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Summary

Methods to determine fatty acids (FAs) and CLA contents of faeces should limit isom-
erisation, provide a good repeatability of the measures, avoid the use of harmful sub-
stances. Three methods of FAs extraction from faeces for GC analysis were compared:
Est-DF, |, based on extraction and esterification of FAs contained in dry faeces using
Na-methoxide, methanolic-HCl and toluene as solvent; Est-EE,}, based on acid-base
extraction and esterification of FAs on the faecal ether extract (EE), using toluene as
solvent; and AEst-EE; ., based on an acid catalyzed esterification of FAs contained
in EE, using n-heptane as solvent. Faeces were collected from bulls receiving 0, 8 and
80 g/d of rumen protected CLA (rpCLA). The faeces of 9 bulls (3 for each dose) were
analysed in triplicates by each method. Methods were compared by linear regression.
The measurements performed with Est-EE,,; and AEst-EE; ., regressed against those
of Est-DF,, evidenced, in particularly for CLA isomers and their sum, positive in-
tercepts and slopes significantly lower than the unity. The proportions of c18:2,9,t11
found with Est-DF,,; and AEst-EEy,,, were correlated to the dose of rpCLA (R = 0.87
and 0.51, respectively), whereas those found with Est-EE; did not (R = 0.17). The Est-
DF,,; method is recommended because it minimizes the isomerisation of the polyun-
saturated fatty acids and yields a more accurate measurement of the FAs profile.
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Aim

The analysis of FAs and CLA contents in the faeces of ru-
minants is useful in studies on digestibility and metabolism of
individual FAs. This study was aimed to compare three analyti-
cal methods for measuring the faecal FAs profile and their CLA
contents, considering their effects on CLA isomerisation and the
repeatability of their profile measurements.

Materials and methods

This study is part of a research program carried out at the
experimental farm of the University of Padova aimed to evalu-
ate the effects of diets supplemented with rumen protected CLA
(rpCLA) (Sila s.r.l., Noale, Italy) on ruminants (Dal Maso et al.,
2008, 2009; Schiavon et al., 2010). Fifty-four crossbred young
bulls and heifers were fed a total mixed ration supplement-
ed with 0, 8 or 80 g/d of rpCLA from about 5 to 16 months of
age. The rpCLA supplement consisted of methyl esters of CLA
bound to a silica matrix and coated with hydrogenated soybean
oil. The lipid-coated rpCLA was composed of 800, 178, and 22
g/kg of lipid, ash, and moisture, respectively. The lipid portion
contained 456 g/kg of palmitic and stearic acids, 79.2 and 76.8
g/kg of cis-9, trans-11 CLA and trans-10, cis-12 CLA isomers,
respectively, and 91 g/kg of other FAs (Schiavon et al., 2011).

Faecal grab samples were collected from 9 bulls (3 for each
rpCLA dose) after 180 days on trial. The faeces were oven dried
(55°C), finely ground (1 mm screen) and stored at 4°C till the
analysis. Before the GC analysis, the faecal samples were pro-
cessed in triplication according to the following methods:

I. Acid-base esterification of FAs performed directly on the
dry faecal samples (Est-DF, ). The procedures described by
Sukhija and Palmquist (1988) and later modified by Jenkins
(2010) were applied using toluene as non-polar solvent and
methyl 12-tridecenoate (2 mg/mL in toluene) as internal
standard.

II. Acid-base esterification of FAs performed on the EE recov-
ered from faeces (Est-EE,)).The esterification procedure de-
scribed by Sukhija and Palmquist (1988) and later modified
by Jenkins (2010) was applied to the EE recovered from the
faeces as described by Sanderson (1986).

III. Acid catalyzed methylation of FAs performed on EE extracted
from faeces (AEst-EEy ). The method proposed by Christie
(1993) was performed on the EE recovered from the faeces
(Sanderson, 1986) as done for Est-EE,;, but using n-heptane
as organic solvent and methyl 12-tridecenoate as internal
standard (0.6 mg/mL in n-heptane).

