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In acid soils such as turf, the biological activity is reduced, so lipids tend to accumulate. Those lipids
are made of two fractions: one fraction, named “simple lipids”, directly analyzable, and the other,
named “polar lipids” or “complex lipids”. The structure and origin of these “polar lipids” had been
investigated using chemical degradation methods. The degradation procedure consisted in an alkaline
hydrolysis, where 18-crown-6 ether was used as a phase transfer catalyst. This operation yielded a
large amount of acids and hydroxyl functions. Gas chromatography (GC) displayed similar distributions
of monocarboxylic acids in simple lipids and in hydrolyzed polar lipids, except the eicosanoic acid
which was abundant in polar lipids. Gas chromatography-mass spectrometry (GC-MS) analysis of
monocarboxylic acids showed large quantities of aliphatic acids. Some hopanoic acids were also
found. It seems that monocarboxylic acids were chemically linked to the polar matrix by ester group.
Key words: Polar lipids, alkaline hydrolysis, monocarboxylic acids, 18-crown-6.

INTRODUCTION
The soil is a vital environment for numerous living beings.
However, its natural balance is often disturbed by various
dumping such as industrial wastes or excessive
pesticides, which bring about toxic effects for
environment. In order to avoid those harmful outcomes, it
is necessary to have a good knowledge of physical,
chemical and biological properties of the soil. These
properties are widely conditioned by its organic
components.
Lipids are part of organic material of soils. They are
from microbial (Stevenson, 1965) or plant origins (FustecMathon et al., 1979; Kolattukudy, 1980; Amblès et al.,
1989), and are resulting from the transformation of plant
residues by microorganisms (Amblès et al., 1993).
Generally, lipids rates vary in accordance with the type of
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soil (Albrecht, 1970; Arpino, 1973; Jambu et al., 1978),
climate, vegetation and biological activity or soil
characteristics. They are extracted by organic solvents
and are made of simple lipids directly hydrolysable and
polar lipids with complex structure, which seemingly
correspond to a set of organic macromolecules resulting
from simple lipids polymerization (Maggi-Churin, 1986).
We undertook this work with the aim of characterizing
the structure and the origin of those polar lipids.
Considering that some lipids are not directly analyzable,
we resorted to using reactions of degradation. Such
methods were used for kerogen structural characterization (Kribii et al., 2001). In order to identify their natural
precursors, we disrupted the ester bonds using an
alkaline hydrolysis reaction in the presence of crown
ether, a phase transfer catalyst. Other hydrolysis
catalysts were used, but the 18-crown-6 ether appeared
to be the best material (Okome, 1991). This hydrolysis
released carboxylic acids and alcohols. We have chosen
to characterize carboxylic monoacids for they represent
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Table 1. Soil sample analytical characteristics.

pH(H2O)

Clays %

Alluvium %

Sand %

C org. %

N org. %

or each step (what4.3
are the two 12.5
steps??). After
cooling, hydrolysis
products
14.4
37.3
20.3 were extracted
1.5

Fe2O3 free %
1.0

Al2O3 free %
1.1

P2O5 %
0.14

the protocol described in figure 4.
Polar lipids after hydrolysis
85°C
Water addition
CHCl3 Extraction

They were equipped with a FID detector, along with an entry-divider
ROS injector, a 25 mm Crompack CPtm Sil5 melted silica capillary
column, and a Merck D 2000 Shimadzu integrator. For analyses,
temperature was selectively programmed: detector and injector
(300°C); oven initial temperature (70 or 120°C); final temperature
(300°C); temperature gradient (2°C/min).
Mass spectrometry (MS)

Organic phase 1

Aqueous phase 1
HCl Addition until pH=1
CHCl3 Extraction

Organic phase 2

Mass spectra presented in this work were registered by two types of
apparatuses: Kratos MS 25 mass spectrometer coupled with a
Perkin-Elmer Sigma 3 gas chromatograph and a Data General
Nova 4C computer, and a Finnigan Incos 500 spectrometer coupled
with a Varian 3300 gas chromatograph and Data General
computer.

Aqueous phase 2
Spectroscopic analyses (NMR and IR)

Figure 1. General Protocol of soil lipids extraction.

Hydrolysis products extraction protocol.

