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ABSTRACT

Total 20 and 15 fungal species were isolated frovahf and market root samples of drug Aegle marm@tws. In

the fresh samples, F. solani with 22.25% and inkesamples A. niger with 26.97% recorded in higlcpntage
incidence. Root samples were stored under diffeB&nt50, 75, 96 and 100 % relative humidity andedént
incubation days 15, 30, 45 and 60 days. Maximunwtitrand occurrence incidence of fungi were observader
high relative humidities 75, 96 and 100% RH andglatorage periods 45 and 60 days. Quantitativarestion of
alkaloids and glycosides in association with isethfungi was done. Rate of deterioration of chehgoastituents
in the samples were noted at above 75% RH. Amabfsvariance also showed that the effect of redatiumidity
and incubation days on biodeterioration of theseroltal constituents were significant at 5% levfedignificance.
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INTRODUCTION

The plantAegle marmeloss commonly called as "Bael" belonging to familRutaceae". Root bark is used in
intermittent fever and as fish poison, as a renfedyalpitation of heart and melancholia. Juicetaf bark with a
litle cumin in milk is valued as remedy for powerbf seminal fluid. Alcoholic extract of roots hag
hypoglycaemic activity Bael is reported to cont@innumber of cumarins, proteins, carbohydrates, g@hen
alkaloids, sterols and essential oils. Roots, bari&fruits are hypoglycaemic, astringent and fage and they are
antidiarrhoel and antivenin (Warriet al 1995). Gondet al. (2007) isolated endophytic fungal from this plant
Practices used in harvesting, handling, storageduymtion and distribution make medicinal plants jeab to
contamination by different fungi, which may be resgible for spoilage and production of mycotoxiHewever,
there is scanty information regarding the detetionaof alkaloids and glycosides of medicinal ptantherefore, in
this present study aimed to study mycoflora assedieith Bael roots under influence of differenateve humidity
(RH) and different incubation days in fresh andage conditions, and also observed the changesadhalkaloids
and glycosides amounts.

MATERIALSAND METHODS

The fresh roots of drug. marmeloswere collected in healthy, flowering and fruitingnelitions from different
localities of Maharashtra, India. Market drug sassplwere also collected from various Shopkeepers and
Kashtaushdhis. For avoiding aerial contaminatiemsles were brought to the laboratory in polyethglbag. Agar
plate method and Blotter test and as recommendddtésnational Seed Testing Association (1966) vekyee for
isolation of mycoflora associated with roots. Treamples sterilized with 2% sodium hypochlorite solu and
thoroughly washed with sterilized distilled wat&or evaluation of biodeterioration of alkaloids agigcosides
contents related to mycoflora, the root samplesvstored in small muslin clothes at 30, 50, 75a86 100 % RH
for 90 days in the room temperature. The root samplere taken out internal 15, 30, 45, 60, andntb9® days,
thoroughly washed with distilled water and platedFetri plates. The percentage incidence of mycafieas
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recorded from first day to 80day of storage. Fungi were identified by usingedént keys, such as Raper and
Thom (1949), Barnet and Hunter (1972); Thom andeR&p945); Both (1971) and Nelsehal. (1983). Some parts
of washed root samples were dried in oven and preddby grinder and were used for biochemical analgg
following methods of Harborne (1973) for alkalomisd Kokateet al (2002) for glycosides.

Simple correlation were run between selected paemneaising Statistical Package for Social ScierBBSS)
software in which statistical significance was det@ed at 0.05 % probability levels.

RESULTSAND DDISCUSSION

Results of mycoflora associated with fresh and market samples:

Total 20 and 15 different fungi spices were isalateom fresh and market samples Aegle marmelasTotal 20
different fungi were isolated fromegle marmelosoots in genuine and under storagesolanj F. oxysporumF.
lateritum, F. acuminatumF. sambucinumA. flavus A. niger Monilia sitophila Sordaria fimicola Theilavia
terricola, Rhizopus oryzaeDidymostilbesp. Acremoniumsp., Trichodermasp., Curvularia lunata Nigrospora
oryzae Chaetomium globosurAchlyasp., Papulaspora immersand Aphanomycesp. were isolated from roots of
Bael in genuine condition, in percentage incidermfes22.25, 8.26, 2.66, 0.66, 4.96, 5.86, 3.066,11013, 2.43,
1.96, 5.76, 8.19, 3.58, 2.42, 7.97 and 2.89%, atsmdy( Graphl). From market roots of this drugtat 15 species
of fungi were found which includeAspergillus niger A. terreus A. ochraceus A. flavus A. fumigatus, A.
parasiticus A. tamarii Curvularia lunata Chaetomium globosunCh. spirale Helminthosporiunsp., Rhizopus
oryzae Trichodermasp.,, Papulaspora immersand Penicillium sp. with percentages incidences 26.97, 8.43,
3.33,9.06, 11.14, 2.81, 1.85, 2.08, 1.97, 0.9%,(8.54, 13.22, 8.12 and 0.83%, respectively (&2ap

