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Carotenoids are hydrocarbons of 40 carbon atoms. Carotenoids are derived 

from the acyclic C40H56 structure, having a long central chain of conjugated 

double bonds by hydrogenation, dehydrogenation, cyclization and oxidation.  

The structure of carotenoids is derived from phytoene. The molecules contain 

two terminal ring systems joined by a chain of conjugated double bonds or 

polyene system. More than 600 different structures consisting of eight 

isoprenoid units and their oxygenated derivatives (xanthophylls) have been 

described. The carotenes are composed of only carbon and hydrogen; and the 

xanthophylls are oxygenated derivatives. In the latter, oxygen can be present 

as hydroxyl groups (zeaxanthin), or as oxy-groups (canthaxanthin); or in a 

combination of both (astaxanthin) (Britton, 1995). 

 

MICROBIAL CAROTENOIDS  

Biological sources of carotenoids receive major focus because of the 

complicated chemical production. The stringent environmental rules and 

regulations further discourage the chemical synthesis (Counsell,1980). Despite 

the availability of a variety of natural and synthetic carotenoids, there is 

paramount interest in microbial sources. Suitable species should satisfy 

following criteria: 1) capability to use a wide range of carbon and nitrogen 

sources, 2) tolerance to wide ranges of pH and temperature, 3) possess 

moderate growth conditions, 4) reasonable pigment yield, 5) non-toxic 6) non-

pathogenic and 7) pigment must be easily separable from the cell mass (Lee 

and Schimdt Dannert, 2002; Nelis and De Leenheer, 1991). The production 

from plants is affected seasonally and geographically (De Haan et al., 1991). 

The microbial production of carotenoids is of paramount interest because of 
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the economic advantages of microbial processes in using natural low-cost 

substrates as raw material. 

Several microbial species, including bacteria (Bhosale and Bernstein, 2004; 

Chen et al., 2006), algae (Jeon et al., 2006; Raja et al., 2003), molds (Kuzina 

et al., 2006; Nanou et al., 2007) and yeasts (An et al., 2001; Davoli et al., 

2002) are able to produce carotenoids naturally.  

 

MICROBIAL CAROTENOIDS IN HUMAN HEALTH 

It is seen that carotenoids fulfil diverse functions, ranging from their original 

evolutionary role as photosynthetic or light-quenching pigments to 

antioxidants, precursors of vitamin A, or pigments involved in the visual 

attraction of animals and insects such as flower pollinators or mating partners 

(Simpson, 1983; Johnson et al., 1995). Carotenoids can be used as 

antioxidants by quenching photosensitizers, interacting with singlet oxygen, 

and scavenging peroxy radicals. Epidemiological evidence and experimental 

results suggest that dietary carotenoids inhibit the onset of many diseases in 

which free radicals are thought to play a role in initiation, such as 

arteriosclerosis, cataracts, multiple sclerosis and cancer (Baker and Guenther, 

2004; Bast et al., 1998; Berset, 1999; Clark et al., 2006; Forman et al., 2004; 

Goswami et al., 2005; Henneckens, 1997).  

 

Animals cannot synthesize carotenoids, and these pigments must therefore be 

added to the feeds of farmed species, including aqua-cultured salmon. The 

colour of the meat of salmon and trout is an essential demand for customers, 

and for this reason the aquaculture industry requires substantial amounts of 
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carotenoids as animal feed additives per year (Ausich, 1997; van den Berg et 

al., 2000; Choubert et al., 2006; Frankis, 2000; Leeason and Caston, 2004; 

Tantillo et al., 2000). Humans are exposed to carotenoids through their diet. 

This exposure results from carotenoids present in vegetables and fruits as well 

as from animal products rich in carotenoids. The latter products might be 

additionally enriched in these components by specific food additives. The 

scrutiny and negative assessment of synthetic food dyes by the modern 

consumer, have given rise to a strong interest in natural colouring alternatives 

(Coulson, 1980). Carotenoids are currently produced for use as food colorants, 

nutritional supplements, cosmetics and health purposes. In conclusion, 

carotenoids represent a group of valuable molecules for the pharmaceutical, 

chemical, food and feed industries, because they can act as vitamin A 

precursors, colouring, antioxidant and possible tumor-inhibiting activity.  

 

CAROTENOIDS FROM YEASTS 

β-carotene from the microalga Dunaliella salina is being produced and 

commercialized by Australia, Israel and United  States (Raja et al., 2003). 

Astaxanthin has also been produced commercially in the United States by 

another microalga, Haematococcus pluvialis (Zheng et al., 2006). The 

synthesis of different natural commercially important carotenoids (β-carotene, 

torulene, torularhodin and astaxanthin) by several yeast species belonging to 

the genera Rhodotorula, Rhodosporidium, Sporobolomyces and Phaffia, has 

led to consider these microorganisms as potential pigment sources (Johnson et 

al., 1980). Yeasts are more convenient than algae or molds for large-scale 
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production in fermenters without light, due to their unicellular nature and high 

growth rate 

 

RED YEASTS  

Red yeasts are a diverse assemblage of unrelated organisms. The astaxanthin 

producer Phaffia rhodozyma belongs to Heterobasidiomyetes. 

Sporobolomyces roseus and Rhodotorula glutinis belong to Urediniomycetes, 

Sporisorium fallax sp nov and Macalpinomyces tubiforormis sp nov belong to 

Ustilaginomycetes ( Kreger van Rij, 1984).  

Sporidiobolus and Rhodosporidium share many taxonomic characteristics. In 

addition to the production of carotenoid pigments, the unifying phenotypic 

characteristics of this group are the inability to utilise D-glucoronate and 

inositol, production of extracellular starch like compounds are absent and 

presence of coenzyme Q. Coenzyme Q systems of Rhodotorula species are Q8, 

Q9 and Q10 (Yamada and Kondo, 1973). Sporidiobolus and Sporobolomyces 

produce ballistoconidia, which is a distinguishing characterisitic of the genera.  

It is a diagnostic for the separation of Rhodotorula from Sporobolomyces and 

Rhodosporidium from Sporidiobolus. One of the taxonomic difficulties is that 

the ability to form ballistoconidia can be lost especially during maintenance on 

high nutrient media. Organisms of the genus Rhodotorula characteristically 

produce a coral red pigment, do not assimilate inositol, have rudimentary or no 

pseudomycelia and do not ferment conventional sugars.  

