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Abstract

This study evaluated the antifungal activity of axture of two closely related
flavonoids namely 3, 7, 5'- trihydroxy anthocynidsand 3, 5-dihydroxy-7-methoxy
anthocynidines isolated fromMonanthotaxis littoralis (Annonaceae) against
mycotoxigenic fungi from three generdspergillus, Fusarium and Penicillium)
isolated from maize samples. Dry leavesMiinanthotaxis littoralis was extracted
with methanol, suspended in water and extractedh withyl acetate. Column
chromatography and Preparative Thin Layer Chrommagg (PTLC) was used to
purify the compounds. 1D and 2D NMR and Mass Spsctpy were used to
elucidate the structures of the compounds isoldtad. extent of inhibition of fungal
growth was dependent on the concentration of theofioids. The highest activity of
the flavonoids was that again&gpergillus ochraceus with inhibition zone of 20.17
mm and MIC of 1 mg/ml. The activity of the flavodsi against the mycotoxigenic
fungi had Minimum Inhibitory Concentration (MIC) ees ranging from 1 mg/ml to
4 mg/ml. These results show that the two flavondidsm M. littoralis have
antifungal activities against fungi that are th@darcers of poisonous mycotoxins
found in foods. These compounds are potential acttirbials that can be used in
food preservation systems to inhibit the growthnedulds and retard subsequent
mycotoxin production.

1. Introduction

Moulds are opportunistic biological agents of uliigus nature. They are able to
colonize diverse substrates including foods. Bezanfstheir powerful arsenal of
hydrolytic enzymes, these microorganisms can causigh degree of deterioration
when present in/on foods and can be responsiblecfmsiderable economic losses [1].
Furthermore, they can act as potential producertoxic metabolites, named
mycotoxins, which are potentially damaging to canets health. According to [2]
molds are known to destroy 10 to 30% of the totelldyof crops and more than 30%
of perishable crops by reducing their quality andrfity in developing countries. In
addition moulds produce mycotoxins that can calisess or even death to the
consumers.
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Mycotoxins are toxic secondary metabolites produbgd
certain fungi in agricultural products that arecagible to
mould infestations [3]. The most important mycotexin
terms of economic importance are
deoxynivalenol, fumonisins, ochratoxins and zeaaes
produced byA.flavus, A. parasiticus, F. moniliforme, A.
ochraceus and F. graminearum, respectively [4]. These
mycotoxins are produced in infected cereal seedsst m
legumes especially groundnuts, cotton seed, fishmets
etc [5]. Acute liver damage, liver cirrhosis, intioa of
tumors and attack on central nervous system, skordkrs
and hormonal effects are mostly caused by mycobtseis
[6, 7]. Aflatoxins produced by. flavus andA. parasiticus
are the most economically important mycotoxins. t&cu
aflatoxicosis epidemics have been reported in séyarts
of Africa and Asia leading to the death of sevénahdreds
of people [8].

Flavonoids are a large family of compounds syntteabi
by plants. The function of flavonoids in flowers is
provide color attractive to pollinator. Generallgvonoids
in plants leaves are believed to promote physichklgi
survival of the plant, protecting it from physiologl
fungal pathogens and U.V radiation [9]. Severaldlaids
with antifungal activity have been isolated fronffetient
plants. Increasingly flavonoids are becoming subjefc

acetate eight times. 509 of activated charcoal aded to
the extract stirred well with magnetic stirrer, teiled,
evaporated by rotary evaporation and the extraetg then

aflatoxinsdried using anhydrous sodium sulphate. The ethgtade

crude extracts were fractionated with silica gel
chromatographic column using chloroform ethyl ameta
mixtures in the ratio of 9:1 as eluent. The fragsi@btained
were monitored using thin layer chromatography (J,LtG
achieve isolation of compounds. The active extramse
subjected to bioassay-guided fractionation on nbphase
column chromatography, using silica gel 70-230 ma@ste
compounds isolated were purified using repetitive
Preparative Thin Layer Chromatography.