Results of effect of relative humidity and incubation days on fungal growth:

The fresh roots of drug Bael stored at varioustirelahumidities 30, 50, 75, 96 and 100% RH. Aftér days,
samples stored under different RH and then wastake and number of isolated fungi counted and qraege
incidence of fungi calculated (table 1). Under 3B%, after 30 days of storage percentage incidehtetal fungi
recorded 0.34%. It increased aftef"@fays of incubation to 0.75%. In the case of 50%tReHpercentage incidence
of fungi from 15" days to 68 days increased from 0.61% to 4.54%. Similarly%% RH after 15, 30, 45 and B0
days of storage they showed the percentage inc@deh@, 2.78, 5.03 and 7.19%, respectively. Unéét ®H the
percentage incidence after 15 days of incubatios 2@&1% while after 30, 45 and"6flays of incubation increased
to 5.37%, 7.94% and 11.50%. Lastly under 100 % Ré#dgercentage incidence observed 4.32%, 8.44%3%3.1
and 17.98% incidence after 15, 30, 45 and®@ of storage period respectively.

The market root samples of Bael showed variousepgage incidences (Table2). Under 30% RH, afteddys of
storage total percentage incidence of fungi reabfii28% that increased to 1.83% off'@® incubation. In the case
of 50% RH, total percentage incidence of fungi from2% increased to 3.52% from™LBays to 68 days of
incubation. Under 75% RH, percentage incidence robse0.845% after 15 days of incubation increasel.85%
on 60" days of incubation. Similarly, in the cases ofs@l 100% RH, total percentage incidence of furftgr a5
days observed 1.22 and 2.67% increased to 12.74&8 % on 68 days of incubations.

Results of the deterioration of total alkaloids and glycosides amounts:

The control of fresh and market samples of thiggdrontained 16.56 and 16.62% total alkaloids. Tdmes were
stored at 30 % RH showed the deterioration of alkahfter 30 days were 16.56 % and 16.61% and &@exnd 90
days deteriorated to 16.26, 16, 37% and 15.96,2%.0 fresh and market samples respectively. e cds50%
RH, total alkaloid amount after 30, 60 and 90 dafysicubation recorded 16.53, 16.60; 16.03, 16.50% 15.91,
15.83% in fresh and market samples. Maximum redaodti total alkaloid amount observed in case ofifé 100
%RH, the samples stored at 15, 45, 75 and 90 slagwed, 16.56, 16.56%; 16.02, 15.98%;15.87,15.848 a
15.84,15.80% in samples which collected in genwordition. In case of market samples deterioratbrotal
alkaloids showed more reduction. Under 96 and 10RHpafter 15, 45, 75 and 90 days of incubatioaltamount
of alkaloid observed 16.59, 16.58%; 16.27, 16.20%78, 15.76% and 15.71, 15.66%, respectively @ ahl

The genuine roots ok. marmelostored under 30, 50, 75, 96 and 100% RH. The cbstnmples ofA. marmelos
contained 9.53%, total glycosides and treated samsoired under 30 and 50 % RH showed 9.48 and 9tdfi#h
glycosides after storage of 15 days of incubatidier 30, 60 and 90 days of storage it showed #teridration 9.4,
9.18, 8.74%; 9.31, 9.001, 8.32% respectively. Sirhyi| in case of 75 % RH also observed the rednctd
glycosides to 8.32% after 90 days of storage. besaf 96 and 100% RH the reduction in the valuglyfosides
observed to 9.3, 9.15, 8.78, 8.31% and 9.53, 8@4,, 8.2% after 15, 30, 60 and 90 days of storage.
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Tablel: Percentageincidence of fungal isolated from the root of Aegle marmelos (Fresh sample) stored at variousrelative humidity

Mycoflora con 30% 50% 75% 96% 100%
15 30 45 60 15 30 45 60 15 30 45 60 15 30 45 60 15 30 45 60

