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Abstract: Miraculous herb safed musli (Chlorophytum borivilianum Sant. F), family liliaceae, is well recognized for 
its immense potential as an aphrodisiac. The root tubers of this herbal drug were found to be invested with  
Aspergillus flavus during field and storage. Therefore, the present study was designed to explore the ability of 26 co-
existing rhizospheric mycoflora to inhibit A. flavus invasion and subsequent aflatoxin contamination of safed musli. 
The interaction of these moulds with highly toxigenic strain (CB55) of A. flavus was evaluated by dual culture meth-
od and type of interaction was graded. Most likely antagonistic effects were shown by fifteen (15) moulds, out of 
which  Type ‘C’ interaction was evidenced in the case of six moulds ; A. clavatus, A. terreus, Botryotrichum pilulifer-
um, Candida albicans, Cephalosporium acremonium, and Cunninghamella sp. Further, ‘D’ type interaction  was  
displayed by seven moulds which include A. niger, Colletotrichum sp., Drechslera sp., Mucor haemalis, Mycelia 
sterilia, Rhizopus arrhizus and Stachybotrys atra and ‘E’ type interaction was noted in the case of Trichoderma  
viride and Trihcothecium roseum. Regarding human health it is critical to use an ecofriendly approach to control the 
invasion of toxigenic moulds with root tubers of safed musli. 

Keywords: Aflatoxin, Aspergillus flavus, Safed musli, Rhizosphere mycoflora 

INTRODUCTION 

Ancient system of Indian traditional medicine has  

described the white gold, safed musli (Chlorophytum 

borivilianum Sant. F) as an aphrodisiac. An antiaging, 

health restorative safed musli, now-a-days, widely 

used as an alternative to ‘viagra’. The extract of root 

tubers of safed musli improves the quantity and quality 

of semen (Rath and Panja, 2013). But the root tubers of 

this herbal drug were found to be infested with Asper-

gillus  flavus during field and storage (Chauhan et al., 

2011). And the consequent mycotoxin elaboration con-

tributes in reducing its productivity as well as posing 

serious health concerns to humans and animals (Yaling 

et al., 2008 and Averkieva, 2009). Aflatoxins produced 

predominantly by A. flavus and A. parasiticus are po-

tent toxic, carcinogenic, mutagenic, immunosuppres-

sive and teratogenic agents (Calvo et al., 2002;Jiang et 

al., 2005; Turner et al., 2005; Krishnamurthy et al., 

2008 and Razzaghi- Abyaneh et al., 2013). They can 

directly influence the structure of DNA and the results 

into various genetic defects which can even lead to 

fetal mis-development and miscarriages. 

Its low productivity and increased demand has raised 

the concern over the conservation of this endangered 

plant. Therefore, to meet its commercial demand,  

alternative strategies for the quality and quantity yield 

management of root tubers of safed musli are urgently 
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required. Although, the use of chemicals has shown 

promising results, their continuous use disturbs the soil 

health which leads to poor crop and lower yields 

(Pandey and Saikia,2014). So, rhizosphereflora serves 

as a better option for effective biological control poten-

tials. Therefore, the present investigation was under-

taken to study the interaction between rhizosphere my-

coflora and toxigenic strain of A. flavus (CB55) isolat-

ed from the root tubers of C. borivilianum. 

MATERIALS AND METHODS 

Sample collection: Each sample weighing 20-25 

grams root tubers of safed musli (C. borivilianum), 

collected from wholesale dealers and farmers of eight-

een different localities of Uttar Pradesh were kept in 

sterilized plastic bags. 

The bags were sealed over the flame immediately to 

avoid any external contamination and then, stored in 

the refrigerator at the 4 0 C temperature for further in-

vestigations. 

Isolation of aflatoxigenic fungi associated with the 

samples of root tubers: The root tubers were screened 

for the association of moulds by surface washing, seri-

al dilution method and agar plate technique using PDA 

and CDA media, suggested by Waksman (1927) and 

Graves and Hesseltine (1966). For the purpose,  25 gm 

of sample was transferred to 250 ml Erlenmeyer flask 



 

containing 50 ml sterilized distilled water and shaken 

well for 15 to 30 minutes on a mechanical shaker. Af-

ter shaking, the suspension was transferred into centri-

fuge tubes and centrifuged at 3000 rpm for 5minutes. 