2.2. Isolation of the Fungi

Maize samples were collected from various household
and market centers in Western Kenya. Moulds were
isolated from these samples using the direct matin
technique. For each sample, 20 seeds were pickedmaly,
surface-sterilized in 2.5% sodium hypochlorite 36rs and
rinsed in three changes of sterile distilled watére seeds
per plate were blotted with sterile filter papedaated on
Czapek Dox and potato dextrose agar containing 7.5%
sodium chloride and 133 mg streptomycin sulphaie IfL
of media). The plates were incubated at 25°C and

medicinal research. They have been reported t0epoSSygnitored daily for fungal growth for seven days.

many useful properties including anti-
activity, enzyme inhibitors, antimicrobial activitynd
antitumor activity [10].

The wide and indiscriminate use of
microorganisms, leading to occurrence of emergiogdf
borne diseases [11]. As a result of this, thereais
increasing interest to obtain alternative antinticabagents

from natural sources for use in food preservatitesearch

has shown that some plants contain compounds likeh

flavonoids which are able to inhibit the microbgrowth

[12]. M. littoralis belongs to the family Annonaceae and th

chemical
preservatives has been cause of appearance ofantsis

inflammatory

2.3. Identification of the Isolated Fungi

The resulting cultures were identified based onucal
and morphological characteristics using taxonomaiysk
[14, 15, 16, and 17]. Morphological features ofdumwere
studied and the major and remarkable macroscoptares
that were looked at are colony diameter, colonyicain
agar and reverse, exudates and colony texture ostiopic
aracteristics that helped in identification arenidia
heads, stipes, color and length, vesicles shapsenmtion,

dnetula covering, conidia size, shape and roughfEsis

genusMonathotaxis. The Annonaceae family includes 130 ' N€ number of seeds showing each type of mould row

genera and bout 2300 species distributed in trood
subtropical areas of America, Africa and Asia [13].

2. Materials and Methods

Fresh plant materials &f. littoralis were collected from
Mabira equatorial forest in Uganda. A voucher speci
was deposited at the Department of Biological Smen
Egerton University.

2.1. Extraction of Non — Volatile
Compounds

The plant leaves materials were dried under shade
constant weight and ground to a fine powder. 1080dhe
powders was extracted with methanol and after reinof/

the solvent by rotary evaporation; the extracts ewer

suspended in water and extracted using 100 ml lofl et

were determined and compared for each sample.
2.4, Antifungal Assays

Paper disc diffusion inhibition test was used taeen for
antimicrobial activity test of the secondary mefibe as
described by [1]. One hundred micro-liters of mould
suspension (approximately 106 spores/ ml) wereoumify
spread on sterile potato dextrose agar media i dishes.
One milliliter of mould suspension (approximately®1
spores) was uniformly spread on sterile potato rdegt
agar media in petri dishes. Sterile sensitivitycdisvere
soaked with 10 ul of the secondary metabolites. Scaked
discs were allowed to dry before being placed endhlture
plates. This was done to ensure that all the sblweas
evaporated completely. The plates were refrigeratefiC
for 48 hours to allow the extracts to diffuse arbnt

incubated for 7 days at 5. At the end of the incubation
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period, diameters of the inhibition zones weneasured
to the nearest millimeter (mm). Nystatin di$t60 ug)
were used as the reference standard. The Minimu
Inhibitory Concentration (MIC) was determinedsing
the paper disc diffusion method as descriliev@ The
secondary metabolites were diluted with methanoickwvh
was also used as the negative control.

2.5. Statistical Analysis

Data on inhibition zones were analyzed using Micfbs
Office Excel 2007 to derive means and standardatiewis.

3. Results

The secondary metabolites were active againsthall t
Aspergillus species screened. The highest activity of th
secondary metabolite was observed agaksbchraceus
with inhibition zone of 20.17 mm and MIC of 1 mg/ml
(Table 1). The nystatin standard inhibition adiivagainst
this species was similar to that of the secondastabolites.
High activity was also observed fok. niger and A.
fumigatus where MIC of 2 mg/ml was recorded though th
two species had different inhibition zones. Nystattivity
against these species was slightly higher tharetiodghe
sample since inhibition zones of 19.67 mm and 1600
was observed for the two species respectively. Ghdu
flavipes and A. flavus were showing different inhibition
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zones the highest resistance to the secondary oliéésb
was observed against these species. This is becthease
highest MIC of 4 mg/ml was observed for the twocipe
The inhibition activity of nystatin againg. flavipes was
almost double that of the sampkor A. flavus resistance to
the standard was also observed.