Sporobolomyces and Sporidiobolus are associated with plants. Rhodotorula 

and Rhodosporidium can be isolated from fresh and marine water. The 

members of genus Rhodotorula show a marked ubiquity. It is present as 
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normal human flora and has been isolated from faeces, nails, skin, sputum, 

digestive tract and adenoids ( Kreger van Rij, 1984). In recent years cases 

have been reported of both local and systemic infection by Rhodotorula 

(Miceli et al., 2011). 

 

BIODIVERSITY STUDIES OF RED YEASTS 

Yeast ecology has been studied in freshwater and marine ecosystems. Simard 

and Blackwood (1971) have carried out a systematic survey of the yeast flora 

of the St Lawrence River. Numbers could not be correlated to depth or salinity 

but influence of time of sampling was noted. The station location with respect 

to the extent of pollution also was found to be important but here also the rank 

varied considerably among the times of sampling. A wide range of yeast 

species was identified. The pink yeasts mostly Rhodotorula spps constituted 

58% of isolates. They compared the marked rise and fall of yeasts to various 

physical and biological indices of pollution. In this attempt to correlate 

numbers with pollution indices the total number of bacteria coliforms and 

yeasts were compared to temperature, depth, biological oxygen demand 

(BOD), dissolved oxygen (DO) and salinity. The averaged data indicated 

relationship between physical and biological parameters. There was large 

increase in numbers of the pink yeasts after the increase of sewage pollution. 

Rhodotorula dominated populations in samples with low pollution levels but it 

was reverse with heavy domestic waste pollution (Gupta, 1996; Lahav et al., 

2002; Woollet et al., 1979). A survey has been made of 15 aquatic 

environments (lakes, lagoons and rivers) of glacial origin in Patagonia 

Argentina for the occurrence of red yeasts. From these temperate freshwaters, 
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a greater proportion of carotenoid producing yeasts was observed in high 

elevation lakes. These yeast strains produced higher amounts of mycosporines 

and tolerance to UV exposure. R. mucilaginosa was the most frequently 

isolated yeast species, and had the largest distribution in freshwater ultra-

oligotrophic habitats (Libkind et al., 2003). Spencer et al. (1998) have 

determined the yeast microflora in polluted and relatively unpolluted waters of 

lakes of Saskatchewan. They have found that yeast and bacterial counts were 

relatively low except in samples taken in towns and industrial plants which 

discharged waste into rivers or lakes. Some work has been carried out on yeast 

ecology in the Indian ocean and in estuaries of Goa (Van Uden and Fell, 1968; 

Van Uden and Ahearn, 1963; Da Costa and D’Souza, 1979) but no such 

relationship between total numbers of yeasts / specific types and various 

physical and biological parameters used to measure pollution has been 

established.  

 

ADVANCED TAXONOMIC STUDIES OF RED YEASTS 

Carotenoid producing yeast cells can be identified by their morphological and 

biochemical characteristics and phylogenetic inferences from the small subunit 

rRNA gene sequence. While the use of molecular tools in yeast systematic is 

still in its infancy, a major strength is its capability to demonstrate 

relationships among yeasts and to offer an opportunity to examine their 

comparative biology. This approach has been used (Fell et al., 1998) to 

validate Sporidiobolus microsporus Higham, nom. nud. and to compare it with 

other species of Sporidiobolus and the closely related Rhodosporidium 

fluviale. The signature molecular sequence used for validation is a partial 
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region of the large subunit rDNA. Phylogenetic trees were computed with 

parsimony analysis. Bootstrap percentages were calculated over 1000 

replicates. A pigmented yeast isolate from a tubeworm collected at the deep-

sea floor was identified using two phylogenetic trees, one based on internal 

transcribed spacer (ITS) regions and 5.8S rDNA sequences and the other 

based on the D1/D2 region of the large subunit (26S) rDNA sequences. G+C 

content of the nuclear DNA and differences in the ability to utilize specific 

carbon and nitrogen compounds confirmed that this strain was genetically 

unrelated to previously known species (Nagahama et al., 2001). A set of 97 R. 

mucilaginosa strains isolated from various natural and artificial habitats at 

north-western Patagonia were investigated under a polyphasic approach at 

their morphological, biochemical, physiological and molecular levels. The 

Micro/Mini satellite primed PCR fingerprinting technique was employed for 

the molecular characterisation. Based on this, the isolates could be sorted into 

three groups A, B and C. This technique showed a large genetic heterogeneity 

and DNA-DNA hybridization studies confirmed the existence of significant 

genetic differences between group C and the type strain. Thus, a new R. 

mucilaginosa phylotype was detected. MSP-PCR allowed the characterization 

and assessment of the heterogeneities within patagonian strains (Libkind et al., 

2008). 

 

BIOSYNTHESIS OF CAROTENOIDS BY YEASTS OF THE GENERA 

RHODOTORULA AND PHAFFIA 
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Simpson et al. (1964) and Goodwin (1980) had reviewed the general pathway 

for carotenoid synthesis by yeasts and concluded that carotenoid biosynthetic 

pathways commonly involve three steps:  

(1) The conversion of acetyl-CoA to 3-hydroxy-3-methyl glutaryl-CoA 

(HMG-CoA) is catalyzed by HMG-CoA synthase. HMG-CoA is then 

converted into a C6 compound, mevalonic acid (MVA), which is the first 

specific precursor of the terpenoid biosynthetic route. MVA is further 

converted into isopentenyl pyrophosphate (IPP) by a series of reactions 

involving phosphorylation by MVA kinase followed by decarboxylation; 

(2) IPP is isomerized with the sequential addition of three IPP molecules to 

dimethylallyl pyrophosphate (DMAPP). These reactions are catalyzed by 

prenyltransferase to yield the C20 compound Geranyl geranylpyrophosphate 

(GGPP). Condensation of two molecules of GGPP leading to phytoene (the 

first C40 carotene of the pathway), which undergoes desaturation to form 

lycopene; 

(3) As lycopene is an all-trans compound, the isomerisation of the first or 

second double-bond of the phytoene must occur at the same stage in the 

desaturation process. Lycopene acts as precursor of cyclic carotenoids and 

undergoes a number of metabolic reactions (e.g. cyclization) to form β-

carotene, γ-carotene, torulene, torularhodin and astaxanthin. γ-Carotene is the 

major branch point and acts as the precursor for β-carotene and torulene. 