The supernatant was discarded and the residue (pellet) 

was dissolved in 1 ml of sterilized distilled water. Af-

ter gentle shaking, 0.1 ml of this suspension was 

poured into sterilized petriplate by sterilized  

pipette and then 20 ml of lukewarm Czapek’s dox agar 

medium was poured and dishes were gently shaken to 

disperse the medium and the spore suspension  

uniformly. In this way, ten replicates were prepared for 

each sample. After solidification of medium, the dishes 

were incubated at 28 ± 10 °C for 5-7 days. Various 

aflatoxigenic strains including highly toxigenic strain 

(CB55) of A. flavus (Chauhan et al., 2011) so obtained 

were then sub-cultured, purified and maintained on 

CDA slants. 

Determination of rhizosphere and rhizoplane flora 

of Chlorophytum borivilianum: Isolation and purifica-

tion of rhizoshere and rhizosplane mycoflora was done 

by Warcup’s method (Warcup, 1950). Soil sample was 

collected from root’s vicinity, weighing 10 gm was 

transferred to 250 ml Erlenmeyer flask containing 50 

ml sterilized distilled water and shaken well in a me-

chanical shaker. After shaking, serial dilutions were 

prepared from the original mixture to obtain the dilu-

tion of 1:10, 1:100 and 1:1000. Then, the sterilized 

Petridishes were used and 1 ml from each of the above

-prepared dilution along with 20 ml of lukewarm 

Czapek’s dox agar medium was poured into them. 

Dishes were gently shaken to disperse the medium and 

spore suspension uniformly. Three replicates were 

prepared for each dilution, and such plates were incu-

bated at 28 ± 10 °C for 5-7 days. 

Similarly, rhizoplane flora was also determined. For 

this purpose, freshly collected and cleaned roots of 

safed musli were suspended in 50 ml sterilized distilled 

water contained in a beaker and subjected to gentle 

shaking. After 15 minutes of shaking, the roots were 

taken out, and the suspension was centrifuged at 3000 

rpm for 5 minutes. The supernatant was discarded and 

the residue was dissolved in 5 ml sterile distilled water. 

Finally, 1 ml of this suspension was poured into steri-

lized Petriplates to which 20 ml sterilized PDA or 

CDA medium was added and shaken gently to disperse 

the spores in the medium. In this way, five replicates 

were made for each set. The plates were then incubated 

at 28 ± 1 °C for 7 days. After the incubation period, the 

plates were studied for the occurrence of molds and 

then colonies of different fungi were identified tenta-

tively, noted and counted. Different fungal species so 

obtained were then sub-cultured, purified and main-

tained on CDA medium. 

Study of antagonistic behavior: Antagonistic interac-

tion behavior of co-existing fungi was evaluated by 

dual culture technique on PDA medium against highly 

toxigenic strain (CB55) which was isolated from the 

root tubers of safed musli of A. flavus. Each pair was 

inoculated over the agar surface maintaining equidis-

tance to all test pairs. The plates were incubated at 27 

± 2 °C and examined for 5-8 days and the type of inter-

action was graded according to Johnson and Curl 

(1972) as follows: 

Mutual intermingling of the two organisms =A 

Mutual inhibition on contact. The space between the 
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Table 1.  Grading of fungi under Johnson and Curl (1972) type interaction. 

Interaction type with 

toxigenic strain (CB55) 

of Aspergillus flavus 
Name of fungi 

A Alternaria alternata, Bipolaris rostrata, Helminthosporium sativum 
B Alternaria triticina, Aspergillus nidulans, Cladosporium Cladosporoides, Fusarium oxysporum, 

F. roseum, Penicillium citrinum, Rhizoctonia solani, Verticillium albo-atrum 
C Aspergillus clavatus, Aspergillus terreus, Botryotrichum piluliferum,  Candida  albicans, Cepha-

losporium acremonium, Cunninghamella sp. 
D Aspergillus niger, Colletotrichum sp. Drechslera sp. Mucor haemalis, Mycelia sterilia, Rhizopus 

arrhizus, Stachybotrys  atra 
E Trichoderma viride, Trichothecium roseum 

Fig. 1. Showing the uniform circular colony of Aspergillus 

flavus(CB55). 