Among theFusarium species all the species tested were
inhibited by the secondary metabolité@$e highest activity
of the sample was that againBt proliferatum with
inhibition zones of 13.83 mm and MIC of 2.00 mg/ml.
Inhibition activity of the sample greater than XDr@m was
observed against. avenaceum, F. culmorum and F.
subglutinans. Despite the three species having different
inhibition zones they all had an MIC of 4.00 mg/mhe
nystatin standard inhibition activities against tifeur
Fusarium species differ slightly from those of the
secondary metabolites except Fosubglutinans. Fusarium
species showed resistance to the sample compartt to
Aspergillus species as exhibited by the sizes of their
inhibition zones and MIC value®. purpurogenum andP.
isandicum were inhibited by the sample with inhibition

gzones of 13.17 mm and 12.33 mm respectively. Thabgh

two species had different inhibition zones they veba
similar MIC of 2.00 mg/ml. Therefore the sample wiagre
active against these two species than Alggergillus and
Fusarium species which showed an MIC of 4.00 mg/ml.

Table|. Inhibition zones of sample against various fungi species

Concentration of compound of secondary metabolites (mg/ml)

Fungi Standard Control e
8.00 6.00 4.00 2.00 1.00 (mg/ml)
A niger 15.00 +0.58  12.00 +1.00 8.33 +0.58 0.00 0.00 19.67+0.47  0.00 2.00
A ochraceus 20.17 +0.76  14.33 +058 10.670.58 7.00+1.00 0.00 20.33+0.47  0.00 1.00
A fumigatus 14.33 +058  11.00 £1.00 7.50 +0.50 0.00 0.00 16.00+0.82  0.00 2.00
A flavipes 11.17+£0.29  9.67+0.58 0.00 0.00 0.00 20.67+0.41  0.00 4.00
A flavus 1350050  9.17+0.76 0.00 0.00 0.00 13.00£2.16  0.00 4.00
F. culmorum 10174029  6.770£0.93  0.00 0.00 0.00 12.50+0.41  0.00 4.00
F. avenaceum 1350 +0.50  7.45 +0.50  0.00 0.00 0.00 12.33+0.47  0.00 4.00
F. proliferatum 13.83+1.04 9.6 +0.53 6.33+0.57  0.00 0.00 10.63+0.45  0.00 2.00
F. subglutinans 12.33+0.58  7.50%0.50 0.00 0.00 0.00 19.33+0.47  0.00 4.00
P purpurogenum  13.17+0.76  9.00 % 1.00 6.17+£0.29  0.00 0.00 16.33+0.94  0.00 2.00
P idandicum 12.33+0.58  9.83+0.76 6.33£0.29  0.00 0.00 15.33+0.47  0.00 2.00

3.1. Characterization of the Secondary
Metabolites

Analysis of the NMR spectra of secondary metabslite
sample indicated that it consisted of two closediated

overlapping. From théH NMR spectrum there were 14
aromatic protons and one methoxy group. This inspiieat
the difference between the two compounds was aargth
group.

Compound (1) had 16 carbons, 14 hydrogen and 4

compounds designated as (1) and (2). When the samplyygen and therefore molecular formulad@.O; The
containing these compounds was spotted on TLC tWQMR data for this particular compound is shown bela

purple spots were overlapping suggesting the poesen
two closely related compounds. THeC NMR spectrum of

Table (I1). The**C NMR spectrum of (1) showed 16 signals
i.e.5 101.11 (C-8), 104.71 (C-6), 106.11 (C-5), 126.61 (

the same sample showed a lot of peak splitting ar@l), 127.76 (C-6'), 128.70 (C-3'), 129.31 (C-4)31.12 (C-
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1", 139.61 (C-5’), 141.70 (C-2)%,44.5C (C-3), 157.21 (C-
9), 161.08 (C-7), 37.53 (C-4) arkb.2t for the methoxy
carbon . From th&H NMR ninesignas were observii.e.
2.92 (H-4), 6.65 (H-5), 6.66 (18}, 6.68 (F-8), 7.52 (H2),
7.38 (H-3), 7.06 (H-4"), 7.29 (M) and 3.82 for the
methoxy protons.