Hydroxylation and oxidation of torulene by mixed function oxidase leads to 

the formation of torularhodin. Andrewes et al. (1976) suggested the first 

scheme for astaxanthin biosynthesis, leading through many steps and 

intermediates including lycopene, β-carotene and echinenone to astaxanthin. 
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Later, other intermediates were detected including β-zeacarotene 3,3-

dihydroxy- β, γ -carotene-4,4-dione (DCD) and torulene , which indicated an 

alternative pathway through β-zeacarotene to torulene to 3-hydroxy-3,4-

didehydro- β Ф-caroten-4-one (HDCO) to DCD to trans-astaxanthin 

(Goodwin, 1972; Goodwin, 1980). Above described carotenoid biosynthetic 

pathways in yeasts are schematically shown in Fig. 1.1.  

 

Fig 1.1 Biosynthetic pathways from acetyl-CoA to β–carotene, torulene and 

torularhodin in Rhodotorula species and astaxanthin in P. rhodozyma/ 

X.dendrorhous (Johnson and Lewis, 1979) 
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The carotenoid character of the pigments of the Rhodotorulae has been well 

established (Bonner et al., 1946; Etchells et al., 1953; Fink and Zenger, 1934; 

Fromageot and Tchang, 1938; Goodwin, 1952; Karrer and Rutschmann,1943; 

Lederer, 1933; Peterson et al., 1958). Carotenoids can be produced in 

abundance with typical concentrations ranging from 30-350 µg/g dry weight 

in wild type strains of Rhodotorula. They are generally localised in lipid 

droplets. 

Nakayama et al. (1954) determined the content of individual carotenoids 

present in several species of Rhodotorula and found that the major carotenoid 

pigments produced are β-carotene, torulene (3,4-didehydro-β-ѱ-carotene), and 

torularhodin (3,4-didehydro-β-ѱ-caroten-16-oic acid), in various proportions. 

The relative share of the three major carotenoid pigments in the total 

carotenoids was highly variable, and depended on strains of the species. β-

carotene was shown to contribute 11–15% of the total carotenoids in some 

strains of R. glutinis (Sguina et al., 2002; Davoli et al., 2004) and R. graminis 

(Buzzini, 2005) 

 

METHODS USED FOR EXTRACTION OF PIGMENTS FROM RED 

YEASTS 

 

Several procedures have been described and used to disrupt yeast cells and 

extract pigment.  A few of these are briefly described here. 
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Hydrolysing cell walls using acid 

Mackinney (1940) reported difficulties in extraction of pigments from certain 

species of Rhodotorula with methods employing alcoholic-potassium 

hydroxide. Mrak et al. (1949) found that the pigments could be extracted with 

acetone if the cell mass was hydrolyzed with strong (1:1) hydrochloric acid. 

There is considerable variation between species with respect to the degree of 

heating necessary for proper breakdown of the cells. This strength of acid 

overheating destroys the pigment, whereas under heating fails to give 

complete extraction. Although the weak acid treatment (0.5N HC1) was very 

effective with the red or red orange yeasts studied, it evidently modified the 

pigment composition in the case of the yellow yeast, R. flava.  During this 

method the pronounced absorption maximum at 450 nm disappeared. Similar 

results were obtained also with a yellow yeast strain, SY-836. Thus the 

method caused drastic changes in the absorption spectra of the total pigment 

extracts. A procedure has been presented for the extraction, separation, and 

quantitative determination of carotenoids in species of the genus Rhodotorula 

by Peterson et al. (1958). β-carotene and γ-carotene were found  in the eight 

yeasts studied. Torulene was observed in seven except in R. flava. 

Torularhodin was not present in R. aurantiaca, R. pallida and  R.  flava. The 

maximum concentrations of carotenoids were extracted from R. glutinis, its 

variety rubescens and in R. mucilaginosa. In the cases of R. bronchias and R. 

flava, the absorption maxima in the visible region disappeared.  
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Biochemical methods using digestion enzymes: 

Knorr et al. (2004) have studied lysis of yeast cell walls using zymolase and 

lysozyme. They observed that during coupled zymolase lysozyme treatment, 

nearly three times more reducing sugars were released from yeast cells 

compared to controls. Enzyme treatment followed by extraction at pH 9 

resulted in yield of more than 80% of total nitrogen of the cell. 

 

Physical methods: 

The chitin present in yeast and fungal cell walls makes them highly resistant to 

disruption. Hence mechanical methods of cell disruption have been assessed. 

These include sonication and grinding yeast cells frozen in liquid nitrogen 

with mortar and pestle. The efficiency of lysis using mortar and pestle ranged 

from 90-100% and for sonication 25-50%. It was concluded that physical 

grinding methods are more efficient than chemical and enzymatic treatments 

(Fleet and Phaff, 1974). Govindaswamy et al. (1999) have achieved disruption 

of Rhodotorula gracilis cells by freezing with liquid nitrogen and grinding 

with sand. 

 

PRODUCTION OF CAROTENOIDS BY RHODOTORULA  

During last three decades attempts have been made to see the possibilities of 

developing members of Rhodotorula for the production of carotenoids.  This 

includes search of suitable low cost substrates, optimisation of process, co-

cultivation with other microorganisms, developing strategies to high cell 

density cultivation and mutagenesis to improve production capabilities. 
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Carbon substrates: 

Carotenoid pigments accumulation in most yeasts starts in the late logarithmic 

phase and continues in the stationary phase (Goodwin, 1972). Presence of a 

suitable carbon source is important for carotenoid biosynthesis during the non 

growth phase. Yeasts can synthesize carotenoids when cultivated in synthetic 

medium, containing various refined carbon sources, such as glucose (Ni et al., 

2007; Perrier et al., 1995; Somashekar and Joseph, 2000; Zheng et al., 2006), 

xylose (Parajo et al., 1998), cellobiose, sorbitol (Sun et al., 2004), sucrose 

(Polulyakh et al., 1991; Wang et al., 2001) and glycerol (Kusdiyantini, 1998). 