Fig. 2. Type A interaction.  Fig. 3.Type C interaction.  
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colonies is small but clearly marked =B  

Mutual inhibition at a distance= C 

Inhibition of one organism on contact, the antagonist 

continues to grow unchanged or at a reduced rate 

through the colony of the inhibited organism = D 

Inhibition of one organism at a distance, the antagonist 

continues to grow through the resulting clear zone, at 

an unchanged or reduced rate = E 

RESULTS AND DISCUSSION 

The present results revealed that the co-existing rhizo-

sphere mycoflora of root tubers of safed musli 

screened showed different interaction types with toxi-

genic isolate of A. flavus (CB55) [Figs. 2-7 and Table 

1]. In general, three co-existing moulds showed ‘A’ 

type of interaction (Fig. 2). These include Alternaria 

alternata, Bipolaris rostrata, and Helminthosporium 

sativum. Eight co-existing rhizosphere moulds showed 

'B' type of interaction (Fig.7). These included Alter-

naria triticina, Aspergillus nidulans, Cladosporium 

cladosporoides, Fusarium oxysporum, Fusarium 

roseum, Penicillium citrinum, Rhizoctonia solani and 

Verticillium albo-atrum. These fungi were treated as 

slightly antagonistic to toxigenic Aspergillus flavus. 

Interestingly, ‘C’ type of interaction (Fig. 3) was  

evidenced in the case of Aspergillus clavatus, Asper-

gillus terreus, Botryotrichum piluliferum, Candida 

albicans, Cephalosporium acremonium, and Cunning-

hamella sp. Further, ‘D’ type interaction (Figs. 4 and 

5) was displayed by seven moulds which include As-

pergillus niger, Colletotrichum sp., Drechslera sp., 

Mucor haemalis, Mycelia sterilia, Rhizopus arrhizus 

and Stachybotrys atra while ‘E’ type (Fig. 6) interac-

tion was noted in the case of Trichoderma viride and 

Trihcothecium roseum. Type ‘C’ moulds were regard-

ed as antagonistic to A. flavus while type ‘D’ and type 

‘E’ were adjudged as highly antagonistic to Aspergil-

lus flavus. Hence, they can be used to prevent the 

growth of A. flavus and consequently, the elaboration 

of the aflatoxins. 

Thus, the interaction of A. flavus with different rhizo-

spheric mycoflora of root tubers of safed musli sup-

ports their possible bio-control role against the toxi-

genic strains of A. flavus. 

The first fundamental idea towards the development of 

prevention strategies and reduction of human exposure 

to hepato-carcinogenic aflatoxins is, to understand the 

interaction between the fungus and the host plant.  

Aspergillus sp. infect crop during cultivation, but  

aflatoxins continue to accumulate in post-harvest peri-

od under poor storage conditions, which favor fungal 

growth and toxin production. Therefore, according to 

Wild and Hall (2000) and Groopman and Kensler 

(2005), post-harvest interventions contribute signifi-

cantly in controlling aflatoxin. 

In the past, many researchers have emerged highlight-

ing the role of microorganisms as bio-control agents. 

The antifungal abilities of some beneficial microbes 

have been known since the 1930’s, and there have 

been extensive efforts to use them for plant disease 

control since then (Ruiquian et al., 2004). Reddy and 

Reddy (1983) studied interaction of co-invading fungi 

with toxigenic strains of A. flavus. Cho et al. (2009) 

showed a new strain of Bacillus pumilus isolated from 

Korean soybean sauce which showed potent antifungal 

activity against the A. flavus and A. parasiticus. Re-

cently, Kong, (2010) reported a strain of marine bacte-

rium Bacillus megaterium which could be used as bio-

control agent against post-harvest fungal diseases 

caused by A. flavus and Guillermina et al. (2011) 

showed the effect of lactic acid bacteria on AFB1 pro-

duction by Aspergillus species under in vitro condi-

tions. Previously, some other studies have alsoreported 

a number of Bacillus, Pseudomonas, Ralstonia, 

Burkholderia and lactic acid bacteria (Streptococcus) 

strains which could inhibit growth of A. flavus and 

possibly aflatoxin production (Palumbo et al., 2006; 

Nesci et al., 2005; Bottone and Pelusco, 2003). In an-

other report by Ciegler et al. (1966), Flavobacterium 

auranticum was found to remove aflatoxin from vari-

ous foods irreversibly. Many reports on this organism 

appeared since then (Hao et al.,1967; Lillehoj et al., 

1967 and Line et al., 1994). 

Many studies have also accessed the efficacy of yeast 

as bio-control agent. Some saprophytic yeast species 

(such as Candida krusei and Pichia anomala) have 

been shown as promising biocontrol agents against A. 

flavus (Masoud and Kaltoft, 2006). 

