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ABSTRACT

Ganoderma lucidum, commonly known as ‘Reishi’,en used traditionally by thi@hinese and Japanese in their
curative herbal concoctions. A number of produotsnf Ganoderma lucidum are commercially availabldarms
of extract powders and oral liquids, but the evesvgng demand of herbal bioactive medicines makesality
assurance of the starting material very importafie present study was undertaken to provide quabtytrol
standardization of Ganoderma lucidum based on mswopic, physico-chemical and chromatographic fezdland
to partially screen its antioxidant activity. Théaysico-chemical parameters included loss on dryem]) value,
fluorescence analysis which were determined bydstah methods. Chromatographic parameters entaileel t
HPTLC and HPLC profiles of methanolic extract ofl&idum, the Rvalues and the chromatographic peaks were
noted as signature parameters for identificationtbé mushroom. Preliminary mycochemical analysisthaf
methanol extract indicated presence of flavonoiderwl, and terpenoids. Quantitatively the major duitive
components in the extract were present in theviatig order: phenol> flavonoid>-carotene~ lycopene> ascorbic
acid in the methanolic extract. In terms of patiiadcreening the antioxidant potential of the egtrdPPH radical
scavenging activity (Ef value 666 pg) and total antioxidant capacity (¥8.6g AAE/mg of extract) were
determined. The distinctive features establishetthimwork are steps in identification, standardiaa and quality
control of the medicinal mushroom.

Keywords. Antioxidant property, HPLC, HPTLC, Medicinal muslom, Physico-chemical evaluation, Quality
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INTRODUCTION

The use of mushrooms in ancient oriental theragiédes back at least to the Neolithic age. Conteargaoesearch
has validated the traditional knowledge on medianashrooms. Recently studied medicinal actionsyaéhrooms
included antioxidative [1-3], antidiabetic [4], antcrobial [5], antiparasitic [6], antineoplasti,[8], antiulcer [9]
and hepatoprotective [10, 11] effects. They makeaupast source of new powerful pharmaceutical prtsdu
Medicinal mushrooms are an unlimited source of ¢tiva polysaccharides, polysaccharide-protein cexgs and
high molecular weight and low molecular weight campds [12]. Among different biologically active irglients
mushroom polysaccharides hold an elite positiorceReinvestigations established that mushroom pobyfzarides
prevent oncogenesis and act as a strong immunoatod{13-17].

The mushroonGanoderma lucidunimolds an important place in a variety of Asian itiedal medicine and well
known as Reishi. In traditional Chinese medicinis known as Lingzhi, in Korean medicine as YeongjiTaiwan
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as Ling-Chih [18]. Yue et al 2008 [19], reportedhtttextracts from different parts of fruit body epteileus
possessed strong inhibitory activities on sarcoB-growth in mice model. Evidence shows tkatlucidum
extracts may have a potential inhibitory effectaamcer metastasis through ERK %2 anglkfase activation [20].
Triterpenoids from this mushroom have been reported possess hepatoprotective, antihypertensive,
hypocholesterolemic, anti-tumour, antihistaminifeefs, anti-angiogenic activity, effects on platedggregation
and complement inhibition. Studies @ lucidumpolysaccharides functions have suggested that ritig¢usnour
effects through immunomodulation and antiangiogisne4].

A number of products made fro@. lucidumare commercially available, mostly in the formpafwdered extracts,
oral liquids and capsules. In view of the diversedminal prospects o6. lucidum and an increasing market
demand, it is extremely important to ensure thdityuaf the raw drug, especially in the times ofuftdration and
substitution prevailing in the nature. The curreoidy has been undertaken to evaluate the defdil@enacognostic
profile of the powdered fruitbodies d@b. lucidum which will be useful to pharmaceutical industrifes the
authentication of their commercial samples.

