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Abstract

Biochar is a charcoal-like substance made by burmning biomass such as agricultural wastes in a process called
pyrolysis. Currently, biochar has been used in agriculture to improve soil quality. It has also been reported to inhibit
plant pathogenic microorganisms in the soil. Therefore, this study aimed to investigate the antimicrobial efficiency
against Aspersillus sp. and Penicillium sp. of crude extracts of biochar produced from sawdust, coconut shell, acacia
wood, rubber pericarp and rubber wood. The biochar was extracted with two solvents including methanol and
distilled water. Three concentration levels of the methanolic and aqueous extracts used in the experiments were
1, 2 and 3 %(v/v). From the results, it was found that different biochar extracts inhibited the tested fungi differently

and their concentrations had direct effect on the reduction of fungal mycelia. The methanolic rubber wood derived
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biochar with the concentration of 3% (v/v) exhibited the highest antifungal activity against Aspereillus sp. with the

% growth inhibition of 10.56+0.60% while the methanolic coconut shell derived biochar with the concentration of

3% (v/v) exhibited the highest antifungal activity against Penicillium sp. with the % growth inhibition of 24.29+9.31%.

This study demonstrates the antifungal potential of biochar which can be applied in various fields in the future.
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FeMEATWUUMYY (Rotary evaporator) Mg ivias [12]
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SpuarvRINakAnNLe (%Yield)
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Figure 1 Biochar produced from (A) sawdust, (B)

coconut shell, (C) acacia wood, (D) rubber pericarp

and (E) rubber wood

2.3. nsAneUszAnsamnisiusadesives
Tulaws
2.3.1. NMSASBUAITNATDU
Fuhwitnansanalulewsildvinay 0.385
n¥u naufuihndulaenide Tasusuusinmsaniinglile
1.9 faddns nouthasatausazedafiwdeulduiieais
Tummimmﬂaam%agm Malt extract (ME) A314
Wty 2 wWesidus Tdanududuresansanaunazsia
Wu 1, 2 way 3 WeswudlaeUsuins lnensiivansania
wiazwlaluUsunng 0.3, 0.6 war 0.9 Jadans AuasU
adluavswan ME Usuns 59.7, 59.4 uay 59.1 Niaddns
audsu neduualiemisivas ME 7ildiivansadn
Jugamiuaunisvaaes udanemisivas ME ey
ansane (ansveaey) nanualusdedentetiany
slloth (Autoclave) ﬁqmwgﬁ 121 ssrwaldea \uan

15 19 [12]
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Aspergillus sp. wag Penicillium sp. lagvinn1sinzLass
UUB1M1T Potato dextrose agar (PDA) Mg iviad
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2.3.3. msnasauUszavsamnsdud ados

fatdulys (Mendenisiasgyasu 7 ) e
Cork borer Yaoaidolhfivuaiduiiugudnans 5
fiadwns Tdaduasnaaeunazyiaiiwseuld deuly
Unfigaungfivios iuian 7 Yu ndnduinhnisnses
weNAINVDIBIRAIDENINLEUTETT udIEIUYR LA
Tonevauuiauasivhntinasd vnnstaiwindulese
winsdmadon 4 funds udrdufindhwinuiessn
W39T9u7a57 (Fungal biomass) [12] wietualdlunis
furannUefiduinisdudinisieiyvenies
(% Growth inhibition) S5 [16]

(FBC — FBB)
—_— X

% Growth inhibition = FBC

100

FBC = ntnuisvessiasgllugnaiununisnaaes

FBB = Uminuiivessasgluaisvageu
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3.1. wamsanaluleyns

lulavrsudavaingniunainaledivinazaie
goswilafe wniusauaziindy Aewhluszimesah
a:msaaﬂﬁwLﬂ?@ﬁﬂﬁuizmaammumuﬁqmuqﬁﬁm
Famdnansatanenululevsildiietan fuaamen
Sovazvanandniild Januiansadalulewisaniiden
Hundngemfiatndiefihazaeiiaessia ies
awamawﬁmqqmnﬁqmﬁa 3.13 uag 3.24 gruandu
Tureiiansatnlulewiandesdy 4 Sanfesazves
nananilndifeaiy TnedAeglugas 1.00-2.00 wWesidud

