CHAPTER III

RESULTS AND DISCUSSION

sential oils was examined. The biological

activity studied included spe rmination._mycelial growth and sporulation. The
possibility of the utilization of oi sét treatment agents was also
investigated. Evaluation of f--‘- g2 ac \\ s performed by the agar medium

assay. The effects of ix
by the bloautographl

/ \\‘R ve essential oils were observed
/ W ? \\ ed for the application of the
essential oils for posthas \

3.1 Hydrodistillation res

Selected plants ng to the procedure described in

i,
- iieids
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Table 3.1 The results of hydrodistillation of some selected plants

27

No Plant Plant parts Weight (g),

: (% wiw)
1 | Cymbopogon citratus Stapf. Aerial part (F: 500 g) 0.49 (0.10)
2 | Ocimum gratissimum Linn. Leaves (F: 700 g) 0.59 (0.08)
3 | Ocimum sanctum Linn. Leaves(F: 100 g) 0.16 (0.16)
4 | Hyptis suaveolen Poit. Leaves (F: 1400 g) 0.08 (0.006)
5 | Piper chaba Hunt. Fruits (D: 1000g) 0.58 (0.06)
6 | Piper sarmentosum Roxb \\‘ ' // ves (F: 200g) 0.28 (0.14)
7 | Citrus hystrix DC. %}M % £ 200 g) 113 (0.57)
8 | Limnophila aromam H.Aermmo 2) 0.46 (0.12)
9 | Alpinia galangM Zomes (P=400 g) 0.32 (0.08)
10 | Curcuma aro | % 0.33 (0.17)
11 | Curcuma dome - "'!iﬂ:" : 0.75 (0.38)
12 | Kaempferia galanga e 0.23 (0.12)
13 | Boesenbergi 0.18 (0.05)
14 | Zingiber cassu 4.25 (0.15)
15 | Zingiber officinal 0.53 (0.03)

h (or dry) weight. It was

/

provided the highestand the lowes p— _

32 The preliminargs&eening for antifungal activity

Fnﬁﬁ ﬁsﬁ qofﬂ ﬁm ‘Wﬁﬁ ﬂefa' together with ten

commercial igrade pure essential onls were prehmmarlly screened for antifungal

’é B PRk (261w N b 1

The a tlfungal activity commonly used included the suppression of mycelial growth ,
respiration and spore germination (Heinrich, 1990). The antifungal activity assayed
in this experiment included mycelial growth inhibition and spore germination. The

results are shown in Tables 3.2 and 3.3.
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Table 3.2 The effect of essential oils on mycelial growth inhibition

No

Plant

Fusarium

Alternaria Phytophthora

O 0 N O U B W N -

10
11
12

13
14
15
16
17
18
19
20
21
22
23

Piper chaba Hunt

Pelargonium graveolens
Cymbopogon citratus Stapf.
Cymbopogon nardus Rendle.
Mentha cordifolia Opiz.

‘Ocimum gratissimum Linn.

Ocimum sanctum Linn.

Rosemarinus officinalis
Hyptis suaveolens Poi
Cinnamomum bej
Sweet

Litsea cubebc/ |

Eucalyptus citrigdor.

Piper sarmentosum

Citrus hystrix DC.

Citrus retic_ulata B

—

2
g
£

wIE T

Z

D

Limnophila
Alpinia gal,
Curcuma aromatica Salisb.

Curcuma domestica-Valeton.

Ky} g’a}‘i‘lﬂ'ﬁ*‘iWH

Apedl:

Boesenbergia pandurata Holtt

0 M) il

:
P

G

ND

A3

d Rl

Note: (+) = 1-30 % inhibition, (++) = 31-60 % inhibition, (+++) = 61-85 % inhibition,
(++++) = 86-100% inhibition, (-) = not significantly different from control, (ND) =

not determined
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Tested essential oils were incorporated into the PDA medium, which was then
inoculated with fungal mycelium and incubated at room temperature. The reduction
in mycelial growth was observed compared to that of the control treatment. The
preliminarily screening revealed that the oils from Mentha cordifolia Opiz.,
Cinnamomum bejolghota Sweet, Litsea cubeba and Eugenia caryophyllus Bullock &
Harrison. showed complete mycelial growth inhibition in all tested fungi.