 

Although Rhodotorula species and Xanthophyllomyces dendrorhous have 

potential commercial value as a dietary sources of natural carotenoids (β-

carotene, torulene, torularhodin and astaxanthin), the high cost of production 

limits the use of these yeasts. In recent years, raw materials and by-products of 

agro-industrial origin have been proposed as low-cost alternative carbohydrate 

sources for microbial metabolite production, with the view of also minimizing 

environmental and energetic problems related to their disposal (Demain et al., 

1998). 

Studies on carotenogenesis have led to the  evaluation of several natural 

substrates as carbon sources such as grape juice (Longo et al., 1992; Meyer 

and Du Preez, 1994) , grape must (Bhosale and Gadre, 2001; Buzzini, 2000) , 

peat extract and peat hydrolysate (Martin et al., 1993), date juice of Yucca 

fillifera (Ramirez, 2006), hydrolyzed mustard waste isolates (Tinoi et al., 

2006), hemicellulosic hydrolysates of eucalyptus globules wood (Cruz and 

Parajo, 1998; Parajo  et al., 1998), hydrolyzed mung bean waste flour 
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(Bhosale  and Gadre,  2001), sugar cane juice (Moriel et al., 2005), sugar cane 

and sugar-beet molasses (Bhosale and Gadre, 2001; Liu and Wu, 2006), corn 

syrup (Buzzini, 2001), corn hydrolysate (Kesava et al., 1998) and milk whey 

(Aksu and Eren, 2005; Frengova et al., 2003). 

 

An alternative for utilization of some natural substrates for production of 

carotenoids by Rhodotorula species is the method of co-cultivation. A 

widespread natural substrate is milk whey containing lactose as a carbon 

source. Carotenoid synthesis by lactose-negative yeasts (R. glutinis, R. rubra 

strains) in whey ultrafiltrate (WU) can be accomplished by enzymatic 

hydrolysis of lactose to assimilable carbon sources (glucose, galactose) thus 

providing the method of co-cultivation with lactose-positive yeasts 

(Kluyveromyces lactis), producers of β-galactosidase or by creating conditions 

under which lactose is transformed into carbon sources (glucose, galactose, 

lactic acid) easily assimilated by the yeast when they were grown in 

association with homofermentative lactic acid bacteria or yogurt starter 

culture. The lactose-negative yeast Rhodotorula rubra GED2 and the 

homofermentative Lactobacillus casei subsp. casei Ha1 when co-cultivated in 

cheese whey ultrafiltrate (WU) showed active synthesis of carotenoids. Under 

conditions of intensive aeration (1.0 L/L min, 220 rpm), a temperature of 30 

C, WU with 55.0 g lactose/l, initial pH 5.5, the carotenoid content in the cells 

reached a maximum in the stationary phase of the yeast. The maxima for dry 

cell accumulation (27.0 g/L) and carotenoid formation (12.1 mg/L culture 

medium) did not coincide. A peculiarity of this co-cultivation was the 

production of carotenoids with high β-carotene content (46.6% of total 
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carotenoids) and 10.7% and 36.9% for torulene and torularhodin (Frengova et 

al., 2003). Carotenogenesis of the lactose-negative yeast Rhodotorula rubra 

GED5 was studied by co-cultivation with Kluyveromyces lactis MP11 in whey 

ultrafiltrate (WU) (35, 50 and 70 g of lactose/L). Maximum yields of cell mass 

(24.3 g/L) and carotenoids (10.2 mg/L of culture fluid or 0.421 µg/g of dry 

cells) were obtained by growing the microbial association in WU (50 g of 

lactose/L) in a fermentor with an airflow rate of 0.8 L/( Lmin-1 ), agitation of 

220 rpm, and temperature of 30°C. The identified carotenoid pigments—β-

carotene, torulene and torularhodin reached maximum concentrations (133, 

26, and 222 µg/g of dry cells, respectively) on day 5 for torulene and day 6 for 

β-carotene and torularhodin (Frengova et al., 2004). The maximum carotenoid 

yields for the microbial associations R. rubra + K. lactis; R. glutinis + 

Lactobacillus helveticus; R. rubra + L. casei; R. rubra + (L. bulgaricus + 

Streptococcus thermophillus) were, 10.20, 8.10, 12.12 and 13.09 mg/L, 

respectively (Frengova et al., 1994; Frengova et al., 2003; Simova et al., 

2004). These yields are about five times higher than that of a lactose-positive 

strain R. lactosa cultivated in whey (Zalashko, 1990). R glutinis–

Debaryomyces castellii co-cultivation produced 5.4 mg carotenoids/L, about 

three times the amount of total carotenoids formed by the red yeast cultured 

alone in low hydrolyzed corn syrup (LHCS). Hence it may be concluded that 

oligosaccharides and dextrins of LHCS could be profitably utilized for 

pigment production by R. glutinis after hydrolysis to maltose and glucose by 

the extracellular amylolytic enzymes produced by D. castellii DBVPC 3503 in 

co-cultures (Buzzini, 2001). Furthermore, locating inexpensive sources for 

microbial metabolite production will allow carotenoid biosynthesis by yeasts 
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to become more effecient and more economical. As a matter of fact, in all 

developed countries agro-industrial by-products represent a low cost source of 

non-refined sugars, which could profitably be converted into a pool of 

chemical compounds with relevant applications in food and pharmaceutical 

industries via the biotechnological route (Johnson and Schroeder, 1995). 

