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Resumen. Tallos de maiz secosy molidos (crude) fueron lavados por
varios solventes (cleaned). Cuando se afiadié 1000 ppm de tallos
lavados al medio de cultivo Peptona/ Glucosal Agar (PGA), € crec-
imiento de Pleurotus ostreatusy Pleurotus sajor-caju se increment6
al doble. El crecimiento del micelio también aumenta cuando se
afaden 1000 ppm de un extracto acuoso de tallos lavados (cleaned)
compuesto de 400 pg de sustancias no volatiles por gramo de tallo.
Este extracto contenia 60 pg / g de tallo de monémeros fendlicos. El
andlisis por IR muestra que el espectro del extracto es similar a de
cleaned asi como a de lalignina comercial. El crecimiento del mice-
lio de 5 basidiomicetos se promovié en un 30 % a afiadir crude y
cleaned a medio de cultivo. El incremento en el crecimiento también
ocurrié cuando se adiciond la lignina comercial a medio de cultivo
de Agar Extracto de Malta. Este incremento fue similar a inducido
por cleaned. El extracto acuoso incremento el crecimiento en un
intervalo de concentracién de 10-6 a 10-7 M, tal y como se observa en
las plantas cuando se les afiade hormonas. Sugerimos que estos hon-
gos basidiomicetos usan alos productos de la degradaci6n enzimética
de lalignina como una sefial para acelerar su crecimiento. Este hecho
puede ser una téctica importante de los hongos para degradar la bio-
masa vegetal antes que sus posibles competidores.

Palabras clave: Basidiomicetos, fenoles derivados de la lignina,
Pleurotus, promocion del crecimiento, tallos de maiz.

Abstract. Milled corn stalk (crude) was cleaned by diverse solvents
(cleaned). When 1000 ppm of cleaned was added to Peptone /
Glucose / Agar (PGA), the growth rate of Pleurotus ostreatus and
Pleurotus sajor-caju was doubled. The mycelial diameter also
increased by a supplementation of a hot water extract of cleaned cor-
responding to 1000 ppm, which was composed of 400 ny / g-stalk of
nonvolatile compounds including 60 ng / g-stalk of phenolic
monomers. An IR spectrum of the extract was very similar to that of
cleaned and commercial lignin. Supplementation of crude or cleaned
to Malt extract / Sucrose/ Agar (MSA) promoted mycelial growth by
30 % in all five basidiomycete studied. A commercially available
Kraft lignin supplemented to MSA showed cleaned-like growth pro-
motions. The hot water extract showed growth promotion to the
mycelia at a range of 10-6-10-7 M as seen in plant hormones.
Therefore, we suggest these fungi use the enzymatic degradation
products of lignin as asignal to faster mode of growth. This must be
an important tactic of the fungi in securing their niche by degrading a
vegetal biomass before competitors encroach upon it.

Keywords: Basidiomycetes, corn stalk; growth promotion, lignin-
derived phenols, Pleurotus

Introduction

Corn stalks remaining in the field after harvest contain 43 %
polysaccharide consisting mainly of hemi cellulose and cellu-
lose, 29 % lignin, 7 % proteins, 5 % ash, and 16 % others [1].
A part of this renewable lignocellulosic biomass has been used
for ruminant food and cultivation of edible mushrooms.
During the cultivation of various basidiomycetes, we
observed that a small amount of corn stalk chips added to a
culture medium accelerated the growth rate. We now supple-
ment routinely with 1 g corn stalk powder for a 1 | culture
medium for fungi culture. Various publications describe fun-
gal growth promotion by plant constituents. It has been shown
that Pleurotus ostreatus grows faster on cotton stalks than on

wheat straw, and that water extracts of cotton stalks contain
compounds that increase fungal growth rate by 50 % in liquid
and solid culture [2]. After separation by thin-layer chro-
matography of the cotton extracts, the biologically active frac-
tion showed flavone-like characteristics. When a cotton
extract was added to wheat straw, degradation was increased
significantly. Ardon et al. [3] showed that cotton stalk extract
enhanced laccase activity of P. ostreatus

