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Abstract. 
Worldwide, sugarcane industries produce tons of sugarcane bagasse as residual/waste material. This residual material is rich in complex lignocellulosic substances and may be used as a low cost carbon and energy source for the growth of fungal species. The present work was aimed at designing a sugarcane waste-based medium as a substitute for expensive commercial media for growing fungal cultures. Eight species of fungi, namely, Aspergillus niger, Candida albicans, Saccharomyces cerevisiae, Fusarium sp., and four unidentified species F1, F2, F3, and F5, were grown on the sugarcane bagasse medium which produced remarkable results and competed with standard media like potato dextrose agar, Sabouraud dextrose agar, and cornmeal agar. The designed medium was able to provide nourishment to the fungi as well as prevent the growth of any bacterial or fungal contaminant. The production of spores was more in the sugarcane medium as compared with standard media. Hence, this study led to the discovery of a new and efficient medium for fungal cultures as well as decrease in the waste disposal expenses and efforts.
 

1. Introduction
The cost of all the microbiological media is rising at a fast pace. To tackle this problem some new microbiological media should be designed which are efficient as well as cost effective. This may be achieved by using agricultural wastes as raw materials for microbial media. Utilization of agricultural waste as a substrate for fungal cultures for the production of value added products has been reported which includes cellulase production by some fungi cultured on pineapple waste [1]; carotenoids production is carried out on agricultural waste using Blakeslea trispora [2] and cellulase enzyme production on agricultural waste by Aspergillus niger [3]. Sugarcane bagasse has been also reported as an energy source for the production of lipase by Aspergillus fumigatus [4].
Sugarcane bagasse could be a material of choice for designing a new medium as it is easily available in large volumes. Sugarcane is one of the plants having the highest bioconversion efficiency of capturing sunlight through photosynthesis and is able to fix around 55 tons of dry matter per hectare of land annually. There are thousands of small and large scale industries worldwide which use sugarcane as raw material and produce tons of bagasse every year [5]. The sugarcane stalk consists of two parts, an inner pith containing most of the sucrose and an outer rind with lignocellulosic fibres. During sugar processing, the sugarcane stalk is crushed to extract sucrose [6]. This procedure produces a large volume of residue (approximately 240 kg of bagasse with 50% humidity per ton of sugarcane) which contains both crushed rind and pith fibers [5, 7]. This sugarcane bagasse contains complex lignocellulosic material of which the more abundant component is cellulose (33–36%), hemicellulose is the second predominant fraction (28–30%), and lignin is 22% [5, 8]. In spite of the great potential of this residual biomass for the production of fuels, chemicals, and other value added products, the majority of it is burned in sugar mills and alcohol distilleries for energy generation, and a smaller fraction is used for animal feeding, paper, and board making [9, 10]. Mushroom cultivation on sugarcane bagasse is also practised in some countries. Additionally, with the increase in cane production in response to the growth of global ethanol demand (from 66 to 125 million m3 between 2008 and 2020), more bagasse will be available [11, 12]. The use of agriculture waste materials for the production of high value products is also appreciated to decrease the waste disposal efforts and costs.
Generally fungi are grown on potato dextrose agar (PDA), Sabouraud dextrose agar (SDA), or cornmeal agar (CMA) which are very expensive. Basically every fungus requires carbon, nitrogen, and energy source to grow and survive. Sugarcane bagasse may meet these requirements and work as a fungal growth medium and can replace expensive media in the market. This will add a benefit of minimal contamination in the cultures as it does not meet the needs of every microbe. Sugarcane bagasse has been exploited for the production of many high value products but its potential as fungal growth medium has never been reported. The aim of the current study was to design a cost effective and efficient medium for fungal cultures, that is, Aspergillus niger, Candida albicans, Saccharomyces cerevisiae, Fusarium sp., and four unidentified species, that is, F1, F2, F3, and F5, using sugarcane bagasse as raw material.
2. Materials and Methods
2.1. Chemicals and Fungal Strains
All the chemicals including sucrose, agar powder, potato dextrose agar, cornmeal agar, and Sabouraud dextrose agar were purchased from Himedia Laboratories, Mumbai, India. Candida albicans and Aspergillus niger were procured from Department of Microbiology, Shoolini Institute of Life Sciences and Business Management, Solan, India; Saccharomyces cerevisiae and Fusarium sp. were procured from Yeast Biology Lab, Shoolini University of Biotechnology and Management Sciences (SUBMS), Solan, India; and F1, F2, F3, and F5 were obtained from Plant Biotechnology Lab, SUBMS, Solan, India, as unidentified fungal growth on plant tissue culture media.
2.2. Designing of Medium
Sugarcane bagasse for medium preparation was procured from local sugarcane juice vendor. The bagasse was then packed in a cloth carry bag to prevent the entry of flies and other insects and dried in shade. After complete drying, the pith portion of the bagasse was extracted manually and the outer rind was discarded. The pith was ground to fine powder in a steel kitchen grinder. The powder thus obtained was strained twice through a muslin cloth. 25 grams of this powder was taken in a 500 mL conical flask and 400 mL distilled water was added to it. The flask was placed on a shaker at 150 rpm for 1 week. After a week of shaking the contents of the flask were filtered first through a fine pore muslin cloth and then through Whatman filter paper number 1. The filtrate (200 mL) was taken and 8 g of sucrose powder was added to it. The pH of the solution was set at 5.6 as that of commercial potato dextrose agar. Four grams of bacteriological agar powder was added to the above solution and dissolved properly by heating. This solution was autoclaved at 121°C and 15 psi for 15 min and solidified after pouring in petri plates for cultivating the eight fungal strains. Each fungus was provided one week of incubation at 25°C. All the experiments were performed in duplicate. A pictorial representation for the designing of the said medium is presented in Figure 1.















