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Abstract

The Lignosus is a genus of fungi that have useful medicinal properties. In Southeast Asia, three
species of Lignosus (locally known collectively as Tiger milk mushrooms) have been reported in-
cluding L. tigris, L. rhinocerotis, and L. cameronensis. All three have been used as important medicinal
mushrooms by the natives of Peninsular Malaysia. In this work, the nutritional composition and
antioxidant activities of the wild type and a cultivated strain of L. tigris sclerotial extracts were
investigated. The sclerotia are rich in carbohydrates with moderate amount of protein and low fat
content. Free radical scavenging activities of L. tigris sclerotial extracts correlate with their phenolic
content, which ranges from 6.25 to 45.42 mg GAE/g extract. The FRAP values ranged from 0.002
to 0.041 mmol/min/g extract, while the DPPH’, ABTS™, and superoxide anion (SOA) scavenging
activities ranged from 0.18 to 2.53, 0.0] to 0.36, and -4.53 to 10.05 mmol Trolox equivalents/g
extract, respectively. L. tigris cultivar shows good prospect to be developed into functional food
due to its good nutritional value and potent SOA scavenging activity.
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Introduction

Mushrooms belonging to Lignosus, a genus of
fungi of the family Polyporaceae, are highly valued
for their medicinal properties. Their biopharmaco-
logical properties and functional food potentials have
also been widely investigated. Known members of the
genus include L. dimiticus, L. ekombitii, L. goetzii, L.
hainanensis, L. rhinocerotis, and L. sacer. These mush-
rooms are found mainly in Africa, Southeast Asia, and
Australia. The sclerotium is the part of the mushroom
with beneficial biopharmacological properties and
functional food potential. The sclerotial extract of L.
rhinocerotis for instance, was found to have antihy-
pertensive, anti-proliferative, immune-modulatory,
and antioxidant activities [1-4]. The non-digestible
carbohydrates isolated from Polyporus rhinocerus

(synonym for L. rhinocerotis) sclerotium have also been
found to be effective as novel prebiotic for gastroin-
testinal health [5].

Recently, Tan et al. [6] reported the discovery of
a new species of Lignosus in Malaysia which is closely
related to L. rhinocerotis. This new member of Lignosus
was given the name L. tigris. Little is known about the
properties of L. tigris, but it has often been mistaken
for L. rhinocerotis due to their similarity in gross
physical appearance, and hence, has also been con-
sumed by the natives for medical benefits. Recent
success in the cultivation of L. tigris in the laboratory
enables large scale production of the mushroom scle-
rotia, and hence it is important to investigate its po-
tential biopharmacological properties as well as nu-
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tritional composition; to evaluate whether this new
species of mushroom can also be used as functional
foods with beneficial biopharmacological properties.

Mushrooms are known for their nutritional val-
ues. Some mushrooms also contain considerable
amount of antioxidants that may be beneficial medi-
cally. The naturally occurring antioxidant compounds
found in mushrooms include phenolic compounds as
well as other substances which can neutralize effec-
tively free radicals and therefore may offer protection
against oxidative stress-related diseases [6]. In this
study, we investigated the nutritional composition
and the various antioxidant properties of the sclerotial
extracts of a wild type and a cultivated strain of L.
tigris.

Materials and methods

Materials

Wild type L. tigris sclerotia were collected from
the tropical forest in Lata Iskandar, central Peninsular
Malaysia. Species identification was confirmed by
sequence analysis of the rRNA gene internal tran-
scribed spacer regions [7]. The cultivated strain of L.
tigris (strain K) is the product of Ligno Biotech Sdn.
Bhd. (Balakong Jaya, Malaysia). All reagents, chemi-
cals, and standards were purchased from Sigma Al-
drich (St. Louis, MO) unless otherwise stated.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) was purchased from Merck & Co.
(Whitehouse Station, NJ). Methanol was purchased
from Friendemann Schmidt Chemical (Parkwood,
WA).

Cell culture

Human breast adenocarcinoma MCF7 (ATCC®
HTB-22™) purchased from American Type Culture
Collection (ATCC, Manassas, VA) was cultured in
Roswell Park Memorial Institute (RPMI) 1640 (Lonza,
Basel, Switzerland) supplemented with 10 % fetal
bovine serum. Penicillin-streptomycin of 1 % was
added during assays to prevent contamination. Cells
were maintained in a humidified atmosphere of 5 %
CO; at 37 °C and sub-culturing was performed every
three to four days depending on the confluence state.