Inaba et al. in 1981 and Kawamura et al. [4-5] found that
the growth rate of basidiomycetes such as P. ostreatus and
Lentinula edodes were promoted by adding lignin to a peptone-
glucose medium. In relation with growth promotion of fungal
mycelia some authors showed that phenolic compounds derived
from lignin promoted the growth of the genus Lentinula[6-8].
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In spite of awealthy of publications, the scientific commu-
nities have not been convinced enough of the effectiveness of
lignocellulosic materials. We report in this paper that degrada-
tion products of lignocellulosic materials are responsible to the
growth promotion of fungal mycelia. The degradation products,
including phenolic compounds were effective to promote
growth rates at a concentration of nM order, which is compara-
ble to the effective concentrations seen in plant hormones.

M aterials and methods

Fungi cultures. Agaricus bisporus ATCC 36415 (Abi),
Agaricus campestris ATCC 2334 (Aca), Lentinula edodes
ATCC 48860 (Led), Pleurotus ostreatus ATCC 38540 (Pos),
and P. sajor-caju ATCC 32078 (Psc) were purchased from the
American Type Culture Collection (ATCC, 12301 Rockville,
MD 20852). All the fungal mycelia were grown on Malt
extract / Sucrose / Agar (10:40:20, g / 1) (MSA) at ambient
temperature (25 + 2 °C). Agar discs 0.7 cm in diameter were
removed from the periphery of actively-growing Petri dish
cultures and placed in the center of Petri dishes (90 mm ~ 15
mm) containing MSA (20 mL) with or without supplementa-
tion. The growing rates were measured by averaging two per-
pendicular mycelial growth diameters substracting 0.7 cm of
theinitial disc diameter. All experiments were triplicated.

In another series, Pos and Psc mycelia were grown on a
Peptone / Glucose / Agar (10:40:20, g / 1) (PGA) broth. The
mycelial growths were monitored by similar manner to the
experiments using M SA.

Plant materials and cleaning procedures. Corn was seeded
and harvested by Francisco Velez at La Resolana Ranch,
Acatic, Jalisco, Mexico. No pesticide was applied. The corn
stalk was harvested when corn ears matured and dried in the
shade. It was kept at least one year in a well-ventilated dark
and cool place, which was ground and collected a range of
size of 16-200 mesh (crude).

Forty-five grams of crude were extracted using a
Soxhlet's extractor employing 350 mL of toluene for 2 h at
which time the toluene extract was colorless. The powder was
dried in air for 24 h. There followed successive Soxhlet-
extractions by chloroform, ethanol and water using similar
procedures. The powdery product was refluxed by a mixture
of 100 ml of benzene and 100 ml of ethanol for 2.5 h. Finally
the product was refluxed further by 100 ml of ethanol for 2.5
h. The dried product iscalled cleaned.

Hot water extraction of cleaned. Ten grams of cleaned sus-
pended in 150 mL of water placed in an Erlenmeyer flask (500
mL) was heated to 120 °C for 1 h in an autoclave similar to a
routine sterilizing procedure. The solution was separated by
filtration and dried using a rotary evaporator. The residue was
dried further by a nitrogen flow for 12 h at room temperature
and 3.96 mg of a coffee-brown creamy matter was obtained.
IR spectra of the residue approximated very closely that of
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commercial lignin mixture (Sigma Chemical) (3440 (st), 2910,
1600, 1320-1420, 1080-1150 (st) and 600 cm-1) and of
cleaned.

An ethyl ether extract of the residue (20 mL ~ 3 times)
was dried, followed by dissolution in 500 pL of methanol for
analysis by gas chromatography using a Varian Model 3300
equipped with a flame ionization detector employing a column
AT-1 (Alltech), 30 m ~ 0.53 mm ~ 1.2 pm. Conditions:
Column temperature 70 °C to 270 °C at 10 °C / min; injector
150 °C; detector, FID at 300 °C.

