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ABSTRACT

Saturated aliphatic hydrocarbons (n-alkanes) were
extracted from feed, orts, and bovine fecal samples using
disposable, plastic 5mL-syringes as an alternative material to
disposable columns, which are normally used in the liquid-solid
extraction phase of n-alkanes. For both methods, the n-alkane
extracts (carbon chain length between 31 and 36 atoms) were
identified using gas chromatography. The linear regression between
methods were: 1) feces: column Alkane=2.63+0.92×syringeAlkane
[r2=0.94, square root of the mean square error (RMSE)=13.7mg
kg-1, n=30] from which the intercept and the slope did not
simultaneously differ from zero and unity (P>0.05), respectively;
2) feeds: column Alkane=0.36+1.12×syringeAlkane (r2=0.85,
RMSE=1.9mg kg-1, n=21) from which the intercept and the
slope did not simultaneously differ from zero and unity (P>0.05),
respectively; 3) orts: column Alkane=0.49+0.92×syringeAlkane
(r2=0.98, RMSE=1.2mg kg-1, n=15) from which the intercept
and the slope did not simultaneously differ from zero and unity
(P>0.05), respectively. Materials with low concentration of n-
alkanes may affect the values obtained in both methods. These
results suggested that disposable plastic syringes might be a
viable alternative to columns thus, reducing analytical costs.

Key words: analysis, digestibility, intake, hydrocarbons, n-
alkane determination

RESUMO

N-alcanos foram extraídos de alimentos, sobras e
fezes de bovinos com a utilização de seringas plásticas
descartáveis de 5mL como um material alternativo às colunas
descartáveis que são normalmente utilizadas para a fase de
extração líquido-sólido. Para ambos os métodos, os n-alcanos
(cadeias de carbono entre 31 e 36 átomos) foram identificados
usando cromatografia gasosa. As regressões lineares entre métodos

foram: 1) fezes: coluna Alcano=2,63+0,92×seringa Alcano
[r2=0,94, raiz do quadrado médio do erro (RMSE)=13,7mg kg-1,
n=30], em que o intercepto e o coeficiente angular não diferiram
simultaneamente de zero e um (P>0,05), respectivamente; 2)
alimentos: coluna Alcano=0,36+1,12×seringa Alcano (r2=0,85,
RMSE=1,9mg kg-1, n=21), em que o intercepto e o coeficiente
angular não diferiram simultaneamente de zero e um (P>0,05),
respectivamente; 3) sobras: coluna Alcano=0,49+0,92×seringa
Alcano (r2=0,98, RMSE=1,2mg kg-1, n=15), em que o intercepto
e o coeficiente angular não diferiram simultaneamente de zero e
um (P>0,05), respectivamente. Materiais com baixas
concentrações de alcanos podem afetar os valores obtidos em
ambos os métodos de extração. Esses resultados sugerem que as
seringas plásticas descartáveis podem ser uma alternativa viável
às colunas, reduzindo o custo analítico.

Palavras-chave: análise, determinação de n-alcanos,
digestibilidade, consumo, hidrocarbonetos.

Aliphatic saturated hydrocarbons (n-
alkanes) can be used as internal and external markers
in nutrition studies with herbivore mammals. However,
n-alkanes extraction may not be used as a routine
technique in laboratorial feed analysis because time
and cost might constraint its practical application.
Several research papers have proposed changes in the
extraction and analysis procedures, including reduction
of the time spent during the process of direct
saponification and change of the type of solvent used
(DILLON & STAKELLUM, 1990; VULICH, 1994;
VULICH et al., 1995; OLIVÁN & OSORO, 1999).
However, only few papers have evaluated alternative
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materials to potentially reduce costs without affecting
the analysis. Cost is an important issue with laboratorial
chemical analyses in developing countries.

The objective of this study was to compare
plastic syringes with disposable columns, which are
commonly used to support the silica-gel in the liquid-
solid phase of extraction of n-alkanes analysis in forages
and concentrate feeds.