Proximate analysis

Crude protein content of sclerotial powder was
determined by Kjedahl method with boric acid modi-
fication (AACC 46-12). The protein conversion factor
used was 6.25. Fat and total ash contents were deter-
mined based on Sullivan and Carpenter [8]. Total
sugar content was determined using AOAC 923.09
method. Soluble and insoluble dietary fibers were
measured using AOAC 991.43 method. Total carbo-
hydrates and energy content were calculated by dif-

ference. Mineral concentrations were determined
based on AOAC 984.27 method. Moisture content was
assessed using air-oven method (AACC 44-15A). All
AACC and AOAC standard protocols were per-
formed according to AOAC International [9] and
AACC International [10].

Preparation of sclerotial extracts

Extraction was carried out in a mass to volume
ratio of 1:20 (g/mL), using freeze dried sieved sclero-
tial powder. Hot water extraction was carried out at
95 to 100 °C for 2 h, cold water extraction was carried
out at 4 °C for 24 h, and methanol extraction was car-
ried out by stirring at room temperature for 24 h. Ex-
traction mixture was then filtered through Whatman
grade no. 1 filter paper. Water extracts were freeze
dried and re-dissolved in Milli-Q water prior to anal-
ysis. Methanol extract was evaporated to dryness at
37 °C and re-dissolved in 10 % dimethyl sulfoxide
(DMSO).

Antioxidant assays

The antioxidant assays were adapted from our
previous study [3]. Total phenolic content (TPC) was
determined using Folin-Ciocalteau method [11]. Gal-
lic acid from 10 to 200 pg/mL was used as standard
for construction of the calibration curve and the phe-
nolic content was expressed as mg gallic acid equiva-
lents (GAE). Ferric reducing antioxidant power
(FRAP) assay was performed according to Benzie and
Strain [12]. 1,1-diphenyl-2-picrylhydrazyl (DPPH*)
radical scavenging activity was measured according
to Cos et al. [13]. 2,2-azinobis-3-ethylbenzothiazoline-
6-sulphonic acid (ABTS**) radical scavenging activity
was determined according to Re et al. [14]. Superoxide
anion (SOA) radical scavenging activity in the phena-
zine methoxysulfate (PMS)-NADH superoxide gen-
erating system was determined according to
Siddhuraju and Becker [15]. Extracts were tested at
concentration from 1 to 16 mg/mL in series of double
dilution for FRAP, DPPH*, and ABTS** radical scav-
enging assays while for SOA radical scavenging as-
say, extracts were tested at concentration from 62.5 to
1000 pg/mL in series of double dilution. Trolox was
used as standard for construction of the calibration
curve for DPPH*, ABTS"*, and SOA radical scaveng-
ing assays and the results were expressed as mmol
Trolox equivalents (TE). Quercetin and rutin served as
positive controls for all assays.

Cell-based SOA radical scavenging assay

Monolayer MCF7 cells grown in 96-well plate
were exposed to 0.625 U/L xanthine oxidase and 0.5
mM xanthine for 1 h in the presence of L. tigris extract
from 2 to 125 pg/mL in series of double dilution. Re-
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action mixtures were then aspirated and cells were
cultured in fresh growth medium for an additional 72
h prior to cell viability assessment by MTT assay.
MTT solution (5 mg/mL in phosphate buffered saline,
PBS) was added subsequently at 20 puL per well fol-
lowed by additional incubation at 37 °C for 4 h until
purple formazan crystals developed. Total solutions
were aspirated and DMSO (200 pL per well) was
added to dissolve the formazan. Absorbance at 570
nm was measured. Quercetin and rutin served as
positive controls while PBS served as the negative
control. The effects of L. tigris sclerotial extracts on the
viability of MCF7 in relation to PBS was determined.

Statistical analysis

Results were expressed as mean + standard de-
viation (SD), unless otherwise stated. Statistical
Package for the Social Sciences (SPSS) version 17.0
(SPSS Inc., Chicago, IL) with one-way ANOVA fol-
lowed by the LSD’s post hoc test for multiple com-
parisons was used to compare mean values. A p value
of less than 0.05 was considered as statistically signif-
icant.

