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Cellular fatty acids and monosaccharides in a group of 14 lactobacilli were analyzed by gas chromatography
and the identity of the components was confirmed by gas chromatography-mass spectrometry. From the same
bacterial sample, both monosaccharides and fatty acids were liberated by methanolysis, and in certain
experiments, fatty acids alone were released by basic hydrolysis. The results indicate that basic hydrolysis gave

more comprehensive information about the fatty acids, but the analysis of monosaccharides was found to be
much more useful in distinguishing between different species of lactobacilli. The method described allowed
differentiation of 11 of 14 Lactobacillus species, and even single colonies isolated from agar plates could be used
for analysis without subculturing.

Gas chromatography has made a considerable contribu-
tion to the identification of microorganisms by providing
accurate techniques for analyzing bacterial metabolites (6,
15, 17, 20, 24). In the case of lactobacilli, metabolite analyses
are of limited value since almost the only metabolite pro-
duced by the bacteria is lactic acid (18). Gas chromatography
analyses of the cellular fatty acids of some lactobacilli for
their identification has been performed with either saponifi-
cation or methanolysis of the cell wall (4, 21, 23). These two
methods give to some extent different results, since acidic
methanolysis destroys the cyclopropane fatty acids (7, 8, 11,
12, 16), which are present in large amounts in lactobacilli
(21). Alternatively, analysis of the sample by basic hydroly-
sis degrades the carbohydrates (7). The monosaccharide
composition of Lactobacillus species has not been analyzed
or used for their identification. The purpose of this study was
to develop an analytical method for distinguishing between
different species of lactobacilli by analyzing some cellular
components obtained from the same sample. We report here
a method for analyzing the cellular monosaccharides by
methanolysis and the fatty acids by acidic and basic hydro-
lysis, both performed on the same Lactobacillus species. All
the components can be analyzed by gas chromatography
with an apolar capillary column. The applicability of the
procedure was tested by analyzing single colonies isolated
from agar plates to avoid subculturing of the isolated micro-
organisms.

MATERIALS AND METHODS

Chemicals and solutions. Silver carbonate and acetic acid
anhydride were supplied by Fluka AG (Buchs, Switzerland).
Trimethylsilylimidazole, hexamethyldisilazane, trimeth-
ylchlorosilane, pyridine, glycerol, standard monosaccha-
rides, and solvents were supplied by Merck (Darmstadt,
Federal Republic of Germany). Reference standard fatty
acid methylesters (FAMEs) were obtained from Applied
Science (Oud-Beijerland, The Netherlands).
The 1 N hydrochloric acid in methanol used for the

methanolysis was prepared by slowly reacting concentrated
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sulfuric acid and sodium chloride and bubbling the evolved
dry gas through pure methanol in an ice-cooled glass bottle.
The HCI concentration was determined by volumetric
titration and corrected to the desired concentration by
adding methanol. The reagent was flushed with nitrogen and
stored at -20°C.
The internal standard solution used in methanolysis for the

analysis of monosaccharides was prepared as follows. myo-
Inositol (20 mg) was added to 0.2 ml of water and then
diluted to 100 ml with pure methanol. The solution was
warmed in a water bath at 50°C for 10 min to completely
dissolve inositol, cooled, and stored at -20°C.
Gas chromatography. Both the FAMEs and the monosac-

charides were analyzed in the same column. The following
capillary columns were used in this study: 35-, 30-, and 25-m
glass capillary columns (0.5 mm inner diameter) coated with
free fatty acids phase ( FFAP), SE30, or OV-1, respectively,
and a 25-m fused silica capillary column (0.32 mm inner
diameter) coated with OV-1. The temperature program for
the analysis of FAMEs was 60°C for 2 min, programmed to
rise to 120°C at 40°C/min, remain isothermal for 1 min, and
then rise to 235°C at 5°C/min. The temperature program for
the monosaccharides was 60°C for 2 min and programmed to
rise to 110°C at 40°C/min, remain isothermal for 1 min, and
then rise to 215°C at 6°C/min.
The gas chromatograph was a Varian model 3700 equipped