Proton and carbon 13 NMR spectra were measured on a Bruker
Spectrospin 200 MHz WP 200 SY apparatus. IR spectra were
seized thank to a Beckman Acculab 2 spectrometer.

ic phase 1, containing neutral and alkaline products, was obtained after alkaline extraction.
the most abundant family amongst hydrolysis products.
Analytic
protocol
simple
lipidsled
from
same
soil phase
were analyzed
ous phase Monoacids
acidification,ofthe
extraction
to the
organic
2 containing acidic
products.
for identification and comparison.
Soil samples were dried in the open air, homogenized, ground, and
products were separated in column and analyzed. Polar residues were hydrolyzed
a second
then sifted
at 200 μm before extraction.

MATERIALS
ding the same
protocol.AND METHODS
Origins and characteristics of soil samples
Soil sample was obtained from the acid turf horizon of Millevaches
plateau (Corrèze, France) between 20 and 40 cm deep. It is known
to be a low-biological activity sodden soil (Table 1)

Equipment
Column chromatography
We used glass columns with two-way faucets (glass or Teflon key).
For various fractionation purposes, we used 60G Merck Kieselgel
silica (granules of 0.063 to 0.2 mm). For column obstruction, we
used cotton and Fontainebleau sand. Silica, sand and cotton were
thoroughly washed in soxhlet for 24 h, using bi-distilled chloroform
and then they were vacuum-dried before being used.

Lipids extraction
Soil samples were introduced in cellulose cartridge, and twice
extracted by bi-distilled chloroform through soxhlet, in order to avoid
any sort of potential contamination. Chloroform was our organic
solvent of reference for lipids extraction because previous
experiments (Bilong, 1979) have shown that the use of chloroform
would increase lipid rate and more particularly that of polar lipids, in
comparison to the mixture ether of petrol (3/4) – ethyl acetate (1/4),
which was more commonly used. After cooling off, the solvent was
discarded by evaporation under partial vacuum (temperature lesser
than 50°C) using a rotary evaporator. After extraction, we obtained
directly fractionable “free” lipids. “Associated” lipids were extracted
after alkaline treatment in order to free humic and fulvic acids and
then acid treatment for organic and mineral matrix destruction to
which they were covalently linked. Soil lipids extraction protocol was
described in Figure 1.

Lipid extracts fractionation
Thin layer chromatography
Analyses were run on 0.25 mm thick commercial Merck plates, or
on lab-made ones on which we spread 0.5 mm thick 60 G Merck
silica.

Gas chromatography
Chromatography apparatuses were Packard model 427 and 438.

After solvent evaporation and drying, each of both lipid sets (free
and associated) was pre-fractionated using silica potash
impregnated chromatography, according the Mac Carthy and Dutie
Method (McCarthy and Duthie, 1962). We obtained three fractions:
neutral, acid and polar. The neutral fraction was dissolved in a
small volume of ether of petrol and then fractionated in silica
column. The fractionation was followed by thin layer
chromatography. The acidic fraction was methylated using
diazomethane before being fractionated within the column.
Amongst neutral and acidic fractions, we found numerous

found numerous analyzable families as shown by silica column chromatography

(what are the two steps??). After cooling, hydrolysis Madeleine
products were
extracted363
according t
et al.

yed in figures 2 and 3.

protocol described in figure 4.
Polar lipids after hydrolysis

Neutral fraction

85°C
Water addition
CHCl3 extraction

Silica column chromatography
Hydrocarbon
Long esters – Cerides – steroids

Organic phase 1

Aqueous phase 1
HCl addition until pH=1
CHCl3 extraction

Linear and triterpenic ketones
and
Triglycerides
Organic phase 2

Aqueous phase 2

Diglycerides
Figure 4. Hydrolysis products extraction protocol.

Figure 4: Hydrolysis products extraction protocol.
Linear alcohols - Triterpenics
The organic phase 1, containing neutral and alkaline products, was obtained after alkaline
Complex lipids fraction obtaining
extraction. After aqueous phase acidification, the extraction led to the organic phase 2
Sterols
The neutral
fractions’
polar in
lipids
wereand
those
that
containing acidic products.
Firstand
stepacidic
products
were most
separated
column
analyzed.
Polar
did not migrate on the chromatographic plate in an ethyl
residues were hydrolyzed
acetate/cyclohexane mixture (40/60). They were added to the polar
Neutral polar products
fraction. We then obtained the “polar lipids” fraction or “complex
lipids” for which we would like to determine the structure.
Figure 2. Neutral fraction’s chromatographic analysis.

utral fraction’s chromatographic analysis.