MATERIALSAND METHODS

M ushroom sample

Basidiocarps ofsanoderma lucidunwere purchased from the village areas of NadifricisWest Bengal, India.
Identity of this mushroom was authenticated in citation with standard literature [22]. A referersg@ecimen was
also kept in the herbarium following the procesakBshet al (2015) [23]. Basidiocarps were dried properly by a
field drier at 40°C for 24 hour to make them crigmd pulverized using an electric blender and sig¢heough 160
mesh and stored in an air-tight containers.

Powder -micr oscopic, physicochemical, and or ganoleptic characterization of the powder ed basidiocar ps
Powdered sample was hydrated and macerated with KO% and mounted on glass slide with glycerol. For
effective results various stains were used tordistish different cellular structures. The slide wreen viewed under
Leica DMLS microscope and images were capture@sitetd magnification. On the other hand, differdmdracters
like color, odor, taste, nature of the powdered gamvere evaluated. Physico-chemical constants asdbss on
drying, total ash [24], water holding capacity, img capacity [25] were also evaluated.

Fluorescence analysis

A small quantity of dried sieved mushroom powdesvp#aced on a grease free clean microscopic shdela2
drops of freshly prepared reagent solution was @dddt, mixed by gently tilting the slide. Thenetlslide was
placed inside the UV viewer chamber and viewedhiorts(254 nm) and long (365 nm) UV radiations. Tdwobor

observed by application of Hager's, Mayer’s, Dratfyeff's, iodine solution, 1N nitric acid, phloroglinol,

Barfoed’s, sodium nitroprusside, ninhydrin, fercldoride, 1N NaOH, acetic acid, 1N HCI, methanal &N NaOH
in methanol in different radiations were recorded.

Qualitative phytochemical screening of methanol soluble extract
The methanol soluble extract was subjected to vargualitative tests to detect the presence ofnicgapnstituents
like saponins, terpenoids, phenolic and flavoraisisag standard protocols [26].

Quantitative estimation of someimportant phytochemicals from methanol soluble extract

The content of total phenolic compounds in extreas estimated using Folin-ciocalteu reagent [24liGacid as
standard. The results were expressed as g of gallil equivalents per mg of dry extract. Totavdlaoid content
was determined using aluminium nitrate and potassigetate [28]. Quercetin (5—-20 pug/ml) was useobtain the
standard curve. The results were expressed as |jggeavtetin equivalents per mg of dry extrgktarotene and
lycopene were estimated using a standard prot@&$jl [Ascorbic acid was determined by titration agai2, 6-
dichlorophenol indophenol dye [30].

HPTLC profile of methanol soluble extract

HPTLC, a micro analytical separation method, hagartant application in herbal drug analysis. Henae,
densitometric HPTLC analysis was performed to gateea characteristic fingerprinting profile of tbetract. 2 pl
of the sample solution was loaded on pre-coated plla@ (Silica gel 60 F254 sheets 20x20 cm, 0.5thiokness,
Merck Darmstadt, Germany) using CAMAG Automatic géen. Plate was developed up to a distance of B&rD
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in CAMAG twin trough glass chamber pre-saturatethwie mobile phase ethyl acetate: toluene (1:] fow 30
min. The plate was fixed in scanner stage and scgmas done at 200-450 nm.

HPL C of methanol soluble extract

The methanolic extract was filtered through in2filter and 20 ul filtrate was loaded in the HPLGtsyn (Agilent,
USA). Separation was achieved on an Agilent Eclipeaes C18 column (100 mm x 4.6 mm, 3.5 pm) usitfigws
rate of 0.8 ml/min at 25°C. The mobile phase cdadisf eluent A (acetonitrile) and eluent B (aquephosphoric
acid solution, 0.1% v/v). A gradient program wasdior elution: 0-2 min, 5% A; 2-5 min, 15% A; 5-tfin, 40%
A; 10-15 min, 60% A; 15-18 min, 90% A. The absomt@onf sample solution was measured at 280 nm [31].

