0.05% Tween 20),
blotted dry, and 150 l of streptavidin-peroxidase (S5512, supplied by Sigma, Germany) in assay buffer was
added to each well. The plates were incubated at room
temperature (RT) in the dark for 30 minutes after which
they were washed again four times. Substrate solution
(150 l, containing 0.025% tetramethyl-benzidine and
0.05% H2O2) was then added to each well. The plates
were again incubated in dark at RT for 30–45 min
depending on the color change. The enzyme reaction was
then stopped with 50 μl 2M H2SO4 in each well. Finally,
absorbance was measured using the ELISA reader
(xMark™ Microplate Absorbance Spectrophotometer,
Bio-Rad Laboratories Inc.) at 450 nm.

2.3 Validation of Enzyme immunoassay
Fecal samples were extracted using a method described
by Gholib et al. [8]. The first, frozen fecal sample was
thawed at 50° C for 1-2 hours. Subsequently, the fecal
sample was homogeneous and ~ 0.55 g of fresh fecal
samples were put into a tube containing 4.5 ml of 80%
methanol. Fecal samples were then extracted using a
multivortexer (Brand, USA) at a speed of 1000 rpm for 10
minutes. After that, the sample was centrifuged at 3000
rpm for 10 minutes. Finally, the supernatant was taken
and put into a microtube and stored in a freezer -20ºC
before measuring the cortisol metabolite concentration.

2.6 Data Analysis
Data of the parallelism test were analyzed using the test
of equality of slope between the sample curve and the
standard curve [14]. The accuracy was determined by
calculated the % recovery (measured hormone
concentration / expected hormone concentration x 100).
The precision was calculated from the % CV of intra and
inter-assay from the Low-Quality Control (QC-Low) and
High-Quality
Control
(QC-High)
[(standard
deviation/average) x 100]. The sensitivity was calculated
by subtracting 2 standard deviations from the mean of 20
replicate analyses of the zero standards. The concentration
of cortisol metabolites from fighters and non-fighters
buffalo were analyzed using the Mann Whitney U Test.

2.4 Validation of Enzyme immunoassay
A validation test was carried out to examine the ability
and accuracy of the 11β-hydroxy-CM
assay for
measuring the concentration of cortisol metabolites in
fecal samples of Toraya buffalo. The validation test was
performed through analytical and biological validations.
The procedure of the validation test was adopted from
Gholib et al., [11] and Gholib et al. [12]. The analytical
validation test consists of the parallelism/linearity test,
accuracy, precision, and sensitivity. The parallelism /
linearity test was performed by running serial dilution of
a fecal extract of Toraya buffalo 1:10 to 1:320 and then
assayed together with 5β-androstane-3α,11β-diol-17-one
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Table 1. Percentace of coefficient varioation (CV) of intra-and
inter-assay variation

3 Results and Discussion
3.1 Analytical Validation
Analytical validation is one of the validation tests
conducted to examine the ability of a 5β- hydroxy-CM
assay for measuring cortisol metabolites in feces of
Toraya buffalo accurately. This validation test consists a
paralellism test (linierity), accuracy, precision, and
sensitivity.
Results of paralellism test showed that fecal cortisol
concentartions of diluted fecal samples ( 1:10 to 1:320)
decreased in line with the increasing of dilution levels
(Figure 1). The curve of the serial dilution of fecal
samples was parallel with the curve of 5β- hydroxy-CM
standard which slope of the 5β- hydroxy-CM standard
curve was not significantly different with the slope of the
fecal samples curve (p>0.05). Based on the results of the
pararellism test, the optimal dilution for measuring fecal
cortisol in feces of toraya buffalo using this assay was
1:50 Parallelism test is a test conducted to determine the
linearity of the serial dilution samples to the standard
curve of the hormone assay used. This test can used to
evaluated the binding capability of the antigen to the
antibody in the assay used. Moreover, the parallelism test
can also be used to determine the optimal dilution of the
sample used [11].

High Quality Control (%0
Low Quality Control (%)

Intra-assay
7.08
8.85

Inter-assay
12.65
9.67

3.2 Biological Validation
Fecal cortisol concentrations in feces of Toraya buffalo
after fighting showed an increase 3-10 fold compared to
before fighting (Figure 2).

Figure 2. Fecal cortisol concentration of Toraya buffalo before
(-1) and after (1 to 7) P’silaga tedong, , a fighting contest of
buffalo during the death ceremony of rambu solo at Tana Toraja,
South Sulawesi Province.

Comparing before fighting ( day -1), cortisol
concentrations on the 1st day to the 7th day increased by
825%, 770%, 941%, 609%, 1142%, 764% and 307%. On
the 4th day, cortisol concentrations seem to decrease, but
it increased again on the 5th day after fighting. Increasing
of fecal cortisol concentrations is expected due to
unhealed wounds yet. Fecal cortisol concentration
decreased considerably on the 7th day, but the fecal
cortisol concentrations were still higher than before fight.
The results showed that the concentrations of fecal
cortisol in non-fighter's buffalo were lower compared to
fighting's buffalo which had been used in the Tedong
Pasilaga ceremony. The mean (±SD) of fecal cortisol
concentrations in non-fighter's buffalo was 124.31±54.30
ng/g feces, and 201.16 ±141.18 ng/g in figther's buffalo
(Figure 3). However, the fecal cortisol concentrations
were no significant difference between non-fighter's
buffalo and fighter's buffalo (p>0.5). This is likely
because the fecal samples from the fighter’s Toraya
buffalo were collected 2 to 4 weeks after Pa’silaga tedong
ceremony, so that the buffalo has undergone a recovery
process.
Based on the results indicated that biological
validation of 5β- hydroxy-CM showed a biological
meaningfull regarding in the response to stress event.
According to Etim et al. [16], stress can be caused by
several factors such as poor maintenance, hunger, thirsty,
injury, and hot weather which cortisol can be used as
indicator of stress [12].

Figure 1. Curve of serial dilution of selected fecal samples
(sample 1 and 2) and 5β- hydroxy-CM standard

The accuracy obtained from this study was 96.21±
7.59%. This results indicate that 5β- hydroxy-CM assay
has a good accuracy for measuring fecal cortisol
metabolite in feces of Toraya buffalo. This test can be
used to evaluate the interfearing substances that may that
may interfere with the binding of antigens and antibodies
[15].
The precision of 5β-hydroxy-CM assay based on the
percentage coefficient of variation (%CV) within plate
(intra-assay-CV) and between plates (inter-assay-CV)
from Low-Quality control (QC-Low) and High-Quality
Control (QC-High) was presented in Table 1. The
sensitivity of the 5β- hydroxy-CM assay was 0.78pg/well.
Results of the analytical validation showed that this assay
a reliable assay for measuring fecal cortisol metabolite in
feces of Toraya buffalo.
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