Long range correlations observen HMBC spectrun
reveded the connections between tthreesub structures.
HMBC correlations from H-4 to @-and (-3, H-5 to C-6,
C-7 and C-9, H-6 to C-5, C-7 and&and +-8 to C-6, C-7
and C-9indicate the substructures ring A. Proton H-5

showed para correlationo C-8. In ring B HMBC
correlation was observefdom proton H-2' to C-1’, C-3’,
C-4’and C-6’, H-3 to @', C-3', C-6’and C-1', H-4 to C-
2, C-3' and C-5and H6' to C-1’, C-2' and C-3'. The
position of the methoxy grip at position 7 was confirme
by the correlation of metho protons ab 3.82 with carbon
C-7.In ring A COSY caorreltion was observed between 1
protons H-5 and H-6Proton H-2' and H-3’ were showing
COSY correlating in ring3. The proposed structure for
compound (1) based on thD and 2D NMR information i
shown in Figure 1.

TableIl. The NMR data for compound (1)

Position 6" C (ppm) DEPT 6'H (ppm) J (H2) HMBC COSY
2 141.70 Q

3 144.50 Q

4 37.53 CH, 2.92 (s) G, 2

5 106.11 CH 6.65 (d) 9.79 8,6,9,7 6
6 104.71 CH 6.66 (d) 9.79 8,57 5
7 161.08 Q

8 101.11 CH 6.38 (s) 56,9,7

9 157.21 Q

10 - Q

1 137.12 Q

2 126.61 CH 7.52 (d) 7.53 1,3,4,6 3
3 128.70 CH 7.38 (1) 7.53 2',6,4,1 2’
4 129.31 CH 7.06 (dd) 16.32,16.30 2,3,1,%

5 139.61 Q

6’ 127.76 CH 729 (s) 2,3, 1,2

OCH; 55.25 CH; 3.82 (s) 7

3, 5 -dihydroy -

T - methaney anthocynidines

Figure 1. The molecular structure of compound (1)

[2M - HJ*
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Compound (1 was idetified as 3, -dihydroxy-7-
methoxy anthocynidines th molecular ion peak my
270.280 calculated for ;6H:40, (m/z 270) as revealed by
the EIMS spectrum. Thisample was analyzed at
wavelength range of 308000 thus only the 2M pea
were recordd. The EIMS spectrum of compoundl)
revealed [2M-H] ion peak n/z 539.21. Further the pee
m/z 563.30, and 579.30 e observed for peaks [2M
Na]" and [2M + K] respectiely. The peak m/z 309.21 w.
attributed to the peak [M +]". Part of the mass spectra for
compound (1) is in figure 2.

[2M + H]* NL: 43165

CPdX#495 RT:

1142 AV:1T:
54129 FTMS {1,1} +pESI
Full ms
[300.00-2000.00]

\j}41 32

30000
20000

1000 ] 53928

Wl

oL ———

540.28

NL: 3.39E4
CPdX#494 RT:
1140 AV 1T:
FIMS {12} - pESI
Full ms
[300.00-2000.00]

541.30

541.22

M‘J’L

539.6 539.8 5400

540.2 5404
mz

539.2 5394

(a)

540.6 540.8

5410 5412

5414

Figure 2. Mass specra of compound (1)
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Compound (2) had 15 carbons2 hydrogen and
oxygen and therefore molecular foula C;sH;1,05 (Table
lIl) . Atotal of 15 peaks were obseri in the*C spectrum
i.e. 3.141.70 (C-2), 144.70 (@), 37.93 (C-4), 106.56 (C-
5), 108.06 (C-6), 161.06 (T}, 99.11(C-8), 156.87 (C-9),
137.13 (17), 126.61 (&), 128.78 (¢-3'), 128.45 (C-4)),
139.65 (C-5") and 127.76 (C-6"). THe spectrum showed
7 aromatic protonand a singlet for tt methylene grot i.e.
8 2.92 (H-4), 6.33 (H-5), 6.31 (|8}, 6.29 (F-8), 7.52 (H-
2'), 7.38 (H-3"), 7.04 (H-4") and’.29 (H-6’). The HMBC