with a split-splitless injector (temperature, 250°C) and flame
ionization detector (temperature, 260°C). An electronic inte-
grator (Varian model 4270) was connected to the gas
chromatograph. The carrier gas was helium at a pressure of
8 lb/in2 for the analysis of the monosaccharides and 10 lb/in2
for FAMEs. Split flow was 40 ml/min; make-up gas nitrogen
was used at a flow rate of 30 ml/min.
Gas chromatography-mass spectrometry. A DANI gas

chromatograph (model 3800HR) was coupled directly to a
mass spectrometer (JEOL model DX-300). The same col-
umns described above were used. The ionization potential
was 70 eV, and the ionization current was 100 jsA. Identifi-
cation of the FAMEs was made by comparing the gas
chromatographic retention times and sample spectra with
those of authentic standards. In the case of the methylgly-
cosides, authentic monosaccharide standards were reacted
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TABLE 1. Lactobacillus species examined
Species Strain no. Source

L. acidophilus ATCC 4356 University of Helsinki
L. brevis ATCC 14869 University of Helsinki
L. buchneri L858 P. A. Hansen, University

of Helsinki
L. bulgaricus 37-12-4 Valioa
L. casei subsp. casei ATCC 393 Valio
L. cellobiosus L872 P. A. Hansen, University

of Helsinki
L. delbrueckii ATCC 9649 University of Helsinki
L. fermentum ATCC 14931 University of Helsinki
L. helveticus CasV Valio
L. lactis ATCC 12315 University of Helsinki
L. leichmannii ATCC 4797 University of Helsinki
L. plantarum ATCC 14917 University of Helsinki
L. salivarius subsp. ATCC 11741 University of Helsinki

salivarius
L. viridescens NCDO 1655 University of Helsinki

a Valio Finnish Cooperative Dairies' Association, Helsinki, Finland.

in parallel with the samples, and the gas chromatograms as
well as the mass spectra were compared for identification of
the sample components (14).

Preparation of bacterial cultures. The bacterial species
used in the study are presented in Table 1. The microorgan-
isms were grown anaerobically for 48 h in MRS broth at 35°C
as described by Schneitz et al. (19). After being washed
twice with distilled sterile water, the cells were lyophilized
and kept under nitrogen until analysis. Samples (weighing
from 0.1 to 0.5 mg) of each lyophilized bacteria were used for
each analysis in three replications. When single colonies
were analyzed, they were isolated from lactobacillus selec-
tive agar plates (Merck) after incubation in an anaerobic jar
at 37°C for 3 days.

Basic hydrolysis. A slight modification of the method of
Jantzen et al. (7) was used for the basic hydrolysis. Lyoph-
ilized cells (0.1 to 0.5 mg) as well as isolated colonies in some
cases were saponified with 0.5 ml of 1 N NaOH in benzene-
methanol (4:6, vol/vol) in a 10-ml Teflon-lined screw-cap
vial. Two drops of phenolphthalein in methanol were added
to the sample tube, and after being flushed with nitrogen, the
vial was heated at 100°C for 30 min. After cooling, the
sample was acidified by adding 1 N HCl in methanol until
colorless (pH <2). Esterification of the fatty acids was
performed by adding 0.8 ml of 10% BCl3 in methanol,
followed by heating for 15 min at 100°C. A 1.5-ml amount of
a saturated aqueous solution of sodium chloride was added,
and the FAMEs were extracted twice with 1.5 ml of hexane-
chloroform (4:1, vol/vol) by shaking for 1 min. The solvent
was evaporated at room temperature, and the residue was
dissolved in 25 ptl of hexane. A 2-,ul amount was injected into
the gas chromatograph in the splitless mode; the range of
sensitivity was 10-11 A/mV at an attenuation of 8.

