CHAPTER 5

DISCUSSIONS CG\Y.
S

5.1 Isolation and Morphology Identification of THR2 Fruiting Bedies
Mushrooms are a group very distinct from plants,_animals and bacteria.
Mushrooms are large enough to be seen with naked eye an bZ;ickrd by hand, they

are considered as macro-fungus with a distinctive fruiti dy. he.?ba@out 2 000
L ]

been collecting and consuming edible mushr

—

2020). This study aimed to grow the Termi

submerged liquid fermentation and tow isahe compound of r@noom to study its

antimicrobial, antifungal and antioxﬁ% \T ,<\
N

In this study THR2 mu%was'f:

September 2019. The mush m

water content and to st% furthf‘r sa .Thefér

be done which are Wh nattl \*ar ifici
is sun- drying V\@y ta ' é!
(Y efon .

upon damp d tempera e.:O f the artificial processes is oven drying.
e >
Accord melif( ?ven d&hg of mushrooms gives the best result compared

to the rest of processing metho e it maintains the nutrient composition whereas sun
g

=3

ethod gives a negative effect on the nutrient content of the mushroom despite

G to maintain the mushroom colour. In this research, the mushroom was dried in an
ven for 5 days at 50°C.
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At the sample location, THR2 fruiting bodies were discovered scattered across
the soil's surface under conditions of high humidity and low range of temp .
According to weather analysis data, Kuala Pilah experienced two thun(ey\shns at
midnight and noon the day before the isolation, which resulted in high ﬂﬂ&djty of 82—
87% and an average temperature range of 25-28°C (Source: weatheWcom). High
humidity along with heavy rain the day before isolation crea dNal environment
for stipe growth. The mentioned environmental circumsta Lyf.ourd in the studies

done by Froslev et al., 2003, which claimed that ter combs' mycelium

AR
develops during wet seasons, which eventually im@mite sts sbil@)read
4

their spores. \ \j("
In this study, the soil cross section (Figure,4.1B demq@}ged how the

frc@‘he termite nest, as

fruiting body stipe erupted on the earth'ssurface after

shown in Figure 4.1A. According t@re .

N,
to 15 cm. According to resr% Wisselink»e aIé;ZbZO), the Termitomyces
mushroom grows as basidi Me t1e S ther@on the exterior layer. While

Figure 4.2B depicts t}% logical phages bfﬂ@!hal developing onto the termite

4 ’ &
comb, Figure 4.1E WStrziel?:; ualis 'g.symbiosis between the Termitomyces
mushroom and % olo ding e%?gure 4.2 A and B, the mycelium that has
3 '

termite co an'd teéarowing tips of the hyphal that have pinholes
NN

accumulateg 0
demonstfate that the giycCelial has ab&)ed the nutrients and substrate from the termite's

nesgaﬁwls grown until it ha\nﬁtﬂred stipes as seen in Figure 4.2 C.

m figure 4.2 D, it can be seen that the morphology of wild THR2 fruiting

& tes may be distinguished by its long, white-yellowish stipe, which is linked to the

ipes at the centre and has a small, conspicuous perforatorium (pileus) on the tip. Figure

|
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4.2 E depicts the varying heights of the isolated wild THR2 mushroom fruiting bodies,

g
3

The isolated THR2 fruiting bodies were subsequently grown aftégbeing collected

which range from 10 to 30 cm.
5.2 Cultivation of Mycelium onto Agar Medium

from the sample site in order to preserve the freshness of the int iMe of the fruiting
hZT

bodies. The agar is further manipulated in this study to g HR2 mycelium by

Eq

0 obtain a

For fung Illc@t:on,

to% i cel@?)wth and

ormr\cel Itivatiéggowever, to
enhance the mushroom growth and shwaime nee rpr 44ation of inoculum

this medium is not fully optimi@bThus, t\FND$« ;(\Was manipulated by

the addition of yeast and malt extract in the potato de e agar

healthy dense mycelium without sign of contamina

PDA is considered as standard medium for ma

o

usually considered as the first choice fo\usﬁ

N,

supplementing yeast and malt e% Was'bbser tha(t'Q supply of yeast and malt

extract to PDA agar gave me T cto TH% ushroom mycelium growth.
it

Since malt extract is a supply of ga‘rsvzy‘n a variety of different chemical
4 $ &
structures (sucros/e{k{t:se, an‘j m gars) gdding it to PDA agar has a good effect