The results obtained with the agar medium assay should be assessed critically

such as the nature of dissolved test substance in agar medium. The dissolution of

In every infectio inct events occurs in succession to
the development and p on of the € pa ogen The disease cycle had

farm equipment or coni : ahve as resting spore when
orm tubes, attack host and
cause plant disease refore, cach-es entiz as further evaluated for spore

germination of Fusar, XS] 43- diternagria sp.43-89. The results are

ﬂ‘HEJ’J“fIEJ'ﬂiWEJ’]ﬂ‘ﬁ
QW’]MﬂiﬁUﬂJMW’JWH’m&l
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Table 3.3 The effect of essential oils on conidial germination

No. Plant % Germination
d Fusarium Alternaria
1 | Pelargonium graveolens 67 63
2 | Cymbopogon citratus (DC.)  Stapf. 89 96
3 | Cymbopogon nardus Rendle. 100 100
4 | Mentha cordifolia Opiz . 86 74
5 | Ocimum gratissimum Linn. 62 79
6 | Ocimum sanctum Linn, 100 78
7 | Rosemarinus offici 79 100
" ' | ND ND
9 - 51 46
10 76
11 ND
12 52
Harrison.
13 | Jasminum o 7 100
14 | Piper chaba H ND ND
15 | Piper sarmentos ND ND
16 | Citrus hystrix DC. 86 100
17 | Citrus reticulata B 100
18 | Limnophila 66
19 | Alpinia galtnge 72
20 | Curcuma ar 1' atica Salisb. 8 87
21 | Curcuma doméstica Valeton N 94
2 | ol g WO N 9 mim -
23 Boesmbergta pandurata Hgltt ND
0 WINg§y ¢
AWK %

Note: % germination calculated compare with control
ND= not determined




31

Seuoyyo 7
JRUNWNSSED ‘7
ejempued ‘g m
BOIRWIOIE ) iy
e3uered v m
BONEWOIR " g
elemonal D m
XsAy O m
SI[euogjo °f
snjAydoAres ‘5
BIOpOLNID “H |
BQaqno T m
woygdjofeq D m
SI[eUIOIO Y m
wmnjoues ‘O m
wnunssnesd ‘O m
BHOJIpIO0 ‘W
snpIeu )
smenin Hm

sudjoaAei3d ‘d m

89- € wn.iodsAxo -7 Jo uoneuruiId3 210ds Uo S[I0 [BIUISSI JO JOJJ2 Y|, M

[10 [BIJUASSA JO SRIINOS

€51

0L

-08

~06

001

UoIRUIULIOF [RIPIUOD O



32

68-€t "ds privuaa)py Jo uoneuruIdgd 210ds UO S[I0 [RIIUASSD JO 199JJ0 Y], &mﬂ w

)

~ [10 [BIIUASSI JO S90INOS

=

|

8113

ANy

Jeunwinssed 7

T
o
—

BOUSIWOP ) 3y

BONRWOR ) gy

(=]
(o]

eduered v m

i

S
m

T
(=2
o

eRnonal O m

Jn

xusky D m
SI[RUIOLO [
snjjAydokres 3

BqaQNO gy
eoys[olq D
SI[BUIOLO Y

wnues ‘O m

T
(=3
<

1 I
(=1 (=
=] )

T
=]
~

wnuissiesd O m
BHOAIPI0 "W
snpreu )

smenRio Hm

sudjooresd ‘g m

~001

uoneuIULIdF [RIPIUOD 0%



33

The preliminary screening for mycelial growth inhibition activity against
Photophthora sp. 572. revealed that fourteen oils (sample no. 1, 3-6, 9-10, 12, 16, 18-
19, 22 and 24-25) exhibited complete inhibition. Five (sample no. 4, 9-10, 12 and 25)
and ten (sample no. 1, 4-6, 9-10, 12, 18, 22 and 24) oils were detected for the effect
on F. oxysporum 43-68 and Alternaria sp. 43-89, respectively. Considering the
difference in chemical resistance between fungal spores and vegetative cells, it was
suggested that the fungal spores be more tolerant than the vegetative cells.
Phytophthora sp. which are extremely sensitive to heat and desiccation (Alexopoulos,

1996), may be more susceptlbleuﬁd\ H/} other components in medium than F.

oxysporum and Alternaria sb:-k

- The results of f germpatxm hour incubation were varied
il ‘Tﬂgh‘ germination percentage was
¢ :::l‘%wgamst F. oxysporum 43-68
1-2,4- “5-&10 11, 13, 16-20 and 24-25)
ore than 60% germination). Three

ow any inhibition activity (100%
mﬁnum bejolghota Sweet. and

depending on type.

