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A new extraction and chromatographic procedure to quantify free and esterified ergosterol in tomato
products was devised. The extraction solution was composed of a dichloromethane/methanol mixture
in a 2:1 (v/v) ratio. This extraction solvent allowed for higher ergosterol recovery from tomato products
(an average of 25% more) compared to hexane, which is frequently employed for ergosterol extraction.
Both free and esterified ergosterol were determined by HPLC reverse-phase chromatography
employing a Nova-Pak C-18 column (300 × 3.9 mm), filled with 4 mm average particle size and a
guard column of the same material. The elution was performed at a flow rate of 1 mL‚min-1 with
a linear gradient of solvent A (methanol/water, 80:20, v/v) and solvent B (dichloromethane). The
gradient, starting at sample injection, was from 0 to 50% B for 20 min for the free ergosterol analysis
and additional 15 min at 50% B to analyze the ergosterol esters. This technique has proven to be
more sensitive for ergosterol determination than other reported chromatographic procedures.
Moreover, ergosterol esters, extracted from various fungal sources, separated well and were easily
quantified.
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INTRODUCTION

Fungal contamination of food, generally derived from
poor manufacturing practices utilizing molded plant
material, is usually determined by microbial counting
techniques, such as the Howard mold count method
utilized for tomato products (Howard, 1911). These
methods suffer from wide subjectivity and require
special training and experienced microscopists. More-
over, during industrial operations of product transfor-
mation, such as grinding or homogenization, modifica-
tions of microbial population occur that may alter the
analytical results (Blander et al., 1987). Many sub-
stances have been proposed as markers of fungal
contamination. One of these, for example, is chitin (Ride
and Drysdale, 1972; Mislivec et al., 1987; Ekblad et al.,
1998), a component of the fungal cell wall, which
therefore can be used as an indicator of mold contami-
nation. When subjected to acid hydrolysis, chitin re-
leases glucosamine, which can be assayed with various
methods. However, the results show low analytical
sensitivity and reproducibility along with low specificity
for fungal contamination. Recently, many papers have
been published about the use of ergosterol as a general
indicator of fungal contamination (Richardson and
Logendra, 1997; Miller and Young, 1997; Gessner and
Schmitt, 1996). In fact, ergosterol is a constituent of the
fungal cell membrane and therefore can be a useful
marker of mold contamination in fresh or transformed

food. It has been observed that there is a poor correla-
tion between the total ergosterol content and the
Howard value (Grasselli et al., 1993; Battilani et al.,
1996). Instead, the correlation between the content of
rotten tomatoes with total ergosterol is much higher
than with the Howard value, and a limiting content of
15 mg of total ergosterol/g of dry sample has been
proposed as an acceptability limit of tomato products
(Bertoni et al., 1994). Because part of the ergosterol is
released from the fungal cell membrane, it may be of
interest to carry out a chromatographic method to
separate and quantify esterified and free ergosterol,
which could be diagnostic of fungal species contamina-
tion. Free egosterol is easily analyzed by an isocratic
chromatographic procedure proposed by Schwardof and
Muller (1989). Unfortunately, this method, although
fast, is unable to separate and quantify free and
esterified ergosterol. Here we report a procedure for an
efficient extraction of the ergosterol and its esters from
tomato products. Moreover, a chromatographic analysis
that allows separation of ergosterol and its esters with
high sensitivity is described.

MATERIALS AND METHODS

Microbial Growth. Because ergosterol esters are not
commercially available, three species of fungi, that is, Sac-
charomyces cerevisiae, Aspergillus niger, and Penicillum soli-
tum, from the collection of the Stazione Sperimentale Industria
Conserve Alimentari of Angri were chosen as sources of
ergosterol esters. The microorganisms were grown in malt
extract agar at pH 4.2 at 25 °C for 4 days. The cellular
suspensions, containing 105-106 cells/mL, were centrifuged at
10000g for 15 min at 4 °C and then lyophilized for 24 h.

Tomato Samples. Three lots of tomato puree from three
different firms were purchased in a local supermarket for the

* Author to whom correspondence should be addressed (e-
mail luservil@unina.it).

† Tomato Products Department.
‡ Department of Biochemistry and Biophysics.
§ Present address: Stazione Sperimentale delle essenze e

derivati degli agrumi, via Generale Tommasini, Reggio Cala-
bria, Italy.

780 J. Agric. Food Chem. 2000, 48, 780−784

10.1021/jf990475d CCC: $19.00 © 2000 American Chemical Society
Published on Web 02/26/2000



determination of free and esterified ergosterol in tomato
products. Each lot was made up of 12 bottles. The product
concentrations in the three lots, expressed as optical residue
(OR), were very similar and of ∼8 °Brix.