'yeasb ract is one of the best sources of the
nutrients, vi Sy growth fac s,én(tééee elements needed for the development and
growth Qi%t'ypef imary ar@condary metabolites (Maftoun et al., 2017). As
sho@he results Table 4.1 oﬁﬂ‘able 4.2, combination of PDA+YE+ME is the most
S gar composition as the growth of mycelium was seen to be dense and compact.

nly that the mycelium grew to full plate in day 14 of cultivation unlike other agar

ompositions.
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5.3 Molecular Identification of Wild Termitomyces sp. Mushroom
Molecular characterisation of the collected wild Termitomyces sp. RFES W
(THR2) mushroom was done to determine the species of the mushroom. In@ few
years molecular techniques have been widely increased since they are ﬂéng;t reliable
and accurate tools for various purposes such as evaluation of genetiC structure and
molecular phylogeny. Gel electrophoresis is a method for sor fragments into
“ﬁt

different sizes. DNA samples are placed into wells at one el, and an electric

current is used to drag them through the gel. Since the a negatlvely
charged, it flows towards the positive electrodes (A ., 2013). orﬂer Go}heck
the quality of extracted Termitomyces sp. DNA ge eléc rem@'thod was

used to determine the quality of extrac

thls,étg;. In a gel

documentation system, the gel was vi b UV@ and to show the
presence of DNA bands. As |Ilustrat |gure p,Q\awere estimated using
agarose gel electrophoresis un ght \ﬁhlch as 30

The obtained gDNA u ce
Alignment Search Too% Wna LAST ,*d |es regions of similarity between

biological sequenceSw,The too‘ es th tlstlcal significance by comparing

3 4&1‘—2

nucleotide or pr eln s

¢
were align | top ten SJ e ed species found using NCBI BLAST;

Termito% . REES 2 62

spe sed on BLAST reférence databases, and a comprehensive phylogenetic
@

a%\h (Figure 4.5) revealed that it was closely related to Termitomyces heimii
2

)

6 Termitomyces heimii is a seasonal, rare edible fungus with excellent nutritional

value. Termite hills are where this fungus typically makes its home. T. heimii is one of

databases. After sequencing, the results

fiv
/C:T,_f

ound to be 99% similar to other Termitomyces

,q
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the Termitomyces species that are frequently found in Malaysia. It is typically found in
the wild and is prized for its delicacy. T. heimii ingestion would be advantagewm
health reasons and may have chemo preventive characteristics for ce \rman
diseases (Sri et al., 2012). T. heimii is used as a therapy for fever, cm&wd fungal
infections in India. Additionally, it functions as a blood tonic durrnchoagulatron

and wound healing (Hsieh & Ju, 2018).

5.4 Submerged Liquid Fermentation of THR2 .\d

ical tif@rrrng

d t'm e fr. Rﬁg bodies
%

According to Papaspyridi et al., (2012), t
commercial mushroom products is from the la
of field-cultivated mushrooms. Submerge ferminta iSO the greatest

techniques used to obtain adequate mrllaof myce Su <<rged growing of

culinary and medicinal mushrooms awn inc gat r)@\hgloballyas itis seen
N,

as a promising alternative fo |cre pr etront:éf?bromass and important

metabolites. Particularly, s li er ntatr sthe benefit of more quickly

producing metabolite celra om o‘v shorter time span in a smaller
.‘

volume of space less qo \ﬂaL or c mrnatron In addition, it helps in

overcoming ch en asso

¢
the bioacti v cals om t |t g dles to be harvested without encountering

seasona s b 4 D)"
Yv

@s study, a liquid m@ﬁ was supplemented with a carbon source, a nitrogen

S > nd other micronutrients in order to successfully apply the SLF method to create

h T seasonal harvesting activities, allowing

-'_F

: ioactive components of THR2. Glucose serves as the carbon source in the medium
a

t has been created, supporting the growth of mycelial biomass up to 8.55 g/L. Steluti

et al., (2004) claim that carbon and nitrogen sources operate as a source of nutrients for
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the myecelial to erect membranes and cell walls, resulting in the production of bio-
polysaccharide. As a result, the confirmed -glucan in this investigation is actuallw
polysaccharide that is part of the cell wall or membrane of the fungus.

In order to obtain ENS, the fruiting bodies of THR2 were removéﬂ&g hot and
cold water. Since water has no deleterious effects for human cells, Wused as the
extraction solvent in both the hot and cold water extraction Ms Hot water is
frequently used in the extraction of mushroom fruiting bodi X;nlalds in breaking

down the chitin in the cell walls, while cold water extrac is als@ re ded since

it may not completely destroy the bioactive compon in the extr A')d ﬁ&ak et

al., 2020). Additionally, water extraction is pula@%shroom
preparation techniques because the bulk of e m?re ts in reat majority
of mushrooms are water soluble, SUChW ans.