Thirty-three samples of individual feeds
(corn silage, three different concentrate mixtures
composed by ground corn, ground sorghum, corn
gluten feed, soybean meal, cottonseed meal, urea,
soybean hulls, mineral mix), orts (corn silage plus
concentrate) and feces of six steers, from a digestibility
trial, dosed with controlled-release n-alkanes capsules
containing 8g of C32 (n-dotriacontane) plus 8g of C36
(n-hexatriacontane) were used for testing alternative
methods of extracting n-alkanes. The n-alkane
concentrations in silage, concentrate, orts and fecal
samples were determined in duplicate using the
methodology described by DILLON & STAKELUM
(1990) and modified by OLIVEIRA (2004). Briefly: a) n-
heptane was used as solvent; b) during the
saponification procedure, a bath-water was used
instead of a dry-block heater. Extraction was made in
duplicates, with changes made only during the liquid-
solid phase of the process. These included the
replacement of empty columns (Alltech no 17312) by
5mL, empty plastic syringes. To support the silica-gel
(2.6g) in the syringes, cotton previously washed with
petroleum ether during 24 hours in a Soxhlet extractor
was used. Loss of solvent before fitting samples in the
syringes was avoided by using cut disposable needles
with tips sealed with epoxy resin. After rinsing the n-
alkanes fraction, identification and quantification of n-
alkanes was made using the C34 as an internal standard
through chromatographic analysis following procedure
described by OLIVEIRA et al. (2008).

Data for C31, C32, C33, C35 and C36 n-alkanes
(mg kg-1 of dry matter), for each comparison between
syringe and column extract method for feeds, feces,
and orts, duplicates were performed and the average
was used in the regression analyses for each material.
In this study we do not use the shorter n-alkanes
because according LAREDO et al. (1991) these shorter
n-alkanes having lower concentrations are able to
increase the errors in the extraction procedure affecting
the regression analyses. In addition, these n-alkanes
are the most used in intake estimates studies.

 The comparison between syringe and
column extracts was performed with linear regression
between values obtained with columns and syringes,
using the Model Evaluation System (MES; TEDESCHI,
2006; http://nutritionmodels.tamu.edu).

We tested whether the intercept and slope
were equal to zero and one, respectively, to verify if the
methods were similar. The analyses of deviations
(syringe minus columns values) were plotted against
syringe values to verify the percentage of points lying
within an acceptable range (95%). Data points outside
the range -2 to 2 of the studentized residue (regression
predicted minus columns values) were considered
outliers (influential points) and removed from the
regression analysis. The mean bias (mean of the
difference between columns and syringe values)
associated with the technique was tested using
Student-t test assuming paired values. The mean
square error of prediction (MSEP) consists of the
difference between columns and syringe values and it
was used to estimate the accuracy via the root of MSEP
(RMSEP).

 N-alkanes with length chain between 27 and
36 carbons were detected (data not shown), excepting
the C34 used as internal marker, with the amount
changing between 2 and 179mg kg-1 of dry matter (DM)
for concentrate and feces, respectively. The n-alkanes
C31 and C33 were found in higher concentration on the
feeds and orts (ranging from 2 to 45mg kg-1 of dry matter
for C27 and C36, respectively). On the fecal samples the
C32, C36 and C33 were the most abundant (ranging from
9 to 179mg kg-1 of dry matter for C35 and C32,
respectively).

For feces, the regression of syringe on
plastic column extracts had an r2 of 0.94 and the square
root of the mean square error (RMSE) was 13.7mg kg-1

DM (n=30). No outliers were detected and, the intercept
(2.63±4.71) and the slope (0.92±0.047) did not
simultaneously differ from zero and unity (P>0.05),
respectively, suggesting a good agreement between
these two techniques in measuring n-alkanes from
feces.

The syringe value was on average 4.5mg
kg-1 DM greater than column, but it was not different
from zero (P>0.05). The square root of the mean square
error of prediction (RMSEP) was 14.6mg kg-1 DM, very
close to the RMSE value. Random errors accounted
for 81% of the MSEP (mean square error of prediction).
The result for feces indicated that extractions of n-
alkanes either using syringe or plastic column for feces
had similar values and both methods were equivalent.

