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ABSTRACT

The aim of this study is to evaluate the antifuraglvity of the acetone extract of Japanese apringt against
plant phytopathogenic fungi. The results revealet the acetone extract of Japanese apricot froitld inhibit the
mycelial growth of phytopathogenic fungi, includiRgytophthora capsici Leonian, Fusarium solani (Ma6acc.,
Fusarium graminearum Schwil, Botryosphaeria dothilaug.) Ces. et De Not, Colletotrichum fragariam@ks
with different antifungal activities. The mycelg@bwth of phytopathogenic fungi was affected bydbwecentration
of acetone extract of Japanese apricot fruit. Weoadvaluated the effect of the organic acids inolgicoxalic,
tartaric, malic, ascorbic, acetic, citric, maleiédumaric and succinic acid isolated through the rseeHPLC
inhibitions on the mycelial growth of Botryosphaedothidea (Moug.) Ces. et De Not. The results shdotlat the
inhibitions were significant differences among tiiee kinds of organic acids. In summary, we caerirfiat the
inhibition of the extract of Japanese apricot fragainst phytopathogenic fungi is related to thedki of organic
acid presented in the fruit of Japanese apricot.
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INTRODUCTION

The use of synthetic pesticides in plant protectiad made a great contribution to protect planmfisuffering
diseases, but many of them were no longer usedibeed economic, environmental or healthy concaassyell as
the resistant pathogen population of productionrgegedue to the indiscriminate and excessive usevatle range
of fungicides. Therefore, the demand for organidcadfural products cultivated without using anyriagltural
chemicals or chemical fertilizers is increasing @&rmhused more and more scientists to concenteatarchs on the
bactericidal activity of plant extracts. It was oejed that 1389 kinds of plants including differdands of
compounds used as antiseptic, and the volatile oangis from plants, especially essential oils, hatiftangal
activity [1,2]. Oxenham et al. [3] found that twhernotypes of basildcimum basilicuthoil inhibited the mycelial
growth of pathogenic funguBotrytis fabaein plant. Chaetoviridins A and B which were isel&tfrom barnyard
grass, showed antifungal activities on rice bld&idnaporthe griseaand wheat leaf rusP(iccinia reconditg[4].
Melaleuca alternifolia essential oil could redusevitro growth of fungal mycelium and single pueifi components
were more active [5].

Japanese apricoPfunus mumeSieb. et Zucc.), a deciduous tree of the genus dRasa originates in China and
widely cultivates in the regions of Zhejiang, Gudagg, Jiangsu, Fujian, Yunnan and Taiwan of Chamal, also in
Japan and Korea [6,7]. The fruits of Japanese @ipare consumed as preserved fruits and drink imaChnd
various parts of which have been used as herbaicined for alleviating some common disorders inr@hior a
long time [8]. In recent years, scientists begip&y more attention on the function of Japanesea@prYoshikawa
et al. [9] found that the concentrated fruit jui@ve been found to improve human blood fluidityitno and Shi et
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al. [10] discovered the methanol extract from Jaganapricot flowers exhibits inhibitory activity aldose
reductase and platelet aggregation in vitro. Thieaek of Japanese apricot fruit shows the inhibitad the some
cancer cell lines growth, such as breast, lungrlicolon and pancreatic cancer [11, 12, 13, 14, Tisere were
seven kinds of organic acids in the presence oarlege apricot fruit [16], nevertheless, there hbgen no
researches on the antifungal activity of Japanpsed fruit and the organic acids extracted frdma fruit.

The function of the extract of Japanese apricdt &m anti-cancer agents, antibacterial has begsiesi, and up to
our knowledge there are no reports on the antifuagvity of Japanese apricot against plant pagimigfungi. In
the research, we investigated antifungal activityhe acetone extract of Japanese apricot fruinag@athogenic
fungi of Phytophthora capsiciLeonian, Fusarium solani (Mart.) Sacc., Fusarium graminearumSchwil,
Botryosphaeria dothide@Moug.) Ces. et De Not ardolletotrichum fragariaeBrooks to come to herbaceous and
woody pathogenic fungi. This is the first report thie inhibition effect of the extract of Japanepet on the
pathogenic fungi, which would provide evidence toduce organic fungicides.

EXPERIMENTAL SECTION

2.1 Plant materials

The fruit samples of Japanese apricot fruit werdected from the National Field Genbank for Japanapricot
located in Nanjing Agricultural University, Nanjin®. R. China during the harvest time (80 daysr d&fteom) and
stored at -20 °C for further studies.