observed in the co

revealed that fifteen

. 9 and 12) exhibited moderate

: germination of Alternaria sp. 43-89

revealed that eleven essentlaal-'&fs’”(samp 4—6 10, 18-21 and 24) exhibited

slight germinatiofic suppression (more than 60 Z ion). Five essential oils
(sample no. 3, 7,713 and 16-17) dld» shov tﬁjmhlbltlon activity (100%
germination). The -E‘Jsentlal oils from Cinnamomum bé))lghota Sweet. and Eugenia
caryophyllus Bullock® & Harrison. (sample’ no. 9 and 12) also showed moderate

o, UYINENINETNS

AlthBugh, Fusarium oxysgorum 43-68 and Alternaria s .. 43-89 are two

AT TR TR

antifungal agents than Alternaria sp. (Oku, 1993).

The antifungal activity on mycelial growth and spore germination greatly
affects the costs and benefits of fungal disease control. If the substances were active
for inhibition of both mycelial growth and spore germination, it would then be able to

control all the subsequent steps in the disease cycle. However, if the active substances
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had pronounced affected on either mycelial growth or spore germination inhibition,
then the efficiency of the substances on disease control may be improved when
applied with other treatments. This study showed that the essential oils from
Cinn&momum bejolghota Sweet. and Eugenia caryophyllus exhibited active inhibition

of both mycelial growth and spore germination.

3.3 Further study on antifungal activity of selected essential oil
Further evaluation of antifungal activity of selected essential oils was

determined by agar medium assa Cso s were calculated. Each selected oil

was diluted to the final concen 00 and 1000 ppm. A mycelial disc

fun grow The antifungal activity

was observed 7 days b4 4 days (4/iernaria sp.) after inoculation.
331 Fusaiu %) SpO ' 43-68 myc al.gro h inhibition

oA ' ™ y screening, five essential oils

showing complete were further investigated for

mycelial growth inhibiti in Table 3.4 and Fig. 3.3.

Table 3.4 Mycelial ‘ _ , Cso of selected essential oils

— ‘ =g
Plant “Inhibition percentage ICso
A2 1000
(ppm)
: ppm
Mentha cordifolid Op 100 195
Cinnamomum bejolghota Sweet. 0.9 3.07 9.71 100 177
Litsea cubeba Pers. ¢ 4.92 y 34.01 100 125
Eugenia ﬂ%&} 6}% EJ ﬂ ﬁ sﬂ ]ﬂﬁ 100 115
&Harrison
4 e/
Mgl 73

as

s0 using Probit

Analysis Program
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Table 3.5 Sporulation inhibition percentage of selected essential oils

36

Plant control plate | Treated plate® %
(spore/cm?) (spore/cm?) Sporulation

Mentha cordifolia Opiz. 2.8x10° 185 0.07
Cinnamomum bejolghota Sweet. 3.0 x10° 136 0.05
Litsea cubeba Pers. 2.6 x10° 818 0.31
Eugenia caryophyllus Bullock 2.8x10° 248 0.09
&Harrison.

Zingiber officinale Roseoe. 1175 0.29

Note : * concentration : 1 ste ial oi

: sporulation pe
sporulation in

: sporulation

test against Altem@q s>. -

and ICsg at various cogcentratlons The res

ated for

ted to spores per square

rapped surface with glass

ial growth inhibition against
| oil from Zingiber officinale

Sporulation of the fungi was

om-the preliminary screening

ﬂummmwmm
QW’]ﬂﬂﬂ‘iﬂJ UAIANYIA Y

are shown in Table 3.5 and Fig. 3.4.

d@mycelial growth inhibition
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Table 3.6 Mycelial growth inhibition percentage and ICs of selected essential oils

against Alternaria sp. 43-89

Note: * Inhibition percentas
Analysis Progpal

() : can not anal

Inhibition percentage ICso?
i I [ 10 | 100 | 1000
ppm | ppm | ppm | ppm (ppm)
Pelargonium graveolens 13.14 | 9.56 | 15.17 | 100 303
Mentha cordifolia Opiz. 743 | 842 | 322 100 -
Ocimum gratissimum Linn. 17.25 | 22.86 | 100 233
Ocimum sanctum Linn. \ 137 |1 822 100 -
Cinnamomum bejolghota Sy ~-;N~ 79 | 28.73 | 100 139
Litsea cubeba Pers. ~ 11.69 | 100 -
Eugenia caryophy”( _ 100 162
Harrison. ,
Limnophila aro 100 177
Kaempferia galangal.i 100 158
Zingiber cassumuﬁar 0 100 127

