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 Background: Decrease in crop yield of several economical significant crops due to 

contamination of the aflatoxin-producing Aspergillus flavus pose health and economic 

problems. In this regard, the need for protection from foods and feedstuffs against these 

fungi are universally recognized, and as such this study was designed to determine the 
ability of vitamins A, C, and E to inhibit sclerotial formation on Aspergillus flavus. 

This was done by adding specific concentration of the different vitamins to a culture 

media and then a single point inoculation was employed. It was then incubated for 
about seven days under room temperature in total darkness. After which, the number of 

sclerotium were obtained. Results of the present investigation indicated that the 

sclerotial formation in Aspergillus flavus was affected by the vitamins A, C, and E. It 
was observed that the inhibitory effect of vitamin A to the sclerotial formation has the 

same fashion with vitamin C and E. Increasing concentration of these vitamins in the 

medium will led to a decrease in the number of sclerotium. Thus, vitamins A, C, and E 
can be used to control fungal growth in important crops and processed agricultural 

products. 
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INTRODUCTION 

 

 The fungi Aspergillus flavus synthesize a group of structurally related secondary metabolite named 

aflatoxins [1,7]. Aflatoxins are potent toxic, carcinogenic, mutagenic, immunosuppressive agents, produced as 

secondary metabolites by the fungus Aspergillus flavus and Aspergillus parasiticus on variety of food products. 

Among 18 different types of aflatoxins identified, major members are aflatoxin B1, B2, G1 and G2. Aflatoxin 

B1 (AFB1) is normally predominant in amount in cultures as well as in food products. Aflatoxin B1 (AFB1) is 

normally predominant in amount in cultures as well as in food products. Pure AFB1 is pale-white to yellow 

crystalline, odorless solid. Aflatoxins are soluble in methanol, chloroform, acetone, acetonitrile [3,9].Moreover, 

the fungi Aspergillus flavus has this morphological structure known as sclerotium (plural sclerotia). It is a 

compact mass of hardened mycelium stored with reserve food material that, in some higher fungi such as ergot, 

becomes detached and remains dormant until a favorable opportunity for growth occurs [4].Sclerotia (sing. 

Sclerotium) are important structures for most of the fungi especially for the Aspergillus flavus [5]. Spores 

(ascospores) formed by a sexual process in these bodies are shot into the air, and wind currents may carry them 

to grain heads [8]. Without these structures, the fungi would not be able to grow for these structures serve as the 

storage of food materials needed for survival.It has been also determined the link between aflatoxin production 

and sclerotial morphogenesis and that the two were interrelated [6]. In this regard, the need for protection from 

foods and feedstuffs against Aspergillus flavus are universally recognized and several approaches have been 

suggested. Thus, this study was design to evaluate the ability of Vitamins A, C, and E to inhibit the growth of 

the sclerotial bodies (or sclerotia) of the fungi A. flavus. 

 

MATERIALS AND METHODS 

 

Culture Conditions: 

 Stock cultures were grown in PDA slants for about 24 hours at 25 degrees Celsius. Reference stock cultures 

were stored at room temperature. Working stock culture was obtained by subculturing mycelia from covered 
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slants to screw-cap vials (16 by 125 mm), each vial containing a 10-ml PDA slant. The culture used in 

inoculation was obtained from working stock cultures after seven (7) days of incubation at room temperature. It 

was then placed in the environment with total darkness because vitamin C is light sensitive and to ensure that 

sclerotial formation would not be affected by light. 

 

Vitamins Used: 

 The vitamins used were retinol palmitate (vitamin A) having 25,000 IU; Ascorbic acid (vitamin C) which 

was in liquid form having formulation of 100mg/ml; and d-alpha tocopherol (vitamin E) having 400 IU. Both A 

and E were bought in soft gel form wherein the liquid inside the capsule was removed using a sterile syringe 

under aseptic conditions. It was transferred to a sterile vial and kept in the refrigerator having temperature not 

exceeding 30ºC when not in use. 

 

Spore Suspensions: 

 Spores were harvested by adding 5 ml of sterile distilled water to 14-day- old sporulated fungal culture, and 

then the surface of the agar was gently and carefully scraped. The resulting solution was transferred to a 

sterilized and clean test tube. One (1) ml of this spore suspension was pipetted to each of the five (5) centrifuge 

tubes after which were centrifuge for 5 minutes in 1,500 RPM under normal temperature (25 degrees Celsius). 

After the centrifugation, the tubes were shaked using the vortex for 30 seconds and ready for inoculation. 

 

Preparation of the Solid Media: 

 The media used in this study was PDA (Potato Dextrose Agar). Each of the four (4) Erlenmeyer flask were 

filled with this agar then autoclaved for 15 minutes. The concentration of vitamin A E, and C were 20ml, 10ml, 

5ml, and 2ml respectively were added, but as for small volumes a pippetor was used to achieve an accurate 

measurement of the volume. After which, the medium was dispensed on sterile plates thereby having three (3) 

replicates and was allowed to cool and dry for 15 minutes. The same procedure was employed but this time 

using the vitamin C. 

  A control medium was prepared of which no vitamins was added for comparison purposes between treated 

and non-treated culture media. 