2.2 Fungi for test

Phytophthora capsidieonian,Fusarium solani{Mart.) Sacc. andrusarium graminearunSchwlwere provided by
the Laboratory of Phytopathology of Nanjing Agritwbl University in Nanjing, P. R. Chin&otryosphaeria
dothidea(Moug.) Ces. et De Not was isolated and purifieaf apple tree an@olletotrichum fragariaéBrooks was
isolated and purified from strawberries. The groafhhese fungi were maintained on potato dextegse medium
at 4 °C.

2.3 Chemicals
The reagents used including analytical-grade meisgoric acid for oxalic, tartaric, malic, ascorlacetic, citric,
maleic, fumaric and succinic acid were purchasethfSIGMA company.

2.4 Extraction of Japanese apricot fruit

The pulp of the Japanese apricot fruit was extchwtith the same amount of extraction agent at reemperature

for 24 h, and then heated for 10 min at 90 °C, rifeigied at 10,000 rpm for 30 min. The supernataas Wiltered
through a 0.22sm membrane filter. The extraction concentratiodapanese apricot is 1 g/mL and stored at 4 °C
until use.

2.5 Mycelial growth inhibition test

Potato dextrose agar (PDA) medium was used forcillure maintenance and the bioassays. The isolated
compounds dissolved in distilled water were tedtadantifungal activity in vitro, and the extract dapanese
apricot fruit was in acetone.

The medium incorporating the extract of Japaneseapfruit at series of concentrations of 100 mb/n200
mg/mL, 300 mg/mL, 400 mg/mL, 0 mg/mL (CK), actor@ntrast, and were inoculated at the center with digas
of the test fungi (6 mm diameter). And the orgamiéd concentrations were \g/mL, 10 ug/mL, 15 ug/mL, 20
ug/mL, respectively. The Petri dishes were then lated at 28 °C for 72 h, followed by the measureno¢ithe
diameters of zones of inhibition. All experimentere carried out in triplicate and the report defaresents average
values. Acetone was used as a positive control.myeelial growth of fungi in both test (T) and cait(C) Petri
dishes was measured diameter (mm) in three diffed@ections and the percentage growth inhibitibnwas
calculated using the formula [17,18]:

| (%) = [(C - T) / C] x100

2.6 Satistical analysis

Statistics were analyzed using SPSS 17.0 softwatethe measurements were replicated three timese&xh
treatment and the data are reported as means dastaprror. The statistical analysis was perforfagdne-way
analysis of variance (ANOVA) using statistical sadte. The correlation coefficient was calculatedneen the
content of mycelial biomass and the extract comaéion.
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RESULTSAND DISCUSSION

3.1 Resultsinterpretations

Among all the five kinds of fungi, the extract bktfruit of Japanese apricot exhibited differeritfangal activities,
and the results of the percentages of inhibitioairesi plant pathogenic fungi after inoculated 7&dre shown in
Table 1. There were significant differences betwisenmycelial growth at the concentration of 100mgand CK,

100 mg/mL and 200 mg/mL. And there were highly gigant difference between 200 mg/mL, 300 mg/mLdan
CK.

The concentration of the extract at 100 mg/mL, ntheelial growth ofFusarium graminearunschwl (10.67 mm)
was the lowest and the inhibition percentage was5p6, followed byBotryosphaeria dothide@Moug.) Ces. et De
Not (70.22%), the same result showed in the extrhdapanese apricot fruit at the concentratio20ff mg/mL, and
the inhibition percentages &otryosphaeria dothide@Moug.) Ces. et De NoEusarium graminearunschwl and
Phytophthora capsidieonian were more than 90%. When the concentratidhe extract was 300 mg/mL and 400
mg/mL, there were no signs of mycelial growth & flve kinds of plant pathogenic fungi.

