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ABSTRACT

Agaricus brasiliensis was cultivated in vegetal substrates through submerged and solid-
state fermentation. We aimed to determine which combination of fermentation

methods and substrates would allow greater production of biomass and sterols for appli-
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o cations in nutraceutical foods. Six vegetal substrates were tested: wheat and malt grains,
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apple, grape and pineapple pomaces, and pineapple peel. Average ergosterol and total
sterol levels ranged from 324 to 1,267 lg/g and from 701 to 2,659 lg/g, respectively. The
extraction of ergosterol from biomass was optimized by experimental design. As a conse-
quence, a simple and efficient extraction procedure was achieved. Seven sterols were
identified by gas chromatography—mass spectrometry in fermented samples, and ergos-
terol and B-sitosterol were the most abundant. All substrates allowed a good develop-
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ment of A. brasiliensis mycelium with outstanding results for malt in submerged
phase.

PRACTICAL APPLICATIONS

The vegetal substrates wheat grains, malt grains, apple pomace, grape pomace,
pineapple pomace and pineapple peel promote a good development of Agaricus
brasiliensis mycelium through solid-state fermentation and submerged fermenta-
tion techniques. Some of those substrates are discarded by the food industry. The
results in this study indicate that vegetal residues from food industry could be
effectively used as substrates to produce edible and medicinal mushrooms and
sterols. Production of mycelium from the methods employed proved to be simple,
fast, reproducible and efficient. Biomass production using residues from food
industry adds value to these residues and at the same time solves disposal prob-
lems of agricultural by-products.

INTRODUCTION

Agaricus brasiliensis is a medicinal and edible mushroom,
traditionally used in Brazil, Japan and other countries for
prevention of diseases such as diabetes, cancer, hyperlipid-
emia, arteriosclerosis and chronic hepatitis (Zou 2006). Its
immunostimulant properties and strong antitumor activity
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(Stamets 2000; Wasser 2011) have made the production of
this mushroom of interest for pharmaceutical and food
industries, which seek to obtain the bioactive compounds
from this mushroom or to develop nutraceutical products
(Okwulehie et al. 2007). Polysaccharides and ergosterol are
among the most studied bioactive molecules produced by
A. brasiliensis (Hamedi et al. 2007; Leifa et al. 2007; Lima
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et al. 2008). Takaku et al. (2001) showed the relationship
between ergosterol from A. brasiliensis and their antitumor
activity by the inhibition of angiogenesis and reduction in
tumor growth. Furthermore, ergosterol is a well-known
chemical marker for fungal mass because it is one of the
most abundant sterols found in mushrooms of different
species (Czub and Baginski 2006). In the human body, it
plays an important role as a precursor of vitamin D,, which
is formed in response to ultraviolet radiation (sunlight) on
sterols found in the skin (Mattila et al. 2002; Jasinghe and
Perera 2005).

There is an increasing worldwide demand for ergosterol
in order to produce pharmaceutical-grade, food-grade
and beverage-grade vitamin D,. Because of this demand,
mycelium fermentation was recently assessed for optimiz-
ing ergosterol and/or polysaccharide production by
A. brasiliensis (Fan etal. 2003; Zou 2005; Gao and Gu
2007; Hamedi efal. 2007). These important substances
present in the fruiting body are also found in smaller
amounts in the mycelium and spores. As the production of
the fruiting body takes several months and needs larger
spaces (Smith et al. 2002; Hamedi et al. 2007), fermenta-
tion techniques such as solid-state fermentation (SSF) and
submerged fermentation (SF) have been developed to
improve mycelium production. SF is reported as the best
process to obtain fungal mycelium and its biomolecules
because of the shorter fermentation time (7 days), less
space requirement and better control of fermentation
parameters (Fan ef al. 2003; Gao and Gu 2007; Leifa et al.
2007). Alternatively, SSF provides a good dwelling environ-
ment for fungi, requires low capital investment and
reduces product contamination due to low amount of
water (Pandey 2008). Therefore, SSF is the technique
of choice for large-scale production (Dalla Santa etal.
2012).