 

Light 

Carotenogenesis in many organisms is regulated by light. However, the 

intensity and protocol of illumination varies with the microorganism. Impact 

of increase or decrease in illumination time and/or intensity on 

carotenogenesis varies with microorganisms. There are two aspects to the 

theory of photoinduction. The first is that improvements of the volumetric 

production of carotenoid are generally associated directly with improved 

growth of the microorganism. Thus, the effect of light on growth of the 

microorganism plays an important role in establishing the authentic role of 

white-light illumination as a stimulant of carotenoid production. The second 

aspect to be considered is that increases in the cellular accumulation of 

carotenoid are associated with the increased activity of enzymes involved in 

carotenoid biosynthesis. In this case, it is important to assess the levels of 

biosynthetic enzymes, which in turn will establish the role of white-light 

illumination as a stimulant. Tada and Shiroishi (1982) reported that the 

carotenoid content of resting cells and of cells that had been cultured at 0°C 

did not increase even with illumination. These results indicate that the 

carotenoid production in response to light is related to biochemical reactions 

dependent on nutrient and temperature, but not to changes in precursors due to 
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a photochemical reaction. The cells exposed to light at 0°C were able to 

produce a small amount of carotenoid under subsequent incubation in the dark 

at 26°C. These results suggest that the promotion of carotenoid biosynthesis in 

R. minuta by light occurs in two phases: the first involves a photochemical 

reaction independent of temperature and the second involves biochemical 

reactions independent of light. This control mechanism of carotenoid 

production by light in R. minuta is similar to that of photoinduced 

carotenogenesis in fungi and bacteria. However, in R. minuta, the rate of 

carotenoid production and the final carotenoid content are controlled by the 

light intensity, but not by the light dose.  The amount and intensity of light 

tolerated by Rhodotorula species or strains vary.  R. minuta can tolerate up to 

5,000 Lx , whereas a mutant of R. glutinis displayed poor growth on exposure 

of 1,000 Lx (Bhosale and Gadre, 2002; Tada  et al., 1990).  Sakaki et al.  

(2001) reported 180% increase in torularhodin production by R. glutinis with 

white light irradiation. In contrast, the production of β-carotene due to light 

irradiation was only 14%. Bhosale and Gadre (2002) reported that the negative 

effect on growth of the yeast can be overcome by manipulating growth 

conditions. A β-carotene-producing mutant of R. glutinis was exposed to white 

light in the late exponential growth phase. This resulted in a 58% increase in 

β-carotene production with a concurrent decrease in torulene.  

 

Illumination influences amount of carotenoids, profile of carotenoids and 

volumetric biomass production in X. dendrorhous. An and Johnson (1990) 

reported a decrease in β-carotene content on exposure to white light in this 

species. Astaxanthin production was photo-inducible (Meyer and Du Preez, 
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1994, Vazquez, 2001). However, the stimulation was of a transient nature and 

a reduction in the total pigment content was observed when the cultures were 

returned to the dark. 

 

pH 

The initial pH of medium significantly affects growth and production of 

carotenoids in R mucilaginosa (Aksu and Eren, 2005). At the optimal pH of 7, 

specific growth and carotenoids production rates yielded the highest values. 

The pH of the growth medium had also showed pronounced effect on the 

extraction of pigments without mechanical disintegration (Bhosale and Gadre, 

2001). Maximum carotenoids extraction was observed when cells were grown 

at pH 6, and it was a minimum at pH 10.  

 

Temperature 

Temperature acts as an important factor affecting the performance of cells and 

carotenoids production. It brings about changes in many biosynthetic 

pathways, including carotenoids biosynthesis. The effect of temperature 

depends on the species of the microorganism and often manifests itself in 

quantity variations of synthesized carotenoids (Johnson and Lewis, 1979; 

Longo et al., 1992, Ducrey et al., 1998). Different proportions of the synthesis 

of pigments torulene, torularhodin, β-carotene and astaxanthin were observed 

in different species (Vijayalakshmi et al., 2001).  

R. glutinis 48-23T was grown at 5 and 25°C in glucose medium, at 25°C the 

culture synthesizes the pigments β-carotene, torularhodin and torulene in 

almost equal concentrations, at 5°C the synthesized carotenoids are 
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represented mainly by β-carotene and significantly less by torulene and 

torularhodin (Simpson et al., 1964). It has been confirmed that the change in 

the relative concentration of individual pigments, in relation to the total 

carotenoids synthesized by R. glutinis cultivated at 5 and 25°C, depends on the 

thermo-sensitivity of pigment such as the dehydration of β-carotene to 

torulene and activities of β-carotene synthetase and torulene synthetase 

(Hayman et al., 1974).  A biosynthetic study showed that γ-carotene acts as the 

branch point of carotenoid synthesis. Subsequent dehydrogenation and 

decarboxylation leading to torulene synthesis is known to be temperature 

dependent since the respective enzymes are less active at lower temperature 

compared with the activity of β-carotene synthetase. Presumably, this was the 

reason for increased β-carotene accumulation by R. glutinis at 20°C which 

decreased as the incubation temperature was increased to 30°C or more 

(Frengova et al., 1995; Buzzini and Martini, 1999; Bhosale and Gadre, 2002).  

 

Aeration 

Carotenogenesis is an aerobic process. Aeration of the yeast culture medium 

affects the assimilation of the substrate, better growth rate and carotenoids 

synthesis. The reported optimal values of air flow rate and agitation are in 

range 0.5–1.9 L/L min and 180–900 rpm, respectively, for carotenogenesis in 

yeasts Rhodotorula and Phaffia (Frengova et al., 1994; Chan and Ho, 1999; 

Hu et al., 2006; Simova et al., 2004; Frengova et al., 2004). The effect of 

aeration frequently manifests itself in quantitative variation of the synthesized 

carotenoids (Davoli et al., 2004; Aksu and Eren, 2005). The aeration of the 

mixed culture (R. rubra + L. casei) influenced not only the amount of 
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carotenoids produced, but also the composition of individual pigments making 

up the total carotenoids (Simova et al., 2003; Sakaki et al., 2001). Sakaki et al. 

(2001) reported that the increase in content of torularhodin produced by R. 

glutinis was related to elevation of the dissolved oxygen concentration. 

Oxygen supply in sufficient quantities stimulates efficient astaxanthin 

synthesis by P. rhodozyma. Low oxygen causes biomass formation of 

yellowish colour product of the β-carotene accumulation; therefore, under 

these conditions the β-carotene hydroxylase is not very efficient (Ramirez et 

al., 2006). 