Table-1: The zone of the mycelial growth and the per centage of growth inhibition against plant pathogenic fungi

Plant pathogenic fungi CK actone contrast control one control two control three  control four
Botryosphaeria dothidea 81.17 55.67(31.41%)a 24.17(70.22%)b  3.92(95.18%)c (10@»)c 0(100%)c
Fusarium graminearurschwl 46.08 35.00(23.89%)a 10.67(76.75%)b  0.75(98.20%)c (10@%o)c 0(100%)c
Colletotrichum fragariaeBrooks 37.33  31.17(16.73%)a 16.92(54.56%)b 6.00(83.92%)c (10@xb)c 0(100%)c
Fusarium solani 38.08 35.50(6.82%)a  14.00(65.10%)b  4.33(88.60%)c 10@¥o)c 0(100%)c

Phytophthora capsidieonian 40.00 33.58(15.92%)a 13.58(66.26%)b 2.08(94.80%)c 0(100%)c  0(100%)c

Notation Processing one, the extract of the fruit of Japargsicot was 100 mg/ml in the medium, treatmermat tw
was 200 mg/ml, and the fllowing were 300 mg/ml @@® mg/ml respectively. In the brackets were bauseatic
rate, with a lower case of a, b, ¢ showing sigaiiicdifference.

Table-2: The virulence of the extract of Japanese apricot fruit against plant pathogenic fungi

Plant pathogenic fungi virulencecurve  Thecorrelation coefficient  EC50  confidenceinterval, Cl
Botryosphaeria dothidea y=45.969+0.167x 0.891 24.14 33.51-58.43
Fusarium graminearurschwl y=44.670+0.175x 0.845 30.46 28.36-60.98
Colletotrichum fragariaeBrooks y=28.650+0.212x 0.920 100.71 15.43-41.87
Fusarium solani y=27.852+0.221x 0.884 100.22 10.70-45.01
Phytophthora capsidieonian y=35.018+0.202x 0.873 74.17 18.48-51.55

Table-3: Zone of the mycelial growth and the percentage growth inhibition against Botryosphaeria dothidea (M oug.) Ces. et De Not

Organic acids CK one two three four

Citric acid 79.17a  66.50(16.00%)b 30.6(61.26%)b  83{7.48%)c  17.67(77.68%)c
Oxalic acid 79.17a 0(100%)b 0(100%)b 0(100%)b 0%aD
Tartaric acid 79.17a 57.00(28.00%)ab  28.33(64.22%)14.33(81.90%)abc  2.33(97.06%)c
Acetic acid 79.17a 0(100%)b 0(100%)b 0(100%)b 0%a0
Fumaric acid 79.17a  39.00(50.74%)b  22.00(72.21%)c 7.5Q(77.90%)d 2.00(97.47%)e
Maleic acid 79.17a  11.8(85.06%)b 0(100%)c 0(100%)c 0(100%)c
Malic acid 79.17a 65.17(17.68%)ab  45.67(42.03%)bc4.5®56.42%)cd  20.33(74.32%)d

Succinic acid ~ 79.17a  70.33(11.17%)a  52.83(33.27%)I84.83(56.84%) c  37.67(52.42%)c
Ascorbic acid  79.17a  63.50(19.79%)b  51.50(34.95%)c43.17(45.17%)d  32.00(59.58%)e

Notation: Different lowercase letters standed f&DLtest significant difference at 5% level. Onegtthree, four
showed adding organic acid concentrations into Pi8ium were Jug/mL, 10ug/mL, 15pg/mL and 20ug/mL,
respectively.

The resistance of the extract of Japanese aprniaitégainst five kinds of plant pathogenic fungipended on

obtaining EC50 values as presented in Table 2. thedinhibition of the extract of Japanese apricait fagainst

Botryosphaeria dothideéMoug.) Ces. et De Not was the highest, and the(EQ4.14 mg/mL) was the lowest,
followed by Fusarium graminearunschwl (30.46 mg/mL). Among the five kinds of plgrdthogenic fungi, the
inhibition effect of the extract oBolletotrichum fragariae€Brooks and-usarium solan{Mart.) Saccis worse than

the others, and the EC50s were 100.71 mg/mL and®2008g/mL, respectively.

The extract of Japanese apricot was analyzed forctmpositions and contents of organic acid infthé of
Japanese apricot, and there were seven kinds afiiorgcids in the presence of the fruit of Japaagsieot. In the
research, we isolated nine kinds of organic adidmfJapanese apricot fruit, and they are citri@liox tartatic,
acetic, fumatic, maleic, malic, succinic, and abapacids. The inhibition of organic acids from theit of Japanese
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apricot was determined against the mycelial grogftBotryosphaeria dothide@Moug.) Ces. et De Not. Table 3
shows that the oxalic and acetic acids could inhii@ mycelial growth oBotryosphaeria dothide@Moug.) Ces. et
De Not, the mycelial was not grown on the PDA witkalic and acetic acid. And the rest organic acaissed a
significant dose-dependent inhibition agaiBstryosphaeria dothide@Moug.) Ces. et De Not.