AUt INenineng

ARIANTUNNINY 1Y

¢ calculated ICsg using Probit




Pelargonium

100 -

80 -

60

Y%inhibition

%inhibition

%inhibition

40 -

0 1 2
log concentration (ppm)

Cinnamomum

e S —

o
log co! entration (pp

L

O. gratissimum

%inhibition
&

s

4¥

c:o:lwentration2 (ppm)

AULINENITNENNS

ition

AMA97S

0

URNINEA Y

Fig. 3.4 Concentration effect of essential oil on mycelial growth inhibition of

Alternaria sp. 43-89
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Table 3.7 Sporulation inhibition percentage of selected essential oils

Plant control plate | Treated plate® %
(spore/cm?) (spore/cm?) Sporulation

Pelargonium graveolens 5.5x10° 0 0
Mentha cordifolia Opiz. 3.0x10° 114 0.04
Ocimum gratissimum Linn. 3.0x10° 134 0.04
Ocimum sanctum Linn. 3.2x10° 1.5 x10* 4.69
Cinnamomum bejolghota Sweet. 4.2x10° 248 0.06
Litsea cubeba Pers. | " ; ; 5.9 x10° 179
Eugenia caryophyllus B AL / 1.1 x10* 3.31
Harrison. :

Limnophila aromati ‘ 3.3 159 0.05
Kaempferia gala ' N 170 0.04

Zingiber cassumu -, RN 0.12

Note : ® concentratio

4 £ P
centimeter of plate cultﬁrc: =
AT ‘f , :
The high }Yel of myﬁ"c"ﬁ' h vas detected from the essential

oils from Zingiber-cass:

‘ soi. and Limnophila aromatica
. |
Merr. with ICso of 427, 139, 158, 162 and | fo 8 respectlay. In addition, the essential

oil from P argom aveolens _exhibited v ifungal activity. It
completel %EJ mﬁt Q %‘Other essential oils

exhibited sxglhlﬁcantly suppressno? except the es&ntlal oil from ldgea cubeba Pers.

R LS ONRITE VN EMRS
ove o@an cinnamon oil have been previously reported to have antifungal

property against several phytopathogenic fungi, such as Aspergillus spp., Penicillium

galanga Linn., Eu

spp- The initiation of the fungal growth on PDA was delayed for 6 days compared to
2 days of the control (Muftah and Lloyd, 1982). Moreover, cinnamon oil at the
concentration as low as 0.02% (v/v) inhibited mycelial growth and aflatoxin

production of Aspergilus niger in yeast extract sucrose broth (Bullerman, Lieu and
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Seier, 1977). The clove bud oil also showed complete inhibition of Botrytis cinerea
spore germination at 0.78% (v/v) up to 24 h whereas the cinnamon leaf oil inhibition
the spore germination at 1.56 % (v/v) up to 40 h (Wilson et al. 1997). In addition,
clove oil has been investigated for antifungal activity towards sensitive fungus species
such as Alternaria alternata, Fusarium chlamydosporum, Helminthosporum oryzae
and Rhizoctonia bataticola, conidial cell lysis and mycelial growth inhibition were
detected at 0.05%-20% (v/v) concentration (Beg and Ahmad, 2002). The results
obtained in this study supported the information from those experiments. The strong
antifungal activity against Fusaz;i-‘rxri:rs orum 43-68 and Alternaria sp 43-89. was
observed in clove oil and cinnamon oil. ////

Ginger oil also-%ﬁd strong ~ai al activity towards Fusarium
oxysporum 43-68. TE% i st report of the antifungal activity of essential oil
from ginger. ‘ // \ \\

Essential oil tissismum a’hd_‘_‘PeIargonium graveolens had
vity agdin t‘ufrmatopﬂ?te fungi (Lima ef al. 1993)
;Ta?ﬁg} Qf 52%20&0), *spectively. However, there

been tested for the anti
and food spoilage

was no other report ivity oj.‘ﬁ 1€ extract _frxq these plants against Fusarium

oils displayed in Table

r
L5
3.3, active componei each essential oil using

bioautographic asa?j

“HUERB e v

Y Component in five-selected crude essential oils fromyMentha cordifolia
O@ ﬁl&?(ﬂgﬂ@ 2&] %ﬂl}%ﬁzﬂ@oﬁ]& Harrison.,
Litsea cubeba and Zingiber officinale Roseoe. were separated on TLC plate using
Hex: EtOAc (85 : 15) as the developing solvent. The TLC plate was sprayed with
spore suspension and was observed inhibition zone after incubating in a water agar for