Gas chromatography analysis. The samples obtained with
the 3 different procedures were analysed for their FA profile
using a double column GC (Agilent Technologies 7890 A, CA,
United States) equipped with a modulator (Agilent G3486A
CFT, CA, USA), an automatic sampler (Agilent 7693, CA, USA),
a FID detector connected with a chromatography data system
software (Agilent ChemStation, CA, USA). The operative con-
ditions of the GC apparatus were: first column of 60 m x 180
pum (i.d.) X 0.2 um (film thickness) (Agilent custom HP88, CA,
USA) flow of 0.2 mL/min increased to 0.3mL/min at a rate of
0.003 mL/min; second column of 3 m x 250 pum (i.d.) X 0.25 pm
(film thickness) (Agilent HP-50+, CA, USA) flow of 24 mL/min
held for 58 min then increased to 25 mL/min at a rate of 0.1 mL/

min. Planned oven temperature variation: increase from 120°C
(held for 5 min) to 150°C (held for 20 min) at 8°C/min and then
increased to 240°C (held for 20 min) at 2°C/min. Valves: modu-
lation delay, 1 min; modulation period, 3 sec; sample time, 2.85
sec. Gas flows: hydrogen, 20 mL/min; air, 450 mL/min. Sample
injection: 0.8 puL (pulsed split mode, injection pressure 1.724 bar
x 0.3 min, split ratio 150:1). The resulting three-dimensional
chromatograms were analysed with the comprensive GC x GC
software (Zoex Corp., TX, USA) to evaluate the volumes of each
fatty acid peak. Fatty acids were identified by comparison of the
peaks position in the samples with peaks position of fatty acids
presents in a GC reference standard (674 nu-chek prep, inc. MN,
USA), which was a mixture of 52 pure FAs, and in ¢9t11 CLA
and #10c12 CLA standards (Nu-Chek Prep, Inc. MN, USA). The
proportion of single FA was expressed as proportion of single
FA peak volume in comparison to total FAs volume.

Statistical analysis. The FAs composition of the faeces ob-
tained for each method were analysed using the Proc MIXED,
and the REML procedure, of SAS 9.2 (SAS Institute Inc., NC,
USA) with a hierarchic model which considered the dose of
rpCLA as fixed effect, the animal within dose as random effect,
and the residual. The dose of CLA was tested using animal as
error line. The results were expressed as root of the variances
(standard deviations) of the effects of rpCLA dose, animal and
the residual (RSD). It was found, using Bartlett’s test (Bartlett,
1937) in SAS 9.2 (SAS Institute Inc., NC, USA), that the variances
associated to the various methods were not homoscedastic, and
so use of ANOVA models was not applicable to compare effects
of methods. Thus, the various methods were compared by linear
regression PROC REG of SAS 9.2 (SAS Institute Inc., NC, USA)
using the means obtained from the three replications available
for each animal (n = 9) and testing the differences of intercepts
and slopes from zero and the unity, respectively.

Results and discussion

Lipid reaching the intestines of ruminant species is similar
in quantity but dramatically different in structure compared
with lipid consumed (Jenkins and Lee, 2007). An accurate and
precise FAs profile quantification of the faeces is important for
nutritional studies aimed to evaluate the effects of animals and
of diets, especially in the case of rpCLA integration. The acid ca-
talysis AEst-EEy,., method applied to the faecal acid hydrolysed
EE provides strong condition and prolonged high temperature
reactions. The acid-base esterification of FAs with the Est-EE,
method acts with milder conditions and shorter incubation pe-
riods compared to the previous method, but includes the same
acid hydrolysis and ether extraction of fat from the faeces. The
Est-DF,| procedure provides mild conditions for the extrac-
tion of FAs and was applied directly to the dry faecal samples.