Total Ergosterol Assay. Total ergosterol was determined
according to the Schwardorf and Muller (1989) chromato-
graphic method in the alkaline-hydrolyzed tomato purees
prepared as described by Grasselli et al. (1993).

Simultaneous HPLC Assay for Free and Esterified
Ergosterol. Twenty to fifty grams of tomato pulp, after
centrifugation at 10000g for 15 min, was quantitatively
transferred into a separatory funnel to which was added 100
mL of dichloromethane/methanol (2:1, v/v). After 10 min of
shaking and phase separation, the lower phase was collected
and vacuum concentrated to 1-5 mL, which was determined
on the basis of ergosterol content. The HPLC analyses were
conducted on a Waters 600 E chromatograph equipped with
autosampler and UV detector set at 282 nm, at which
ergosterol shows an absorption maximum. The data were
collected by a computer and processed by Waters Millenium
software. Ergosterol was quantified by an external standard
method by using an ergosterol solution at known concentra-
tion. The analyses were made on a reversed phase Nova-Pak
C18 column (300 × 3.9 mm i.d.) filled with 4 µm average
particle size, with a guard column of the same material. The
elution was performed at a flow rate of 1 mL‚min-1 with a
linear gradient of solvent A (methanol/water, 80:20, v/v) and
solvent B (dichloromethane). The gradient, starting at sample
injection, was linear from 0 to 50% B in 20 min; the elution
was protracted for an additional 15 min at 50% B when
esterified ergosterol was to be determined. To demonstrate the
presence of esterified ergosterol in the peaks eluted after that
corresponding to free ergosterol, 1 mL fractions were collected
and vacuum concentrated. The residues were hydrolyzed with
200 µL of 1.5 M KOH in absolute methanol in sealed ampules
at 50 °C for 30 min. After cooling, the samples were neutralized
with 200 µL of 1.5 M acetic acid in absolute methanol. The
precipitate, when present, was eliminated by centrifugation
in Eppendorf vials. The neutralized solutions were analyzed
for free ergosterol content.

RESULTS AND DISCUSSION

The efficacy of ergosterol extraction methods depends
mainly on the ergosterol source to which they are
applied (Gessner and Schmitt, 1996; Eash et al., 1996;
Young and Games, 1993; Young, 1995). The extraction
efficiency of ergosterol from a complex vegetable matrix,
such as a tomato product, is of prime importance in
establishing the threshold value for product accept-
ability. In the case of tomato, Grasselli et al. (1993)
utilized hexane as an extraction solvent and reported a
recovery of ∼90% when ergosterol was added as an
internal standard. However, this approach may be
incorrect, considering that ergosterol is a component of
the fungal cell membrane to which it is strongly bound.
Therefore, the recovery of ergosterol, added to the
product, could be much easier than that of the endog-
enous ergosterol. For this reason, we compared the
extraction procedure that utilized hexane to extract
ergosterol from tomato products with an extraction
solvent utilizing a mixture made up of dichloromethane/
methanol (2:1, v/v). The solvent extraction procedures
were compared by subjecting the same cellular dry mass
of three species of fungi, grown and harvested as
reported under Materials and Methods. Equal volumes
of the extraction solvents were then analyzed for
ergosterol content by HPLC chromatography according
to the Schwardof and Muller method (1989). The
analyses were conducted by using ergosterol as an
external standard. From the ratio of the ergosterol

peaks obtained by analyzing the samples from the two
procedures, a higher free ergosterol recovery, of ∼25%,
was observed with the dichloromethane/methanol ex-
traction, for each of the three fungal species (Table 1).

To achieve ergosterol separation from its esters,
reversed phase HPLC was used as outlined under
Materials and Methods. In fact, when attempts were
made to separate ergosterol from its esters using the
Lichrosorb Si 60 column with the isocratic elution
conditions reported by Schwardorf and Muller (1989),
no separation was observed. As a result, we chose to
employ an RP-HPLC column, using an elution gradient
of methanol/H2O (80:20, v/v) and dichloromethane as
described by Servillo et al. (1997). A linear gradient was
found to give the best result, with a retention time for
free ergosterol of ∼17 min. The peak elution pattern was
very different in these conditions with respect to that
obtained with the method of Schwardorf and Muller
(1989). The retention times of the various substances
were higher. However, because they were not eluted
isocratically, but with a rather fast gradient, they
emerged from the column as well-separated and sharp
peaks with a noticeable increase in analytical sensitiv-
ity. As an example, ergosterol standards were analyzed
in both conditions. As reported in Figure 1, the peak
height obtained with the elution gradient is 3 times
higher with respect to the isocratic elution. Because
ergosterol esters are not commercially available, three
fungal species were employed to obtain ergosterol esters

Table 1. Comparison of Ergosterol Extracted from
Fungal Cells with Hexane and with a Dichloromethane/
Methanol (2:1, v/v) Mixturea

cell type hexane dichloromethane/methanol

S. cerevisiae 0.61 ( 0.04 0.74 ( 0.04
A. niger 1.39 ( 0.04 1.80 ( 0.05
P. solitum 2.08 ( 0.06 2.85 ( 0.08
a Values are in g‚kg-1 of cell dry weight. The results represent

the mean of four replications.