3 days.
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The crude essential oil from Mentha cordifolia Opiz. was chromatographed on
TLC plate. Five different spots could be detected by UV2s4 and only two spots were
clearly seen with orange and pink coloration. When the TLC plate was sprayed with
spore suspension, only one inhibition zone was detected. The representative TLC

plates are shown in Fig. 3.5

{ > N

I-a.;‘_u
| PN

Fig. 3.5 Bioautographic pattesn ( ;&Meht_ﬂ a cordifolia Opiz. against F. oxysporum

43-68 (A) and prfile ( Ry ".‘
q f

The TLC pattern of C nam stiniim bejolghota Sweet. revealed solely one spot

under UV,s4. An additional gra f cinnamaldehyde was observed. This

spot also exhibited in blmmﬂ

pension of Fusarium oxysporum

TN
19

Fig. 3.6 Bioautographic pattern of Cinnamomum bejolghota Sweet against
F. oxysporum 43-68 (A), cinnamon oil profile (B), authentic
cinnamaldehyde (C) and bioautographic pattern of authentic
cinnamaldehyde (D)



42

Essential oil from Eugenia caryophyllus Bullock & Harrison. clearly showed
one spot under UV,s4 with a pink zone of eugenol. This spot also exhibited inhibition

zone. In addition, imperceptible clear zone was observed from the spot present at the

lower spot of eugenol. The TLC profiles are shown in Fig. 3.7.

ibited gray-purple spot as a major
J, ion zone. The illustration of TLC

Fig. 3.8 Bioautographic pattern of Litsea cubeba against F. oxysporum 43-68 (A) and
TLC profile (B)



43

For the essential oil from Zingiber officinale Roseoe., five spots were detected
under UV,s4. These spots had a clear yellowish zone but did not show inhibition

zone. The diagram of TLC plates is shown in Fig. 3.9.

A

k\\' 1.
‘i\\lﬂ /7

Fig. 3.9 Bioautographic patte m idold \\\\ oe. against F. oxysporum

43-68 (A) and TLE profi "‘Blg« '

PRy 4

3.4.1 Bioautograph aria sp. 43-89

]
Ten selected gSser 4P oils pre sl etermined for ICso in Table 3.6

‘ ¥
were investigated for the antifungal activity by bioautographic assay against
Alternaria sp. Each.crude e siitial oil was- sed on TLC plate using Hex:

EtOAc=85:15as hif olvent;-spr uspension and observed
/i ;
inhibition zone. The rmx S m

The essential oil from.Cinnamomum Mﬁhota Sweet. dlsplayed one spot that

absorbed UVzﬂau gwq my&l M§ fElnn d yde This spot also

exhibited an mlm)mon zone. The illystration of T pattern is pre@ted as shown in

" RWIRNN I NWTJWEHE‘I d



Fig. 3.10 Bioautographic patie ota Sweet. against

[

Alternaria sp. 438C Jinhamo _ H : (B), authentic

cinnamaldehyde{(C)dind Bibautégraphic pattern of authentic

cinnamaldehydg{(D I |

The inhibition zoge ¢ . ia caryophyllus Bullock &

Harrison. against Alternar, b P, dist ' presented the same spot as eugenol.
The other spots did not show .";. _..,_ \

shown in Fig. 3.11. ' @

£,

attern of bioautographic plate is

B —

Fig. 3.11 Bioautographic pattern of Eugenia caryophyllus Bullock & Harrison.
against Alternaria sp. 43-89 (A), clove oil profile (B), authentic eugenol
(C) and bioautugraphic pattern of authentic eugenol (D)
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From the results presented in Table 3.5, essential oils from Cinnamomum
bejolghota Sweet. and Eugenia caryophyllus Bullock & Harrison. clearly exhibited
inhibition zone while the rest of selected essential oils did not show inhibition zone on
TLC plates.