Results

P. ostreatus and P. sajor-caju were grown on PGA, which
does not contain plant materials. Surprisingly the supplemen-
tation of PGA with cleaned doubled their growth rate as seen
in figures 1 (A) and 2 (A) compared to the growth rate in none
supplemented PGA (#). cleaned was heated in water at 120 °C
for 1 h as the pasteurization of culture media. PGA supple-
mented by the resultant aqueous solution promoted the
mycelial growth as seen in figures 1 (*) and 2 (*) but consi
derably less than cleaned.

One g of cleaned yielded 396 ng of nonvolatile com-
pounds including p-coumaric acid (35.9 n), ferulic acid (17.5
ng), p-hydroxybenzaldehyde (6.64 ng), and syringaldehyde
(1.63 mg) as phenolic monomers on heating in water at 120 °C
for 1 h. IR spectra of the residue of evaporation was very simi-
lar to that of cleaned and of commercial lignin. Hence, the
mycelia were grown on PGA supplemented by a phenolic
mixture of the same composition. Only a slight increase of
growth was observed under this condition as shown figures 1
(0) and 2 (O).

Cleaned sterilized by an equivolume mixture of ethanol
and benzene was added to a previously pasteurized PGA. The
mycelia grew almost double as seen in figures 1 (*) and 2 (*)
compared to the control.

Since the basidiomycetes grew nearly linearly during 3d
to 9h days as seen in figures 1 and 2, all experimental data on
mycelial diameters during this stage were calculated by linear
least sguare treatments and they are summarized in Table 1.
The growing velocities based on the slopes reached to 2.0-2.3
times in chemically sterilized fiber and 2.2-2.7 times in ther-
mally sterilized ones compared to the controls. The mixture of
phenolic compounds also accelerated, 40 % for Posand 3 %
for Psc The statistical confidence ranges evaluated comparing
linear regression equations of slopes between the phenolic
monomers supplementation and control remain 0.99 > P for
Pos and Psc [9]. The differences between the controls and the
PGA supplemented with hot water extract, chemically or ther-
mally sterilized fiber were highly trustworthy. Nevertheless,
the standard deviations seen from Table 1 are considerably
large. Every run deviates little from a curve; however, devia-
tions within runs were considerably large. We found that
mycelial growth is slowed notably by a slight increase of light,
hence it has been concluded that the control of light intensity
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Fig. 1. Pleurotus ostreatus growth promotion by the supplementation
to PGA with: (O) lignin-derived phenolic compounds; 6.64 ppb of p-
hydroxybenzaldehyde, 1.63 ppb of syringaldehyde, 35.7 ppb of p-
coumaric acid, and 17.5 ppb of ferulic acid. (3 ) a hot water extract of
CLEANED. (*) chemically sterilized corn stalk, 1000 ppm. (€) ther-
mally sterilized corn stalk, 1000 ppm. (" ) control, without supple-
mentation.

was not satisfactory in our experiments. All data obtained
from 278 runs for Pos and 278 runs for Psc are shown in
Table 1 and figures 1 and 2 in order to demonstrate the rela-
tive effects to the growth rate but not the absolute growth
velocities.

Mycelia of Abi, Aca, Led, Pos and Psc were grown on
MSA supplemented by these products at a concentration range
of 1-1000 ppm. Apparently both of crude and cleaned promot-
ed all mycelial growth in similar extent by a concentration
dependent manner. However, the growth rate increased by
only less than 30 % (data not shown).

Supplementation of a commercially available Kraft lignin
to MSA showed slight growth promotions of five basiomycete
mycelia at alow concentrations ranging to 1-10 ppm, however
growth inhibition suppressed the promotion at higher concen-
trations.