Figure 1. Ergosterol elution profiles obtained by HPLC on
the silica Lichrosorb Si 60 column (chromatogram a) and on
the reverse-phase Nova-Pak C18 column (chromatogram b) as
described under Materials and Methods. The two analyses
were conducted by injecting 20 µL of a 5 ppm solution of
ergosterol in hexane.
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to use as standards to find the chromatogram region
where they are eluted. Cells of S. cerevisiae, A. niger,
and P. solitum were extracted with dichloromethane/
methanol (2:1, v/v). The solutions were dried, resus-
pended in hexane, and chromatographed. In Figure 2
the chromatograms from the three species are reported.
All of the samples show a peak eluted at ∼17 min,
corresponding to free ergosterol, and two groups of
peaks at ∼21 min and between 23 and 26 min. The
ergosterol presence was confirmed by collecting the
putative ergosterol peak and taking the absorption UV
spectrum in the region 260-330 nm, where it shows the
characteristic absorption bands. To detect the ergosterol
esters, fractions were collected every minute from 20
to 30 min. The UV-absorbing fractions also showed the
characteristic spectrum of ergosterol in the 260-330 nm
region. These fractions were dried, hydrolyzed, and
chromatographed again. Figure 3 reports the chromato-
grams obtained from the pooled fractions of a sample
from S. cerevisiae. The relative abundances of free to
esterified ergosterol, which were calculated from the
peak area by assuming the same extinction coefficient
at 282 nm for ergosterol and its esters, were different
among the various species. As reported in Table 2, free
ergosterol was higher for Penicillium compared to
Aspergillus and Saccharomyces species.

On the basis of the above results, three lots of tomato
puree were analyzed. The results, which represent the
mean of the values obtained from each of the 12 bottles
constituting the single lot, are reported in Table 3.
Column 5 of Table 2 reports the values obtained by
extracting the alkaline-hydrolyzed tomato purees with

hexane and analyzing according to the Schwardorf and
Muller (1989) method.

Figure 2. Free ergosterol determination in the cell wall of three fungal species. The chromatographic analysis was performed
with a Nova-Pak C18 column.

Figure 3. Determination of lipid-bound ergosterol in S.
cerevisiae after alkaline hydrolysis. Fractions eluted between
20 and 23 min and between 23 and 27 min (see chromatogram
of S. cerevisiae in Figure 2) were hydrolyzed and subjected to
HPLC analysis as described under Materials and Methods.
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A typical chromatogram obtained by analyzing a
sample of tomato puree is reported in Figure 4. Besides
the ergosterol peak, it shows various peaks with reten-
tion times above 20 min. To demonstrate the presence
of ergosterol esters, four successive injections of 100 µL
were made and, after 20 min of elution, 1 mL fractions
were collected every minute. The four fractions corre-
sponding to the same elution time were pooled, dried,
subjected to alkaline hydrolysis to release ergosterol
from its esters, and finally analyzed again. The results
are reported in Figure 5. As one can see, only some
fractions contained ergosterol esters. Particularly, only
the pooled fractions at 21-22, 23-24, and 24-27 min
showed the presence of free ergosterol after alkaline
hydrolysis. From the analyses of the three pools, the
esterified ergosterol content constituted ∼15% of the
total ergosterol.

From the above results, the proposed analytical
procedure appears to improve the reliability of ergo-
sterol determination as an index of fungal contamina-
tion of tomato products. The chromatographic analysis,
although more time-consuming than other methods,
shows a higher sensitivity than previous methods. In
addition, both ergosterol and its esters can be analyzed

simultaneously. Moreover, the elution pattern and the
identification of the ergosterol esters could give indica-
tions about the microorganisms contaminating the
product.

LITERATURE CITED

Battilani, P.; Chiusa, G.; Cervi, C.; Trevisan, M.; Ghebbioni,
C. Fungal growth and ergosterol content in tomato fruits
infected by fungi. Ital. J. Food Sci. 1996, 8, 283-289.

Bertoni, P.; Ghiretti, G. P.; Sandei, L.; Strina, F.; Leoni, C.
Valutazione del contenuto di ergosterolo nei derivati indus-
triali del pomodoro del commercio e ipotesi di una soglia di
tolleranza indice di una contaminazione fungina accettabile
della materia prima utilizzata. Ind. Conserve 1994, 69, 18-
24.