Results and discussion

Nutritional composition of L. tigris sclerotia

Table 1 shows like L. rhinocerotis, the sclerotia of
L. tigris are rich in carbohydrates with low fat content
[3]. It is interesting to note that the carbohydrate
composition of wild type L. tigris sclerotium differs
from that of the cultivated L. tigris. The carbohydrate
constituent of the wild type is made up mostly of in-
soluble fiber whilst the cultivated L. tigris has only a
very small amount of soluble and insoluble fiber, as
well as low amount of sugar. This suggests that much
of the carbohydrate content of the cultivated L. tigris
sclerotia is starch. Thus, the cultivated L. tigris sclero-
tium is a good source of dietary starch. In addition,
the protein content and energy value of the cultivated
L. tigris are almost two times more than the wild type;
indicating that the sclerotium of L. tigris cultivar was
superior to the wild type in overall nutritional con-
tent.

Yield of extracts and phenolic content

The yield of the various extracts from L. tigris
cultivar was substantially higher than that of the wild
type (Table 2). For the wild type, the yield of hot water
and cold water extracts were comparable and far
higher than the methanol extract. For the cultivated L.
tigris, hot water extraction produced the highest yield
(25 times that of wild type), followed by cold water
extraction (12 times that of wild type). Although the
yield of methanol extraction was only 12 % of the hot
water extract, it was three times more than hot or cold

water extracts of the wild type. These show that the
sclerotial powder of the cultivated L. tigris contains
more water soluble substances of high polarity than
the wild type. This finding is not surprising as 91.6 %
of the dry weight of wild type sclerotial powder was
made up of insoluble fiber. The methanol extract
presumably consists mainly the non-polar com-
pounds of the sclerotium.

Table 1. Energy value and nutrient composition of wild type and
cultivated L. tigris sclerotia.

Wild type Cultivar
Energy (kcal/100 g DW) 204 385
Crude protein (g/100 g DW) 52 9.1
Total fat (g/100 g DW) ND (<0.1) 2.0
Total carbohydrate (g/100 g DW) 91.6 84.4
Dietary fiber (g/100 g DW) 91.6 3.0
- Insoluble fiber 91.6 0.1
- Soluble fiber ND (<0.1) 29
Total sugar (g/100 g DW) ND (<0.1) 7.6
Ash (g/100 g DW) 1.1 0.5
Moisture content (g/100 g DW) 21 41
Calcium, Ca (mg/100 g DW) 5.0 26.3
Magnesium, Mg (mg/100 g DW) 85.4 40.5
Potassium, K (mg/100 g DW) 165 171
Sodium, Na (mg/100 g DW) 6.9 184

Energy and nutritional composition of L. tigris sclerotia expressed on a dry weight
(DW) basis. Abbreviation: ND, not detected.

Table 2. Yield and total phenolic content of L. tigris sclerotial
extracts.

Solventex-  Yield Total phenolic content
tract (mg/g mg GAE/g mg GAE/g

DW) extracta DWeb
Wild Hot water 20 37.52 £0.23¢ 0.75 £ 0.00¢
type Cold water 24 31.15+0.614 0.74 £ 0.00¢
Methanol 4 45.42 + 0.35¢ 0.18 £0.004
Cultivar Hot water 510 8.07 £ 0.51f 4.03 £ 0.25¢
Cold water 290 12.17 £0.108 4.06 = 0.03¢
Methanol 61 6.25 £0.18h 0.39 £0.01f

aTotal phenolic content expressed as mg gallic acid equivalents (GAE) in 1 g ex-
tract. ® Total phenolic content expressed as mg gallic acid equivalents (GAE) in1 g
dry weight (DW) mushroom. Values expressed as mean + SD (n = 3). Mean in the
same column with different letters (c - h) are significantly different (p < 0.05).

It is important to determine the content of phe-
nolic secondary metabolites in the mushroom since
antioxidant activity of most plant materials and fungi
has been shown to be mostly due to the presence of
their phenolic compounds [16]. Table 2 shows the
total phenolic content of L. tigris extracts. Extracts
from wild type have a higher content of phenolic
compounds compared to the cultivar. However, when
the values were expressed as dry weight of sclerotial
powder (mg GAE/g DW), the amount of phenolic
compounds was highest in L. tigris cultivar water ex-
tracts and lowest in the methanol extracts. For both
the wild type and cultivar, the hot water extracts
yielded the same amount of phenolic compounds as
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the cold water extracts indicating that the efficiency of
extraction of phenolic compounds was not dependent
on temperature of the extraction medium. It is inter-
esting to note that the phenolic content of L. tigris cul-
tivar water extracts was five times higher than that
that of wild type.