Discussion

It iswell documented that fungal mycelial growth is accelerat-
ed by phenolic compounds [6-12]. Cai et al. and Buswell and
Erikson [13-14] studied diverse lignin-derived phenolic com-
pounds and their methylated derivatives at the concentration
range of 1-10 mM on the growth of edible mushrooms such as
L. edodes and P. sajor-caju. They found slight promotions and
inhibitions in some phenolic compounds at low concentra-
tions. However, a phenolic concentration less than 1 mM is
not available in these studies. On the other hand, the concen-
trations of four phenolic compounds summed up to only 3.7
KM in our supplementation. Yet it showed notable growth
accelerations.

Plant growth hormones are the compounds that induce
plant growth at lowest concentration ever known, regardless
that each one acts in different manner from growth promotion
to acceleration of senescence. Thus, the most common plant
hormones such as gibberellic acids [15] and indole acetic acid
[16] enhance plant growths as low concentration range as 10-6
to 10-8 M. Accordingly the phenolic concentration, 3.7 mM, is
comparable to the plant hormone action.

The hot water extract of cleaned showed a greater growth
acceleration than the phenolic mixture. The major part of the
extract, approximately (330 ng) / (g-cleaned), consists in
lignin-like compounds composing of phenolic unit. Assuming
that the extract is a mixture of phenolic oligomers with an
average molecular weight 1000, a supplementation of 1 g-
cleaned per | I-MSA resultsin 3.3~ 10-7 M of the compounds.
Lin and Lebo [17] described that the phenolic monomers were
liberated by thermal hydrolysis of grass lignin; hence, the for-
mation of oligomers as well as the monomers must be reason-
able.

These mycelia grew well faster than the hot water extract
when PGA was supplemented with solid cleaned sterilized
even chemically or thermally. However, the later grew slightly
faster than the former, showing the chemically sterilized
cleaned was degraded by fungal enzymes alone but the ther-
mally sterilized one summed the effects of the thermal and
enzymatic degradation products.

Azuma and Tetsuo described a preparation method of
lignin-carbohydrate complexes [18]. In the first step, they
obtained a product composing of lignin-carbohydrate com-
plexes and pectin employing a similar procedure to prepare
the cleaned, followed by a removal of pectin to get the com-
plexes. Pectin supplemented to PGA up to 1000 ppm showed
no growth promotion to Posand Psc. On the other hand, these
fungi were promoted notably by 4 uM of lignin-derived phe-

Table 1. Mycelial growth rates evaluated by linear least square
method; mycelial diameter (cm) = interception + slope x (no. of days)
in P. ostreatus and P. sajor-caju grown in PGA supplemented by
corn stalk products.

Post

contre PHE HWE CSC TSC
rel. growth? 1.0 14 2.3 24 2.8
no. of data 54 40 144 20 20
slope 0400 0.550 0.925 0.976 1125
interception 0.01 -0.08 -1.62 -2.32 -1.39
stand. dev.b 0.70 0.27 161 1.13 0.25
Psc

contre PHE HWEe CSCt TSCo
rel. growtha 1.0 1.03 17 21 24
no. of data 54 40 144 20 20
slope 0490 0.506 0.833 1.040 1.190
interception 0417  0.088 -1.83 -1.89 -2.19
stand. dev.P 0.723 0241 0.626 0.307 0.502

a Relative growth rate, © standard deviation, ¢ control, 9 phenolic mixture sup-
plementation, e hot water extract supplementation, f chemically sterilized
cornstalk, 9 thermally sterilized corn stalk.
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Fig. 2. Pleurotus sajor-caju growth promotion by the supplementa-
tion to PGA with:

(O) lignin-derived phenolic compounds; 6.64 ppb of p-hydroxyben-
zaldehyde, 1.63 ppb of syringaldehyde, 35.7 ppb of p-coumaric acid,
and 17.5 ppb of ferulic acid. & ) a hot water extract of cleaned. (*)
chemically sterilized corn stalk, 1000 ppm. €) thermally sterilized
corn stalk, 1000 ppm. (" ) control, without supplementation.

nolic monomer compounds and much more by cleaned.
Therefore, lignin solubilized by degradation such as lignin-
carbohydrate complexes, phenolic oligomers and monomers
might be responsible to the growth promotion of the fungal
mycelia Really, Inaba et al. in 1982 [19] found that sulfonat-
ed lignin-carbohydrate complexes added 1 % to culture media
promoted basidiomycetes growth.