Figure 1: Pictorial presentation of the procedure followed for medium designing.


2.3. Comparison with Commercialized Media
For comparison with commercial media all the eight fungal strains were also grown on potato dextrose agar, Sabouraud dextrose agar, and cornmeal agar following conventional procedures. To evaluate the capacity of sugar alone as a fungal growth medium all the eight fungi were also grown on sugar-agar-distilled water mixture (lacking sugarcane bagasse powder).
3. Results and Discussion
3.1. Preparation of Raw Material
Dried sugarcane bagasse (500 g), after manual pith extraction, produced 26 grams of fine powder. After shaking and filtration a semiclear whitish liquid was obtained. This liquid on addition of sugar and agar powder was used to grow 8 fungal strains, that is, Aspergillus niger, Fusarium sp., F1, F2, F3, F5, Candida albicans, and Saccharomyces cerevisiae.
3.2. Fungal Growth on Sugarcane Bagasse Medium (SBM), Sugar Alone, and Commercial Media
Aspergillus niger had different morphological characteristics in each medium. Maximum growth was obtained in the case of potato dextrose agar and minimum growth was in sugar agar medium (SAM). In case of SBM, visible black coloured spores were more than that in any other media. The colour of colonies was white in SDA, grey in PDA, dusty white in CMA, light grey in SAM, and grey-black in SBM. Maximum vegetative growth was seen in case of PDA and maximum spores were seen in SBM. No bacterial or fungal contamination was there in any of the plates.
Candida albicans has shown similar morphological characteristics in each of the five tested media. Maximum growth was obtained in SDA and least growth was in SAM. SBM exhibited more growth than CMA and SAM, but less than SDA and PDA. No bacterial or fungal contamination was noticed in any of the media.
F1 has shown different morphological characteristics and growth rates in each of the five media used. Maximum growth was obtained in SDA and minimum growth was in SAM. Growth was similar in the case of SBM and CMA. Most uniform growth was seen in SBM. Fungal colonies on each medium were different in colour and amount of fungal spores.
F2 has shown similar morphological characteristics but different growth rates in all media used. Maximum growth was obtained in SBM and no growth was in the case of SAM and CMA even after seven days of incubation. Maximum vegetative and reproductive structures were obtained in SBM. SDA produced uneven growth.
F3 has shown different morphological characteristics in each of the five media used. Minimum growth was obtained in CMA and SAM; all the other three media have shown similar growth but SBM produced different morphology of the fungal colonies. The purity of the culture grown on SBM was tested by reinoculating the culture in PDA which showed similar morphology as that of the mother culture. Maximum amount of spores was obtained in case of SBM.
F5 has shown similar morphological characteristics and growth rates in each of the five media used except in SAM. Maximum growth was obtained in PDA and minimum was in SAM.
Fusarium sp. has shown similar morphological characteristics but different growth rates in each medium. Maximum growth was obtained in PDA and minimum was in case of CMA and SAM. The growth in SBM and SDA was similar. There were no bacterial or fungal contaminants in any of the plates.
Saccharomyces cerevisiae has shown similar morphological characteristics but different growth rates in each medium. Maximum growth was obtained in SDA and minimum in CMA and SAM. In case of SBM and PDA growth of S. cerevisiae was similar to a large extent. No contamination was there in any of the plates. The petri plates showing the growth of different fungi in the developed medium and conventional media are presented in Figure 2.
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Figure 2: Comparison of growth of different fungal species on SBM, SAM, and three commonly used media in case of (a) Aspergillus niger, (b) Candida albicans, (c) Fusarium sp., (d) F1, (e) F2, (f) F3, (g) F5, and (h) Saccharomyces cerevisiae.


Sugarcane bagasse contains complex lignocellulosic material which unlike sugar is not charred after autoclaving. This material can be used as low cost energy and carbon source for fungal cultures. Our aim was to carry out a trial to check whether the powdered sugarcane bagasse infusion along with additional sucrose and agar powder is able to nourish fungal cultures or not. For this, eight fungal/yeast species were grown on three conventional and two newly designed media to evaluate the potential of sugarcane bagasse as a potential medium for fungal cultures. Previously reported studies have explained the use of sugarcane bagasse after its pretreatment to yield fermentable sugars for the production of bioethanol [13]. However, in the present study it is used without any pretreatment. The results of this trial were quite satisfactory as the SBM is able to grow some fungi which do not easily grow on conventional media. SBM aids the production of large amount of spores and does not support the growth of any bacterial or fungal contaminants. Large scale production of sugarcane bagasse dehydrated medium may be carried out by subjecting the solution to spray drying. The study is continued to further improve SBM by adding some more essential nutrients in it to support the growth of more fungal strains.
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