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CHAPTER 1 

 

General Introduction 

 
 

 

 

 

 

 

 



 

Microbial diversity which provides a large pool of resources is the key to human 

survival and economic well being. Fermentation and maturation processes are governed 

by varied active diverse populations of prokaryotic and lower eukaryotic microorganisms 

and in turn impact the quality of the end product (Barbuddhe et al., 2013).  Isolation of 

the yeasts has been attempted from varied sources for their use in industries. 

Fermentation using yeasts is an ancient process known to make fermented beverages by 

humans (Pretorius et al., 1999; Pretorius, 2000). Virtually any fruit (e.g., mulberry, 

watermelon, banana, mango, pineapple, grapes, passion fruit, papaya) can be processed 

into an alcoholic beverage through spontaneous fermentation caused by wild yeasts that 

are present on the fruits/fruit juice (Parameswari et al., 2015; Darias-Martin et al., 2003; 

Duyen et al., 2013; Verzera et al., 2008; Reddy et al., 2010; Selli et al., 2003; Dhar et al., 

2013; Hossain et al., 2010; Nzabuheraheza and Nyiramugwera, 2014; Li et al., 2011; 

Kumar and Mishra, 2010; Santiago-Urbina et al., 2011). The process involves an 

alcoholic fermentation of sugars that yields alcohol and carbon dioxide (Dudley, 2004). 

However, the current indiscriminate use of these resources threatens their accessibility as 

important food and feed products (Deenanath et al., 2012). Therefore, there is search for 

alternative substrates for fermentation, which are inexpensive, economical and easily 

available as an energy source (Rocha et al., 2006). Cashew apples make an attractive 

agro-industrial and alternative unusual waste product as substrate for fermentation 

products including bioethanol production due to its carbohydrate content (Rocha et al., 

2006; Deenanath, 2014). 

Cashew (Anacardium occidentale L.) is a native crop of Brazil (Honorato et al., 

2007; Luz et al., 2008) and widespread in other tropical countries (Nam et al., 2014).  

 

 



Cashew, an important commercial cash crop of India, is also considered as a 'Gold Mine' 

in the waste lands. It was introduced in India by Portuguese during 16th century mainly to 

check erosion covering around an area of 5,12,000 hectars (Chandrasekharan and 

Jeyakumar, 2014). From thereon, it was extended to other parts of the country. The 

primary producers of cashew are the states of Maharashtra, Kerala, Andhra Pradesh, 

Odisha, Tamil Nadu, West Bengal and Karnataka. Cashew is also grown in other areas 

like, Gujarat, Andaman and Nicobar Islands, Chhattisgarh and Goa. Cashew apple is a 

pseudofruit. The total cashew apple production in India is ~ 56 Lakh M.T. (Bhakta, 

2010) with about 2,32,000 MT of cashew apple production in Goa. As per rough 

estimates, one acre of cashew plantation produces 2240 Kg of cashew apples yielding 

about 117 Litres of feni (Bhakta, 2010). Total national waste is estimated at 14.5 crore 

Barrels of feni which can be converted to either potable alcohol or for petroleum mixing. 

Thus, 56 lakh tonnes cashew apples can be used to get 29 crore Barrels cashew Feni, or 

14.5 crore liters of alcohol of commercial value worth Rs. 362 crores (Bhakta, 2010). 

The cashew apples produced in the country go unutilised/waste. Therefore, it is a big 

national waste. But in Goa they are completely utilised for making beverage “feni”. In 

2009, feni has been given recognition as Geographical Indication (GI) (Rangnekar, 

2009).  

Cashew apple is a soft fibrous fruit that yields highly nutritious juice (Cavalcante 

et al., 2005) which is also good for health (de Lima et al., 2014). Cashew apple juice 

contains high amount of fermentable sugars, minerals and vitamins (Desai et al., 2012). 

Cashew apple has been reported to contain more vitamin C (three to six folds) as 

compared to orange (Akinwale, 2000; Costa et al., 2009; Lowor and Agyente-Badu, 

2009). It can be utilized for the preparation of several value added products such as juice,  

 



feni, wine, dried cashew apple, syrup and jam (Suganya and Dharshini, 2011). As it 

contains high vitamin C and sugar, it is totally edible, with enjoyable flavor aroma and 

high nutritive value. Natural and processed cashew apple juices (CAJ/cajuina) are 

amongst the most popular juices in North-east Brazil (Cavalcante et al., 2005). It is also 

cheap and easily available (Honorato et al., 2007; Silveira et al., 2012), which makes it a 

suitable substrate for production of alcoholic beverages (Desai et al., 2012; 2013).  

In India, Goa is the only state where it is used to produce one of the common 

distilled alcoholic beverage “Feni” (Mandal et al., 1985).  Besides Feni making, it is used 

as a substrate for production of mannitol (Fontes et al., 2009), lactic acid (Silveira et al., 

2012), dextransucrase (Honorato and Rodrigues, 2010), biosurfactant (Rocha et al., 

2007) and ethanol (Pinheiro et al., 2008).  

In spite of these characteristics, cashew apple is a typical instance of food 

wastage in many cashew producing countries with heavy losses (Filgueiras et al., 1999; 

Rocha et al., 2006). Cashew cultivation is intended for production of cashew nuts, while, 

a huge amount of cashew apples are allowed to waste in the plantations after removing 

the nut (Honorato et al., 2007). These facts together with its richness in fermentable 

sugar turn cashew apple juice also forms an exciting and cheap culture medium for 

alcohol production   (Pinheiro et al., 2008; Desai et al., 2012). For centuries together, the 

fermentation of cashew apple juice has remained traditional and non scientific leading to 

inconsistency and poor olfactory and chemical quality parameters of the distillate. 

Yeasts play very important role in alcoholic fermentation (Van Dijken et al., 

1986; Pretorius, 2000). Yeasts are involved in different processes including industrial 

production of ethanol, production of single cell protein, leavening of dough for 

breadmaking and for wine production (Layokun, 1984; Amachukwu et al., 1986;  

 



Okagbue, 1988; Osho and Odunfa, 1999).Yeasts have also been isolated from fermenting 

cassava tubers (Okafor, 1977; Oyewole and Odunfa, 1988). Owing to such different 

biological actions, yeasts are widely used in varied range of applications extending 

beyond the food sector (Hatoum et al., 2012). Carbohydrates present in agricultural 

products are widely used for alcohol production employing ideal yeast strains (Brooks, 

2008). As such, a small number of yeast strains have been found to possess significant 

characteristics for alcohol production (Hacking et al., 1984). Hence, there is a 

requirement to search the prospect of native strains of yeasts to fulfill the national 

demands of use of yeast with desirable qualities in wine making industry. 

The diversity and identification of yeast species in fermented cashew apple juice 

can be useful as a first approach to evaluate potential characteristics valuable in industry, 

biotechnology, or biotransformation. Yeasts provide enzymes during bioconversion 

which act upon and convert the organic compounds into other compounds (Goulas et al., 

2012; Ennouali et al., 2006; Long and Ward, 1989). This concept is also applicable in 

alcohol production from cashew apple wherein microbes biotransform the cashew apple 

content into alcohol and other volatile compounds. Many studies have observed the 

favorable and unfavorable influences of yeasts and their potential application in 

fermentations (Reddy et al., 2010). Many reports have indicated the use of different 

starter cultures and native yeasts in fermented beverages with considerable variations in 

chemical composition and concentration of the flavor compounds depending upon the 

metabolic activity varying with  yeast strain/species, could be produced  (Lambrechts 

and Pretorius, 2000; Romano et al., 2003).  Studies have also highlighted the influence of 

non-Saccharomyces yeasts on the sensory characters of fermented beverages (Romano et 

al., 2003; Egli et al., 1998; Soden et al., 2000).  

 



However, it has been shown that although some volatile aroma substances arise 

from constituents of the fruits, during fermentation by yeasts, many of these compounds 

are altered and a significant fraction of flavor essences are formed (Sampaio et al., 2011). 

In an investigation to identify the aroma volatiles, 71 volatiles were identified in cashew 

apple juice which was evaporated off and recovered in the water phase (Sampaio et al., 

2011). Forty seven volatile factors were odour active. Alcohols such as heptanol, trans-3-

hexen-1-ol and 3-methyl-1-butanol were recovered in the cashew water phase and 

represented about 42% of the total area of chromatogram. It   imparted green grass and 

fruity aroma to the water phase. Esters constituted mainly ethyl 2-hydroxyhexanoate, 

ethyl trans-2-butenoate and ethyl 2-methylbutanoate and covered 21% of the total 

chromatogram area. Esters imparted the fruity/cashew-like smell of the water phase. Gas 

chromatography-mass spectrometry analyses of a Brazilian cashew apple variety 

revealed numerous volatiles such as esters, terpenes, hydrocarbons, carboxylic acids, 

aldehydes, alcohols, ketones, lactones and norisoprenoids  (Bicalho and Rezende, 2001; 

Bicalho et al., 2000). Therefore, in this study, an attempt was made to explore the 

volatile metabolites producing abilities of yeasts isolated from naturally fermented 

cashew apple juice. 

Unlike Saccharomyces species, the non-Saccharomyces yeasts have been 

reported to produce and exude many enzymes such as esterases, lipases, β-glucosidases, 

proteases, cellulases to the periplasmic space and in the culture medium (Cordero Otero 

et al., 2003).  

Enzymes produced from yeasts are extensively available in nature and are 

commonly used in detergents, foods, pharmaceuticals, leather and textile manufacture, 

and waste treatment (Zhao, 2012; Carrasco et al., 2012) for various enzyme-based  
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biotransformational activities converting complex substrates into simple useful products. 

Production of enzymes from yeasts has been studied mainly for their biotechnological 

and biotranformational properties and their implications in the alcohol industries 

(Buzzini and Martini, 2002; Strauss et al., 2001). 

Yeast cells have been utilized in biotransformation of ricinoleic acid to γ-

decalactone (peach-like flavour compound), conversion of carbohydrates to alcohol and 

carbon dioxide, biotransformation of lignin (e.g: Sporobolomyces roseus), 

biotransformation of castor oil into decalactone, conversion of xylose into xylitol or 

production of zymocin (Thanh, 2009). Microbial transformation of terpenes in the 

synthesis of (+)-citronellol from (+)-citronellal is mediated by yeast cells (Khor and Uzir, 

2011). Conversion of pectin (Pichia methanolica) and conversion of xylan to 

oligosaccharides (xylobiose and xylotriose) have been attempted (Nakagawa et al., 

2005). Besides these enzymes, there are many enzymes which are important in the 

alcoholic industries i.e. amylase in saccharification (de Souza and Magalhaes, 2010; 

Pandey et al., 2000; van der Maarel et al., 2002), bread and bakery (Hirose et al., 2009; 

Pandey et al., 2000; de Souza and Magalhaes et al., 2010), protease, pectinase, cellulase 

(preventing haziness in juice, solves clarification and filtration problems of fruit juice, 

increases juice volume, paper and pulp industry, textile industry) (Lagace and Bisson, 

1990), urease (prevent formation of ethyl carbamate during alcohol fermentation), lipase 

(role in fatty acid esters formation) (Esteve-Zarcoso et al., 1998) and glucosidase 

(releases fruit-bound terpenol giving aroma compound to the finished alcohol) (Williams 

et al., 1982; Gunata et al., 1990, Vasserott et al., 1995; Winterhalter and Skouroumounis, 

1997). Therefore, assessing the yeasts for such enzymes is of much importance.  In this  

 

 



context, particular attention needs to be given to the wild flora, which can be of great 

interest for enzyme production. Explorations of biodiversity in the search for new 

biocatalysts by selecting yeasts from fermented cashew apple juice represents a method 

for discovering new enzymes which may permit the development of bio-catalysis on an 

industrial scale.  Currently, there is great interest in finding yeast species that are not yet 

known as interesting producers of inputs to industry in general, and also in 

biotechnological processes can replace many chemical processes. 

         Yeasts have always remained potential candidate for an extensive array of 

applications beyond the food sector due to their varied biological activities. Apart from 

their most important contribution to enzyme production, few yeast species reveal strong  

activity against microbes and are being exploited as novel agents in minimizing the foods 

spoilgae medicine and pharmaceuticals. These hostile activities of yeasts towards 

unwanted bacteria, and fungi are now extensively known (Hatoum et al., 2012). 

Conventional methods employed in the identification of yeasts are painstaking,  

extensive and often not able to differentiate at species level and thus offer uncertain 

identifications which limit their use in categorization (Huppert et al., 1975; Casey et al., 

1990; Suh et al., 2006; Shokohi et al., 2010; Rajkumari et al., 2014; Sumitra Devi and 

Maheshwari, 2014). To overcome the drawbacks of the conventional methods, molecular 

markers are widely employed for taxonomy and genetic description of yeasts (Querol et 

al., 1992; Buzzini et al., 2007). Identification of yeasts is done by the 26S rDNA 

sequencing and comparing with biochemical tests. In contrast to conventional methods, 

the application of molecular methods is a consistent approach for the identification of 

yeasts (Lopandic et al., 2006; Taqarort et al., 2008). Several investigations have  

 

 



demonstrated enough differences in the D1/D2 domain of the yeasts to predict intra- and 

inter-species associations (Kurtzman and Robnett, 1997, 1998; Fell et al., 2000).  

Therefore, the D1/D2 domain of the 26S rDNA gene has been widely targeted for 

identification of the yeasts isolated from diverse sources (Chavan et al., 2009). Besides 

this, use of the 5.8S rRNA gene and the two internal transcribed spacers as sequence 

targets has been intended for identification of yeasts isolated from diverse sources (Las 

Heras-Vazquez et al., 2003). 

In this study, owing to the industrial importance of yeast biodiversity, an attempt 

was made to isolate and characterize the flora of yeasts from naturally fermented cashew 

apple juice. Further, the capability of these yeasts to secrete enzymes such as amylase, 

urease, pectinase, protease, β-glucosidases, cellulases and lipase was attempted. The 

alcohol producing ability along with alcohol tolerance and their contribution in volatile 

profile in the finished beverage were also studied. Non-Saccharomyces yeasts were also 

screened for their alcohol tolerance and effect on beverage.The study was proposed with 

the following objectives. 

 

Objectives:  

1. To isolate yeasts from naturally fermented cashew apple juice. 

2. To characterize the yeast for their biochemical and bio-transformational 

properties. 

3. To determine the diversity among yeast using genotypic methods.  

 

 

 



 

 

 

 

 

 

CHAPTER 2 

 

Review of Literature 
 

 

 

 

 

 

 

 

 

 

 



 

Fermented foods made by action of several microbes are a part of cultural 

heritage and essential part of our diet. Several types of fermented foods are consumed 

around the world.  Indeed, it is likely that the methods of preparation of traditional foods 

and beverages varies from region to region (Kabak and Dobson, 2011; Benkerroum, 

2013). The scope of food fermentation ranged from alcoholic beverages, fermented milk 

and vegetable products producing overall nutritious and safe products with appealing 

qualities.  

The fermentation techniques considered to have been developed over many years 

for preservation of food use during times of shortage, to impart pleasing flavour in foods, 

and to make the foods less toxic (Motarejmi, 2002; Valyasevi and Rolle, 2002; Chaves-

Lopez et al., 2014).  

 

2.1 History of fermentation 

The history of fermentation as well as the role of microorganisms in the 

fermentation can be traced back to the era of Louis Pasteur. Since then the fermentation 

process is evolving with time. Agricultural food crops such as corn, wheat,  sugar beets, 

barley, sorghum, rice, corn, and sugar cane, as well as barley straw, barley husks, corn 

stover, sugar cane bagasse, and switch grass have been utilized as raw sources for 

fermentation to prepare alcoholic beverages (Kim and Dale, 2004; Linde et al., 2008, 

2007; Najafi et al., 2009; Balat and Balat, 2009). 

Due to presence of easily utilizable sugars, fruits are important substrates for 

several beverages including alcoholic beverages (Hossain and Fazliny, 2010; 

Nzabuheraheza and Nyiramugwera, 2014; Li et al., 2011; Kumar and Mishra, 2010; 

Santiago-Urbina et al., 2011). Traditionally, several alcoholic beverages are made from 

fruits such as - apple, grapes, pineapple, cashew apple, jackfruit, banana etc.  



 

An attractive and unconventional agro-industrial waste crop, with undetected but 

significant possibility for use as a bioethanol substrate, is cashew apple (Deenanath et al., 

2013; Honorato et al., 2007; Honorato and Rodrigues, 2010; Luz et al., 2008; Rocha et 

al., 2006). In Goa, one of the common local alcoholic beverages is prepared from cashew 

apple juice known as Feni (Battcock and Azam, 2001; Mandal et al., 1985).  

 

2.2 Cashew apples  

The cashew (Anacardium occidentale L.) tree is a perennial plant native to 

Northeastern Brazil (Honorato et al., 2007; Luz et al., 2008; Assuncao and Mercandate, 

2003). Cashew is a major cash crop in India especially Goa, introduced by Portuguese 

during 16th century.  Cashew plantations are now spread over a number of states of India.  

 

 

 

 

 

 

 

                 Cashew tree with cashew apples and nuts. 

 

Though cashew nuts are famous worldwide, the consumption of cashew apples is 

not that common due to its unpleasant phenolic taste. The mature fruits contain ample 

pulp, pliable peel, high sugar content and stronger flavor and are without seeds 

(Cavalcante et al., 2005). The detailed composition of the cashew apple is as mentioned 

in Table 2.1. Certain phenolic compounds present in fruit pulp contribute to the  

 



astringency decreasing its pleasantness and acceptability for taste purpose (Adou et al., 

2012b; Rufino et al., 2010). However, the fruit has been shown to possess several 

nutritionally important components. The presence of vitamin C, tannin, and polyphenolic 

compounds gives cashew apple rich antioxidant properties (Adou et al., 2012b; Morton, 

1987; Kubo et al., 2006). Cashew apples have very interesting nutritional facts: 

 

Table 2.1 Chemical and nutritional composition of cashew apple (per 100 gram) (Oduwole et al., 

2001; Assuncao and Mercadante, 2003; Rocha et al., 2007). 

 

It has high amount of reducing sugars such as fructose and sucrose (Pereira and 

Rodrigues, 2012; Luz et al., 2008). Such sugars can be used in the production process of 

ethanol (Pinheiro et al., 2008). Several studies have shown the richness of the apple juice 

that contains minerals, vitamin especially three to six times more vitamin C than orange 

juice (Cavalcante et al., 2005; Santos et al., 2007; Assuncao and Mercandante, 2003, 

Sivagurunathan et al., 2010; Adou et al., 2012a; Lavinas et al., 2008) and ten times more 

than pineapple juice (Akinwale, 2000). It contains 0.099% vitamin B2, 0.24% vitamin C,  

 



0.041% calcium, 0.011% phosphorous and 0.003% iron, minerals, ascorbic acid, 

antioxidant, and some amino acids (Cavalcante et al., 2005; Wharta et al., 2004; Rufino 

et al., 2010; Akinwale, 2000; Campos et al., 2002; Price et al., 1975; Assuncao and 

Mercandente, 2003; Adou et al., 2011, 2012a; Sivagurunathan et al., 2010). The high 

tannin content of cashew apple makes it an appropriate therapy for upper respiratory 

track infection such as sore throat as well as in some cases of gastrointestinal illnesses in 

Brazil and Cuba (Morton, 1987).  

Cashew apples are also known for several medicinally important properties such 

as anti-tumor activity (Kubo et al., 1993; Melo-Cavalcante et al., 2003, 2008) and 

inhibition of gastric pathogens such as Helicobacter pylori (Kubo et al., 1999). Due to 

cost effectiveness and huge availability, cashew apples can be very cheap source of 

substrate in the manufacture of industrially important products such as surfactants (Giro 

et al., 2009; Rocha et al., 2007), mannitol (Fontes et al., 2009), alcohol  (Mohanty et al., 

2006; Prommajak et al., 2014; Rabelo et al., 2009) and syrups made up of cashew apple 

juice (Guilherme et al., 2007; Lavinas et al., 2008). 

Fresh juice of cashew apples and the processed juice products (cajuína in 

Portuguese) have been shown to possess antimicrobial, anti cancer and anti-tumor 

activities (Cavalcante et al., 2005; Kubo et al., 1999; Melo-Cavalante et al., 2003; 

Kozubek et al., 2001). 

Cashew apple juice can be consumed fresh and also as juices, pulp, wine and 

preserves (Nam et al., 2014). Cajuina in Brazil is well known product made up of fresh 

cashew apple juice as well as from processed juice (Melo-Cavalcante et al., 2003). The 

powder made up of fruits of cashew apple and guava (Psidium guajava L.) residues after  

removing the juice can be utilized as source of lipids, and vitamin C (Costa et al., 2009).  

 

http://scialert.net/fulltext/?doi=ajft.2009.154.161#203017_ja


The cashew apples have a high amount of volatile compounds. Forty eight volatile 

composites are well known in cashew apple juice, of which the predominant compounds 

include esters (42%) and aldehydes (14%) (Garruti et al., 2003; Franco et al., 2005). 

These would be readily available in the fermentation medium and help in fermentation 

processes (Chagas et al., 2007; Honorato et al., 2007).  Though ashew apple is an 

agricultural waste, it is a cost effective substrate for microbial growth (Honorato and 

Rodrigues, 2010). The fermented cashew apple juice produced by the growth of 

Lactobacillus acidophilus was showed to be a good probiotic for human health (Giang et 

al., 2013). Rufino et al. (2010) assessed cashew apple and acerola as sources of 

antioxidants, dietary fibre and phenolic compounds. Pinho et al. (2011) produced 

hamburgers of high nutritional quality that is rich or have high dietary fiber content and 

is low in fat with partial substitution of the meat with cashew apple residue powder. 

Wine has also been produced from cashew apples (Li and Li, 1999; Li et al., 1999). 

Despite these attributes, pulp of the cashew apple is usually discarded during 

harvest, which is wasteful (Pereira, 2011; Sivagurunathan et al., 2010) and cashew tree 

cultivation activity is directed at producing cashew nuts (Chagas et al., 2007), thus 

rendering the cashew apples as strong instance of food wastage in the countries growing 

cashew (Oduwole et al., 2001), losses being as high as 90% since their general 

decomposition process does not produce any value of relevant by-products in soil 

(Honorato et al., 2007; Filgueiras et al., 1999; Luz et al., 2008; Pinheiro et al., 2008).  

Due to highly perishable nature of the fruit, they are very susceptible to injury 

and rapid microbial deterioration once harvested (Nanjundaswamy et al., 1985). These 

factors together with the difficulties in the collection and transport of ripe fruits have 

deterred the commercial utilization of cashew apple (Nanjundaswamy et al., 1985). 



 

2.3 Uses of Cashew apple  

 Although cashew apple do not have many economic values as a fruit, it has been 

explored as a raw material for several industrial purposes. The industrial uses has been 

presented in Table 2.2: Industrial uses of cashew apple. 

Table 2.2 Industrial uses of the cashew apple. 

Cashew apple 

product 

Industrial use/Active properties Reference 

Cashew apple juice General: Health drinks (especially 

as Vitamin C supplement), ice-

cream, sport drink, juice, jams, 

candies, vinegar 

Sobhana and Mathew, 

2014; Suganya  and 

Dharshini, 2011 

 Alcoholic: Cajuina, feni, wine Suganya  and 

Dharshini, 2011 

 Medicinal: Prebiotics, medium for 

production of  hyaluronic acid, 

proteins with IgE reactive epitopes, 

including cashew nut legumin and 

vicilin 

Vergara et al., 2010; 

Agrarius, 2014; 

Oliveira et al., 2014; 

Comstock et al., 2008  

 Substrate for production of 

mannitol andsurfactant production, 

production of ester, terpenes, 

hydrocarbons, carboxylic acid, 

aldehyde, alcohol, ketones, lactones 

and nonisoprenoids, substrate for 

dextransucrase production 

Fontes et al., 2009; 

Rocha et al., 2006; 

Apine and Jadhav, 

2015; Araujo et al., 

2011; Chagas et al., 

2007 

Cashew apple 

powder 

Supplement for biscuit-type cookies Ogunjobi and 

Ogunwolu, 2010 

 

 

 



Table 2.2 Industrial uses of the cashew apple (continued) 

Cashew apple 

product 

Industrial use/Active properties Reference 

Cashew apple juice Antibacterial, antifungal, 

antimutagenic, anticlastogenic, 

antioxidant, cytotoxic 

Vivek et al., 2014; 

Melo-Cavalcante et 

al., 2008; Melo-

Cavalcante et al., 

2011; Queiroz et al., 

2011; 

Cashew apple 

bagasse 

Source of sugars for ethanol 

production, tannase production 

Rodrigues et al., 2011; 

Rodrigues et al., 2007 

Cashew apple 

waste 

Livestock feed, substrate for vermin 

composting 

Rale, 1985 

 

2.4 Significance of cashew apples in Goa 

In Goa, the cashew plantations are grown in large area (Table 2.3) 

Table 2.3 Area and production of cashew apples in Goa. 

State Area
Productive 

area
Production Productivity

Goa 55,000 ha 55,000 ha 26,000 MT 473 kg/ha
 

The production and harvesting of cashew apples are anticipated for cashew nuts 

due to its economic significance. Therefore, the cashew nuts produced become the 

primary products. Due to abundance and juicy nature, conventionally, cashew apples 

have been utilized to prepare liquors by locals. Till date, this production is based on very 

traditional way and described here (http://cazulofeni.com/about-feni/category/feni-

production-process/) 

 

 

 



2.5 Steps in Feni production 

Step 1: Collection of cashew apples 

The remnants of cashew apples are generally collected or purchased in bulk. If nuts are 

attached, then are manually separated from cashew apples. The fruits are washed and 

then either stored or immediately used for juice extraction process. 

 

  

 Cashew apples with nuts                              A woman separating cashew apples and 

                                                                                   at Shiridao cashew field 

 

 

Step 2: Extraction of juice 

For small scale, the cashew apples are generally crushed manually in a shallow 

tank to obtain the juice. While, to obtain juice from larger scale cashew apples manual 

bench-press machines are used.  

 

 

 



 

                            Manual crushing of cashew apples at Shiridao 

 

 

                  The juice extracted by manual crushing at Shiridao 

 

Step 3: Natural fermentation 

 The extracted juice is filtered through muslin cloth and transferred to tanks or 

barrels. The juice produced is then allowed to ferment naturally.  

Step 4: Distillation 

The fermented juice is then distilled traditionally by putting fire under the earthen pots. 

The distillate is checked for its alcohol content by observing the over-flame produced in  

 



the presence of match-stick fire. Based on the time of flame getting produced, the 

‘degree’ of feni is decided.  

 

 

 

 

 

 

 

Earthen pot containing extracted cashew apple juice for distillation at Shiridao 

Step 5: Packaging and selling 

Based on the degree of alcoholic content, Feni is packed in glass or plastic bottles 

and sold locally. The four major stakeholders in the feni industry are distillers, bottlers, 

whole sellers and retailers. Around 3/4rth of distillers sell their produce to bars directly, 

and bottlers direct their sales through whole sellers. 

 

Table 2.4 Distribution of the supply-side of the cashew feni industry (Sahu, 2012) 

Category Numbers 

Number of cashew zones 1532 

Licensed stills 2656 

Retailers 6589 

Whole sellers 94 

Bottlers 19 

 

  

 

 



The current feni production is highly traditional as well as unhygienic. The 

primary fermentation is carried out by several different uncontrolled and innate  

microflora. Goa produces approximately 6 Lakh barrels or 40 thousand Kolso of Feni. 

Therefore, Feni is rated as the most popular and highly consumed alcoholic beverage 

produced by fermenting cashew apple juice (Bhakta, 2010). Recently Cashew Feni got 

its GI registration as a specialty alcoholic beverage from Goa (Rangnekar, 2009).  

Yet, several issues such as variety, region of cultivation, weather, farming 

practices, ripeness at harvest (Drake and Eisele, 1997), and storing conditions (Drake et 

al., 2002; Drake and Eisele, 1999) are mostly highlighted as responsible factors for 

changes in chemical formulations of apple juice, thus, ultimately there may be presence 

of diverse microbial flora responsible for preparing value added product especially 

fermented beverage. 

 

2.6 Naturally fermenting microorganisms in juice of cashew apple  

Microorganisms present on the surface of cashew apples get added during 

crushing of cashew apples. Fruit surface has microflora depending on the ripeness, sugar 

content, climatic condition. As the fruit ripens, the sugar and nutrient content from the 

fruit tissues leach to the surface and thus The fruit surface contains diverse microbial 

flora including bacteria, yeast and fungi (Pereira and Rodrigues, 2012). If the fruit is 

overripe might get damage dur to fungal growth or by fruitfly Drosophila resulting in the 

more diverse microbial flora. Of this list of microbes, yeasts are known as responsible 

factors for alcohol fermentation (Esteve-Zarcoso et al., 1998; Donalies et al., 2008) 

because of sugar content, acidity of fruit. Therefore, the yeast flora that gets developed 

subsequently determines the taste and flavour (Mafart, 1986; Le Quere and Drilleau, 

1993; Suarez et al., 2005). Sharma et al. (2012) have summarised the role of yeasts in  

 



volatile metabolites production in various fermentation processes such as alcoholic 

beverages, single cell proteins, fermented cheese and yoghurt. 

Few studies have been reported on microbial flora in cashew apple juice (CAJ). 

Barros et al. (2014) reported the presence of Hanseniaspora yeast in CAJ which 

produced the ethanol. Another study by Osho (2005) isolated two Saccharomyces spp. 

including three different strains of S. cerevisiae and one S. uvarum from fermentation 

medium i.e. CAJ. Desai et al. (2013) identified seven morphologically different strains of 

Candida spp. acting as good starter cultures for commercial production of alcoholic 

beverages from the cashew apple. Apart from CAJ, Aderiye and Mbadiwe (1993)   

isolated strains of genera Leuconostoc, Lactobacillus, Pediococcus, Aspergillus, 

Rhizopus, and few other yeast strains from freshly extracted cashew apple pomace. S. 

cerevisiae sp. was found in CAJ (Adesioye, 1991). In fact, the natural flora of cashew 

apple juice might have great difference due to the geographical area where it is grown 

and also because of the processing methods used. Analyses of yeasts in raw Brazilian 

cashew kernel revealed the presence of Pichia guillermondii (3.2 x 102 cfu/ sample) 

(Freire and Offord., 2002), Candida utilis, Saccharomyces cerevisiae on  variety of 

cashew (Anacardium occidentale) (Rale et al., 1985), Candida spp. from cashew apple 

from west coast and Konkan region of India (Desai et al., 2013). Nutritional quality of 

cashew apples have been reported earlier but microbial aspect is not studied 

(Krishnaswamy et al., 1973), those studied are not studied further (Friere and 

Kozakiewicz, 2005). Microbial aspect of cashew apple fermentation have not received 

much attention as it has remained a household small scale unorganized business in Goa. 

Feni being geographical restriction to Goa, not much is known about the microbes that 

are involved. Barbuddhe et al. (2011) made an attempt previously determining the  

 



natural flora of cashew apple in order to understand the microbes that take part in the 

production of Feni. The study showed yeasts as a dominant (>78%) microflora followed 

by bacteria and fungi. The study could identify the majority of the yeasts involved as 

Saccharomyces cerevisiae, Pichia species and Issatchenkia orientalis (Pichia 

kudriavzevii). Other yeasts species isolated were Candida ethanolica, Lachancea 

fermentatii and Pyrenochaeta nobilis (Barbuddhe et al., 2011). Several yeast, however, 

remained unidentified.  

 

2.7 Yeast: a microorganism in natural fermentation  

Yeasts are single celled eukaryotic organisms that are ubiquitous in nature 

(Arroyo-Lopez et al., 2012) and different geographical conditions nurture different yeast 

flora (Longo et al., 1991). Various geographical conditions like, precipitation, 

temperature, type of soil , growth and nutritional availability such as natural soil nutrient 

content, fruit maturity, physical damage to the fruit surface because of  birds, pests and 

fungi, mechanical injury, use of fungal and insect control agents contribute overall to the 

diversity of yeasts (Chavan et al., 2009; Chatterjee et al., 2011). 

The isolation of different yeasts has been reported from several different sources. 

Grape juice is highly studied due to its commercial significance in wine production. If 

raw grape juice is considered, yeasts such as Candida intermedia, C. parapsilosis, 

Hanseniaspora occidentalis, H. vineae, Pichia fermentans, Saccharomycopsis 

crataegensis and Hanseniaspora uvarum have been reported to be observed commonly 

(Arias et al.,  2002; Parish and Haggins, 1989; Hatcher et al., 2000). Several other yeasts 

such as Rhodotorula mucilaginosa, Saccharomyces cerevisiae, Candida stellata, 

Zygosaccharomyces rouxii, Torulaspora delbrueckii, Issatchenkia orientalis, H. 

occidentalis, Lodderomyces elongisporus, Kluyveromyces theromotolerance,  

 



Hanseniaspora guillermondii, Candida glabrata, Pichia anomala, Candida, 

tropicalis, Candida magnoliae, Candida maltosa, Candida parapsilosis, Candida 

tropicalis, Clavispora lusitaniae, Cryptococcus humicolus, C. laurentii, Pichia 

membranaefaciens, and Sporidiobolus sabnonicolor Clavispora lusitaniae, Pichia 

anomala, Hanseniaspora uvarum, Pichia fermentans, S.cerevisiae, S.unisporus, 

and Trichosporon asahii have reported from fruit juices (Las Heras-Vazquez et al., 

2003). Candida haemulonii, Cryptococcus aerius, Aureobasidium pullulans var. 

melanogenum, Aureobasidium sp., C. flavescens, Cryptococcus sp. and Rhodosporidium 

paludigenum were isolated from Mango (Gana et al., 2014). S. cerevisiae, S. kluyveri, S. 

exigus, S. dairnensis, S. ludwigii, S. octosporus and S. unisporus have reported from 

citrus juice (Qureshi et al., 2007). Characteristic yeast spp. observed in citrus juices were 

Candida parapsilopsis, C. stellata, C. intermedia, Saccharomyces crataegensis, S. 

cerevisiae, Torulaspora delbrukii and Zygosaccharomyces ruoxii (Hatcher, et al., 2000; 

Arias et al., 2002). 

Pichia membranifaciens, Saccharomycodes ludwigii, Kloeckera apiculata, 

Metschnikowia pulcherrima, Candida species (Candida stellata and Candida raghi), 

Issatchenkia orientalis and Rhodotorula spp. were  isolated from Malbec grape berries 

(Combina et al., 2005a). Rhodotolula mucilaginosa, Issatchenkia orientalis, Pichia 

guilliermondii, Aureobasidium pullulans, Saccharomycodes ludwigii, Candida 

tropicalis, P. fermentans, Zygosaccharomyces bailii, Hanseniaspora uvarum, 

Hanseniaspora opuntiae, Candida stellata and Erythrobasidium hasegawianum have 

been islated from fermenting pineapple juice (Chanprasartsuk et al., 2013). 

Hanseniaspora osmophilia, Pichia membranaefaciens, Candida spp., Rhodotorula spp., 

and Saccharomyces cerevisiae were isolated from grape berries (Parish and Caroll, 1985)  

 



and C. membranifaciens, P. guillerimondii and R. mucilaginosa from fresh apple 

(Gholamnejad et al., 2010; Fard et al., 2012). 

Eleven diverse species of yeasts comprising of seven genera were isolated from 

grape vines in India as: Candida azyma, Candida quercitrusa, Debaryomyces hansenii, 

Hanseniaspora guilliermondii, H. viniae, H. uvarum, Issatchenkia orientalis, I.  

terricola, Pichia membranifaciens, Saccharomyces cerevisiae and Zygoascus 

steatolyticus. H. guilliermondii was the most prevalent spp. while S. cerevisiae was 

reported infrequently in the six vine varieties (Chavan et al., 2009).  

Yeast strains were recovered from healthy and rotten fruits (Bhadra et al., 2007; 

Peter et al., 2005; Rao et al., 2007a; Tournas and Katsoudas, 2005). S. cerevisiae were 

found rarely in intact berries and vineyard soils and occurred in small quantiy on healthy, 

good quality grapes (Martini, 1993; Pretorius, 2000). However, it had been hypothesized 

that injured berries were the natural reservoirs of yeasts, comprising S. cerevisiae 

(Mortimer and Polsinelli, 1999). S. cerevisiae, Candida castellii, C. fructus, C. 

intermedia, C. krusei, C. tropicalis, G. candidum, H. anomala, K. apiculata, P. 

membranifaciens, P. ohmeri, S. chevalieri, S. uvarum , K. africanus, T. delbrueckii and 

R. grainis were isolated from alcoholic beverages (Sanni and Lonner, 1993). S. 

cerevisiae, R. mucilaginosa, Candida colliculosa, C. utilis, C. magnolia, Trichosporon 

asahii, R. glutinis, C. pelliculosa and Cryptococcus albidus had been isolated from 

fermented beverages (Jimoh et al., 2012). Pichia manshurica, P. fermentans and P. 

anomala were isolated from decayed mangosteen fruit (Bhadra et al., 2008).  Yeasts of 

the genera Sporobolomyces, Saccharomyces,  Rhodotorula, Cryptococcus,  Candida and   

 Pichia, among others, have been recoverd from fresh and spoiled fruits (Péter et al., 

2005; Tournas and Katsoudas, 2005; Rao et al., 2007a). 

 



2.8 The use of media for yeasts isolation procedures  

The yeasts isolation has been evolved from raw simple nutrients based agars to 

specific media.  Since yeast isolation has been studied from ancient times, there have 

been many isolation methods and culture media for isolation and identification. Menna 

(1957) used modified Sabouraud agar. Oxytetracycline Glucose Agar base medium has 

used for selective isolation of yeasts (Singh et al., 2013), YPD medium having propionic 

acid and Rose Bengal were used as an isolation media for yeast from fermented citrus 

molasses (Oliveira et al., 2006). Isolation of yeasts on yeast extract malt extract agar has 

been reported (Gana et al., 2014; Mamum-Or-Rashid et al., 2013; Chanchaichaovivat et 

al., 2007). Peptone Dextrose agar was also used (Patil and Patil, 2006). Potato dextrose 

agar (PDA) has been used widely for isolation of yeasts (Beech and Davenport, 1971; 

Mokhtari et al., 2011; Verma et al., 2010). 

 

2.9 Characterisation of Yeasts 

As yeasts are important from commerical and public health point of view, the 

yeast isolates are generally characterised based on area of interest.  

 

2.9.1 Identification of yeasts 

Traditionally, yeasts characterization based on their microscopic observations, 

growth morphologies, phenotypes and biochemical characteristics provide ease for exact 

identification and differentiation (Chatterjee et al., 2011; Tikka et al., 2013). These 

analyses are cumbersome, approximately 50–100 tests are necessary to identify most 

yeasts to species level reliably (Lin and Fung, 1987). Preliminary step in identification is 

microscopic analysis which can be done by staining (Mamum-Or-Rashid et al., 2013). 

Identification was based on an established scheme of biochemicals (fermentation and  

 



assimilation patterns in durhams tube) (Kreger-van Rij, 1984). The recovered yeasts 

were confirmed as described (Yarrow, 1998;  Kurtzman and Fell, 1998). These analysis 

included colony morphology, pseudomycelium, pellicle formation, growth at different 

temperatures of 30, 35, 37 and 42oC, growth in high sugar content such as 50% glucose, 

growth at high salt concentrations (upto 10%). Ready made test strips AP120C AUX 

determining the carbon assimilation and differentiating different yeasts species are also 

available commercially.  

The identification of yeasts was generally performed by physiological and 

morphological standard protocols as per Kreger-van Rij (1984) and Kurtzman and Fell 

(1998). In this identification process, over 75 tests need to be performed (Table 2.5). 

Consequently, the traditional conventional methodology for yeast identification is labor 

intensive and time-consuming (Giudici and Pulvirenti, 2002). With the advacement in 

technology, several novel methods have been introduced for the identification of yeasts. 

Biochemical test kits are widely spread for yeast identification. However, it has been 

reported that these systems are not appropriate for identification of environmental 

isolates (Ramani et al., 1998). Morphological and physiological characteristics were the 

traditional system of yeast identification (Barnett et al., 1990) altered by molecular 

applications (Esteve-Zarcoso et al., 1998).  

Hence, with the introduction of PCR-based methodologies, microbial 

identification has got a new milestone (Ness et al., 1993; Paffetti et al., 1995; de Barros 

Lopes et al., 1996), which are now popular for identification of yeasts because they could 

be used to classify yeasts rapidly up to genus and species level and reliable identification. 

These are time efficient and less tedious which provide reliable data in very short time 

(Kurtzman and Fell, 1998; Barnett et al., 2000; Fernandez-Espinar et al., 2006). 

 



Table 2.5 Conventional physiological tests of yeast (Kreger-van Rij, 1984; 

Kurtzman and Fell, 1998) 

 

Of the various molecular approaches available, RFLP analysis of the ITS region 

of  rDNA, sequencing of the D1/D2 domain of the 26S rDNA and sequencing of the ITS 

region of rDNA are finding most application (Kurtzman and Robnett, 1998). ITS-RFLP 

analysis was reported to be the most convenient method for yeast identification because 

of its speed (10 hr), simplicity, and cheaper cost and at the same time identifying large 

group of yeast (Esteve-Zarcoso et al., 1999; Granchi et al., 1999; Chen et al., 2000; 

Fernandez-Espinar et al., 2000; Guillamon et al., 1998). The mitochondrial DNA 

(mtDNA) and ribosomal DNA (rDNA) as well as restricted fragment length 

polymorphims (RFLP) analysis were used to recognize the yeasts recovered from two 

different fermentative processes in the same winery (Guillamon et al., 1998; Sabate et 

al., 1998). Automated DNA sequencing analysis has been studied (Lee et al., 1992; 

Parker et al., 1995; Demeter et al., 1998). 

 
 



2.9.2 Biotransformation by Yeasts 

Since last two decades, the transformation of compounds by microorganisms has 

attracted considerable attention. Microorganisms are a good sources of biomolecules 

such as enzymes, fatty acids, pigments, metabolites and antibiotics of great commercial 

and industrial importance (Bull et al., 2004).  

Yeasts exhibit a variety of enzyme activities that convert a broad range of 

compounds (Buzzini and Vaughan-Martini, 2006; Strauss et al., 2001; Arroyo-Lopez et 

al., 2012) which have tremendous applications in the field of biotechnology. Therefore,  

yeasts can be efficiently utilized as reservoir of many types of potential enzymes which 

originated special research interest to explore the extracellular enzymes and their 

activities in food grade yeasts (de Vuyst et al., 2009; Araujo et al., 2011 ). 

 

Amylase  (EC 3.2.1.1, α-1,4-glucan-glucanohydrolase):  

Amylases are well known for hydrolysis of starch polymer at α-1,4 glycosidic bond to 

get varied products such as dextrins and smaller polymers of glucose, maltose or 

maltotriose (Gupta et al., 2003; Swargiari and Baruah, 2012). Amylases are usually 

derived from several microbes such as fungi, yeasts and bacteria, out of which yeast 

amylase are more stable (Pandey et al., 2000). However, very few species of yeasts 

exhibits the production of amylase. The amylases from yeasts have been utilized to 

obtain maltodextrin, modified starches, or glucose and fructose syrups, fuel ethanol, 

alcoholic beverages and sweetener ranging from food industry, starch industry, bread and 

bakery industry to the production of biofuels (Pandey et al., 2000; Hirose et al., 2009; de 

Souza and Magalhaes et al., 2010). Production of ethanol from starchy biomass using 

Saccharomyces cerevisiae have been reported previously (Satyanarayan et al., 2004; 

Pervez et al., 2014; Prakash and Jaiswal, 2009). These yeast based amylases are also  

 



important for brewing, preparation of cakes, fruit juices, starch syrups as well as 

industrial application such as laundry, porcelain detergents, paper industry (van der 

Maarel et al., 2002; Pandey et al., 2000; Aiyer, 2005; de Souza and Magalhaes, 2010; 

Rosell et al., 2001). 

Since each and every diverse application requires unique properties of amylase, it 

is crucial to hunt the biodiversity for novel reservoir of these enzymes. Although yeasts 

are not among the industrial producers of amylases, the enzyme is widely distributed in 

many naturally occurring yeast species (Gupta et al., 2003; de Mot et al., 1984). 

Numerous yeast species recovered from low temperature and tropical atmospheres have 

found to possess the amylase activity (Brizzio et al., 2007; Buzzini and Martini, 2002; 

Skorupa et al., 2002). Commercially important amylase have been obtained from 

Debaryomyces nepalensis, Brandoniozyma complexa, Hypopichia burtonii, Candida 

wangnamkhiaoensis, Kodamaea ohmerii, Pichia anomala, Pseudozymahubeiensis, P. 

prolifica, and P. pruni (Gana et al., 2014). An alpha-amylase secreted by Pichia burtonii 

strain 15-1 isolated from a traditional starter murcha of Nepal was studied and nucleotide 

sequence was determined (Kato et al., 2007; Takeuchi et al., 2006). A study by 

Arttirilmansi (2013) observed the maximum amylase production at 30°C and pH 5.5 by 

S. fibuligera useful in starch saccharification (Hostinova, 2002), bakery industry, starch 

liquefaction, paper industry, detergent industry, and medical analysis. 

 Table 2.6 Amylase production capacity of yeast 

Sr.

No 

Yeast species Amylase 

production 

References 

1 C. parapsilosis 14.68 Units/ml 

Oliveira et al., 2015 2 R. mucilaginosa 25 Units/ml 

3 C. glabrata 25.39 Units/ml 

4 C. flavus 0.25 Units/ml Wanderley et al., 2004 

 

 

 



 

Protease  

Proteases are hydrolytic enzymes which contribute to the breakdown of peptide 

bonds in proteins into peptides and amino acids (Najafi et al., 2005; Vermelho et al., 

2008). Depending on the target of action, proteases are divided into exo- and endo- 

peptidases. They are also grouped as serine, aspartic, cysteine and metallo proteases on 

the basis of the functional group of the enzyme and the active site of the enzymes (Rao et 

al., 1998). Proteases constitute approximately 60% of the total industrial enzyme market 

and applicable in various industries such as food processing, brewing industry, 

pharmaceuticals, leather processing, silver retrieval in the X-ray film industry, industrial 

waste treatment and as detergent additives for removal of the variety of organic materials 

such as, food, blood, and other body secretions as well as hard stains (Rao et al., 1998; 

Poza et al., 2001; Dias et al., 2010; Haki et al., 2003; Sumantha et al., 2006).  Due to the 

action of proteases, raw foods get converted into nutritionally significant food products 

and it also makes the flavour changes with the direct proteolytic cleavages and/or by 

their conversion into volatile compounds. They also might be important as nutritious 

entities that have an influence on microbial communications throughout the fermentation 

procedure (Bolumar et al., 2005). Protease producing yeasts could be used in alcohol and 

beverage industry for juice clarification and easy filtration.  In brewing, beer contains 

unassimilated protein particles which cause haze formation on cooling (Bishop, 1975; 

Charalambous, 1981) thereby affecting the quality of beer. In such case, protease 

hydrolyses undesired protein components.  