Alkaline hydrolysis

Since the polar lipids structure was complex, we resorted to chain
breaking reactions. We have performed an alkaline hydrolysis in the
presence of a phase transfer catalyst: 1,4,7,10,13,16hexaoxacyclooctadecane crown ether or 18-crown-6 ether. Crown
Methylation and column chromatography
ether role was to bring potassium hydroxide (KOH) in the organic
phase, forming a stable complex in toluene (Dehmlow, 1983).
Reactive
phase transfer catalyst were therefore within the
atographic plate in an ethyl acetate/cyclohexane mixture (40/60). They
were and
added
same organic phase, then the reaction would more easily take
Esters of monoacids
place. The hydrolysis was performed in inert atmosphere (nitrogen),
raction. We then obtained the “polar lipids” fraction or “complex lipids”
forreflux
which
we under agitation during 72 h. After cooling,
with
heating
hydrolysis
products
were extracted according the protocol
Esters of diacids
described in Figure 4.
determine the structure.
The organic phase 1, containing neutral and alkaline products,
was obtained after alkaline extraction. After aqueous phase
Esters of ketoacids
acidification, the extraction led to the organic phase 2 containing
acidic products. First step products were separated in column and
analyzed. Polar residues were hydrolyzed a second time according
Esters of hydroxyacids
the same protocol.

Acidic fraction

Linear alcohols - Triterpenics
Most polar products

Products analysis
After diazomethane methylation, acids resulting from the hydrolysis
were fractionated using silica column chromatography and
analyzed through GC-MS-coupled capillary gas chromatography.

Figure 3. Acidic fraction’s chromatographic analysis after

methylation.
cidic fraction’s
chromatographic analysis after methylation.

RESULTS
Lipids extraction

analyzable
families
as shown
mplex lipids
fraction
obtaining

by silica column chromatography
results displayed in Figures 2 and 3.

and acidic fractions’ most polar lipids were those that did not migrate

After drying under dessicator and weighing lipid extracts,
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Table 2. Weight results of lipids extracted and obtained polar lipids.

Lipid pools
Free lipids (mg/kg of dry soil)
Associated lipids (mg/kg of dry soil)

Lipid extracts
18 704
7 380

Polar lipids
12 840 (68.6%)
5 807 (78.7%)

Figure 5. 13C NMR Spectrum of free lipids polar fraction.

Figure 6. IR spectrum of free lipids polar fraction.

we obtained the following results. We noticed that the turf
contained a higher concentration of polar lipids within
“associated” lipids (78.7%) than within “free” lipids
(68.6%), both lipidic fractions (free and associated) were
studied separately (Table 2).
Complex lipids characterization tryout
Obtained polar lipids were under the appearance of a
dark brown solid, not very soluble in methylene chloride
or ether (even under heat), but they were easily soluble

in chloroform or methanol. They did not migrate on silica
plate chromatography with polar elution liquid containing
50% of cyclohexane and 50% of ethyl acetate. The
elemental analysis has given the following results.
Carbon and hydrogen rates were less important in
associated polar lipids than free ones, but on the other
hand, their oxygen and nitrogen rates were lower. Free
polar fractions were studied under spectroscopy: from
both illustrated spectra in Figures 5 and 6, we inferred
that we had non-aromatic material since nothing was
disclosed under NMR 13C.
The 13C-NMR analyses of free lipids polar fraction

Madeleine et al.
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Table 3. Results of elemental polar lipids analyses.

Samples
Free polar lipids
Associated polar lipids

C%
72.39
58.87

H%
10.16
7.51

N%
0.27
0.78

O%
16.96
22.17

Table 4. Rate of different products after « free » complex lipids hydrolysis.

Products
Monoacids
Diacids
Hydroxyacids
Alcohols
Other products
Polar residue
Total of identified products*
Mass default

1st step (%)
7.6
2.7
7.9
1.3
14.0
60.5
19.5
6.0

2nd step (%)
1.1
1.4
0.6
0.3
2.8
35.8
3.4
58.0

Total (%)
8.7
4.1
8.5
1.6
16.8
35.8
22.9
24.5

*Identified products were monoacids, diacids, hydroxyacids and alcohols.