Antioxidant assay

Total antioxidant capacity and DPPH radicals scgienactivity of methanolic extract @. lucidumwas analysed
as described by Mitratal (2014) [32]. In brief, different concentrations tble methanolic extract was added to a
0.004% solution of DPPH and incubated in the dark30 min. Absorbance was then measured at 511moase

of Total antioxidant capacity assay, tubes contgréxtract (1 mg/ml) and reagent solution (0.6 Music acid,

28 mM sodium phosphate and 4 mM ammonium molybdate® incubated at 95°C for 90 min. After the migtu
had cooled to room temperature, the absorbancexaf solution was measured at 695 nm against a .blemk
antioxidant capacity was expressed as ascorbiceagitvalent (AAE).

RESULTSAND DISCUSSION

Microscopic characterisation

The macerated powder showed many fragmented myaetiaspores (Figure 1). Hyphal system was founbleto
trimitic, with generative, thin-walled, branched; 3.5 um wide, skeletal hyphae, yellowish browrtdatour, thick-
walled to solid, arboriform, skeletal stalks 3 54m wide, with branches ending in flabelliform Limgl processes,
binding hyphae were colourless, thik-walled, sirgjobranched, 1-2um wide. Spores 8.5-11x6-7um, owoid
truncate, bitunicate, exospores hyaline and smdetidospores were echinulate, brownish, sometimésilgted.
Melzer reaction shows negative result, signifyitgyinamyloid nature. The microscopic data coincidéh data
present in the standard literature [22].

A

Figure 1. Powder microscopy. A: Fragmented poreregion of basidiocarp; B: Generative hyphae with spores C: Skeletal and binding
hyphae; Spore magnified (C-inset); D: Sieved powder
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Organoleptic and physicochemical characterisation

Organoleptic study was conducted with the sieveddss. The powder was dark-brown in color, with ailatey
odor, tasteless and of granular texture. Physieonital parameters of the powder were evaluatechexg dre
important for identifying adulterants and impropandling of drugs. The percentage of water andti®lmatter in
crude drug was determined by loss on drying tessuR showed presence of low amount of moistureecanThe
moisture content of the drug is not too high, thuuld prevent microbial growth. Moisture conterfithe powder
was determined by loss on drying method and theevalas 19.403%Determination of total ash is important in
evaluation of purity of drug become it confirms thresence or absence of foreign inorganic mattee. total ash
was found to be 7.64% w/w. The hydration propertbésnushroom powder, including the solubility, slive
capacity are desirable to get beneficial physiaabfunctional characteristics. Swelling capacitg avater holding
capacity of the powder were 271.43+10.0 ml/g ant2100+85.19 g/g respectively. The methanol soletiteactive
value was 7.85%. The extract was brown in colak sticky in nature.

Fluorescence analysis

Fluorescence is useful in identification of autlhemstamples and recognizing adulterates and thas isnportant
pharmacognostic character. The drug was allowedact with different reagents which resulted irofescence by
various chemical constituents present in UV ligkd.a result fluorescence analysis displayed aryarfraolors that
could be employed for identification of probablassdes of compounds in the mushroom [34, 35]. Inptiesent
study powder drug was treated with 16 differentnaitel reagents which gave characteristics colorndezen under
UV light (365 nm) and was compared with color olsdrunder ordinary light (Table 1).

Table 1: Fluorescence analysisof dry powder Ganoderma lucidum

. uv
SINo. Reagent Visible Tong (365nm)| _Short (254nm
1 Powder as such Brown Black Black
2 Hager’s Dark black Black Black
3 Mayer's Dark brown Black Black
4 Dragendroff's Dark brown Black Dark brown
5 lodine solution Dark brown Black Black
6 1(N) HNG Dark brown Black Black
7 50% HNQ Reddish brown| Black Brown
8 Phloroglucinol Reddish browp  Black Black
9 Barfoed reagent Dark brown Black Black
10 Sodium nitroprusside Dark brown Black Blackisbvin
11 Ninhydrin Dark brown Black Black
12 FeC} Dark brown Black Black
13 1(N)NaOH Black Black Black
14 Acetic acid Dark brown Black Black
15 1(N)HCI Dark brown Black Black
16 Methanol Dark brown Black Black
17 1(N) NaOH in methano]  Dark brown Black Black

Phytochemical screening

The methanol soluble extract was prepared to déterthe presence of some important bio-organic ggoahich
confirms the medicinal properties of this mushrodine methanolic extract of the powder showed pasitest for
terpenoids, phenolics and flavonoids while abserficaponins (Table 2).