The rapid protease activity have been observed from Candida caseinolytica (Poza 

et al., 2001), Kluyveromyces and Candida species (Koelsch et al., 2000; Poza et al., 

2001). Saccharomyces spp., Pichia farinosa, Candida humicola, C. pulcherrima,  

 



Kloeckera apiculata, Pichia anomala, Rhodotorula bacarum, Leucosporidium  

antarcticum, Aureobasidium pullulans, Metschnikowia pulcherima, Hanseniaspora 

guillerimondi, Torulaspora delbruckii, Candida stelleta, Torulopsis magnolia, Yarrowia 

lypolitica, Cryptococcus sp., Kloeckera spp.and Hanseniaspora spp. have been found to 

exhibit protease activity (Kim, 2010; Dizy and Bisson, 2000; Rao et al., 2011; Li et al., 

2009). The protease production by K. apiculate have been also utilised to degrade protein 

residues in the wine Rensburg and Pretorius (2000).  

Table 2.7 Protease production capacity of yeast 

Sr.

No 

Yeast species Protease 

production 

Reference 

1 C. matritensis 2.40 

Units/ml 

Rodarte et al., 2011 

2 M. reukaufii 72.5 

Units/ml 

Jing et al., 2010 

 

The cold active proteases obtained from C. humicola and L. antarcticum have 

been applied in detergents and soap powder of ‘‘cold washing’’ processes, food 

preparations and pharmaceutical fields (Margesin et al., 2008). The yeasts, Kloeckera 

apiculata, Metschnikowia pulcherrima, and Torulaspora magnoliae  secrete proteases 

that work also in acidic conditions, were observed to be significant at the degradation of 

the proteins present in the wine in both wine and model solutions (Lagace and Bisson, 

1990). The proteases also has been obtained from extremophilic yeast such as 

Rhodotorula mucilaginosa, Cryptococcus adeliensis, Guehomyces pullulans and 

Metschnikowia australis (Duarte et al., 2013). 

 

 

 

 

 

 

 



Urease 

Fermented foods and alcoholic beverages such as sake, beer and wine and 

distilled spirits are assessed to contain many toxic compounds such as ethyl carbamate 

(Varga et al., 2011) in the μg/L or μg/kg range (Canas et al., 1989;  Ough, 1976; 

Wittkowski, 1997), formed by reaction of urea and alcohol during alcoholic 

fermentation, that could be harmful to humans as it is carcinogenic (Jiao et al., 2014; 

Canas et al., 1989; Alcarde et al., 2012).  

Initially, urea carboxylases carboxylase urea into allophanate (Whitney and 

Cooper, 1973). In the fermentation reaction, the major enzyme precursors are generally 

produced with arginine metabolism by lactic acid bacteria or by Saccharomyces 

cerevisiae (Jiao et al., 2014). Urease is an enzyme, which hydrolyzes urea into ammonia 

and carbon dioxide (Varga et al., 2011). Urease was also highly found in yeast 

Xanthophyllomyces dendrorhous (Phaffia rhodozyma) (Persike et al., 2002). I. orientalis 

isolated from Korean traditional nuruk showed urease production on Christensen urease 

agar (Lee and Park, 2012). 

Table 2.8 Urease production capacity of yeast 

Sr.

No 

Yeast species Urease 

production 

Reference 

1 C. tropicalis 1.82 

Units/ml 

Bharathi and 

Meyyappan, 2015 

2 S. bayanus 1.66 

Units/mg 

Balcerek and 

Szopa, 2006 

 

 

 

Pectinase 

Pectins are a structural hetero-polysaccharides and found largely in the parts of 

higher plants such as the middle lamellae and primary cell walls. The raw material that 

contains pectin adds turbidity, stickiness and viscosity to the solution. Therefore, raw  

 



material containing pectin needs to be treated. Pectinase is a hydrolytic enzyme that 

cleaves down pectin. In the worldwide trades, the pectinase enzymes share 25 percent of 

total food enzymes. Pectinolytic enzymes are important particularly considering 

extraction and clarification of fruit juice, scouring of cotton, plant fibre degumming, 

vegetable oil extraction, wastewater treatment, fermentations of tea and coffee, paper 

bleaching and in the alcoholic beverages and food industries (Jayani et al., 2005; 

Rombouts and Pilnik, 1980; Gummadi and Panda, 2003; Kashyap et al., 2001; Hoondal 

et al., 2002; Baracat-Pereira et al., 1994; Henriksson et al., 1999). The pectinase 

degrades the pectin, which otherwise acts as an impeded in the filtration processes 

(Fernandez-Gonzalez et al., 2004). The pectinase is deliberately used in some processes 

of beverages to increase the colour intensity (Busse-Valverde et al., 2011; Pinelo et al., 

2006).  

Pectinases are produced mainly by bacteria, fungi and plants (Jayani et al., 2005; 

Alana et al., 1990; Pascualli et al., 1991; Fogarty and Kelly, 1983; Sakai et al., 1993), 

molds from rotten citrus products and by yeasts (Blanco et al., 1999; Fernandez-

González et al., 2004; Oliveira et al., 2006; Alimardani-Theuil et al., 2011).  

Enzyme production varies in yeasts species as well as between strains within 

same species (Table 2.6) (Masoud and Jespersen, 2006). Till date the pectic enzymes for 

industrial purposes have been extracted from moulds and bacteria (Sakai et al., 1993), 

the pectolytic action of yeasts has, however, been considered with conflicting outcomes 

(Charoenchai et al., 1997). Reports are largely lacking which investigated the yeast 

species associated with citrus juice producing pectinases (Parish and Haggins, 1989; 

Deak and Beuchat, 1993). Depending on strain, yeasts such as Kluyveromyces 

marxianus, Trichosporon penicillatum, Saccharomycopsis and Saccharomyces  
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cerevisiae have demonstrated pectinolytic activity (Blanco et al., 1999; Alimardani-

Theuil et al., 2011) whereas, K. thermotolerance and C. rugopelliculosa showed a little 

activity. S. cerevisiae was found utilizing potato waste by producing pectinase and 

cellulase (Afifi, 2011). In addition, the tray fermentation of West African cocoa beans 

rich in pectin was accomplished by S. cerevisiae and P. membranifaciens (Jespersen et 

al., 2005). Notable pectolytic activity was reported in Saccharomyces fragilis and 

Candida tropicalis, whereas, Saccharomyces thermantitonum, Torulopsis kefyr and 

Torulopsis lactosa have shown less activity (Sakai et al., 1984).  

Table 2.9 Pectinase production capacity of yeast 

Sr.

No 

Yeast species Pectinase 

production 

Reference 

1 S. cerevisiae 52..68 

Units/ml 

Arevalo-Villena et 

al., 2011 

2 K. marxianus 0.98 

Units/ml 

Almeida et al., 

2003 

3 A. pullulan 1.16 

Units/ml 

Merin et al., 2012 

 

There are various substrates utilized for pectinase screening including citrus 

pectin (Oliveira et al., 2006; Thangaratham and Manimegalai, 2014; Reddy and 

Sreeramulu, 2012; Venkata Naga raju and Divakar, 2013; Priya and Sashi, 2014), 

polygalacturonic acid (McKay, 1988; Oliveira et al., 2006) using Ruthenium red 

(Oliveira et al., 2006; Reddy and Sreeramulu, 2012), CTAB (Azad et al., 2013; Mukesh 

Kumar et al., 2012), Potassium iodide iodine solution (Thangaratham and Manimegalai, 

2014; Venkata Naga raju and Divakar, 2013; Priya and Sashi, 2014; Anisa et al., 2013), 

cetrimide (Sandhya and Kurup, 2013). 

 

 

 

 

 

 

 



 

Cellulase 

Cellulose is an organic compound that consist of linear chain of hundreds to few 

thousands of β linked D-glucose. As the D-glucose is the simplest sugar, conversion of 

cellulose into D-glucose is necessary to utilize the bounded glucose. Cellulases enzymes 

break down cellulose (polymer of β-1,4 linked glucose units) into small glucose units 

which has several potential applications, such as the production of bioenergy and 

biofuels as well as application in the textile, laundry, and pulp and paper industry, food 

and feed industry, brewing, and agriculture (Castro and Pereira, 2010; Kuhad et al., 

2011; Rai et al., 2012; Brindha et al., 2011). In industry, cellulases have found important 

applications of conversion of cellulose to fermentable sugars and ethanol (Rai et al., 

2012). Cellulase performs enzymatic hydrolysis of the lignocellulose materials 

(Kitagawa et al., 2011) resulting to alcohol/biofuel (Nakatani et al., 2013). The cellulase 

enzymes have been reported from yeasts such as Trichosporon cutaneum,T. pullulans, C. 

tropicalis (Sulman and Rehman, 2013). Substrates used for this test could be CMC 

(Chen et al., 2004), cellulose (Goldbeck et al., 2012, 2013; Chen and Jin, 2006) using 

Congo red. 

Table 2.10 Cellulase production capacity of yeast 

Sr.

No 

Yeast species Cellulase 

production 

Reference 

1 C. laurentii 0.11 

Units/ml 

Otero et al., 2015 

2 Candida sp 44.84 

Units/ml 

Rai et al., 2012 

3 S. cerevisiae 17.24 

Units/ml 

Sahoo and 

Shirnalli, 2015 

 

 

Lipase 

Lipases are carboxyl ester hydrolases which are responsible for catalysis of the   

 



hydrolysis of triacylglycerol and fatty acid (Thevenieau et al., 2007; Rashid et al., 2009). 

Yeast lipases study deals with Candida cylindracea, C. rugosa, Candida antarctica and 

Candida lypolytica (now Yarrowia lipolytica) having  its use in lipid stain digesters 

(Lock et al., 2007; Vakhlu and Kour, 2006; Fadiloglu and Erkmen, 2002; Fickers et al., 

2005; D’Annibale et al., 2006; Rajendran et al., 2008), Pseudozyma antarctica (Shivaji 

and Prasad, 2009), and in species of Cryptococcus and Rhodotorula, Candida, Yarrowia, 

Saccharomyces, Pichia, Debaryomyces (Koilery and Keerthi, 2012; Vakhlu and Kour, 

2006), Aureobasidium sp., Candida haemulonii, Aureobasidium pullulans var. 

melanogenum, Cryptococcus aerius, C. flavescens, Cryptococcus sp. and 

Rhodosporidium paludigenum isolated from mango (Gana et al., 2014). Industrial 

applications of lipases include roles in the food industry, resolution of pharmaceuticals, 

biodiesel, acylated flavonoids, biocide making, biosensor modulation, biosurfactants, 

speciality organic syntheses, resolution of racemic mixtures, and chemical analyses, 

hydrolysis of fats and oils, alteration of fats, waxes, synthesis of lipid-derived flavours 

and fragrances, and treatment of olive mill wastewater (Pandey et al.,1999; Larios et al., 

2004; Xu et al., 2005; Rajeshkumar et al., 2013; Watanabe et al., 2002; Hsu et al., 2002; 

Salis et al., 2003; Passicos et al., 2004; Sharma et al., 2001).  

Table 2.11 Lipase production capacity of yeast 

Sr.

No 

Yeast species Lipase 

production 

Reference 

1 C. lipolytica 7.9 µ/ml Paskevicius, 2001 

2 Candida sp 279 Units Hou, 1997 

 

Beta- glucosidase 

Flavour is the impact of aroma and taste imparting distinguishing characteristic to fruit 

derived beverages and is dependant on complexity of different volatile components  

 



within it (Lambrechts and Pretorius, 2000). This includes flavors contributed by various 

factors or stages such as varietal, prefermentative, fermentative and post fermentative  

(Schreier, 1979; Rapp, 1998). β-glucosidases form a key group among the glycoside 

hydrolases (Henrissat and Davies, 1997) which play a role in expression of flavor in the 

food by liberating aroma-rich terpenes or several secondary metabolites in a free, volatile 

and flavourless non-volatile forms (Gunata et al., 1990, Vasserott et al., 1995; 

Winterhalter and Skouroumounis, 1997), providing the varietal character to the beverage 

(Rapp and Versini, 1991).  

To date, isolation of β-glucosidases has been attempted from plants, grapes or 

from micro-organisms like fungi (Cabaroglu et al., 2003; Takki et al., 2005; 

Vaithanomsat et al., 2011; Zahoor et al., 2011; Ahmed et al., 2013; Mfombep et al., 

2013) and yeasts (Barnett et al., 1956). 

Apart from Saccharomyces, non-Saccharomyces yeasts such as P. anomala have 

been studied for glucosidase activity (Spagna et al., 2002; Rosi et al., 1994) and found to 

possess interesting properties like altering the fermentation dynamics, composition and 

flavour of wine (Soden et al., 1998; Riou et al., 1998; Riccio et al., 1999). Most research 

on intra and extracellular production of β-glucosidase in yeasts such as S. cerevisiae and 

especially non-Saccharomyces yeasts from the genera Kloeckera, Hanseniaspora, 

Brettanomyces, Debaryomyces, Candida, Metschnikowia, Pichia, Torulaspora and 

species Hanseniaspora valbyensis, Brettanomyces anomalus, Zygosaccharomyces, 

Hanseniaspora uvarum, Trichosporon asahii, Pichia fermentans have found the activity  

 

 

 

 

http://www.sciencedirect.com/science/article/pii/S0944501311000048#bib0080


during intial stages of grape juice fermentation (Manzanares et al., 2000; McMahon et 

al., 1999; Mendes-Ferreira et al., 2001; Wang et al., 2011; Fernandez et al., 2000; Arroyo 

et al., 2011).  

Table 2.12 β-glucosidase production capacity of yeast 

Sr.

No 

Yeast species β-glucosidase 

production 

Reference 

1 S. cerevisiae 43,996.10 U 

mg-1 protein 

Wanapu et al., 

2012 

2 S. cerevisiae 79 nmol Fia et al., 2005 

3 C. albicans 21 Units/ml Polacheck et al., 

1987 

 

Several substrates have been employed for screening for this enzyme including 

various carbon sources such as arbutin esculin and 4-MUG on Yeast Nitrogen Base (Rosi 

et al., 1994; Charoenchai et al., 1997; Fia et al., 2005; Manzanares et al., 2000). 

 

2.10 Antimicrobial activity of yeast against pathogenic bacteria 

Microbial spoilage in foods causes risky health problems and product losses due 

to contamination caused by wild type yeasts, bacteria, fungi or molds during  

fermentations done by Saccharomyces cerevisiae (Adebayo et al., 2014; Agrawal and 

Prakash, 2013; Adebayo-Oyetoro et al., 2013). Antagonistic microorganisms 

prevent/inactivate food borne pathogens and spoilage microorganisms by producing 

antimicrobial metabolites (Buyuksirit and Kuleasan, 2014). Yeasts known as killer yeast 

are known to produce toxic proteins or glycoproteins that can inhibit bacteria and yeast 

species with the help of binding of double-stranded DNA viruses that is located in the 

cytoplasm of yeast cells, plasmids and chromosomal genes responsible for the 

production of some toxins on the cell surface and kill microorganisms (Magliani et al., 

2004). Antimicrobial substances secreting strains of yeasts from different genera have  

 



been isolated from varied sources and the toxins produced by different yeast strains show 

antimicrobial activity, inhibiting the growth of mold and bacteria as well as growth of 

other yeast strains (Roostita et al., 2011; Li et al., 2012). Different yeast species namely, 

Candida saitoana, C. oleophila, Debaryomyces hansenii, Metschnikowia fruticola, M. 

pulcherrima, Pichia anomala, Rhodotorula glutinis have been tested for their 

antimicrobial properties (Sharma et al., 2009). The species Pichia anomala has been 

found to secrete a killer toxin (Pikt) which has antifungal activity 

against Brettanomyces/Dekkera sp. (Ingeniis et al., 2009).  The yeast species Candida 

apis, C. bombicola, C. fructus, C. krusei, C. sorbosa, Hanseniaspora uvarum, 

Issatchenkia occidentalis, Kloeckera apis, Kluyveromyces marxianus, Pichia 

membranifaciens, Pichia ohmeri-like, and Sporobolomyces roseus were found to be 

killer yeasts (Abranches et al., 1997). The yeasts Gluconobacter asaii, Candida sp., 

Discosphaerina fagi and Metschnikowia pulcherrima were found to inhibit the growth of 

L. monocytogenes, whereas, all four except Candida spp, inhibited the growth of S. 

enterica on fresh-cut apple tissue (Leverentz et al., 2006). C. intermedia and 

Kluyveromyces marxianus repressed growth of L. monocytogenes (Georges et al., 2006) 

and S. cerevisiae was found to reduce L. monocytogenes, Pseudomonas aeruginosa and 

Staphylococcus aureus (Rajkowska et al., 2012). Antagonisitc activity of Candida 

species was also seen by Kim et al. (1989) against Pseudomonas syringae. Antimicrobial 

activity against Pseudomonas aeruginosa, Staphylococcus aureus and Escherichia coli 

has been demonstrated by Candida parapsilosis (Roostita et al., 2011).  

 

2.11 Alcohol fermentation 

 Fermentation for alcohol production is carried out naturally by yeasts in 

sequential manner with the growth of non-Saccharomyces yeast at intial stages wherein  

 



they abundantly commence spontaneous fermentation and are metabolically active 

(Comitini et al., 2011; Lema et al., 1996; Schutz and Gafner, 1993). The nature and 

variety of species are unpredictable (Fleet, 2003) which initiate the fermentation and 

produce plethora of aromatic compounds and die off due to low alcohol tolerance 

(Combina et al., 2005b; Di Maro et al., 2007; Fleet, 1998) and fermentation medium is 

dominated by Saccharomyces yeast (Heard and Fleet, 1985). The yeasts from the genera 

Kloeckera/Hanseniaspora and also from other genera such as Candida, Pichia and 

Metschnikowia initiate the fermentation of grape juice (Povhe Jemec et al., 2001; Lema 

et al., 1996). After 3-4 days of fermentation, these yeasts are inhibited, and are 

substituted by the extremely fermentative yeast (Saccharomyces cerevisiae) which 

continue and conclude the fermentation process (Martini, 1993; Pretorius, 2000).  

Survey of literature showed that Saccharomyces species were predominant 

members of the community which persisted and completed the fermentation (Fleet, 

1990; Martini, 1993; Osho, 2005). Despite this fact, Desai et al. (2012) reported the 

presence of Candida species to be predominant in case of cashew apple juice. Various 

yeasts species further to S. cerevisiae have been reported in the fermentation of different 

cereal products such as sourdough breads impacting activities responsible for flavors. 

Prominent contributors have been reported to be S. exiguus, C. humicola/C. milleri, T. 

delbrueckii,  Pichia species, Debaryomyces hansenii, S. cerevisiae, S. uvarum and other 

species of Candida (Meroth et al., 2003; Hammes et al., 2005). Species typically 

belonging to the genera such as Hanseniaspora, Candida, Torulaspora, Metschnikowia 

and Kluyveromyces have been reported to originate from the surface of the berry skin 

and  the winery environment (Fleet et al., 1984; Fleet and Heard, 1993). Alongside these  

 

 



yeast genera, Issatchenkia (Van Zyl and du Plessis, 1961) and Pichia (Kurtzman and 

Fell, 1998) may also be found at the early stage of fermentation.  

 

2.12 Alcohol tolerance by yeasts 

Alcoholic fermentation is studied extensively from grapes involving combined 

activities of different yeasts species. These yeasts grow in sequence all the way through 

the fermentation course which is commenced by different species of Candida, 

Debaryomyces, Hanseniaspora, Pichia, Kloeckera, Metschnikowia, 

Schizosaccharomyces, Torulospora, and Zygosaccharomyces that subsist in nature on the 

surface of grapes (Pretorius et al., 1999). The growth of yeasts is usually restricted to the 

initial 2 or 3 days of fermentation owing to the osmotic pressure generated by the added 

glucose. The later phases of alcohol fermentation are governed by the alcohol-tolerant 

strains of the Saccharomyces sensu strict group of yeasts mainly Saccharomyces 

bayanus, S. cerevisiae, S. paradoxus and S. pastorians (Henderson and Block, 2014).  

This chain of actions happen as during fermentation, yeasts especially non-

Saccharomyces yeasts at relatively low concentrations undergo alcohol stress which 

affects its cell structure and function, decrease their growth rate, cell viability, amino 

acid and glucose transport systems, increase membrane fluidity and consequential 

decrease in membrane integrity and cell membrane structure and function (Gibson et al., 

2007; Ding et al., 2009; Stanley et al., 2010), slowing down cell division, diminishing 

cell volume and specific growth rate, while high ethanol concentrations lessen cell 

vitality and boost cell death (Birch and Walker, 2000).  

For a yeast strain to be useful for industrial purpose, requires specific 

physiological properties such as sugar tolerance and invertase activities (Ekunsanmi and  

 

 



Odunfa, 1990). Ethanol tolerance is an important character for use in industrial ethanol 

production (Jimenez and Benetez, 1986; Thammasittirong et al., 2013). 

Alcohol tolerance plays very important role in successful and complete 

fermentation. Yeast which cannot tolerate alcohol lead to a stuck fermentation (Malherbe 

et al., 2007). 

Even though the most robustly fermenting and more ethanol tolerant species of 

Saccharomyces lead the fermentation (Fleet and Heard, 1993; You et al., 2003), 

comparatively high ethanol concentrations slow down cell growth and viability, 

diminishing the fermentation productivity and ethanol yield (Aguilera et al., 2006). S. 

cerevisiae strain  studied by Ghareib et al. (1988) was found to tolerate 13% ethanol but 

growth was prevented at 14% ethanol. Seven strains of S. cerevisiae obtained from 

different fruit sources showed alcohol tolerance levels between 7%-12% (Tikka et al., 

2013). Saccharomyces cerevisiae TA and C2 strains isolated by Ali and Khan (2014) 

were high ethanol tolerant (tolerated 14% ethanol) whereas, S. cerevisiae isolated from 

banana peels tolerated 6%-12% (Brooks, 2008). Various strains yeasts W. anomalus, 

Candida spp., and P. anomala tolerated upto 15% alcohol (Lee et al., 2011). S. 

cerevisiae strains isolated from nuruk, cashew apple, and soil (Osho, 2005; Kang et al., 

2000; Jung et al., 2008) could grow in a medium containing 15% alcohol. Yeast strain 

(Saccharomyces cerevisiae) from the sources such as grapes, molasses, musambi, 

cashew apple, distillary effluent, sorghum, sugarcane and it is used for the study of 

ethanol tolerance at various concentrations from 6-14.5%. Among these, the yeast strains 

isolated from molasses and cashew apple showed the highest tolerance upto 12.5% and 

strains from sorghum had least with 10% (Priya et al., 2011). 

 

 



Exploitation of proficient yeast strains exhibiting superior ethanol tolerance in the 

alcoholic fermentation would reduce the costs of distillation and in turn the profitability  

taken as a whole process (Chandrasena et al., 2006). 

There are few studies available on beverage production from cashew apple juice. 

Fully ripe cashew apples were used for production of wine (Mohanty et al., 2006). The 

titratable acidity (TA) changed from 0.24 g/ml from must to 1.2 g/ml in finished wine, 

increase in TA was associated with decrease in pH from 4.6 to 2.9 (Mohanty et al., 

2006). Sparkling wine from cashew apple with alcohol content of 7.72%, pH 3.6, total 

acidity 0.59 g/ml was produced by (Abreu, 1997). Similarly, commercially available S. 

cerevisiae and three other wine yeasts were used for fermenting cashew apple juice. It 

was observed that wine produced from S. cerevisiae had good prospect for beverage 

industry (Osho and Odunfa, 1999). In a later study, clarified cashew apple juice was 

fermented with S. bayanus at 18°C and 30°C (Garruti et al., 2006).   

As per Bureau of Indian Standards specifications for Cashew Feni and Giriappa 

(1996), cashew feni contains major aroma-based compounds and should be tested for 

these compounds (total and volatile acidity, esters, aldehydes, higher alcohols, alcohol 

and presence/absence of methanol). 

Seventy one aroma volatiles were identified in cashew apple juice evaporated off 

and recovered in the water phase during its concentration (Sampaio et al., 2011). 

Different volatile compounds were seen in cashew apple and it varied as per the  

methodology used or to different varieties of cultivars or geographical regions (Franco 

and Janzantti, 2005).  

 

 

 

 



 

Table 2.13 Composition of Feni 

 

 

 

 

 

 

 

 

 

 

 

Source: IS: 14326 (2005): https://archive.org/details/gov.in.is.14326.2005 

 

However, it has been  shown that though few volatile aroma essences arise from 

constituents of the fruits (e.g., grape) (Schreier et al., 1976), majority of the compounds 

found in wine are produced during fermentation by yeasts (Margalith and Schwartz, 

1970). Many of these compounds are transformed  and a considerable portion of 

beverage flavor substances are formed during yeast fermentation by conversion of sugars 

into alcohols, CO2 and numerous secondary end products that together contribute to the 

delicacy and uniqueness of the character of the beverage (Nykanen, 1986; Lambrechts 

and Pretorius, 2000).  

Natural fermentation is a complex process involving variations in fermentation 

processs affected by various factors, including the native microbial flora, the fruit 

variety, climatic conditions, and the process (Chira et al., 2011; Green et al., 2011;  

Constituents

Composition 

according to 

Giriaapa, 1996

Composition 

required according 

to BIS 

Specification of 

Feni

Alcohol (%) 43 42

Volatile acidity
19 gm/100 L 

absolute alcohol

60 gm/100 L 

absolute alcohol

Total solids 0.14% -

Esters
244.2 gm/100 L 

absolute alcohol

50 gm/100 L 

absolute alcohol 

(Minimum 

reqirement)

Aldehydes
28 gm/100 L 

absolute alcohol

25 gm/100 L 

absolute alcohol

Higher alcohol
196.2 gm/100 L 

absolute alcohol
present

Furfural
5 gm/100 L 

absolute alcohol
-



 

Castilhos et al., 2012; Sharma et al., 2009; Cuadros-Inostroza et al., 2010; Hernandez-

Orte et al., 2009; Romano et al., 2003). The major fractions of compounds that outline 

the "fermentation bouquet" are the balance of volatile compounds such as esters, organic 

acids and higher alcohols to some extent, aldehydes (Rapp and Versini, 1991). The 

preferable flavors of high quality end product are based on a balance of volatile 

constituents such as acids, alcohols, aldehydes, ketones, and esters (Ribereau-Gayon, 

1978). These volatile metabolites are often formed only in trace amounts, yet these are of 

paramount importance for the flavor profile and organoleptic perception of a beverage 

(Verstrepen et al., 2003a, b).  

The volatile compounds produced during the process of alcoholic fermentation 

depend on the type of yeast species as well as on the particular strain of the yeast within 

the species (Cabrera et al., 1988; Romano, 1998; Lambrechts and Pretorius, 2000). 

Although S. cerevisiae is involved in the alcoholic fermentation producing 

acetaldehydes, isoamyl acetate, ethyl acetate, isobutanol, n-propanol, amylic 

alcohol (Longo et al., 1992; Garde-Cerdan et al., 2006), the occurrence of non-

Saccharomyces species might be significant because secondary metabolites are produced 

by these species, which can contribute to the final quality of the beverage (Esteve-

Zarcoso et al., 1998). Reports are available demonstrating the non-Saccharomyces yeast 

strains modifying wine flavor and improving product quality through the release of 

secondary products such as aroma volatiles responsible as sensory attributes (Hansen et 

al., 2001; Heard, 1999; Soden et al., 2000; Dorneles et al., 2005). The quality of the end 

product of the fermentation process can, therefore, be difficult to predict and can vary 

depending on the significant role played by the natural yeast strains present during 

spontaneous fermentation (Matapathi et al., 2004; Sharma et al., 2012). 



Various reports are available demonstrating the contribution of different non-

Saccharomyces yeasts such as Hanseniaspora, Candida, Pichia, Metschnikowia, 

Kluyveromyces, Schizosaccharomyces and Issatchenkia in addition to S. cerevisiae and 

S. bayanus, to the aroma complexity of the final product (Ciani et al., 2010; Ciani and 

Ferraro, 1998; Jolly et al., 2006; Mendoza and Farias, 2010; Fleet, 2003; Pretorius, 

2000). 

It has been suggested that fermentation using mixed cultures of the non-

Saccharomyces species with S. cerevisiae contributed positively to the final quality 

attributes such as taste and flavour of wine (Gil et al., 1996; Lema et al., 1996; Ciani and 

Ferraro, 1998; Soden et al., 2000). Many reports imply that the yeast interaction using  

mixed culture fermentation generate unexpected compounds and/or different levels of 

fermentation products affecting the final quality attributes (Howell et al., 2006; Anfang 

et al., 2009). Ciani et al. (2010) confirmed this by employing the controlled inoculation 

of Saccharomyces cerevisiae starter cultures and non-Saccharomyces yeasts, it had been 

proved to be a possible way towards improving the intricacy and improving the desirable  

characteristics of the fermented beverages.  

 

2.12.1 Total acidity and Volatile fatty acid 

Tartaric acids has been described as the most important organic acids in wine 

playing a vital role in the organoleptic quality and the physical, biochemical and 

microbial stability of wine (Volschenk et al., 2006). This acid enters in the beverage 

mostly from the fruit itself but the concentrations of tartrates in the fruits varied widely 

among fruit varieties (Kliewer et al., 1967). In grapes, the average concentrations of L-

Tartaric acid are about 5 to 10 g/L (Ruffner, 1982).  

 

 



According to Indian Standard Cashew Feni — Specifications, the volatile acid 

content of feni should be 60 g/100 L of absolute alcohol. If feni contains more than 60 

g/100 L of absolute alcohol of acetic acid then it may mask the aroma of an alcoholic 

beverage leading to vinegar-like taste. In wine, near its flavour threshold of 0.7-1.1 g/L 

acetic acid becomes objectionable, depending on the style of wine, but may not be higher 

than 1.0-1.5 g/L, as specified in different countries (Eglinton and Henschke, 1999).  

 

Volatile acid production 

Acetic acid is formed early in fermentation and its production stops as soon as the 

sugar is fermented (Erasmus et al., 2004). Increasing amounts of acetic acid is produced 

below pH 3.2 and at values more neutral than pH 4 (Hanneman, 1985; Delfini and 

Cervetti, 1987).  

2.12.2 Higher alcohol  

The higher alcohol form the major group of fermentative group of aroma 

compounds in alcoholic beverages and are minor products of fermentation during alcohol 

production (Amerine et al., 1980).  The higher alcohols are negatively perceived when 

their concentration in wine exceeds 400 mg/L (Rapp and Mandery, 1986). The 

concentration of the higher alcohols may vary from slightly less than 100 mg/L to a 

concentration higher than 500 mg/L (Nykanen, 1986).  

Higher alcohols are made up of aliphatic (propanol, isobutyl alcohol, active amyl 

alcohol and isoamyl alcohol) and aromatic alcohols (major one is phenethyl alcohol) 

(Nykanen et al., 1977). Quantity of higher alcohols in alcoholic beverage depends on 

yeast strain (Giudici et al., 1990). Higher alcohols production preceds ester formation  

 

 



during fermentation (Soles et al., 1982) with the association of the esters of higher 

alcohols with pleasant aromas. 

 

Higher alcohol production 

Various yeast strains contribute to the variation in the higher alcohol content 

(Giudici et al., 1990; Rankine, 1967). Antonelli et al. (1999) found two S. cerevisiae 

yeasts producing high quantities of 3- ethoxy-propanol. Mateo et al. (1991) reported that 

higher alcohol produced from musts of Monastrell grapes varied depending on different 

yeasts involved in fermentation such as C. valida, Brettanomyces bruxellensis, 

Rhodotorula aurantica, H. uvarum, K. apiculata, Dekkera intermedia, S. cerevisiae var. 

capensis, S. cerevisiae var. chevalieri, S. cerevisiae var. bayanus and S. cerevisiae var. 

cerevisiae.  

2.12.3 Esters 

Esters are volatile compound that impart pleasant fruity smell to fermented 

beverages (Verstrepen et al., 2003a). Esters are one of the largest and most important 

groups of compounds affecting flavor. Many of the esters found in alcoholic beverages 

are generated by yeasts during later part of fermentation (Herraiz and Ough, 1993) as 

secondary products of sugar metabolism (Peddie, 1990; Fujii et al., 1994). Ester 

formation is yeast strain dependent (Nykanen and Nykanen, 1977; Peddie, 1990; Daudt 

and Ough, 1973; Gammacurta et al., 2014). Besides acetic acid, ethyl acetate contributes 

significantly to the volatile character to beverge if present in higher level, as in case of 

wine (150 to 200 mg/L) imparting spoilage character to wine (Amerine and Cruess, 

1960). Ethyl acetate, isoamyl acetate, isobutyl acetate, ethyl caproate and 2-phenylethyl  

 

 



acetate are the main esters that are associated with fruity, pear-drops, banana, apple and 

flowery aromas, respectively (Peddie, 1990).  

 

Ester production 

Non-Saccharomyces yeast strains are efficient in the production of esters which 

varies with the strain (Gammacurta et al., 2014; Rojas et al., 2001).  Rojas et al. (2003) 

compared the ester production by using pure cultures of S. cerevisiae and mixed culture 

of Hanseniaspora guilliermondii and Pichia anomala co-cultures with S. cerevisiae and  

revealed an increase in acetate ester concentrations when compared to the pure cultured 

S. cerevisiae. These results were later confirmed by Viana et al. (2008). According to 

Nykanen (1986) H. anomala and C. krusei yeasts produces more ethyl acetate than S. 

cerevisiae, S. pombe and P. membranifaciens. 

2.12.4 Aldehydes 

Acetaldehyde is the major volatile compound of alcoholic fermentation found in 

alcoholic beverages (Rusu Coldea et al., 2011; Geroyiannaki et al., 2007), making upto 

more than 90% of the total aldehyde content in wines and spirits. It contributes both 

pleasing and negative character to the alcoholic product (Garza-Ulloa et al., 1976).  

 

Aldehydes production 

 S. cerevisiae strains producing comparatively high levels of acetaldehyde (from 

50 to 120 mg/L) have been reported (Fleet and Heard, 1993), whereas, K. apiculata, C. 

krusei, C. stellata, H. anomala and M. pulcherima produced low levels (from non 

detectable amounts to 40 mg/L) of acetaldehyde. The low activity of alcohol 

dehydrogenase in S. bombicola leads to excess of acetaldehyde production (Ciani et al., 

2000). S. cerevisiae rapidly utilizes this excess aldehyde (Ciani and Ferraro, 1998).  

 



Movement of acetaldehyde between S. cerevisiae and S. bayanus has been reported 

(Cheraiti et al., 2005). In mixed fermentations for acetaldehyde production, the 

interactions between S. cerevisiae, K. thermotolerans and T. delbrueckii have been 

observed (Ciani et al., 2006; Bely et al., 2008).   

 

2.12.5 Alcohol production and methanol content 

Besides ethanol which is the important criteria of any alcoholic beverage, 

methanol is also a part of an alcoholic beverage (Bindler et al., 1988) which occurs 

naturally in low concentration without causing any harm (Paine and Davan, 2001; 

Badolato and Duran, 2000). Presence of methanol due to the pectinolytic enzymes in 

ciders and wine have been reported (Mangas et al., 1993; Revilla and Gonzalez-San Jose, 

1998). There are no reports of the presence of pectin in cashew apple juice but cashew 

apple residues left after juice extraction are rich in pectin (10%) (Nair, 2010; Giriappa, 

1996) and can be used for making icecream, jam, jellies (Giriappa, 1996). Still another 

study has shown that cashew apple contains pectic substance which has the methoxyl 

content of 3.5% of anhydrouronic acid of 45.105 and jelly grade of 75 (Majumder, 

2013).  
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CHAPTER 3 

 

Isolation and identification 
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and sequence analysis 
 

 

 

 

 

 

 

 

 

 

 



 

 

3.1. Introduction 

Diverse yeasts have been isolated from a range of fruit surfaces and fermented  

juices and products (Nyanga et al., 2013; Boboye et al., 2009; Chavan et al., 2009; 

Matapathi et al., 2004; Maragatham and Paneerselvam, 2011a,b; Obasi et al., 2014).  

Saccharomyces cerevisiae has been considered as the most prominent microorganism on 

many fruits responsible for fermentation (Albertin et al., 2011; Martinez et al., 2014).  

Osho (2005) has reported the presence of S. cerevisiae and S. uvarum from fermenting 

cashew apple juice, while, Barros et al. (2014) isolated yeast species belonging to genus 

Hanseniaspora.  Desai et al. (2012) isolated Candida species from fresh cashew apple 

juice and were regarded as a prominent organism for the first and second grade alcohol 

production and alcoholic beverage production from cashew apple. The diversity of the 

yeasts varies depending on climatic conditions, fruit conditions, variety of fruits source, 

geographical locations (Longo et al., 1991; Arias et al., 2002, Chavan et al., 2009). 

Traditionally, morphological characteristics and physiological properties of 

yeasts species have been employed for their identification and characterization (Kreger-

van Rij, 1984; Barnett et al., 2000) besides biochemical characterization (Esteve-Zarcoso 

et al., 1999).  However, these conventional procedures needs some 60 to 90 analyses to 

be performed making them complex, laborious, and lengthy process (Deak, 1995; Deak 

and Beuchat, 1996).  In some instances even around 100 tests need to be performed to 

achieve a consistent identification of yeasts at the species level spanning over a period of  

1-3 weeks to get the final results (Krejer-van Rij, 1984; Lin and Fung, 1987). For  

discrimination of the strains the morphological characters and physiological features 

were compared (Barnett et al., 1990 ; Krejer-van Rij, 1984), however, in some instances  

 



 

this can infer to a wrong classification of species or misidentification of the strains 

(Spencer et al., 2011; Taverna et al., 2013).  

During the past decade, with the introduction of molecular biology techniques, 

there has been a radical change in the identification of yeasts (Esteve-Zarcoso et al., 

1999). These techniques included direct PCR amplification of conserved oligonucleotide 

primers, followed by restriction digestion of the amplified products employing 

endonucleases (Las Heras-Vazquez et al., 2003).  In the present study, 26S rDNA 

sequencing was used to identify diverse yeasts isolated from fermented cashew apple 

juice. It has been suggested that the divergence in D1/D2 domain of yeast genome is 

usually enough to determine individual species (Kurtzman and Robnett, 1998). 

Cashew apples are readily available as agricultural waste in Goa, however, 

regardless of their high sugar contents and other basic nutrients needed for growth of 

yeasts, these are not used to their fullest extent as culture medium for yeast strains and 

substrates for alcohol production. In this study, we attempted to isolate and identify yeast 

strains from naturally fermented cashew apple juice and evaluate their characteristics. In 

order to study the diversity of yeasts from naturally fermented cashew apple juice, yeast 

isolation followed by characterization of yeast isolates was performed by biochemical 

and genotypic analysis. 

 

3.2. Materials and methods 

The research work was carried out at the Microbiology Laboratory, Department 

of Animal Science, ICAR Research Complex for Goa, Old Goa, India.  

 

3.2.1. Study area and origin samples 

Naturally fermented cashew apple juice samples were collected from different 

 

 



locations in Goa namely, Old Goa, Shiridao, Pomburpha, Galvar, Ucassaim, Karmali, 

Keri, Ponda, Thivim, Mandur, Agarwada, Vodla and Pajir and processed for isolation of 

yeasts. The places of collection were situated distantly and the units were owned by 

different persons (Table 3.1) engaged in extracting juice and distilling cashew feni by 

traditional method .  

        Table 3.1 Distance in km of sampling locations from Old Goa (Headquarter) 

 

Sampling 

location 
Unit Name 

No. of samples 

processes 

No. of yeast 

isolates picked 

up 

Distance between 

the sampling sites 

from Old Goa 

(Headquarter) 

(km) 

Old Goa Field 10 35 2 

Shiridao Field 3 10 11  

Galvar Field 2 8 27  

Ucassaim Field 2 10 24  

Thivim 

Cazcar 

Heritage 

Distillery 

2 16 29  

Karmali Field 2 7 2  

Ponda Field 4 12 20  

Keri Field 6 25 49  

Mandur Field 3 14 5  

Agarwada Field 1 6 37  

Pomburpha Field 2 8 30   

Vodla Field 3 16 25  

Pajir Field 2 9 26  

 

 

 

 



All the units were practicing natural way of fermentation of extracted cashew 

apple juice and traditional way of distillation of the fermented juice. Except one at 

Thivim (Cazcar Heritage Distillery), no unit was using controlled way of fermentation. 

3.2.2. Collection of samples  

A total of 42 naturally fermented cashew apple juice samples were collected from 

different locations in Goa in sterile screw capped tubes. Approximately 15 ml of 

naturally fermented juice samples were collected in clean, dry sterile screw cap tubes and 

transferred to the laboratory under chilled conditions (2-8° C) and processed for yeast 

isolation within 24 h of collection. 

 

3.2.3. Isolation of yeast strains  

Samples were inoculated by spread plate method on Potato Dextrose Agar (PDA; 

Himedia) as described earlier (Warnasuriya et al., 1985; Verma et al., 2010). The plates  

were incubated at 28°C for 2 days (Mokhtari et al., 2011). The colonies appeared on agar 

plates were subcultured for further purification. Pure colonies were isolated and were 

further characterized.  

 

3.2.4.  Morphological characterization  

Each of the purified colonies of yeasts were assessed for their colony 

characteristics mostly shape, colour, margin, texture (Chavan et al., 2009; Goralska, 

2011; Spencer et al., 2011), and microscopic characteristics (yeast cell shape, 

presence/absence of budding and pseudohyphae) by lactophenol-cotton blue staining 

(Heritage et al., 1996; Haw et al., 2013; Elias et al., 2009) under 100x light microscope.   

 

 

 

 

 

 

 



3.2.5. Biochemical characterization of yeasts 

Biochemical characteristics of selected yeast strains were analysed according to 

procedures described earlier (Barnett et al., 1983; Kurtzman and Fell, 1998; Lodder, 

1970; Barnett and Pankhurst, 1974; Kurtzman et al., 2011). The biochemical tests 

included: growth at 37OC, glucose utilization at 50% (w/v), fermentation using 10 sugars 

(glucose, galactose, maltose, raffinose, lactose, sucrose, xylose, trehalose, mannitol and 

mannose), assimilation using 18 sugars (glucose, galctose, maltose, sucrose, rhamnose, 

cellobiose, lactose, salicin, ribose, mellibiose, melezitose, xylose, inulin, L-arabinose, D-

arabinose, L-sorbose, erythritol and adonitol), and assimilation of nitrate. Utilization of 

glucose, sucrose, maltose, galactose and lactose as carbon sources by yeast strains was 

performed in Durham tubes in fermentation basal medium containing the particular sugar 

having the pH indicator. For determining the ability of growth at 37°C, the yeast strains 

were cultured on the PDA medium. 

 

3.2.6. Identification by DNA sequencing 

The genomic DNA from 50 selected yeast isolates was extracted by using Yeast 

DNA isolation kit (Genei, Bangalore).  Following DNA quantification, the 26S rDNA 

gene fragment was subjected to amplification using PCR. A PCR-based method 

developed by de Barros Lopes et al. (1998) that permitted both intraspecies delineation 

and species recognition of yeast isolates was employed. In detail,  25 µl PCR reaction 

contained 12.5 µl 2x ReadyMixTM  PCR master mix (Sigma), 50 ng of DNA and 50 pmol 

of each primer  NL1 (5’-GCA TAT CAA TAA GCG GAG GAA AAG-3’) and NL4 (5’-

GGT CCG TGT TTC AAG ACG G-3’) (Taverna et al., 2013; de Barros Lopes et al, 

1998), 50 ng DNA template making the final volume to the 25 µl by molecular grade 

water. The cycling conditions included the 25 cycles each of denaturation at 94 °C for 1  

 



min, annealing at 50 °C for 2 min, and extension at 74 °C for 1 min. For initial 

denturation of DNA template 3 min at 94 °C and a final 5 min extension at 74 °C were 

done. The isolates were subjected to amplification of the 5.8S rRNA gene and the two 

internal transcribed spacers (ITS) (Las Heras-Vazquez et al., 2003). Amplified products 

were purified and sequenced commercially (Merck-GeNei, Bangalore). The sequences 

obtained were BLAST searched in NCBI database. Sequences of the isolates those 

showed more than ≥0.98 identity values were confirmed as yeast species (Barghouthi, 

2011).  

 

3.3. Results 

3.3.1. Isolation of yeast species 

Forty-two samples of naturally fermented cashew apple juice were screened for 

yeasts on PDA agar. Based on the sizes and characteristics of the colonies, 176 yeast 

isolates were obtained (Table 3.2). The highest number of yeast isolates were isolated 

from samples collected from Old Goa, followed by Keri.  

Predominantly isolated colonies exhibited smooth surfaces with irregular shape. 

The morphological data of the investigated strains is described and represented in Table 

3.3. Wide variation in the colour of colonies was observed ranging from creamy white, 

white, off white, creamy, creamish yellow, orange and buff pink, and yellowish brown 

(Figure 3.1). Wide variation among the colonies of yeasts was observed in terms of  

surface, margin and colour. Smooth, irrregular and creamy white colonies were 

predominant.  

 

 

 

 

 

 



Table 3.2: Number of isolates isolated from naturally fermented cashew apple juice.  

Source of sample 

collection

No. of samples 

processed

No. of isolates 

picked up

Old Goa 10 35

Shiridao 3 10

Galvar 2 8

Ucassaim 2 10

Thivim 2 16

Karmali 2 7

Ponda 4 12

Keri 6 25

Mandur 3 14

Agarwada 1 6

Pomburpha 2 8

Vodla 3 16

Pajir 2 9

TOTAL 42 176  

 

Variation was also observed in the shapes of the yeast cells such as spherical, 

elongate, cylindrical, globose, oval and spherical (Table 3.3) (Figure 3.1). 

Based on distinguishing colony and microscopic characteristics, 50 yeast strains 

were selected from a total of 176 yeast isolates and tested for their biochemical 

characteristics.  

 

3.3.2. Biochemical characterization yeasts 

Each of the yeast strains were subjected to physiological studies using 

fermentation of carbon sources using 10 sugars, assimilation using 18 sugars, 

assimilation of nitrate and growth in presence of 50% glucose and at 37°C (Tables 3.4 

and 3.5). Variable reactions were seen in fermentation and assimilation patterns for the 

sugars tested.  

 

 



Table 3.3 Colony and microscopic characteristics of representative yeast isolates isolated 

from naturally fermented cashew apple juice.  