Antioxidant activity of L. tigris extracts

Table 3 shows the ability of L. tigris extracts to
reduce ferric ion and scavenge free radicals. In the
ferric reducing assay, antioxidant activity of L. tigris
was measured by its ability to reduce fer-
ric-tripyridyltriazine (Fe3*-TPTZ) to ferrous complex
(Fez*-TPTZ). FRAP value of all extracts were rather
low in comparison to the positive controls, but were
similar to that reported for Mexican mushrooms [17].

The efficiency of antioxidants to prevent oxida-
tive damage and inhibit lipid peroxidation is de-
pendent on their free radical scavenging ability.
DPPH*, ABTS**, and SOA radical scavenging activi-
ties were determined by comparing the percentage
inhibition of free radicals by L. tigris extracts to Trolox
in terms of Trolox equivalent antioxidant capacity
(TEAC) (Table 3). Inhibition of the free radicals was
dose-dependent. DPPH" radical scavenging activity
was tested in L. tigris extracts at a concentration range
of 1 to 16 mg/mL and concentrations that caused 50 %
inhibition of radicals (ICsy values) were estimated
from the dose-response curve. Wild type methanol
extract has the lowest ICsy (1.0 mg/mL), followed by
wild type hot water extract (2.9 mg/mL), cultivar cold
water extract (3.3 mg/mL) and wild type cold water
extract (3.6 mg/mL). The ICsy values for the cultivar
hot water and methanol extracts were greater than 16
mg/mL. When compared with other related Polypo-
rales, the 1Cso values for most of the L. tigris extracts
were comparable to those of L. rhinocerotis but lower
than those of Ganoderma lucidum [3, 18].

When reacted with ABTS**, the methanol extract
of wild type L. tigris showed the highest scavenging
activities, presumably owing to its high phenolic
content. The hot water and cold water extracts of the

Table 3. Antioxidant activities of L. tigris sclerotial extracts.

wild type L. tigris exhibited slightly lower scavenging
activities, while all three extracts of the cultivar
showed rather weak activities when compared to the
positive controls.

Another important free radical scavenging ac-
tivity in plant and fungus is SOA scavenging activity.
Superoxides are continuously produced in all living
organisms during metabolic processes and are bio-
logically toxic to their cellular components. Excessive
generation of SOA plays important role in carcino-
genesis and induces pro-inflammatory state in many
diseases [19, 20]. SOA scavenging activity of L. tigris
extracts as measured by the PMS-NADH superoxide
generating system demonstrated a considerably
strong dose-response inhibition of the SOA radicals at
concentrations below 1 mg/mL. When expressed as
TEAC, the hot water extract of wild type L. tigris ex-
hibited the highest activity (10.05 £ 0.08 mmol TE/g
extract); a level which was higher than rutin (9.62
0.07 mmol TE/g extract). Other extracts of both the
wild type and cultivar of L. tigris also exhibited con-
siderable SOA scavenging activities (except for
methanol extract of the cultivar). The high SOA
scavenging activity of the L. tigris extracts in contrast
to their lower ferric reducing, DPPH*, and ABTS**
radical scavenging activities suggests that in addition
to their phenolic content, other non-phenolic com-
pounds may be present in the extracts with the ability
to scavenge SOA. Negative inhibition was observed in
the methanol extract of L. tigris cultivar at concentra-
tions above 500 pg/mlL, this phenomenon was also
seen in our previous study on L. rhinocerotis as well as
in marine macroalgae [3, 21]. Overall, the free radical
scavenging activities of L. figris extracts correlated
well with their phenolic content (mg GAE/g extract).
The wild type extracts were more potent in free radi-
cal scavenging activities, the same phenomenon was
also observed in the closely related species L. rhinoce-
rotis where the wild type sclerotial extracts also ex-
hibited higher antioxidant activities than the culti-
vated strain [3].