Table 2: Qualitative chemical screening of methanol extract from Ganoderma lucidum

Name of tested chemical Reagent/Test Nature ohgdha | Result
Flavonoid Ferric chloride Green coloration ++4
Phenol Folin-ciocalteu Bluish black coloratian ++4
Saponin Shaking No change -
Terpenoids Acetic anhydride with sulphuric agid &iet color +

Note: + = Present in low amount, ++ = Present in derate amount

Table 3 summarises the total phenol, flavonoidsordsc acid, beta-carotene and lycopene contenthen
Methanolic extract osanoderma lucidumData shows that total phenols and flavonoids weeemajor antioxidant
components, whereas, ascorbic afid;arotene and lycopene were found in vestigialarto
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Table 3: Bioactive phytochemicalsin the methanol exract of G. lucidum

Flavonoids| Total phenols|  Ascorbic acid B- carotene | Lycopene

(Hg/mg)
4.855+0.4 | 22.285+0.799 2.77+0.416 0.106 +0.020.079 + 0.005)

Chromatographic characterisation

HPTLC is an efficient and valuable technology foe preliminary separation and determination of tirents. The
plate was scanned from 200 nm to 450 nm with 50imtervals. It has been observed in figure 2 thakimam

number of peaks were detected at 300 nm. The riégpgreaks at 300 nm have been discussed in talfteydre 3
represents HPLC chromatogram of the extract cangisif 26 peaks excluding the solvent peaks. Thentmsn

times of each peak have been marked in the figure.visualized peaks together with the HPTLC penfy act as
a specific fingerprint towards authentication af trude samples.

| S

Figure 2: HPTLC finger print of methanolic extract from Ganoderma lucidum. A: 200 nm B: 250nm C: 300 nm D: 350 nm E: 400 nm F:
Chromatogram in all 5 wavelengths

Table4: HPTLC Chromatogram at 300 nm of methanol extract from Ganoderma lucidum

Peak no R | Max Height (AU) | Area (AU)
1 0.13 22.4 264.2
2 0.41 32.9 424.9
3 0.44 317 6114
4 0.92 28.2 909.5
5 1.02 19.8 425.6

Antioxidant assay

DPPH assay has been widely used to test free taslieaenging ability of various food samples. Intiagol

solution DPPH produces violet color. Suitable redgagent donate electron to DPPH and the solutises color
depending upon the number of electron taken uporGiilanges from purple to yellow and the reductiapacity of

DPPH is determined by decrease in its absorbance anBil7Extract exhibited radical scavenging activtythe

rate of 16.34%, 39.97% and 74.03% at 17.5, 87.51&%dug concentrations respectively.sE@alue was found to
be at 666 g which was much higher than that afré$c acid, a positive control.
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Figure 3: Enlarged HPL C chromatogram of methanolic extract from Ganoderma lucidum
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Figure4: DPPH radical scavenging activity of the methanolic extract of G. lucidum compared with standard. The values are the means of
three separ ate experiments each in triplicate

Phosphomolybdenum method is a good method for etiatuof total antioxidant capacity. The methothésed on
reduction of Mo (VI) to Mo (V) by the antioxidantbmpound and the formation of green phosphate /Mp (V
complex at acidic pH. Total antioxidant capacityatffive fractions was investigated and compargai@st ascorbic
acid. The extract presented 24.761 + 2.973 ug AAgf extract total antioxidant activity.

CONCLUSION
The study deals with the identification of saliemticroscopic and physico-chemical characters alorith w
chromatographic fingerprints of a medicinally im@mt mushroomGanoderma lucidumwhich may become of
utmost importance to authenticate the crude mushreamples before processing for drugs in the motieres,
providing quality and health assurance for the slamas of unaware consumers.
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