Culture media based on potato infusion and grain
hydrolysates such as malt and Aspergillus oryzae-grown rice
are used frequently to culture basidiomycete mycelia, indicat-
ing the importance of the fragmented lignin of the plant origin
in these media. On the contrary, culture media that do not con-
tain plant constituents such as PGA might be employed for
fungi, which do not degrade lignin. The effectiveness of MSA
over PGA was tested using A. bisporus P. ostreatus, and P.
sajor-caju as shown in Table 2. They grew much faster on
MSA than on PGA, in accord with the common preference to
use MSA for these fungi.

Interestingly, the PGA supplemented with 1000 ppm of
cleaned potentiated the mycelial growth velocities of P. ostrea-
tus and P. sajor-caju almost as effective as MSA as seen from
Table 1: P. ostreatus grew even faster and P. sajor-caju alittle
slower. The similarity between MSA and cleaned-supplement-
ed PGA indicates that lignin derivatives play arole to acceler-
ate the fungal growth.

Basidiomycetes actively degrade lignin in biomass using
extracellular enzymes, including fungal peroxidases [20] and
laccase [21]. Let us suppose that a growing P. ostreatus
mycelium germinated from a spore meets alog. Then, the fun-
gal enzymes degrade lignin and the degradation products
including phenolic monomers diffuse getting behind of the
mycelium at the front end accelerating mycelial growth. As a
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result, more degradation takes place. This must be an impor-
tant tactic of the fungi in securing their niche in a biomass
before competitors encroach upon it.

The enzymatic degradation products of lignin might switch
the signal controlling growth rate to a faster mode. However,
there are enormous numbers of chemical species as the product
such as phenolic compounds, oligomers with different degrees
of oligomerization derived from phenolic compounds as the
building block, and lignin-carbohydrate complexes with a va-
riety of chain length and monomer components. It must be diffi-
cult that receptors respond directly to al the products.

Phenolic compounds are oxidized to catechol (o-dihy-
droxybenzene) or hydroquinone (p-dihydroxybenzene) deriva-
tives in the presence of fungal dioxidase or laccase. These
dihydroxybenzene derivatives are easily oxidized further to
guinone derivatives enzymatically or nonenzymatically. The
oxidation produces two short-lived HO, (hydrogen superox-
ide) molecules, which disproportionate to H,O, and O, enzy-
matically by superoxide dismutase (SOD) or nonenzymeatical-
ly [22]. Consequently, these fungi may detect HO, or H,O, in
stead of the lignin degradation products.

It iswidely accepted that ingestion of dietary fiber isindis-
pensable to maintain human and animal health. Nevertheless, a
fully acceptable reasoning has not been proposed yet. On the
other hand, 20uL of an Escherichia coli (ATCC 25922) culture
at alog phase culture (1500 ~ 106 cells/ mL ) were inoculated
to peptone-glucose broth and the growth was monitored by
turbidity with an spectrophotometer at 450 nm. The results
obtained showed that the growth was enhanced by 40 % by a
supplementation with the hot water extract of cleaned corre-
sponding to 1 g of cleaned to 1 | of culture media (data not
shown). However, the behavior of intestinal microflorais com-
plicated, especially the lignin hydrolyzing microorganisms and
the ones promoted by the hydrolysates are not necessarily the
same. Moreover, the beneficial microorganisms must be pro-
moted, whereas the malignant ones must be inhibited in order
to contribute to the health.
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