FRAP value Trolox equivalent antioxidant capacity (TEAC, mmol TE/ g extract)
DPPH* ABTS** SOA
Wild type HWE 0.018 + 0.002 1.01 +0.052 0.25 +0.022 10.05 + 0.082
CWE 0.014 + 0.00° 0.79 + 0.05° 0.27 + 0.00° 8.53 + 0.04°
ME 0.041 + 0.00¢ 2.53 +0.07¢ 0.36 +0.01¢ 8.80 +0.10¢
Cultivar HWE 0.002 + 0.004 0.19+0.014 0.01 +0.024 4.82+0.164
CWE 0.014 + 0.00° 0.45 +0.03¢ 0.09 +0.03¢ 7.98 +0.07¢
ME 0.002 + 0.004 0.18 +0.024 0.04 +0.024 -4.53 +0.18f
Quercetin 3.378 £ 0.15¢ 4.83 +£0.02f 2.00 + 0.00f 11.43 +0.10s
Rutin 0.572 + 0.04f 4.85 +0.00f 1.64 + 0.00s 9.62 +0.07h

Antioxidant activities expressed as mean + SD (n = 3). FRAP value expressed in mmol/min/g extract. Mean in the same column with different letters (a - h) are significantly
different (p < 0.05). Abbreviations: TE, Trolox equivalents; HWE, hot water extract; CWE, cold water extract; ME, methanol extract; SOA, superoxide anion.
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Figure |. Superoxide anion (SOA) radical scavenging activity of
L. tigris extracts in a cell based system. Xanthine/xanthine oxidase
system was used to generate exogenous SOA radical and the abilities of
various L. tigris extracts to protect the MCF7 cells against the cytotoxic
action of the generated superoxides were determined by measuring the
relative cell viability (% viability). Data expressed as mean + SD (n = 3). (A)
Wild type L. tigris (abbreviated as WTT); (B) L. tigris cultivar (abbreviated as
TK, TK stands for L. tigris strain K); (C) positive controls (quercetin and
rutin). Other abbreviations: HWE, hot water extract; CWE, cold water
extract; ME, methanol extract.

In order to assess the efficacy and potential of L.
tigris as a SOA scavenger in cellular system, we also
examined the SOA inhibitory activity of the extracts
using an in vitro cell-based model. In this model,
xanthine/xanthine oxidase (XOD) system was used to
generate exogenous SOA and the ability of the ex-
tracts to protect MCF7 cells against the cytotoxic ac-
tion of the generated SOA was then examined (Figure

1). It is interesting to find that the extracts exhibited
more potent SOA scavenging capacity in the
cell-based system than in the non-cell-based
PMS-NADH system. This was presumably due to the
differences in the way the SOA were generated. In
addition, the tumorigenic MCF7 cells may be more
sensitive to the action of SOA generated. Xanthine
and xanthine oxidase were not cytotoxic on their own
at the concentrations used in the experiment, but the
XOD system induced 75 to 85 % cytotoxicity to MCF?7.
It has been established that quercetin, rutin, and the L.
tigris extracts by themselves were not cytotoxic at
their tested concentrations. In general, L. tigris cultivar
extracts exhibited promising SOA scavenging capac-
ity in the cell-based assay model in a dose-dependent
manner. The lowest ICso value was obtained with the
cultivar methanol extract (4 pg/mL). This was fol-
lowed by wild type hot water extract (18 pg/mL),
cultivar cold water extract (28 pg/mL), and wild type
methanol extract (56 pg/mL). These ICsy values are
comparable or lower than the positive controls in-
cluding quercetin (ICso= 30 pg/mL) and rutin (ICso =
47 pg/mL); implying the extracts exhibited potent
radical scavenging abilities. However, reduction in
the SOA scavenging capacity was observed in wild
type hot water and cold water extracts as well as in
cultivar cold water extract at concentration higher
than 31.25 pg/mlL. This is presumably due to a con-
centration-dependent biphasic effect which was also
observed in the PMS-NADH system, as discussed
earlier.

Conclusion

To the best of our knowledge, this is the first
report on the potential health benefits of L. tigris
sclerotia, in particular its nutritional content and an-
tioxidant activities of its extracts. In term of nutrition-
al content, the cultivar of L. tigris was superior than
the wild type. In term of antioxidant activities, how-
ever, the wild type L. tigris extracts were more potent.
The potential of the wild type L. tigris sclerotia to be
developed as a functional food, however, is con-
strained by its rarity in nature and the low extraction
yield. In view of the high nutritional content, higher
total antioxidant activity in the sclerotial extracts, L.
tigris cultivar, which can be cultivated in large scale,
has greater potential to be developed as functional
food and nutraceutical.
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