Figure 4.6 shows that crude cc arld at ,tf\[\frwtmg bodies (HW-
ENS & CW-ENS) were hlghe% rodu EE—mycellum (IPS & EPS);
HW-ENS showed a value /L,v -EN |splayed a value of 1.36 g/L.
Meanwhile, 0.80 g/L % d1l. 4 g/L f’éPSb‘ere created. According to Wan-

Mohtar et al. (ZOK“%B a plo echn@dor obtaining a high concentration of
m

polysaccharide i:llal mycelium pellet was depicted in Figure
¢
itisa 5 C—)

4.7,and it 05 seen th l, @se pellet. Due to the mycelium pellet's greater
surface

NN
Y-v
con ion of EPS (1.44 g/ pramani et al., 2019).

'unde ellet used in this study allowed for a high
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5.5 pB-glucan Determination

The vibrational characteristics of amino acids and cofactors, which are susw
to minute structural changes, are investigated using Fourier transform inf@TlR)
spectroscopy. The position and anomeric configuration of the glycosi ge in the
glucan-targeted HW-ENS, CW-ENS, IPS, and EPS extracts were characterised and
confirmed in this investigation using FTIR. \)

The peaks from the HW-ENS, CW-ENS, IPS, and x:ts'are displayed in
Figure 4.8. According to Figure 4.8, the presence of B-glucan poly (Ees in the
extracts was confirmed by the FTIR peaks of H , CW-EN Pﬁ, YI;PS.

Mushrooms B-glucans offer such a wide range adv\&'nt enc@ey could
Y.

be used as functional foods, dietary suppléments, or mitrac ticals,@'&vasis, 2014).

The sample was identified as polysac %&‘uen the di ed @?s were compared

caus 'E:I\bsorption was evident

to those of standard laminarin, as s>@5in ab h,\%
N

in the range between 1250 cm%ﬁo cm? (Chen et(;@ézom). Laminarin is also

frequently referred to as -1,3-gluc stola 3 ass $ -glucans are polysaccharides

with a 1,3-linked glucn% hain

According to %4.3, tli

3370 cm™ that represénts th

the presencE %y-hy roxyli
\
and D d% te hgWw.th orptim\h)eaks for IPS and EPS were at 2924 cm™, which
sl

IS ed with the stretchipg¥vibration of C-H indicating the existence of the
o3
@xe group, or -CH2. Usuludin et al. (2020) state that the water bending vibration
G e polysaccharide is indicated by the absorption peak of 1641 cm displayed by all
f

the crude extracts (CW-ENS, HW-ENS, IPS, and EPS), whereas the absorption peak

] 1',6, r1,8-linked glucose branches.

£y

é&ad peak in the absorption area between

c&n@ ds (Wan-Mohtar et al., 2016). Figure 4.8C

of 1076 cm displayed by IPS and EPS denotes the presence of C-O-C and C-O bonds
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stretching vibrations. The C-O, C-O-C, and O-H stretching vibration absorptions
approximated the features of a polysaccharide structure. According to Figure

absorption peak of HW-ENS, IPS, and EPS appeared in the range of 860 cﬁ%ﬁ cm’
1 and 889 cm™, respectively. Usuldin et al., (2020) reported thaf;ganomeric
configuration within this peak range was the configuration of the chharide and

the glycosidic linkage was in the -configuration. Based on the Emon peaks of the

three samples, it can be said that the structural characteriz -ENS, IPS, and

EPS polysaccharide from THR2 was a p-glucan. A stud deb BWI., (2012)
23

. 9
showed that the extracted p-glucan exhibited high im stimulati rcbe_rﬁe;.

N\
5.6 Antimicrobial and Antifungal AnalﬁsK) 0\
5.6.1 Disk Diffusion Assay : ) 6‘

In this study, the antibacterial tlfunga tT of k@? crude extracts (HW-
ENS, CW-ENS, IPS and EPS) aIu against fo((u(;;:l‘\ferent types of bacteria:
three Gram-negative bacter Ra on Y Imo p., and E. coli), two Gram-
positive bacteria (S. au% St epto[)cc d), one fungus (A. niger). Based on
Table 4.7, all the cr &itracts f m| a activity against the tested bacteria
as a clear zone as S a S towards E. coli. It was observed that

!