 

 

Shape Colour Margin Elevation Texture Cell shape Budding/Pseudohyphae

ICAR G1 Irregular Brown Undulate Raised
Smooth, 

shiny
Oval

ICAR G10 Irregular Yellowish Undulate Raised
Smooth, 

dry

Oval, 

Cylindrical

ICAR G30 Irregular Cream Undulate Flat
Smooth, 

shiny
Oval

ICAR G50 Circular White Entire Umbonate
Smooth, 

dry

Oval, 

Cylindrical, 

Globose, 

Elongate

ICAR G16 Circular
Yellowish 

brown
Entire Convex

Smooth, 

shiny
Oval

ICAR G23 Irregular Orange Undulate Flat
Smooth, 

shiny

Oval, 

Spherical
Budding 

Budding 

Budding 

Colony characteristics

Culture code

Budding 

Budding 

Budding and 

pseudohyphae

Microscopic characteristics

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table. 3.4. Fermentation patterns and growth characteristics of yeast isolates 
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A G A G A G A G A G A G A G A G A G A G

ICAR G1 P. kudriavzevii + + + ± - - - - - - - - - - - - - - + ± + +

ICAR G2 P. occidentalis + + + ± - - + ± - - ± ± - - - - - - + ± + ±

ICAR G3 C. ethanolica ± ± ± ± - - - - - - - - - - - - - - ± - - +

ICAR G4 P. galeiformis + + ± ± - - - - - - - - - - - - - - + ± - ±

ICAR G5 P. manshurica + + ± ± - - - - - - ± ± - - - - - - + + - -

ICAR G6 P. kudriavzevii + ± - - - - - - - - - - - - - - - - + + + +

ICAR G7 P. kudriavzevii + ± - - - - - - - - - - - - - - - - - - + +

ICAR G8 P. kudriavzevii + + - - + - + - - - - - - - - - - - + + + +

ICAR G9 P. kudriavzevii + + - - - - - - - - - - - - - - - - + ± ± +

ICAR G10 P. manshurica ± - - - - - - - - - - - - - - - - - - - - +

ICAR G11 Pichia spp. + + ± ± - - ± ± - - + ± - - - - - - + ± ± +

ICAR G12 P. manshurica + + + + - - ± ± - - + ± - - - - - - ± ± - +

ICAR G13 P. galeiformis + ± - - - - - - - - - - - - - - - - - - - +

ICAR G14 P. galeiformis + + - - - - - - - - - - - - - - - - ± ± - +

ICAR G15 I. orientalis + + + ± - - - - - - - - - - - - - - + + + +

ICAR G16 P. membranifaciens ± ± - - - - - - - - - - - - - - - - - - + +

ICAR G17 I. orientalis + ± - - - - - - - - - - - - - - - - + - ± +

ICAR G18 I. orientalis + + - - - - - - - - - - - - - - - - + + ± +

ICAR G19 P. manshurica + + + - ± - + ± - - + + - - - - - - ± ± - -

ICAR G20 P. manshurica + + + + + + + + - - + + - - - - - - + + ± ±

ICAR G21 S. cerevisiae + + - - + - + + - - + + - - - - - - + + + +

ICAR G22 P. kudriavzevii + + ± ± - - - - - - - - - - - - - - ± + + +

ICAR G23 R. mucilaginosa - - - - - - - - - - - - - - - - - - - - - +

ICAR G24 Pichia spp. + + ± + - - + + - - ± ± ± ± - - - - ± + ± -

ICAR G25 P. kudriavzevii + + ± ± - ± + + - - - - - - - - - - ± ± ± -

ICAR G26 P. kudriavzevii ± - ± - - - - - - - - - - - - - - - - - ± +

ICAR G27 P. kudriavzevii ± - - - - - - - - - - - - - - - - - - - + +

ICAR G28 I. terricola + ± - - - - - - - - - - - - - - - - ± - - ±

ICAR G29 L. fermentatii + + + + - - + ± - - + + - - ± ± - - + + + +

ICAR G30 P. kudriavzevii + + - - - - - - - - - - - - - - - - - - - +

ICAR G31 P. kudriavzevii + + ± ± - - - - - - - - - - - - - - ± ± + +

ICAR G32 P. kudriavzevii + + - - - - - - - - - - - - - - - - + + + +

ICAR G33 I. orientalis + + + ± - - ± ± - - ± ± - - - - - - + + ± +

ICAR G34 P. manshurica + + - - - - - - - - - - - - - - - - - - - +

ICAR G35 P. kudriavzevii ± ± - - - - - - - - - - - - - - - - - - - +

ICAR G36 P. kudriavzevii + + - - - - - - - - - - - - - - - - + + + +

ICAR G37 P. kudriavzevii ± ± - - - - - - - - - - - - - - - - - - - +

ICAR G38 P. kudriavzevii + + + - - - - - - - - - - - - - - - + + + +

ICAR G39 P. kudriavzevii + + ± ± - - ± ± - - - - - - - - - - + - + +

ICAR G40 P. kudriavzevii + + - - - - - - - - - - - - - - - - ± ± + +

ICAR G41 I. terricola + + - - - - - - - - ± ± - - - - - - - - - -

ICAR G42 P. kudriavzevii + + - - - - - - - - - - - - - - - - ± ± + +

ICAR G43 I. orientalis + + + + - - - - - - - - - - - - - - ± ± + +

ICAR G44 S. cerevisiae + + + + ± - + + - - + + - - - - - - + + + -

ICAR G45 S. cerevisiae + + + + - - + + - - + + ± ± ± ± ± - + + + ±

ICAR G46 I. orientalis + + + + - - - - - - + ± - - - - - - + + + +

ICAR G47 S. cerevisiae + + + + ± ± ± + - - + + - - + ± ± ± + + + +

ICAR G48 S. cerevisiae + + + + + + + + - - + + - - + ± - - + + + -

ICAR G49 R. mucilaginosa - - - - - - - - - - - - - - - - - - - - + +

ICAR G50 S. cerevisiae + + + + + + + + - - + + - - - - - - + + - -
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Table 3.5 Assimilation patterns of the yeast isolates.                       

ICAR G1 P. kudriavzevii + + + + - - - - - ± - ± ± ± ± + - - - -
ICAR G2 P. occidentalis + ± ± ± - - - - - - - - - - - + ± - - -
ICAR G3 C. ethanolica + + - - - - - - - - - - - - - + - - - -
ICAR G4 P. galeiformis + + ± + - - - - - - - - - - - ± - - - -
ICAR G5 P. manshurica + + + + ± - - - - ± ± - ± ± - + - - - -
ICAR G6 P. kudriavzevii + ± ± + - - - - - - - - - - - + - - - -
ICAR G7 P. kudriavzevii + - ± + ± - - - - ± - - - - - + - - - -
ICAR G8 P. kudriavzevii + ± ± - - - - - - - - - - - - + - - - -
ICAR G9 P. kudriavzevii + + - ± - - - - - - - - - - - + - - - -
ICAR G10 P. manshurica + + ± + - - - - - - - - - ± ± ± - - - -
ICAR G11 Pichia spp. + + ± ± ± - - - - - - - - - - ± - - - -
ICAR G12 P. manshurica + + + + - - - - - ± - ± - ± ± + - - - -
ICAR G13 P. galeiformis + + - ± - - - - - - - - - - - + - - - -
ICAR G14 P. galeiformis + + - - - - - - - - - ± - - - + - - - -
ICAR G15 I. orientalis + + ± + - - - - - - - - - - - + - - - -
ICAR G16 P. membranifaciens ± - - - - - - - - - - - - - - - - - - -
ICAR G17 I. orientalis + + - ± - - - - - - - - - - - + - - - -
ICAR G18 I. orientalis + - - - ± - - - - - - - - - - + - - - -
ICAR G19 P. manshurica + + + + - - - - - - - - - - - - - - - -
ICAR G20 P. manshurica + ± ± + ± - - - - - ± - - - - + - - - -
ICAR G21 S. cerevisiae + - + + - - - - - - - - - - - + - - - -
ICAR G22 P. kudriavzevii + + + + ± - - - - ± - - - ± ± + - - - -
ICAR G23 R. mucilaginosa + + ± + ± ± - + - - - + - + + + - - - -
ICAR G24 Pichia spp. + ± ± ± - - - - - ± - - ± - - ± - - - -
ICAR G25 P. kudriavzevii + - ± - - - - - - ± ± + - ± ± ± - - - -
ICAR G26 P. kudriavzevii + + - + - - - - - - - - - - - ± - - - -
ICAR G27 P. kudriavzevii + + - - - - - - - - - - - - - ± - - - -
ICAR G28 I. terriola + ± - ± - - - - - - - - - - - + - - - -
ICAR G29 L. fermentatii + + ± ± ± ± - - - - - - - - - + - - - -
ICAR G30 P. kudriavzevii + + ± - ± - - - - - - - - - - + - - - -
ICAR G31 P. kudriavzevii + ± ± ± ± - - - - - - ± - - - + - - - -
ICAR G32 P. kudriavzevii + + - + - - - - - - - - - - - + - - - -
ICAR G33 I. orientalis + + + + ± - - - - - ± - - - - + - - - -
ICAR G34 P. manshurica + + - - - - - - - - - - - - ± + - - - -
ICAR G35 P. kudriavzevii + + - ± - - - - - - - - ± - ± + - - - -
ICAR G36 P. kudriavzevii + - - - - - - - - - - - - - - + - - - -
ICAR G37 P. kudriavzevii + - - ± - - - - - - - - - - - + - - - -
ICAR G38 P. kudriavzevii + + - - - - - - - - - - - - - + - - - -
ICAR G39 P. kudriavzevii + ± - ± - - - - - - - - - - - + ± - - -
ICAR G40 P. kudriavzevii + - - - - - - - - ± - - - - - + - - - -
ICAR G41 I. terriola + + - + ± ± - - - - - - - - - + - - - -
ICAR G42 P. kudriavzevii + + - - - - - - - - - - - ± ± + - - - -
ICAR G43 I. orientalis + ± + + - - - ± - - - - - - - + - - - -
ICAR G44 S. cerevisiae + ± ± + - - - - ± - - - - - - + - - - -
ICAR G45 S. cerevisiae + ± + + - - - - - - - ± - - - + - - - -
ICAR G46 I. orientalis + + ± ± - - - ± - - - - - - - + - - - -
ICAR G47 S. cerevisiae + + - ± ± - - - ± - ± - - ± - + - - - -
ICAR G48 S. cerevisiae + + + + ± - - - - - - - - - - + - - - -
ICAR G49 R. mucilaginosa + ± - ± ± - - + - - - - - - - + - - - -
ICAR G50 S. cerevisiae + ± + + ± - - - ± - - ± - ± - + - - - -
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Figure 3.1 Colony characteristics of representative yeast isolates. 

  

 

 

 

 

 

 Colony and microscopic characters of P. membranifaciens. 

Colony and microscopic characters of R. mucilaginosa. 

Colony and microscopic characters of P. kudriavzevii. 



 

 

 

 

 

 

 

 

 

 

Colony and microscopic characters of P. galeiformis. 

Colony and microscopic characters of S. cerevisiae 

Colony and microscopic characters of I. orientalis 



 

 

   

The biochemical analysis of the isolates showed that twenty five strains could 

grow in the presence of 50% glucose, nine showed weak growth and rest sixteen could 

not grow. Eight isolates however did not grow at 37°C.  However, wide variation in 

assimilation profiles was observed among these strains.  

 

3.3.3 Identification of yeasts by sequencing 

The fifty yeasts strains selected on the basis of morphology and biochemical 

characteristics were subjected to sequence and phylogenetic analysis. BLAST analysis of 

the nucleotide sequences of the fifty yeast strains were identified showing >98% 

similarities. The identification of the 50 isolates studied has been given in Table 3.6. 

Overall, the sequences revealed the yeast flora belonging to genera Saccharomyces, 

Rhodotorula, Candida, Pichia, Issatchenkia and Lachancea, with Pichia being the 

dominant genus. The partial sequences were submitted to the GeneBank with the 

accession numbers given in Table 3.6. Specific biochemical tests together with 

sequencing identified isolates as Saccharomyces cerevisiae, Pichia kudriavzevii, P. 

membranifaciens, P. galeiformis, P. manshurica, P. occidentalis,  Issatchenkia terricola, 

I. orientalis (P. kudriavzevii), Candida ethanolica, Lachancea fermentati, and 

Rhodotorula mucilaginosa. Out of 50, the majority of the yeasts identified were Pichia 

kudriavzevii (n=19), followed by Pichia manshurica (n=6) Issatchenkia orientalis (n=6) 

and Saccharomyces cerevisiae  (n=6) (Table 3.7). Two yeast isolates belonging to genus 

Pichia could not be identified to species level owing to their low similarity (<94%). 

These isolates might represent novel species.  

 

 

 



 

 

Table 3.6: Identification of yeasts based on their 26S rDNA sequence analysis. The 26S rDNA 

sequences obtained were BLAST searched and isolates showing >0.98 Identity value were 

considered as confirmed species.  (Barghouthi 2011; de Barros Lopes et al., 1998) 

Sr. no Culture code  Identified species Accession No.   

1 ICAR G1 Pichia kudriavzevii KM234478.1 

2 ICAR G2 Pichia occidentalis KM234444.1 

3 ICAR G3 Candida ethanolica KM234475.1 

4 ICAR G4 Pichia galeiformis KM234452.1 

5 ICAR G5 Pichia manshurica KM234474.1 

6 ICAR G6 Pichia kudriavzevii KM234473.1 

7 ICAR G7 Pichia kudriavzevii KM234470.1 

8 ICAR G8 Pichia kudriavzevii KM234468.1 

9 ICAR G9 Pichia kudriavzevii KM234467.1 

10 ICAR G10 Pichia manshurica KM234471.1 

11 ICAR G11 Pichia spp. KP223717.1 

12 ICAR G12 Pichia manshurica KM234469.1 

13 ICAR G13 Pichia galeiformis KM234450.1 

14 ICAR G14 Pichia galeiformis KM234447.1 

15 ICAR G15 Issatchenkia orientalis KR259304 

16 ICAR G16 Pichia membranifaciens KM234477.1 

17 ICAR G17 Issatchenkia orientalis KR 259307 

18 ICAR G18 Issatchenkia orientalis KR 259308 

19 ICAR G19 Pichia manshurica KM234439.1 

20 ICAR G20 Pichia manshurica KM234451.1 

21 ICAR G21 Saccharomyces cerevisiae KM234476.1 

22 ICAR G22 Pichia kudriavzevii KM234466.1 

23 ICAR G23 Rhodotorula mucilaginosa  KP223715.1  



 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

24 ICAR G24 Pichia spp. KP223718.1 

25 ICAR G25 Pichia kudriavzevii  KM234453.1 

26 ICAR G26 Pichia kudriavzevii  KM234465.1 

27 ICAR G27 Pichia kudriavzevii KM234464.1 

28 ICAR G28 Issatchenkia terricola  KM234449.1 

29 ICAR G29 Lachancea fermentatii KM234440.1 

30 ICAR G30 Pichia kudriavzevii KM234448.1 

31 ICAR G31 Pichia kudriavzevii KM234463.1 

32 ICAR G32 Pichia kudriavzevii  KM234462.1 

33 ICAR G33 Issatchenkia orientalis KP223713.1 

34 ICAR G34 Pichia manshurica  KM234437.1 

35 ICAR G35 Pichia kudriavzevii KM234446.1 

36 ICAR G36 Pichia kudriavzevii KM234461.1 

37 ICAR G37 Pichia kudriavzevii  KM234442.1 

38 ICAR G38 Pichia kudriavzevii KM234460.1 

39 ICAR G39 Pichia kudriavzevii KM234459.1 

40 ICARG40 Pichia kudriavzevii KM234458.1 

41 ICAR G41 Issatchenkia terricola KM234443.1 

42 ICAR G42 Pichia kudriavzevii KM234457.1 

43 ICAR G43 Issatchenkia orientalis KM234456.1 

44 ICAR G44 Saccharomyces cerevisiae KM234472.1 

45 ICAR G45 Saccharomyces cerevisiae KM234454.1 

46 ICAR G46 Issatchenkia orientalis KM234441.1 

47 ICAR G47  Saccharomyces cerevisiae KP223720.1 

48 ICAR G48 Saccharomyces cerevisiae KM234445.1 

49 ICAR G49 Rhodotorula mucilaginosa KP223714.1 

50 ICAR G50 Saccharomyces cerevisiae  KM234438.1 



 

 

 

Table 3.7. Yeasts identified by the 26S rDNA and ITS sequence analysis. 

Species 

 

Number 

Candida ethanolica 

 

1 

Issatchenkia terricola  2 

Lachancea fermentati  1 

Pichia galeiformis 

 

3 

Pichia kudriavzevii 

 

19 

Pichia manshurica 

 

6 

Pichia membranifaciens 1 

Pichia occidentalis 

 

1 

Pichia sp. 

 

2 

Rhodotorula mucilaginosa 2 

Saccharomyces cerevisiae 6 

Issatchenkia orientalis (P. 

kudriavzevii) 6 

 

Total 50 

 

The phylogenetic tree representing isolated yeast strains and some reference strains is 

shown in Figure 3.2. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 



 

 

 

The phylogenetic analysis of the identified yeast strains (Fig. 3.2) revealed 

grouping of the strains according to species and genera. The type strains of the each of 

the yeast strains were also included in the analysis. The phylogenetic analysis of the 

sequences revealed different clades for different species of yeasts isolated. The Pichia 

species formed a separate clade along with Issatchenkia. Other genera were showed 

separate branching. I. orientalis and P. kudriavzevii clustered together. The analysis 

showed that the genus Issatchenkia was phylogenetically similar to Pichia. 

 

3.4 Discussion 

 Microbial species are found in nature in abundance. It is difficult to culture and 

isolate many of the organisms and considered as viable but non-culturable. In this study 

naturally fermented cashew apple juice samples were  examined for types of yeast flora. 

Identification of yeast species using phenotypic assays can give unreliable results 

(Arroyo-Lopez et al., 2006; Bezerra-Bussoli et al., 2013). Phenotypic characteristics may 

be influenced by conditions of the culture and may provide indecisive results 

(Yamamoto et al., 1991). The intra-species strain variability might be the primary reason 

for the  misidentification of these strains (Chavan et al., 2009).  

Yeast identification employing assimilation tests alone may not be  reliable as a 

universal means for identification. Numerous novel species, intraspecies variability of 

strains and conflicting assimilation profiles might be responsible for misidentifications 

(Rohm and Lechner, 1990). However, assimilation tests still have a role in primary 

screening and aiding the other methods in identification such as sequencing (Pathania et 

al., 2010). 

 

  



 

 

 

Limitations exhibited by conventional methods could be prevailed over by using 

molecular markers for identification, taxanomy and genetic analysis of yeasts (Pathania 

et al., 2010) which also offer identificaion of highly variable regions in DNA fragments 

simultaneouly. Yeast identification using DNA sequencing method is the most preferred 

(Valente et al., 1999). Many researchers have followed D1/D2 sequencing method for 

yeast identification (Bhadra et al., 2008). The sequence analysis of the 5.8S rRNA gene 

and internal transcribed spacers (ITS) have been used for yeast identification (Las Heras-

Vazquez et al., 2003; Chavan et al., 2009). 

Identification of the 50 yeasts strains was done using biochemical and blast 

searches of the similarity in nucleotide sequences. Rhodotorula mucilaginosa, 

Issatchenkia orientalis and P. membranifaciens were tentatively identified based on 

colony and microscopic and biochemical characteristics and further identification was 

carried out based on nucleotide sequences. It was difficult to differentiate other strains 

among Issatchenkia, Pichia and Candida using biochemical tests. They have ascribed it 

to conflicting biochemical characteristics and variations among the strains (Chavan et al., 

2009). Molecular identification of R. mucilaginosa and P. membranifacines 

corresponded to their biochemical characteristics.    

Several researchers reported yeasts from fruits and fruit juices (Bhadra et al., 

2007; Chavan et al., 2009). Natural foods such as honey, fruit juices, milk were found to 

harbour the genera of yeasts such as Saccharomyces, Issatchenkia, Candida, 

Rhodotorula, Kluyveromyces, Pichia, Trichosporon, Kloeckera and Zygosaccharomyces 

(Ivo, 1982; Bai et al., 2010; Carvalho et al., 2010; Hakim et al., 2013; Moreira et al., 

2001; Stratford et al., 2002; Mushtaq et al., 2004; Gadaga et al., 2000; Ebabhi et al.,  

 



 

 

 

2013; Mirbagheri et al., 2012; Saleh, 2013; de Melo et al., 2007). While isolating yeasts 

from grape berries, P. membranifaciens, Saccharomycodes ludwigii, Candida species, I. 

orientalis and Rhodotorula spp. were confirmed (Combina et al., 2005a). Isolation of 

Pichia spp., Candida pulcherrima, C. lambica, C. sake, Rhodotorula spp. and 

Debaryomyces polymorphus have been reported from samples of fruit salads and 

pasteurized fruit juice (Tournas et al., 2006). Saccharomyces cerevisiae has been isolated 

from orange fruit juice (Las Heras-Vazquez et al., 2003), ogol, a traditional Ethiopian 

honey wine, fermentation (Teramoto et al., 2005).  

Isolation of Pichia kudriavzevii has been previously reported from various 

sources such as sour doughs, fermented butter-like products, the starter culture of 

Tanzanian fermented togwa, the African fermented products like cassava lafun and a 

Ghanaian cocoa bean heap, fermented juices like pineapple and orange, and grapes 

(Chan et al., 2012). Significantly, P. kudriavzevii, was earlier reported as a potential 

bioethanol producer (Chan et al., 2012), and these yeasts isolates obtained in this study 

too were from fermented cashew apple juice inferring the potential for alcohol 

production.   

P. manshurica is generally recognized as wine spoilage yeast, was also found to 

be dominant from cashew apple juice (Saez et al., 2011) and decaying mangosteen fruit 

(Bhadra et al., 2008). P. manshurica produced volatile phenols causing intense odour 

and bitter test (Saez et al., 2011).  

Issatchenkia orientalis also synonymously known as Pichia kudriavzevii and an 

anamorph of Candida krusei, is a budding yeast involved in chocolate production 

(Bezerra-Bussoli et al., 2013; Satyanarayana and Kunze, 2009).  

  

 



 

 

 

Lachancea fermentati has been previously isolated from coconut water and 

reconstituted fruit juice (Maciel et al., 2013). P. membranifaciens has been isolated from 

decaying mangosteen fruit (Bhadra et al., 2008) and grapes (Masih et al., 2001). 

Though, Rhodotorula species were previously considered as non-

pathogenic, these have emerged as an opportunistic pathogens (Capoor et al., 2014) and 

recovered from many environmental sources (Wirth and Goldani, 2012). R. 

mucilaginosa has been frequently detected from foods and beverages such as peanuts, 

apple cider (Fard et al., 2012; Tournas et al., 2006; Mokhtari et al., 2011), cherries 

(Venturini et al., 2002), fresh fruits and juices (Gholamnejad et al., 2010), fermented 

beverages (Jimoh et al., 2012), sugarcane (de Azeredo et al., 1998), cheese (Senses-Ergul 

et al., 2006), sausages (Gardini et al., 2001), edible molluscs (Kajikazawa et al., 2007), 

and crustaceans (Eklund et al., 1965). The species have been isolated from air, fresh and 

seawater and milk of goats  (Nagahama et al., 2006; Libkind et al., 2003; Callon et al., 

2007). As R. mucilaginosa has been reported as a cause of onychomycosis, a 

dermatological problem in immunocompetent patients, its occurrence in the fermented 

beverages is hazardous (Marcel et al., 2009). Regardless of the deleterious  consequences 

of the occurrence of the genus Rhodotorula, these carotenoid biosynthetic yeasts were 

easily identifiable by distinctive colonies ranging from cream coloured to orange, red, 

pink or yellow (Krinsky, 2001).   

Earlier, genetic relationships among species of the genus Pichia and Issatchenkia 

had been examined using phylogenetic analysis of gene sequences (Kurtzman et al., 

2008). For this analysis, nucleotide sequence divergence in the genes coding for large 

and small subunit rRNAs and for translation elongation factor-1a was considered. It was 

reported that the species of Issatchenkia were members of the Pichia membranifaciens 

clade and their transfer to Pichia was proposed (Kurtzman et al., 2008). The name Pichia  



 

 

 

kudriavzevii was proposed to replace orientalis (Kurtzman, et al., 2008). It was 

suggested that due to conflicting phenotypes of the newly proposed genera, their 

recognition required gene sequence analyses. The Pichia spp. (accession nos. KP223717, 

KP223718) formed a separate cluster. 

In conclusion, diverse yeasts were isolated from naturally fermented cashew 

apple juice. Characterization using biochemical and molecular methods, yeast strains 

isolated from naturally fermented cashew apple juice yielded 11 different species 

belonging to six genera from 13 sampling locations from Goa.  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

CHAPTER 4 

 

Biotransformational 

characterization-based 

enzyme activity, 

fermentation and 

antimicrobial activity 

 



 

 

 

 

 

 

 

4.1. Introduction 

Microbes are considered as the huge reservoir of the industrially important 

enzymes which stimulated the need to explore the extracelluar enzyme activity (EEA) in 

different microbes including food grade yeasts (de Mot, 1990; Bilinski and Stewart, 

1990; Burden and Eveleight, 1990). Yeasts have been studied for enzyme capabilities, 

amongst them oenologically important species were more extensively analyzed for the 

extracelluar enzyme production, purification, characterization and other capabilities 

(Rosi et al., 1994; Charoenchai et al., 1997; Strauss et al., 2001). However, the 

environmentally originated yeasts were neglected for their enzyme production 

capabilities  (Burden and Eveleight, 1990). Yeasts with potential of producing enzymes 

such as amylase, cellulase, protease, lipase, pectinase, beta glucosidase and urease have 

applications  in the biotechnological sectors, food, biofuel and detergent industries as 

well as in wine and alcohol industry (Buzzini and Martini, 2002; Strauss et al., 2001; 

Margesin and Feller, 2010; Zhao, 2012). Many studies have been undertaken on yeast 

characterizations in alcohol industry with respect to enzyme production and volatile 

metabolites (Lee et al., 2011; de Souza and Magalhaes, 2010; Shigechi et al., 2004; Kim 

et al., 2013; Teugjas and Valjamae, 2013; Krisch et al., 2010; Villena et al., 2007; 

Daenen et al., 2004; Daenen et al., 2008a,b; Wanapu et al., 2012). In this study, we 

screened the yeasts recovered from naturally fermented cashew apple juice for their 



 

 

ability to produce industrially important extracellular enzymes such as, amylases, lipases, 

proteases, pectinases, urease, glucosidase and cellulases. 

Amylase is an extracelluar enzyme which can be useful in many industries 

including  in textile for starch saccharification, food, brewing as well as distilling 

industries, apart from analytical chemistry, clinical and medicinal uses  (Gupta et al.,  

 

2003; de Souza and Magalhaes et al., 2010; Kandra, 2003; Pandey et al., 2000). Protease 

enzyme helps in preventing haze formation during beer making (Lopez and Edens, 

2005). Ureases significantly help in beverage making by preventing the creation of 

carcinogenic compound, ethyl carbamate formed during fermentation and also found in 

distilled spirits (Canas et al., 1989). Pectinolytic yeasts can be used to clarify and extract 

juice before fermentation thus, further reducing the use of costly strainers machines to 

extract the juice of pectinolytic fruits and other items (Roldan et al., 2006). Pectinases 

increase the release of colour and aroma compounds in musts both before and during 

fermentation and at the same time, improves maceration, clarification and reduces the 

filtration time and ensures proper filteration which was seen earlier wherein strains of S. 

cerevisiae reduced the filtration time by half during the winemaking process (Servili et 

al., 1992; Blanco et al., 1997). Cellulases are highly specific biocatalysts that act in 

synergy to release sugars, especially glucose which is of great industrial interest due to 

the potential for its conversion to, for example, bioethanol (Chen and Jin, 2006). It has 

been assumed that yeasts which hydrolyse certain monoterpenes, can alter the physical 

properties of wines and also increase the specific organoleptic characteristics (Fia et al., 

2005), therefore, the role of β-glucosidase activity of yeast cultures which can be used 

for wine production has been highlighted significantly; however, there are no studies 

available which illustrate the glucoside hydrolase activities of the yeasts involved in 



 

 

cashew apple juice fermentations. Mostly because of their probable significant use in 

biotechnological processes and fermentation, yeasts have become progressively 

deliberate in current years in terms of role of enzyme activities during alcohol 

fermentation for imparting aroma volatile flavor compounds as well as biotransformation 

of raw material substrate into finished product. Antagonistic property of yeasts against  

 

 

bacteria is yet unresolved.  Studies are lacking on yeasts from cashew apple for their 

enzyme activities, antimicrobial activity and biotransformation of cashew apple juice 

into alcohol.  

Explorations of  biodiversity in the search for new biocatalysts by selecting yeast 

from fermented cashew apple juice represents a method for discovering new enzymes 

which may permit the development of bio-catalysis on an industrial scale. Such naturally 

occurring yeasts have been explored worldwide for different biotranformational 

capacities (Hong et al., 2002; Tikka et al., 2013; Hagler et al., 2013). Also, as per 

different geographical locations, the types of yeasts and their biotranformational 

capabilities found to be different (Vilanova et al., 2011).  

In addition to their major contribution to enzyme production, some yeasts 

exhibiting antagonistic behavior against the unwanted bacteria as well as fungi are 

highlighted significantly (Hatoum et al., 2012; Buyuksirit and Kuleasan, 2014) which 

help food processing industries to introduce it as biocides in order to control the food 

spoilage and also in medicine and pharmaceuticals. Yeasts can be used as antagonist 

against undesirable microbes, major foodborne pathogens such as endospore forming 

Clostridium species such as C. butyricum and C. tyrobutyricum (Fatichenti et al., 1983). 

Several studies have been carried considering this aspect employing, for S. cerevisiae 



 

 

var. boulardii, however,  studies are lacking involving other genera or species for their 

antagonistic abilities.  Yeasts generally show antagonistic action against other microbes 

primarily by competing for available nutrients, changes in medium composition by 

extracellular by-products such as ethanol, exudation of antimicrobial compounds such as 

killer toxins or “mycocins” and pH of the growth medium due to growth of the yeast 

(Suzuki et al., 2001; Golubev, 2006; Young and Yagiu, 1978). Viljoen et al. (2006) 

reported the action of organic acids, volatile acidity, hydrogen peroxide excreted by 

yeast species. Volatile thermolabile toxic extract “amine” has been reported as inhibitory 

to E. coli and S. aureus (Viljoen et al., 2006). Ripke et al. (2004) reported unsaturated 

fatty acid of yeast to be inhibitory to S. aureus. Studying naturally occurring yeasts may 

explore more capabilities with industrial importance. 

Throughout alcoholic fermentation process, the yeast cells come across numerous 

stress environments like increase in temperature, variations in osmotic conditions, high 

concentration of ethanol and the presence of competing organisms (Attfield, 1997).  It 

has been speculated that yeasts might be having certain specific physiological properties 

which enable to analyse the stress and quickly respond against the particular stress 

without losing the vaiablilty of the strains in the fermentation medium (Bauer and 

Pretorius, 2000). 

In alcohol fermentation, high amount of alcohol above a critical level acts as a 

toxicant to yeast cells, thus, limiting the alcohol production therefore, alcohol tolerance 

plays an important role in high alcohol production (Stanley et al., 2010).  Although 

Saccharomyces is prominent yeast due to its high alcohol tolerating ability, ethanol 

produced might cause stress to yeast species (Pratt et al., 2003; Carlsen et al., 1991). 

Yeast species isolated from naturally fermented cashew apple juice were used for 

fermentation in controlled conditions and production of a distilled product. All the 



 

 

essential and desirable qualities required for production of a fermented product like 

faster growth and quick fermentation ability, high flocculation potential, considerable 

osmotic balance, increased ethanol tolerance ability and significant thermo-tolerance are 

not present in single yeast strain, however, some yeast strains may have significant 

ability for ethanol production (Panchal et al., 1982; Hacking et al., 1984). In this study,  

 

yeasts with high alcohol tolerance (10% to 15%) and wide range of carbohydrate 

fermentation and utilization ability were selected for fermentation (Kumsa, 2010; 

Spencer and Spencer, 1997).  

In addition to the production of alcohol by fermentation, yeasts impart different 

flavours to these products throughout the fermentation as a result of production of wide 

variety of compounds by different types of means and activities such as using fruit juice 

ingredients, extraction of flavoring constituents from juice soilds while producing 

ethanol and other types of solvents,   transformation of neutral fruit juice compounds into 

flavour rich compounds through production of enzymes, production of numerous flavour 

active, minor metabolites (e.g. volatiles and flavor compounds and volatile sulphur 

compounds), and autolytic dilapidation of dead yeast cells by autolysis (Cole and Noble, 

1997; Lambrechts and Pretorius, 2000). An attempt was made to explore the volatile 

metabolites producing ability of yeasts, isolated previously from fermented cashew apple 

juice when inoculated as monocultures and its comparison with the traditionally distilled 

feni sample (field sample). However, information is largely lacking on the enhancement 

of eminence of traditionally produced product i.e., feni in Goa by optimal choice of 

yeasts. Information is also largely lacking on chemical properties of feni with respect to 

its quality.  



 

 

One of the objective of the study was to observe the effect of the yeast species on 

the quality of the distilled end product in terms of the formation of metabolites (total 

acids, volatile acid, esters, higher alcohols, aldehydes, ethanol and methanol). Yeast 

strains that emanate exceptional flavors are of importance in alcohol industry (Pretorius, 

2000). Therefore, it is significant to know the possible differences in volatile production  

 

 

by different strains of yeasts which may help to select the optimum strain to make an 

authentic and interesting product. 

 

4.2. Materials and Methods 

4.2.1. Testing of yeasts for production of enzymes 

4.2.1.1. Yeast cultures 

Fifty yeast strains (representing of 11 species of 6 genera) (Table 4.1) identified using 

26S rDNA sequencing method were tested for their enzyme activities. Yeast strains were 

plated on Potato Dextrose Agar plate and incubated for 2 days at room temperature and 

used for the tests. 

             Table 4.1: Yeast species tested for enzyme production.  

 

 

 

 

 

 

 

 



 

 

4.2.1.2. Media and screening procedure 

     The yeasts isolates to be tested were grown for 24 h and the colonies were spot 

inoculated on the prepoured solidified agar plates.  The agar plates were observed  for 

the occurrence of enzyme producing activity after incubation at room temperature for 2–

5 days. The experiments were repeated thrice.  

 

 

Amylase activity 

Yeast strains  were monitored for their capability to hydrolyse starch on a 

amylase activity medium (g/L) [Peptone, 5; Soluble starch, 5; Yeast extract, 5; 

MgSO4.7H2O, 0.5; FeSO4.7H2O, 0.01; NaCl, 0.01 and agar, 15] plates, pH 6.0 

(Arttirilmasi, 2013). After appearance of growth, the petri dishes were submerged with 

Lugol’s iodine solution [Gram’s iodine solution: 0.1% iodine and 1%  potassium iodide] 

(Yarrow, 1998). A colony surrounded by a pale yellow zone in an otherwise blue 

medium specify starch degrading activity (Fossi et al., 2009; Li et al., 2007a, b; 

Pushpalatha and Bandlamori, 2014). 

 

Protease activity 

Extracellular production of protease was assayed on potato dextrose agar 

containing 10 g/L skim milk powder and 15 g/L agar (Charoenchai et al., 1997;   Duarte 

et al., 2013; Geok et al., 2003). A clear zone around the yeast colony demonstrated the 

protease activity. 

 

Urease activity 

Urease activity was determined on Christensen urea medium as described by 

Seeliger (1956) and Roberts et al. (1978). Color change of the media from orange to pink 

was observed indicating a positive result.  



 

 

 

Pectinase activity  

The production of extracellular pectinase enzymes was checked on the  medium 

containing  yeast extract (1%), peptone (2%),  citrus pectin (1%) and  (2%) agar, pH 5.5 

(Strauss et al., 2001; Oliveira et al., 2006). After appearance of  growth, plates were 

submerged with hexadecyl trimethyl ammonium bromide (1%) (Biely and Slavikova,  

 

1994; Hankin and Anagnostakis, 1975).  A yeast colony surrounded by a clear zone in an 

otherwise opaque medium indicated degradation of the pectin. 

 

Cellulase activity 

Cellulase production was detected on YEPG medium containing 5 g/L 

carboxymethyl cellulose (Teather and Wood, 1982; Goldbeck et al., 2012; Sethi and 

Gupta, 2014). After incubation period, the occurrence of extracellular cellulases was 

observed by flooding with 0.1% Congo red solution and counter staining with 1 M HCl 

for 15 min.  

 

Lipase activity 

Lipase activity was assayed as per the method described (Chi et al., 2009;  

Slifkin, 2000). Tween-80 Agar plates containing Tween-80 were prepared as per  the 

method described by Gopinath et al. (2005). Yeast strains were tested on medium 

containing peptone (10%), NaCl (5%), CaCl2 (0.1%) and agar (1.5%) and 5 ml of 

separately  sterilized Tween 80 (1%) with final pH 6.0  (Atlas and Parks, 1993). Phenol 

red agar plates prepared by adding phenol red (0.01% w/v) to the above described 

medium were also used to assess the test organisms. . A change in color of phenol red 

was used as an indication of the enzyme activity.  

 



 

 

β-glucosidase activity 

β-glucosidase activity was screened on aesculin agar containing 1 gm aesculin, 

0.5 gm ferric ammonium citrate, 5 gm peptone and 1 gm yeast extract (pH 5.0). Before 

pouring the plates, 2 ml of filter sterilized 1% ammonium ferric citrate solution was 

added. Colonies showing activity were identified by the discoloration of the media to a  

 

 

brown colour indicated the enzyme activity (Mende-Ferreira et al., 2001; Lock et al., 

2007; Strauss et al., 2001; Kim et al., 2010). 

 

4.2.2. Antimicrobial activity of yeasts against pathogenic bacteria 

A study was conducted to gauge the antimicrobial activity of yeasts against 

pathogenic bacteria. Fifty isolates selected as described earlier were screened for their 

antimicrobial activity against pathogens namely, Listeria monocytogenes MTCC 1143, 

Salmonella typhi, Staphylococcus aureus MTCC 1144 and Escherichia coli 8143. The 

bacterial strains were obtained from Microbial Type Culture Collection, Chandigarh, 

India. Each pathogen grown in Brain-Heart Infusion (BHI) broth was spread onto BHI 

agar plates. To determine the antimicrobial activity, yeast isolates were grown for 48 h at 

28oC in 2 ml of Potato-Dextrose Broth.  Cell-free extract was obtained by pelleting the 

yeast cells at 8000g for 10 min. The supernatant was aspirated by pipette and transferred 

to screw cap vials. Sterile filter paper discs were taken, cell-free yeast extract (20 l/disc) 

was placed, dried and placed in each BHI agar plate inoculated with the pathogen. The 

inoculated plates were incubated at 37°C for 1-2 days and observed for zone of 

inhibition.  

 

4.2.3. Screening of yeasts for alcohol tolerance  



 

 

Alcohol production is one of the best biotransformational capability exhibited by 

yeasts. All 50 yeasts were tested for their alcohol tolerating abilities  as described by Lee 

et al. (2011). In brief, increasing amount of alcohol (from 5-25%) in 5 ml of potato 

dextrose broth (PDB) was prepared in test tubes. Freshly grown cultures of yeasts were 

added (0.1 ml). After thorough mixing the tubes were incubated for 48 h at 28OC. Tubes 

were observed for the growth by measuring the turbidity of the culture at 600 nm by  

 

spectrophotometer. A negative control was maintained without adding any culture to 

tubes of each conc. of 5-25%. A positive test control was maintained by inoculating 

cultures to just PDB (without alcohol). Increase in the optical density with the increasing 

incubation time of the culture was considered as the evidence of active growth. The 

alcohol concentration at which the growth of the yeast was just stalled was regarded as 

the highest concentration of ethanol that the strain could tolerate. Strains showing the 

growth in medium containing 10% ethanol (v/v) or more were selected for production of 

volatile metabolite study. All the experiments were performed in triplicates. 

 

4.2.4. Biotransformation of cashew apple juice into volatile metabolites 

  The fully ripe, fresh and unspoiled cashew apples were collected from cashew 

plantation of ICAR Research Complex for Goa, Old Goa and Pomburpa area in Goa. The 

collected apples were washed 2-3 times with sterilized water to remove soil debris and 

other dust particles. The juice was extracted by squeezing the washed cashew apples 

through muslin cloth under aseptic conditions under laminar flow to avoid possible 

airborne contaminations within 24 h after collection. Sterile hand gloves were used 

during extraction of the juice. The fresh cashew apple juice was distributed in 250 ml 

quantity in sterile conical flasks and used for fermentation (Attri, 2009; Neelaknandan 

and Usharani, 2009). Twenty characterized yeast isolates exhibiting high ethanol 



 

 

tolerance were cultured and used individually for fermentation of cashew apple juice. 

Yeast cells were cultured in PDB at room temperature with continuous shaking at 150 

rpm for 24 h in order to obtain high cell density (Alvarenga et al., 2011; Mohanty et al., 

2006). 

  Fermentation of cashew apple juice was carried out in sterile conical flasks each 

separately inoculated with different yeast species with 5% inoculum for 2-3 days at  

 

ambient temperature (28-30°C) (Attri, 2009; Joshi et al., 2009; Gibbons and Weastby, 

1986; Many et al., 2014; Joseph et al., 2010).  The fermentation was allowed for 2-3 days 

till the bubbling in the fermenting juice was minimal. Once the fermentation was 

complete (no bubbling), the cashew apple juice fermented with each yeast isolate was 

distilled at 80°C in glass distillation unit (Sathees Kumar et al., 2011) to obtain distillate. 

The distilled product was chemically analysed for different parameters at Food and Drug 

Administration (FDA) Laboratory, Government of Goa.  

Figure 4.1: Distillation unit used for distillation of fermented cashew apple juice. 

 

 



 

 

The distilled products were analysed according to Indian Standard Cashew Feni-

Specification (IS 14326:2005), for the following characteristics as specified by FDA.  

i) Total acids (IS:14326, 2005) 

 The distilled sample (50 ml) was mixed with 200 ml of neutralized distilled 

water and titrated against standard 0.05N sodium hydroxide solution using 

phenolphthalein as an indicator.  

 

 

Total acids were calculated using the following formula:  

Total acidity, expressed as tartaric acid, gm/100 litres of absolute alcohol =  

0.00375×V×100×1000×2 

                      V1 

where  V = volume in ml of standard sodium hydroxide used for titration, and V1 = 

alcohol, % by volume 

 

ii) Volatile acidity (IS:14326, 2005) 

Fifty ml distillate sample was titrated against standard alkali using phenolphthalein as an 

indicator. 

Calculation: 

1 ml of standard NaOH equivalent to 0.003 g acetic acid 

Volatile acidity expressed as acetic acid, gm/100 litres of absolute alcohol =  

V×100×1000×0.003×2 

                     V1 

Where, V = volume of alkali in ml and V1 = alcohol, % by volume 

 

iii) Esters (IS:14326, 2005) 



 

 

To the neutalised distillate obtained from volatile acidity determination, 10 ml standard 

alkali was added and was refluxed on steam bath for 1 h. It was cooled and the excess of 

alkali was back titrated with standard sulphuric acid. Simultaneously, a blank was run 

taking 50 ml distilled water in place of distillate in same way.  

The difference in titration value in ml of standard acid solution gives equivalent ester. 

Calculation:   

1 ml of standard alkali equivalent to 0.0088 g ethyl acetate. 

 

Esters expressed as ethyl acetate, gm/100 litres of absolute alcohol =                                  

V×100×1000×0.0088×2 

               V1                                                              

Where, V = difference in ml of standard acid used for blank and expt,  and V1 = alcohol, 

% by volume 

 

iv) Higher alcohol (IS:14326, 2005) 

Small graduated cylinder previously rinsed with spirit to be tested was filled with 10 ml 

of spirit, and 1 ml of 1% salicyclic aldehyde and 20 ml conc. H2SO4 were added to it. It 

was allowed to position for 24 h at room temperature. Change in the colour was noted. 

The colours developed after reaction indicated the amount of higher alcohol as follows: 

                                     

Colour Amount

Light yellow Only traces

Yellow-brown About 0.01% (v/v)

Brown 0.02-0.03%

Red About 0.05-0.1%

Dark red-black Above 0.1%  

v) Aldehydes (IS:14326, 2005) 

Fifty ml distillate and 10 ml bisulphite solution was added in iodine flask and was 

kept in dark place for 30 min with occasional shaking. Later, 25 ml iodine solution was 



 

 

added to it and excess iodine was back titrated against standard sodium thiosulphate 

solution using starch indicator. A blank test was run using 50 ml distilled water in place 

of liquor in same way.  

The difference in titration value in ml of sodium thiosulphate solution gave the 

equivalent aldehydes. 

Calculation:  

1 ml of standard Na2S2O3 is equivalent to 0.0011 g acetaldehyde 

 

Aldehydes expressed as acetaldehyde, gm/100ltrs of absolute alcohol  

                   

     =  0.0011×2×V×100×1000 

                                    V1    

Where, V = difference in ml of standard sodium thiosulphate used for blank and 

expt ,    and V1 = alcohol, % by volume 

 

vi) Alcohol and methanol detection 

       Alcohol content was determined by measuring the specific gravity of the distillate 

(Pyknometer method) (IS: 3752, 1967, 2005; FSSAI: 2012). 

Cashew distillate obtained was used for alcohol content detection. Clean and dry 

pyknometer was weighed along with the stopper at 20°C (W). It was then filled with a 

distillate upto brim and closed with stopper. Distillate which was spilled out was wiped 

with filter paper and weighed at 20°C (W1). Then, the distillate was removed and 

pyknometer was washed with distilled water and was filled with distilled water in the 

same manner as described above and measured weight (W2). 

Specific gravity = W1-W 

                              W2-W          



 

 

The value obtained here was used to find out the corresponding alcohol percent 

by volume from the table showing specific gravity v/s alcohol content.  

Methanol was detected as per IS: 323, 1959. 

Two ml of distillate was diluted with 3 ml distilled water. To this diluted distilled 

sample, 2 ml of 3% KMnO4 (dissolved in H3PO4 acid) was added and allowed to stand 

for 10 min. Later, 2 ml oxalic acid (dissolved in 50% H2SO4) was added and tube was 

shaken until solution became colourless. In the end, 5 ml of Schiff’s reagent was added  

to it and allowed to stand for 30 min. Formation of violet olour indicated the presence of 

methanol, whereas, appearance of no colour indicated absence of methanol. 

 

4.3. Results 

4.3.1. Screening of yeasts for enzymatic activity  

The extracellular enzymatic activities (EEA) exhibited by different yeasts are 

given in Table 4.2.  

Amylase activity  

Fifty yeast isolates were assayed for amylase activity on Starch Agar medium 

with soluble starch as the only carbon source. Following the incubation and staining of 

the plates with lugol’s solution, clear zones appeared around growing yeast colonies 

indicating starch hydrolysis (Figure 4.2). One strain each of I. orientalis and P. 

kudriavzevii demonstrated the ability to hydrolyse starch, while, two of nine strains of P. 

manshurica showed amylase activity. Strains of C. ethanolica, I terricola, P. 

membranifaciens, P. occidentalis, S. cerevisiae, L. fermentatii, R. mucilaginosa and P. 

galeiformis did not show amylase activity. 



 

 

Figure 4.2. The yeast strain showing amylase activity on Starch agar medium with 

soluble starch as the only carbon source.  

 

 

 

 

 

 

 

Protease activity  

Fifty yeast strains were evaluated for their potential to secrete proteases using 

Skim milk agar plates. Following the incubation, the plates were observed for clear zones 

around growing yeast colonies indicating protease production (Figure 4.3).  Of these 

isolates, both R. mucilaginosa showed this activity, 4 of 6 I. orientalis strains and 9 of 19 

P. kudriavzevii strains were positive for protease activity. Two of 9 P. manshurica and 1 

out of 6 S. cerevisiae and one of 2 I. terricola were also positive. C. ethanolica, P. 

galeiformis, P. membranifaciens, P. occidentalis, Pichia spp. and L. fermentatii, did not 

protease activity at all when grown on skim milk agar.  

 

Figure 4.3. The yeast strains showing protease activity. 

 

 

 

 

 

 



 

 

 

 

 

Urease producing yeasts 

Urease activity shown by yeast strains is depicted in Figure 4.4. P. occidentalis 

showed urease activity. Also three of six I. orientalis, eight of 19 P. kudriavzevii strains, 

one of nine P. manshurica and both Pichia spp. showed positive activity. C. ethanolica, 

P. galeiformis, P. membranifaciens, R. mucilaginosa, S. cerevisiae, I. terricola and L. 

fermentatii, did not show urease activity at all. 

 

Figure 4.4. The yeast strain showing urease activity.  