Vegetal residues from the food industry have been
included in food as a source of fibers. Recently, fermented
residues of mycelium of edible medicinal mushrooms have
been used in formulations of new nutraceutical foods
(Dalla Santa et al. 2012). The substrate and the type of fer-
mentation interfere in the metabolic pathway of mush-
rooms and, consequently, in mycelium and bioactive
molecules production. Therefore, this study aimed to
determine which combination of vegetal residue and type
of fermentation (SSF or SF) would provide the best devel-
opment of A. brasiliensis mycelium and the highest level
of sterols. All the fermented substrates were extracted
and their ergosterol content was determined by high-
performance liquid chromatography (HPLC). Further-
more, the amount of total sterols was quantified by UV-vis
technique, and the chemical profile of the extracts was
compared by gas chromatography—mass spectrometry
(GC-MS).
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MATERIAL AND METHODS

Microorganism and Inoculum Preparation

The strain of A. brasiliensis (LBC10/UNICENTRO) was pre-
viously isolated from a commercial culture and was kept in
potato dextrose agar slants and subcultured every 3 months.
The standard culture medium for inoculum preparation
was composed of glucose (20 g/L), yeast extract (3.95 g/L),
MgSO.-7H,O (0.30 g/L), and K,HPO,-3H,0 (0.50 g/L); pH
was adjusted to 6.0 (£0.2) (Fan et al. 2003). For inoculation
procedure, five pieces (1 cm?®) of mycelia were transferred to
50 mL of seed culture medium and incubated at 30C on a
rotary shaker (120 rpm) for 7 days. The inoculum was pre-
pared as described by Dalla Santa et al. (2010). The myce-
lium was filtered (mesh of 0.5 mm?), washed with 50 mL of
distilled sterilized water and inoculated in 500 mL of the
standard medium and incubated. After filtration (mesh
0.5 mm?*) and washing with 500 mL of distilled sterilized
water, this suspension of mycelium was used as inoculum.

Substrates and Cultivation

Fermentations were performed in triplicate for each of the
six different substrates: wheat grains, malt grains, apple
pomace, grape pomace, pineapple pomace and pineapple
peel. A. brasiliensis was grown in solid (SSF) and submerged
phase (SE). For SF, all substrates were dried and ground to a
fine powder (<60 mesh) in a manual mill where 5% of sub-
strates were employed in fermentations. The pH was set to
6.0 (£0.2) with 0.1 N NaOH and the medium was sterilized
at 121C for 15 min.

The SSF was conducted with a substrate particle size
between 1.00 and 1.50 mm and pH was adjusted to 6.0
(£0.2) with CaCOs solution (10% w/v). Water was added to
obtain the optimum initial humidity for each substrate. The
medium was sterilized at 121C for 15 min.

The inoculum was made at 5% (v/v) for SE and
A. brasiliensis growth was carried out at 30C with stirring
at 120 rpm for 7 days. For SSE 5% (v/w) was used for the
inoculum rate and the incubation for the fungi mycelium
growth was carried out for 20 days at 30C in an
incubator.

After the incubation time, the SF was filtered and the sub-
strate grown with the mycelia as well as the SSF material
were dried at 60C.

Experimental Design for
Ergosterol Extraction

An optimization of ergosterol extraction conditions was carried
out by experimental design using the software Minitab for
Windows version 16.2.2. (Minitab Incorporation, College State,
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TABLE 1. FACTORS AND THEIR LEVELS FOR A

Factor level Heating source Reagents Drying agent
23 FACTORIAL DESIGN TO OPTIMIZE
ERGOSTEROL EXTRACTION FROM -1 Microwave With 1.0 N HCl and 1.0 M KHCO; With Na,SO4
FERMENTED AGARICUS BRASILIENSIS 1 Bath Without 1.0 N HCl and 1.0 M KHCOs Without Na,SO4

Pennsylvania, USA). A 2’ factorial design was applied to study
the simultaneous effect of the heating source, the use of acid and
base, and a drying agent on the extraction yield (qualitative vari-
ables). Consequently, eight extraction assays were randomly per-
formed in duplicate to determine which procedure was the most
efficient to extract ergosterol from the fermentation medium. In
Table 1, experimental parameters and their levels are specified.

The effects for factors considered in the factorial design

were calculated by

Er=(R.)=(R)
where (1_3+ )and (I_Q_) are differences between mean values
for (+) and (—) levels, respectively, for each factor. All
factor effects in the amount of ergosterol extracted from
A. brasiliensis had their statistic significant evaluated at 95%
confidence level using the standard error.