F. solani - 0.34| 041 061 07% 05 0745 1.03 1p3 068 1.0316| 1.37| 082 123 144 192 1.03 151 102 247
F. oxysporum - - - - - - - 0.27| 041 0.13 034 048 0.61 07550} 0.75| 1.031] 0.41 076 1.031 1.23
F. lateritum - - - - - - - - 0.34 - 0.27 048 06l 048 0.1 9/71.031| 048 0.82 1.10 1.238
F. acuminatum - - - - - - - - - - - - - - 0.20] 0.34 0.4§ - 0.27 .58 0.82
F. sambucinum - - - - - - - - - - - - - - - - 0.13 - 0.06 0.20 20
A. flavus - - - - - - - - - 0.06) 0.20 0.27 034 013 041 84 061 | 0.20] 048 0.75 1.03
A. niger - - - - - - - - 0.27 - 013 034 048 020 041 10,6 0.75 | 0.34| 0.4 0.82] 1.031
Monilia sitophila - - - - - - - 0.13| 0.20 - - 0.27 044 - - 0.48 {1034 | 0.48 0.75
Sordaria fimicola - - - - - - - - 0.20 - - - 0.2(Q - - 0.20 0.34 - -l .40 0.61
Theilavia terricola - - - - - - - - - - - - - - - 0.06f 0.20f 0.06 0.06 .20 0.48
Rhizopus oryzae - - - - - - - - 0.27 - - - 0.34 - - 006 034 0.13041| 0.48 0.61
Didymostilbesp. - - - - - - - - - - - - - - 0.06) 0.13 0.2 0.06 0.2 0.27 0.41
Acremoniunsp. - - - - - - - - 0.13 - - 0.20 0.27 - - 0.27 041 0. 0.20| 0.34 0.55
Trichodermasp. - - - - - - - - - - - - 0.13 - - 0.13 0.27 - 0.20 .48 0.75
Curvularia lunata - - - - - - - 0.20| 0.34 - 020 048 0.1 0.27 04055| 0.031| 0.41 0.5% 0.74 0.96
Nigrospora oryzae - - - - - - - 0.34| 048 020 034 055 0.61 034550 0.75| 0.96| 041 0.61 0.82 1.28
N. sphaericha - - - - - - - 0.06| 0.13 - - 0.13 0.2D - 0.20 0.834 61| 0.27| 0.34] 0.55 0.75
Achlyasp. - - - - - - - - - - - 0.06| 0.13 - 020 0.27 0334 06. 0.20| 0.48 0.68
Papulaspora immerse - - - - - 0.06| 0.20] 0.34 048 0.13 0.27 0.5 075200 0.48| 0.61] 1.031 0.2f 0.55 0.82 1.23
Aphanomycesp. - - - - - - - - 0.06 - - 0.0§ 0.13 - 0.06 0.20 0.340.13| 0.41| 0.61 0.89
Total - 0.34| 061 0.61 0.76 0.61 095 237 4|54 1.2.78| 5.03| 7.19 271 53f 7.94 1150 4[32 8§44 313.17.98
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Table2: Percentage incidence of fungal isolated from the root of Aegle marmelos (M arket sample) stored at variousrelative humidity

Mycoflora con 30% 50% 75% 96% 100%
15 30 45 60 15 30 45 60 15 30 45 60 15 30 45 60 15 30 45 60

Aspergillus niger 0.42 - - 042| 0.7 014 056 085 128 042 128132.398| 056 071 156 455 071 0.9 2.5h6 4198
Aspergillus flavus 0.14 - - - 0.28 - 042 056 0.56 - 0.28 0J1 099140 0.42| 099 128 0283 099 15 213
Scytallidiumsp. - - 0.14| 028 042 014 014 028 0% 014 041 10.085| 024 042 099 128 0248 o041 128 213
Papulaspora immerse | 0.14 | 0.14| 0.14 0.14 0.28 - 014 0.28 042 014 05671| 0.85| 0.14 056 O.7L 099 0.28 056 243 1128
Rhizopus oryzae 0.14| 0.14| 014 014 014 0134 0.14 0P8 028 (014280 0.41| 056/ 014 028 071 085 044 0}71 0{99561.
Monilia sitophila 0.14 - - 0.14 - - - 0.14 0.28 - 0.14 0.14 042 - 140, 0.56| 0.99| 0.14 0.71 0.99 1.28
Nigrospora oryzae - - - - - - - - - - - - 0.14 - 028§ 042 056 0.140.71| 1.13 1.56
Sporothrixsp. 0.14 - - - - - - 0.14] 0.14 - 0.14 0.14 0.14 0/149.28| 041| 0.14 0.4] 0.71 1.18
Aspergillus parasiticus| - - - - - - - - - - - - 0.14 - - 028 071 0.14 bB.8 0.85 0.99
Aspergillus fumigatus - - - - - - - - - - - - - - 0.14 028 042 014 6.5 071 0.85
Curvularia lunata - - - - - - - - - - - - 0.14 - - 014 028 014 6.5 0.71 0.99
Cunningamella elegans - - - - - - - - - - - - 0.14 - - 014 02§ 014 04 041 0.71
Aspergillussp. - - - - - - - - - - - - - - - - - - 0.14 0.28 0.47
Nigrospora sphaericha| - - - - - - - - - - - - - - - - 0.14 - 014 014 4
Aspergillus tamarii - - - - - - - - - - - - - - - - - - - 0.14] 0.5§
Total 1.20| 0.28] 042 112 183 042 14 253 3|52 0.840938.495| 835 124 309 706 1274 27 8/15 14.58.151
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Table3: Deterioration of total alkaloids content (mg/1200mg) in root of Aegle marmelos (Fresh and market samples) at different relative