 

Metal ions and salts 

Divalent cations such as Ba+2, Fe+2, Mg+2, Ca+2, Zn+2 and Co+2 had been 

demonstrated to act as stimulants for growth of R. glutinis (Komemushi et al., 

1994).  Buzzini et al. (2005) reported that trace elements have been shown to 

exert a selective influence on the carotenoid profile in R. graminis. Al3+ and 

Zn2+ had a stimulatory effect on β-carotene and γ-carotene synthesis.  Zn2+ and 

Mn2+ had an inhibitory effect on torulene and torularhodin synthesis. The 

observed effect of trace elements on the biosynthesis of specific carotenoids in 

red yeasts may be explained by hypothesizing a possible activation or 

inhibition mechanism by selected metal ions on specific carotenogenic 

enzymes, in particular, on specific desaturases involved in carotenoids 

biosynthesis. Calcium, zinc and ferrous salts were shown to have a stimulatory 

effect on volumetric production as well as cellular accumulation of 

carotenoids from the yeast R. glutinis (Bhosale and Gadre, 2001). Divalent 

cation salts increased the total carotenoids content about two times. It can be 
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assumed that this positive response was due to a stimulatory effect of cations 

on carotenoids-synthesizing enzymes, or to the generation of active oxygen 

radicals in the culture broth. The addition of manganese salt in the presence of 

generators of oxygen radicals had an inhibitory effect on carotenoids 

formation in X. dendrorhous since manganese acts as a scavenger. This effect 

could be concentration dependent as manganese is known to act as a cofactor 

for enzymes involved in carotenoids biosynthesis and thus enhances 

carotenoid accumulation at certain concentrations (An et al., 1996). 

Astaxanthin content was decreased significantly at >1 mg/L FeCl3 and growth 

of P.rhodozyma was poor at an FeCl3 concentration of <0.1–1.0 mg/L. 

Carotenoid production decreased in yeast with increasing Mn2+ concentration 

(0–10 mg/L) when succinate was used as the sole C source, but not with 

glucose. The weak oxygen radical scavengers Zn2+ and Cu2+ had no effect on 

carotenoid production in P. rhodozyma. Cu2+ below 3.2 µM increased the 

astaxanthin content of cells of P. rhodozyma but at the expense of a slightly 

decreased growth (An et al., 2001; Flores-Cotera and Sanchez, 2001). In yeast, 

cytochrome-c-oxidase and superoxide dismutase are two intracellular enzyme 

systems requiring copper. These enzymes are probably related  to the 

increased astaxanthin production seen in concentrations of Cu2+ below 3.2 

µM. Copper deficit decreases the activity of antioxidant enzyme Cu, Zn-

superoxide dismutase and may induce oxidative stress and astaxanthin 

synthesis. Iron below 1 µM decreased both the growth and astaxanthin content 

of cells of P. rhodozyma (Bhosale and Gadre, 2001). 
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Phenol 

The composition of carotenoids produced by R. glutinis was observed to be 

dependent upon the addition of phenol into medium (Kim et al., 2004). A 

stimulatory effect of phenol on β-carotene of R. glutins K-501 grown on 

glucose was investigated. The β-carotene content increased up to 35% when 

phenol was added to culture media at 500 ppm. The ratio of torularhodin 

decreased with increasing phenol concentration, while torulene content was 

almost constant.  

 

Mutagenesis 

The yellow coloured mutant 32 derived from Rhodotorula glutinis NCIM 

3353 after UV irradiation produced 120-fold more β-carotene in 36 hours, 

which was 82% (w/w) of the total carotenoids content (Bhosale and Gadre, 

2001). 

After a series of UV, EMS and NTG mutagenesis, a mutant named MM of the 

red marine yeast Rhodotorula hidai was obtained. The mutant MM produced 

603.93 μg/g carotenoids within 5 days compared to the 213.18 μg/g by the 

wild type under the same conditions (Cong et al., 2007). 

A mutant of Rhodotorula rubra with enhanced total carotenoids and β-

carotene was obtained by N-methyl-N-nitro-N-nitrosoguanidine mutagenesis. 

When co-cultivated with yogurt starter bacteria (Lactobacillus bulgaricus + 

Streptococcus thermophilus) in whey ultrafiltrate it produced 15.7 mg/L of 

which 71% was β-carotene. Grown as a monoculture in glucose substrate, the 

mutant showed 1.4 times lower carotenoids, with 63% relative share of beta-

carotene (Frengova et al., 2004). 
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After treatment with five repeated cycles at 300 MPa for 15 min, the 

barotolerant mutant Rhodotorula glutinis PR68 was obtained (Wang et al., 

2008). After 72 h of culture, the biomass of mutant PR68 decreased by 8.5% 

compared to the parental strain R68, but its β-carotene production increased by 

52.8% compared to the parental strain R68. Restriction fragment length 

polymorphism analysis suggested change in nucleic acid level of mutant PR68 

could be the reason for enhanced β-carotene production. 

 

IMPROVED FERMENTATION STRATEGIES FOR PRODUCTION 

OF CAROTENOIDS 

There is a need to improve fermentation strategies such that the intracellular 

accumulation of carotenoids from yeast is feasible on an industrial scale. The 

high cost involved in the practical implementation is the major limiting factor 

for scale-up of fermentation processes for carotenoids production using 

Rhodotorula. Suitable media and process strategies will give a way to use of 

this genus for the production of carotenoids. Fed-batch culture had been 

demonstrated for increased volumetric carotenoids production (Buzzini, 

2001). Rhodotorula glutinis DBVPG 3853 gave 150% more total carotenoid 

when fed-batch co-cultured with Debaryomyces castellii DBVPG 3503 in a 

medium containing corn syrup than the batch culture. 

A conventional method for dealing with optimisation of media is the “change 

one factor at a time” method. It uses fewer conditions but is time consuming. 

Also, the one-at-a-time approach is not very well adapted to possible 

interactions among the process variables. This method may lead to unreliable 

results and wrong conclusions and it is inferior to the factorial design method. 
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A powerful, statistically significant technique called statistical experimental 

design (SED) can be used for medium or process optimisation. SED is one 

way to increase the amount of information data collected. A typical 

experimental design includes several factors and their two-factor interactions. 

Any of these effects may be important but the assumption of effect sparsity 

suggests that only a few of the effects are responsible for the biggest 

improvements in process performance. The objective of the statistical analysis 

is to identify these few important experimental factors. t-value is selected for 

each factor or interaction by dividing its coefficient by the estimated standard 

error. This is similar to a signal to noise ratio so that important effects result in 

large t-values. p-values may be used to evaluate the significance of the t 

values. Small p values are generally associated with important effects. The R-

squared value provides an overall measure of the fit of the model. 

In statistical design, there are three stages of experimentation called screening, 

optimisation and verification respectively. Screening experiments are used 

early in an investigation to narrow the focus of the problem. Optimisation 

experiments are used at the end of an investigation to build a predictive model 

which can be used to provide specific information about the solution. A 

verification experiment concludes the investigation. Important factors are 

identified through. 