Essential oils normally consist of many different volatile compounds. It has
been suggested that the antifungal activity is the result of many compounds acting
synergistically (Jenny, 2000). This means that the individual component itself may

not be effective. In this research it was found that the crude essential oils with

'fp) only one major active substance.
ivi @ed clove oil
e

er-eomponents in clove oil by CH,Cl,

antifungal activity might possibly ¢
N
3.5 Evaluation of a iz

ercentage inhibition ICso

Fungal strain (ppm)
1000
= ppm | ppm
Fusarium . 181 14 63.53 | 100 81

oxysporium 4368

27.06 | 63.53 759

Alternaria sp.

-" 61.84 | 100 81
43-89

AULANININYINS
AIANTUNIINYAY

£
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Fasatinm Altemaria

80 - ” 80
5 60 - 2 60
E s
:"_E_ 40 - ;-Q' 40 -
X 20 20 -

0 - 0+

g0 ¢ ! 2 _ 0 1 2 3

log concentration (ppm) / log concentration (ppm) cugencl
—&— other component
Fig. 3.12 The effect growth inhibition of

\ . (B)
The result: 1at. /| - © \ action showed higher antifungal

\

: \ ost active compound in the

3.6 . The antifungal activity of .r-- N ) nai 14 dehyde and their derivatives
The essential oils from Eugeni ophyllus Bullock & Harrison. and

Cinnamomum bejolghota Sy ial antifungal activity. The major

&F.u '_.‘ “:‘p‘ -
components: eugeno : npounds were evaluated for

The results are displayed in

G
AU INENTNYINS
PRIANTUAMINYAE

antifungal activity ag
Tables 3.9 and 3.10@
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Table 3.9 Mycelial growth inhibition percentage of eugenol and eugenol methyl
ether against F. oxysporum 43-68

Compound Structure Inhibition percentage ICsp
1 10 100 | 1000 | (ppm)
ppm ppm ppm ppm

Eugenol 100 62
Eugenol 100 117
methyl ether
100
80 -
:«g 60
’§ 40
20

Fig. §.13 i@ﬁﬁﬁm Miﬁﬂmzjr on
RININTUUNIINEINY
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Table 3.10 Mycelial growth inhibition percentage of cinnamaldehyde and its

derivatives against F. oxysporum 43-68

Compound Structure Inhibition percentage ICso
1 10 100 | 1000 | (ppm)
ppm ppm ppm ppm
Cinnamalde- ~ -~ | 11.25 20.00 | 75.00 100 66
hyde O/\/
Cinnamyl 26.25 | 91.25 183
alcohol

Cinnamic acid

4-Methoxy

cinnamic acid

100

80 -

60 -

40

% inhibition
)

Y

100 216

47.83 | >1000

log concentration (ppm)

Cinnamic acid

AR ETIT INE TR —

Fig. 3.14 Concentration effect of cinnamaldehyde and its derivative on

Fusarium oxysporum 43-68 mycelial growth inhibition




49

Eugenol and eugenol methyl ether, two monoterpenes, showed strong
antifungal activity. Cinnamaldehyde, cinnamyl alcohol and cinnamic acid are
phenylpropane aldehyde, alcohol and acid, respectively. As shown in Tables 3.9 and
3.10, it was found that the aldehyde functional group exhibited stronger antifungal
activity than those of the alcohol and carboxylic acid.

The pure commercial cymene and B-myrcene has been tested to have
antifungal effect on Penicillium digitatum and found that they were not effective
(Dimitra et al. 2000). The cymene and B-myrcene are the monoterpene hydrocarbons.

Therefore, the antifungal activity of oterpene hydrocarbons was studied.

Some monoterpenes, limonene, y-terpi erpinene were selected for tested

c sesilisare showed i Table 3.1,
"—-‘ 1 ntage of limonene, y-terpinene and a-

Table 3.11 Mycelial growihrinhibitio entag

terpinene ;

Compound wrye ’. \%\‘.\

lion percentage IC
\; .
U

\ A

100 1000 | (ppm)
ppm ppm

Limonene 1.43 4.29 >1000

y-terpinene 429 | 429 | >1000

o-terpinene

’qq W,.] ’(Z] élér >1000

It was found that none of them showed antifungal activity at any

concentration. It appears that the structure of the most abundant compounds in
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essential oil might indicate level of the antifungal activity. The results obtained in this
study supported those reported previously that the antifungal activity ranges from
higher to lower level in compounds: phenol, aldehyde and hydrocarbon (Dimitra
et al. 2000).