 

 

 

 

 

 

 

 

Pectinase activity  

Figure 4.5 illustrates pectin-degrading activity by a yeast strain indicating  

transparent haloes of pectinase activity against an opaque background. In the present 

work, manifestation of  pectinase activity by the isolates was indicated by formation of  a 

colourless halo. Strains of C. ethanolica and R. mucilaginosa showed pectinase activity.  

While, four of 6 I. orientalis strains, four of 9 P. galeiformis/P, manshurica, four of 19 



 

 

P. kudriavzevii, two of 6 S. cerevisiae, one of 2 I. terricola and one of 2 Pichia spp. also 

showed pectinase activity. 

Figure 4.5. The yeast strain showing pectinase activity.  

                                                 

 

 

 

 

 

 

Table 4.2 Profile of extracellular enzymatic activities shown by yeasts isolated from 

naturally fermented cashew apple juice. 

Species
No. of 

strains
SDA PrA UrA PecA CellA LipA GlucA

C. ethanolica 1 0 0 0 1 1 0 0

I. orientalis 6 1 4 3 4 2 5 2

P. manshurica and 

P. galeiformis
9 2 2 1 4 5 5 3

P. kudriavzevii 19 1 9 8 4 3 17 3

P. membranifaciens 1 0 0 0 0 0 1 0

P. occidentalis 1 0 0 1 0 0 1 0

R. mucilaginosa 2 0 2 0 1 0 2 1

S. cerevisiae 6 0 1 0 2 1 4 1

I. terricola 2 0 1 0 1 0 2 1

L. fermentatii 1 0 0 0 0 0 0 0

Pichia spp 2 0 0 2 1 0 2 1

Total 50 4 19 15 18 12 39 12  

 

SDA, Starch-degrading activity; PrA, Protease activity; UrA, Urease activity; 

PectA, pectinase activity; CellA, Cellulase activity; LipA, lipase activity; GlucA, 

Glucosidase activity. 

 



 

 

Cellulase activity 

For selection in solid medium, 50 yeasts were grown in petri dishes in order to 

identify those able to degrade carboxymethyl cellulose (CMC). After incubation, the 

plates were revealed with a Congo red solution and halo formation was analyzed. The 

formation of a clear halo surrounding the colony indicates hydrolytic activity. Figure 4.6 

illustrates degradation of CMC by a yeast strain indicated by orange-yellow haloes of 

cellulase activity against the red background. C. ethanolica showed cellulase activity 

whereas, two of 6 I. orientalis strains and five of 9 P. galeiformis/P. manshurica, three 

of 19 P. kudriavzevii and one of 6 S. cerevisiae strains were positive.  P.  

 

membranifaciens, P. occidentalis, Pichia spp., R. mucilaginosa, I.terricola and L. 

fermentatii, did not show cellulase activity. 

 

Figure 4.6. The yeast strains showing cellulase activity. 

 

 

 

 

 

 

 

 

 

 

Lipase activity  

Lipase activity was detected in 50 strains on medium containing Tween 80 as a 

carbon source. Clear zone around the colony was indicted as depicted in Figure 4.7. In 

the present study, five of 6 I. orientalis strains showed lipase activity, five of nine P. 

galeiformis/ P. manshurica; 17 of 19 P. kudriavzevii, all of the Pichia spp., P. 



 

 

membranifaciens, I. terricola, P. occidentalis and R. mucilaginosa showed positive 

lipase activity. Four of 5 S. cerevisiae strains were positive. C. ethanolica and L. 

fermentatii did not show any activity.  

Figure 4.7. The yeast strain showing lipase activity.  

 

 

 

 

 

 

β-glucosidase activity 

 In the present study, esculin was used as a substrate. Fifty yeast isolates were 

screened for the presence of β-glucosidase activity on agar plates containing esculin as 

carbon source. Following incubation for 2-3 days at 25°C, the presence of β-glucosidase 

was evidenced by the appearance of a dark brown colour of the colonies (Figure 4.8); the 

intensity of the colour was higher in three days. R. mucilaginosa strain showed the 

positive activity. Two of 6 I. orientalis and three  of 9 P. galeiformis. P. manshurica 

strains showed glucosidase activity. Three of 19 P. kudriavzevii, one of 6 S. cerevisiae, 

one of 2 I. terricola, and one of 2 Pichia spp. were also positive. C. ethanolica, P. 

membranifaciens, P. occidentalis and L. fermentatii, did not show glucosidase activity. 

Results for screening, presented in Table 4.2, showed that enzyme production was strain 

and species dependent. No other yeast isolate showed the enzyme activity.  

Figure 4.8. The yeast strain showing 

β-glucosidase activity.  

 



 

 

 

 

 

   

 

 

 

 

 

 

 

4.3.2. Antimicrobial activity of yeasts against pathogenic bacteria 

The isolates were screened for their antimicrobial activity against bacterial 

pathogens, namely Listeria monocytogenes, Salmonella typhi, Staphylococcus aureus 

and Escherichia coli. Out of 50 yeasts tested, only one isolate (ICAR G16), previously 

identified as Pichia membranifaciens could show the significant (18 mm) zone of 

clearance against S. aureus (Figure 4.9). However, the cell free extract of P. 

membranifaciens ICAR G16 could not inhibit other pathogens tested. All other yeasts 

did not show any antibacterial activity. 

 

Figure 4.9. Antimicrobial activity of Pichia membranifaciens against Staphylococcus 

aureus 

 

 

 



 

 

 

 

 

 

4.3.3. Alcohol tolerance test 

Ethanol tolerance of the yeast strains (n=50) isolated from fermented CAJ was 

tested. Data presented in Table 4.3 indicates that S. cerevisiae and P. galeiformis strains 

showed the highest ethanol tolerance (15%) as compared to other strains. The one strain 

of C. ethanolica, twelve strains of P. kudriavzevii, three strains of P. manshurica, two 

strains of P. galeiformis, four strains of I. orientalis and two Pichia spp, showed 

tolerance at 5% (v/v) ethanol whereas, seven strains of P. kudriavzevii, one P.  

 

occidentalis, one P. membranifaciens, two R. mucilaginosa, one L. fermentatii, two 

strains of I. orientalis, three strains of P. manshurica, five strains of S. cerevisiae and 

two strains of I. terricola tolerating 10% alcohol.  The yeasts could tolerate at least 5% 

of ethanol. 

 

Table 4.3: Alcohol tolerance of yeasts 



 

 

Culture code Yeast species 

Alcohol 

tolerance 

(%)

ICAR G1 P. kudriavzevii 10%

ICAR G2 P. occidentalis 10%

ICAR G3 C. ethanolica 5%

ICAR G4 P. galeiformis 5%

ICAR G5 P. manshurica 5%

ICAR G6 P. kudriavzevii 10%

ICAR G7 P. kudriavzevii 10%

ICAR G8 P. kudriavzevii 5%

ICAR G9 P. kudriavzevii 10%

ICAR G10 P. manshurica 5%

ICAR G11 Pichia sp 5%

ICAR G12 P. manshurica 5%

ICAR G13 P. galeiformis 5%

ICAR G14 P. galeiformis 15%

ICAR G15 I. orientalis 5%

ICAR G16 P. membranifaciens 10%

ICAR G17 I. orientalis 5%

ICAR G18 I. orientalis 10%

ICAR G19 P. manshurica 10%

ICAR G20 P. manshurica 10%

ICAR G21 S. cerevisiae 10%

ICAR G 22 P. kudriavzevii 5%

ICAR G23 R. mucilaginosa 10%

ICAR G24 Pichia sp 5%

ICAR G25 P. kudriavzevii 5%

Culture 

code
Yeast species 

Alcohol 

tolerance 

(%)

ICAR G26 P. kuriavzevii 5%

ICAR G27 P. kuriavzevii 5%

ICAR G28 I. terricola 10%

ICAR G29 L. fermentatii 10%

ICAR G30 P. kudriavzevii 5%

ICAR G31 P. kudriavzevii 5%

ICAR G32 P. kudriavzevii 5%

ICAR G33 I. orientalis 5%

ICAR G34 P. manshurica 10%

ICAR G35 P. kudriavzevii 5%

ICAR G36 P. kudriavzevii 10%

ICAR G37 P. kudriavzevii 5%

ICAR G38 P. kuriavzevii 10%

ICAR G39 P. kuriavzevii 10%

ICAR G40 P. kuriavzevii 5%

ICAR G41 I. terricola 10%

ICAR G42 P. kuriavzevii 5%

ICAR G43 I. orientalis 10%

ICAR G44 S. cerevisiae 10%

ICAR G45 S. cerevisiae 15%

ICAR G46 I. orientalis 5%

ICAR G47 S. cerevisiae 10%

ICAR G48 S. cerevisiae 10%

ICAR G49 R. mucilaginosa 10%

ICAR G50 S. cerevisiae 10%  

 

 

 

 

4.3.4. Biotransformation of cashew apple juice into volatile metabolites 

 Twenty yeast isolates exhibiting high alcohol tolerance and good fermentative 

characteristics were selected for fermentation of cashew apple juice in controlled 

conditions in order to study the profile of volatiles produced. Once the bubble formation 

on surface layer of the juice was minimal, the fermented juice was distilled.  Under 

traditional system of fermentation method used by local feni producers, the same 



 

 

approach is being followed. The distillate was tested for quality parameters such as total 

acidity, volatile acidity, esters, higher alcohols, aldehydes, alcohol and methanol content 

as per Indian Standard Cashew Feni Specification.  Data is depicted in the Table 4.4. 

Initially, the acidity of the distilled product was checked. Result of the analysis 

showed that all 20 yeast isolates produced total acidity within the threshold limit i.e., 

upto 200 gm/100 ltr of absolute alcohol.  The sample from  traditionally distilled product 

showed higher total acidity than that shown by the samples fermented under controlled 

condtions. Total and volatile acids in the distilled product produced by various yeast 

species are tabulated in the Table 4.4. P. membranifaciens, P. galeiformis, P. 

manshurica, P. kudriavzevii, S. cerevisiae, I. terricola, P. occidentalis, I. orientalis, C. 

ethanolica and L. fermentatii used in cashew apple juice fermentation showed difference 

in total and volatile acids in the distilled product. The range of total acidity and volatile 

acidity of S. cerevisiae (27-36 g/100 L absolute alcohol) and (19.2-26.4 g/100 L absolute 

alcohol) was observed in this study.  

Variations were noticed in the total and volatile acids produced by different 

strains as P. occidentalis 45 g/100 L absolute alcohol and 33.6 g/100 L absolute alcohol, 

I. orientalis (27-39 g/100 L absolute alcohol) and (21.6-33.6 g/100 L absolute alcohol), I. 

terricola (51 g/100 L absolute alcohol) and 40 g/100 ltr absolute alcohol, L. fermentatii  

 

78 g/100 L absolute alcohol and 33.6 g/100 L absolute alcohol, P. galeiformis (57 g/100 

L absolute alcohol) and (14.4 g/100 L absolute alcohol), P. kudriavzevii (27-48 gm/100 

L absolute alcohol) and (21.6-40 g/100 L absolute alcohol), P. manshurica (33 g/100 L 

absolute alcohol) and (21.6 g/100 L absolute alcohol) and R. mucilaginosa 36 g/100 L 

absolute alcohol and 48 g/100 L absolute alcohol.  

 

Higher alcohol, aldehydes and esters 



 

 

 Certain sensory characteristics (fruity flavor) are influenced by higher alcohols 

although these form a comparatively smaller quantity of the total essences.  The end 

products obtained after fermentation with all the 20 yeasts showed the presence of higher 

alcohol. 

Ester and aldehyde contents observed were : P. occidentalis (35.2 and 24.64 

g/100 L absolute alcohol), I. orientalis (21.12 and 13.3-15.84 g/100 L absolute alcohol), 

I. terricola (28.16 and 13.2 g/100 L absolute alcohol), L. fermentatii (21.12 and 23.76 

g/100 L absolute alcohol), P. galeiformis (14.08 and 22 g/100 L absolute alcohol), P. 

kudriavzevii (14.08-35.2 g/100 L absolute alcohol) and (4.4-24.64 g/100 L absolute 

alcohol), P. manshurica (28.16 and 24.64 g/100 L absolute alcohol), R. mucilaginosa 

(49.28 and 19.36 g/100 L absolute alcohol) and S. cerevisiae (21.12-35.2 and 18.48-22 

g/100 L absolute alcohol).  The results (Table 4.4) showed that there were significant 

differences among the various distilled products in respect of ester and aldehyde 

concentrations whereas, higher alcohols were not significantly different. P. occidentalis, 

P. kudriavzevii and S. cerevisiae had the highest ester concentrations, while P. 

kudriavzevii and P. galeiformis the least. But the ester content was within the limit range 

as per IS : 14326: 2005.  

 

 

Alcohol content 

The specific gravity values obtained are noted in Table 4.5. These specific 

gravity values were matched with the chart of specific gravity v/s alcohol (%) from IS: 

3752, 1967, 2005. The value of W = 12.863.  

The ranges of ethanol content reported in this study were: P. galeiformis 

(21.24%), L. fermentatii (30.29%), I. orientalis (21.42 - 32.01%), P. manshurica 

(11.85%), I. terricola (10.92%), S. cerevisiae (35.92 – 41.19%), P. kudriavzevii (22.34-



 

 

34.52%), P. occidentalis (24.86%) and R. mucilaginosa (10.09%). The result showed 

that, all 20 yeast isolates produced significantly different alcohol content. In this study, 

none of the yeasts produced methanol (Table 4.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4.4: Quality of distilled end product produced by various yeast isolates. 



 

 

Total acid 

(g/100 ltr 

absolute 

alcohol)

Volatile acid 

(g/100 ltr 

absolute 

alcohol)

Esters (g/100 ltr 

absolute 

alcohol)

Aldehydes 

(g/100 ltr 

absolute 

alcohol)

Requirement: 

Max 200

Requirement: 

Max 60

Requirement: 

Min 50

Requirement: 

Max 25

1 ICAR G1 P. kudriavzevii 27 40 35.2 red-black 22 22.34  absent

2 ICAR G2 P. occidentalis 45 33.6 35.2 red-black 24.64 24.86 absent

3 ICAR G7 P. kudriavzevii 27 31.2 35.2 red-black 19.36 26  absent

4 ICAR G9 P. kudriavzevii 48 26.4 21.12 Red 4.4 30.29 absent

5 ICAR G14 P. galeiformis 57 14.4 14.08 red-black 22 21.24 absent

6 ICAR G20 P. manshurica 33 21.6 28.16 red-black 24.64 11.8 absent

7 ICAR G18 I. orientalis 27 33.6 21.12 red-black 15.84  21.42 absent

8 ICAR G21 S. cerevisiae 33 26.4 35.2 red-black 22 35.92 absent

9 ICAR G23 R. mucilaginosa 36 48 49.28 red-black 19.36 10.09 absent

10 ICAR G29 L. fermentatii 78 33.6 21.12 red-black  23.76 30.29  absent

11 ICAR G36 P. kudriavzevii 30 21.6 14.08 red-black 19.36 25.83  absent

12 ICAR G38 P. kudriavzevii 39 33.6 35.2 red-black 7.04 33.59 absent

13 ICAR G39 P. kudriavzevii 45 40 21.12 red-black 18.48 23.25 absent

14 ICAR G41 I. terricola 51 40 28.16 red-black 13.2 10.92 absent

15 ICAR G44 S. cerevisiae 33 26.4 28.16 red-black 21.12 39.9 absent

16 ICAR G45 S. cerevisiae 27 21.6 21.12 red-black 18.48 41.19 absent

17 ICAR G43 I. orientalis 39 21.6 21.12 red-black 13.2 32.01 absent 

18 ICAR G48 S. cerevisiae 36 26.4 28.16 red-black 21.12 38.63 absent

19 ICAR G6 P. kudriavzevii 33 26.4 35.2 red-black 24.64 34.52 absent

20 ICAR G50 S. cerevisiae 30 19.2 28.16 red-black 20.24 40.58 absent

21 60 45.6 63.36 red-black 25.52 41.73 absentSample collected from feni unit

Sr.No.
Culture 

code
Yeast species

Characteristics

Higher 

alcohol

Ethanol 

yield (%)
Methanol

 *Requirement as per IS 14326 : 2005 

 

 

 

 

 

 

 

 

 

Table 4.5: Alcohol content (%) in distilled samples 



 

 

Culture 

code
Yeast species

Weight of 

pyknometer 

with 

distillate 

(W1)

Weight of 

pyknometer 

with distilled 

water (W2)

Specific 

gravity 

(W)            

W1-W 

W2-W

Alcohol 

(%)

ICAR G1 P. kudriavzevii 22.17 22.43 0.9728 22.34

ICAR G2 P. occidentalis 22.15 22.43 0.97 24.86

ICAR G7 P. kudriavzevii 22.15 22.45 0.968 26

ICAR G9 P. kudriavzevii 22.15 22.5 0.9636 30.29

ICAR G14 P. galeiformis 22.23 22.48 0.974 21.24

ICAR G20 P. manshurica 22.28 22.43 0.9843 11.85

ICAR G18 I. orientalis 22.17 22.42 0.9738 21.42

ICAR G21 S. cerevisiae 22 22.42 0.956 35.92

ICAR G23 R. mucilaginosa 22.3 22.43 0.9864 10.09

ICAR G29 L. fermentatii 22.15 22.5 0.9636 30.29

ICAR G36 P. kudriavzevii 22.104 22.4 0.9689 25.83

ICAR G38 P. kudriavzevii 22.07 22.46 0.9593 33.59

ICAR G39 P. kudriavzevii 22.19 22.46 0.9718 23.25

ICAR G41 I. terricola 22.32 22.46 0.9854 10.92

ICAR G44 S. cerevisiae 21.97 22.45 0.9499 39.9

ICAR G45 S. cerevisiae 21.95 22.45 0.9478 41.19

ICAR G43 I. orientalis 22.1 22.47 0.9614 32.01

ICAR G48 S. cerevisiae 21.97 22.43 0.9519 38.63

ICAR G6 P. kudriavzevii 21.99 22.39 0.958 34.52

ICAR G50 S. cerevisiae 21.96 22.45 0.9488 40.58

21.96 22.47 0.9469 41.73Sample collected from feni unit  

 

4.4. Discussion 

          Methods used for screening for finding suitable micro-organisms that can produce 

bioactive molecules has been an important fact highlighted in the reviews (Steele and 

Stowers, 1991; Bull et al., 1992). Progress in genetics and microbial physiology has 

significant impact on enzyme production technology. Therefore, assaying for search of 

enzymes could reveal well-defined yeasts for industrial purposes. Amongst the various 

physical parameters, the pH of the growth medium in which the organisms are grown has 

an important function to play which induce morphological alterations in the organism 

and in enzyme secretion (Prasanna Kumar et al., 2004; Blanco et al., 1999). The change  

 



 

 

in pH may also affect the stability of the product during the growth of the organism in 

the medium (Gupta et al., 2003). 

Enzymes derived from organisms are exceedingly efficient and precise 

biocatalysts and are known to be more capable than chemical catalysts which are used in 

organic reactions because of their stability at broad range of pH and temperature (Rai et 

al., 2012; Gurung et al., 2013). Majority of the substrates which have been employed in 

industrial processes are synthesized artificially. This requires continuous search for new 

enzymes able to perform the specified reactions. Worldwide, there has been an 

increasing interest and necessity in searching new prospective microbial enzyme 

producers to develop more novel, sustainable and economically competitive production 

processes (Adrio and Demain, 2014). Isolation and identification of microorganisms 

from natural habitats and searching of a strain by suitable plate-screening methods has 

been the useful and successful technique for the finding of new enzymes (Ghani et al., 

2013; Meera et al., 2013). Production of enzymes for use by industries by indigenous 

microorganisms has contributed to the industrial bioprocesses (Adrio and Demain, 

2014). Thus, testing of microorganisms for the selection of suitable strains is an 

important preliminary step in the making of preferred metabolites (Ghani et al., 2013; 

Arttirilmasi, 2013). Since yeasts were isolated from fermented cashew apple juice, the 

enzyme activities screened were those significant in alcohol and beverage industry 

besides other biotechnological and industrial sectors.  

In the present study, potential of yeasts isolated from naturally fermented cashew 

apple juice have been identified to produce a broad range of EEA. The yeasts strains 

were found to exhibit the enzyme activities for β-glucosidase, lipase and protease 

production. In the present investigation, the starch degrading activity was shown by less  

 



 

 

number of the strains. Earlier studies have demonstrated contradictory results on starch 

degrading activity prolies by yeasts (Charoenchai et al., 1997; Strauss et al., 2001).  In an 

earlier study, the yeasts isolated from the cassava fermentation did not degrade starch 

(Lacerda et al., 2005). The yeasts isolated were also capable of secreting amylase. In this 

study, except P. kudriavzevii, I. orientalis and P. manshurica, none of the other yeast 

strains secreted amylase. The yeast strains isolated from Pozol fermentation, a traditional 

Mexican maize food were not able to produce extracellular amylase (Ampe et al., 1999). 

The amylase has been used widely in starch based industries (Sivaramakrishnan et al., 

2006; de Souza and Magalhaes, 2010). Efficient amylase production has been reported 

from a number of microbial sources (Rao et al., 2007; Hostinova, 2002; Fossi et al., 

2005). The enzyme, amylase has wide industrial application in beverage, food 

processing, pharmaceutical and detergent industries.  Therefore, there has been 

increasing interest among the scientists and industrial researchers to exploit newer 

sources such as novel microorganisms which can be explored for amylase production.  

The proteases produced by yeasts have important role in beverage industry in 

minimizing the chill haze formation in bottled beer (Dizy and Bisson, 2000; Strauss et 

al., 2001). Microorganisms producing proteases are studied widely (Cohen et al., 1975; 

Singh et al., 2012). However, some proteases derived from yeasts have been tried for 

different probable applications (Poza et al., 2001; Rosi et al., 1987). In genetics and 

biochemistry studies for intracellular proteolysis, Saccharomyces cerevisiae has been 

used (Jones, 1984). Studies are largely lacking exploring the possibility of screening the 

extracellular proteolytic activity among certain strains. Proteolytic activity in culture 

supernatants of a Saccharomyces uvarum (carlsbergensis) strain has been reported 

(Maddox and Hough, 1970). The occurrence of proteolytic yeasts (Table 4.2) was  

 



 

 

usually lesser than that reported in this study (Strauss et al., 2001). In this study, R. 

mucilaginosa showed proteolytic activity which was similar to the findings of Duarte et 

al. (2013). Proteolytic activity was observed in Pichia membranifaciens (Fernandez et 

al., 2000). In earlier studies, none of the S. cerevisiae strains examined, have been found 

to produce proteases (Ahearn et al., 1968; Alessandro and Federico, 1980; Foda and Din, 

1979; Kamada et al., 1972). In this study, only one out of six S. cerevisiae strains gave 

positive protease activity. Earlier studies reported the absence of extracellular acid 

protease activity among different species of Saccharomyces (Bilinski et al., 1987).  

However, the existence of exocellular proteases in Saccharomyces have been reported 

(Conterno and Delfini, 1994; Moreno-Arribas et al., 1996; Iranzo et al., 1998).  The 

findings of the present study demonstrated the potential of yeasts isolated from naturally 

fermented cashew apple juice to produce enzymes having industrial applications. The 

enzymes also represent a huge resource to be exploited for biotechnological purposes. 

Out of 50 yeasts screened, fifteen yeast isolates showed urease production. 

Urease producing yeasts could be used in alcohol and beverage industry for inhibiting 

ethyl carbamate formation which otherwise is carcinogenic (Francis, 2006). When urea is 

present in the juice or formed from arginine in high amount, it may react with ethanol 

formed during fermentation leading to formation of ethylcarbamate which is a 

carcinogen (Coulon et al., 2006). Therefore, urease production would be effective in 

preventing this phenomenon.  

Pectinase activity was rare in S. cerevisiae. Poondla et al. (2015) isolated S. 

cerevisiae from fruit waste producing pectinase enzyme which have prospects of 

application in fruit peel pectin degradation and in many industrial sectors. Sahay et al. 

(2013) isolated psychrotrophic Rhodotorula mucilaginosa PT1 strain exhibiting  

 



 

 

pectinase production as also observed in this study, which could be applied to wine 

production and juice clarification at low temperature. The ability to secrete pectinase by 

S. cerevisiae has been reported previously (Gainvors et al., 1994a; Blanco et al., 1999). 

In the present study, two out of six S. cerevisiae strains showed pectinase production.  

Isolation of S. cerevisiae strain secreting  polygalacturonase, pectin lyase and pectin 

methylesterase  has been described (Gainvors et al., 1994a).    

Many cellulolytic microorganisms and their enzyme systems have been studied 

extensively for the enzymatic conversion of cellulosic substances (Gilkes et al., 1991; 

Bey et al., 2011; Boonmak et al., 2011). In the present investigation, all yeast species 

except P. membranifaciens, P. occidentalis, Pichia spp., R. mucilaginosa, I. terricola 

and L. fermentatii contributed in degrading CMC. 

Lipases produced by yeasts are of industrial importance mainly with application 

in detergent and dairy industries (Sharma et al., 2001). Maximum isolates of I. orientalis 

showed lipase activity which was also reported earlier by Costas et al. (2004). Lipase-

producing species were identified as Rhodotorula mucilaginosa by Duarte et al. (2011). 

Similar yeast species isolated by Charoenchai et al. (1997) from wines also showed 

lipase activity. Kurtzman and Fell (1998) reported lack of lipase activity by Lanchancea 

fermentatii. One isolate of P. galeiformis did not show lipase activity. Earlier, 

Rodrigues-Gomes et al. (2010) reported the absence of lipase activity by P. galeiformis 

isolated from rice olives. S. cerevisiae also showed lipase activity as reported earlier 

(Jandrositz et al., 2005). 

Enzyme producing yeasts add sensory characteristics to fermentation product 

(Charoenchai et al., 1997). One of the enzymes expressing fermentative flavor is 

glucosidase.  Non-Saccharomyces wine yeasts containing glucosidase activity have been  

 



 

 

reported earlier (Arroyo et al., 2011). However, no information was available on ability 

of I. orientalis, C. ethanolica and P. galeiformis to exhibit glucosidase activity. It has 

been assumed that yeasts having the ability to hydrolyse bound monoterpenes may 

change the sensory characters of wines and even improve their organoleptic profile 

(Lomolino et al., 2006; Wang et al., 2013; Li et al., 2013). We studied the β-glucosidase 

activity of yeast strains isolated from fermented cashew apple juice.  

The utilization of esculin in the medium as sole carbon source for yeast growth 

with supplementation of ferric ammonium citrate was regarded as dependable method for 

detecting β-glucosidases (Mendes-Ferreira et al., 2001). Apart from S. cerevisiae (Mateo 

and Di Stefano, 1997), non-Saccharomyces species of yeasts have been found to produce 

glucosidases in ample quantity (Rosi et al., 1994; Miklosy and Polos, 1995). These 

findings were confirmed in the present study. In this study, two I. orientalis isolates 

showed glucosidase activity, whereas, one I. terricola isolate showed enzyme activity as 

was also found from isolate from grapes by Gonzalez-Pombo et al. (2011). On the other 

hand, C. ethanolica, L. fermentatii, P. membranifaciens and P. occidentalis did not show 

any glycosidase activity. In this study, only one S. cerevisiae strain produced this 

enzyme which is in accordance with previous reports showing less S. cerevisiae activity 

on arbutin and thus exhibiting β-glucosidase activity (Spagna et al., 2002; Rodriguez et 

al., 2004). Yeast with β-glucosidase becomes an interesting property for bioflavouring 

especially by non-Saccharomyces yeast (Gonzalez-Pombo et al., 2011; Mateo et al., 

2011). S. cerevisiae isolated from grape pomace and other sources produced glucosidase 

activity which imparted flavours to grape-derived alcoholic beverages (Lomolino et al., 

2006; Delcroix et al., 1994; Rosi et al., 1994). Candida and Pichia also contribute in 

producing glucosidase. In a study carried out by McMahon et al. (1999), β-glucosidase  

 



 

 

production by strains of the genera Candida, Pichia, Saccharomyces was determined, 

however, one strain of Saccharomyces showed the activity. 

A pronounced β-glucosidase activity was demonstrated by non-Saccharomyces 

yeasts (Daenens et al., 2008a, b). The glucosidases have wide significance in the wine 

industry with their ability to liberate flavour compounds from glycosidically bound non-

volatile precursors in wine (Ubeda and Briones, 2000; Maicas and Mateo, 2005; Arevalo 

et al., 2007). Our results open the possibility for the use of these strains to improve the 

aromatic characteristics of the fermented beverages with regard to the liberation of 

terpenes.  

In the present study, P. membranifaciens isolated from cashew apple juice 

showed antimicrobial activity against S. aureus. It is a virulent pathogen causing severe 

infections involving multiple organs and systems (Archer, 1998). Biological 

control/inhibition of pathogen using antimicrobial yeast isolated from fermented cashew 

apple juice has been studied. Since P. membranifaciens could inhibit this pathogen, it 

can be used as a probiotic yeast. The inhibitory activity of the yeast might be due to the 

presence of bioactive compounds present or due to secretion of killer toxin which is 

detrimental to the survival of the cells of different bacteria (Prabhakar et al., 2012; Heard 

and Fleet, 1987). Recently, a killer toxin from P. kudriavzevii RY55 has been shown to 

exhibit antibacterial activity against several human pathogens such as Escherichia coli, 

Enterococcus faecalis, Klebsiella spp., S. aureus, Pseudomonas aeruginosa and P. 

alcaligenes (Bajaj et al., 2013). 

P. membranifaciens had been found to exhibit antagonistic activity against 

parasitic fungus Botrytis cinerea (Masih et al., 2001). In an another study, killer toxin of 

P. membranifaciens was used as a biocontrol agent against Botrytis cinerea (Santos and  

 



 

 

Marquina, 2004). P. membranifaciens, C. famata and R. mucilaginosa isolated from 

fruits showed antagonistic action against Penicillium digitatum (causative agent of fruit 

rot of orange) (Ghosh et al., 2013). P. membranifaciens isolated from olive brines was 

found to secrete a killer toxin, which inhibited spoilage yeast, Brettanomyces 

bruxellensis (Santos et al., 2009). There are no studies available showing antimicrobial 

activities of P. membranifaciens isolated from fermented cashew apple juice. This study 

provided important insights towards the utilization of the concealed oenological potential 

of P. membranifaciens isolated from naturally fermented cashew apple juice. The results 

obtained demonstrated the value of yeast as a antibacterial  inhibiting pathogenic strain 

of S. aureus. The results of the study may lead to the development of novel antimicrobial 

chemotherapeutic agents and new bio-based safer candidates for food preservation.  

It has been well established that at the commencement of fermentation, yeasts are 

subjected to high sugar concentration and as the ethanol is produced, both the sugar and 

ethanol causes stress to the yeast strain. As ethanol concentration in media increases, 

there is usually reduction in growth of the organism. Ethanol is known to act as an 

inhibitor to yeast cells by decreasing  membrane fluidity and denaturation of membrane 

proteins inducing loss of cell survival and inhibition of both yeast growth and different 

transport systems (Jimenez and Benitez, 1988; Ding et al., 2009). In other way, 

fermentation remains incomplete or poor, with low ethanol yield, the separation process 

by distillation and absorption might have some problems.  High amount of ethanol has 

three detrimental effects on yeasts, it decreases the rate of growth, induces damage to the 

mitochondrial DNA in yeast cells and inactivate some important enzymes required for 

alcohol production i.e. hexokinase and dehydrogenase (Ibeas and Jimenez, 1997) 

ultimately slowing the glycolytic reaction (Millar et al., 1982), and of fermentation and  

 



 

 

its cell viability, cell member structure and function. Therefore, some efforts are needed 

to be taken to increase the ethanol yield. S. cerevisiae can adapt to high alcohol 

concentration (Olson and Hhn-Hagerdal, 1996). Thus, ethanol tolerant yeast strains are 

beneficial in order to achieve high fermentation efficiency and finally a high yield of 

ethanol (Bauer and Pretorius, 2000). 

Thus, search for yeast strains having a elevated resistance to ethanol stress is of 

immense importance for their economic value for traditional brewing. S. cerevisiae was 

found to be a superior yeast tolerating alcohol (Alexandre et al., 1994) but there are very 

few reports on high alcohol tolerance of non-Saccharomyces yeasts.  We examined the 

ethanol tolerance of the yeast strains in PDB medium with 5%-25% ethanol 

concentration. The range of ethanol tolerance obtained in the present study was 5-15% 

which correlated with the previous report by Benitez et al. (1983). The physiological 

basis for ethanol tolerance in yeasts remains obscure (Nowak et al., 1981).  

The present study observed variation in ethanol tolerance among isolated yeasts. 

S. cerevisiae and P. galeiformis demonstrated the highest ethanol tolerance (15%) as 

compared to other yeasts. It could be because yeasts could synthesize chaperone 

proteins in response to high alcohol (Ding et al., 2009).  Two strains of Saccharomyces 

species Strain TBY1 and strain TGY2 showed tolerance of 15.5% (v/v) and 16% (v/v) 

of ethanol (Kumsa, 2010) which was more as compared to S. cerevisiae tested in this 

study. In an attempt to check the viability of yeast cells under different concentrations 

of ethanol, Tikka et al. (2013) reported seven strains of S. cerevisiae obtained from 

different fruit sources showing a range of tolerance levels between 7-12%, with 

maximum of 12% ethanol tolerance by one of the strain. Two of the yeast strains S. 

cerevisiae and P. galeformis tolerated 15% ethanol which is in accordance with earlier  

 



 

 

report (Sathees Kumar et al., 2011) wherein, S. cerevisiae isolated from toddy tolerated 

higher ethanol concentration. Similar results were reported by Khaing et al. (2008) and 

Moneke et al. (2008) and observed  that the S. cerevisiae (KY1 and KY3) and Orc 2 

strains tolerated up to 15% of ethanol in the medium and S. cerevisiae (KY2) and Orc 6 

tolerate up to 20% of ethanol. S. cerevisiae isolated from oil palm wine tolerated ethanol 

at 10% (Nwachukwu et al., 2006), by strain isolated from raffia palm wine at 20% 

(Bechem et al., 2007) and by strain isolated from fermenting cassava tuber yeasts 

(Ekunsanmi and Odunfa, 1990) have been reported.  Interestingly, none of the strains 

except S. cerevisiae and P. galeformis showed growth at 15% ethanol concentration. 

Bulawayo et al. (1996) and Bechem et al. (2007) observed similar inhibition of growth 

at 15% alcohol concentration for other yeasts. Another study reported growth of all 

isolates at 6% (v/v) ethanol, with S. cerevisiae tolerating the highest concentration of 

12% (v/v) (Maragatham and Panneerselvam, 2011a,b). 

Desai et al. (2012) reported Candida spp. strains IS1, IS3 and IS7 as ethanol 

tolerant. The present work demonstrated that although ethanol production was 

traditionally associated with yeasts, not all yeasts were able to tolerate higher 

percentage of ethanol. Yeast strains isolated from grapes by Unaldi et al. (2002) showed 

the maximum alcohol tolerance upto 9% (v/v) whereas, Saccharomyces sp. isolated 

from date palm showed 12% alcohol tolerance (Gupta et al., 2009).  

This high ethanol tolerance may be due to lipid content of yeast plasma 

membrane (Ingram and Bhuttke, 1984; Vanegas et al., 2012). Evaluation of tolerance by 

various yeasts indicated that isolates were having varying potential of alcohol tolerance. 

Ethanol tolerance is an important attribute of yeasts in the field of alcohol production 

helping in improving the fermentation rate and alcohol production.  

 



 

 

Yeasts play an important role in biotransformation of carbohydrates (fruit sugar) 

into alcohol which is a way of preservation and also this act prevents the wastage of 

agriculturally waste fruits (Fernando and Loreto, 1997). Use of some tropical fruits for 

wine production using yeast strains has been reported (Obisanya et al., 1987; Ndip et al., 

2001; Ezeronye, 2004). Yeasts are the major group of organisms responsible for 

alcoholic fermentation, which is a complex microbial reaction involving the sequential 

development of various species of microorganisms (Combina et al., 2005). Besides 

Saccharomyces, non-Saccharomyces yeasts which survive for 1-2 days in the initial 

stages of fermentation produce secondary metabolites (Esteve-Zarcoso et al., 1998). 

Non-Saccharomyces die off due to ethanol production (Fleet, 1984; Heard and Fleet, 

1985), therefore, ethanol tolerant yeasts need to be selected for fermentation. Use of 

potential yeast strains with superior ethanol tolerance to get better ethanol yields in the 

fermented wash would decrease the distillation costs and hence the profitability of the 

entire process (Chandrasena et al., 2006).  

During fermentation, yeasts convert sugars to ethanol and carbon dioxide as well 

as produce numerous flavor compounds during fermentation that determine the alcohol 

quality (Raineri and Pretorius, 2000). Investigation concerning fermented alcoholic 

beverages indicated that the main compounds (alcohol, higher alcohols, esters and 

aldehydes) which contribute to flavor were formed during fermentation by yeasts (Dato 

et al., 2005; Patel and Shibamoto, 2003). Various different yeast species and strains are 

involved in imparting volatile flavors (Estevez et al., 2004; Molina et al., 2009; Nurgel 

et al., 2002; Oliveira et al., 2005; Perez-Coello et al., 1999; Patel and Shibamoto, 2003; 

Swiegers and Pretorius, 2005).  

 

 



 

 

Desirable sensory characteristics have been contributed by the growth of non-

Saccharomyces yeasts and diverse indigenous Saccharomyces strains, while, products 

produced by single strain are supposed to be simpler and less interesting (Fleet, 1990; 

Lema et al., 1996). Saccharomyces and non-Saccharomyces species have been shown to 

impact specific flavor and aroma compounds (Zoecklein et al., 1997; Otero et al., 2003; 

Romano et al., 2003). The concentrations of majority of the volatile compounds were 

significantly influenced by the type of the inoculated yeast strain, due to the metabolic 

disparities between strains. Various S. cerevisiae strains which are found to produce 

various volatile compounds have been generally used in alcoholic fermentation of grapes 

(Alvarez and Garcia, 1984; Aragon et al., 1998). 

A 5% inoculum was inoculated for cashew apple juice fermentation which 

according to Gibbons and Westby (1986) results in rapid ethanol production and the 

lower inocula might result in lowered final yeast populations and increased fermentation 

times. Twenty yeast isolates with high alcohol tolerance and good fermentative 

characteristics selected for alcohol production were checked for biotransformational 

characteristics.  

Fine aroma compounds are usually formed during alcoholic fermentation  

(Wondra and Berovic, 2001). The yeast strain suitable for production of fermented 

beverage should have high fermentability, tolerance to ethanol, sedimentation property 

and no effect on titratable acidity (Joshi et al., 2009). The flavor profile of the end 

product depends on yeast strains (Chen and Xu, 2010). In the present study, the 

fermentation efficiency of the distillate was influenced by yeast strains as had been 

reported earlier (Joshi et al., 2009). Distillates produced from different yeast strains 

demonstrated significant variation in quality parameters. As reported earlier (Vilanova  

 



 

 

and Massneuf-Pomarede, 2005)  significant differences in quality parameters of wines 

produced from different yeast strains were observed.Volatile acidity (VA) is present 

naturally in the fruit juice and most is formed by yeast during fermentation (Vilela-

Moura et al., 2011). It should be within a threshhold limit. According to Bureau of Indian 

Standards, feni should contain VA within the range upto 60 gm/100 L of absolute 

alcohol. If it is more than the limit, finished beverage leads to a sharp vinegary flavour 

and if its very poor, beverage leads to poor and dull taste. The results of present study 

showed that, all 20 yeast isolates produced VA within the threshold limit. The sample 

traditionally produced product (field sample) showed higher VA. It could be because of 

the metabolic effects and interactions among mixed culture (yeast-yeast or yeast-bacteria 

interaction) present during fermentation (Petravic-Tominac et al., 2013). Even acetic acid 

bacteria present in mixed culture fermentation could be another possibility for high level 

of acetic acid (Vilela-Moura et al., 2011) in the sample collected from field.  Volatile 

acidity of the wines may vary depending on the yeast strains used (Lambretchs and 

Pretorius, 2000; Fleet, 1990; Petravic-Tominac et al., 2013). Volatile acidity was found 

to be lower than that seen in pure cultures of non-Saccharomyces yeast as observed in 

mixed or sequential cultures of H. uvarum/S. cerevisiae (Ciani et al., 2006). On the other 

hand, R. mucilaginosa produced more level of VA than the field sample and might be 

attributed to its nature as spoilage organism.  

In this study, the distilled products obtained by different yeasts were colourless.  

P. membranifaciens, P. galeiformis, P. manshurica, P. kudriavzevii, S. cerevisiae, I. 

terricola, I. occidentalis, I. orientalis, C. ethanolica and L. fermentatii used in cashew 

apple juice fermentation showed difference in total and volatile acids in the distilled 

product. The range of total acidity and volatile acidity of S. cerevisiae (0.27-0.36%) and  

 



 

 

(0.19-0.26%) observed in this study has been reported earlier by Okunowo et al. (2005) 

in case of orange juice. The highest total acidity as tartaric acid was 0.75% with S. 

cerevisiae from sugarcane molasses and least was 0.59% with S. cerevisiae var. 

ellipsoideus. The volatile acidity as acetic acid was 0.25% with S. cerevisiae from 

sugarcane molasses, 0.17% with S. cerevisiae var. ellipsoideus and least as 0.16% with 

S. cerevisiae from yam. Study by Attri (2009) found increased titratable acidity, volatile 

acidity, esters and decreased aldehydes with alcohol yield of 8.25% in cashew apple 

wine produced by fermentation using S. cerevisiae. On cashew apple juice fermentation 

with S. cerevisiae, cashew wine was slightly yellowish, acidic in taste (titratable acidity 

[1.21  g tartaric acid/100 mL]), high in tannin  and low in alcohol (7%) concentration 

(Shuklajasha et al., 2005). The physical and chemical characters of mango wines 

fermented by S. cerevisiae CFTRI 101 showed total acidity (0.6-0.7%), volatile acidity 

(0.1-0.2), higher alcohols (131-343mg/l) and esters (15-35mg/l) (Reddy and Reddy, 

2009). Sorghum beer produced by fermentation of sorghum using S. cerevisiae and I. 

orientalis showed characteristic physicochemical properties of beer. Titratable acidities 

by S. cerevisiae and I. orientalis were 0.86% and 0.81%, co-fermentation produced 

0.89% acidity (Lyumugabel et al., 2014). Okunowo et al. (2005) identified that the 

percent TTA was 0.85 with S. cerevesiae from sugarcane molasses and 0.84  with S. 

cerevesiae from yam and 0.79 with S. cerevisiae var. ellipsoideus.  

Maturity of fruits governs the synthesis of higher alcohols during fermentation. 

Certain sensory characteristics (fruity flavor) might be influenced by higher alcohols in 

spite of their comparatively lesser amount of the total substances. The concentrations of 

amino acids, yeast strain used, fermentation temperature and pH influences the level of 

higher alcohols in final product (Swiegers and Pretorius, 2005). Fermentation process  

 



 

 

may change the aroma of fruit juice as there is production of yeast volatiles and the 

induced metabolism of original fruit volatiles (Reddy and Reddy, 2009). This study 

identified yeast species like I. terricola, I. orientalis, I. occidentalis which were initially 

found to be unrelated with the wine making process (Di Maro et al., 2007). Giudici et al. 

(1990) examined different strains of S. cerevisiae showing different ability of higher 

alcohol. Some of these have been infrequently isolated previously from wine 

fermentations (Pallmann et al., 2001; Sabate et al., 2002; Di Maro et al., 2007). 

However, Clemente-Jimenez et al. (2004) reported I. orientalis strain showing high 

amount of higher alcohols after S. cerevisiae during wine fermentation. In contrast, I. 

terricola demonstrated lesser fermentative power (Clemente-Jimenez et al., 2004). 

Wondra and Berovic (2001) reported higher alcohols in the range of 263.5 mg/L-738.4 

mg/L and oxidation of alcohol to aldehyde resulted in excess amount of aldehydes in 

wine leading to oxidized and acidic taste.  

Aldehydes are important compounds for aroma and taste of alcoholic beverages 

present naturally in raw materials such as cashew apple juice (Sampaio et al., 2013; 

Osorio and Cardeal, 2013) but much of it is produced by yeasts during fermentation 

(Pigeau and Inglis, 2007; Frivik and Ebeler, 2003) or through chemical oxidation 

reactions (Liu and Pilone, 2000; Osorio and Cardeal, 2013). Its production varies from 

yeast species and strains. In the present study, aldehyde production using all the 20 yeast 

isolates was found to be within permissible limits making it desirable character of 

distilled beverage. The field sample showed higher aldehyde contents. According to BIS, 

feni should contain aldehyde within the range upto 25 gm/100 L of absolute alcohol. 

Aldehyde production indicate incomplete alcoholic fermentation or oxidation of alcohol  

 

 



 

 

(Amerine et al., 1980), but high concentrations may be toxic to humans, since these are 

considered to be responsible for the disagreeable effects.  

The percentage of esters depends on components of distillate and the distillation 

process (Amerine, 1974). Esters are a group of volatile aromatic compounds responsible 

for fruity flavor and thus increasing the quality of fermented beverages and have low 

thresholds (Saerens et al., 2007). Most esters are the secondary metabolites produced by 

the yeasts during fermentation (Saerens et al., 2010; Sumby et al., 2010). Pichia sp. 

strains increased the ester production level in beer fermentation and it was affected by 

many factors like variety of fruit, clarification and fermentation conditions (Reddy and 

Reddy, 2009). Ester formation also depends on sugar fermentation in relation to alcohol 

acetyl transferase activity which is governed by composition of fatty acid of yeast cell 

membrane (Yoshioka and Hashimoto, 1984, 1983). In the present study, all 20 yeast 

isolates produced esters within the threshold limit. The field sample showed higher ester 

concentrations. Ester levels are largely determined by the amounts of corresponding 

alcohol produced by the yeast since alcohol or higher alcohol and acetic acid are 

substrates for ester formation (Calderbank and Hammond, 1994; Lilly et al., 2000; Pires 

et al., 2014) which might have resulted in high level. Spoilage organisms may also 

contribute to higher ester formations (du Toit and Pretorius, 2000). The  spoilage 

organisms may be responsible to produce off flavor or vinegary flavor which include 

species and strains of the yeast of the genera Brettanomyces, Candida, Hanseniaspora, 

Pichia, Zygosaccharomyces, the lactic acid bacterial genera, Lactobacillus, Leuconostoc, 

Pediococcus,  and the acetic acid producing bacterial genera Acetobacter and 

Gluconobacter (Mas et al., 2014).  

 

 



 

 

In case of 20 distillates which were produced by using single cultures showed 

less ester production, which could be because of lower alcohol/higher alcohol production 

which are substrates required for ester formation. In some cases, the ester levels were 

low which could be attributed to low expression of enzymes responsible for ester 

formation (Calderbank and Hammond, 1994; Lilly et al., 2000). But overall, ester 

productions were less than the minimum limit range mentioned as per IS but the range 

varied from yeast to yeast.  

Various strains of native yeasts competent of producing ethanol have been 

isolated from various local sources including molasses sugar mill effluents, locally 

fermented foods and fermented pineapple juice (Rose, 1976; Anderson et al., 1986; 

Ameh et al., 1989; Eghafona et al., 1999).  The use of ideal microbial strain, appropriate 

fermentation substrate and suitable process technology influence the yield of ethanol 

employing microbial fermentation.  