Biomass samples were dried and ground into fine powder
(<60 Mesh) and initial humidity was determined to report
ergosterol per dry mass of A. brasiliensis. About 0.2500 g of
biomass was weighed for each extraction procedure.

Ergosterol esters were saponified with 2 mL of methanol
and 0.5 mL of 2 N NaOH using a microwave or a water bath
heating. When the microwave was employed, each test tube
screw-thread was tightly capped and sealed with Teflon
(Young 1995). The tubes were placed in a plastic bottle for
microwaves and heated for 20 s. After cooling at room tem-
perature for 15 min, the tubes were heated again for 20
more seconds (Montgomery ef al. 2000). Water bath heating
was carried out thermostatically at 60C for 1 h.

After the heating periods, samples were cooled at room
temperature. The procedure was followed by adding an
acid, a base or nothing and subsequently by adding or not a
drying agent. Afterward, samples were extracted three times
with 2 mL of hexane. The solvent was evaporated at 45C
under a flow of air to obtain a dry extract. All extracts were
stored at —18C until analysis. The results of the experimen-
tal design were evaluated by determining the amount of
ergosterol by HPLC.

High-Performance Liquid
Chromatography-Photodiode
Array Detection (HPLC-PDA) and
UV-Vis Quantitation

Ergosterol quantification was carried out by HPLC, as pre-
viously described with some modifications (Carvalho et al.
2006). A Waters (Waters Technologies do Brasil Ltda,
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Barueri, SP, Brazil) Series 600 liquid chromatograph
equipped with a photodiode array detection system (UV/
PDA, Waters 2696) was used. Each extract was dissolved in
2 mL of ethanol. All samples were filtered through a 0.2-um
cellulose acetate membrane before analyzing. A Waters
uBondapak C;s guard column (20 mm X 3.9 mm X 10 um)
and Macherey-Nagel Nucleosil C;s analytical column
(250 mm x 4.6 mm X 5 um) were employed at room tem-
perature. Chromatography was carried out in an isocratic
reverse-phase elution mode with 100% ethanol as mobile
phase and a flow rate of 0.65 mL/min. A 20 uL sample loop
was used. Initially, the PDA detector was programmed to
scan from 210 to 400 nm to determine the maximum wave-
length for ergosterol analysis, and consequently, 282 nm was
chosen for best sensitivity in ergosterol quantification.
Ergosterol peaks in extracts were identified based on the
comparison of retention time of a pure ergosterol standard
and its UV spectra data. Ergosterol was quantified by exter-
nal standard calibration by comparison of ergosterol peak
areas in the samples with that of pure standards at concen-
trations ranging from 1 to 80 ug/mL.

UV-vis analysis was performed in triplicate on a Varian
Cary 50 spectrophotometer. A quartz cuvette with 1 cm of
optical path was employed and ethanol was used as a blank.
The analytical curve was built by measuring the maximum
absorbance at 282 nm of standard ethanolic solutions of
ergosterol (5-50 pg/mL). All analytical standards were pre-
pared by dilution from a stock solution at 500 pg/mL.

GC-MS Analysis

Identification of sterols was performed using a gas chro-
matograph (Agilent 7890A, Agilent Technologies Brasil
Ltda, Barueri, SP, Brazil) coupled with a mass spectrometer
(Agilent 5975C). Samples were separated on an Agilent cap-
illary column HP-1 (30 m X 0.25 mm % 0.25 wm film thick-
ness). The oven temperature was initially held at 50C for
5 min, and then the temperature was raised to 300C at a
rate of 5C/min, followed by isothermal period of 2 min at
300C. Total run time was 57 min. The temperatures of
injection port and detector were set at 250 and 300C,
respectively. Splitless mode was used with helium as carrier
gas at a flow rate of 1.5 mL/min and an injection volume of
1 pL. Sterol constituents were identified based on the mass
spectral data and on retention times, using the NIST 2008
library and pure standards. All samples were derived
by reaction with 50 uL of BSTFA at 60C for 1h. The
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semi-quantification of the identified compounds was
carried out by internal normalization with the area of each
compound and the sum of all peak areas corresponding to
100% of area.

Statistical Analysis

Two-way analysis of variance (ANOVA) and 95% confi-
dence interval were applied in order to determine signifi-
cant differences among ergosterol and total sterol contents
produced by A. brasiliensis in the different fermentation
conditions (different substrates and fermentation types)
investigated. Statistical analysis of data was carried out
using the statistical software Minitab for Windows v. 16 at
95% confidence level.