 

Inoculation and Growth Conditions: 

 After the medium was supplemented with various volumes of vitamins, the media were allowed to dry for 

few minutes and were inoculated with the fungal test species. 1000µl of the spore suspension was used for one-

point inoculation at the center of the PDA plates mixed with different volumes of the different vitamins 

aforementioned. It was incubated at the room temperature for seven (7) days in total darkness. 

 

Number of Sclerotium: 

 To determine the number of sclerotium present in every plate of Apergillus flavus treated with different 

concentrations of vitamins, manual counting of the sclerotium was done. The difference in the number of 

sclerotium was calculated by linear regression. 

 

Statistical Analysis: 

 The classic statistical problem is to try to determine the relationship between two random variables X and 

Y. It analyzes the relationship between these two variables. For each subject (experimental unit), you know both 

X and Y and you want to find the best straight line through the data. In some situations, the slope and/or 

intercept have a scientific meaning as what was used for this study. In other cases, linear regression line is use as 

a standard curve to find new values of X from Y, or Y from X. In this study, X is equals to the concentration of 

vitamins while Y is equals to the number of sclerotium (plural Sclerotia). Linear regression attempts to explain 

this relationship with a straight line fit to the data.  

 

Results: 

 One point inoculation was done and applied on the center of the PDA plates with different concentration of 

vitamins A, C, and E respectively. The culture was allowed to stand for about seven (7) days in total darkness at 

room temperature. After which, the number of sclerotium present in the plates were counted and recorded. 

 Figure 1 below shows the average number of sclerotia obtained from the PDA plates with different 

concentrations of vitamins A, C, and E. 
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Fig. 1: The mean number of sclerotia in the media with different concentrations of vitamins A, C, and E after  

seven (7) days of incubation in total darkness. 

 

 At 5.5% of the vitamins, the number of sclerotia is smaller while relatively bigger at lower concentration.It 

was shown in the results that Vitamin E has a smaller number of sclerotia found at the highest concentration, 

followed by Vitamin C and Vitamin A respectively. It was observed that as the concentration of the vitamins in 

the media deacreases, the number of sclerotium formed by A. flavus increases.  

 

Discussion: 

 Vitamin A reduced the number of sclerotium formed by A. flavus even if vitamin A is known to be 

produced naturally by the tested fungi [10]. At higher concentration, sclerotium number is smaller and the 

number is increasing with decreasing concentration of the vitamins. Thus, vitamin A inhibits sclerotial 

formation in Aspergillus flavus. Thus, vitamin A can effectively control the growth formation of the A. flavus 

since the sclerotium formed by the fungi was inhibited [11].In the same manner, at higher concentration of 

vitamin C, the number of sclerotium is minimal. It is shown in Figure 1 the decrease of the number of 

sclerotium with increasing concentration of vitamin C (ascorbate). Although exogenous ascorbate can inhibit 

sporulation in fungi [12] and can be fungicidal [13], formation of sclerotium is still present in the PDA with 

different concentration of vitamin C. This is possible because vitamin C is naturally produced by fungi [14,15]. 

The balance between the reduced and oxidized forms of vitamin C is vital for fungal differentiation, however, 

the exogenous ascorbate introduced at high concentrations somehow disrupted this balance pushing towards 

inhibition of fungal growth [11], thus leading to minimal sclerotial formation.On the other hand, vitamin E also 

gives the same result like Vitamin A and Vitamin C. 20 ml-volume of vitamin E has decreased the number of 

sclerotium compared to its lower concentration of about 2.5 ml. Reduction of fungal growth for all the 

concentrations of vitamin E was possibly due to interference [11]. It was reported that this vitamin is a potent 

biological antioxidant and its antioxidative function is mainly due its reaction with membrane phospholipid 

bilayers to break the chain reaction initiated by hydroxyl radical [16]. The reduction of sclerotium by vitamin E 

was possible since, vitamin E has a higher affinity to aflatoxin and acts by reducing its bioavialbility through the 

formation of stable association [11]. It implies then that vitamin E has the capability to reduce and impede 

aflatoxin formation and with the reduction of such, consequently, fungal and sclerotial formation will be 

inhibited as well as it was observed in Aspergillus parasiticus [17]. 

 Moreover, to determine the relationship between the number of the formed sclerotia and the concentration 

of the vitamins used, R
2
 values was determine As observed in the results, the number of sclerotia formed by A. 

flavus is inversely proportional to the concentration of the vitamins used. Coeffecient of Determination (R
2
) 

values of the different vitamins varied from each other. Vitamin A has an R
2
 value of 95.4%, Vitamin C has 

99.6%, and Vitamin E has an R
2
 value of 88.1%. With these values, the amount of sclerotia formed depends on 

concentration of the vitamins. 
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Conclusion: 

 Results showed that the number of sclerotium is inversely proportional to the concentration of vitamin A, C, 

and E. It is observed that there is a decrease in number of sclerotium with corresponding increase of 

concentration of vitamin A, C, and E. Thus, there is a possible growth inhibition of Aspergillus flavus since 

sclerotium is the food storage of the fungi. In addition, the result also give us the idea on the amount of aflatoxin 

produced by Aspegillus flavus in Potato Dextrose Agar (PDA) since aflatoxin production in the fungi are 

interrelated with the sclerotial formation [6]. We can then assume that the smaller the number of sclerotia, there 

is also low level of aflatoxin that the fungi could produce. 
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