Variability in alcohol yield was reported in many studies (Gorzynska et al., 

1973). Different S. cerevisiae strains tolerating 12% ethanol found to yield 12.5% and 

8.9% ethanol after fermentation whereas, strain tolerating 3% ethanol was found to yield 

12.06% ethanol (Gupta et al., 2009). Alcohol yield by S. cerevisiae and Trichoderma sp. 

on sweet potato was 47g/100g sugar consumed (Swain et al., 2013). Aerobic yeasts of 

the genera Pichia and Williopis are found to produce less alcohol (Erten and Campbell, 

2001). Cabrera et al. (1988) found ethanol production by the four Saccharomyces strains 

on fermentation of sterile musts from Pedro Ximénez grapes to be similar. In the present 

study, the distillates produced after fermentation with monocultures of yeasts showed 

variation in the amount of alcohol production. Some yeasts produced very little amount 

of alcohol. It could be due to oxidation of alcohol to acetaldehyde or might be due to  

 



 

 

inherent ability of yeast to produce less alcohol even though had high alcohol tolerating 

ability. Culture of P. manshurica even though tolerated 10% alcohol, it produced only 

11.8% alcohol. In case of culture with R. mucilaginosa, ester synthesis was very high 

compared to other yeast species, however, it was less than the limit required. It could be 

because ester production is mainly the characteristic of acetic acid bacteria (Mas et al., 

2014). Therefore high ester concentration in field sample, compared to other 

monoculture yeast distilled samples may be dur to the presence of acetic acid bacteria in 

natural distilled sample (field sample) whereas distilled sampled produced yeast 

monoculture had less effect in ester production. However, each yeast (except R. 

mucilaginosa) even though produced little alcohol, these could produce volatile 

compounds as necessary criteria for yeast selection for fermentation on industrial scale. 

The early stages of fermentation is dominated by R. mucilaginosa , and its occurrence 

along with the Pichia species later in fermentation could add to difficulty but also 

decrease the wine quality (Deak and Beuchat, 1993; Loureiro and  Malfeito-Ferreira, 

2003). 

In majority of the studies reported, the favored candidate for industrial production 

of ethanol has been S. cerevisiae. Ethanol yield by S. cerevisiae and I. orientalis in 

sorghum beer production was 4.34% and 1.49% and co-fermentation yielded 4.56% 

(Lyumugabel et al., 2014). It has been reported that, the total alcohol produced was the 

least with S. cerevisiae var. ellipsoideus and the highest  with S. carlsbergensis 

(Okunowo et al., 2005) with the optimum pH ranging from  3.81 for S. cerevisiae var. 

ellipsoideus and 3.71 for S. cerevisiae. Yeasts isolated from traditional dough products 

produced alcohol content of 11.3-11.5% (Kumsa, 2010). Alcohol content produced by S.  

 



 

 

cerevisiae was in the range of 6-11% which was similar to S. cerevisiae isolated from 

ripe banana peels exhibiting the best attributes for ethanol production by tolerating 6 - 

12% (v/V) ethanol (Brooks, 2008). S. cerevisiae producing 8-12% alcohol in Papaya 

pulp alcoholic fermentation has been reported (Maragatham and Paneerselvam, 2011a,b). 

Tomato wine produced by S. cerevisiae from tomato juice fermentation resulted in 

alcohol yield of 10-12% (Many et al., 2014). Another study by Kim et al. (2008) found 

ethanol (7.8%) from grapemust fermentation using I. orientalis and S. cerevisiae. 

Pineapple juice fermentation by S. cerevisiae produced (8.4%) ethanol in the final 

product (Panjai et al., 2009).  Production of mango wine from mango fermentation using 

S. cerevisiae produced 6.3%-8.5% ethanol (Reddy and Reddy, 2009). It was reported that 

wine yeasts could grow well at 10% (V/V) and fairly well at 15% (V/V) ethanol (Benitez 

et al., 1983). In this study the ethanol tolerance was found to be less than previous 

reports (Benitez et al. 1983). Alcohol production from cashew apple juice using S. 

cerevisiae with 15.64 g/l of ethanol concentration has been reported (Karuppaiya et al., 

2010). Neelakandan and Usharani (2009) showed bioethanol production from cashew 

apple juice using S. cerevisiae with 7.62% ethanol. S. cerevisiae isolated from banana 

peels on fermentation reduced 5.8% alcohol at 37°C (Brooks, 2008).  

Methanol in high concentration has been reported in alcoholic beverages obtained 

from fermented fruits distillates especially the beverages which are traditionally home-

made and not tested chemically (Croitoru et al., 2013). It occurred naturally at a low 

level in most alcoholic beverages without causing harm (Paine and Davan, 2001). It is 

naturally present in fruit in form of pectin wherein during fruit fermentation or due to 

enzyme addition, pectin methylesterase breaks down pectin releasing methyl ester group 

producing methanol in beverage (Micheli, 2001), which is poisonous leading to health  

 



 

 

risk if present in high amount in any food product (Croitoru et al., 2013). In the process 

of distillation of fermented fruits, methanol is distilled together with ethanol due to their 

similar physicochemical properties. That is the reason why all alcoholic beverages 

obtained from fermented fruits may contain methanol which is undesirable (Zocca et al., 

2007), due to its high toxicity for humans. In the present study, the methanol 

concentration was measured in the distillates. None of the yeasts produced methanol. It 

could be because either distillation was conducted carefully and completely avoiding the 

methanol or cashew apples used for juice extraction were not too ripe or cashew apples 

were low in pectin.  

No detectable methanol levels were found in the all the distillate samples. The 

strains of S. cerevisiae generally do not produce methanol but the hydrolysis of pectin 

present in fruits i.e. maceration of the fruit juice along with skin peels could contribute to 

production of methanol (Amerine et al., 1980).   

In conclusion, the yeast strains subjected to fermentation using fresh cashew 

apple juice as substrate have their own impact on quality of the end product and 

produced a beverage with balanced volatile compounds. None of the yeast strains 

showed negative quality parameters. Among all the used strains, Saccharomyces as well 

as non-Saccharomyces strains were found to be efficient in fermentation. It was observed 

that fermentation behaviour and quality was influenced by the yeast strains used. Among 

the identified yeast strains, S. cerevisiase as well as P. galeiformis, P.kudriavzevii and I. 

orientalis performed well and can be potentially used for obtaining quality products. 

Several studies have demonstrated the impact of non-Saccharomyces yeasts on 

composition of the beverages, with promising aromatic development as reviewed by 

Ciani et al. (2010). Results of the present study have demonstrated the potential of non- 

 



 

 

Saccharomyces yeast strains to be used in mixed starter cultures together with S. 

cerevisiae, and may be considered as a strategy to improve complexity of the beverages. 

The naturally fermented cashew apple juice can be explored as source of novel yeasts 

capable of producing enzymes for industrial applications. The yeasts have shown high 

alcohol tolerance. Cashew apples, considered as agricultural waste, have potential to be 

used for substrate for enzyme production. The traditional distilled product of Goa “Feni”, 

has been produced in highly traditional way. There have been no attempts to improve the 

quality of the product through manipulation of the microflora for controlled fermentation 

and also done in the most unhygienic way. The main limitations perceived by the 

enterpreneurs involved in Feni industry include lack of uniformity in quality, highly 

traditional, non-standardized processes for juice extraction, fermentation, distillation and 

disparity in these processes. Also there is lack of consistency in product quality varying 

from enterpreneur to enterpreneur. Fermentation of cashew apple juice under possible 

controlled condtions with naturally occurring yeast strains may help to improve the 

quality of the product. This will also help maintain the uniform quality of the product as 

well to create a brand. This in turn will help to earn more per unit area of cashew 

plantations.  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

Chapter 5 

 

Summary and Conclusion, 
and Future needs for 

research 
 

 

 

 

 



 

 

 

Diversity of yeasts isolated from the naturally fermented cashew apple juice 

samples from various locations in Goa was studied. The isolates were characterized 

using various biochemical tests and the the 26S rDNA/ITS sequencing. The yeasts were 

characterized for various functional attributes such as enzyme activities, antimicrobial 

activity as well as effects of fermentation practices using monocultures which produced a 

variety of volatile and aroma in the end products. The diversity of non-Saccharomyces 

species present during the natural cashew apple juice fermentation had been shown to be 

broad, and their diversity ranged from genera; Pichia, Saccharomyces, Issatchenkia, 

Rhodotorula, Candida and Lanchancea. Diverse yeast flora explored in fermenting 

cashew apple juice in various locations in Goa were identified as P. membranifaciens, P. 

kudriavzevii, P. galeiformis, P. manshurica, P. occidentalis,  I. orientalis, I. terricola, C. 

ethanolica, L. fermentati, S. cerevisiae and R. mucilaginosa. Non-Saccharomyces yeasts 

showed the potential to exhibit various extracellular enzyme activities. Yeast species 

showed various enzyme-based biotransformational abilities (amylase, protease, urease, 

pectinase, lipase, cellulase and β-glucosidase) having industrial applications. Enzymes 

produced by the yeast species associated with naturally fermented cashew apple juice 

need to be utilized to initiate expected biotransformations for industrial purposes. Pichia 

membranifaciens showed antimicrobial activity against Staphylococcus aureus and could 

be used against staphylococcal infections. Isolation of high ethanol tolerant yeasts from 

fermented cashew apple juice is an attractive alternative other than the traditional 

Saccharomyces spp. Most of the isolated yeast strains showed 10-15% alcohol tolerance. 

S. cerevisiae and P. galeiformis strains showed the higher ethanol tolerance and offered 

the potential to improve yields of ethanol in the distillaries which in turn can reduce the 

costs of distillation.  



 

 

 

Fermentation employing 20 different yeast strains isolated from naturally 

fermented cashew apple juice showed a varying influence on the compositions and 

volatile aroma compounds in distilled end products. The flavor and aroma components 

estimated from the distilled products from fermentation with monocultures of yeasts 

were within the acceptable limits as per standard of Bureau of Indian Standards for 

cashew feni (IS 14326 (2005)) distilled in the state of Goa. Cashew apple juice distillate 

using S. cerevisiae and P. kudriavzevii used for fermentation produced higher yields of 

alcohol. This provides another good alternative for the alcoholic beverage industry. 

Besides Saccharomyces, this study also helped to yield novel strains of yeasts and tap 

their potential for use as cultures in alcohol industry.  

It was evident that by employing non-Saccharomyces yeasts together with S. 

cerevisiae might prove an useful strategy to enhance the organoleptic properties of the 

beverages. The yeasts used for fermentation as monocultures did not produce negatively 

perceived volatile compounds (e.g. acetic acid) in extreme amount and produced 

desirable esters flavor bound precursors and alcohol quality. To gain further insight into 

the many potential benefits that may come from the co-inoculation of non-

Saccharomyces and S. cerevisiae, more investigations need to be conducted to establish 

the importance of use of selected cultures in mixed culture fermentation.  Moreover, the 

interactions that occur between the species should be investigated using several 

approaches, ranging from the biochemistry behind the relevant pathways which the yeast 

employs to the physical environment in which fermentation occurs. In this manner, a 

more holistic interpretation of what occurs in mixed fermentations can be made. 

This study revealed the need for exploitation of agriculturally and industrially 

neglected by-products which are under utilized as substrates for alcohol production as  



 

 

 

well as for enzymatic processes.  In this study, diverse yeasts isolated from naturally 

fermented cashew apple juice with appreciable fermentation attributes were 

characterized. The yeasts also had the ability to enhance ethanol yield minimizing the 

cost of production. Cashew apples are  available in abundance in Goa and adjoining 

areas and thus serve as readily available raw material for the isolation of yeasts having 

industrial importance. 

 

The needs for future research 

Despite the use of fermentation of foods as a method for food preparation and 

preservation of foods since ancient times, the mechanisms for transformations using the 

microbial and enzymatic progressions were basically unknown. In the recent years, there 

has been increased interest to study these processes at industrial level and their 

application in industries and subsequent commercialization. Yeasts through fermentation 

processes provide a great scope and potential for their use in meeting the increasing 

demand worldwide for food through efficient utilization of under utilized food and feed 

resources. The  indigenous microflora particularly yeasts play an important role in the 

production of fermented food products, their  preservation. It is essential that this age old 

wisdom is preserved and utilized to its fullest extent to meet the growing demand of 

foods worldwide.  

A large number of microbes including yeasts are unculturable on laboratory 

media and regarded as viable but non-culturable. This phenomenon offers limitations to 

our understanding of the physiology, genetics, and ecology of microbes. Molecular 

biological techniques, namely, metagenomics may provide valuable insights about these 

microbes. This can help in identification of novel microorganisms paving way for  



 

 

 

suggesting novel biocatalysts and biosynthetic pathways. Antimicrobial activity detected 

in this study could be further explored by studying the proteomics of antimicrobial 

compound and to elucidate the complex cellular responses of Pichia membranifaciens to 

antimicrobial compound which could give insights in the mode of action of this 

antimicrobial compound. 

Having observed the inherent attributes in feni such as astringent smell, lack of 

original fruity flavor, inconsistent yield due to disparity in the methods of fermentation, 

there is need to research these issues. The fermentation process used for feni production 

needs uniformity in tune with commercial attributes and consistent output of quality and 

yield. Fermentations using mixed cultures such as Saccharomyces cerevisiae and non-

Saccharomyces yeasts may provide a possible way towards improving the intricacy and 

improving the specific characteristics of the end product produced from fermented 

cashew apple juice. Except in the state of Goa, cashew apples are not wholly utilized 

anywhere else. This huge resource goes waste in spite of its value as a source of nutrients 

and a substrate for alcohol production and warrants due attention.  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

BIBLIOGRAPHY 
 

 

 

 

 

 

 

 

 

 

 



 

 

 

Abranches, J., Morais, P.B., Rosa, C.A., Mendonca-Hagler, L.C. and Hagler, H.N. (1997) The 

incidence of killer activity and extracellular proteases in tropical yeast communities. 

Canadian Journal of Microbiology 43, 328–336. 

Abreu, F.A.P. (1997) Aspectos tecnológicos da gaseificação do vinho de caju (Anacardium 

occidentale L.). Master’s Thesis, Universidade Federal do Ceará, Fortaleza, Brazil, p.95. 

Adebayo, C.O., Aderiye, B.I. and Akpor, O.B. (2014) Assessment of bacterial and fungal 

spoilage of some Nigerian fermented and unfermented foods. African Journal of Food 

Science 8, 140-147 

Adebayo-Oyetoro, A.O., Oyewole, O.B., Obadina, A.O. and Omemu, M.A. (2013) 

Microbiological Safety Assessment of Fermented Cassava Flour “Lafun” Available in 

Ogun and Oyo States of Nigeria. International Journal of Food Science 2013, Article 

ID 845324, 5 pages 

Aderiye, B.I. and Mbadiwe, U.V. (1993) Alcohol production in submerged cashew pomace. 

Plant Foods for Human Nutrition 43, 273-278 

Adesioye, H.O. (1991) Production ofwine from cocoa (Theobroma cacao L. Kuntze) juice using 

Saccharomyces sp. isolated frompalm wine and cashew juice. Paper presented at the 15th 

Annual Conference of NIFST, Otta, Nigeria. 

Adou M., Kouassi D.A., Tetchi F.A. and Amani N.G. (2012b) Phenolic profile of Cashew 

(Anacardium occidentale L.) of Yamoussoukro and Korhogo, Cote d'Ivoire. Journal of 

Applied Biosciences 49, 3331– 3338 

Adou, M., Tetchi, F.A., Gbane, M., Niaba, P.V.K.. and Amani, N.G., (2011) Minerals 

Composition of the Cashew Apple Juice (Anacardium occidentale L.) of Yamoussoukro, 

Côte d'Ivoire. Pakistan Journal of Nutrition 10, 1109-1114  

Adou, M., Tetchii, F.A., Gbane, M., Kouassi, K.N. and Amani, N.G. (2012a) Physico-chemical 

characterization of cashew apple juice (Anacardium occidentale, l.) From Yamoussoukro 

(Cote d’Ivoire). Innovative Romanian Food Biotechnology 11, 32-43. 

Adrio, J.L. and  Demain, A.L. (2014) Microbial Enzymes: Tools for Biotechnological Processes. 

Biomolecules 4, 117-139 

Afifi, M.M. (2011) Effective technological pectinase and cellulase by Saccharomyces cervisiae 

utilizing food wastes for citric acid production. Life Science Journal 8, 305-313 

Agrawal, N. and Prakash, A. (2013) Isolation of Lactic Acid Bacteria from Fermented Milk 

Products and Their Antimicrobial Activity against Staphylococcus aureus. Internet 

Journal of Food Safety 15, 39-42 

 



 

 

 

Aguilera, F., Peinado, R.A., Millan, C., Ortega, J.M. and Mauricio, J.C. (2006) Relationship 

between ethanol tolerance, H+ -ATPase activity and the lipid composition of the plasma 

membrane in different wine yeast strains. International Journal of Food Microbiology 

110, 34–42. 

Ahearn, D. G., Meyers, S. P. and Nichols, R. A. (1968) Extracellular proteinases of yeasts and 

yeast-like fungi. Applied Microbiology 16, 1370-1374.  

Ahmed, S.A., El-Shayeb, N.M.A., Hashem, A.M., Saleh, S.A. and Abdel-Fattah, A.F. (2013) 

Biochemical studies on immobilized fungal β-glucosidase. Brazilian Journal of 

Chemical Engineering 30, 747-758. 

Aiyer, P.V. (2005) Amylases and their applications. African Journal of Biotechnology 4,1525-

1529. 

Akinwale, T.O. (2000) Cashew apple juice: Its use in fortifying the nutritional quality of some tropical 

fruits. European Food Research and Technology 211, 205-207. 

Alana, A., Alkorta, I., Dorminguez, J.B., Llama, M.J. and Serra, J.L. (1990) Pectin lyase activity 

in Penicillium italicum strain. Applied and Environmental Microbiology 56, 3755-3759. 

Albertin, W., Marullo, P., Aigle, M., Dillmann, C., de Vienne, D., Bely, M. and Sicard, D. 

(2011) Population Size Drives Industrial Saccharomyces cerevisiae Alcoholic 

Fermentation and Is under Genetic Control. Applied and Environmental Microbiology 

77, 2772-2784. 

Alcarde, A.R., de Souza, L.M. and Bortoletto, A.M. (2012) Ethyl carbamate kinetics in double 

distillation of sugar cane spirit. Journal of the Insitute of Brewing 118, 27-31. 

Alessandro, M. and F. Federico. (1980) Partial purification and characterization of a yeast 

extracellular acid protease. Journal of Dairy Science 63, 1397-1402. 

Alexandre, H., Rousseux, I. and Charpentier, C. (1994) Ethanol adaptation mechanisms in S. 

cerevisaie. Biotechnology and Applied Biochemistry 20, 173-183. 

Ali, M.N. and Khan, M.M. (2014) Screening, identification and characterization of alcohol 

tolerant potential bioethanol producing yeasts. Current Research in Microbiology and 

Biotechnology 2, 316-324. 

Alimardani-Theuil, P., Gainvors-Claise, A. and Duchiron, F. (2011) Yeasts: An attractive source 

of pectinases-From gene expression to potential applications: A review. Process 

Biochemistry 46, 1525-1537. 

Almeida, C., Branyik, T., Moradas-Ferreira, P. and Texeira, J. (2003) Continuous Production of 

Pectinase by Immobilized Yeast Cells on Spent Grains. Journal of Bioscience and 

Bioengineering 96, 513-518.  

 



 

 

 

Alvarenga, R.M., Carrara, A.G., Silva, C.M. and Oliveira, E.S. (2011) Potential application of 

Saccharomyces cerevisiae strains for the fermentation of banana pulp. Journal of African 

Biotechnology 10, 3608-3615. 

Alvarez, M. A. and Garcia, E. (1984) Componentes aromaticos en la fermentaci ! on alcoh ! olica 

del jerez. ! Microbiologia Espanola 37, 37–45.  

Amanchukwu, S.C., Okpokwasili, G.C. and Obafemi, A. (1986) Evaluation of 

Schzossacharomyces pombe isolated from palm wine for single cell protein using 

hydrocarbon feedstock. In: Abstracts 14th Annual Conference, Nigerian Society for 

Microbiology, University of Calabar, Clabar, Nigeria, pp. 7-8.  

Ameh, J.B., Okagbue, R.N., Ahman, A.A. (1989) Isolation and characterization of local yeast 

strains for ethanol production. Nigerian Journal of Technology and Research 1, 47-52. 

Amerine, A.M. and Cruess, W.V. (1960) The technology of winemaking. CT: AVI Publishing 

Company, Westport. 

Amerine, M. A. and Ough, C. S. (1974) Wine and must analysis. John Wiley and Sons, New 

York. 

Amerine, M.A., Kunkee, R.E., Ough, C.S., Singleton, V.L. and Webb, A.D. (1980) The 

Technology of Wine Making, AVI Publishing, Westport.  

Ampe, F., ben Omar, N., Moizan, C., Wacher, C. and Guyot, J.P. (1999) Polyphasic study of the 

spatial distribution of microorganisms in Mexican Pozol, a fermented maize dough, 

demonstrates the need for cultivation-independent methods to investigate traditional 

fermentations. Applied and Environmental Microbiology 65, 5464 – 5473. 

Anderson, P.J., McNeil, K., Watson, K. (1986) High efficiency carbohydrate fermentation to 

ethanol at temperatures above 40°C by Kluyveromyces marxianus Var. maxianus isolated 

from sugar mill. Applied and Environmental Microbiology 51, 1124-1129. 

Anfang, N., Brajkovich, M. and Goddard, M.R. (2009) Co-fermentation with Pichia kluyveri 

increases varietal thiol concentrations in Savignon Blanc. Australian Journal of Grape 

Wine Research 15, 1–8. 

Anisa, S.K., Ashwini, S. and Girish, K. (2013) Isolation and Screening of Aspergillus spp. for 

Pectinolytic Activity. Electronic Journal of Biology 9, 37-41. 

Antonelli, A., Castellari, L., Zambonelli, C. and Carnacini, A. (1999) Yeast influence on volatile 

composition of wines. Journal of Agricultural and Food Chemistry 47, 1139-1144. 

Apine, O.A. and Jadhav, J.P. (2015) Fermentation of Cashew apple (Anacardium occidentale) 

juice into wine by different Saccharomyces cerevisiae strains: A comparative study. 

Indian Journal of Research 4, 6-10 

 



 

 

 

Aragon, P., Atienza, J. and Climent, M. D. (1998) Influence of clarification, yeast type, and 

fermentation temperature on the organic acid and higher alcohols of Malaise and 

Muscatel wines. American Journal of Enology and Viticulture 49, 211–216. 

Araujo, S.M., Silva, C.F., Moreira, J.J., Narain, N. and Souza, R.R. (2011) Biotechnological 

process for obtaining new fermented products from cashew apple fruit by Saccharomyces 

cerevisiae strains.  Journal of Industrial Microbiology and Biotechnology 38, 1161-1169. 

Archer, G.L. (1998) Staphylococcus aureus: a well-armed pathogen. Clinical Infectious Diseases 

26, 1179-1181. 

Arevalo, M., Ubeda, J.F. and Briones, A.l. (2007) Glucosidase activity in wine yeasts: 

Application in enology. Enzyme and Microbial Technology 40, 420-425. 

Arevalo-Villena, M., Fernandez, M., Lopez, J. and Briones, A. (2011) Pectinases yeast 

production using grape skin as carbon source. Advances in Bioscience and Biotechnology 

2, 89-96. 

Arias, C.R., Burns, J.K., Friedrich, L.M., Goodrich, R.M. and Parish, M.E. (2002) Yeast Species 

Associated with Orange Juice: Evaluation of Different Identification Methods. Applied and 

Environmental Microbiology 68, 1955-1961. 

Arroyo, T., Cordero-Bueso, G., Serrano, A. and Valero, E. (2011) Beta-Glucosidase production 

by non-Saccharomyces yeasts isolated from vineyard. In : Expression of Multidisciplinary 

Flavour Science: Proceeding of the 12th Weurman Symposium. pp. 359-362. 

Arroyo-Lopez, F.N., Duran-Quintana, M.C., Ruiz-Barba, J.L., Querol, A. and Garrido-

Fernandez, A. (2006) Use of molecular methods for the identification of yeast associated 

with table olives. Food Microbiology 23, 791–796.  

Arroyo-Lopez, F.N., Romero-Gil, V., Bautista-Gallego, J., Rodriguez-Gomez, F. and Jimenez-

Diaz, R. (2012) Yeasts in table olive processing: Desirable or spoilage microorganisms? 

International Journal of Food Microbiology 160, 42-49. 

Arttırılması, A.U.M.I.K.A. (2013) Isolation and Characterization of Amylase Producing Yeasts 

and Improvement of Amylase Production. Turkish Journal of Biochemistry 38, 101–108. 

Assuncao, R. B.  and Mercadante, A. Z. (2003) Carotenoids and ascorbic acid from cashew apple 

(Anacardium occidentale L.) variety and geographic effects. Food Chemistry 81, 495–

502.  

Atlas, R.M. and Parks, L.C. (1993) Handbook of Microbiological Media London: CRC Press. 

Attfield, P. V. (1997) Stress tolerance: the key to effective strains of industrial baker’s yeast. 

Nature Biotechnology 15, 1351-1357.  

Attri, B.L. (2009) Effect of initial sugar concentration on the physico-chemical characteristics 

and sensory qualities of cashew apple wine. Natural Product Radiance 8, 374-379. 

 



 

 

 

Azad, K., Hossain, F. and Halim, M.A. (2013) Screening of cellulase, pectinase and xylanase 

activities and optimization of radial myselial growthof two thermophilic fungi. 

Bangladesh Journal of Botany 42, 207-213. 

Badolato, E.S.G. and Duran, M.C. (2000) Risco de intoxicação por metanol pela ingestão de 

bebidas alcoólicas. Revista de Psiquiatria Clínica 27, 1–4. 

Bai, M., Qing, M., Gio, Z., Zhang, Y., Chen, X., Bao, Q., Zhang, H. and Sun, T.S. (2010) 

Occurrence and dominance of yeast species in naturally fermented milk from the Tibetan 

Plateau of China. Canadian Journal of Microbiology 56, 707-714. 

Bajaj, B.K., Raina, S. and Singh, S. (2013) Killer toxin from a novel killer yeast Pichia 

kudriavzevii RY55 with idiosyncratic antibacterial activity. Journal of Basic 

Microbiology 53, 645-656. 

Balat, M.and Balat, H. (2009) Recent trends in global production and utilization of bio-ethanol 

fuel. Applied Energy 86, 2273–2282.   

Balcerek, M. and Szopa, J.S. (2006)  Evaluation of the effect of carbamylphosphate synthetase 

and urease activities in selected strains of wine yeast on the production of ethyl 

carbamate. Polish Journal of Food and Nutrition Sciences 15/56, 445-452. 

Baracat-Pereira, M.C., Coelho, J.L.C. and Silva, D.O. (1994) Production of pectin lyase by 

Penicillium griseoroseum cultured on sucrose and yeast extract for degumming of 

natural fibers. Letters in Applied Microbiology 18, 127–129. 

Barbuddhe, S. B., Desai, A.R., Doijad, S.P. and Singh, N.P. (2013) Diversity of yeasts isolated 

from fermented products. In: Microbial diversity and its applications, Barbuddhe, S.B., 

Ramesh, R. and Singh, N.P. (Editors), New India Publishing Agency, New Delhi,  pp. 

129-140. 

Barbuddhe, S.B., Desai, A.R., Doijad, S.P. and Singh, N.P. (2011) Diversity of yeasts isolated 

from fermented Cashew apple juice. Paper presented at National Symposium on 

“Microbial Diversity and its applications in Health, Agriculture and Industry” organized 

by ICAR Research Complex for Goa, Old Goa during 4-5 March, 2011. 

Barghouthi, S.A. (2011) A universal method for the identification of bacteria based on general 

PCR primers. Indian Journal of Microbiology 51, 430-444. 

Barnett, J. A., Ingram, M. and Swain, T. (1956) The use of beta-glucosides in classifying yeasts. 

Journal of General Microbiology 15, 529-555. 

Barnett, J.A. and Pankhurst, R.J. (1974) A new key to yeasts. American Elsevier Publishing Co, 

New York, pp. 73-236. 

Barnett, J.A., Payne, R. W. and Yarrow, D. (1990) Yeasts: Characteristics and Identification, 

Cambridge University Press, Cambridge. 

 



 

 

 

Barnett, J.A., Payne, R.W. and Yarrow, D. (1983) Yeasts Characteristics and Identification, 

University Press, Cambridge, London, pp: 23–4. 

Barnett, J.A., Payne, R.W. and Yarrow, D. (2000) Yeasts: Characteristics and Identification. 

Cambridge University Press, Cambridge, pp. 23-38. 

Barros, E.M., Rodrigues, T.H.S., Pinheiro, A.D.T., Angelim, A.L., Melo, V.M.M., Rocha, 

M.V.P. and Goncalves, L.R.B. (2014) A yeast isolated from cashew apple juice and its 

ability to produce first and second generation ethanol. Applied Biochemistry and 

Biotechnology 174, 2762-2776. 

Battcock, M. and Azam, S. (2001) Fermented fruits and vegetables: A global perspective. Food 

and agriculture organization United Nations (FAO), FAO agricultural services bulletin-

134, Daya Publishing House, Delhi, p. 29.  

Bauer, F. F. and Pretorius, I. S. (2000) Yeast stress response and fermentation efficiency: how to 

survive the making of wine- a review. South African Journal of Enology and Viticulture 

21, 27-51. 

Bechem, E.E.T., Omoloko, C., Nwaga, D. and Titanji, V.P.K. (2007) Characterization of palm 

wine yeasts using osmotic, ethanol tolerance and isoenzyme polymorphism of alcohol 

dehydrogenase. African Journal of Biotechnology 6, 1715-1719. 

Beech, F. W. and Davenport, R. R. (1971) Isolation, Purification and Maintenance of Yeast. In 

Methods in Microbiology 4, 153.  

Bely, M., Stoeckle, P., Masnuef-Pomarede, I. and Dubourdieu, D. (2008) Impact of mixed 

Torulaspora delbrueckii–Saccharomyces cerevisiae culture on high-sugar fermentation. 

International Journal of Food Microbiology 122, 312–320. 

Benitez, T., Del Casttillo, L., Aguilera, A., Conde, J. and  Oimedo, E.C. (1983) Selection of wine 

yeasts for growth and fermentation in the presence of ethanol and sucrose. Applied and 

Environmental Microbiology 45, 1429-1436. 

Benkerroum, N. (2013) Traditional Fermented Foods of North African Countries: Technology 

and Food Safety Challenges With Regard to Microbiological Risks. Comprehensive 

Reviews in Food Science and Food Safety 12, 54-89. 

Bey, M., Berrin, J.G., Poidevin, L. and Sigoillot, J.C. (2011) Heterologous expression of 

Pycnoporus cinnabarinus cellobiose dehydrogenase in Pichia pastoris and involvement in 

saccharification processes. Microbial Cell Factory 10, 113. 

Bezerra-Bussoli, C., Baffi, M. A., Gomes, E. and Da-Silva, R. (2013) Yeast Diversity Isolated 

from Grape Musts During Spontaneous Fermentation from a Brazilian Winery. Current 

Microbiology 67, 356-361. 

 

 



 

 

 

Bhadra, B., Begum, Z. and Sihivaji, S. (2008) Pichia garciniae sp. nov., isolated from a rotten 

mangosteen fruit (Garcinia mangostana L., Clusiaceae). International Journal of 

Systematic and Evolutionary Microbiology 58, 2665-2669. 

Bhadra, B., Rao, S.R, Kumar, N.N., Chaturvedi, P., Sarkar, P.K. and Shivaji, S. (2007) Pichia 

cecembensis sp. nov. isolated from a papaya fruit (Carica papaya L., Caricaceae) FEMS 

Yeast Research 7, 579–584. 

Bhakta, G.D. (2010) FENI Industry in Goa: Prospects and Constraints. In: Proceedings and 

recommendations of State level Seminar on New Challenges in Cashew production 

under current trends of climate changes, ICAR, Goa, pp. 16-17. 

Bharathi, N. and Meyyappan, R.M. (2015) Production of urease enzyme from ureolytic yeast 

cell. International Journal of Engineering Research and General Science 3, 643-647. 

Bicalho, B. and Rezende, C.M. (2001) Volatile compounds of cashew apple (Anacardium 

occidentale L.). Zeitschrift fur Naturforschung. C, Journal of BioSciences 56, 35-39. 

Bicalho, B., Pereira, A. S., Aquino Neto, F. R., Pinto, A. C. and Rezende, C. M. (2000) 

Application of high-temperature gas chromatographymass spectrometry to the 

investigation of glycosidically bound compounds related to cashew apple (Anacardium 

occidentale L. var nanum) volatiles. Journal of Agricultural and Food Chemistry 48, 

1167–1174. 

Biely, P. and Slavikova, E. (1994) New search for pectolytic yeasts. Folia Microbiologica 39, 

485-488. 

Bilinski, C.A. and Stewart, G.G. (1990) Yeasts proteases and brewing. In Yeast Biotechnology 

and Biocatalysis, Verachtert, H. and de Mot, R. (Editors), Marcel Dekker, New York,  pp. 

147–162. 

Bilinski, C.A., Russell, I. and Stewart, G. G. (1987) Applicability of yeast extracellular 

proteinases in brewing: physiological and biochemical aspects. Applied and 

Environmental Microbiology 53, 495-499.  

Bindler, F., Voges, E. and Laugel, P. (1988) The problem of methanol concentration admissible 

in distilled fruit spirits. Food Additives and Contaminants 5, 343-351. 

Birch, R.M. and Walker, G.M. (2000) Influence of magnesium ions on heat shock and ethanol 

stress responses of Saccharomyces cerevisiae. Enzyme and Microbial Technology 26, 

678–687. 

Bishop, L. R. (1975) Haze- and foam-forming substances in beer. Journal of the Institute of 

Brewing 81, 444 449. 

Blanco, P., Sieiro, C. and Villa, T.G. (1999) Production of pectic enzymes in yeasts. FEMS 

Microbiology Letters 175, 1–9. 

 



 

 

 

Blanco, P., Sieiro, C., Díaz, A., Reboredo, M. and Villa, T.G. (1997) Grape juice biodegradation 

by polygalacturonases from Saccharomyces cerevisiae. International Biodeterioration 

and Biodegradation 40, 115-118. 

Boboye, B. and Dayo-Owoyemi, I. (2009) Comparative evaluation of the sensory properties of 

doughs fermented with yeasts isolated from orange. Biotechnology 8, 389-392. 

Bolumar, T., Sanz, Y., Aristoy, M., Conception, A.and Toldra, F. (2005) Protease B from 

Debaryomyces hansenii: purification and biochemical properties. International Journal 

of Food Microbiology 98, 167-177. 

Boonmak, C., Limtong, S., Jindamorakot, S., Amin, S., Yongmanitchai, W., Suzuki, K., Nakase, 

T. and Kawasaki, H. (2011) Candida xylanilytica sp. nov., a xylan-degrading yeast 

species isolated from Thailand. International Journal of Systematic and Evolutionary 

Microbiology 61, 1230-1234. 

Brindha, J.R., Mohan, T.S., Immanual, G., Jeeva, S. and Lekshmi, N.C.J.P. (2011) Studies on 

amylase and cellulase enzyme activity of the fungal organisms causing spoilage in 

tomato. European Journal of Experimental Biology 1, 90-96. 

Brizzio, S., Turchetti, B., de Garcia, V., Libkind, D., Buzzini, P. and van Broock, M. (2007) 

Extracellular enzymatic activities of basidiomycetous yeasts isolated from glacial and 

subglacial waters of northwest Patagonia (Argentina). Canadian Journal of 

Microbiology 53, 519–525.  

Brooks, A. A. (2008) Ethanol production potential of local yeast strains isolated from ripe 

banana peels. African Journal of Biotechnology 7, 3749-3752.  

Bulawayo, B., Brochora, J.M., Muzondo, M.I. and Zvauya, R. (1996) Ethanol production by 

fermentation of sweet stem sorghum juice using various yeast strains. World Journal of 

Microbiology and Biotechnology 12, 357-360. 

Bull, A.T. (2004) Microbial Diversity and Bioprospecting. American Society for Microbiology 

Press, United States of America, pp. 3-12. 

Bull, A.T., Goodfellow, M. and Slater, J.H. (1992) Biodiversity as a source of innovation in 

biotechnology. Annual Review of Microbiology 46, 219–252. 

Burden, D.W. and Eveleight, D.E. (1990) Yeasts — Diverse substrates and products. In Yeast 

Technology, Spencer, J.F.T. and Spencer, D.M. (Editors), Springer-Verlag, Berlin, pp. 

199–227. 

Busse-Valverde, N., Gómez-Plaza, E., López-Roca, J.M., Gil-Muñoz, R. and Bautista-Ortín, 

A.B. (2011) The extraction of anthocyanins and proanthocyanidins from grapes to wine 

during fermentative maceration is affected by the enological technique. Journal of 

Agricultural and Food Chemistry 59, 5450-5455. 

 



 

 

 

Buyuksirit, T. and Kuleasan, H. (2014) Antimicrobial agents produced by yeasts. International 

Journal of Biological, Food, Veterinary and Agricultural Engineering 8, 1041-1044. 

Buzzini, P and Martini, A. (2002) Extracellular enzymatic activity profiles in yeast and yeast-like 

strains isolated from tropical environments. Journal of Applied Microbiology 93, 1020-

1025. 

Buzzini, P. and Vaughan-Martini, A. (2006) Yeast Biodiversity and Biotechnology. In The Yeast 

Handbook Biodiversity and Ecophysiology of Yeasts, Rosa, C. A. and P. Gabor 

(Editors), SpringerVerlag Inc, German, pp. 533-559. 

Buzzini, P., Turchetti, B. and Vaughan-Martini, A.E. (2007) The use of killer sensitivity patterns 

for biotyping yeast strains: the state of the art, potentialities and limitations. FEMS Yeast 

Research 7, 749–760. 

Cabaroglu, T., Selli, S., Canbas, A., Lepoutre, J.P. and Gunata, Z. (2003) Wine flavor 

enhancement through the use of exogenous fungal glyosidases. Enzyme and Microbial 

Technology 33, 581-587. 

Cabrera, M. J., Moreno, J., Ortega, J. M. and Medina, M. (1988) Formation of ethanol higher 

alcohols, esters, and terpenes by five yeast strains from Pedro Ximenez grapes in various 

degrees of ripeness. American Journal of Enology and Viticulture 39, 283–287. 

Calderbank, J. and Hammond, J.R.M. (1994) Influence of Higher Alcohol Availability on Ester 

Formation by Yeast. Journal of the American Society of Brewing Chemists 52, 84. 

Callon, C., Duthoit, F., Delbès, C., Ferrand, M., Le Frileux, Y., De Cremoux, R. and Montel, 

M.C. (2007) Stability of microbial communities in goat milk during a lactation year: 

molecular approaches. Systematic and Applied Microbiology 30, 547–560. 

Campos, D.C.P., Santos, A.S., Wolkoff, D.B. and Matta, V.M. (2002) Cashew apple juice 

stabilization by microfiltration. Desalination 148, 61–65. 

Canas, B.J., Havery, D.C., Robinson, L.R., Sullivan, M.P., Joe, F.L. and Diachenko, G.W. 

(1989) Ethyl carbamate levels in selected fermented foods and beverages. Journal of 

Association of Official Analytical Chemistry 72, 873- 876. 

Capoor, M.R., Aggarwal, S., Raghvan, C., Gupta, D.K., Jain, A.K. and Chaudhary, R. (2014) 

linical and microbiological characteristics of Rhodotorula mucilaginosa infections in a 

tertiary-Care facility. Indian Journal of Medical Microbiology 32, 304-309. 

Carlsen, H.N., Degn, H. and Llyod, D. (1991) Effects of alcohols on the respiration and 

fermentation of aerated suspensions of baker’s yeast. Journal of General Microbiology 

137, 2879-2883. 

Carrasco, M., Rozas, J.M., Barahona, S., Alcaino, J., Cifuentes, V. and Baeza, M. (2012) 

Diversity and extracellular enzymatic activities of yeasts isolated from King George 

Island, the sub-Antarctic region. BMC Microbiology 12, 251. 



 

 

 

Carvalho, C.M., Meirinho, S., Estevinho, M.L.F. and Choupina, A. (2010) Yeast species 

associated with honey: different identification methods. Archives of Zootechnology 59, 

103-113.  

Casey G.P., Pringle, A.T. and Erdmann, P.A. (1990) Evaluation of recent techniques used to 

identify individual stains of Saccharomyces yeasts. Journal of the American Society of 

Brewing Chemists 48, 100–106. 

Castilhos, M.B.M., Conti-Silva, A.C. and Del Bianchi, V.L. (2012) Effect of grape pre-drying 

and static pomace contact on physicochemical properties and sensory acceptance of 

Brazilian (Bordô and Isabel) red wines. European Food Research and Technology 235, 

345-354.  

Castro, A.M.; Ferreira, M.C.; Cruz, J.C.; Pedro, K.C.N.R.; Carvalho, D.F.; Leite, S.G.F. and 

Pereira, N. (2010) High-yield endoglucanase production by Trichoderma 

harzianum IOC-3844. Cultivated in pretreated sugarcane mill byproduct. Enzyme 

Research 2010, 1-8. 

Cavalcante, A. A. M., Ru¨bensam, G., Erdtmann, B., Brendel, M., and Henriques, J. A. P. (2005) 

Cashew (Anacardium occidentale) apple juice lowers mutagenicity of aflatoxin B1 in S. 

typhimurium TA 102. Genetics and Molecular Biology 28, 328–333. 

Chagas, C.M., Honorato, T.L., Pinto, G.A., Maia, G.A. and Rodriques, S. (2007) Dextransucrase 

production using cashew apple juice as substrate: effect of phosphate and yeast extract 

addition. Bioprocess and Biosystems Engineering 30, 207-215. 

Chan, G.F., Gan, H.M., Ling, H.L. and Rashid, N.A.A. (2012) Genome sequence of Pichia 

kudriavzevii M12, a potential producer of bioethanol and phytase. Eukaryotic Cell 11, 

1300-1301. 

Chanchaichaovivat, A., Ruenwongsa, P. and Panijpan, B. (2007) Screening and identification of 

yeast strains from fruits and vegetables: Potential for biological control of postharvest 

chilli anthracnose (Colletotrichum capsici). Biological Control 42, 326–335. 

Chandrasekharan, G. and Jeyakumar, M.R. (2014) A study on the export potential of cashew 

from India with special reference to Kerala. International Journal of Economic and 

Business Review 2, 167-174. 

Chandrasena, G., Keerthipala, A.P. and Walker, G.M. (2006) Isolation and Characterization of 

Sri Lankan Yeast Germplasm and Its Evaluation for Alcohol Production. Journal of the 

Institute of Brewing 112, 302-307. 

Chanprasartsuk, O., Prakitchaiwattana, C. and Sanguandeekul, R. (2013) Comparison of 

Methods for Identification of Yeasts Isolated during Spontaneous Fermentation of 

Freshly Crushed Pineapple Juices. Journal of Agricultural Science and Technology 15, 

1479-1490. 



 

 

 

Charalambous, G. (1981) Involatile constituents of beer, In Brewing science, Pollock, J. R. A. 

(Editor), Academic Press, Inc., New York,  pp. 167-254. 

Charoenchai, C., Fleet, G. H., Henschke, P. A. and Todd, B. (1997) Screening of 

non‐Saccharomyces wine yeasts for the presence of extracellular hydrolytic enzymes. 

Australian Journal of Grape and Wine Research 3, 2-8. 

Chatterjee, S., Ghosh, B. and Ray, R.R. (2011) Isolation and characterization of local yeast 

strains from waste fruit juices, jiggery and dahi samples. International Journal of Chemical 

Science 9, 647-656. 

Chavan, P., Mane, S., Kulkarni, G., Shaikh, S., Ghormade, V., Nerkar, D.P., Shouche, Y. and 

Deshpande, M.V. (2009) Natural yeast flora of different varieties of grapes used for wine 

making in India. Food Microbiology 26, 801-808. 

Chaves-Lopez, C., Serio, A., Grande-Tovar, C.D., Cuervo-Mulet, R., Delgado-Ospina, J. and 

Paparella, A. (2014) Traditional Fermented Foods and Beverages from a Microbiological 

and Nutritional Perspective: The Colombian Heritage. Comprehensive Reviews in Food 

Science and Food Safety 13, 1031-1048. 

Chen, H. and Jin, S. (2006) Effect of ethanol and yeast on cellulase activity and hydrolysis of 

crystalline cellulose. Enzyme and Microbial Technology 39, 1430-1432. 

Chen, P.J., Wei, T.C., Chang, Y.T. and Lin, L.P. (2004) Purification and characterization of 

carboxymethyl cellulase from Sinorhizobium fredii. Botanical Bulletin-Academia Sinica 

Taipei 45, 111-118. 

Chen, S. and Xu, Y. (2010) The influence of yeast strains on the volatile flavor compounds of 

Chinese rice wine. Journal of the Institute of Brewing 116, 190-196. 

Chen, Y.C., Eisner, J.D., Kattar, M.M., Rassoulian-Barnett, S.L., LaFe, K., Yarfitz, S.L., 

Limaye, A.P. and Cookson, B.T. (2000) Identification of medically important yeasts using 

PCR-based detection of DNA sequence polymorphisms in the internal transcribed spacer 

2 region of the rRNA genes. Journal of Clinical Microbiology 38, 2302-2310. 

Cheraiti, N., Guezenec, S. and Salmon, J.M. (2005) Redox interactions between Saccharomyces 

cerevisiae and Saccharomyces uvarum in mixed culture under enological 

conditions. Applied and Environmental Microbiology 71, 255–260. 

Chi, Z., Chi, Z., Liu, G., Wang, F., Ju, L. and Zhang, T. (2009) Saccharomycopsis fibuligera and 

its applications in biotechnology. Biotechnology Advances 27, 423-431.  

Chira, K., Pacella, N., Jourdes, M., Teissedre, P.L. (2011) Chemical and sensory evaluation of 

Bordeaux wines (Cabernet Sauvignon and Merlot) and correlation with wine age. Food 

Chemistry 126, 1971-1977. 

 

 



 

 

 

Ciani, M. and Ferraro, L. (1998) Combined use of immobilized Candida stellata cells and 

Saccharomyces cerevisiae to improve the quality of wines. Journal of Applied 

Microbiology 85, 247–254. 

Ciani, M., Beco, L. and Comitini, F. (2006) Fermentation behavior and metabolic interactions of 

multistarter wine fermentation. International Journal of Food Microbiology 108, 239-

245.  

Ciani, M., Comitini, F., Mannazzu, I. and Domizio, P. (2010) Controlled mixed culture 

fermentation: a new perspective on the use of non‐Saccharomyces yeasts in winemaking. 

FEMS Yeast Research 10, 123-133. 

Ciani, M., Ferraro, L. and Fatichenti, F. (2000) Influence of glycerol production on the aerobic 

and anaerobic growth of the wine yeast Candida stellata. Enzyme and Microbial 

Technology 15, 698–703.  

Clemente-Jimenez, J.M., Mingorance-Cazorla, L., Martinez-Rodriguez, S., Las Heras-Vazquez, 

F.J. and Rodriguez-Vico, F. (2004) Molecular characterization and oenological properties 

of wine yeasts isolated during spontaneous fermentation of six varieties of grape must. 

Food Microbiology 21, 149–155. 