¢

the HW- ENE%!and W-E &tr@ f THR2 showed largest zone of inhibition
I

against tonia sp, W 'as 6. 54@1 mm, 6.0 £ 0.1 mm, and 4.5 = 0.1 mm. whereas

E@tract of THR2 exhi @a large zone of inhibition (4.0 £ 0.1 mm) against S.

%ﬂ W-ENS exhibited a large zone of inhibition against E. coli and Streptococcus
& n contrast to other crude extracts, IPS exhibited a significantly larger zone of
hibition against S. aureus (5.7 £ 0.1 mm). However, there was not any formation of

clear zone in all the extracts against A. niger and this may be due to the extract used in
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this study which was water as a study made by Kim et al., (2022) showed that the
methanol extract of T. camphoratus exhibited a promising antifungal and antlb?ml
activity. 0}
The HW-ENS THR2 extract, which had a greater zone of inhi gainst all
the tested bacteria, is the most effective THR2 extract of the four led extracts,
followed by the IPS THR2 extract from mycelium. Termitomyces sp."iot water extracts
exhibit good antibacterial activity against S. aureus an %:V\'ith a minimum

inhibitory concentration of 0.67 + 0.29 mg/ml, accordi anpr erorted by

Gebreyohannes et al., (2019). It was hypothesised

he broad qu%e of

etl‘% ility to {Yéct more
i was@racted at room

temperature (Mahamat et al., 2018). realt of EP ing s@ted into the broth

inhibition was caused by the hot water extragti

bioactive chemicals at a high temperature t

from mycelium pellets during the f tation p 'ts f,(\educed average zone

of inhibition was seen in THR&%«trac{gd fr e %Q(.’Broth).
The effect of the antquxi I aT ies from $ Termitomyces sp. have been

reported previously, f le, the aque éx s (hot water extraction process)

from Termitomyce eatus odle s reported to highly inhibited the
growth of sever &las oli, \gfreus Salmonella typhi and E. aerogenes
in the range 105f mn?n{ otj}%bltlon (Mahamat et al., 2018). Apart from
water e : T a 'gne e ct had demonstrated antibacterial effectiveness

agam;& aureus and Kle @'}‘a pneumoniae (Singha et al., 2017). Different
c% ation of crude methanolic extracts were also reported antibacterial activity
st five pathogenic bacteria including S. aureus, E. coli, K. pneumoniae and

Qeudomonas sp. (Kumar et al., 2019).
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In this study, it was found that polysaccharides taken from fruiting bodies,
mycelium, and SLF culture broth had a notable antibacterial effect. Accor
Friedman et al., (2016), under certain circumstances, mushroom p-gl h B-
linkage can stimulate the human immune system and modulate th nological
response, which is why B-glucans are referred to as biological resgonse modifiers

(BRM). The ENS (HW-ENS & CW-ENS), IPS, and EPS_fromwthis study were

confirmed as B-glucan. According to Villares et al., ific'nt antibacterial

capabilities were demonstrated by the p-glucan as a resu

in the human body é J J _\‘—}
b 4 \/Y“

5.7 Phytochemical and Antioxidant A SX.Q\ \ éxr
5.7.1 Phytochemical Identification \% é

As shown in the Table 4.9, fIQﬁids, sap\hs\%d
the extracts of THR2 Whereaxé an(f' phenopls: wer: t detected. Flavonoids,

&
glycosides, saponins and te mwa’ er dto@sentin HW-ENS, CW-ENS
extracts and IPS my%éxt of

terpenoids is obseryéd,to be prf

m@mids was found in all

racts R‘Z\hreas flavonoids, saponins and

J.
e
£

PS gucts of THR2. According to Wandati
et al., (2013) phytochemica flave%(ds, saponins terpenoids, and glycosides
¢ J (.)

are importaei%mhe ical mJouQc_j}s that are responsible for various biological
IChra

"
activiti% re impor in heé?u research. It has been reported by Concepta et
L, e@

that phytochemic@(hpounds such as saponins and flavonoids possess

Qo

a%’ acterial activities. Glycosides was found to be present in all the THR2 extracts

pt in EPS. Organic compound formed of a non-sugar group (aglycon) and sugar

X
lycon) are glycosides which are linked together by a glycosidic bond. It was reported
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that it can be used as an antirheumatic, cardiotonic, analgesic, antibiotic and purgative

agent. Yv

In a study made by Adejumo et al., (2015) concluded that Termitom@tams
flavonoids which acts as radical scavengers in terminating radical chai ns which

occurs during the oxidation of triglycerides in the food system. R mentioned by

Wandati et al., (2013) saponins involve a huge group of pr| r|I ted compounds
containing a triterpenoid or steroid. A wide range of phar cal'propertres were
reported which exert different advantages such as anti- tic a ammatory
properties. Terpenoids belongs to the terpenes which po sels i@t}frcral
function when consumed (Wu, 2013). Fu re, tefy p i ar%‘%-econdary
metabolites that shows a molecular structu h| ha\n‘ ca n bac s comprised
of isoprene. A wide range of pharmw | benefit reported by this

compound which includes antr |nf atory, a\b&Mer nti- malarial among

others (Moazzem, 2021).