Table 5. Results of the « Associated » polar lipids hydrolysis.

Products
Monoacids
Diacids
Hydroxyacids
Alcohols
Other products
Analyzed products

1st step (%)

2nd step (%)

Total (%)

2.3
0.5
3.7
1.4
3.8
7.9

0.5
0.7
0.5
0.1
1.2
1.8

2.8
1.2
4.2
1.5
5.0
9.7

yielded the spectrum shown in Figure 5. We did the
analysis of the same fraction in IR and we obtained the
spectrum shown in Figure 6.
Alkaline hydrolysis
“Free” polar lipids hydrolysis
Organic phase 1 products were fractionated on the
column, while those of the Organic phase 2 were
fractionated after diazomethane methylation. Results of
the hydrolysis were displayed in Table 3.
At the first step of hydrolysis, we obtained most of the
products. The yield of second step was poor along with
an important mass default probably because lighter
products were freed in the course of the reaction and
were lost during solvent evaporation; meanwhile others
could have been dissolved in the aqueous phase.
Hydroxyacids and monoacids were the most abundant
products while alcohols were very much in the minority
(Table 4).

Associated polar lipids hydrolysis
The yield of “associated” polar lipids was clearly lower
than that of “free” ones. In the majority, we obtained
hydroxyacids and monoacids, diacids and alcohols
remaining a minority. We have chosen to study
monoacids because they represented one of the most
predominant families amongst hydrolysis products (Table
5).
Monoacids analysis
In order to better apprehend the existing relations
between complex and simple lipids, we have
concomitantly monoacids and simple lipids.
“Free” lipids
They represent the most abundant family amongst
analyzed products resulting from « free » polar lipids
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Number of carbon

Figure 7. Histogram distribution of monoacids resulting of the first step of « free » polar lipids hydrolysis.
(We separated the two histogramms).

3.5
3
2.5
2
1.5
1
0.5
0

nC12
nC13
nC14
iC15
aC15
nC15
iC16
aC16
nC16
C17b
iC17
aC17
nC17
C18:1
C18:1
C18b
nC18
C19b
C19:1
nC19

Percentage (%)

Percentage (%)

%

Number of carbon

Number of carbon

Figure 8. Histogram distribution of short-chain monoacids resulting of first step of « free » polar lipids
hydrolysis.

hydrolysis. They were constituted of components whose
chain length oscillate from C12 to C36. The distribution of
monoacids from the first step hydrolysis was shown in
Figure 7.
As shown in Figure 8, we distinguished a Number
set of short-of
chain monoacids (C12 to C19) for which the principal ones
were linear acids between C16 and C18. We also noticed
the presence of desaturated acids (C18:1 and C19:1) along
with ramified acids such as iso- and anteiso-C15.
A set of long-chain monoacids (C20 to C36) essentially

pair numbers of carbon such as nC26 and nC28 monoacid.
We noticed a neat preponderance of eicosanoic acid
(nC20).
The outcome of the second step of hydrolysis was
carbon
Analog to that of the first one, as shown on the histogram
made of linear compounds, saturated with predominantly
in Figure 9. Simple lipid monoacids distribution, shown on
Figure 10, was different from polar ones by a larger
proportion of long paired-linear carbon chain, and a lower
eicosanoic acid concentration.

Madeleine et al.
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Figure 9. Histogram distribution of monoacids resulting of the second step of
« free » polar
lipids
number
of carbon
hydrolysis.
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Figure 10. Histogram distribution of simple lipids monoacids.

“Associated” lipids
Monoacids represented 2.8% of hydrolysis products.
After hydroxyacids, they were the most abundant. Their
chromatogram, which was identical for both steps, was
revealed on Figure 11.
The distribution was different from that of free lipids. On
the other hand, we recorded numerous branched iso- and
anteiso-compounds. We also identified branched
monoacids whose mass spectra revealed a methylated
carbon-10 structure. Mass spectra of the compound C17 is
shown in Figure 12.