The ICsg of these compounds were calculated and it was found that the most
effective component was eugenol following by cinnamaldehyde, eugenol methyl
ether, cinnamyl alcohol and cinnamic acid, respectively. Eugenol has been reported to
have the antifungal effects on eight strains of Aspergillus spp. and Penicillium spp.
Furthermore, eugenol showed  growth inhibition activity in dose-related manner
against foodborne pathogens and E. coli; l@l (Jeongmok, Maurice and Cheng-I,
1995). Many reports clf_s”sjﬁed eugen&l asd ﬁhmof’;ierivative and assumed that their
effects might be the same-as these of other phenol.derivatives. In bacteria, the active
| 10'be K cell wall, the cytoplasmic membrane and the

e sites depending on the concentrations used

sites of phenol are c

réover, it is well known that OH-group is much more
,quffan#pe;haps can easily form hydrogen bonds with
' 3 1989)

C mﬁleftély m’t?-ﬁlﬁ%d the growth thiabendazole-resistant
’ ms z‘n‘vztro aiéd_,% (viv) level. In vivo, cinnamaldehyde
also reduced the decay of potalo_fuber w1t£;:"?ﬁ$f rot disease when treated as emulsified
compounds (Steven and Gayland, 1994);«“ﬁ“add1t|on cinnamaldehyde has been
reported to com.p&:tel suppress_the growth and af toxin synthesis of Aspergillus
niger at 200 pplﬁ{MahmOUd 1994). However, cmnam_g‘?cﬁlehyde exhibited only mild
antifungal act1v1tya.gamst several Rhizopus species (Thompsom, 1989). The effect of

phytotoxicity of cinnamaldehyde was alsaitested and it was found that the compound

4
arag et

completely”inhibited, the| sprouting| of potato’ tibers ' when dipped in 1 % (v/v)

emulsion for'10 seconds (Vaughn and Spencer, 1993).

3.7%  The effects of exposure time on ¢onidial germination of Fusarium
oxysporum 43-68
From the preliminary screening test, crude essential oil from Cinnamomum
bejolghota Sweet. and Eugenia caryophyllus Bullock & Harrison. exhibited moderate
conidial germination suppression. Thus, it was interesting to test whether the

antifungal activity could be improved if the exposure time was extended. Therefore,
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the effect of exposure time on conidial germination was studied and the results are
shown in Table 3.12.

Table 3.12 Conidial germination percentage of Fusarium oxysporum 43-68 after

exposing to the crude essential oils at various length of time

Plant Exposure time (min) % Germination
Cinnamomum bejolghota 5 74.45
Sweet. 10 65.69

. 62.04

Eugenia caryophyllus Bulle A QQ\ 7 , 79.20
& Harrison. - - 4 62.41
32.55

Control /////‘%\\\ ‘\ 100

Note : control condi A after 36 h. ;
nit (CFU) and

germinated sp

. calculated % ger

—¢— Cinnamomum
- ——Eugenia

100
80
60
40 SA
20

ﬁu&3ﬂ8m5W81ﬂi

exposurg time (min) -,

Q‘W']Mﬂ‘im AN Y

Fig. 3 15 Conidial germination percentage of Fusarium oxysporum 43-68 after

% conidial germination

exposing to the crude essential oils at various length of time
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The effect of exposure time on F. oxysporum conidial germination was
investigated. Clove oil and cinnamon oil showed conidial germination at 52.55% and

62.04%, respectively when exposure with those extracts for 15 minute.

3.8 Application of essential oils as the postharvest disease control agents
Essential oils from Cinnamomum bejolghota Sweet. and Eugenia
caryophyllus Bullock & Harrison. showed strong antifungal activity on agar medium

assay and bioautograpgic assay. Those essential oils were used as agents for

controlling postharvest dls@‘ﬂy/mc results are shown in Table 3.13 and
Flg. 3.16. /

Table 3.13 F. oxysporum infeetion pe cen nana treated the crude essential

oils

% Infection | Level of
area disease
; L3 severity °
Un-inoculated contro I 4.59 2
Inoculated control 16.13 4
Cinnamomum bejolghota Sweet.. | - 8327 . 2.10 1
i - :- z — .
Eugenia caryophyllus Bullock & | 93, : 0.96 1
Harrison. o =

Note : * infection.drea ba: )
®level 1 = Qtony hyphae le % of totam.mgal colony
level 2 = cottony.hyphae 10 -25 %of total fungal colony

PIHEIRERY b

levéli4 = cottony hyphae more than 50 % of total fungal colony

A TR e

inoculated control  : banana inoculated with fungal spore but without

treated the crude essential oil
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18-

14

% infection area

oils

1" :‘ —- O d
nge,:m)

L4l
..r"a,.-" »

consequential dlffefﬁlces bevaeén‘“ thé ~cont “ the

heterogeneous emulsic ns—of—both—essential—oiis—caused physiological damage

occurred as the browriﬁ on peel (data : wmer, those compounds have
no effect on ripening smell disorder of product.