humidities
Incubation days| Control 30% 50% 75% 96% 100%

1 day 16.56+0.3. | 16.56+0.32 | 16.56+0.32 16.56+0.32 | 16.56+0.3; 16.560.32
15days 16.56+0.3° | 16.56+0.25 | 16.56+0.15 | 16.56+0.283 | 16.56+0.2° | 16.56+0.28
30days 16.56+0.3° | 16.56+0.32 | 16.53+0.20 | 16.43+0.20 | 16.36x0.2F | 16.30+0.17
45 days 16.5620.3% | 16.56+0.32 | 16.02+0.18 16.620.18 | 16.02+0.06° | 15.98+0.026
60 days 16.5620.2¢ | 16.26+0.25% | 16.03+0.057 | 15.97+0.02% | 15.96+0.07 | 15.93+0.02%
75 days 16.5620.29 | 16.06+0.11 | 15.94+0.041 | 15.94+0.01% | 15.87+0.02% | 15.84+0.049
90 days 16.56+0.% | 15.96+0.06 | 15.91+0.01%F | 15.85+0.037 | 15.84+0.03% | 15.80+0.01%

Incubation days| Control 30% 50% 75% 96% 100%

1 day 16.62+0.0. 16.62+0.01 16.62+0.01 16.62+0.0] 16.62+0.0 16.62+0.01
15days 16.62+0.1° | 16.61+0.1%1 | 16.61+0.31 | 16.62+0.28 | 16.59+0.1% | 16.58+0.26
30days 16.61+0.1° | 16.60+0.12 | 16.60+0.11 | 16.59+0.20 | 16.40+0.2¢ | 16.30+0.18
45 days 16.60+0.1¢ | 16.55+0.08 | 16.47+0.068 | 16.41+0.01 | 16.27+0.08% | 16.20+0.081
60 days 16.60+0.07¢ | 16.37+0.05% | 16.10+0.1% | 15.95+0.02% | 15.80+0.1% | 15.76+0.23
75 days 16.58+0.06% | 15.97+0.025 | 15.89+0.01% | 15.82+0.0% | 15.78+0.03° | 15.76+0.052
90 days 16.57+0.09% | 15.92+0.045 | 15.83+0.05% | 15.72+0.048 | 15.71+0.03" | 15.66+0.057

Graphl. Percentage incidence of mycoflora associated with theroot of Aegle marmelos (Fresh samples)
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Market sample of this drugtored at same relative humidity and deterioratibtotal glycosides observed, at 1
first day 9.26% recorded for total amount of glyides, more deterioration showed in market samptagpared tc
fresh sample. After 90 days of incubation periodent of total glycosides showed more deterioratiodesrall
tested RH, 8.73 (30 % RH), 8.36 (50 % RH), 8.35%RH), 8.26 (96 % RH) and 8.17 % (100% RH) (Tap

Data analysis of variance indicates that deterlimmatf total alkaloids an glycosides dents are under influence
incubation days and relative humidity and theysagaificant at 5% level significance (P value <Q.