Besides that, Jagadls*;t al’ ZOL ate that consumptlon of wild edible
mushroom act as a go supplement alJe hole or entire mushroom) since

4 F &
all extracts of the d edlble' Z\hﬁo mT tomyces reticulatus showed potent
antioxidant actl tles d nts such as total phenol, flavonoid, -
carotene a Ewene ere a éte(r_‘rjaed Not only that polyphenol-rich fraction
mush

room, yomyce%‘ucrocarpus was tested by Mitra et al., 2016 for

qﬂhﬂant capacity and e@ted for the presence of bioactive components. The

E as found to contain maximum amount of phenols followed by flavonoids,

from edi

bic acid, B-carotene and lycopene consecutively which contributed for the

ntioxidant properties.



Based on the results shown in Table 4.9, it can be concluded that THR2 contains
phytochemicals which are beneficial that contains potential medicinal vahYl'ﬁe
compound detected in this research will depend on the method used, pH an \tlon

among other compounds. There is no reported data on phytochemicals

According to Johnsy et al., (2014) flavonoid comp c be'con3|dered as a

‘<
o
@
c
3

5.7.2 Total Flavonoid Content (TFC)

good antioxidant compound. Flavonoids are reported as radical rs besides

phenols by disrupting the chain reaction durin oxidation ln@rldes

(Dapkevicius et al., 1998). Consumption of foo fI von ten mcrease
T

human health as a whole in which it was r rte n szy |est owed it may

reduce the risk of heart diseases by sI t progre35| f at clerosis, because

Based on Table 4.10, it wi ed tﬂat all aext found to contain certain

number of flavonoids, how? r of flavon @content was found in THR2
HW-ENS extracts Whi% 6 + 0.15 fo ovJe CW-ENS, IPS and EPS. Jonhsy

o'
et al., (2014) foun Q'Qranglr .30 %6.30 mg/g. Hence, the results obtained

from this study ate in the I study by Johnsy et al, (2014). Therefore,

!
the finding %s)tudle sugg ts{hab various extracts of THR2 mushroom might

6% DPPH Assay
Free radical scavenging ability of various sample was evaluated widely by using

stable free radical DPPH by measuring hydrogen donating or radical scavenging ability
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(Ansari et al., 2013). Radical scavengers or antioxidants are substances which are able
to perform this reaction. In this assay ascorbic acid was used as the standard to ¢
the results obtained. A widely used and available antioxidant which is wat(}s&ﬂe IS
ascorbic acid; mainly due to its potential of donating hydrogen mole!'&p the free
radical compounds and has a high compatibility in comparison to Wntlomdants
(Ibrahim, 2012).

Based on the findings shown on Figure 4.13, it was X:ha with increasing

concentration of various THR2 extracts the radical sc ingjac mcreased

showed the lowest percentage of inhibition whi

et al., (2019) suggested that high temper%

efficiency by increasing the dIﬁUSIO@
certain limit providing higher DPP ical SM
to this findings HW-ENS gave %&rcen’?

age mhlbl . However, a study made

by Hafizah et al., (2014) o r| ;l % |gh temperature can damage

the existing phytochen%t s may be ¢ ’ dm@g with this research as the study

-‘
was focused on plantipstead @hﬂl m un thls research which is focused on T.
&

heimii mushroo S. O
Based Tabl 4. 13?\/\?’ S sample of THR2 extract shows the least ICso

value w, c I 44 4] erea S showed the highest 1Cso value which is 6.71
Y-
mg/ thIS result is in the @ément of Johsny et al., (2014) that HW-ENS sample

s% e least I1Cso value. According to Jagadish et al., (2010) sample with highest
X

Q idant contents show higher antioxidant activity with lowest ICso values. From the
sults, it was observed that high DPPH assay result was shown in the extracts which

contained high flavonoids content. Thus, HW-ENS THR2 extracts can be considered as
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extract with high potential of antioxidant activity as the 1Cso value was the lowest with

high percentage of inhibition at 10 mg/ml (90.83%) compared to the other extrawv

N
O
<
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