The m f e had affected on
postharvest dlg ufﬂ P;mlﬁw ﬁﬂ:lﬁﬁ;hogen or the time
of the exposure not extremely, theﬁ'antlﬁiﬁ;al activity may not be' effective. The

bk G4 & ok AN A B

condmon product may be much higher due to increased concentration.

respectively (Table 3.13 and

treatment. However,

The application of essential oil as an antifungal agent has been reported in
strawberries. Thyme oils efficient reduced Botrytis cinerea and Rhizopus stolonifer
infection in inoculated strawberries (Reddy et al. 1998). The monoterpenes, such as
cuminaldehyde, perillaldehyde, salicylaldehyde and carvone significantly reduced

natural Penicillium infection in tulip bulbs, but all of compounds tested did not affect
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the bacterial population. Furthermore, those compounds had no effect on the total
stalk length or the flowering capacity of tulip bulbs (Eddy, Yke and Leon 1995).
Carvacrol and p-anisaldehyde (oxidation product of anethole) were found to be
effectively inhibited fungi causing postharvest disease (Caccioni and Guizzardi,
1994). The effect of temperature on the antifungal activity was also studied, cinnamon
extract remained stable after heat treatments up to 100 °C for 20 min (Wilson ef al.
1997), and its antimicrobial activity was not significantly affected by autoclave (Jeng-

Leun, Chiu-Ping and Pau-Chuan, 2001). Therefore, it is possible to use essential oil

Based on the the crude essential oil of
Limnophila aromatic antifungal activity (Table 3.6).

Nonetheless, its i mposit ~' cn studied. Thus, GC-MS

technique was used’ e the ical ituents of this essentail oil. The

library. The analysis

appendix C) identified '@9

q u crpenes. The results are shown in
Table 3.14 and Fig. 3.17 he G

fragmentation ar;-ﬁisp!ayg'd;in apr

mass spectra and possible mass

AUEINENINGINT
AMIANTUUNINYIAY



Table 3.14 Possible chemical constituents of the essentail oil from Limnophila

aromatica Merr. as analyzed by GC-MS

Peak R; Compound Cdmposition

No. | (min) (%)
1 8.19 | 1-methyl-5-(1-methylethenyl)-,(R) Cyclohexene 0.96
2 8.31 | Eucalyptol 21.56
3 11.96 | Unknown 1.36
4 12.57 | 1-methyl-4-( 1-methylethyl)-cyclohexanol 1.21
5 13.27 | long-chain h ? 5.90
6 13.50 27.97
7 15.85 8.80
8 | 16.50 0.20
9 18.58 2.33
10 19.22 2303
11 19.46 0.34
12 | 19.78 5.23
13 | 20.42 0.38
14 | 20.98 0.19
15 | 24.30 0.43
16 | 24.73 0.17

ﬂumwﬂmwmm

QW’WENF]?QJ UAIINYA Y
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@ Miscellaneous 6.29%
Monoterpene 88.76%
[0 Sesquiterpene 1.32%
O Unknown 3.69%

Fig. 3.17 Percentages of te - essential oil from

Limnophila aro

. 6 should be major component in

ectrum of peak no. 6 and NIST

From the com
this essential oil.
mass spectra data libragy. gone. was i 1 as major component. The

b

antifungal activity of essgntial -oil form  Lin ila aromatica Merr. exhibited

. Ly ™,
moderate mycelial gro ighibition a i . oxysporum 43-68. However, this
essential oil displayed strongly ’J;ifi_ﬁiﬁgél@ towards Alternaria sp. 43-89 and
Phytophthora sp. 5’12. In addﬁm,_Lyﬁ%m slightly suppressed conidial
germination of Fusarium oxysporum 43-68 and Alternaridisp. 43-89. The activity of

components of Limno ioautographic assay. However,

ﬂia oil was also ev
this oil did not showI y clear zone on the bioautog%hic plate. Therefore, the
antifungal activity of Linnéphila oil was possibly the result of the synergistic effect
st oltp b8) A NV NETT 9
Y
¢ o v/
ARIANNIUNRTINEIAE
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