58

correlation from H-4 to &, C-3 and C-5, H-5 to C-6, C-7,
C-8 and C-9, H-6 to C-5, €-and (-8 and H-8 to C-5, C-6,
C-7 and C9 were observe in ring A. In ring B HMBC
correlation from H-2'to Ct', C-3’, C-4’ and C-6’, H-3' to
C-1', C-2’and C-4’, H4 to C-1', C-2’, C-3', C-5, and C-6’
and H-6" and C-1’, C-2’, &, C-2 and C-4'. Proton H-5
and H6 were showing CGY correlation in ring A while
proton H-2’and H3’ were shoving COSY correlation in
ring B.

Tablel11. The NMR data for compound (2)

Position 5" C (ppm) DEPT 6 'H (ppm) J (H2) HMBC cosy
2 141.70 Q
3 144.50 Q
4 37.93 CH, 2.92 (s) 52,3
5 106.56 CH 6.33 (d) 15.06 4,8,6,7,9 6
6 108.06 CH 6.31 (d) 14.29 8,57 5
7 161.06 Q
8 99.11 CH 6.29 (s) 56, 9,7
9 156.87 Q
10 - Q
v 137.13 Q
2, 126.61 CH 7.52 (d) 7.53 1,3,4,6 3
3 128.76 CH 7.38 (1) 7.53 2,4,1,6 2
& 128.45 CH 7.04 (d d) 20.23, 15.81 6,2,3,1,5
5 139.65 Q
6’ 127.76 CH 7.29 (s) 2,3, 1,4,2
for CisH1204. The samplewas analyzed at wavelen
ranges of 30@000 and theefore only the 2M peaks we
recorded. The EIMS speam of compounc(2) revealed
- [2M-H]" ion peak m/z 51.18. Further the peaks n
- cowv 513.33, 535.17 and 551.3for peaks [2M + ', [2M +

3, 7, 9 -trihydroxy anthocynidines

Figure 3. The molecular structure of compound (2)

Compound (2) was identified a3, 7, 5- trihydroxy
anthocynidinesvith molecular massf 256.253 calculate

o0 51231

510.30
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Relative Abundance

7 508.25 51221
L il

Na]" and [2M + K] respestively were observecPart of

mass spectra for compour?) ic in figure 4. Based on the
1 D, 2 D NMR and EIlS information described tf

proposed structure of comund () is shown in figure 3
above.
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Figure 4. Mass spectra of compound (2)
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4. Discussion [4]

The flavonoids are biosynthesized through the nuevel
pathway and the isolated flavonoids pass through2B8) — [5]
Liquiriteginin. The activity of the compound comaig the
mixture of the two flavonoids could be attributedte two
flavonoids. This is because different researcheaseh
reported the ability of flavonoids to inhibit furiggrowth
[12, 19 and 20]. Their activity is probably due tteeir
ability to complex with extracellular and solubleoteins
[21]. Several flavonoids with antifungal activitave been
isolated from different plants. Liquintigenin and
isoliquintigenin isolated from Amboyna wood was ffiouto
be active againgE. oxsysporum, A. niger and P. italicum
[12]. It has been reported that the chalcone 2-dwg#, 4°,

6'- trimethoxy chalcone could inhibit the spores
germination ofA. flavus [22]. Further eicatechin isolated [8]
from Azadirachta indica leaves was found to inhibit the
growth of A. niger, A. fumigatus and P. citrii [20].
Anthocyanidines have also been shown to have augjfu
activity. Anthocyanidine isolated fromBryophyllum
pinnatum was found to be active against the plant pathogeng)
A. niger and the clinical fungu€andida albicans [23].

Since the sample used in this study consisted af tw
flavonoids mixtures, the high antifungal activity this [11]
mixture of compounds could therefore have resultech
their synergic effect. Enhanced antimicrobial attivof
flavonoids as a result of their synergistic effeats been
reported where the mixture of the different flavioisohad
high antimicrobial activity than the activity of dh
individual flavonoids [24].

(6]

(7]

(9]

(12]

(13]

5. Conclusion

The results obtained show that the flavonoids mnéxtu [14]

obtained fromM. littorals is potential antimicrobial that

can be used in preservation systems after toxiaabtests. (18]
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