Cohen, B. L., J. E. Morris, and H. Drucker. (1975) Regulation of two extracellular proteases of 

Neurospora crassa by induction and by carbon-, nitrogen- and sulfur-metabolite 

repressions. Archives of Biochemistry and Biophysics 169, 324-330. 

Cole, V.C. and Nobel, A.C. (1997) Flavour chemistry and assessment, In: Fermented beverage 

Production, Lea, A.G.H. and Piggott, J.R. (Editors), Blakie Academic and Professional, 

London, pp. 361-385. 

Combina, M.,  Elia, A.,  Mercado, L.,  Catania, C., Ganga, A. and Martinez, C.. (2005)  Dynamics 

of indigenous yeast populations during spontaneous fermentation of wines from Mendoza, 

Argentina. International Journal of Food Microbiology 99, 237-243. 

Combina, M., Elía, A., Mercado, L., Catania, C., Ganga, A.and Martinez, C. (2005b) Dynamics 

of indigenous yeast populations during spontaneous fermentation of wines from 

Mendoza, Argentina. International Journal of Food Microbiology 99, 237–243.  

Combina, M., Mercado, L., Borgo, P., Elia, A., Jofre, V., Ganga, A. and Martinez, C. (2005a) 

Yeast associated to Malbec grape berries from Mendoza, Argentina. Journal of Applied 

Microbiology 98, 1055-1061. 

Comitini, F., Gobbi, M., Domizio, P., Romani, C., Lencioni, L., Mannazzu,I. and Ciani, M. 

(2011) Selected non-Saccharomyces wine yeasts in controlled multistarter fermentations 

with Saccharomyces cerevisiae. Food Microbiology 28, 873-882. 

 

 



 

 

 

Comstock, S.S., Robotham, J.M., Tawde, P., Kshirsagar, H., Sathe, S.K., Roux, K.H. and 

Teuber, S.S. (2008) Immunoglobulin E-reactive proteins in cashew (Anacardium 

occidentale) apple. Journal of Agricultural and Food Chemistry 56, 5977-5982. 

Conterno, L. and Delfini, C. (1994) Peptidase activity and the ability of wine yeasts to utilise 

grape must proteins as sole nitrogen source. Journal of Wine Research 5, 113- 126. 

Cordero Otero, R.R., Ubeda Iranzo, J.F., Briones Pe´rez, A.I., Potgieter, N., Are´valo Villena, 

M., Pretorius, I.S. and Van Rensburg, P. (2003) Characterization of the b-glucosidase 

activity produced by enological strain of non-Saccahromyces yeasts. Journal of Food 

Science 68, 2564–2569. 

Costa, J.M.C., Felipe, F.M.F., Maia, G.J., Hernandez, F.F.F. and Brasil, I.M. (2009) Production 

and characterization of the cashew apple (Anacardium occidentale L.) and guava 

(Psidium guajava l.) fruit powders. Journal of Food Processing and Preservation 33, 

299–312. 

Costas, M., Dieve, F.J. and Longo, M.A. (2004) Lipolytic activity in submerged cultures of 

Issatchenkia orientalis. Process Biochemistry 39, 2109-2114. 

Coulon, J., Husnik, J.I., Inglis, D.I., van der Merwe, G.K., Lonvaud, A., Erasmus, D.J., van 

Vuuren, H.J.J. (2006) Metabolic Engineering of Saccharomyces cerevisiae to Minimize 

the Production of Ethyl Carbamate in Wine. American Journal of Enology and 

Viticulture 57, 113-124. 

Croitoru, M.D., Elena, T., Ibolya, F. and Erzsebet, F. (2013) A Survey on the Methanol Content 

of Home Distilled Alcoholic Beverages in Transylvania (Romania). Acta Medica 

Marisiensis 59, 206-208. 

Cuadros-Inostroza, A., Giavalisco, P., Hummel, J., Eckardt, A., Willmitzer, L. and Peña-Cortés, 

H. (2010) Discrimination of wine attributes by metabolome analysis. Analytical 

Chemistry 82, 3573–3580. 

D’Annibale, A., Sermanni, G.G., Federici, F. and Petruccioli, M. (2006) A promising substrate 

for microbial lipase production. Bioresource Technology 97, 1828-1833. 

Daenen, L, Saison, D., Sterckx, F., Delvaux, F.R., Verachtert, H. and Derdel, G. (2008a) 

Screening and evaluation of the glucoside hydrolase activity in Saccharomyces and 

Brettanomyces brewing yeasts. Journal of Applied Microbiology 104, 478–488. 

Daenen, L.,  Sterckx, F., Delvaux, F.R., Verachtert, H. and Derdelinck, G. (2008b)  Evaluation of 

the glycoside hydrolase activity of Brettanomyces strain on glycosides from sour cherry 

(Prunus cerasus L.) used in the production of special fruit beers. FEMS Yeast Research 8, 

1103–1114. 

 

 



 

 

 

Daenen, L., Vanderhaegen, B., Verachtert, H. and Derdlinckx, G. (2004) Flavour enhancement in 

beer by yeast beta-glucosidase activity. Communications in Agricultural and Applied 

Biological Sciences 69, 73-76. 

Darias-Martin, J., Lobo-Rodrigo, G., Hernández-Cordero, J., Diaz-Diaz, E. and Díaz-Romero, C. 

(2003) Alcoholic Beverages obtained from Black Mulberry. Food Technology and 

Biotechnology 41, 173–176. 

Dato, M.C.F., Junior, J.M.P. and Mutton, M.J.R. (2005) Analysis of the secondary compounds 

produced by Saccharomyces cerevisiae and wild yeast strains during the production of 

“cachaca”. Brazilian Journal of Microbiology 36, 70-74. 

Daudt, C.E. and Ough, C.S. (1973) Variations in some volatile acetate esters formed during 

grape juice fermentation. Effects of fermentation temperature, SO2, yeast strain, and 

grape variety. American Journal of Enology and Viticulture 24, 130-135. 

de Azeredo, L.A.I., Gomes, E.A.T., Mendonca-Hagler, L.C. and Hagler, A.N. (1998) Yeast 

communities associated with sugarcane in Campos, Rio de Janeiro, Brazil. International 

Microbiology 1, 205-208. 

de Barros Lopes, M., Soden, A., Martens, A.L., Henschike, P.A. and Langridge, P. (1998) 

Differentiation and species identification  of yeasts using PCR. International Journal of 

Systematic Bacteriology 48, 279-286. 

de Barros Lopes, M., Soden, A., Martens, A.L., Henschke, P.A. and Langridge, P. (1996) PCR 

differentiation of commercial yeast strains using intron splice site primers. Applied and 

Environmental Microbiology 62, 4514–4520. 

de Lima, A.C., Soares,D.J., da Silva, LM., de Figueiredo, R.W., de Souza, P.H. and de Abreu 

Menezes, E. (2014) In vitro bioaccessibility of copper, iron, zinc and antioxidant 

compounds of whole cashew apple juice and cashew apple fibre (Anacardium occidentale 

L.) following simulated gastro-intestinal digestion. Food Chemistry 161, 142-147. 

de Melo, D.L.F.M., Santos, F.C., Junior, A.M.B., Santos, P.O., Carnelossi, M.A.G. and de Cassia 

Trindade, R. (2007) Identification of yeasts isolated from the pulp in nature and the 

production of  homemade “Umbu” wine. Brazilian Archives of Biology and Technology 

50, 887-892. 

de Mot, R. (1990) Conversion of starch by yeasts. In Yeast Biotechnology and Biocatalysis, 

Verachtert, H. and de Mot, R. (Editors), Marcel Dekker, New York, pp. 163–222. 

 de Mot, R., Andries, K. and Verachtert, H. (1984) Comparative study of starch degradation and 

amylase production by ascomycete yeast species. Systematic and Applied Microbiology 

5, 106-118.  

de Souza, P.M. and Magalhaes, P.O. (2010) Application of microbial α-amylase in industry – a 

review. Brazilian Journal of Microbiology 41, 850-861  



 

 

 

de Vuyst, L., Vrancken, G., Ravyts, F., Rimaux, T. and Weckx, S. (2009) Biodiversity, 

ecological determinants, and metabolic exploitation of sourdough microbiota. Food 

Microbiology  26, 666-675.  

Deak, T. (1995) Methods for the rapid detection and identification of yeasts in foods. Trends in 

Food Science and Technology 6, 287-292. 

Deak, T. and Beuchat, L. R. (1993) Yeasts associated with fruit juice concentrates. Journal of 

Food Protection 56, 777–782.  

Deak, T. and Beuchat, L. R. (1996) Handbook of Food Spoilage Yeasts. Boca Raton, FL: CRC 

Press. 

Deenanath, E. D., Iyuke, S. and Rumbold, K. (2012) The bioethanol industry in Sub-Saharan 

Africa: history, challenges, and prospects. Journal of Biomedicine and Biotechnology 

2012, Article ID 416491, 11 pages. 

Deenanath, E.D. (2014) Production and characterization of bioethanol derived from cashew 

apple juice for use in internal combustion engine. Electronic Thesis and Dissertations 

Ph.D Thesis. 

Deenanath, E.D., Rumbold, K. and Iyuke, S. (2013) The Production of Bioethanol from Cashew 

Apple Juice by Batch Fermentation Using Saccharomyces cerevisiae Y2084 and Vin13. 

ISRN Renewable Energy 2013, Article ID 107851, 11 pages. 

Delcroix, A., Gunata, Z., Sapis, J.C., Salmon, J.M. and Bayonove, C. (1994) Glycosidase 

activities of three enological yeast strains during winemaking, effect on the terpenol 

content of Muscat wine. American Journal of Enology and Viticulture 45, 291–296. 

Delfini, C. and Cervetti, F. (1987) Enquete experimentale sur la formation de grandes quantites 

d'acide acetique au cours de la fermentation alcoolique. Rev. des Oenologues 9, 20-27. 

Demeter, L., D'Aquila, R., Weislow, O., Lorenzo, E., Erice, A., Fitzgibbon, J., Shafer, R., 

Richman, D., Howard, T. M., Zhao, Y., Fisher, E., Huang, D., Mayers, D., Sylvester, S., 

Arens, M., Sannerud, K., Rasheed, S., Johnson, V., Kuritzkes, D., Reichelderfer, P. and 

Japour, A. (1998) Interlaboratory Concordance of DNA Sequence Analysis to Detect 

Reverse Transcriptase Mutations in HIV-1 Proviral DNA. Journal of Virological 

Methods 75, 93-104. 

Desai, E.D., Rumbold, K. and Iyuke, S. (2013) The production of bioethanol from cashew apple 

juice by batch fermentation using Saccharomyces cerevisiae Y2084 and Vin13. ISRN 

Renewable Energy 2013, 1-11. 

Desai, M.V., Dubey, K.V., Vakil, B.V. and Ranade, V.V. (2012) Isolation, identification and 

screening of the yeast flora from indian cashew apple for sugar and ethanol tolerance. 

International Journal of Biotechnology for Wellness Industries 1, 259-265.  

 



 

 

 

Dhar, P., Das, S., Banerjee, S. and Mazumder, S. (2013) Production of banana alcohol and 

utilization of banana residue. International Journal of Research in Engineering and 

Technology 2, 466-470. 

Di Maro, E., Ercolini, D. and Coppola, S. (2007) Yeast dynamics during spontaneous wine 

fermentation of the Catalanesca grape. International Journal of Food Microbiology 117, 

201–210.  

Dias, D. R., Abreau, C. M. P., Silvestre, M. P. C and Schwan, R. F. (2010) In vitro protein 

digestibility of enzymatically pre-treated bean (Phaseolus vulgaris L.) flour using 

commercial protease and Bacillus sp. protease. Ciência e Tecnologia de Alimentos 30,  

94-99. 

Ding, J., Huang, X., Zhang, L., Zhao, N., Yang, D. and Zhang, K. (2009) Tolerance and stress 

response to ethanol in the yeast Saccharomyces cerevisiae. Applied Microbiology and 

Biotechnology 85, 253-263 

Dizy, M. and Bisson, L.F. (2000) Proteohydrolytic activity in yeast strains during grape juice 

fermentation. American Journal of Enology and Viticulture 51, 155–167. 

Donalies, U.E., Nguyen, H.T., Stahl, U. and Nevoigt, E. (2008) Improvement of Saccharomyces 

yeast strains used in brewing, wine making and baking. Advances in Biochemical 

Engineering and Biotechnology 111, 67-98. 

Dorneles, D., Machado, I. M. P. and Chociai, M. B. (2005) Influence of the use of selected and 

nonselected yeasts in red wine production. Brazilian Archives of Biology and Technology 

48, 747-751.  

Drake, S.R. and Eisele, T. A. (1999) Carbohydrate and acid contents of gala apples and bartlett 

pears from regular and controlled atmosphere storage. Journal of Agricultural and Food 

Chemistry 47, 3181–3184.  

Drake, S.R. and Eisele, T.A. (1997) Quality of ‘gala’ apples as influenced by harvest maturity, 

storage atmosphere and concomitant storage with ‘bartlett’ pears. Journal of Food 

Quality 20, 41–51.  

Drake, S.R., Elfving, D.C. and Eisele, T.A. (2002) Harvest maturity and storage affect quality of 

‘cripps pink’ (pink lady) apples. HortTechnology 12, 388–391. 

du Toit, M. and Pretorius, I.S. (2000) Microbial Spoilage and Preservation of Wine: Using 

Weapons from Nature's Own Arsenal- A Review. South African Journal of Enology and 

Viticulture 21, 74-96. 

Duarte, A. W. F., Dayo-Owoyemi, I., Nobre, F. S., Pagnocca, F. C., Chaud, L. C. S., Pessoa, A., 

Felipe, M. G. A. and Sette, L. D. (2013) Taxonomic assessment and enzymes production 

by yeasts isolated from marine and terrestrial Antarctic samples. Extremophiles 17, 1023-

1035. 



 

 

 

Duarte, A.W.F., Dayo-Owoyemi, I, Nobre, F.S., Pagnocca, F.C., Chaud, L.C.S., Pessoa, A., 

Felipe, M. G. A. and Sette, L. D. (2011) Taxonomic assessment and enzymes production 

by yeasts isolated from marine and terrestrial Antarctic samples. Extremophiles DOI 

10.1007/s00792-013-0584-y. 

Dudley, R. (2004) Ethanol, fruit ripening and the historical origins of human alcoholism in 

primate frugivory. Integrative and Comparative Biology 44, 315-323. 

Duyen, N.T., Hai, L.T., Minh, N.P. and Dao, D.T.A. (2013) Application of Natural Fermentation 

to ferment Mulberry Juice into Alcoholic Beverage. International Journal of Scientific 

and Technology Research 2, 339-346. 

Ebabhi, A.M., Adekunle, A.A., Okunowo, W.O. and Osuntoki, A.A. (2013) Isolation and 

charcaterisatin of yeast strains from local food crops. Journal of Yeast and Fungal 

Research 4, 38-43. 

Eghafona, N.O., Aluyi, H.A.S. and Uduehi, I.S. (1999) Alcohol yield from pineapple juice: 

Comparative study of Zymomonas mobilis and Saccharomyces uvarum. Nigerian Journal 

of Microbiology 13, 117-122. 

Egli, C. M., Edinger, W. D., Mitrakul, C. M. and Henick-Kling, T. (1998). Dynamics of 

indigenous and inoculated yeast populations and their effect on the sensory character of 

Riesling and Chardonnay wine. Journal of Applied Microbiology 85, 779–789. 

Eglinton, J.M. and Henschke, P.A. (1999) The occurrence of volatile acidity in Australian wines. 

Australian Grapegrower and Winemaker. pp. 7-12. 

Eklund, M. W., Spinelli, J., Miyauchi, D. and Groninger, H. (1965) Characteristics of yeasts 

isolated from Pacific crab meat.  Applied Microbiology 13, 985–990.  

Ekunsanmi, T.J. and Odunfa, S.A. (1990) Ethanol tolerance, sugar tolerance and invertase 

activities of some yeasts strains isolated from steep water of fermenting cassava tubers. 

Journal of Applied Bacteriology 69, 672-675. 

Elias, M.L., Soliman, A.K., Mahoney, F.J., Karam-El-Din, .A.A., El-Kebbi, R.A.H., Ismail, 

T.F.M., Wasfy, M.M.O., Mansour, A.M., Sultan, Y.A., Pimentel, G. and Earhart, K.C. 

(2009) Isolation of Cryptococcus, Candida, Aspergillus, Rhodotorula and Nocardia from 

Meningitis Patients in Egypt. The Journal of Egyptian Public Health Association 84, 

169-181. 

Ennouali, M., Elmoualdi, L., Labioui, H., Ouhsine, M. and Elyachioui, M. (2006) 

Biotransformation of the fish waste by fermentation. African Journal of Biotechnology 5, 

1733-1737. 

Erasmus, D.J., Cliff, M. and van Vuuren, J.J. (2004) Impact of Yeast Strain on the Production of 

Acetic Acid, Glycerol, and the Sensory Attributes of Icewine. American Journal of 

Enology and Viticulture 55, 371-378. 



 

 

 

Erten, H. and Campbell, I. (2001) The Production of Low-Alcohol Wines by Aerobic Yeasts 

Production of Low-Alcohol Wines by Aerobic Yeasts.  Journal of the Institute of Brewing 

107, 207-215. 

Estevez, P., Gil, M. L. and Falque, E. (2004) Effects of seven yeast strains on the volatile 

composition of Palomino wines. International Journal of Food Science and Technology 

39, 61-69. 

Esteve-Zarcoso, B., Manzanares, P., Ramon, D. and Querol, A. (1998) The role of non-

saccharomyces yeasts in industrial winemaking. International Microbiology 1, 143-148. 

Esteve-Zarzoso, B., Belloch, C., Uruburu, F. and Querol, A. (1999) Identification of Yeasts by 

RFLP analysis of the 5.8S rRNA Gene and the Two Ribosomal Internal Transcribed 

Spacers. International Journal of Systematic Bacteriology 49, 329-337. 

Ezeronye, O.U. (2004) Nutrient utilization profile of Saccharomyces cerevisiae from palm wine 

in tropical fruit fermentation. Antonie van Leeuwenhoek 86, 235-239. 

Fadiloglu, S. and Erkmen, O. (2002) Effects of carbon and nitrogen sources on lipase production 

by Candida rugosa. Turkish Journal of Engineering and Environmental Sciences 26, 

249-254. 

Fard, F.A., Etebarian, H.R. and Sahebani,N. (2012) Biological control of gray mold of apple by 

Candida membranifaciens, Rhodotorula mucilaginosa and Pichia guilliermondii.Iranian 

Journal of Plant Pathology 48, 17-26. 

Fatichenti, F., Bergere, J.L., Deiana, P. and Farris, G.A. (1983) Antagonistic activity of 

Debaryomyces hansenii towards Clostridium tyrobutyricum and Clostridium butyricum. 

Journal of Dairy Research 50, 449–457. 

Fell, J.W., Boekhout, T., Fonesca, A., Scorzetti, G. and Statzell-Tallman, A. (2000) Biodiversity 

and systematics of basidiomycetous yeasts as determined by large-subunit rDNA D1/D2 

domain sequence analysis. International Journal of Systematic and Evolutionary 

Microbiology 50, 1351–1371. 

Fernandez, M, Ubeda, J.F. and Briones, A.I. (2000) Typing of non-saccharomyces yeastswith 

enzymatic activities of interest in wine making. International Journal of Food 

Microbiology 59, 29-36. 

Fernandez-Espinar, M. T., Esteve-Zarzoso, B., Querol, A. and Barrio, E. (2000) RFLP Analysis 

of the Ribosomal Internal Transcribed Spacers and the 5·8S rRNA Gene Region of the 

Genus Saccharomyces: A Fast Method for Species Identification and the Differentiation 

of Flor Yeasts. Antonie van Leeuwenhoek 78, 87-97. 

Fernandez-Espinar, M. T., Martorell, R., De Llanos, R. and Querol, A. (2006) Molecular 

Methods to Identify and Characterize Yeasts in Foods and Beverages. In: Yeasts in 

Foods and Beverages, Querol, A. and Fleet, G. H. (Editors),  Springer, Berlin, pp. 55-82. 



 

 

 

Fernández-Gonzalez, M., Ubeda, J.F., Vasudevan, T.G., Otero and Briones, R.A. (2004) 

Evaluation of polygalacturonase activity in Saccharomyces cerevisiae wine strains. FEMS 

Microbiology Letters 237, 261-266.  

Fernando, F. and Loreto, R. (1997) Technical manual on small-scale processing of fruits and 

vegetables. Food and Agriculture Organization of the United Nations. 

http://www.fao.org/documents/show_cdr.asp?url_file=/DOCREP/x02 09e/x0209e00.htm. 

Fia, G., Giovani, G. and Rosi, I (2005) Study of beta-glucosidase production by wine-related 

yeasts durig alcoholic fermentation. A new rapid flurometric method to determine 

enzymatic activity. Journal of Applied Microbiology 99, 509-517. 

Fickers, P., Benetti, P.H., Wache, Y., Marty, A., Mauersberger, S., Smit, M.S. and Nicaud, J.M. 

(2005) Hydrophobic substrate utilisation by the yeast Yarrowia lipolytica, and its 

potential applications. FEMS Yeast Research 5, 527–543. 

Filgueiras, H.A.C., Alves, R.E., Masca, J.L. and Menezes, J.B. (1999) Cashew apple for fresh 

consumption: research on harvest and postharvest handling technology in Brazil. Acta 

Horticulturae 485, 155–160. 

Fleet, G. H. (2003) Yeast interactions and wine flavour. International Journal of Food 

Microbiology 86, 11-22. 

Fleet, G. H. and Heard, G. M. (1993) Yeasts: growth during fermentation. In: Wine 

Microbiology and Biotechnology, Fleet, G.H. (Editor), Harwood Academic, Chur, 

Switzerland Chur, pp. 27–54. 

Fleet, G. H., Lafon-Lafourcade, S. and Ribéreau-Gayon, P. (1984) Evolution of yeasts and lactic 

acid bacteria during fermentation and storage of Bordeaux wines. Applied and 

Environmental Microbiology 48, 1034- 1038.  

Fleet, G.H. (1990) Growth of yeast during wine fermentation. Journal of Wine Research 1, 211-

223. 

Fleet, G.H. (1998) Microbiology of alcoholic beverages. In: Microbiology of Fermented Foods, 

Wood, B.J. (Editor), Blackie Academic and Professional, London, pp. 217 – 262. 

Foda, M. S. and Din, S.M.B.E. (1979) Distribution of extracellular proteolytic activities among 

various yeasts. Zentralbl Bakteriology II Abt 134, 89-93. 

Fogarty, W.M. and Kelly, C.T. (1983) Pectic enzymes. In Microbial Enzymes and 

Biotechnology, Fogarty, W.M. (Editor), Applied Science Publishers, London, pp. 131–

182. 

Fontes, C.P., Honorato, T.L., Rabelo, M.C. and Rodriques, S. (2009) Kinetic study of mannitol 

production using cashew apple juice as substrate. Bioprocess and Biosystems Engineering 

32, 493-499. 

 

http://www.fao.org/documents/show_cdr.asp?url_file=/DOCREP/x02%2009e/x0209e00.htm


 

 

 

Fossi, B.T., Tavea, F. and Ndjouenkeu, R. (2005) Production and partial characterization of a 

thermostable amylase from ascomycetes yeast strain isolated from starchy soils. African 

Journal of Biotechnology 4, 14-18. 

Fossi, B.T., Tavea, F., Jiwoua, C. and Ndjouenke, R. (2009) Screening and phenotypic 

characterization of thermostable amylases producing yeasts and bacteria strains from 

some Cameroonian soils. African Journal of Microbiological Research 3, 504-514. 

Francis, P.S. (2006) The determination of urea in wine – a review. Australian Journal of Grape 

and Wine Research 12, 97-106. 

Franco, M. R. B. and Janzantti, N. S. (2005) Aroma of minor tropical fruits. Flavour Fragrance 

Journal 20, 358–371.  

Freire, F.C.O. and Kozakiewicz, Z. (2005) Filamentous fungi, bacteria and yeasts associated with 

cashew kernels in Brazil. Revista Ciencia Agronomica 36, 249-254. 

Freire, F.C.O. and Offord, L. (2002) Bacterial and yeast counts of Brazilian commodities and 

spices. Brazilian Journal of Microbiology 33, 1-4. 

Frivik, S. and Ebeler, S. (2003) Influence of sulfur dioxide on the formation of aldehydes in 

white wine. American Journal of Enology and Viticulture 54, 31-38. 

Fujii, T., Nagasawa, N., Iwamatsu, A., Bogaki, T., Tamai, Y. and Hamachi, M. (1994) Molecular 

cloning, sequence analysis, and expression of the yeast alcohol acetyltransferase gene. 

Applied and Environmental Microbiology 60, 2786–2792.  

Gadaga, T.H., Mutukumira, A.N. and Narvhus, J.A. (2000) Enumeration and identification of 

yeasts isolated from Zimbabwean traditional fermented milk. International Dairy 

Journal 10, 459-466. 

Gainvors, A., Frezier, V., Lemaresquier, H., Lequart, C., Aigle, M. and Belarbi, A. (1994a) 

Detection of polygalacturonase, pectin-lyase and pectin-esterase activities in 

Saccharomyces cerevisiae strain. Yeast 10, 1311–1319.  

Gammacurta, M., Marchand, S., Albertin, W., Moine, V. and de Revel, G. (2014) Impact of 

Yeast Strain on Ester Levels and Fruity Aroma Persistence during Aging of Bordeaux 

Red Wines. Journal of Agricultural and Food Chemistry 62, 5378-5389. 

Gana, T., Mendoza, B.C. and Monsalud, R.G. (2014) Yeasts with amylolytic, lipolytic and 

proteolytic activities isolated from mango (Mangifers indica L.) fruits. The Asian 

International Journal of Life Sciences 23, 243-253. 

Garde-Cerdan, T. and Ancın-Azpilicueta, C. (2006) Contribution of wild yeasts to the formation 

of volatile compounds in inoculated wine fermentations. European Journal of Food 

Research and Technology 222, 15–25. 

 

 



 

 

 

Gardini, F., Suzzi, G., Lombardi, A., Galgano, F., Crudele, M.A., Andrighetto, C., Schirone, M. 

and  Tofalo, R. (2001) A survey of yeasts in traditional sausages of Southern Italy. 

FEMS Yeast Research 1, 161–167. 

Garruti, D.S., Franco, M.R.B. Silva, M.A.A.P., Janzantti, N.S. and Alves, G.L. (2003) Evaluation 

of volatile flavour compounds from cashew apple (Anacardium occidentale L) juice by 

the Osme gas chromatography/ olfactometry technique. Journal of the Science of Food 

and Agriculture 83, 1455–1462.  

Garruti, S., Franco, M., Silva, P., Janzantti, S. and Alves, L. (2006) Assessment of aroma impact 

compounds in a cashew apple based alcoholic beverage by GC-MS and GC-olfactometry. 

Lebensmitte-Wissenschaft Technology 37, 373-378.  

Garza-Ulloa, H., Villarreal, G. and Canales, A.M. (1976) Oxidation of beer, 2-Transnonenal  and 

2-trans-6-cis-nonadienal as decomposition products from a mixture of colneleic and and 

colnelenic acids. Brewers Digest 51, 48-49. 

Geok, L.P., Razak, C.A.N., Rahman, R.N.Z.A., Basri, M. and Salleh, A.B. (2003) Isolation and 

screening of an extracellular organic solvent tolerant protease producer. Biochemical 

Engineering Journal 13, 73–77. 

Georges, S., Aigner, U., Silakowski, B. and Scherer, S. (2006) Inhibition of Listeria 

monocytogenes by Food-Borne Yeasts. Applied and Environmental Microbiology 72, 

313-318. 

Geroyiannaki, M., Komaitis, M.E., Stavrakas, D.E., Polysiou, M., Athanasopoulos, P.E. and 

Spanos, M. (2007) Evaluation of acetaldehyde and methanol in greek traditional 

alcoholic beverages from varietal fermented grape pomaces (Vitis vinifera L.) Food 

Control 18, 988-995. 

Ghani, M., Ansari, A., Aman, A., Zohra, R.R., Siddiqui, N.N. and Qader, S.A.U. (2013) Isolation 

and characterization of different strains of Bacillus licheniformis for the production of 

commercially significant enzymes. Pakistan Journal of Pharmaceutical Sciences 26, 

691-697.  

Ghareib, M., Youssef, K.A. and Khalil, A.A. (1988) Ethanol tolerance ofSaccharomyces 

cerevisiae and its relationship to lipid content and composition. Folia 

Microbiologica 33, 447-452. 

Gholamnejad, J., Etebarian, H.R. and Sahebani, N. (2010) Biological control of apple blue mold 

with Candida membranifaciens and Rhodotorula mucilaginosa. African Journal of Food 

Science 4, 1-7. 

Ghosh, S., Santra, T.K. and Chakravarty, A. (2013) Study of antagonistic yeasts isolated from 

some natural sources of West Bengal. Agriculture and Biology Journal of North America 

4, 33-40. 



 

 

 

Giang, N.T.T., Kieu, N.Y., Nam, T.N., Dao, D.T.A. and Minh, N.P. (2013) Cashew Apple Juice 

Anacardium occidentale L Probiotic Fermented from Lactobacillus acidophilus. 

European Journal of Sustainable Development 2, 99-108. 

Gibbons, W.R. and Westby, C.A. (1986) Effects of inoculums size on solid-phase fermentation 

of fodder beets for fuel ethanol production. Applied and Environmental Microbiology 52, 

960-962. 

Gibson, B.R., Lawrence, S.J., Leclaire, J.P., Powell, C.D. and Smart, K.A. (2007) Yeast 

responses to stresses associated with industrial brewery handling. FEMS Microbiology 

Reviews 31, 535-569. 

Gil, J. V., Mateo, J. J., Jiménez, M., Pastor, A. and Huerta, T. (1996) Aroma compounds in wine 

as influenced by apiculate yeasts. Journal of Food Science 61, 1247-1249. 

Gilkes, N.R., Kilburn, D.G., Miller, R.C. and Warren, R.A.J. (1991) Bacterial cellulases. 

Bioresource Technology 36, 21-35.  

Giriappa, S. (1996) Prospects of Agro-processing Industry. In: Dryland Farming-Perspectives 

and progress, Sharma, B.S. (Editor), Daya Publishing House, Delhi, p. 110. 

Giro, M.E.A., Martins, J.J.L., Rocha, M.V.P., Melo, V.M.M. and Goncalves, L.R.B. (2009) 

Clarified cashew apple juice as alternative raw material for biosurfactant production by 

Bacillus subtilis in a batch bioreactor. Biotechnology Journal 4, 738– 747. 

Giudici, C., Romano, P. and Zambonelli, C. (1990) A biometric study of higher alcohol 

production in Saccharomyces cerevisiae. Canadian Journal of Microbiology 36, 61– 64. 

Giudici, P. and Pulvirenti, A. (2002) Molecular Methods for Identification of Wine Yeasts. In: 

Biodiversity and Biotechnology of Wine Yeasts, Ciani, M. (Editor), Research Signpost, 

Kerala, pp. 35-52. 

Goldbeck, R., Andrade, C.C.P., Pereira, G.A.G. and Filho, F.M. (2012) Screening and 

identification of cellulase producing yeast-like microorganisms from Brazilian biomes. 

African Journal of Biotechnology 11, 11595-11603. 

Goldbeck, R., Andrade, C.C.P., Ramos, M.M., Pereira, G.A.G. and Maugeri, F.F. (2013) 

Idetification and characterization of cellulases produced by Acremonium strictum isolated 

from Brazilian Biome. International Research Journal of Microbiology 4, 135-146. 

Golubdev, W.I. (2006) Antagonistic interaction among yeasts. In: Biodiversity and 

Ecophysiology of yeasts, Peter, G. and Rosa, C. (Editors), Springer, Berlin, pp. 197-219. 

Gonzalez-Pombo, P., Farina, L., Carrau, F., Batista-Viera, F. and Brena, B.M. (2011) A novel 

extracellular β-glucosidase from Issatchenkia terricola: Isolation, immobilization and 

application of aroma enhancement of white Muscat wine. Process Biochem 46, 385-389. 

Gopinath, S.C.B., Anbu, P. and Hilda, A. (2005) Extracellular enzymatic activity profiles in 

fungi isolated from oil-rich environments. Mycoscience 46, 119-126. 



 

 

 

Goralska, K. (2011) Characteristics of growth of yeasts and yeast-like fungi on chromogenic 

medium CHROMagar® Candida (GRASO). Wiadomoœci Parazytologiczne  57, 143–

149. 

Gorzynska, A., Krgzwacka, J. and Przem, T. (1973) Teleranceja drozdy na alcohol. Ferment 

Rolny 17, 8-9. 

Goulas, V., Charisiadis, P., Gerothanassis, I.P.and Manganaris, G.A. (2012) Classification, 

Biotransformation and Antioxidant Activity of Olive Fruit Biophenols: A Review. 

Current Bioactive Compounds 8, 232-239. 

Granchi, L., Bosco, M. and Vicenzini, M. (1999) Rapid Detection and Quantification of Yeast 

Species during Spontaneous Wine Fermentation by PCR-RFLP Analysis of the rDNA 

ITS Region. Journal of Applied Microbiology 87, 949-956. 

Green, J.A., Parr, W.V., Breitmeyer, J., Valentin, D. and Sherlock, R. (2011). Sensory and 

chemical characterization of Sauvignon Blanc wine: Influence of source of origin. Food 

Research International 44, 2788-2797.  

Guilherme, A.A., Honorato, T.L., Dornelles, A.S., Pinto, G.A.S., Brito, E.S. and Rodrigues, S. 

(2007) Quality evaluation of mesquite (Prosopis juliflora) pods and cashew (Anacardium 

occidentale) apple syrups. Journal of Food Process Engineering 32, 606–622. 

Guillamon, J. M., Sabate, J., Barrio, E., Cano, J. and Querol, A. (1998) Rapid identification of 

wine yeast species based on RFLP analysis of the ribosomal internal transcribed spacer 

(ITS) region. Archives of Microbiology 169, 387–392. 

Gummadi, S.N. and Panda, T. (2003) Purification and biochemical properties of microbial 

pectinases – a review. Process Biochemistry 38, 987–996. 

Gunata, Y.Z., Bayonove, C., Tapiero, C. and Cordonnier, R.E. (1990) Hydrolysis of grape 

monoterpenyl b-D-glucosides by various b-glucosidases. Journal of Agricultural and 

Food Chemistry 38, 1232–1236. 

Gupta, N., Dubey, A. and Tewari, L. (2009) High efficiency alcohol-tolerant Saccharomyces 

isolates of Phoenix dactylifera for bioconversion of sugarcane juice into bioethanol. 

Journal of Scientific and Industrial Research 68, 401-405. 

Gupta, R., Gigras, P., Mohapatra, H., Goswami, V.K. and Chauhan, B. (2003) Microbial α-

amylase: a biotechnological perspective. Process Biochemistry 38, 1599-1616.  

Gurung, N., Ray, S.,  Bose, S. and  Rai, V. (2013) A Broader View: Microbial Enzymes and Their 

Relevance in Industries, Medicine, and Beyond. BioMed Research International 2013, 

Article ID 329121, 18 pages. 

Hacking, A. J., Taylor, L. W. F. and Hamas, C. M. (1984) Selection of yeast able to produce 

ethanol from glucose at 40°C. Applied Microbiology and Biotechnology 19, 361-363.  

 



 

 

 

Hagler, A.N., Ribeiro, J.R.A., Pinotti, T., Brandao, L.R., Pimenta, R.S., Lins, U., Lee, C.F., 

Hsieh, C.W., Lachance, M.A. and Rosa, C.A. (2013) Wickerhamiella slavikovae sp. nov. 

and Wickerhamiella goesii sp. nov., two yeast species isolated from natural sources. 

International Journal of Systematic and Evolutionary Microbiology 63, 3099-3103. 

Haki, G. D. and Rakshit, S. K. (2003) Developments in industrially important thermostable 

enzymes: a review. Bioresource Technology 89, 17-34. 

Hakim, A.S., Abuelnaga, A.S.M. and Sayed El Ahl, R.M.H. (2013) Isolation, biochemical 

identification and molecular detection of yeasts from Kareish cheese. International 

Journal of Microbiological Research 4, 95-100. 

Hammes, W.P., Brandt, M.J., Francis, K.L., Rosenheim,M., Seitter, F.H. and Vogelmann, S. 

(2005) Microbial ecology of cereal fermentation. Trends in Food Science and 

Technology 16, 4-11. 

Hankin, L. and Anagnostakis, S.L. (1975) The use of solid media for detection of enzyme 

production by fungi. Mycologia 67, 597–607. 

Hannemann, W. (1985) Ausscheiding von Essigsaure durch Garende Hefen und die Reinigung 

und Charakterisierung einer NADP+ -Spezifischen Aldehyddehydrogenase aus 

Saccharomyces cerevisiae. PhD Dissertation, Mainz. 

Hansen, E. H., Nissen, P., Sommer, P., Nielsen, J. C. and Arneborg, N. (2001) The effect of 

oxygen on the survival of non-Saccharomyces yeasts during mixed culture fermentations 

of grape juice with Saccharomyces cerevisiae.  Journal of Applied Microbiology 91, 

541–547.  

Hatcher, W.S., Parish, M.E., Weihe, J.L., Splittstoesser, D.F. and Woodward, B.B. (2000).Fruit 

beverages, In: Methods for microbial examination of food.American Public Health 

Association, Downes, F.P. and Ho, K. (Editors),Washington DC, pp.565-568. 

Hatoum, R., Labrie, S. and Fliss, I. (2012) Antimicrobial and probiotic properties of yeast: from 

fundamental to novel applications. Frontiers in Microbiology 19, 421. 

Haw, B.P., Asma, I., Eugene, O. and Sasidharan, S. (2013) Phenotyping Identification of 

Candida albicans for the Production of In House Helicase for Nucleic Acid-Based 

Detections for Fast Diagnosis. ResearchJournal of Pharmaceutical, Biological and 

Chemical Sciences 4, 576-583. 

Heard, G. (1999) Novel yeasts in winemaking-looking to the future. Food Australia 51, 347-352.  

Heard, G. M. and Fleet, G. H. (1987) Occurrence and growth of killer yeasts during wine 

fermentations. Applied and Environmental Microbiology 51, 539–545. 

Heard, G. M., and Fleet, G. H. (1985) Growth of natural yeast flora during the fermentation of 

inoculated wines. Applied and Environmental Microbiology 50, 727-728. 

 



 

 

 

Henderson, C.M. and Block, D.E. (2014) Examining the role of membrane lipid composition in 

determining the ethanol tolerance of Saccharomyces cerevisiae. Applied and 

Environmental Microbiology 80, 2966-2972. 

Henriksson, G., Akin, D.E. and Slomezynski. D. (1999) Production of highly efficient enzyme 

for flax retting by Rhizomucor pusillus. Journal of Biotechnology 68, 115-123. 

Henrissat, B. and Davies, G. (1997) Structural and sequence –based classification of glycoside 

hydrolases. Current Opinion in Structural Biology 7, 637-644. 

Heritage, J., Evans, E.G.V. and Killington, R.A. (1996) Introductory Microbiology, Cambridge 

University Press, Cambridge, pp. 100. 

Hernandez-Orte, P., Cersosimo, M., Loscos, N., Cacho, J., Garcia-Moruno, E. and Ferreira, V. 

(2009) Aroma development from non-floral grape precursors by wine lactic acid 

bacteria.  Food Research International 42, 773–781. 

Herraiz, T. and Ough, C.S. (1993) Formation of ethyl esters of amino acids by yeasts during the 

alcoholic fermentation of grape juice. American Journal of Enology and Viticulture 44, 

41- 48. 

Hirose, E., Izawa, N., Adachi, J., Mori, S., Masse, T. (2009) Purification, Chracterization and 

Application of Alpha-Amylase from Pseudozyma aphidis I-8. Journal of Applied 

Glycoscience 56, 207-241. 

Hong, S.G., Lee, K.H. and Bae, K.S. (2002) Diversity of yeasts associated with natural 

environments in Korea. Journal of Microbiology 40, 55-62. 

Honorato, T. L., Rabelo, M. C., Gonçalves, L. R. B., Pinto, G. A. S. and Rodrigues, S. (2007) 

Fermentation of cashew apple juice to produce high added value products. World 

Journal of Microbiology and Biotechnology 23, 1409–1415.   

Honorato, T.L. and Rodrigues, S. (2010) Dextransucrase stability in cashew apple juice. Food 

and Bioprocess Technology 3, 105-110. 

Hoondal, G.S., Tiwari, R.P., Tewari, R., Dahiya, N. and Beg, Q.K. (2002) Microbial alkaline 

pectinases and their industrial applications: a review. Applied Microbiology and 

Biotechnology 59, 409-418.  

Hossain, A.B.M.S. and Fazliny, A.R. (2010) Creation of alternative energy by bio- ethanol 

production from pineapple waste and the usage of its properties for engine. African 

Journal of Microbiology Research 4, 813-819.  

Hostinova, E. (2002) Amylolytic enzymes produced by the yeast Saccharomycopsis fibuligera. 

Biologia Brastilava 11, 247-251. 

Hou, C.T. (1997) Characterization of New Yeast Lipases. JAOCKS 74, 1391-1394. 

 

 



 

 

 

Howell, K.S., Cozzolino, D., Bartowsky, E., Fleet, G.H. and Henschke, P.A. (2006) Metabolic 

profiling as a tool for revealing Saccharomyces interactions during wine fermentation. 

FEMS Yeast Research 6, 91–101. 

Hsu, A.F., Jones, K., Foglia, T.A. and Marmer, W.N. (2002) Immobilized lipase-catalyzed 

production of alkyl esters of restaurant grease as biodiesel. Biotechnology and Applied 

Biochemistry 36, 181–186.   

Huppert, M., Harper, G., Sun, S.H. and Delanerolle, V. (1975) Rapid methods for identification 

of yeasts. Journal of Clinical Microbiology 2, 21-34. 

Ibeas, J.I. and Jimenez, J. (1997) Mitochondrial DNA loss caused by ethanol in Saccharomyces 

flour yeasts. Applied and Environmental Microbiology 63, 7-12. 

Ingeniis, J.D., Raffaelli, N., Ciani, M. and Mannuzzu, I. (2009) Pichia anomala DBVPG 3003 

secretes a ubiquitin-like protein that has antimicrobial activity. Applied and 

Environmental Microbiology 75, 1129–1134.  

Ingram, L.O. and Bhuttke, T.M.(1984) Effect of alcohol on microoorganims. Advance 

Physiology 25, 253-300. 

Iranzo, J. F. U., Perez, A. I. B. and Canas, P. M. I. (1998) Study of the oenological characteristics 

and enzymatic activities of wine yeasts. Food Microbiology 15, 399- 406.  

Ivo, M.I. (1982), Leveduras do abacaxi. Dissertação de mestrado, Escola Paulista de Medicina, 

São Paulo.  

Jandrositz, A., Petschnigg, J., Zimmermann, R., Natter, K., Scholze, H., Hermetter, 

A., Kohlwein, S.D. and Leber, R. (2005) The lipid droplet enzyme Tgl1p hydrolyzes both 

steryl esters and triglycerides in the yeast, Saccharomyces cerevisiae. Biochim Biophys 

Acta 1735, 50-58. 

Jayani, R. S., Saxena, S. and Gupta, R. (2005) Microbial pectinolitic enzymes: A review. 

Proccess Biochemistry 40, 2931-2944.  

Jespersen, L., Nielsen, D.S., Honholt, S. and Jakobsen, M. (2005) Occurrence and diversity of 

yeasts involved in fermentation of West African cocoa beans. FEMS Yeast 

Research 5, 441–453. 

Jiao, Z., Dong, Y. and Chen, Q. (2014) Ethyl Carbamate in Fermented Beverages: Presence, 

Analytical Chemistry, Formation Mechanism, and Mitigation Proposals. Comprehensive 

Reviews in Food Science and Food Safety 13, 611-626. 

Jimenez, J. and Benitez, T. (1986) Characterization of wine yeasts for ethanol production. 

Applied Microbiology and Biotechnology 25, 150-154. 

Jimenez, J.and Benitez, T. (1988) Yeast cell viability under conditions of high temperature and 

ethanol concentrations depends on the mitochondrial genome. Current Genetics 13, 461-

469. 



 

 

 

Jimoh, S.O., Ado, S.A., Ameh, J.B. and Whong, C.M. (2012) Characteristics and Diversity of 

Yeast in Locally Fermented Beverages Sold in Nigeria. World Journal of Engineering 

and Pure and Applied Science 2, 40-44. 

Jing, L.I., Ying, P., Xianghong, W. and Zhenming, C. (2010) Optimum Production and 

Characterization of an Acid Protease from Marine Yeast Metschnikowia reukaufii W6b. 

Oceanic and Coastal Sea Research 9, 359-364. 

Jolly, J., Augustyn, O. P. H. and Pretorius, I. S. (2006) The role and use of non-Saccharomyces 

yeasts in wine production. South African Journal for Enology and Viticulture 27, 15-39. 

Jones, E. W. (1984) The synthesis and function of proteases in Saccharomyces: genetic 

approaches. Annual Review of Genetics 18, 233-270. 

Joseph (2010) Comparative studies of wine produced by spontaneous and controlled 

fermentation of preserved cashew (Anacardium occidentale.L.) juice. Research Journal of 

Biological Science 5, 460-464. 

Joshi, V.K., Sharma, S. and Devi, M.P. (2009) Influence of different yeast strains on 

fermentation behavior, physic-chemical and sensory qualities of plum wine. Natural 

Product Radiance 8, 445-451. 

Jung, H.K., Park, C.D., Bae, D.H. and Hong, J.H. (2008) Isolation of alcoholtolerant amylolytic 

Saccharomyces cerevisiae and its application to alcohol fermentation. Food Science and 

Biotechnology 17, 1160-1164.  

Kabak, B. and Dobson, A.D.W. (2011) An Introduction to the Traditional Fermented Foods and 

Beverages of Turkey. Critical Reviews in Food Science and Nutrition 51, 248-260. 

Kajikazawa, T., Sugita, T., Takashima, M. and Nishikawa, A. (2007) Detection of pathogenic 

yeasts from processed fresh edible sea urchins sold in a fish market. Nihon Ishinkin 

Gakkai Zasshi 48,169–172. 

Kamada, M., Ogwa, S., Oda, K. and Murao, S. (1972) Studies on extracellular protease of yeasts. 

II. Distribution of extracellular protease producing yeasts. Nippon Nogeikagaku Kaishi 

46,  171-175. 

Kandra, L. (2003) α-Amylases of medical and industrial importance. Journal of Molecular 

Structure (Theochem) 666-667, 487-498. 

Kang, T.Y., Oh, G.H. and Kim, K. (2000) Isolation and identification of yeast strains producing 

high concentration of ethanol with high viability. Korean Journal of Applied 

Microbiology and Biotechnology 28, 309-15.  

Karuppaiya, M., Sasikumar, E., Viruthagiri, T. and Vijayagopal, V. (2010) Optimisation of 

process conditions using response surface methodology (RSM) for ethanol production 

from waste cashew apple juice by Saccharomyces cerevisiae. Asian Journal of Food 

Agroindustry 3, 462-473. 



 

 

 

Kashyap, D.R., Vohra, P.K., Chopra, S. and Tewari, R. (2001) Applications of pectinases in the 

commercial sector: a review. Bioresource Technology 77, 215–227. 