Number of carbon

We mostly obtained a set of long-chain, linear,
saturated and paired-numbers of carbon monoacids
stretching from C20 to C34. We have identified, using GCMS, four hopanoic acids: C30, C31, C32, and C33
(respectively A, B, C and D in the chromatogram shown
on Figure 11) and traces of a diterpenic acid:
dehydroabietic acid. The mass spectra of their methylic
ester are shown on Figure 13 (compound A); Figure 14
(compound B), and Figure 16 (dehydroabietic acid).
The chromatogram of “Associated” simple lipids
monoacids, presented in Figure 17, displays a distribution
resembling those resulting from complex lipids hydrolysis.

Afr. J. Pure. Appl. Chem.
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Figure 11. Chromatogram of monoacids resulting of the « associated » polar lipids hydrolysis.
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Figure 12.
Mass spectrum of methyl-10-methylhexadecanoate
(C17b10).
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Figure 13. The mass spectrum of 17β-H-hopanoic acid (C30) methylic ester.
158
58

288

Monoacids resulting188from “associated” polar258lipids
hydrolysis were unlike those produced with « free » polar
lipids by a higher concentration of short compounds (<
C20), a normal rate of eicosanoic acid and by the

388
358
408

presence of hopanoic
acids. Distribution of those
458
monoacids is equivalent
to their homologous within the
558
corresponding simple lipids fraction. Like the “free” lipids,
we would encompass that “associated” lipids could be
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Figure 14. The mass spectrum of 17β-H-hopanoic acid (C31) methylic ester.

188
incorporated in the polar matrix.
98
88
DISCUSSION
78
The acid68
turf horizon of plateau de Millevaches, the soil of
58 contains about 70 to 80% of polar lipids
our study,
(Table2).48We have chosen that type of soil because it
appeared38that most of “free” and “associated” lipids were
“complex lipids”. An independent and parallel study
realized 28
on a podzol, under the same conditions, has
shown a18
lower rate of extracted lipids (43.5% of free polar
8
lipids) comparatively
to that of the anmoor (68.6% of
58
188 1991).158
polar lipids) (Okome
Mintsa,
288
258
Carbon and hydrogen rates were less important in
associated polar lipids than free ones (Table 3), but on
the other hand, their oxygen and nitrogen rates were
lower. Free polar fractions were studied under
spectroscopy: from both illustrated spectra in Figures 5
and 6, we inferred that we had non-aromatic material
since nothing was disclosed under NMR 13C. We noticed
a 64.41 ppm peak which was probably resulting from
carbon atoms with O-CH2- groups (Hammon et al., 1998).
On the other hand, we could disclose the non-aromatic
nature of this complex mixture through the absence of a
peak between 110 and 160 ppm, which was confirmed by
IR analysis whose spectrum displayed around 3030,
1500, along with 1600 and at less than 900 cm -1
(Hammon et al., 1998; Allinger et al., 1982).
The large band seen around 3200 cm -1 had shown the
presence of OH group (Allinger et al., 1982).
Interestingly, previous data (Mahieu et al., 1999)
supported our hypothesis by showing that 13C CPMASNMR yielded different peaks according the nature of
chemical groups among which the carbon was pertaining.
They disclosed that depending chemical shift regions,
alkyl groups had between 0 to 50 ppm peaks, whereas
O-alkyls had 50 to 110 ppm; 110 to 160 for aromatics and
160 to 200 for carbonyls.