(Figure 2)

[T Biochar methanolic extract
M Biochar aqueous extract
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Figure 2 Percent yields of biochar extracts when
extracted with methanol and aqueous solvent (A:
Sawdust, B: Coconut shell, C: Acacia wood, D:

Rubber pericarp and E: Rubber wood)
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3.2, namsnageuUszanEamssududes
Ypsasanalulayns

miﬁnmﬂszﬁm‘ﬁ‘mwmw"ué’uamiw%zy
Aspergillus sp. wag Penicillium sp. vesa1sannlulows
wa 5 9 laun ulowsanniides nratuzndn
IffnsgAu Waenvumdneians uaglionmns fada
Frethndunazumiuea Ineldanududuvesansadn
Lulewrsurazeiln (Finaulueiwis ME) unnsneiy 3
syeufe 1, 2 uag 3 WesiuilaeUsuns wavivuales
9113 ME fliifnansadadudniuay mendanisuy
flgaugiivios 1uaan 7 Fu Seinistanisiasyuecde
snaeulagfiansananimtnuiwesmsedinas
fasgyluansvnasuusazein dawansnaly Fiure 3
wag Figure 4 AINETIAY wd g ket i san
funamAesdudnsduds miw%igsuau%aﬁ NN
msfinwmuin arsadalulennsanldinszaufiatases
w°ﬂa3awa1?|v’aaawﬁm1m'amﬁaa“’uéﬂmﬂﬁigsuaa
Aspergillus sp. Idlunnsefuanududuvesasadaiily
Tnefiszruanududu 3 wWesiduslaeusung vesas
armlulerdannldiensmnsfiatadmewmueaiinaduds
N33 VB Aspergillus sp. mmﬁqm 7 10.56+0.60
Wesdud sewmunfefissiuanududuvesansatalulons
nlfisnang 2 WesdudlaeUsuns fiatassumuea
wazansanalulemsanudeniusdaees 3 wWesidus
Tneusanas adadowyuea Tnefidwesidudnmsiud
NS QYIUNAU 7.60+0.46 way 7.00+0.62 LUasidus
Aua1au (Table 1)

@mIunisAnuiUseansaiwnisduda
Penicillium sp. apsa1sannluloss wundiiesans
afalulovisannzaruznduazldnssumniud
anunsodudinsiasaues Penicillium sp. i¢ Tnefisyau
ANt 3 WesidudlneuSuns vesansanalulevis

INALTAMLNINTNANAABIUNIUDE UNATUTINITIATEY

%
o

84 Penicillium sp. 11niign InefiAuesidudnisdud
N3 24.31:0.76 Wesidud sesasuideansaia
Tulevsanlinsyiu afasemmusauaztinngu fisssu
ANududy 3 Wesi@udlaeuSuins dandesi@udnns

Fudan1siased 19.56:0.47 way 10.830.53 iWodifud

ANEIRU (Table 2)
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Methanolic biochar extract Aqueous biochar extract

Fungal biomass (mg)

Control 1% 2% 3% Control 1% 2% 3%

1 Sawdust M Coconut shell Acacia wood B Rubber pericarp " Rubber wood

Figure 3 Effects of methanolic and agqueous extracts

of biochar on growth of Aspergillus sp.

Methanolic biochar extract Aqueous biochar extract

120 160 200

80

Fungal biomass (mg)
40

Control 1% 2% 3%

Control 1% 2% 3%

[ Sawdust M Coconut shell Acacia wood M Rubber pericarp Rubber wood

Figure 4 Effects of methanolic and aqueous extracts

of biochar on growth of Penicillium sp.