RESULTS AND DISCUSSION

Optimization of Extraction Procedure

The results for the factorial design are shown in Table 2
together with the calculated effects. The #-test and F-test
revealed significant effects for all the qualitative variables at
95% significance level (P < 0.05). The change between levels
for the source of heat indicated that microwave heating pro-
moted a slight improvement in extraction yield and was
chosen also due to its simplicity and shorter extraction
time. The effect of adding acid/base and a drying agent as
well as the interaction between them were extremely signifi-
cant and had a negative influence on the yield of extraction.
The best result (366.79 = 16.59 ug/g) for ergosterol extrac-
tion was achieved in the absence of these factors and with
microwave-assisted extraction as a result of lesser sample
handling steps combined with the higher extraction effi-
ciency of microwaves. Finally, the extraction procedure does
not need more than the saponification and liquid-liquid
partition steps. Therefore, all ergosterol extractions were
performed in the way depicted in Fig. 1.

Different methods have been reported to extract ergos-
terol from mushrooms; however, there is still no consensus
on which method is the best to be employed (Seitz et al.
1977; Young 1995; Mattila et al. 2002; Tardieu et al. 2007;
Yuan et al. 2007). Some methods have described the use of
large amounts of samples (in grams), several steps of
refluxing, saponification or sonication and drying agents
(Ruzicka et al. 1995). Alternatively, Young (1995) proposed
a microwave-assisted method, which uses small amounts of
samples, small reagent volumes and is faster than the con-
ventional routine methods. Another recently explored tech-
nique is pressurized liquid extraction, which offers the
advantage of allowing automated sample handling and
reducing solvent consumption. However, it is an expensive
technique and is not available in all laboratories (Li et al.
2004).
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TABLE 2. RESULTS FOR THE FACTORIAL DESIGN 23 TO OPTIMIZE
ERGOSTEROL EXTRACTION FROM FERMENTED AGARICUS
BRASILIENSIS AND MEAN CALCULATED EFFECTS

Heating Drying Ergosterol*§
source Reagents agent (Mean % SD) (ng/g)
-1 -1 -1 126.72 £ 4.67°

1 -1 -1 121.03 £ 1.84°
-1 1 -1 205.86 + 4.84°

1 1 -1 191.08 +5.57°
-1 -1 1 210.04 £3.27°

1 -1 1 199.41 +2.72°
-1 1 1 366.79 £ 16.59¢

1 1 1 334.14 + 16.67¢

Estimatet +

Effects Standard errort
Average 219.38 £ 0.66
Main effects

Heating source (1) 15.94+1.32

Acid and base (2) -110.16 £ 1.32

Drying agent (3) -116.42£1.32
Two-factor interactions

(1) x(2) 7.78+1.32

(M x(3) 571+£1.32

2)x(3) -35.78+1.32
Three-factor interactions

(1) x(2)x(3) 3.23+1.32

* Data are represented as mean values + standard deviation of two
independent quantifications and expressed per gram of substrate.

t Standard errors were calculated from standard deviation.

# Confidence intervals at the 95% level were calculated multiplying
the standard-errors by ts 0025 = 2.306 and effects with estimates higher
than 3.044 are significant at 95% confidence level.

§ Experiments with equal letters do not present significant differences
between ergosterol mean values.

Several procedures in the extraction of ergosterol from
biomass have been reported in the scientific literature, and
in this study, the extraction of ergosterol from A. brasiliensis
was optimized by experimental design. As a consequence, an
efficient and few-step procedure for ergosterol extraction
was achieved.

Determination of Ergosterol Content
Produced by A. Brasiliensis Grown in
Different Vegetal Substrates Through
SSF or SF

HPLC-PDA and UV-Vis Method Validation. Analytical
external calibration curves were built by injecting each stan-
dard solution in triplicate. To determine the regression
equations and check the linearity in the concentration range
investigated, a linear regression analysis at 95% confidence
level was carried out. Additionally, to verify if the linear
model was suitable to explain the relationship between area

Journal of Food Quality 38 (2015) 221-229 © 2015 Wiley Periodicals, Inc.
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Biomass sample 0.2500 g
2.0 mL of methanol T
+ |
0.5 mL of NaOH 2 mol/L 30 s on vortex

2.0 mL Hexane
(3x)

GROWTH OF AGARICUS IN VEGETAL SUBSTRATES

1. Microwave heating, 20 s half power
2. 15 min, at room temperature

3. Microwave heating, 20 s half power

30 s on vortex

Centrifugation 3500 rpm 5 min.