There are other fungi such as some species of Tricho-
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Fig. 4. Type D interaction.  Fig. 5. Type D interaction.  Fig. 6. Type E interaction.  Fig. 7. Type B interaction.  

Figs. 2-7. Showing interactions of various antagonistic 

fungi with highly toxigenic strain (strain CB55) of  

A. flavus. 
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derma which was found interacting in the present 

study has already been recognized as the most potent 

biological control agent for certain plant diseases from 

the last 20 years (Inglis, 2002). Other similar studies 

indicating inhibition of aflatoxin production by A. fla-

vus and A. parasiticus when cultured with Trichoder-

ma sp. was shown by Gachomo and Kotchoni (2004). 

Even the non-toxigenic strains of Aspergillus flavus 

could be used to displace toxigenic strains and reduce 

aflatoxin contamination. Their bio-control potential 

has already been provedin various studies (Dorner, 

2004; Cardwell and Henry, 2004; Abbas et al., 2006; 

Pitt and Hocking, 2006; Dorner, 2008; Yin et al., 

2008; Tran-Dinh et al., 2013 and Pitt et al., 2015). 

Similarly, Azziz et al. (1997) found Aspergillus niger 

and Trichoderma viride to be strongly antagonist, in-

hibiting the growth of A. flavus by 87 % and 66 %, 

respectively whereas Aspergillus versicolor, Fusarium 

moniliforme, Paecilomyces variotii and Emericella 

quadrillineata inhibited the growth of A. flavus by less 

than 51 %. Cvetnic and Pepljnjak (2007) studied the 

interaction of 25 moulds strains of Alternaria sp., 

Cladosporium sp., A. flavus and A. niger used as bio-

competitive agents. Their result confirmed antagonis-

tic interaction between all the strains tested with Alter-

naria sp. and Cladosporium sp. and aflatoxin B1 pro-

duction was decreased up to 100 %. In mixed cultures 

with Mucor sp., aflatoxin B1 inhibition ranged from 50 

to 70 %. Martin et al. (2008) showed the antagonistic 

effects of A.niger (69.5 %), A. fumigatus (47.6 %) and 

A. terreus (47.6 %) and concluded that the develop-

ment of Aspergilla strains concomitantly with compe-

tent aflatoxin producing moulds has a significant influ-

ence on the natural biosynthesis pattern. Above men-

tioned studies, clearly indicates the antagonistic role of 

various moulds against A. flavus. 

In a very similar study by Roy et al. (2008), the antag-

onistic interaction between toxigenic strains of A. fla-

vus and co-existing fungi of maize rhizosphere was 

observed. The author used the same Johnson & curl’s 

method for interaction categorization. The only differ-

ence between the study mentioned above and the pre-

sent report is the usage of the experimental plant i.e. 

safed musli. Their findings are similar to the observa-

tions of the present investigation. Hence, all the previ-

ous studies give more validation to the results and 

scope of further significant findings on the natural way 

of treating the concerned problem. 

Conclusion 

The evaluation of the interaction of twenty six (26)  

co-invading rhizosphere moulds with highly toxigenic 

strain (CB55) of A.flavus showed different types of 

responses towards toxigenic isolate of A.flavus. The 

interaction type ‘A’ was demonstrated by three moulds 

while another 8 moulds showed type ‘B’ interaction. 

These fungi were treated as slightly antagonistic to 

toxigenic A. flavus. Six moulds displayed type ‘C’ in-

teraction. Type ‘D’ interaction was evidenced in case 

of seven molds. Interestingly type ‘E’ interaction was 

noted in the case of only two molds, i.e., Trichoderma 

viride and Trichothecium roseum. According to John-

son and Curl’s interaction type and behavior of 

moulds, Type ‘C’ moulds were considered as moder-

ately antagonistic to A. flavus while type ‘D’ and type 

‘E’ were adjudged as highly antagonistic to A. flavus. 

Hence, they could be used to prevent A. flavus and 

consequently the aflatoxin contamination. Hence, pre-

sent study revealed that safed musli (Chlorophytum 

borivilianum), sold commercially as an important herb-

al medicine which nourishes the tissues of the nervous 

and reproductive systems, is contaminated with myco-

toxins particularly aflatoxin B1 at levels exceeding 

regulations of an international organization like FAO 

(1977). Thus, it is essential to take necessary steps to 

minimize mold infestation and mycotoxin contamina-

tion in crude herbal drugs such as root tubers of safed 

musli, which is a highly priced herbal drug owing to its 

use as a fertility and immunity booster. 
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