Following the same interest, other teams have also
shown that 13C-NMR spectroscopy could help to assess
the interaction of soil organic matter with aluminium and
allophane. They found a peak at 179 ppm assigned to
carboxylic groups (Parfitt et al., 1999). Alkaline hydrolysis
with crown-ether was performed according two steps; the
second one could complete the first in case of
inaccessibility of certain ester bounds.
At the first step of hydrolysis, we obtained most of the
products. The yield of second step was poor along with
an important mass default probably because lighter
products were freed in the course of the reaction and
were lost during solvent evaporation; meanwhile others
could 388
have been358
dissolved in the aqueous phase.
558
Hydroxyacids and monoacids were 458
the most abundant
products while alcohols were very much in the minority.
The yield of “associated” polar lipids was clearly lower
than that of “free” ones (Table 5). In the majority, we
obtained hydroxyacids and monoacids, diacids and
alcohols remaining a minority. We have chosen to study
monoacids because they represented one of the most
predominant families amongst hydrolysis products.
Monoacids distribution displayed a neat preponderance
40820) (Figures 7 and 9). We also
of eicosanoic acid (nC
found that acid in this soil’s cerides and triglycerides. The
relevant acid could result from their enzymatic hydrolysis
(Magnoux, 1982; Amblès et al., 1985), followed by a
recombination amongst complex lipids.
Simple lipid monoacids distribution, shown in Figure 10,
was different from polar ones by a larger proportion of
long paired-linear carbon chain, and a lower eicosanoic
acid concentration. Long-chain, linear, paired-carbon
number and saturated monoacids are from plant origin
(Martin and Jupiler, 1970; Tulloch, 1976; Stevenson,
1982), while short-chain, branched and desaturated were
from microbial origin (Boon et al., 1977; Volkman et al.,
1980). Surprisingly, apart from the eicosanoic acid (nC20)
we noticed that fatty monoacids freed by hydrolysis such
as “free” complex lipids were close to simple monoacids.
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Figure 15. Chemical structure of bacteriohopanetetrol.
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Figure 16. Mass spectrum of methyle dehydroabietate.

It seemed that simple lipids would have incorporated
complex soil organic lipids.
The distribution was different from that of free lipids.
Nevertheless, we distinguished two modes: a short
mode, comporting in most cases: linear, saturated and
predominantly paired-numbers of carbon monoacids
stretching from 12 to 19 (nC16 was the major one). They
were from microbial origin (Parker, 1969; Boon, 1977).
On the other hand, we recorded numerous branched isoand anteiso- compounds. We also identified branched
monoacids whose mass spectra revealed a methylated
carbon-10 structure (Figure 12).
Hopanoic acids were triterpenic acids often found in the
form of acids or hydrocarbons within sedimentary organic
material (Ensminger et al., 1973; Tulloch, 1976; Ourisson
et al., 1979; Stevenson, 1982). In conformity with

previous studies, we hypothesized that microorganisms
were the main source of hopanes (Förster et al., 1973;
Rohmer, 1975; Ourisson et al., 1984; Rohmer and
Ourisson, 1984), with bacteriohopanetetrol as a putative
precursor (Ensminger et al., 1973; Förster et al., 1973;
Rohmer and Ourisson, 1976, 1977; Dastillung et al.,
1980). The chemical structure of the bacteriohopanetetrol
is shown in Figure 15.
Dehydroabietic acid is a diterpenic acid which is
abundantly found in forest soils and in recent sea
sediments (Simoneit, 1977, 1979). The chromatogram of
“Associated” simple lipids monoacids, presented in
Figure 17, displays a distribution resembling those
resulting from complex lipids hydrolysis. Distribution of
monoacids resulting from “associated” polar lipids
hydrolysis is equivalent to their homologous within the
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Figure 17. Chromatogram of Monoacids from "Associated" simple lipids.

corresponding simple lipids fraction (Figure 17). Like the
“free” lipids, we would encompass that “associated” lipids
could be incorporated in the polar matrix.
Conclusion
Polar lipids represented an important fraction of soil
organic material. It had been shown that those lipids
could never be directly analyzed (Amblès et al., 1985).
Alkaline hydrolysis in the presence of a phase transfer
catalyst had helped to free numerous molecules bearing
carboxyl and hydroxyl functions, which indicated
thepresence of an important number of ester bonds in the
polar lipidic fraction of this soil. Some analogous methods
of structure characterization have been used for kerogen
characterization (Kribii et al., 2001).
“Free” complex lipids hydrolysis had yielded more
products than that of “associated” ones. It seemed that in
the anmoor, hydrolysable functions of “free” polar lipid
were more important than the “associated” lipids.
Nevertheless, the same classes of lipids were found but
under different proportions.
The analysis of monoacids resulting from alkaline
hydrolysis in the presence of crown ether revealed the
presence of
aliphatic chains, linked to the
macromolecular network by ester bonds. This study has
shown that simple molecules, through the oxidation
process, could have been incorporated into the soil’s
polar matrix. This strong statement had also been
demonstrated in a complementary study (Amblès et al.,
1993). There must be a subtle equilibrium between
simple and complex lipids. Supplementary investigation
methods could allow determining the nature of other
possible bonds existing between the free lipids and the
soil’s polar matrix.
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