Supernatant

I

Residue

Evaporation air blowing 45C

FIG. 1. OPTIMIZED STEPS FOR ERGOSTEROL

EXTRACTION  FROM  DIFFERENT  UNFER-

MENTED AND FERMENTED SUBSTRATES

Apolar extract stored -18C

or absorbance and concentration, the significance of the
linear regression and the residual graphs obtained was ana-
lyzed. The regression equation for HPLC ergosterol deter-
mination was Area = 40472 + 41203C (R*=99.2%) and for
UV-vis determination was Absorbance = —0.0265 + 0.0219C
(R*=99.4%). These regression equations were considered
linear because the determination coefficient (R?) ranged
from 99.2 to 99.4%, the linear regression was significant
(P<0.05) and did not identify any lack of fit of linear
model (P> 0.05). Furthermore, the analysis of residual
graphs of the linear regression model (data not shown)
showed a random pattern, indicating that the linear model
was well adjusted to the experimental data. Selectivity was
granted by comparing retention time (7.35 min) and UV
spectrum from ergosterol chromatographic peak in the
standard and in extracts. By standard addition tests, the
selectivity of the analytical method was confirmed since
the other components of the extracts did not co-elute with
ergosterol and did not interfere in its determination. The
limits of detection (LOD) and limits of quantification
(LOQ) were calculated from parameters of the analytical
curves. LOD was calculated based on 3 x SD/m, where m is
the slope of the calibration curves and SD is the standard
deviation of the linear coefficient. The same way LOQ was

Journal of Food Quality 38 (2015) 221-229 © 2015 Wiley Periodicals, Inc.

calculated by 10 x SD/m. LOD and LOQ were 1.53 and
5.09 ug/mL, respectively, for HPLC-PDA and 1.28 and
4.28 ug/mL, respectively, for UV-vis.

Accuracy and intraday precision were appraised by recov-
ery experiments. Biomass was spiked with 1 mL of ergos-
terol standard solutions at concentrations of 5.0, 25.0 and
50.0 ug/mL. All spiked samples were extracted and quanti-
fied by HPLC-PDA and UV-vis, and the recoveries for
ergosterol were between 97.61 and 99.88% for HPLC and
between 94.89 and 105.26% for UV-vis (Table 3).

The results from recovery experiments (Table 3) showed
high recovery percentages for ergosterol determinations by

TABLE 3. RECOVERY EXPERIMENTS FOR ERGOSTEROL
DETERMINATION BY HPLC-PDA AND UV-VIS

HPLC UV-vis
Ergosterol Recovery RSD Recovery RSD
spiked (ug) (%) (%) (%) (%)
5.00 99.88 25.63 94.89 24.24
25.00 99.85 16.42 102.74 16.24
50.00 97.61 15.30 105.26 14.81

HPLC, high-performance liquid chromatography; PDA, photodiode
array; RSD, relative standard deviation.
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both HPLC-PDA and UV-vis, which also demonstrated the
effectiveness of the simplified extraction procedure opti-
mized in this study. The analytical quantitative method was
accurate and sensitive to small variations in ergosterol con-
centration. According to Brito et al. (2003), it is possible to
relate the recovery value as a function of the level of the
analyte in samples; if this value is 20.1%, the accepted
recovery range must be between 95 and 105%. Based on
that, our results were within the acceptable range. However,
a relative high uncertainly of 25% was found for intraday
precision at the lowest concentration level. The high relative
standard deviation (RSD) values could be due to the com-
plexity of the matrix under investigation, fermentation
media from diverse vegetal substrates.

Comparison of the Ergosterol Levels Produced
by A. Brasiliensis Grown in Different Vegetal
Substrates and Different Fermentation Tech-
niques. The HPLC-PDA quantification of ergosterol
resulted in chromatograms with a narrow ergosterol peak,
good resolution and short retention time (7.35 min) (see
Supporting Information Fig. S1). The chromatographic
behavior indicated that all fermentations were reproducible
in both SF and SSE. The results for ergosterol content are
graphically represented in Fig. 2 and have the background
value of ergosterol discounted for malt and pineapple peel
(substrates with a low amount of ergosterol before the fer-
mentation process). For all other substrates, the initial
amount of ergosterol was under the LOD, confirming that
ergosterol can be a useful tool to estimate the fungi growth
(Seitz etal. 1977; Newell and Fallon 1991; Montgomery
et al. 2000; Tardieu et al. 2007).