For feeds, the regression of syringe on
plastic column extracts had an r2 of 0.85 and RMSE of
1.86mg kg-1 DM (n=21). Six outliers were detected based
on leverage and Cook’s distance analysis. Despite the
low precision, the intercept and the slope did not
simultaneously differ from zero and unity (P>0.05),
respectively, suggesting a good agreement between
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these two techniques in measuring n-alkanes from
feeds. Even though the least-square regression
indicated that the intercept (0.359±0.54) was not
different from zero (P>0.05) and the slope (1.12±0.11)
was not different from unity (P>0.05).

Despite the low precision, there was little
mean bias (0.75mg kg-1 DM) between syringe and plastic
column extractions (P>0.05). The RMSEP was 1.98mg
kg-1 DM and random errors accounted for 80% of the
MSPE whereas mean bias accounted for 14.5% of the
MSEP. The result for feeds indicated that extractions
of n-alkanes using syringe and plastic column for feeds
might not be as accurate and precise as the extraction
for feces.

For orts, the regression of syringe (X) on
plastic column extracts (Y) (Y=0.49+0.92×X) had an r2

of 0.98 and RMSE of 1.21mg kg-1 DM (n=15). There
were five outliers based on leverage and Cook’s D
analyses. The intercept and the slope did not
simultaneously differ from zero and unity (P>0.10),
respectively, suggesting a good agreement between
these two techniques in measuring n-alkanes from orts
(Figure 1).

There was nearly no mean bias (0.09mg kg-1

DM) between syringe and plastic column extracts
(P>0.05). The RMSEP was 1.35mg kg-1 DM, but only
70% of the MSPE was explained by random errors; the
other 30% was accounted for systematic bias. The
result for orts indicated that extractions of n-alkanes
either using syringe or plastic column for feces concord.

Despite the good concordance, medium-to-
high precision and high accuracy of the comparison
between these two techniques (syringe vs. column) in
predicting n-alkanes concentration in feces, feeds, and
orts, these techniques were not uniform. Most of the
errors in the MSEP were random, but for feeds mean
bias accounted for 14.5% whereas for orts systematic
bias accounted for 30%. This suggests the errors do
not have the same pattern among these substrates/
residues which might be justified by the difference in
n-alkanes concentration. Furthermore, the histogram
of extracts (not showed) using either syringe or plastic
column skewed to the right, meaning that most of the
points were located in the lower quadrant of the scatter
plot, few high-value data points were available,
reflecting the lower concentration of the n-alkanes
mainly in feeds and orts.

The results from this experiment shown that
when the n-alkanes concentration was higher as in
feces, the linear regression between methods and the
measured analysis used were better than on the material
with less concentration. The influence of concentration
of n-alkanes on the accuracy of the analysis was studied
by BROSH et al. (2003) measuring the regression of
coefficient of variation (CV) on the n-alkane
concentration. The authors showed the accuracy of n-
alkane analysis increased with increasing n-alkane
concentration. Also, it has been pointed out by
LAREDO et al. (1991) and DOVE & MAYES (1991) that
it might be possible increase the analytical error in diets
when lower concentrations are observed.

Figure 1 - Relationship between n-alkanes extracted using disposable columns or plastic syringes. The
intercept was not different from zero (P>0.05) and the slope was different from zero
(P<0.05).
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Results obtained in this experiment were
satisfactory as depicted by the low concentrations of
n-alkanes in feeds used and indicate that syringes
could satisfactorily replace columns during the n-
alkanes extraction process.

Taking into account the associated
analytical costs (syringes are less expensive than
columns), syringes are a feasible alternative to columns
in determining n-alkanes concentration. On the other
hand, the advantage for columns is the reservoir that
can be fitted on the top of the column to allow for more
flexibility during the extraction process. However,
because syringes did not influence the outcome of the
analysis and have a significantly lower cost, they could
be used as replacement to columns.

The result indicated that extractions of n-
alkanes using syringe and plastic column for feeds or
orts might not be as accurate and precise as the
extraction for feces when low concentration of n-
alkanes are found affecting the values of both methods.
Disposable plastic syringes are a viable alternative to
imported columns and could be used in order to reduce
analytical costs.
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