Blander, R.; Brickley, P. M.; Cichowicz, S. M.; Gecan, J. S.;
Mislevic, P. B. Effects of processing equipment on Howard
mold and rot fragment counts of tomato catsup. J. Food Prot.
1987, 50, 28-33.

Eash, N. S.; Stahl, P. D.; Parkin, T. B.; Karlen, D. L. A
simplified method for extraction of ergosterol from soil. Soil
Sci. Soc. Am. J. 1996, 60, 468-471.

Ekblad, A.; Wallander, H.; Nasholm, T. Chitin and ergosterol
combined to measure total and living fungal biomass in
ectomycorrhizas. New Phytol. 1998, 138, 143-149.

Table 2. Free and Esterified Ergosterol Extracted from
Fungal Cells with a Dichloromethane/Methanol (2:1, v/v)
Mixturea

cell type free ergosterol esterified ergosterol

S. cerevisiae 0.73 0.103
A. niger 1.77 0.010
P. solitum 2.83 0.017
a Values are in g‚kg-1 cell dry weight.

Table 3. Content of Free and Esterified Ergosterol in
Tomato Samplesa

optical
residue (°Brix)

free
ergosterol

ergosterol
esters

ergosterol
total (S&M)

lot 1 8.1 1.11 ( 0.21 0.14 ( 0.05 0.96 ( 0.04
lot 2 7.8 0.32 ( 0.12 nd 0.22 ( 0.06
lot 3 7.9 1.60 ( 0.30 0.27 ( 0.06 1.31 ( 0.32

a Values are in ppm. Column 5 reports the total ergosterol
content obtained by extracting the alkaline-hydrolyzed tomato
samples with hexane and analyzing according to the Schwardorf
and Muller method (S&M). nd, not determined.

Figure 4. Free ergosterol determination in commercial
tomato puree.

Figure 5. Determination of lipid-bound ergosterol in tomato
puree after alkaline hydrolysis. The indicated fractions, ob-
tained according to the chromatogram of Figure 4, were
hydrolyzed and subjected to HPLC analysis as described under
Materials and Methods. The symbol (0) represents the ergos-
terol peak.

Ergosterol in Tomato Products J. Agric. Food Chem., Vol. 48, No. 3, 2000 783



Gessner, M. O.; Schmitt, A. L. Use of solid-phase extraction
to determine ergosterol concentrations in plant tissue
colonized by fungi. Appl. Environ. Microbiol. 1996, 62, 415-
419.

Grasselli, C.; Leoni, C.; Sandei, L.; Mori, G. Contenuto di
ergosterolo nei derivati industriali del pomodoro come indice
di contaminazione microbica della materia prima utilizzata
e ricerca di un eventuale correlazione con il valore Howard.
Ind. Conserve 1993, 68, 3-10.

Howard, B. J. U.S. Department of Agriculture, Bureau of
Chemistry, Circular 68; Washington, DC, 1911.

Miller, J. D.; Young, J. C. The use of ergosterol to measure
exposure to fungal propagules in indoor air. Am. Ind. Hyg.
Assoc. J. 1997, 58, 39-43.

Mislivec, P. B.; Bruce, V. R.; Stack, M. E.; Bandler, R. Molds
and tenuazonic acid in fresh tomatoes used for catsup
production. J. Food Prot. 1987, 50, 38-42.

Richardson, M. D.; Logendra, S. Ergosterol as an indicator of
endophyte biomass in grass seeds. J. Agric. Food Chem.
1997, 45, 3903-3907.

Ride, J. P.; Drysdale, R. B. A rapid method for the chemical
estimation of filamentous fungi in plant tissue. Physiol.
Plant Pathol. 1972, 2, 7-15.

Schwardorf, K.; Muller, H. M. Determination of ergosterol in
cereals, mixed feed components and mixed feeds by liquid
chromatography. J. Assoc. Off. Anal. Chem. 1989, 72, 457-
462.

Servillo, L.; Iorio, E. L.; Quagliuolo, L.; Camussi, G.; Bal-
estrieri, C.; Giovane, A. Simultaneous determination of
lysophospholipids by high performance liquid chromatog-
raphy with fluorescence detection. J. Chromatogr. B 1997,
689, 281-286.

Young, J. C. Microwave-assisted extraction of the fungal
metabolite ergosterol and total fatty-acids. J. Agric. Food
Chem. 1995, 43, 2904-2910.

Young, J. C.; Games, D. E. Supercritical fluid extraction and
supercritical fluid chromatography of the fungal metabolite
ergosterol. J. Agric. Food Chem. 1993, 41, 577-581.

Received for review May 7, 1999. Revised manuscript received
December 8, 1999. Accepted December 21, 1999.

JF990475D

784 J. Agric. Food Chem., Vol. 48, No. 3, 2000 de Sio et al.