HPLC-PDA quantification of ergosterol was compared
with the spectrophotometric UV-vis determination. Ergos-
terol levels determined by UV method are greater than
those found by HPLC-PDA since absorption at 4282 nm
cannot be attributed specifically to ergosterol. Conse-
quently, the levels found by UV-vis determination should be
considered as a total amount of sterols in the extracts, a
parameter that is also a good quantitative measure of
biomass growth of fungi (Mattila et al. 2002; Teichmann
et al. 2007). ANOVA results suggest that the amount of
ergosterol and total sterol content were strongly influenced
by the type of fermentation (P<0.05) and the type
of vegetal substrate (P <0.05) (Table4). Furthermore,
there was a significant interaction between those factors
(P<0.05). The results of ergosterol determination by
HPLC-PDA showed that average ergosterol contents from
malt and grape were higher than those obtained on other
substrates considering types of fermentations altogether
(Table 4). The average ergosterol content from fermented
apple, pineapple peel, pineapple pomace and wheat showed
no significant statistical differences at 95% confidence level.
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FIG. 2. (A) ERGOSTEROL CONTENT DETERMINED BY HIGH-

PERFORMANCE LIQUID CHROMATOGRAPHY-PHOTODIODE ARRAY
DETECTION AND (B) TOTAL STEROL CONTENT DETERMINED BY UV-VIS
IN' SEVERAL VEGETAL SUBSTRATES AFTER SUBMERGED (SF) AND
SOLID-STATE FERMENTATION (SSF)

Additionally, average ergosterol values obtained from SF
were almost twofold higher than the obtained through SSF
for apple pomace, pineapple peel and malt (Fig.2 and
Table 4). Remarkably, malt substrate fermented in submerse
phase proved to be the best medium to develop the myce-
lium of A. brasiliensis, possibly due to the malting process
that exposes nutrients, turning them more accessible to the
microorganism. Pineapple peels used in this study were
from the juice industry and were formed by peels and a
small portion of pulps. These pulps have fermentable sugars
that dissolve more readily in the liquid medium and stimu-
late the development of the mycelium at SE. Conversely, the
SSF of grape pomace (and to a lesser extent pineapple
pomace) produced higher ergosterol and total sterol con-
tents than the SE. Grape pomace residues had been previ-
ously fermented in wine production and therefore have low
content of fermentable sugars if compared, e.g., with apple
residues. In addition, the high fiber content of pomaces

Journal of Food Quality 38 (2015) 221-229 © 2015 Wiley Periodicals, Inc.
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TABLE 4. RESULTS OF THE TWO-WAY
ANALYSIS OF VARIANCE FOR ERGOSTEROL

Factor investigated
CONTENT DETERMINED BY PERFORMANCE

Ergosterol contentt (ug/g)
(95% confidence interval)

Total sterol contentt (ug/g)
(95% confidence interval)

LIQUID CHROMATOGRAPHY-PHOTODIODE Fermentation

ARRAY DETECTION AND TOTAL STEROL SF
CONTENT DETERMINED BY UV-VIS* SSF
Substrate

Apple pomace
Pineapple pomace
Grape pomace
Pineapple peel
Wheat

Malt

862.2 £99.7 (835.1-889.3)°
336.4£44.8 (317.3-341.7)°

1695.7 £ 205.0 (1639.9-1715.5)°
333.9+44.5(1134.7-1234.3)°

323.7 £ 64.4 (293.3-354.1)°
365.2 £51.7 (339.6-391.0)°
757.4 +58.5 (728.3-786.5)°
377.6 £ 37.5 (396.2-359.0)°
397.3 £23.9(385.4-409.2)¢
1267.0 +£283.0 (1126.3-1407.7)

1053.0 £ 155.0 (975.9-1130.1)°
752.7 £58.9 (723.4-782.0)°
2468.0 £396.0 (2271.1-2664.9)
701.1 £50.0 (682.2-732.0)°
1001.5 £50.3 (976.5-1026.5)
2659.0 +560.0(2380.5-2937.8)°

*

Different letters indicate significant statistical differences at a 95% confidence level.

t Data are represented as mean values + standard error.