 

A full factorial design of testing every combination possible of values of each 

experimental factor provides the most complete information. All possible 

interactions among factors can be estimated. But they require so many runs so 

they become impractical for large number of factors. A fractional factorial 
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design is a specially designed subset of the design conditions from the full 

matrix or full factorial design. It is a time saving design because it requires 

only a fraction of the experimental conditions of a full factorial design. In a 

fractional factorial design, we give up the ability to estimate some of the 

higher order interactions in order to be able to use a smaller sample size. 

Interactions become confounded with other terms in the model so we cannot 

get independent estimates for them. A two-level fractional factorial design 

typically represents only one-half, one-fourth, one-eighth, one-sixteenth of the 

possible combinations given by the full two level factorial. If there are k 

factors a full factorial has 2k of factor levels and a fractional factorial has 

2k/2p=2 k-p combinations. eg. p=1 corresponds to a ½ fraction, p=2 

corresponds to a ¼ fraction, etc. Some fractional factorial designs allow all 

main effects to be independently estimated. A second type of fractional 

factorial design allows confounding among two-factor interactions but do not 

allow main effects to be confounded with a main effect. Finally, some 

fractional factorial designs allows confounding among two-factor interactions 

but do not allow main effects to be confounded with each other (Box and 

Draper, 1987; Box and Hunter, 1978). Orthogonal and Plackett Burman 

designs (Plackett and Burman, 1946) have been applied to try and reduce the 

fermentation runs to an absolute minimum. The main disadvantages of these 

designs are that they consider only first order effects and ignore interactions. 

 

Response surface methodology (RSM) which includes factorial designs and 

regression analysis can better deal with multifactor experiments. RSM has 

been used for modelling factors that influence the growth of microorganisms. 



27 

The response surface plot is a three dimensional representation of the 

relationship between response and experimental factors. The response surface 

is generated by a mathematical model which estimates the response and the 

experimental factors (Myers, 1976). RSM has also been used to investigate the 

optimal regions of production of useful product. There are different designs in 

RSM available to understand several interactions of the various factors for 

optimisation studies as required for effective application to product formation 

in fermentation systems. 

SED has been successfully applied to optimisation of carotenoid production 

for Rhodotorula spps.  

Response surface methodology had been carried out using three parameters, 

namely glucose concentration, incubation period and volume of inoculum to 

optimise growth and carotenoids production by Rhodotorula gracilis 

(Govindaswamy et al., 1999).  

A multivariate statistical approach was employed for the optimization of 

conditions for carotenoid production by Rhodotorula glutinis DBVPG 3853 

from a substrate containing concentrated rectified grape must as the sole 

carbohydrate source (Buzzini, 2000). The experimental parameters of 

carbohydrate, yeast autolysate and salt concentrations, and pH were tested at 

two levels by following a fractional factorial design. Carotenogenesis was 

most sensitive to both initial pH and yeast autolysate concentration. A Central 

Composite Design experiment was then performed by obtaining both second-

order polynomial models and isoresponse diagrams where initial pH and yeast 

autolysate concentration were considered as variables. The pH and yeast 

autolysate concentration which maximize both the concentration of total 
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carotenoids and that of beta-carotene after 120 h of fermentation was 

determined. 

Bhosale and Gadre (2001) had attempted use of statistical designs in 

optimisation of medium composition for growth and carotenoids production 

with hyper-producing Rhodotorula glutinis mutant 32. They have used two 

levels, three-variable factorial design. The medium optimization resulted in a 

four-fold increase in volumetric production and a two-fold increase in the 

cellular accumulation of carotenoids. 

A statistically based experimental design has been applied to assess the 

influence of selected trace elements on carotenogenesis in Rhodotorula 

graminis DBVPG 7021 (Buzzini et al., 2005). A  central composite design 

scheme has been used to evaluate the influence of Fe3+, Co2+, Mn2+, Al2+ and 

Zn 2+ (within the range 0–50 ppm) on various responses, namely biomass , 

total carotenoid production  and percentage of specific carotenoids. Second-

order polynomial models were calculated and reduced equations were 

designed by neglecting non-significant All above experimental data are in 

good agreement with calculated ones, thus confirming the reliability of the 

proposed empirical model in describing carotenoid production by R. graminis 

as a function of trace element concentrations. 

A two-step optimization strategy of statistical experimental design was 

employed to enhance carotenoid production from sugar cane molasses (SCM) 

in the yeast Rhodotorula glutinis. In the first step, a fractional factorial design 

was used to evaluate the impact of five fermentation factors namely pH, 

concentrations of SCM, urea, KH2PO4, and NaCl. The results revealed that 

concentrations of SCM, urea, and KH2PO4 had a significant influence on 
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biomass and carotenoid production. A face-centered central composite design 

was then used in the second step to optimize the three significant factors to 

further enhance the biomass yield and carotenoid production. Through this 

two-step optimization strategy, there was a 2.5-fold carotenoid production 

enhancement (Park et al., 2005). 

Optimisation of the medium for β-carotene fermentation was achieved with 

RSM in conjunction with a factorial design and a central composite design 

(Wang et al., 2007). An increase of 34.17% was obtained with optimised 

medium at a pH 6.7.  Yeast extract, tomato extract, peanut oil and ammonium 

sulphate were the variables investigated in this study. 

Malisorn and Suntorsnuk (2008) had used a face centred central composite 

design to optimize a cultivation condition for improved β-carotene production 

by Rhodotorula glutinis DM28 with fermented radish brine as a sole substrate. 

The experiments were performed to develop regression models with 

temperature, pH and oxygen as variables. Optimum condition for β-carotene 

production was at 30oC, pH 6 and 80% dissolved oxygen.  
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Aims and objectives of the research work 

 

Although yeast ecology has been extensively studied in freshwater and marine 

ecosystems, no attempt has been made to understand the relationship between 

total numbers of yeasts/specific types and various physico-chemical and 

biological parameters of ecosystems for the marine and coastal environment of 

Goa. 