Methanolysis. For methanolysis (2, 14), 0.25 ml of 1 M HCl
in methanol and 50 pul of internal standard solution (myo-
inositol) were added to 3.5-mi Teflon-lined screw-cap vials
over a known amount of lyophilized bacterial sample (0.1 to
0.5 mg). The vials were flushed with nitrogen, sonicated for
5 min, and reacted at 85°C for 17 h.

In the case of single colonies, the bacteria were carefully
removed from the plate with a platinum loop and suspended
in 1 ml of acetone in a 1.5-ml vial. The samples were rapidly
dried under a stream of nitrogen in a microevaporator
(Laborexin Oy, Helsinki, Finland) with a three-neck glass
flask with a valve interposed between the water pump and

the evaporator to regulate the size of the vacuum. A 0.15-ml
amount of 1 M HCl in methanol was added, and meth-
anolysis was performed as described above.

After methanolysis, the vial was cooled for 5 min at 5°C,
and 80 mg of silver carbonate (50 mg for single colonies) was
added to neutralize the HCl. The vial was then sonicated for
5 min, and 1.25 ml of methanol was added; the vial was then
sonicated for another 1 min and centrifuged at 4,500 x g for
10 min. The supernatant was transferred to a conical glass-
stoppered test tube and evaporated under nitrogen at room
temperature. Sterile distilled water (0.25 ml) and 1.25 ml of a
mixture of diethylether-hexane (8:2, vol/vol) were added to
the residue containing the FAMEs and methylglycosides,
mixed for 30 s, and left to stand for 3 min. The upper phase
containing the FAMEs was removed, and the lower phase
was rewashed with 1 ml of extraction solvent. The washing
solvent was combined with the upper phase, carefully evap-
orated at room temperature, and dissolved in 25 pl of
hexane. Sample (2 1.l) was injected into the gas chromato-
graph in the splitless mode. The lower phase containing the
monosaccharides methylglycosides was supplemented with
2 ml of acetone, and the solvent mixture was evaporated
under nitrogen at 45°C in a water bath with the microevap-
orator. The acetone treatment and evaporation were re-
peated three times. The residue was used for the monosac-
charide analyses.
Monosaccharide analyses. The methylglycosides were per-

O-trimethylsilylated for 60 min at room temperature with 150
pul of pyridine-trimethysilylimidazole-hexamethyldisilazane-
trimethylchlorosilane (8:2:1:0.5) prepared by adding the
components in the order given. After derivatization, por-
tions of the sample were injected into the gas chromatograph
in the silylation reagent. The following washing procedure
designed to remove the excess reagent was tested. After
derivatization, the sample was diluted with 0.5 ml of hexane
and washed for 10 s with 0.5 ml of water. The water phase
was discarded, the hexane phase was evaporated to dryness,
and the residue was dissolved in 150 plI of hexane.
Computer analyses of results. The coefficients of variation

for the fatty acids and monosaccharides, obtained from the
different lyophilized bacterial species, were analyzed on an
IBM personal computer. Similarities between the species
were analyzed by a computed cluster analysis with a BAKT-
ID program supplied by Scientific Expert System (Helsinki,
Finland). The results for monosaccharides were computed
by using both the proportional values and the absolute
amounts obtained in the analysis. The proportional values
were expressed as percentages of the total amounts. The
relationships between the species are presented as dendro-
grams.

RESULTS

Six fatty acids were present in abundant amounts in the
gas chromatograms of all of the species: tetradecanoic
(n-C14), hexadecenoic (n-C16.1), hexadecanoic (n-C16), octa-
decenoic (n-C18.l), octadecanoic (n-C18) and 11,12-methyl-
enehexadecanoic (Cl9cyc) acids (Table 2). Small amounts of
dodecanoic (n-C12), pentadecanoic (n-C15), heptadecanoic
(n-Cl7), and eicosenoic (n-C20:1) acids were also found. No
hydroxy, branched-chain, or polyunsaturated fatty acids
were detected. The values for the fatty acids obtained by
both saponification and methanolysis are compared in Table
2. The most prominent difference between these two meth-
ods was that methanolysis degraded the cyclopropane fatty
acids and resulted in by-products. According to tentative
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