(grape and pineapple pomaces) provides good aeration and
access to nutrients because the particle size is adequate and
facilitates the development of mycelium in SSF (Cristi
1999).

By inspection of Fig. 2, it is also possible to verify that the
total sterol content obtained by UV-vis showed the same
trend observed for the content of ergosterol with regard to
the type of vegetal substrate, fermentation and interaction
between those variables. However, the differences between
the mean levels of total sterols for the type of fermentation,
SF and SSF, or among the types of substrates were less pro-
nounced (Table 4).

Application of GC-MS on Sterol
Identification and Semi-Quantitation

sterols were identified in fermented samples
(Table 5). The trend observed for the amount of ergosterol

Seven

by HPLC quantification was comparable to that found by
GC-MS, where SF produced a higher content of ergosterol
than SSE. In Table 5, the sterols identified in fermented sub-
strates and their relative abundance are listed.

The most intense peak in the chromatograms of the
extract analyses by HPLC-PDA was due to ergosterol
because the selected wavelength (282 nm) was optimized
for this sterol during method development. Nevertheless,
GC-MS analysis showed that p-sitosterol was rather
abundant in the majority of the extracts. f-Sitosterol was
not detected by HPLC-PDA because its wavelength of
maximum absorbance is lower (208 nm) than the wave-
length selected for ergosterol quantification (Dutta 2003).

Mattila et al. (2002) also determined the sterol composi-
tion in some wild and cultivated mushrooms by GC-MS.
Ergosterol was quantified in different parts of the mush-
rooms (pileus, stipe and gill). The results indicated that for
most studied species, gills were the richest ergosterol source.

TABLE 5. RELATIVE ABUNDANCES (%) OF STEROLS IDENTIFIED BY GAS CHROMATOGRAPHY-MASS SPECTROMETRY IN SUBSTRATES FERMENTED

BY AGARICUS BRASILIENSIS

Relative abundance (%)

Dehydroergosterol Ergosterol Campesterol Stigmasterol Fungisterol B-Sitosterol Stigmastanol
Fermented samples m/z 466 m/z 468 m/z 472 m/z 484 miz 472 m/z 486 m/z 488
Apple pomace SF 2.18 20.91 4.37 0 2.34 70.21 0
Apple pomace SSF 2.47 5.66 4.78 0 1.59 83.73 0
Pineapple peel SF 1.67 41.96 8.53 5.32 4.47 30.89 7.17
Pineapple peel SSF 3.99 32.70 11.95 3.94 4.11 34.87 8.43
Grape pomace SF 0.86 16.34 5.00 4.28 3.36 68.23 1.94
Grape pomace SSF 3.23 34.26 5.76 3.33 2.85 50.57 0
Wheat SF 2.68 64.87 9.14 0 5.76 17.55 0
Wheat SSF 3.51 44.11 11.27 2.03 1.04 33.07 4.96
Pineapple pomace SF 1.36 35.67 11.45 0 7.02 37.84 6.66
Pineapple pomace SSF 0,49 12.78 14.76 1.42 1.14 57.27 12.14
Malt SF 2.66 62.39 11.41 0 9.53 14.02 0
Malt SSF 1.77 23.47 20.53 3.92 6.51 43.81 0
SF, submerged fermentation; SSF, solid-state fermentation.
Journal of Food Quality 38 (2015) 221-229 © 2015 Wiley Periodicals, Inc. 227
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The chemical composition of wild and cultivated mush-
rooms had a similar profile for all species studied, varying
the content of each compound.

CONCLUSIONS

The amount of ergosterol produced by A. brasiliensis grown
on different substrates showed that all substrates allow the
growth of this fungus and are potential substrates for the
fermentation process, adding value to residues from food
industry. SF and SSF proved to be an efficient way to
produce the biomass. The combination of malt substrate
and submerged fermentation was the best arrangement for
the production of biomass and sterols. Ergosterol and
B-sitosterol were the most abundant sterols found on fer-
mented samples.
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SUPPORTING INFORMATION

Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Fig. S1. HPLC-PDA chromatograms obtained to quantify
ergosterol in vegetal substrates extracted after submerged
fermentation (SF) and solid-state fermentation (SSF) with
Agaricus brasiliensis
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