The principal factors on fungal growth and detexiimn are moisture, temperature, atmosphere, aarafiH,
condition of the storage and incubation period efblal plants. All of these factors interact as detation
progresses, but moisture and terature are probably most important. Christense®{1@rouped fungi into tw
categories: field fungi and storage fungi. Thisiglan is not taxonomically valid but is based priityaupon
moisture requirements. Field fungi attack develgpamd mature ssue of herbal drugs; storage fungi are ust
encountered when organs of medicinal plants areedtafter harvest. The major field fungi are speoid
Alternaria, Cladosporium Fusarium and Helminthosporium although species oCurvularia, Stemphylium
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Epicoccumand Nigrosporaare included in this group. Storage fungi are pneidantly species cAspergillusand
Penicillium. Species ofAspergillusare not always well defined and are sometimeferred to as "groups." Tl
major storage fungi consist oivé or six group of Aspergillus,plus several species Penicillium which are
common untildeterioration is well advanced (Christensen andfitdann 1974). Certa other species (Penicillium
are considered field fungi (Mislivec and T11970). For thanost part, the above categories are accurate; ey
exceptions existA. flavuscan invade in the field arFusariumcan continue to decay of plant tissues in stor&
the moisture is high enough (Caldwell and Tuite/4)SThere is a correlation begéen the growth and incidence
fungi with high relative humidity and prolonged idmation days. The predominant fungi associated @ity roots
FusariumandAspergillusspecies which both are toxigenic fungi and undé@aBble condition can invade to sue
plants and produce toxin, which consumption of ¢he®ntaminated materials by human leads to se
physiological disorders and even death. Thereftiiere is an urgent need to prevent the entranceuoh
contaminated crude drug samples into concial herbal drugs.

Table 4: Deterioration of total glycosides content (mg/100mg) in root of Aegle marmelos (Fresh and mar ket samples) at different relative

humidities
Incubation days| Contro 30% 50% 75% 96% 100%

1 day 9.53+0.03. | 9.53+0.032 | 9.53+0.032 9.53+0.034 9.53+0.03. | 9.53+0.032
15days 9.53+0.039 | 9.48+0.053 | 9.41+0.01 | 9.38+0.01% | 9.3+0.043 | 9.53+0.032
30days 9.53+0.037 | 9.4+0.068 | 9.31+0.01 | 9.27+0.051 | 9.15+0.01° | 9.09+0.049
45 days 9.53+0.029 | 9.3+0.095 | 9.18+0.025 | 9.09+0.09% | 8.91+0.05° | 8.75+0.160
60 days 9.53+0.097 | 9.18+0.064 | 9.001+0.064 | 8.81+0.18 | 8.78+0.04° | 8.61+0.085
75 days 9.53+0.0479 | 8.89+0.086 | 8.81+0.032 | 8.73+0.03% | 8.73+0.03 | 8.63+0.047
90 days 9.53+0.039 | 8.74+0.048 | 8.32+0.11 | 8.41+0.07% | 8.31+0.02° | 8.2+0.032

Incubation days| Contro 30% 50% 75% 96% 100%

1 day 9.26x0.1: | 9.260.13 9.16+0.23 9.16+0.23 9.16+0.23 9.26+0.013
15days 9.26+0.1% | 9.26x0.19 | 9.26+0.183 | 9.26+0.015 | 9.26+0.48 | 9.25+0.13
30days 9.26+0.1¢ | 9.26+0.068 | 9.2620.0% | 9.24+0.14 | 9.23+0.015 | 9.21+0.12
45 days 9.25+0.1¢ | 9.25+0.12 | 9.25+0.13 | 9.22+0.15 | 9.14+0.1% | 8.92+0.16
60 days 9.24+0.1°¢ | 9.02+0.062 | 8.96+0.058 | 8.76+0.058 | 8.66+0.058 | 8.55+0.061
75 days 9.24+0.049 | 8.78+0.13 | 8.84+0.14 | 8.63+0.058 | 8.53+0.07% | 8.28+0.09
90 days 9.23+0.039 | 8.73+0.062 | 8.36+0.18 | 8.35+0.04" | 8.26+0.056 | 8.17+0.025

Data are the mean of three replicates + standardial#on. F- Value denoted the significance of differences batviiee mean by univaria
comparison statistics. The value followe different letters differ significantly by Duncantwultiple rang test at P=Sig= 0.1

Grap?2. Per centage incidence of mycoflora associated with the root of Aegle marmelos (mar ket samples)
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Deterioration of alkaloids and glycosides amoumtdanr different relative humidities due to spoilajdéungi which
might be due to its degradation into simpler fowhshemical constituents by enzymes which prodyctubgi and
their utilization as a source of energy for thaiowth. This was in accordance with the result alieaworkers
(Deokule and Kabnoorkar 2003, Dutta and Roy 19&hrt6orkar and Deokule 2009).
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