MnnansAneasad nuiransatalulenisann
Ifgramsiiadadiswmivea fnadudinisaigyves
Aspergillus sp. ##fian FsannisAnuieadusznaumdn
maaiiveelionsnisalay Petchpradab et al. wuinil
anflu (Lignin) WWussAusznauaadia 28 Wasidud [17]
Tagil Lobo et al. seyiraniudaduarslulonduwes
55519717 (Natural biopolymers) fifinaanifvesnsdy
93uv38 (Antimicrobial agents) [18] 52ufan 138U
Aspersgillus sp. LLaziﬂaanu 9 [19] Tuvaiinanistiuds
A5LA3Q383 Penicillium sp. wuaasanalulewisain
nzanugninitadadewmueatuiiussaninmanniian
Fannisinwesduszneundnmaniiveansaiugni
wuindanduduesduseneundniigunniigade 29.4
Wodidud [20] Tnedl Pritha uaz Karpagam wu3ninsiy
wgndnfiadaldannyanuznininsnassn (Lauric acid)
Fadaduarseongnidiugdunidvarswia liud
wuAiiis e (Staphylococcus aureus, Enterococcus faecalis,

Escherichia coli Klebsiella pneumonia, Pseudomonas

aeruginosa wag Salmonella typhi) #sla (Penicillium,
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Epidermophyton floccosum, Aspereillus niger, Microsporum
canis, Candida albicans way Aspergillus flavus) [21]
uaylaa [22]
wenniifmuinmnududuresansadalulons
Alunsvegeunistiudinsiasyveniennaeuiinase
msanaswesUsinandulesveadonaaeulaense uiin
arsatalulewsfiatameuniuea svuanaliifiugi
mmiaé’ué?amm%zgsuaaL%awmaaulﬁgaﬁqﬂﬁsxﬁumm

Wuduvad 3 WesidudlneUSuins wiluvasideiiud

o
' LV

wunansanalulavsnadasiginduiinasenisdus
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@OAAABINUNITANYIVDY Munawwar et al. [12] 91
seeulinounthiiasataluloniaindetalneit
afadagtindu finavilinisesyves Bottis cnerea
(ForTinelsaluinualiivanesiin) anas 36-67 wWosidus
Wuiieafusuideves Sehar et al. [11] fiwudn @13
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VBB M0lIA Botryodiplodia theobromae ganinans

afnlulewsiannaigiuniuea

4. uvagy
mﬂmiﬁﬂmﬂix%w%mwmsé’usjy’qmﬁtﬁa‘%mwmaa
Aspergillus sp. Wag Penicillium sp. 993@15aAN 18U
Tulowr$ wuindoneaeviiaesaneiusiauseuln
(Sensitive) Aeansarialulewiurazafinluseduiinanc
fu e winvosiivaratsuazssiuaududures
asatanldlunisinu nuiriinasedennaouieansans
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atameululovdusavaiialunisdududesnelsauns
wiln nenaniinisiieszimansddyiidnisudes
Tululemsusazvinonadudssnduiensifinyuesd
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Aug dmsunisiludssgndldlunumuiifeidesiu
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Table 1 Effects of methanolic and aqueous extracts of biochar on growth of Aspergillus sp.

Growth inhibition (%)

Source of

Concentrations of methanolic extract

Biochar extract

Concentrations of aqueous extract

1% 2% 3% 1% 2% 3%
Sawdust - - - 2.71+0.80 2.71+£0.32 4.04+0.35
Coconut shell - - - - - 3.32+0.61
Acacia wood - - - - - -
Rubber pericarp - 5.67+0.26 7.00+0.62 - - -
Rubber wood 5.51+0.52 7.60+0.46 10.56+0.60 - - -

Note: - =

No inhibition of Aspergillus sp. by biochar extracts

Table 2 Effects of methanolic and aqueous extracts of biochar on growth of Penicillium sp.

Growth inhibition (%)

Source of

Concentrations of methanolic extract

Concentrations of aqueous extract

Biochar extract

1% 2% 3% 1% 2% 3%
Sawdust . - - - - -
Coconut shell - - 24.31+0.76 - - 6.61+0.67
Acacia wood - - 19.56+0.47 - - 10.83+0.53

Rubber pericarp - -

Rubber wood - -

Note: - =

No inhibition of Penicillium sp. by biochar extracts
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