Kato, S., Shizumi-Ibuka, A., Mura, K., Takeuchi, A., Tokue, C. and Arai, S. (2007) Molecular 

Cloning and Charcaterization of an Alpha-Amylase from Pichia burtonii 15-1. 

Bioscience, Biochemistry and Biotechnolgy 12, 3007-3013.  

Khaing, T.W., Weine, N. and Mya, M.O. (2008) Isolation, Characterization and Screening of 

Thermo tolerant, Ethanol Tolerant Indigenous Yeasts and Study on the Effectiveness of 

Immobilized Cell for Ethanol Production. Journal of Science and Technology 1, 12-14. 

Khor, G.K. and Uzir, M.H. (2011) Saccharomyces cerevisiae: a potential stereo specific 

reduction tool for biotransformation of mono and sesquiterpenoids. Yeast 28, 93-107. 

Kim, D. H., Hong, Y. A. and Park, H. D. (2008) Co-fermentation of grape must by Issatchenkia 

orientalis and Saccharomyces cerevisiae reduces the malic acid content in wine. 

Biotechnology Letters 30, 1633–1638. 

Kim, J.Y. (2010) Isolation of Protease-producing Yeast, Pichia farinosa CO-2 and 

Characterization of Its Extracellular Enzyme. Journal of the Korean Society for Applied 

Biological Chemistry 53, 133-141.  

Kim, K.C., Kim, Y.C. and Cho, B.H. (1989) Antagonistic ctivity of an isolate of Candida species 

to Ice Nucleation-Active Pseudomonas syringae. Ecology and Epidemiology 79, 275-277. 

Kim, S. and Dale, B. E. (2004) Global potential bioethanol production from wasted crops and 

crop residues. Biomass and Bioenergy 26, 361–375. 

Kim, S., Baek, S.O., Lee, K. and Hahn, J.S. (2013) Cellulosic ethanol production using a yeast 

consortium displaying a minicellulosome and β-glucosidase. Microbial Cell Factories 12, 

14. 

Kitagawa, T., Kohda, K., Tokuhiro, K., Hoshida, H., Akada, R., Takahashi, H. and Imaeda, T. 

(2011) Identification of genes that enhance cellulase protein production in yeast. Journal 

of  Biotechnology 151, 194-203. 

Kliewer, W. M., Howarth, L. and Omori, M. (1967) Concentration of tartaric acid and malic acid 

and their salts in Vitis vinifera grapes. American Journal of Enology and Viticulture 18, 

42-54.  

Koelsch, G., Tang, J., Loy, J. A., Monod, M., Jackson, K. and Foundling, X. L. (2000) Enzymic 

characteristics of secreted aspartic proteases of Candida albicans. Biochimica et 

Biophysica Acta (BBA) - Protein Structure and Molecular Enzymology 1480, 117-131.    

Koilery, S.K. and Keerthi, T.R. (2012) Hydrolytic enzyme production by marine yeasts isolated 

from Arabian Sea. Journal of Biotechnology and Biomaterials 2, 6. 

Kozubek, A., Zarnowski, R., Stasiuk, M., and Gubernator, J. (2001) Natural amphiphilic phenols 

as bioactive compounds. Cellular and Molecular Biology Letters 6, 351–355.  

http://www.researchgate.net/journal/1738-2203_Journal_of_the_Korean_Society_for_Applied_Biological_Chemistry
http://www.researchgate.net/journal/1738-2203_Journal_of_the_Korean_Society_for_Applied_Biological_Chemistry


 

 

 

Kreger-Van-Rij, N.J.W. (1984) The Yeasts: A Taxonomic Study, Elsevier, Amsterdam, pp. 20. 

Krinsky, N.I. (2001) Carotenoid antioxidants. Journal of Nutrition 17, 815-7.  

Krisch, J., Tako, M., Papp, T. and Vagvolgyi, C. (2010) Characteristics and potential use of β-

glucosidases from Zygomycetes. Current Research, Technology and Education Topics in 

Applied Microbiology and Microbial Biotechnology 2010, 891-896. 

Krishnaswamy, M.A., Parthasarathy, N., Patel, J.D. and Nair, K.K.S. (1973) Further studies on 

microbiological quality of cashewnut (Anacardium occidentale). Journal of Food 

Science and Technology 10, 24-26. 

Kubo, I., Masuoka, N., Ha, T.J. and Tsujimoto, K. (2006) Antioxidant activity of anacardic acids. 

Food Chemistry 99, 555–562. 

Kubo, I., Ochi, M., Vieria, P. and Komatsu, S. (1993) Antitumor agents from the cashew 

(Anacardium occidentale) apple juice. Journal of Agricultural and Food Chemistry 41, 

1012-1015. 

Kubo, J., Lee, J. and Kubo, I. (1999) Anti-Helicobacter pylori agents from the cashew apple. 

Journal of Agricultural and Food Chemistry 47, 533-537.  

Kuhad, R.C., Gupta, R. and Singh A. (2011) Microbial cellulases and their industrial 

applications. Enzyme Research 2011, Article ID 280696, 10 pages. 

Kumar, A. and Mishra, S. (2010) Studies on production of alcoholic beverages from some 

tropical fruits. Indian Journal of Microbiology 50, 88-92. 

Kumsa, D.T. (2010) Isolation and selection of ethanol tolerant yeasts for the production of 

ethanol. Ph.D Thesis, Addis Ababa University. 

Kurtzman C.P., Fell J.W., Boekhout T., Robert V. (2011) Methods for isolation, phenotypic 

characterization and maintenance of yeasts. In: The yeasts, a taxonomic study, Kurtzman 

C.P., Fell J.W. and Boekhout T. (Editors), Elsevier, Amsterdam, pp 87–110. 

Kurtzman, C. P. and Fell, J. W. (1998) The Yeasts: A Taxonomic Study, Elsevier Science B.V., 

Amsterdam, pp. 77- 100.  

Kurtzman, C.P. and Robnett, C.J. (1997) Identification of clinically important ascomycetous 

yeasts based on nucleotide divergence in the 5’ end of the large-subunit (26S) ribosomal 

DNA gene. Journal of Clinical Microbiology 35, 1216–1223. 

Kurtzman, C.P. and Robnett, C.J. (1998) Identification and phylogeny of ascomycetous yeasts 

from analysis of nuclear large subunit (26S) ribosomal DNA partial sequences. Antonie 

Van Leeuwenhoek 73, 331–371. 

Kurtzman, C.P., Robnett, C.J. and Basehoar-Powers, E. (2008) Phylogenetic relationships among 

species of Pichia, Issatchenkia and Williopsis determined from multigene sequence 

analysis, and the proposal of Barnettozyma gen. nov., Lindnera gen. nov. and 

Wickerhamomyces gen. nov. FEMS Yeast Research  8, 939-54.  



 

 

 

Lacerda, I.C.A., Miranda, R.L., Borelli, B.M., Nunes, A.C., Nardia, R.M.D., Lachance, M. and 

Rosa, C.A. (2005) Lactic acid bacteria and yeasts associated with spontaneous 

fermentations during the production of sour cassava starch in Brazil. International 

Journal of Food Microbiology 105, 213 – 219. 

Lagace, L. S. and Bisson. L.F. (1990) Survey of yeast acid proteases for effectiveness of wine 

haze reduction. American Journal of Enology and Viticulture 41, 147-155. 

Lambrechts, M.G. and Pretorius, I.S. (2000) Yeast and its importance to wine aroma- a review. 

South African Journal of Enology and Viticulture 21, 97 – 129. 

Larios, A., Garcia, H.S., Oliart, R.M. and Valerio-alfaro, G. (2004) Synthesis of flavor and 

fragrance esters using Candida antarctica lipase. Applied Microbiology and 

Biotechnology 65, 373-376. 

Las Heras-Vazquez, F. J., Mingorance-Cazorla, L., Clemente-Jimenez, J. M. and Rodriguez-

Vico, F. (2003) Identification of yeast species from orange fruit and juice by RFLP and 

sequence analysis of the 5.8S rRNA gene and the two internal transcribed spacers. 

 FEMS Yeast Research 3, 3–9. 

Lavinas, F.C., Miguel, M.A.L., Lopes, M.L.M. and Valentemesquita, V.L. (2008) Effect of high 

hydrostatic pressure on cashew apple (Anacardium occidentale L.) juice preservation. 

Journal of Food Science 73, 273- 277. 

Layokun, S.K. (1984) Use of the palm wine cultures for ethanol production from black strap 

molasses with particular reference to conditions in the tropics. Processs Biochemistry 19, 

180-182.  

Le Quere, J.M. and Drilleau, J.F. (1993) Microorganismes et typicite´ ‘‘cider’’. Technologie 31, 

16–19.  

Lee, L. G., Connell, C. R., Woo, S. L., Cheng, R. D., McArdle, B. F., Fuller, C. W., Halloran, N. 

D. and Wilson, R. K. (1992) DNA Sequencing with Dye-labeled Terminators and T7 

DNA Polymerase: Effect of Dyes and dNTPs on Incorporation of Dye Terminators and 

Probability Analysis of Termination Fragments. Nucleic Acids Research 20, 2471-2483. 

Lee, M-N. and Park, H-D. (2012) Isolation and Characterization of Acidophilic Yeasts Producing 

Urease from Korean Traditional Nuruk. Korean Journal of Food Preservation 19, 308-

314. 

Lee, Y.J., Choi, Y.R., Lee, S.Y., Park, J.T., Shim, J.H., Park, K.H. and Kim, J.W. (2011) 

Screening Wild Yeast Strains for Alcohol Fermentation from Various Fruits. 

Mycobiology 39, 33-39. 

Lema, C. Garcia-Jares, C. Orriols, I. Angulo, L. (1996) Contribution of Saccharomyces and non-

Saccharomyces populations to the production of some components of Albarino wine 

aroma. American Journal of Enology and Viticulture 47, 206-216. 



 

 

 

Leverentz, B., Conway, W.S., Janisiewicz, W., Abadias, M., Kurtzman, C.P. and Camp, M.J. 

(2006) Biocontrol of the food-borne pathogens Listeria monocytogenes and Salmonella 

enterica serovar Poona on fresh-cut apples with naturally occurring bacterial and yeast 

antagonists. Applied and Environmental Microbiology 72, 1135–1140. 

Li, B., Yu, P., Curran, S. and Liu, Q. (2011) Chemical and Volatile Composition of Mango 

Wines Fermented with Different Saccharomyces cerevisiae Yeast Strains. South African 

Journal of Enology and Viticulture 32, 117-128. 

Li, C.F. and Li, M.Q. (1999) Effects of polyphenol on cashew apple winemaking. Natural 

Science Journal of Hainan University 17, 243-245.  

Li, C.F., Li, M.Q. and Peng, L.X. (1999) Fruity flavor keeping of cashew apple wine. Chinese 

Journal of Tropical Crops 20, 21-24. 

Li, H., Chi, Z., Duan, X., Wang, L., Sheng, J. and Wu, L. (2007b) Glucoamylase production by 

the marine yeast Aureobasidium pullulans N13d and hydrolysis of potato starch granules 

by the enzyme. Process Biochemistry 42, 462–465.  

Li, H., Chi, Z., Wang, X., Duan, X., Ma, L. and Gao, L. (2007a) Purification and characterization 

of extracellular amylase from the marine yeast Aureobasidium pullulans N13d and its raw 

potato starch digestion. Enzyme and Microbial Technology 40, 1006-1012.  

Li, J., Chi, Z., Wang, X., Peng, Y. and Chi, Z. (2009) The selection of alkaline proptease 

producing yeasts from marine environments and evaluation of their bioactive peptide  

production. Chinese Journal of Oceanology and Limnology 27, 753-761. 

Li, Q., Huang, J., Guo, H., Guo, X., Zhu Y. and Dong, K. (2012) Bactericidal activity against 

meticillin-resistant Staphylococcus aureus of a novel eukaryotic therapeutic recombinant 

antimicrobial peptide. International Journal of Antimicrobial Agents 39, 496-499. 

Li, X., Lim, S.L., Yu, B., Curran, P. and Liu, S.Q. (2013) Mango wine aroma enhancement by 

pulp contact and beta-glucosidase. International Journal of Food Science and Technology 

48, 2258-2266. 

Libkind, D., Brizzio, S., Ruffini, A., Gadanho, M., van Broock, M. and Sampaio, J. P. (2003) 

Molecular characterization of carotenogenic yeasts from aquatic environments in 

Patagonia, Argentina.  Antonie van Leeuwenhoek  84, 313–322. 

Lilly, M., Lambrechts, M.B. and Pretorius, I.S. (2000) Effect of Increased Yeast Alcohol 

Acetyltransferase Activity on Flavor Profiles of Wine and Distillates. Applied and 

Environmental Microbiology 66, 744-753. 

Lin, C. C. and Fung, Y. (1987) Conventional and rapid methods for yeast identification. Critical 

Reviews in Microbiology 4, 273-289.  

 

 



 

 

 

Linde, M., Galbe, M. and Zacchi, G. (2008) Bioethanol production from non-starch carbohydrate 

residues in process streams from a dry-mill ethanol plant. Bioresource Technology 99, 

6505–6511. 

Liu, S.Q. and Pilone, G.J. (2000)  An overview of formation and roles of acetaldehyde in 

winemaking with emphasis on microbiological implications.  International Journal of 

Food Science and Technology 35, 49-61. 

Lock, L.L., Corbellini, V.A. and Valente, P. (2007) Lipases produced by yeasts: Powerful 

biocatalysts for Industrial purposes. Techno-Logica 11, 18-25. 

Lodder, J. (1970) The yeast: a taxonomic study. North Holland Publishing Company, 

Amsterdam, pp. 1-1385. 

Lomolino, G., Zoccal, F., Spettoli, F. and Lantel, A. (2006) Detection of β-Glucosidase and 

Esterase Activities  in wild Yeast in a Distillery Environment. Journal of the Institute of 

Brewing 112, 97–100. 

Long, A. and Ward, O.P. (1989) Biotransformation of benzaldehyde by Saccharomyces 

cerevisiae: characterization of the fermentation and toxicity effects of substrates and 

products. Biotechnology and Bioengineering 34, 933-941. 

Longo, E., Cansado, J., Agrelo, D.and Villa, T. G. (1991) Effect of climatic conditions on yeast 

diversity in grape musts from northwest Spain. American Journal of Enology and 

Viticulture 42, 141–144. 

Longo, E., Velazquez, J. B., Sieiro, C., Cansado, J., Calo, P. and Villa, T. G. (1992) Production 

of higher alcohols, ethyl acetate, acetaldehyde and other compounds by 14 

Saccharomyces cerevisiae wine strains isolated from the same region (Salnés, NW 

Spain). World Journal of Microbiology and Biotechnology 8, 539-541. 

Lopandic, K., Zelger, S., Banszky, L.K., Eliskases-Lechner, F. and Prillinger, H. (2006) 

Identification of yeasts associated with milk products using traditional and molecular 

techniques. Food Microbiology 23, 341–350. 

Lopez, M. and Edens, L. (2005) Effective prevention of chill-haze in beer using an acid proline-

specific endoprotease from Aspergillus niger. Journal of Agricultural and Food 

Chemistry 53, 7944-7949. 

Loureiro, V. and Malfeito-Ferreira, M. (2003) Spoilage yeasts in the wine industry. International 

Journal of Food Microbiology 86, 23–50.  

Lowor, S.T. and Agyente-Badu, C.K. (2009) Mineral and proximate composition of cashew 

apple (Anacardium occidentale L.) juice from Northern Savannah, forest and Costal 

Savannah regions in Ghana. American Journal of Food Technology 4, 154-161. 

 

 



 

 

 

Luz, D.A., Rodrigues, A.K.O., Silva, F.R.C. (2008) Adsorptive separation of fructose and 

glucose from an agroindustrial waste of cashew industry. Bioresource Technology 99, 

2455–2465. 

Lyumugabel, F., Uyisenga, J.P., Songa, E.B. and Thonart, P. (2014) Production of traditional 

Sorghum beer “Ikigage” using Saccharomyes cerevisiae, Lactobacillus fermentum and 

Issatchankia orientalis as starter cultures. Journal of Nutrition and Food Sciences 5, 507-

515. 

Maciel, N.O., Pilo, F.B., Frietas, L.F., Gomes, F.C., Johann, S., Nardi, R.M., Lachancea, M.A. 

and Rosa, C.A. (2013) The diversity and antifungal susceptibility of the yeasts isolated 

from coconut water and reconstituted fruit juices in Brazil. International Journal of Food 

Microbiology 160, 201-205. 

Maddox, I. S. and J. S. Hough. (1970) Proteolytic enzymes of Saccharomyces carlsbergensis. 

Biochemical Journal 177, 843-852. 

Mafart, P. (1986) Influence de la flore de fermentation sur la flaveur des cidre et selection des 

souches. Bios 17, 33–37. 

Magliani, W., Conti, S., Salati, A., Vaccari, S., Ravanetti, L., Maffei,  D. L. and Polonelli, L. 

(2004) Therapeutic potential of yeast killer toxin-like antibodies and mimotopes. FEMS 

Yeast Research 5, 11-18. 

Maicas, S. and Mateo, J.J. (2005) Hydrolysis of teipenyl glycosides in grape juice and other fruit 

juices: A review. Applied Microbiology and Biotechnology 67, 322- 355. 

Majumder, K. (2013) Pectic polysaccharides of fruits: Characterisation, fractional changes and 

industrial applications. In: Natural Polymers, Biopolymers, Biomaterials, and Their 

Composites, Blends and IPNs, Thomas, S., Ninan, N., Mohan, S. and Francis, E. 

(Editos), Library and Archieves Canada Cataloguing, Canada, p.238. 

Malherbe, S., Bauer, F.F. and Du Toit, M. (2007) Understanding Problem fermentations- A 

review. South African Journal of Enology and Viticulture 28, 169-186. 

Mamum-Or-Rashid, A.N.M., Dash, B.K., Chowghury, M.N.A., Waheed, M.F. and Pramanik, 

M.A. (2013) Exploration of potential bakers yeast from sugarcane juice: Optimization 

and evaluation. Pakistan Journal of Biological Sciences 16, 617-623. 

Mandal, R.C., Dhandar, D.G. and Dhume, C.V. (1985) Cashew apple liquor industry in Goa. Acta 

Horticulture (ISHS) 108,172-175. 

Mangas, J., Gonzalves, M.P. and Blanco, D. (1993) Influence of cider-making technology of 

low-boiling-point volatile compounds. Zeitschrift für Lebensmittel Untersuchung und 

Forschung 197, 522–524. 

 

 



 

 

 

Many, J.N., Radhika, B. and Ganesan, T. (2014) Study on tomato wine production and 

optimization. IOSR Journal of Environmental Science, Toxicology and  Food Technology 

8, 97-100. 

Manzanares, P., Rojas, V., Genoves, S. and Valles, S. (2000) A preliminary search for 

anthocyanin-b-D-glucosidase activity in nonSaccharomyces wine yeasts. International 

Journal of Food Science and Technology 35, 95–103. 

Maragatham, C. and Paneerselvam, A. (2011a) Preliminary screening of papaya varities for wine 

making using various wine yeast isolated from over ripened (rotten) papaya fruits. Plant 

Archives 11, 383-386. 

Maragatham, C. and Panneerselvam, A. (2011b) Isolation, identification and characterization of 

wine yeast from rotten papaya fruits for wine production. Advances in Applied Science 

Research 2, 93-98. 

Marcel, M.L., Luana, P.B., Marcos, D.R., Alane, B.V. and Sonia, R. (2009) Identification 

antifungal susceptibility and scanning electron microscopy of a keratinolytic strain of 

Rhodotorula mucilaginosa: a primary causative agent of onychomycosis. FEMS 

Immunology and Medical Microbiology 55, 396–403.  

Margalith, P. and Schwartz, Y. (1970) Flavor and microorganisms. D. Perlman (Editor), 

Academic Press, New York, p. 35. 

Margesin, R. and Feller, G. (2010) Biotechnological applications of psychrophiles. 

Environmental Technology 31, 835–844. 

Margesin, R., Schinner, F., Marx, J.C. and Gerday, C. (2008) Psychrophiles: from biodiversity to 

biotechnology, Springer, Berlin, Germany, pp 352–360. 

Martinez, C., Contreras, A., Aguilera, O., Ganga, A. and Garcia, V. (2014) The ICY1 gene 

from Saccharomyces cerevisiae affects nitrogen consumption during alcoholic 

fermentation. Electronic Journal of Biotechnology 17, 150-155. 

Martini, A. (1993) Origin and domestication of the wine yeast Saccharomyces cerevisiae. 

Journal of Wine Research 4, 165–176.  

Mas, A., Torija, M.J., Garcia-Parrilla, M.C. and Troncoso, A.M. (2014) Acetic Acid Bacteria and 

the Production and Quality of Wine Vinegar. The Scientific World Journal 2014, Article 

ID 394671, 6 pages. 

Masih, E.I., Slezack-Deschaumes, S., Maramara, I., Ait Barka, E., Vernet, G., Charpentier, C., 

Adholeya, A. and Paul, B. (2001) Characterisation of the yeast Pichia membranifaciens 

and its possible use in the biological control Botrytis cinerea, causing the grey mould 

disease of grapevine.  FEMS Microbiology Letters 202, 227-232. 

 

 



 

 

 

Masoud, W. and Jespersen, L. (2006) Pectin degrading enzymes in yeasts involved in 

fermentation of Coffea arabica in East Africa. International Journal of Food 

Microbiology 110, 291-296. 

Matapathi, S.S., Patil, A.B., Jones Nirmalnath, P. and Savalagi, V.V. (2004) Isolation and 

screening of efficient yeast strains for wine making. Karnataka Journal of Agriculture 

and Science 17, 736-740. 

Mateo, J.J. and DiStefano, R. (1997) Description of the betaglucosidase activity of wine yeasts. 

Food Microbiology 14, 583– 591. 

Mateo, J.J., Jiménez, M., Huerta, T. and Pastor, A. (1991) Contribution of different yeasts 

isolated from musts of Monastrell grapes to aroma of wines. International Journal of 

Food Microbiology 14, 153–160. 

Mateo, J.J., Peris, L., Ibanez, C. and Maicas, S. (2011) Characterisation of glycolytic activities 

from non-Saccharomyces yeasts isolated from Bobal musts. Journal of Industrial 

Microbiology and Biotechnology 38, 347-354. 

McKay, A.M. (1988) A plate assay method for the detection of fungal polygalacturonase 

secretion. FEMS Microbiology Letters 56, 355–358. 

McMahon, H., Zoecklein, B.W., Fugelsang, K. and Jasinski, Y. (1999) Quantification of 

glycosidase activities in selected yeasts and lactic acid bacteria. Journal of Industrial 

Microbiology and Biotechnology 23, 198-203. 

Meera, N.S., Charan Theja, P. and Charitha Devi, M. (2013) Production and optimization of β-

galactosidase enzyme using probiotic yeast spp. Annals of Biological Research 4, 62-67.  

Melo-Cavalcante, A.A.C., Moura Dantas, S.M.M., Souza Leite, A., Matos, L., Sousa, J.M. and 

Picada, J.N. (2011) Invivo antigenotoxic and anticlastogenic effects of fresh and 

processed cashew (Anacardium occidentale) apple juices. Journal of Medicinal Food 14, 

792-798. 

Melo-Cavalacante, A.A., Picada, J.N., Rubensam, G. and Henriques, J.A.P. (2008) 

Antimutagenic activity of cashew apple (Anacardium occidentale Sapindales, 

Anacardiaceae) fresh juice and processed juice (cajuína) against methyl 

methanesulfonate, 4-nitroquinoline N-oxide and benzo[a]pyrene. Genetics and 

Molecular Biology 31, 759-766. 

Melo-Cavalcante, A.A., Rubensam, G., Picada, J.N.,  da Silva, E.G., Moreira, F.J.C. and 

Henriques, J.A.P. (2003) Mutagenicity, antioxidant potential and antimutagenic activity 

against hydrogen peroxide of cashew (Anacardium occidentale) apple juice and cajuina. 

Environmental and Molecular Mutagenesis 41, 360-369. 

 

 



 

 

 

Mendes-Ferreira, A., Climaco, M.C. and Mendes-Faia, A. (2001) The role of non-saccharomyces 

species in releasing glycosidic bound fraction of grape aroma components – a preliminary 

study. Journal of Applied Microbiology 91, 67–71. 

Mendoza, L. and Farias, M.E. (2010) Improvement of wine organoleptic characteristics by non-

Saccharomyces yeasts. In: Current Research, Technology and Education Topics in 

Applied Microbiology and Biotechnology, pp. 908-919. 

Menna, M.E. (1957) The Isolation of Yeasts from Soil. Journal of General Microbiology 17, 

678-688. 

Merin, M.G., Medoza, L.M. and Ambrosini, V.I.M. ( 2013) Pectinolytic yeasts from viticultural 

and enological environments: novel finding of Filobasidium capsuligenum producing 

pectinases. Journal of Basic Microbiology 00, 1-8. 

Meroth, C.B., Hammes, W.P. and Hertel, C. (2003) Identification and Population Dynamics of 

Yeasts in Sourdough Fermentation Processes by PCR-Denaturing Gradient Gel 

Electrophoresis. Applied and Environmental Microbiology 69, 7453-7461. 

Mfombep, P.M., Senwo, Z.N. and Isikhuemhen, O.S. (2013) Enzymatic activities and kinetic 

properties of β-glucosidase from selected white rot fungi. Advances in Biological 

Chemistry 3, 198-207. 

Micheli, F. (2001) Pectin methylesterases: cell wall enzymes with important roles in plant 

physiology. Trends in Plant Science 6, 414–419. 

Miklosy, E. and Polos, V. (1995) Yeasts with b-D-glucosidase activity: properties and posible 

application in winemaking processes. Acta Alimentaria 24, 167–180. 

Millar, D.G., Griffiths, S.K., Algar, E. and Scopes, R.K. (1982) Activity and stability of 

glycolytic enzymes in the presence of ethanol. Biotechnology Letters 4, 601-606. 

Mirbagheri, M., Nahvi, I., Emtiazi, G., Mafakher, L. and Darvishi, F. (2012) Taxonomic 

characterization and potential biotechnological applications of Yarrowia lipolytica 

isolated from meat and meat products. Jundishapur Journal of Microbiology 5, 346-351. 

Mohanty, S., Ray, P., Swain, M.R. and Ray, R.C. (2006) Fermentation of cashew (Anacardium 

occidentale L.) “Apple” into wine. Journal of Food Processing and Preservation 30, 314-

322. 

Mokhtari, M., Etebarian, H.R., Mirhendi, S.H. and Razavi,M. (2011) Identification and 

phylogeny of some species of the genera Sporidiobolus and Rhodotorula using analysis of 

the 5.8s rDNA gene and two ribosomal internal transcribed spacers. Archieves of 

Biological Science Belgrade 63, 79-88. 

Molina, A. M., Guadalupe, V., Varela, C., Swiegers, J. H., Pretorius, I. S. and Agosin, E. (2009) 

Differential synthesis of fermentative aroma compounds of two related commercial wine 

yeast strains. Food Chemistry 117, 189-195. 



 

 

 

Moneke, A.N., Okolo, B.N., Nweke, A.I.,  Ezeogu, L.I. and Ire, F.S. (2008) Selection and 

characterisation of high ethanol tolerant Saccharomyces yeasts from orchard soil. African 

Journal of Biotechnology 7, 4567 – 4575.  

Moreira, S.R.,  Schwan, R.F., Carvalho, E.P.D. and. Wheals, A.E. (2001) Identification of yeasts 

and filamentous fungi from yoghurts in Brazil. Brazilian Journal of Microbiology 32, 

117-122.  

Moreno-Arribas, V., Pueyo, E. and Polo, M. C. (1996) Peptides in Musts and wines: changes 

during the manufacture of Cavas (Sparkling wines). Journal of Agricultural and Food 

Chemistry 44, 3783-3788.  

Mortimer, R.and Polsinelli, M. (1999) On the origins of wine yeast. Research Microbiology 150, 

199–204. 

Morton, J.F. (1987) Cashew apple. In: Fruits of warm climates, Morton, J.F. (Editor), Miami 

Publishers, pp. 239-240. 

Motarjemi, Y. (2002) Impact of small scale fermentation technology on food safety in 

developing countries. International Journal of Food Microbiology 75, 213-229. 

Mukesh Kumar, D.J., Saranya, D.M., Suresh, K., Andal Priyadharshini, D., Rajkumar, R. and 

Kalaichelvan, P.T. (2012) Production and optimization of pectinase from Bacillus sp. 

MFW7 using cassava waste. Asian Journal of Plant Science and Research 2, 369-375. 

Mushtaq, M., Nahar, S. and Hashmi, M.H. (2004) Isolation and identification of yeast flora from 

soil of Karachi, Pakistan. Pakistan Journal of Botany 36, 173-180. 

Nagahama, T., Hamamoto, M. and Horikoshi, K. (2006) Rhodotorula pacifica sp. nov., a novel 

yeast species from sediment collected on the deep-sea floor of the north-west Pacific 

Ocean.  International Journal of Systematic and Evolutionary Microbiology 56, 295–

299. 

Nair, K.P.P. (2010) Cashew nut. In: The Agronomy and Economy of Important Tree Crops of the 

Developing World, Nair, K.P.P. (Editor), Elsevier Insights, USA, p. 60.  

Najafi, G., Ghobadian, B., Tavakoli, T. and  Yusaf, T. (2009)  Potential of bioethanol production 

from agricultural wastes in Iran. Renewable and Sustainable Energy Reviews 13, 1418-

1427. 

Najafi, M.F., Deobagkar, D. and Deobagkar, D. (2005) Potential application of protease isolated 

from Pseudomonas aeruginosa PD100. Electronic Journal of Biotechnology 8, 197-203. 

Nakagawa, T., Yamada, K., Fujimura, S., Ito, T., Miyaji, T. and Tomizuka, N. (2005) Pectin 

utilization by the methylotrophic yeast Pichia methanolica. Microbiology 151, 2047-2052. 

Nakatani, Y., Yamada, R., Ogino, C. and Kondo, A. (2013) Synergetic effect of yeast cell-

surface expression of cellulase and expansin-like protein on direct ethanol production 

from cellulose. Microbial Cell Factories 12, 66. 



 

 

 

Nam, T.N., Minh, N.P. and Dao, D.T.A. (2014) Investigation of Processing Conditions For 

Dietary Fiber Production From Cashew Apple (Anacardium occidentale L.) Residue. 

International Journal of Scientific and Technology Research 3, 148-156. 

Nanjundaswamy, A.M., Radhakrishniah Setty, G. and Patwardhan, M.V. (1985) Utilization of 

cashew apples for the development of processed products. Acta Horticulturae (ISHS) 

108, 150-158. 

Ndip, R.N., Akoachere, J.F., Dopgima, L.L.and Ndip, L.M. (2001) Characterization of yeast 

strains for wine production: effect of fermentation variables on quality of wine produced. 

Applied Biochemistry and Biotechnology 95, 209-20. 

Neelakandan, T. and Usharani, G. (2009) Optimization and Production of Bioethanol from 

Cashew Apple Juice Using Immobilized Yeast Cells by Saccharomyces cerevisiae. 

American Eurasian Journal of Scientific Research 4, 85-88. 

Ness, F., Lavallee, F., Dubourdieu, D., Aigle, M. and Dulau, L. (1993) Identification of yeast 

strains using the polymerase chain reaction. Journal of the Science of Food and 

Agriculture 62, 89-94. 

Nowak, M., Strehaiano, P., Moreno, M. and Goma, G. (1981) Alcoholic fermentation: On the 

inhibitory effect of ethanol. Biotechnology and Bioengineering 23, 201-11. 

Nurgel, C., Erten, H., Canbas, A., Cabaroglu, T. and Selli, S. (2002) Contribution by 

Saccharomyces cerevisiae yeasts to fermentation and flavour compounds in wines from 

cv. Kalecik karasi grape. Journal of the Institute of Brewing 108, 68-72. 

Nwachukwu, I.N., Ibekwe, V.I., Nwabueze, R.N. and Anyanwu, B.N. (2006) Characterization of 

palm wine yeast isolates from industrial utilization. African Journal of Biotechnology 5, 

1725-1728. 

Nyanga, L.K., Nout, M.J., Smid, E.J., Boekhout, T. and Zwietering, M.H. (2013) Fermentation 

characteristics of yeasts isolated from traditionally fermented masau (Ziziphus 

mauritiana) fruits. International Journal of Food Microbiology 166, 426-432. 

Nykanen, L. (1986) Formation and occurrence of flavour compounds in wine and distilled 

alcoholic beverages. American Journal of Enology and Viticulture 37, 84-96. 

Nykanen, L. and Nykanen, I. (1977) Production of esters by different yeast strains in sugar 

fermentations. Journal of the Institute of Brewing 83, 30-31.  

Nzabuheraheza, F.D. and Nyiramugwera, A.N. (2014) Golden wine produced from mixed juices 

of passion fruit (Passiflora edulis), mango (Mangifera indica) and pineapple (Ananas 

comosus). African Journal of Food, Agriculture, Nutrition and Development 14, 9104-

9116. 

 

 



 

 

 

Obasi, B.C., Whong, C.M.Z., Ado, S.A. and Abdullahi, I.O. (2014) Isolation and Identification 

Of Yeast Associated With Fermented Orange Juice. The International Journal of 

Engineering and Science (IJES) 3, 64-69.  

Obisanya, M.O., Aina, J.O., Oguntimehin, G.B. (1987) Production of wine from mango 

(Mangifera indica L.) using Saccharomyces and Schizosaccharomyces species isolated 

from palm wine. Journal of Applied Bacteriology 63, 191-196. 

Oduwole, O.O., Akinwale, T.O. and Olubamiwa, O. (2001) Economic evaluation of a locally 

fabricated extraction machine for a cottage cashew juice factory. The Journal of Food 

Technology in Africa 6, 18-20. 

Ogunjobi, M.A.K. and Ogunwolu, S.O. (2010) Physicochemical and sensory properties of 

cassava flour biscuits supplemented with cashew apple powder. Journal of Food 

Technology 8, 24-29.  

Ogunmoyela, O.A. (1983) Prospects for cashew “apple” processing and utilization in Nigeria. 

Process Biochemistry March/April, 6–7. 

Okafor, N. (1977) Microorganism associated with cassava fermentation for gari production. 

Journal of Applied Bacteriology 42, 279-284. 

Okagbue, R.N. (1988) A note on the leavening activity of yeasts isolated from Nigerian palm 

wine. Journal of Applied Bacteriology 64, 235-240. 

Okunowo, W.O., Okotore, R.O. and Osuntoki, A.A. (2005) The alcoholic fermentative efficiency 

of indigenous yeast strains of different origin on orange juice. African Journal of 

Biotechnology 4, 1290-1296. 

Oliveira, E. S., Cardello, H. M. A. B., Jeronimo, E. M., Souza, E. L. R. and Serra, G. E. (2005) 

The influence of different yeasts on the fermentation, composition and sensory quality of 

cachaça. World Journal of Microbiology and Biotechnology 21, 707-715. 

Oliveira, K.F., Malavolta, L., Souza, C.S., Vicente, E.J. and Laluce, C. (2006) Pectinoytic 

activity secreted by yeasts isolated from fermented citrus molasses. Journal of Applied 

Microbiology 100, 633-640.   

Oliveira, A.P.A., Silvestre, M.A., Alves-Prado, H.F., Rodrigues, A., da Paz, M.F., Fonseca, G.G. 

and Leite, R.S.R. (2015) Bioprospecting of yeasts for amylase production in solid state 

fermentation and evaluation of the catalytic properties of enzymatic extracts. African 

Journal of Biotechnology 14, 1215-1223. 

Olson, L. and Hahn-Hagerdal, B. (1996) Fermentation of lignocellulic hydrolysates for ethanol 

production. Enzyme and Microbial Technology 18, 312-331. 

Osho, A. (2005) Ethanol and sugar tolerance of wine yeasts isolated from fermenting cashew 

apple juice. African Journal of Biotechnology 4, 660-662. 

 



 

 

 

Osho, A. and Odunfa, S.A. (1999) Fermentation on cashew juice using the wine yeast strain 

NCYC 125 and three other isolated yeast strains. Advances in Food Science 21(1/2), 23–

29. 

Osorio, V.M. and Cardeal, Z.L. (2013) Analytical methods to assess carbonyl compounds in 

foods and beverages. Journal of the Brazilian Chemical Society 24, 1711-1718. 

Otero, R.R., Iranzo, J.F., Briones-Perez, A.I., Potgieter, N., Villena, M.A., Pretorious, I.S. and 

Van Rensburg, P. (2003) Characterization of the β-glucosidase activity produced by 

enological strains of non-Saccharomyces yeasts. Journal of Food Science 68, 2564- 2569. 

Otero, D.M., Cadaval, C.L., Teixeira, L.M., Rosa, C.A., Sanzo, A.V.L. and Kalil, S.J. (2015) 

Screening of yeasts capable of producing cellulase-free xylanase. African Journal of 

Biotechnology 14, 1961-1969 

Ough, C.S. (1976) Ethyl carbamate in fermented beverages and foods. I. Naturally occurring 

ethyl carbamate. Journal of Agriculture and Food Chemistry 24, 323-328. 

Oyewole, O.B. and Odunfa, S.A. (1988) Microbiological studies on cassava fermentation for 

‘lafun’ production. Food Microbiology 5, 125-133. 

Paffetti, D., Barbeiro, C., Casalone, E., Cavaleiri, D., Fani, R., Fia, G., Mori, E. and Polsinelli, 

M. (1995) DNA fingerprinting by random amplified polymorphic DNA and restriction 

fragment length polymorphism is useful for yeast typing. Research in Microbiology 

146,587-594. 

Paine, A.J. and Daval, A.D. (2001) Defining a tolerable concentration of methanol in alcoholic 

drinks. Human and Experimental Toxicology 20, 563-568. 

Pallmann, C.L., Brown, J.A., Olineka, T.L., Cocolin, L., Mills, D.A. and Bisson, L.F. (2001) Use 

of WL medium to profile native flora fermentation. American Journal of Enology and  

Viticulture 52, 198–203. 

Panchal, C.J., Peacock, I. and Stewart, G.G. (1982) Increased osmotolerance of genetically 

modified ethanol producing strains of Saccharromyces sp. Biotechnology Letters 4, 639-

644. 

Pandey, A., Benjamin, S., Soccol, C.R., Nigam, P., Krieger, N. and Soccol, V.T. (1999) The 

realm of microbial lipases in biotechnology. Biotechnology and Applied Biochemistry 

29, 119-131 

Pandey, A., Nigam, P., Soccol, C.R., Soccol, V.T., Singh, D. and Mohan, R. (2000) Advances in 

microbial amylases. Biotechnology and Applied Biochemistry 31, 135-152. 

Panjai, L., Ongthip, K. and Chomsri, N. (2009) Complex fruit wine produced from dual culture 

fermentation of pineapple juice with Torulaspora delbrueckii and Saccharomyces 

cerevisiae. International Conference of Uni Hands-On Education 23-29. 

 



 

 

 

Parameswari, K., Hemalatha, M., Priyanka,K. and Kishori, B. (2015) Isolation of yeats and 

ethanol production frompapaya (Carica papaya) and grape (Vitis vinifera) fruits. 

International Journal of Scientific and Engineering Research 6, 100-104. 

Parish, M. E. and Haggins, D.P. (1989)Yeast and Moulds Isolated from spoiling citrus product 

and by products. Journal of Food Protein 52, 261-263. 

Parish, M.E. and Carroll,D.E. (1985) Indigenous Yeasts Associated with Muscadine (Vitis 

rotundifolia) Grapes and Musts. American Journal of Enology and Viticulture 36,165-

169. 

Parker, L. T., Deng, Q., Zakeri, H., Carlson, C., Nickerson, D. A. and Kwok, P. Y. (1995) Peak 

Height Variations in Automated Sequencing of PCR Products Using Taq Dye-terminator 

Chemistry. BioTechniques 19, 116-121. 

Pascualli, R., Geraeds, C., Voragen, F. and Pilnik, W. (1991) Characterization of 

polygalacturonase from yeast and fungi. Lebensmittel Wissenschaft und Technologie 24, 

63–70. 

Paskevicius, A. (2001) Lipase activity of yeasts and yeast-like fungi functioning under natural 

conditions. Biologija 4, 16-18. 

Passicos, E., Santarelli, X. and Coulon, D. (2004) Regioselective acyltion of flavonoids catalysed 

by immobilized Candida antarctica lipase under reduced pressure. Biotechnology Letters 

26, 1073-1076. 

Patel, S. and Shibamoto, T. (2003) Effect of 20 different yeast strains on the production of 

volatile components in Symphony wine. Journal of Food Composition and Analysis 16, 

469–476. 

Pathania N.,  Kanwar S. S., Jhang, T., Koundal, K.R. and  Sharma T. R. (2010) Application of 

different molecular techniques for deciphering genetic diversity among yeast isolates of 

traditional fermented food products of Western Himalayas. World Journal of 

Microbiology and Biotechnology 26, 1539–1547. 

Patil, S. and Patil, A.B. (2006) Isolation and Characterization of Wine Yeast From Pineapple 

Fruits. Karnataka Journal of Agriculture and Science 19, 558-561. 

Peddie, H.A.B. (1990) Ester formation in brewery fermentations. Journal of the Institute of 

Brewing 96, 327-331. 

Pereira, A.L.F. (2011) Probiotic beverage from cashew apple juice fermented with Lactobacillus 

casei. Food Research International 44, 1276–1283. 

Pereira, A.L.F. and Rodrigues, S. (2012) Fermentation and Cashew apple juice. In: Handbook of 

Plant-based fermented food and beverage Technology. Hui, Y.H. and Evranuz, E.O. 

(Editors), CRC Press, pp. 237-248. 

 



 

 

 

Perez-Coello, M. S., Briones Pérez, A. I., Ubeda Iranzo, J. F. and Martin Alvarez, P. J. (1999) 

Characteristics of wines fermented with different Saccharomyces cerevisiae strains 

isolated from the La Mancha region. Food Microbiology 16, 563-573. 

Persike, D.S., Bonfim, T.M., Santos, M.H., Lyng, S.M., Chiarello, M.D. and Fontana, J.D. 

(2002) Invertase and urease activities in the carotenogenic yeast Xanthophyllomyces 

dendrorhous (formerly Phaffia rhodozyma). Bioresource Technology 82, 79-85. 

Pervez, S., Aman, A., Iqbal, S., Siddiqui, N.N. and  Qader, S.A.U. (2014) Saccharification and 

liquefaction of cassava starch: an alternative source for the production of bioethanol using 

amylolytic enzymes by double fermentation process. BMC Biotechnology 14, 49. 

Peter, G., Tornai-Lehoczki, J., Suzuki, M. and Dlauchy, D. (2005) Metschnikowia viticola sp. 

nov., a new yeast species from grape. Antonie van Leeuwenhoek 87, 155–160. 

Petravic-Tominac, V., Mesihovic, A., Mujadzic, S., Lisicar, J., Oros, D., Velic, D., Velic, N., 

Srecec, S., Zechner-krpan,V. and Petrovic, Z. (2013) Production of Blackberry Wine by 

Microfermentation using Commercial Yeasts Fermol Rouge® and Fermol Mediterrane. 

Agriculturae Conspectus Scientificus 78, 49-55. 

Pigeau, G.M. and Inglis, D.L. (2007) Response of wine yeast (Saccharomyces cerevisiae) 

aldehyde dehydrogenases to acetaldehyde stress during Icewine fermentation. Journal of 

Applied Microbiology 103, 1576-1586. 

Pinelo, M., Arnous, A. and Meyer, A.S. (2006) Upgrading of grape skins: Significance of plant 

cell-wall structural components and extraction techniques for phenol release. Trends in 

Food Science and Technology 17, 579-590. 

Pinheiro, A.D.T., Rocha, M.V.P., Macedo, G.R. and Goncalves, L.R.B. (2008) Evaluation of 

Cashew Apple Juice for the Production of Fuel Ethanol. Applied Biochemistry and 

Biotechnology 148, 227-234. 

Pinho, L.X., Afonso, M.R.A., Carioca, J.O.B., Costa, J.M.C. and Ramos, A..M. (2011) The use 

of cashew apple residue as source of fiber in low fat hamburgers. Food Science and 

Technology 31, 941-945. 

Pires, E.J., Teixeira, J.A., Branyik, T. and Vicente, A.A. (2014) Yeast: the soul of beer’s aroma- 

a review of flavor-active esters and higher alcoholsproduced by brewing yeast. Applied 

Microbiology and Biotechnology 98, 1937-1949. 

Polacheck, I., Melamed, M., Bercovier, H. and Salkin, I.F. (1987) β-Glucosidase in Candida 

albicans and Its Application in Yeast Identification. Journal of Clinical Microbiology 25, 

907-910. 

Poondla, V., Bandikari, R., Subramanyam, R. and Obulam, V.S.R. (2015) Temperature active 

pectinases production by Saccharomyces cerevisiae isolate and their characterization. 

Biocatalysis and Agricultural Biotechnology 4, 70-76. 



 

 

 

Povhe Jemec, K., Cadez, N., Zagorc, T., Bubic, V., Zupec, A. and Raspor, P. (2001) Yeast 

population dynamics in five spontaneous fermentations of Malvasia must. Food 

Microbiology 18, 247-259.  

Poza, M., Miguel, T., Siero, C.and Villa, T. G. (2001) Characterization of a broad pH range 

protease of Candida caseinolytica. Journal of Applied Microbiology 91, 916-921. 

Prabhakar, C., Saleshrani,K., Saranraj, P. and Tharmaraj, K. (2012) Antibacterial effect of 

ethanol and ethyl acetate extracts of Sygium cumini against bacterial pathogens. 

International Journal of Recent Scientific Research 3, 155-158. 

Prakash, O. and Jaiswal, N. (2009) alpha-Amylase: An Ideal Representative of Thermostable 

Enzymes. Applied Biochemistry and Biotechnology 160, 2401-2414. 

Prasanna Kumar, D., Tiwari, A. and Bhat, R. (2004) Effect of pH on the Stability and Structure 

of Yeast Hexokinase-acidic amino acid residues in the cleft region are critical for the 

opening and the closing of -the structure. The Journal of Biological Chemistry 279, 

32093-32099. 

Pratt, P.L., Bryce, J.H. and Stewart, G.G. (2003) The effects of osmotic pressure and ethanol on 

yeast viability and morphology. Journal of the Institute of Brewing 109, 218-228. 

Pretorius, I.S. (2000) Tailouring wine yeasts for the new millennium: novel approaches to the 

ancient art of winemaking. Yeast 16, 675-729. 

Pretorius, I.S., van der Westhuizen, T.J. and Augustyn, O.P.H. (1999) Yeast biodiversity in 

vinryards and wineries and its importance to the South African Wine Industry. A 

Review. South African Journal of Enology and Viticulture 20, 61-70. 

Price, R.L., Holanda, L.F.F, Moura, F.J.A, Maia, G.A. and Martins C.B. (1975) Constituents of 

Brazilian cashew apple juice.Cien Agronomica 5, 61–65. 

Priya, V. and Sashi, V. (2014) Pectinase enzyme producing Microorganisms. International 

Journal of Scientific and Research Publications 4, 1-4. 

Priya, V.P.A., Amrutha, S. and Mangalam, H. (2011) Isolation, characterization of ethanol 

tolerant yeast. Journal of Pure and Applied Microbiology 5, 313-316. 

Prommajak, T., Leksawasdi, N. and Rattanapanone, N. (2014) Biotechnological Valorization of 

Cashew Apple: a Review. Chiang Mai University Journal of Natural Sciences 13, 159-

182. 