3.2 Summary of the research work performed

In this study, the extract of Japanese apricot fras been studied againBisytophthora capsidieonian,Fusarium
solani (Mart.) Sacc. andrusarium graminearumSchwl, Botryosphaeria dothidegMoug.) Ces. et De Not,
Colletotrichum fragariaeBrooksfor the first time. All these kinds of fungi areapt pathogenic and are responsible
for diseases at field levels. As a result, congmiethe importance of the extract as ecofriendigrag, it was studied
against these fungi. It was interesting to noté the extract of Japanese apricot fruit exhibitéfkiknt antifungal
activities against all the five tested fungi. Theract exhibited higher antifungal activities agaiBotryosphaeria
dothidea(Moug.) Ces. et De Nofusarium graminearunschwl andPhytophthora capsicLeonian than that of
Colletotrichum fragariaeBrooks and~usarium solan{Mart.) Sacc.. Considering this fact, the extraeswubjected
to HPLC analysis to isolate from the componentsgmein it and it was found that the antifungaiatst of the
extract of Japanese apricot fruit was partly relat® the organic acids presented in the fruit bjecténg the
antifungal activity against the plant pathogeniedu

During the experiment, we found that the mycelfgblant pathogenic fungi on the PDA medium with &heract of
Japanese apricot fruit was different from that lo& ¢ontrol medium, the mycelial of the former watensive, and
the mycelial was growing upwards around the agacsdiand not suitable to spread around. While theralo
showed the contrast, the mycelial growth continloestended to the surrounding in the horizontalezed the
entire petri dish, and then the vertical.

3.3 The specific potential of Japanese apricot fruit

The potential of effective substances as antifuagaints were reported in recent years [19]. Théoaeewvas used
as a universal solvent because it was less toxice@rowth of plant pathogens and the medium vedaripy, both
water-soluble and fat-soluble [20]. Japanese aprvias used as herbal medicines for alleviating feseugh, and
intestinal disorders since ancient times [21], amzern researches have found that the fruits cdinkge apricot
were important sources of antioxidants, anti-canmed antibacterial agents [22,23]. Japanese dpsias found to
be antibacterial agaih§. mutansS. mitis S. sanguisP. gingivalis B. bronchiandH. pylori [24, 25, 26, 27]. Xia et
al. [28] found that the extract of Japanese apriweeds could inhibit the growth of this study imthg
Staphylococcus aureusscherichia coli Salmonella enteriga Vibrio para-haemolyticus Candida albicans
Saccharomyces cerevisiaand Aspergillus niger, and the antibacterial dgtiwwas related to the phenolic
compounds.

Recently, the use of fungicidal chemical has falieto discourage because of the detrimental effexts
environmental pollution and nontarget organisms].[2D the natural plant productions can inhibit tipdant
pathogens and control disease development, and fliast extracts which have potential as envirortaignsafe
alternatives may be exploited for their fungi-toxyiotency because of the synergistic activity ofirtlifferent
compounds [30, 31]. There were more and more remortantifungal activities of the extracts of plagainst the
plant pathogenic fungi. Yu et al. [32] tested 62d@ps of plant extracts with isolate hyphaBatrytis cirerea Pers.
Fusarium graminerum Schwl, Phytophthora capsiciLeonian, Colletotrichum gloeosporioidesPenz, and
Exserohilum turcicuniPassand found the antifungal rate of 39 species ofpla@t extracts was more than 60% to
one or more tested fungi at a concentration of &@@mL. That of 23 species (for examptalix polyadenia
Juglans cathayonsistc.) was up to 80% to one or more tested fungiilé\the antifungal activity of the extract of
Japanese apricot fruit agair@blletotrichum fragariaeBrookswas more than 50% at the concentration, that aigains
Botryosphaeria dothide@Moug.) Ces. et De Nofusarium graminearunschwl, Fusarium solani(Mart.) Sacc.,
andPhytophthora capsidieonian was up to 60%.

CONCLUSION

In conclusion, the extract of Japanese apricdthasource of organic acids, included oxalic, n@land acetic acid,
could effect the mycelial growth of plant pathogefingi and showed strong antifungal activity agaiplant
pathogenic fungi due to the presence of oxalic acetic acid. The results suggest that the extrhdapanese
apricot fruit may have the potential to be usedagmiculture as a natural plant pathogenic fungihitbr. The
organic acids contribute significantly to the amtifal activity, and further studies should be earout to probe into
the specific components responsible for highefamgial activity.
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