The three methods differed for RSD, a measure of repeata-
bility. Overall, the AEst-EE},.,, method proposed in the present
paper, showed, for almost all FAs and their sums, the lower RSD
compared to Est-EE,;, while the RSD obtained for Est-DF,; was
intermediate (Table 1). It is also interesting to note that the effect
of rpCLA on the proportions of C18:2,¢10,c12, of C18:2,t9,¢11 and
of CLA sum was highly significant (P<0.01) only with the Est-
DF,, method, whereas with the other two methods the effect of
the rpCLA was much smaller for C18:2,t10,c12 and not signifi-
cant for C18:2,t9,t11 and CLA sum.
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Figure 1. Relationships between the proportions of
C18:2,t10,c12 (% total FA) assessed with different methods: Est-
DFtol based on acid-base extraction and esterification of fatty
acids (FAs) directly performed on dried faeces using toluene
as solvent (Sukhija and Palmquist, 1988, modified by Jenkins,
2010); Est-EEtol based on petroleum ether extraction (EE)
(Sanderson, 1986), acid-base extraction and esterification of FAs
contained in faecal EE using toluene as solvent (Jenkins, 2010);
and AEst-EEhept based on acid extraction and esterification
of FAs presents in the faecal EE (Christie, 1993), but using
n-heptane as solvent. Data were on 3 bullsx3 doses of rpCLA (0,
8 and 80 g/d) averaging 3 replications performed for each bull
(n=9)

The three methods produced comparable results in term of
means of the various FAs concentrations and of their sums, with
some exceptions (Table 1). In particularly, it was observed that
the sum of the various CLA isomers was comparable among the
three methods, being on average 0.55%, but the proportions of
individual CLA isomers were not. With Est-DF,; the mean pro-
portions of C18:2,¢9,¢11 (0.27%) and of C18:2,t10,c12 (0.18%) were
higher compared to the corresponding values obtained with Est-
EE,, (0.19 and 0.11%, respectively) and with AEst-EE;., (0.20
and 0.10%, respectively). On the opposite, with the Est-DF,; the
mean proportion of the C18:2,£9,t11 (0.12%), which likely results
from isomerisation due to the sample processing, was much
smaller than the mean values obtained for Est-EE,; (0.25%) and
for AEst-EE},( (0.26%). The measurements performed with Est-
EE,, regressed against those of Est-DF,, evidenced in many
cases, but in particularly for CLA isomers and their sum, a sig-
nificant positive intercept and a slope significantly lower than the
unity (Table 2, Figure 1). The same was observed when the AEst-
EE}., measures were regressed against the Est-DF,| ones. On
the opposite the measurements obtained from AEst-EEj,, and
Est-EE,;, were linearly related, with some exceptions. In addi-
tion, it was found that the proportions of c18:2,t9,t11 found with
Est-DF, | were, as expected, correlated to the dose of rpCLA (R
= 0.87), whereas those found with Est-EE,; (R = 0.17) and with
AEst-EE}., (R = 0.51) did not. These results indicated that both
the methods based on the EE have likely induced a FA isomeri-
sation compared to the method based on the direct treatment
of the dry faeces. To this regard it is confirmed, as indicated by
Kramer et al. (1997), that all acid catalyzed procedures result in
an increased concentration of C18:2,t9,t11. These results indi-

cated that the Est-DF, ; method was more efficient to detect dif-
ferences due to increasing dosage of rpCLA.

Conclusions

The results reported in this work are addressed to avoid
common analytical errors yielding inaccurate results during
analysis of fatty acids in feed and digesta samples and to produce
a more effective measurement of lipid with nutritional values
(Palmquist and Jenkins, 2003). The results show that Est-DF,;
is the most recommendable method for determining the CLA
content of faeces, as it is least burdened with the side reactions
during FAME preparation compared to the other ones. These
results are useful for nutritional studies regarding the lipid com-
ponents of feeds and faeces.
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