Pushpalatha, R. and Bandlamori, S.V. (2014) Screening of starch and pectin degrading 

organisms from waste and evaluation of their activity on natural substrate. International 

Journal of Development Research 4, 886-891. 

Queiroz, C., Lopes, M.L.M., Fialho, E. and Valente-Mesquita, V.L. (2011) Chnages inbioactive 

compounds and antioxidant capacity of fresh-cut cashew apple. Food Research 

International 44, 1459-1462. 



 

 

 

Querol, A., Barrio, E. and Ramon, D. (1992) A comparative study of different methods of yeast 

strain characterization. Systematic and Applied Microbiology 15, 439–446. 

Qureshi, S.K., Masoud, T. and Sammi, S. (2007) Isolation and Taxonomic Characterization of 

Yeast Strains on the Basis of Maltose Utilization Capacity for Bread Making. 

International Journal of Agriculture and Biology 9, 110-113. 

Rabelo, M.C., Fontes, C.P.M.L. and Rodrigues, S. (2009) Enzyme synthesis of oligosaccharides 

using cashew apple juice as substrate. Bioresource Technology 100, 5574–5580. 

Rai, P., Tiwari, S. and Gaur, R. (2012) Optimization of process parameters for cellulase 

production by novel thermotolerant yeast. BioResources 7, 5401-5414. 

Rainieri, S. and Pretorius, I. S. (2000) Selection and improvement of wine yeasts. Annals of 

Microbiology 50, 15-31. 

Rajendran, A., Palanisamy, A. and Thangavelu, V. (2008) Evaluation of medium components by 

Plackett-Burman statistical design forlipase production by Candida rugosa and kinetic 

modeling. Chinese Journal of Biotechnology 24, 436-444. 

Rajeshkumar, M.P., Mahendran, V.S. and Balakrishnan, V. (2013) Isolation and identification of 

lipase producing organisms from diverse soil samples of Kolli hills. International 

Journal of Current Microbiology and Applied Sciences 2, 205-210. 

Rajkowska, K., Kunicka-StyczyBnska, A. and Rygal, A. (2012) Probiotic Activity of 

Saccharomyces cerevisiae var. boulardii Against Human Pathogens. Food Technology 

and Biotechnology 50,230-236.  

Rajkumari, N., Mathur, P., Xess, I. and Misra, M.C. (2014) Distribution of different yeasts 

isolates among trauma patients and comparison of accuracy in identification of yeasts by 

automated method versus conventional methods for better use in low resource countries. 

Indian Journal of Medical Microbiology 32, 391-397. 

Rale, V.B. (1985) Production of feed yeast and yeast-enriched livestock feed from cashew apple. 

MIRCEN Journal 1, 205-212. 

Ramani, R., Gromadzki, S., Pincus, D.H., Salkin, I.F. and Chaturvedi, V. (1998) Efficacy of API 

20C and ID 32C Systems for identification of common and rare clinical yeast isolates. 

Journal of Clinical Microbiology 36, 3396-3398. 

Rangnekar, D. (2009) Geographical Indications and Localisation: A case study of Feni. In: 

CSGR Report, p. 04-51. 

Rankine, B.C. (1967) Formation of higher alcohols by wine yeasts, and relationship to taste 

thresholds. Journal of the Science of Food and Agriculture 18, 583-589. 

Rao, D., Swamy, A. and Sivaramakrishna, G. (2007) Bioprocess technology strategies, 

production and purification of amylases: An overview. The Internet Journal of Genomics 

and Proteomics 2, 342-351. 



 

 

 

Rao, M. B., Tanksale, A. M., Ghatge, M. S. and Deshpande, V. V. (1998) Molecular and 

biotechnological aspects of microbial proteases. Microbiology and Molecular Biology 

Reviews 62, 597-635. 

Rao, R. S., Bhadra, B., Kumar, N. and Shivaji, S. (2007a) Candida hyderabadensis sp. nov., a 

novel ascomycetous yeast isolated from wine grapes. FEMS Yeast Research 7, 489–493. 

Rao, S., Mizutani, O., Hirano, T., Masaki, K. and Iefuji, H. (2011) Purification and 

characterization of a novel aspartic protease from basidiomycetous yeast Cryptococcus 

sp. S-2. Journal of Bioscience and Bioengineering 112, 441–446.  

Rapp, A. (1998) Volatile flavour of wine: Correlation between instrumental analysis and sensory 

perception. Die Nahrung 42, 351-363. 

Rapp, A. and Mandery, H. (1986) Wine aroma. Experentia 42, 873-884. 

Rapp, A. and Versini, G. (1991) Influence of nitrogen compounds in grapes on aroma 

compounds of wine. In: Proceedings of the International Symposium on Nitrogen in 

Grapes and Wines, Rantz (Editor), American Society for Enology and Viticulture, Davis, 

CA, pp. 156–164. 

Rashid, F., Rahim, R. and Ibrahim, D. (2009) Identification of lipase – producing Psycrophilic 

yeast, Leucosporidium sp. The Internet Journal of Microbiology 9, 1-8. 

Reddy, L. V. A., Sudheer Kumar, Y. and Reddy, O.V.S. (2010) Analysis of volatile aroma 

constituents of wine produced from Indian mango (Mangifera indica L.) by GC-MS. 

Indian Journal of Microbiology 50, 183–191. 

Reddy, L.V. and Reddy, O.V.S. (2009) Production, optimization and characterization of wine 

from Mango (Mangifera indica Linn.). Natural Product Radiance 8, 426-435. 

Reddy, P.L. and Sreeramulu, A. (2012) Isolation, identification and screening of pectinolytic 

fungi from different soil samples of Chittoor district. International Journal of Life 

Sciences, Biotechnology and Pharma Reesearch 1, 186-193. 

Rensburg, P. and Pretorius, I. S. (2000) Enzymes in winemaking: harnessing natural catalysts for 

efficient biotransformations : a review. South African Journal of Enology and Viticulture 

21, 52-73. 

Revilla, I. and González-SanJosé, M.L. (1998) Methanol release during fermentation of red 

grapes treated with pectolytic enzymes. Food Chemistry 63, 307-312. 

Ribereau-Gayon, P. (1978). Wine flavor. In: Flavor in foods and beverages, Charalambous, G. 

and Inglett, G. (Editors), Academic Press, London. 

Riccio, P., Rossano, R., Vinella, M., Domizio, P., Zito, F., Sanseverino, F., D’Elia, A. and Rossi, 

I. (1999) Extraction and immobilization in one sep of two b-glucosidases released from a 

yeast strain of Debaryomyces hansenii. Enzyme and Microbial Technology 24, 123–129.  

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20LV%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sudheer%20Kumar%20Y%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reddy%20OV%5Bauth%5D


 

 

 

Riou, Ch., Salmon, J.M., Vallier, M.J., Gu¨nata, Z. and Barre, P. (1998) Purification, 

characterization, and substrate specificity of a novel highly glucose-tolerant b-

glucosidase from Aspergillus oryzae. Applied and Environmental Microbiology 64, 

3607–3614.  

Ripke, F., Schreiner, V., Doering, T. and Maibach, H. (2004) Stratum corneum pH in atopic 

dermatitic impact on skin barrier function and colonization with S. aureus. American 

Journal of Clinical Dermatology 5, 217-223. 

Roberts, G.D., Horstmier, C.D., Land, G.A. and Foxworth, J.H. (1978) Rapid Urea Broth Test 

for Yeasts. Journal of Clinical Microbiology 7, 584-588. 

Rocha, M. V. P., Oliveira, A. H. S., Souza, M. C. M. and Gonçalves, L. R. B. (2006) Natural 

cashew apple juice as fermentation medium for biosurfactant production 

by Acinetobacter calcoaceticus. World Journal of Microbiology and Biotechnology 22, 

1295–1299.   

Rocha, M.V., Souza, M.C., Benedicto, S.C., Bezerra, M.S., Macedo, G.R., Pinto, G.A. and 

Goncalves, L.R. (2007) Production of biosurfactant by Pseuodomonas aeruginosa grown 

on cashew apple juice. Applied Biochemistry and Biotechnology 137-140, 185-194. 

Rodarte, M.P., Dias, D.R., Vilela, D.M. and Schwan, R.F. (2011) Proteolytic activities of 

bacteria, yeasts and filamentous fungi isolated from coffee fruit (Coffea arabica L.). Acta 

Scientiarum Agronomy 33, 457-464. 

Rodrigues, T.H.S., Rocha, M.V.P., Macedo, G.R. and Goncalves, L.R.B. (2011) Ethanol 

production rom cashew apple bagasse: improvement of enzymatic hydrolysis by 

microwave-assisted alkali pretreatment. Applied Biochemistry and Biotechnology 164, 

929-943. 

Rodrigues, T.H.S., Dantas, M.A.A., Pinto, G.A.S. and Goncalves, L.R.B. (2007) Tannase 

production by solid state fermentation of cashew apple bagasse. Applied Biochemistry and 

Biotechnology 137-140, 675-688. 

Rodriguez, M.E., Lopes, C.A., Broock, M., Valles, S., Ramon, D. and Caballero, A.C. (2004) 

Screening and typing of Patagonian wine yeasts for glycosidase activities. Journal of 

Applied Microbiology 96, 84–95. 

Rohm, M. and Lechner, F. (1990) Evaluation and reliability of simplified method for 

identification of food-borne yeasts. Applied and Environmental Microbiology 56, 1900-

1925. 

Rojas, V., Gil, J. V., Piñaga, F. and Manzanares, P. (2003) Acetate ester formation in wine by 

mixed cultures in laboratory fermentations. International Journal of Food Microbiology 

86, 181–188. 

 



 

 

 

Rojas, V., Gil, J.V., Pinaga, F. and Manzanares, P. (2001) Studies on ˜ acetate ester production 

by non-Saccharomyces wine yeasts. International Journal of Food Microbiology 70, 

283–289. 

Roldan, A., Palacios, V., Penatez, X., Benitez, T. and Perez, L. (2006) Use of Trichoderma 

enzymatic extracts on vinification of Palomino fino grapes in the Sherry region. Journal 

of Food Engineering 75, 375-382. 

Romano, P. (1998) Metabolic characteristics of wine strains during spontaneous and inoculated 

fermentation. Food Technology and Biotechnology 35, 255–260. 

Romano, P., Fiore, C., Paraggio, M., Caruso, M. and Capece, A. (2003) Functions of yeast 

species and strains in wine flavor. International Journal of Food Microbiology 86, 169-

180. 

Rombouts, F.M. and Pilnik, W.L. (1980) Pectic enzymes. In: Economic microbiology: microbial 

enzymes and bioconversions, A. H. Rose, (eds), Academic Press, ISBN: 0125965559, 

London, England, pp. 227-282. 

Roostita, L. B., Fleet, G. H., Wendry, S. P., Apon, Z. M. and Gemilang, L. U. (2011) 

Determination of Yeasts Antimicrobial Activity in Milk and Meat Products. Advance 

Journal of Food Science and Technology 3, 442-445. 

Rose, D. (1976) Yeasts for molasses alcohol. Process Biochemistry 11, 10- 12, 36. 

Rosell, C.M., Haros, M., Escriva, C. and Benedito-De-Barber, C. (2001) Experimental approach 

to optimize the use of alpha amylases in bread making. Journal of Agricultural and Food 

Chemistry 49, 2973-2977. 

Rosi, I. and Costamagna, L. (1987). Screening for extracellular acid protease(s) production by 

wine yeasts. Journal of the Institute of Brewing 93, 322-324.  

Rosi, I., Vinella. M. and Domizio, P. (1994) Characterization of betaglucanase activity in yeasts 

of oenological origin. Journal of Applied Microbiology 77, 519–527. 

Ruffner, H.P. (1982) Metabolism of tartaric and malic acids in Vitis: a review - part B. Vitis 21, 

346-358.  

Rufino, M.S.M., Perez-Jimenez, J., Tabernero, M., Alves, R.E., Brito, E.S. and Fulgenco Saura-

Calixto, F. (2010) Acerola and cashew apple as sources of antioxidants and dietary fibre. 

International Journal of Food Science and Technology 45, 2227–2233. 

Rusu Coldea, T.E., Socaciu, C., Parv, M. and Vodnar, D. (2011) Gas Chromatographic analysis 

of major volatile compounds found in traditional fruit brandies from Transylvania, 

Romania. Notulae Botanicae Horti Agrobotanici Cluj-Napoca 39, 109-116. 

 Sabate, J., Cano, J., Esteve-Zarzoso, B. and Guillamon, J.M. (2002) Isolation and identification 

of yeasts associated with vineyard and winery by RFLP analysis of ribosomal genes and 

mitochondrial DNA. Microbiology Research 157, 267–274. 



 

 

 

Sabate, J., Cano, J., Querol, A. and Guillamon, J.M. (1998) Diversity of Saccharomyces 

strains in wine fermentations: analysis for two consecutive years. Letters in Applied 

Microbiology 26, 452-455. 

Saerens, S.M.G., Delvaux, F., Verstrepen, K.J., Van Dijck, P., Thevelein, J.M. and Delvaux, 

F.R. (2007) Parameters Affecting Ethyl Ester Production bySaccharomyces 

cerevisiae during Fermentation. Applied and Environmental Microbiology 74, 454-461. 

Saerens, S.M.G., Delvaux, F.R., Verstrepen, K.J. and Thevelein, J.M. (2010) Production and 

biological function of volatile esters in Saccharomyces cerevisiae. Microbial 

Biotechnology 3, 165-177. 

Saez, J.S., Lopes,C.A., Kirs, V.E. and Sangorrin, M. (2011) Production of volatile phenols 

by Pichia manshurica and Pichia membranifaciens isolated from spoiled wines and 

cellar environment in Patagonia. Food Microbiology 28, 503-509. 

Sahay, S., Hamid, B., Singh, P., Ranjan, K., Chauhan, D., Rana, R.S. and Chaurse, V.K. (2013) 

Evaluation of pectinolytic activities for oenological uses from psychrotrophic yeasts. 

Letters in Applied Microbiology 57, 115-121. 

Sahoo, S. and Shirnalli, G.G. (2015) Isolation and characterization of cellulolytic yeasts for 

bioethanol production. Karnataka Journal of Agricultural Science 28, 211-213. 

Sahu, R. (2012) The Goan feni industry: Challenges. In: Researching Reality Internship, p.1-10.  

Sakai, T., Okushima, M. and Yoshitake, S. (1984) Puri¢cation, crystallization and some 

properties of endopolygalacturonase from Kluyveromyces fragilis. Agricultural and 

Biological Chemistry 48, 1951-1961.  

Sakai, T., Sakamoto, T., Hallaert, J. and Vandamme, E.J. (1993) Pectin, pectinase and 

protopectinase: production, properties and applications. Advances in Applied 

Microbiology 39, 213–294. 

Saleh, F.A. (2013) Isolation and identification of microorganisms and antibacterial activity of 

Laban Zeer, an Egyptian traditional fermented milk product. Scientific Journal of 

Microbiology 2, 31-42. 

Salis, A., Solinas, V. and Monduzzi, M. (2003) Wax ester synthesis from heavy fraction of sheep 

milk fat and cetyl alcohol by immobilised lipases. Journal of Molecular Catalysis B: 

Enzymatic 21, 167–174.  

Sampaio, K.L., Biasoto, A.C.T., Marques, E.J.N and Batista, E.A.C. (2013) Dynamics of the 

recovery of aroma volatile compounds during the concentration of cashew apple juice 

(Anacardium occidentale L.). Food Research International 51, 335-343.  

Sampaio, K.L., Garruti, D.S., Franco, M.R.B., Janzantti, N.S. and Silva, M.A.A.P. (2011) Aroma 

volatiles recovered in the water phase of cashew apple (Anacardium occidentale L.) juice 

during concentration. Journal of the Science of Food and Agriculture 91, 1801-1809. 



 

 

 

Sandhya, R. and Kurup, G. (2013) Screening and Isolation of Pectinase from Fruit and Vegetable 

Wastes and the Use of Orange Waste as a Substrate for Pectinase Production. 

International Research Journal of Biological Sciences 2, 34-39. 

Sanni, A.I. and Lonner, C. (1993) Identification of yeasts isolated from Nigerian traditional 

alcoholic beverages. Food Microbiology 10, 517-523. 

Santiago-Urbina, J.A., Ventura-Canseco, L.M.C., Ayora-Talavera, T.R., Ovando-Chacón, S.L., 

Dendooven, L., Gutierrez-Miceli, F.A. and Abud-Archila, M. (2011) Optimization of 

ethanol production from mango pulp using yeast strains isolated from “taberna”: A 

Mexican fermented beverage. African Journal of Microbiology Research 5, 501-508. 

Santos, A. and Marquina, D. (2004) Killer toxin of Pichia membranifaciens and its possible use 

as a biocontrol agentagainst greymould disease of grapevine. Microbiology 150, 2527-

2534. 

Santos, A., San Mauro, M., Bravo, E. and Marquina, D. (2009) PMKT2, a new killer toxin from 

Pichia membranifaciens, and its promising biotechnological properties for control of the 

spoilage yeast Brettanomyces bruxellensis. Microbiology 155, 624-634.  

Santos, R. P., Santiago, A. A. X. and Gadelha, C. A. A., Cajazeiras, J.B., Cavada, B.S., Martins, 

J.L., Oliveira, T.M., Bezerra, G.A., Santos, R.P. and Freire, V.N.(2007) Production and 

characterization of the cashew (Anacardium occidentale L.) peduncle bagasse ashes. 

 Journal of Food Engineering 79, 1432–1437. 

Sathees Kumar, R., Shankar, T. and Anandapandian, K.T.K. (2011) Charaterisation of alcohol 

resistant yeast Saccharomyces cerevisiae isolated from Toddy. International Research 

Journal of Microbiology 2, 399-405. 

Satyanarayana, T. and Kunze, G. (2009) Yeast Biotechnology: diversity and applications, 

Springer. 

Satyanarayana, T., Noorwez, S.M., Kumar, S., Rao, J.L., Ezhilvannan, M. and Kaur, P. (2004) 

Development of an ideal starch saccharification process using amylolytic enzymes from 

thermophiles. Biochemical Society Transactions 32, 276-278. 

Schreier, P. (1979) Flavour composition of wines: a review. CRC Critical Review in Food 

Science and Nutrition 12, 59–111. 

Schreier, P., Drawert, F. and Junder, A. (1976) Identification of volatile constituents from grapes. 

Journal of Agricultural and Food Chemistry 24, 331–336. 

Schutz, M. and Gafner, J. (1993) Analysis of yeast diversity during spontaneous and induced 

alcoholic fermentations. Journal of Applied Bacteriology 75, 551–558. 

Seeliger, H. P. (1956) Use of a urease test for the screening and identification of Cryptococci. 

Journal of Bacteriology 77, 127-131. 

 



 

 

 

Selli, S.,  Cabaroglu, T.  and Canbas, A. (2003) Flavour components of orange wine made from a 

Turkish cv. Kozan. International Journal of Food Science and Technology 38, 587-593. 

Senses-Ergul, S.,  Ágoston, R., Belák, Á. and Deák, T. (2006) Characterization of some yeasts 

isolated from foods by traditional and molecular tests.  International Journal of Food 

Microbiology 108, 120–124. 

Servili, M., Begliomini, A.L. and Montedor, G. (1992) Utilization of a yeast pectinase in olive 

oil extraction and red wine making processes. Journal of the Science of Food and 

Agriculture 58, 253-260. 

Sethi, S. and Gupta, S. (2014) Optimization of cultural parameters for cellualse enzyme 

production from fungi. Biolife 2, 989-996. 

Sharma, A.K., Singh, P.N. and Sawant, S.D. (2012) Evaluation of Fermentation Efficiency of 

Yeast Strains and their Effect on Quality of Young Wines. Indian Journal of 

Microbiology 52, 495-499. 

Sharma, R., Chisti, Y. and Banerjee, U.C. (2001) Production, purification, characterization and 

applications of lipases. Biotechnology Advances 19, 627-662. 

Sharma, R.R., Singh, D. and Singh, R. (2009) Biological control of postharvest diseases of fruits 

and vegetables by microbial antagonists: A review. Biological Control 50, 205–221. 

Shigechi, H., Koh, J., Fujita, Y., Matsumoto, T., Bito, Y., Ueda, M., Satoh, E., Fukuda, H. and 

Kondo, A. (2004) Direct Production of Ethanol from Raw Corn Starch via Fermentation 

by Use of a Novel Surface-Engineered Yeast Strain Codisplaying Glucoamylase and α-

Amylase. Applied and Environmental Microbiology 70, 5037-5040. 

Shivaji, S. and Prasad, G.S. (2009) Antarctic Yeasts: Biodiversity and Potential Applications. In 

Yeast Biotechnology: Diversity and Applications, Satyanarayana, T. and Gotthard, K. 

(Editors), Springer Publishers, Amsterdam: The Netherlands, pp. 3–18. 

Shokohi, T., Soteh, M.B.H., Pouri, Z.S., Hedayati, M.T. and Mayahi, S. (2010) Identification 

of Candida species using PCR-RFLP in cancer patients in Iran. Indian Journal of Medical 

Microbiology 28, 147-151. 

Shuklajasha, M.P., Ray, M.R. and Swain, R.C. (2005) Fermentation of cashew (Anacardium 

occidentale) apple into wine. Journal of Food Processing and Preservation 30, 314-322. 

Silveira, M.S., Fontes, C.P.M.L., Guilherme, A.A., Fernandes, F.A.N. and Rodrigues, S. (2012) 

Cashew apple juice as a substrate for lactic acid production. Food and Bioprocess 

Technology 5, 947-953. 

Singh, A., Garg, S., Kumar, A., Kumar, H. and Annapurana, S.A. (2012) Screening, isolation and 

characterization of protease producing moderately halophilic microorganisms. Asian 

Journal of Microbiology, Biotechnology and Environmental Sciences 14, 603-612. 

 



 

 

 

Singh, A., Sharma, P., Saran, A.K., Singh, N. and Bishnoi, N.R. (2013) Comparative study on 

ethanol production from pretreated sugarcane bagasse using immobilized Saccharomyces 

cerevisiae on various matrices. Renewable Energy 50, 488-493. 

Sivagurunathan, P., Sivasankari, S. and Muthukkaruppan, S.M. (2010) Characterisation of 

cashew apple (Anacardium occidentale L.) fruits collected from Ariyalur District. 

Journal of Biosciences Research 1, 101-107. 

Sivaramakrishnan, S., Gangadharan, D., Nampoothiri, K.M., Soccol, C.R. and Pandey, A. (2006) 

Alpha amylases from microbial sources- an overview on recent developments. Food 

Technology and Biotechnology 44, 173-184. 

Skorupa, P.N., Moraes, L.M.P. and Torres, F.A.G. (2002) Characterization of a new variant of 

the yeast Cryptococcus flavus isolated from the biodiversity of the Brazilian Cerrado. 

Abstracts from the 23rd Meeting on Genetics of Microorganisms, Pireno¤polis, GO, 

Brazil 

Slifkin, M. (2000) Tween 80 Opacity tets responses of various Candida species. Journal of 

Clinical Microbiology 38, 4626-4628. 

Sobhana, A. and Mathew, J. (2014) Preparation of carbonated drink from cashewapple juice. 

International Journal of Processing Technology and Post Harvest Technology 5, 189-

191. 

Soden, A., Francis, I.L., Oakey, H. and Henschke, P. (1998) Effects of co-fermentation with 

Candida stellata and Saccharomyces cerevisiae on the aroma and composition of 

Chardonnay wine. Australian Journal of Grape and Wine Research 6, 21-30. 

Soden, A., Francis, I.L., Oakey, H. and Henschke, P.A. (2000) Effects of co-fermentation with 

Candida stellata and Saccharomyces cerevisiae on the aroma and composition of 

Chardonnay wine. Australian Journal of Grape and Wine Research 6, 21–30.   

Soles, R.M., Ough, C.S. and Kunkee, R.E. (1982) Ester concentration differences in wine 

fermented by various species and strains of yeasts. American Journal of Enology and 

Viticulture 33, 94-98. 

Spagna, G., Barbagallo, R.N., Palmeri, R., Restuccia, C. and Giudici, P. (2002) Properties of 

endogenous beta-glucosidase of a Saccharomyces cerevisiae strain isolated from Sicilian 

musts and wines. Enzyme and Microbial Technology 31, 1030–1035. 

Spencer, G.F.T.and Spencer, D .M. (1997). Yeast in natural and Artificial Habitats. 

Berlin:Springer-Verlang. 

Spencer, J., Rawling, S., Stratford, M., Steels, H., Novodvorska, M., Archer, D.B. and Chandra, 

S. (2011) Yeast identification: reassessment of assimilation tests as sole universal 

identifiers. Letters in Applied Microbiology 53, 503-508. 

 



 

 

 

Stanley, D., Bandara, A., Fraser, S., Chambers, P.J. and Stanley, G.A. (2010) The ethanol stress 

response and ethanol tolerance of Saccharomyces cerevisiae. Journal of Applied 

Microbiology 109, 13-24. 

Steele, D.B. and Stowers, M.D. (1991) Techniques for selection of industrially important 

microorganisms. Annual Review of Microbiology 45, 89–106. 

Stratford, M., Bond, C.J., James, S.A., Roberts, I.N. and Steels, H. (2002) Candida davenportii 

sp. nov., a potential soft-drinks spoilage yeast isolated from a wasp. International 

Journal of Systematic and Evolutionary Microbiology 52, 1369-1375. 

Strauss, M.L.A., Jolly, N.P., Lambrechts, M.G. and Rensburg, P. (2001) Screening for the 

production of ectracellular hydrolytic enzymes by non-Saccharomyces wine yeasts. 

Journal of Applied Microbiology 91, 182-190. 

Suarez, B., Pando, R., Fernandez, N., Gonzalez, A. and Rodriguez, R. (2005) Analytical 

differentiation of cider inoculated with yeast (Saccharomyce cerevisiae) isolated from 

Asturian (Spain) apple juice. Lebens Wiss Technology 38, 455–461.  

Suganya, P. and Dharshini, R. (2011) Value added products from cashew apple – an alternative 

nutritional source. International Journal of Current Research 3, 177-180 

Suh, S.O., Blackwell, M., Kurtzman, C.P. and Lachance, M.A. (2006) Phylogenetics of 

Saccharomycetales, the ascomycete yeasts. Mycologia 98, 1006-1017. 

Sulman, S. and Rehman, A. (2013) Isolation and Characterization of Cellulose Degrading 

Candida tropicalis W2 from Environmental Samples. Pakistan Journal of Zoology 45, 

809-816. 

Sumantha, A., Larroche, C. and Pandey, A. (2006) Microbiology and industrial biotechnology of 

food-grade proteases: a perspective. Food Technology and Biotechnology 44, 211-220. 

Sumby, K.M., Grbin, P.R. and Jiranek,V. (2010) Microbial modulation of aromatic esters in 

wine: Current knowledge and future prospects. Food Chemistry 21,1-16. 

Sumitra Devi, L. and Maheshwari, M. (2014) Speciation of Candida Species Isolated From 

Clinical Specimens by Using Chrom Agar and Conventional Methods. International 

Journal of Scientific and Research Publications 4, 1-5. 

Suzuki, C., Ando, Y. and Machida, S. (2001) Interaction of SMKT, a killer toxin produced 

by Pichia farinosa, with the yeast cell membranes. Yeast 18, 1471–1478. 

Swain, M.R., Mishra, J. and Thatoi, H. (2013) Bioethanol production from sweet potato 

(Ipomoea batatas L.) flour using co-culture of Trichoderma sp and Saccharomyces 

cerevisiae in solid-state fermentation. Brazilian Archives of Biology and Technology 56, 

171-179. 

Swargiari, B.N. and Baruah, P.K. (2012) Production of microbial α-amylase by solid state 

fermentation-An overview. International Journal of Current Research 4, 350-356.  



 

 

 

Swiegers, J. H. and Pretorius, I. S. (2005) Yeast modulation of wine flavor. Advances in Applied 

Microbiology 57, 131-175. 

Takeuchi, A., Shizumi-Ibuka, A., Nishiyama, Y., Mura, K., Oakada, S., Takue, C. and Arai, S. 

(2006) Purification and Characterization of an Alpha-Amylase of Pichia burtonii 

Isolated from the Traditional Starter “Murcha” in Nepal. Bioscience, Biotechnology and 

Biochemistry 70, 3019-3024. 

Takki, Y., Ikeda, K., Sato, C., Yano, M., Sato, T. and Konno, H. (2005) Production and 

characterization of β-glucosidase from Rhizopus oryzae MIBA348. Journal of Biological 

Macromolecules 5, 11-16. 

Taqarort, N., Echairi, A., Chaussod, R., Nouaim, R., Boubaker, H., Benaoumar, A.A. and 

Boudyach, E. (2008) Screening and identification of epiphytic yeasts with potential for 

biological control of green mold of citrus fruits. World Journal of Microbiology and 

Biotechnology 24, 3031-3038.  

Taverna, C.G., Bosco-Borgeat, M.E., Murisengo, O.A., Davel, G., Boite, M.C., Cupolillo, E. and 

Canteros, C.E. (2013) Comparative analyses of classical phenotypic method and ribosomal 

RNA gene sequencing for identification of medically relevant Candida species. Memorias 

Do Instituto Oswaldo Cruz 108, 178-185. 

Teather, R.M. and Wood, P.J. (1982) Use of Congo red–polysaccharide interaction in 

enumeration and characterization of cellulohydrolytic bacteria from the bovine rumen. 

Applied and Environmental Microbiology 53, 41–46. 

Teramoto, Y., Sato, R. and Ueda, S. (2005) Characteristics of fermentation yeast isolated from 

traditional Ethiopian honey wine, ogol. African Journal of Biotecnology 4, 160-163.  

Teugjas, H. and Valjamae, P. (2013) Selecting β-glucosidases to support cellulases in cellulose 

saccharification. Biotechnology for Biofuels 6,105. 

Thammasittirong, S.N., Thirasaktana, T., Thammasittirong, A. and Srisodsuk, M. (2013) 

Improvement of ethanol production by ethanol-tolerantSaccharomyces 

cerevisiae UVNR56. Springer Plus 2, 583. 

Thangaratham, T. and Manimegalai, G. (2014) Optimization and Production of Pectinase Using 

Agro Waste by Solid State and Submerged Fermentation. International Journal of 

Current Microbiology and Applied Sciences 3, 357-365. 

Thanh, V.N. (2009) Yeast biodiversity and application in biotechnology – Research at FIRI, 

Vietnam, VN Thanh, 6th Asian Consortium of Microbiology (ACM), meeting – Hanoi 

2009, 32. 

Thevenieau, F., Le Dall, M.T., Nthangeni, B., Mauersberger, S., Marchal, R. and Nicaud, J.M. 

(2007) Characterization of Yarrowia lipolytica mutants affected in hydrophobic substrate 

utilization. Fungal Genetics and Biology 44, 531–542. 



 

 

 

Tikka, C., Osuru, H.P., Atluri, N., Raghavulu, P.C.V., Yellapiu, N.K., Mannur, I.S., Prasad, 

U.V., Aluru, S., Narsimha, V.K. and Bhaskar, M. (2013) Isolation and characterization 

of ethanol tolerant yeast strains. Bioinformation 9, 421-425. 

Tournas, V. H., Heeres, J. and Burgess, L. (2006) Moulds and yeasts in fruit salads and fruit 

juices.  Food Microbiology 23, 684–688.  

Tournas, V.H. and Katsoudas, E. (2005) Mould and yeast florain fresh berries, grapes and citrus 

fruits  International Journal of Food Microbiology 105, 11–17. 

Ubeda, J. and Briones, A. (2000) Characterization of differences in the fonnation of volatiles 

during fennentation within synthetic and grape musts by wild Saccharomyces strains. 

LWT - Food Science and Technology 33, 408-414. 

Unaldi, M.N., Arikan, B. and Coral, G. (2002) Isolation of alcohol tolerant, osmotolerant and 

thermotolerant yeast strains and improvement of their alcohol tolerance by UV 

mutagenesis. Acta Microbiologica Polonica 51, 115-20.  

Vaithanomsat, P., Songpim, M., Malapant, T., Kosugi, A., Thanapase, W. and Mori, Y. (2011) 

Production of β-Glucosidase from a Newly IsolatedAspergillus Species Using Response 

Surface Methodology. International Journal of Microbiology 2011, Article ID 949252, 9 

pages. 

Vakhlu, J. and Kour, A. (2006) Yeast lipases: enzyme purification, biochemical properties and 

gene cloning. Electronic Journal of Biotechnology 9, 69–85. 

Valente, P., Ramos, J.P. and Leoncini, O. (1999) Sequencing as a tool in yeast molecular 

Taxonomy. Canadian Journal of Microbiolgy 45, 949–958.  

Valyasevi, R. and Rolle, R.S. (2002) An overview of small-scale food fermentation technologies 

in developing countries with special reference to Thailand: scope for their improvement. 

International Journal of Food Microbiology 75, 231-239. 

van der Maarel, M. J. E. C., Van Der Veen, B., Uitdehaag, J. C. M., Leemhuis, H. and 

Dijkhuizen, L. (2002) Properties and applications of starch-converting enzymes of the α-

amylase family. Journal of Biotechnology 94, 137–155. 

Van Dijken, J.P., Van Den Bosch, E., Hermans, J.J., de Miranda, R. L. and Scheffers, W.A. 

(1986) Alcoholic fermentation by ‘non-fermentative’ yeasts. Yeast 2, 123–127. 

Van Zyl, J. A. and du Plessis, L. (1961) The microbiology of South African winemaking. Part 1. 

The yeasts occuring in vineyards, musts and wines. South African Journal of 

Agricultural Science 4, 393-403. 

Vanegas, J.M., Contretras, M.F., Faller, R. and Longo, M.L. (2012) Role of Unsaturated Lipid 

and Ergosterol in Ethanol Tolerance of Model Yeast Biomembranes. Biophysical Journal 

102, 507-516. 

 

http://www.ncbi.nlm.nih.gov/pubmed/12363072


 

 

 

Varga, Z., Lovitusz, E., Csanadi, Z. and Belafi-Bako, F. (2011) Manufacture of acid urease by 

Lactobacillus fermentum fermentation. Hungarian Journal of Industrial Chemistry 39, 

391-394. 

Vasserot, Y., Arnaud, A. and Galzy, P. (1995) Monoterpenyl glycosides in plants and their 

biotechnological transformation. Acta Biotechnology 15, 77–95. 

Venkata Naga raju, E. and Divakar, G. (2013) Screening and Isolation of Pectinase producing 

Bacteria from Various Regions in Bangalore. International Journal of Research in 

Pharmaceutical and Biomedical Sciences 4, 151-154. 

Venturini, M. E., Oria, R. and Blanco, D. (2002) Microflora of two varieties of sweet cherries: 

Burlat and Sweetheart.  Food Microbiology 19, 15–21.   

Vergara, C.M.A.C., Honorato, T.L., Maia, G.A. and Rodrigues, S. (2010) Prebiotic effect of 

fermented cashew apple (Anacardium occidentale L) juice. LWT- Food Science and 

Technology 43, 141-145. 

Verma, O.P., Singh, A., Mourya, V.K., Sharma, R. and Gupta, A.K. (2010) Application of Toddy 

Yeast for the fermentation of Mango pulp. Nanobiotechnica Universale 1, 39-44. 

Vermelho, A.B., Melo, A.C.N., Sa, M.H.B., Santos, A.L.S., Davila-Levy, C.M., Couri, S. and 

Bon, E. (2008) Enzimas Proteolı´ticas: aplicac¸o˜es Biotecnolo´gicas. In: Enzimas em 

Biotecnologia- Produc¸a˜o, Aplicac¸o˜es e Mercado, Ed. Intercieˆncia, Rio de Janeiro 11, 

273–287 

Verstrepen, K. J., Derdelinckx, G., Dufour, J.P., Winderickx, J., Thevelein, J.M., Pretorius, I.S. 

and Delvaux, F.R. (2003b) Flavor-active esters: adding fruitiness to beer. Journal of 

Bioscience and Bioengineering 96, 20. 

Verstrepen, K. J., Van Laere, S.D., Vanderhaegen, B.M., Derdelinckx, G., Dufour, J.P., 

Pretorius, I.S., Winderickx, J., Thevelein, J.M. and Delvaux, F.R. (2003a) Expression levels 

of the yeast alcohol acetyltransferase genes ATF1, Lg-ATF1, and ATF2 control the 

formation of a broad range of volatile esters. Applied and Environmental Microbiology 69, 

5228–5237. 

Verzera, A., Ziino, M., Scacco, A., Lanza, C.M., Mazzaglia, A., Romeo, V. and Condurso, C. 

(2008) Volatile compound and sensory analysis for the characterization of an Italian 

white wine from “Inzolia” grapes. Food Analysis and Methods 1, 144–151. 

Viana, F., Gil, J. V., Genovés, S., Vallés, S. and Manzanares, P. (2008) Rational selection of 

nonSaccharomyces wine yeasts for mixed starters based on ester formation and 

enological traits. Food Microbiology 25, 778-785. 

Vilanova, M. and Massneuf-Pomarede, I. (2005) Characterization of yeast strains from Rias 

Baxas (NW Spain) and their contribution to fermentation of Albarino wine. Annals of 

Microbiology 55, 23–26. 



 

 

 

Vilanova, M., Zamuz, S., Silva, A.F., Masa, A. and Sieiro, C. (2011) Intraspecific diversity of 

yeast associated to Vitis vinifera Albarino Must from different vineyard ecosystems. 

Journal of the Institute of Brewing 117, 224-229. 

Vilela-Moura, A., Schuller, D., Mendes-Faia, A., Silva, R.D., Chaves, S.R., Sousa, M.J. and 

Corte-Real, M. (2011) The impact of acetate metabolism on yeast fermentative 

performance and wine quality: reduction of volatile acidity of grape musts and wines. 

Applied Microbiology and Biotechnology 89, 271-280. 

Viljoen, B. (2006) Yeast ecological interactions. Yeast-yeast, yeast-bacteria, yeast-fungi 

interactions and yeasts as biocontrol agents,  In: Yeasts in Food and Beverages, Querol A. 

and Fleet G. (Editors), Springer, Berlin, pp. 83–110. 

Villena, M.A., Iranzo, J.F.U., Perez, A.I.B. (2007) β-Glucosidase activity in wine yeasts: 

Application in enology. Enzyme and Microbial Technology 40, 420-425. 

Vivek, M.N., Manasa, M., Pallavi,, S., Sachidananda,S.H.C., Ravi Kumar, T.N. and Prashith 

Kekuda, T.R. (2014)Antibacterial activity of cashew (Anacardium occidentale L) apple 

juice against antibiotic resistant urinary tract pathogens. World Journal of 

Pharmaceutical Sciences 2, 1-10. 

Volschenk, H., van Vuuren, H.J.J. and Viljoen-Bloom, M. (2006) Malic Acid in Wine: Origin, 

Function and Metabolism during Vinification. South African Journal of Enology and 

Viticulture 27, 123-136. 

Wanapu, C., Sripunya, P. and Boonkerd, N. (2012) Selection of Yeast Strains Containing  -

Glucosidase for Improving Wine Aroma. Journal of Agricultural Science and Technology 

B 2, 691-702. 

Wanderley, K.L., Torres, F.A.G., Moraes, L.M.P. and Ulhoa, C.J. (2004) Biochemical 

characterization of α-amylase from the yeast Cryptococcus flavus. FEMS Microbiology 

Letters 231, 165-169. 

Wang, Y., Kang, W., Xu, Y., Li, J. (2011) Effect of Different Indigenous Yeast β-Glucosidases 

on the Liberation of Bound Aroma Compounds. Journal of the Institute of Brewing 117, 

230-237. 

Wang, Y., Zhang, C., Li, J. and Xu, Y. (2013) Different influences of b-glucosidases on volatile 

compounds and anthocyanins of Cabernet Gernischt and possible reason. Food Chemistry 

140, 245-254. 

Warnasuriya, D., Liyanage, A.W., Weerawansa, G.G., Athauda, P.K. and Jayatissa, P.M. (1985) 

Isolation and characterisation of some yeasts of some fruits and fruit products of Sri 

Lanka. Journal of Natural Science 13, 71-75. 

 

 



 

 

 

Watanabe, Y., Shimada, Y., Sugihara, A. and Tominaga, Y. (2002) Conversion of degummed 

soybean oil to biodiesel fuel with immobilized Candida antarctica lipase. Journal of 

Molecular Catalysis B Enzymatic 17, 151-155.  

Wharta, E.S.A., Moreira, A.V.B. and Mancini, J. (2004) Identificacaoe atividade antioxidante 

dos principais compostos fenolicos presents no sucoe na castanha do caju. In: Anais do 

XIX Congresso Brasileiro de Cieˆncia e Tecnologia de Alimentos – Estrate´gia para o 

Desenvolvimento. Recife, PE: SBCTA (CD- ROM). 

Whitney, P.A. and Cooper, T.G. (1973) Urea carboxylase from Saccharomyces cerevisiae. 

Evidence for a minimal two-step reaction sequence. The Journal of Biological Chemistry 

248, 325-330. 

Williams, P.J., Strauss, C.R., Wilson, B. and Massy-Westropp, R.A. (1982) Studies on the 

hydrolysis of Vitis Vinifera monoterpene precursor compounds and model monoterpene 

b-D-glucosides rationalizing the monoterpene composition of grapes. Journal of 

Agricultural and Food Chemistry 30, 1219–1223. 

Winterhalter, P. and Skouroumounis, G. (1997) Glycoconjugated aroma compounds: occurrence, 

role and biotechnological transformation. In: Advances in Biochemical Engineering and 

Biotechnology, Scheper, T. (Editor), Berlin, Heidelberg, Germany: Springer-Verlag, pp. 

73–105. 

Wirth, F. and Goldani, L.Z. (2012) Epidemiology of Rhodotorula: An Emerging Pathogen. 

Interdisciplinary Perspectives on Infectious Diseases 2012, Article ID 465717, 7 pages. 

Wittkowski, R. (1997) Ethyl carbamate in wines. Rapport O.I.V. Décembre 1997. O.I.V., Paris 

Wondra, M. and Berovic, M. (2001) Analyses of aroma compounds of Chardonnay wine 

fermented by different yeast strains. Food Technology and Biotechnology 39, 141-148. 

Xu, Y., Du, W. and Liu, D. (2005) Study on the kinetics of enzymatic interesterification of 

triglycerides for biodiesel production with methyl acetate as the acyl acceptor. Journal of 

Molecular Catalysis B Enzymatic 32, 241–245.  

Yamamoto, N., Amemiya, H., Yokomori, Y., Shimizu, K. and Totsuka, A. (1991) 

Electrophoretic karyotypes of wine yeasts. American Journal of Enology and Viticulture 

4, 358-363.  

Yarrow, D. (1998) Methods for the isolation, maintenance, and identification of yeasts. In: The 

Yeasts. A Taxonomic Study, Kurtzman, C.P. and Fell, J.W. (Editors), Elsevier Science, 

Amsterdam, pp. 77–100. 

Yoshioka, K. and Hashimoto, N. (1983) Cellular fatty acid and ester formation by brewers' yeast. 

Agricultural and Biological Chemistry 47, 2287-2294. 

Yoshioka, K. and Hashimoto, N. (1984) Acetyl CoA of brewer’s yeast and formation of acetate 

esters. Agricultural and Biological Chemistry 48, 207-209. 



 

 

 

You, K.M., Rosenfield, C.L. and Knipple, D.C. (2003) Ethanol tolerance in the yeast 

Saccharomyces cerevisiae is dependent on cellular oleic acid content. Applied and 

Environmental Microbiology 69, 1499–1503. 

Young, T.W. and Yagui, M. (1978) A comparison of killer character in different yeasts and its 

classification. Antonie Van Leeuwenhoek 44, 59-77. 

Zahoor, S., Javed, M.M., Aftab, S., Latif, F. and Haq, I. (2011) Metabolic engineering and 

thermodynamic characterization of an extracellular β-glucosidase produced by 

Aspergillus niger. African Journal of Biotechnology 10, 8107-8116 

Zhao, Q. (2012) The application of enzyme and yeast. Thesis submitted to Saimaa University of 

Applied Sciences, Finland. 

Zocca, F., Lomolino, G., Curioni, A., Spettoli, P. and Lante, A. (2007) Detection of 

pectinmethylesterase activity in presence of methanol during grape pomace storage. Food 

Chemistry 102, 59–65. 

 Zoecklein, B.W. Marcy, J.E. Williams, J.M. Jasinski, Y. (1997) Effect of native yeast and 

selected strains of Saccharomyces cerevisiae on glycosyl glucose, potential volatile 

terpenes, and selected aglycones of white Riesling (Vitis vinifera L.) wines. Journal of 

Food Composition and Analysis 10, 55-65. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

APPENDIX 
 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Appendix 

1. Potato Dextrose Agar 

Components Quantity  

Potato infusion 200 g 

Dextrose 20 g 

Agar 15 g 

Distilled water?? 1000 ml 

pH 5.6 

 

2. Fermentation Basal medium 

Components Quantity  

Yeast Extract 4.5 g 

Peptone 7.5 g 

Distilled water 1000 ml 

Bromothymol blue 4 ml stock solution per 100 ml of 100 ml of fermentation basal 

medium 

  

Stock solution  

Bromothymol blue 50 mg/75 ml distilled water 

3. Amylase Activity medium 

Components Quantity  

Peptone 5 g 

Soluble starch 5 g 

Yeast extract 5 g 



 

 

 

MgSO4.7H2O 0.5 g 

FeSO4.7H2O 0.01 g 

NaCl 0.01 g 

Agar 15 g 

Distilled water 1000 ml 

 

4. Lugols iodine solution 

 

Iodine 0.1% 

Potassium iodide 1% 

 

5. Christensen urea agar 

 

Composition Quantity  

Peptic digest of animal tissue 1 g 

Dextrose 1 g 

Sodium chloride 5 g 

Disodium phosphate 1.2 g 

Monopotassium phosphate 0.8 g 

Phenol red 0.012 g 

Agar 15 g 

Distilled water 1000 ml 

pH 6.8 

Suspend 24.01 grams in 950 ml distilled water. Heat to boiling to dissolve the medium 

completely. Sterilize by autoclaving at 10 lbs pressure (115°C) for 20 minutes. Cool to  



 

 

 

50°C and aseptically add 50 ml of sterile 40% Urea Solution (FD048) and mix well. 

Dispense into sterile tubes and allow to set in the slanting position. Do not overheat or 

reheat the medium as urea decomposes very easily. 

6. 0.1% Congo red solution 

Composition Quantity  

Congo red 0.1 g 

Distilled water 100 ml 

 

7. Aesculin agar 

Composition Quantity 

Aesculin 1 g 

Ferric ammonium citrate 0.5 g 

Peptone 5 g 

Yeast extract 1 g 

Distilled water 1000 ml 

pH 5.0 

Before pouring the plates, 2 ml of filter sterilized 1% ammonium ferric citrate solution 

was added to the above 100 ml medium. 

 

8. Brain Heart Infusion (BHI) broth/agar 

Components Quantity  

Brain Heart, Infusion from solids 8 g 



 

 

 

Peptic digest of animal tissue 5 g 

Pancreatic digest of casein 16 g 

Sodium chloride 5 g 

Glucose 2 g 

Disodium hydrogen phosphate 2.5 g 

Agar* 15 g 

Distilled water 1000 ml 

pH 7.4±0.2 

*For preparation of BHI agar 
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