 

The synthesis of different natural commercially important carotenoids (β-

carotene, torulene, torularhodin and astaxanthin) by several yeast species 

belonging to the genera Rhodotorula, has led to consider these 

microorganisms as potential of pigment. Currently Phaffia rhodozyma is being 

used for production of astaxanthin at industrial scale. The high cost of 

production limits the use of Rhodotorula species for commercial production of 

β-carotene. Growth medium and process optimization of β-carotene 

production for R. glutinis and R. gracilis using RSM has been investigated. 

Although R. graminis has been reported as the highest producer of carotenoids 

among Rhodotorula spp, the potential for β-carotene production has not been 

much investigated in R. graminis. Manipulation of cultural conditions for 

cultivation of Rhodotorula could allow the production of β-carotene to be 

scaled-up for commercialization.  
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In view of this, the following objectives were undertaken for study: 

1. Survey of marine and coastal environments for pigmented yeast: 

 .Quantitative determination of yeast in marine and coastal 

environments, 

 Isolation and maintenance of red, orange, yellow pigmented yeasts 

from these environments, 

 Identification of selected yeast isolates. 

2. Pigment profiling of red, yellow, orange yeasts  

 Selection of isolated strains accumulating maximum β-carotene & 

related derivatives, showing diversity in substrate utilization and rapidity of 

growth  

 Critical factor analysis for β-carotene and biomass accumulation 

 Optimization of medium & physiochemical parameters affecting 

pigment and biomass accumulation 

 Kinetic analysis of batch fermentation & it’s possible utility in process 

development 
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CHAPTER II 

    

SURVEY OF MARINE AND 

COASTAL ENVIRONMENTS FOR 

PIGMENTED   YEAST 
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Yeast ecology has been extensively studied in freshwater and marine 

ecosystems. Populations of a few yeasts or less per liter are typical of clean 

water in oceans and pristine fresh waters (Fell and Hunter, 1974). This 

contrasts with counts that can reach thousands per liter in eutrophic waters 

(Hagler and Ahearn, 1987).  

Yeasts have been applied as indicators of sewage contamination and 

recreational water quality as a complement for the coliform and faecal 

Streptococcus counts used as indicators of recent fecal pollution. Some yeasts 

are part of the normal fecal flora of many animals, including humans (Ahearn, 

1998). Although yeasts present in feces are expected to be associated with the 

types of foods consumed, some opportunistic human pathogens, including 

Candida albicans, are associated with warm-blooded animals and can be 

washed off the body during bathing in addition to being included in feces. 

Some of these are more resistant to chlorine treatment than most microbes, 

making them valuable as indicators for swimming pools or other chlorinated 

bathing waters (Engelbrecht et al., 1974). The use of total counts of “pink” 

carotenoid pigment producing yeasts was proposed by Simard and Blackwood 

(1971) as a water quality indicator. Pink to red or orange pigmented yeasts are 

frequent in polluted waters at variable but often relatively high population 

levels. But pigmented basidiomycetous yeasts can actually make up a higher 

portion of the yeast population of less polluted aquatic habitats (Hinzelin and 

Lectard, 1979; Hagler and Mendonça-Hagler, 1981). Trichosporon cutaneum 

has been suggested as a fecal pollution indicator by Hinzelin and Lectard 

(1979) on the basis of a study of the Moselle River. By contrast, small tropical 

lakes in Minas Gerais, Brazil, were mostly populated by yeasts fluctuating 
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between rainy and dry periods, in which constantly introduced transitory 

species dominated during rainy periods (Rosa et al., 1995; Morais et al., 

1996). 

 

2.1 MATERIALS AND METHODS 

2.1.1 Description of the study area 

The area of investigation and station locations are given in Fig. 2.1. The 

coastal region was divided into twenty stations. The stations were fixed to 

reflect the geographical variability in a representative manner. The stations 

chosen included 1) Naibag river,  2) Revora lake,  3)  Pirna – Chapora river, 4) 

Colvale river,  5) Revora mangrove,  6) Colvale river,  7) Tuem river,  8) 

Morjim beach, 9) Agarvado saltpan, 10) Arambol lake, 11) Arambol salt-pan 

(abandoned),  12) Siolim-Morjim river,  13) Mayem lake,  14) Vagator beach, 

15) Dhabale (Codli) river, 16) Dhavkoni (Codli) river, 17) Zuari river, 18) 

Utorda beach, 19) Colva beach and 20) Galgibag beach (Fig. 2.1). 

Water samples were also collected from various culvert outlets of the cities of 

Panaji and Mapusa (Fig 2.2). A total of seven samples were collected. 
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Fig 2.1 Sampling sites along the coastline of Goa 

 

Fig 2.2 Sampling sites of culvert outlets present in North Goa 
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2.1.2 Sampling and storage 

Samples of water were collected from the various sampling stations in March, 

September and December months. Surface water samples were collected using 

plastic bottles. The bottles were surface sterilised with alcohol and kept 

standing in UV light for 30 minutes. Before sample collection bottles were 

repeatedly rinsed with the water samples. Samples were stored at 4°C till 

analyses were performed. Samples were analysed within a week.  

 

2.1.3 Isolation and Enumeration of yeasts from water samples  

2.1.3.1A Enumeration of yeast count (Simard and Blackwood, 1971)  

Aliquots of 1, 50 and 100 mL of water sample were filtered using sterile 

nitrocellulose filters (Millipore), with a pore size of 0.45 µm. The filters were 

placed on top of solid media. Medium used was MYP agar (Appendix A). The 

petri dishes containing the filters on the culture media were incubated at room 

temperature. Growth was monitored for 3-12 days. Wet mounts were done of 

colonies and examined microscopically at 45X. Yeast colony counts were 

recorded. 

2.1.3.1B Enumeration of pigmented yeasts in water samples (Simard and 

Blackwood, 1971; Spencer et al., 1974) 

1, 50 and 100 mL aliquots of water samples were filtered using sterile 

nitrocellulose filters (Millipore) with a pore size of 0.45 µm. The filters were 

placed on top of solid media. Medium used was Malt Extract Yeast Extract 

Peptone agar ( MYP agar) containing glycerol (1 mL/L), prepared with water 

from respective study sites. Incubation was at room temperature. Plates were 
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monitored for 3-12 days and counts of pigmented yeasts were recorded. 

Pigmented colonies of yeast were purified and maintained on same agar. 

 

2.1.4 Hydrographical parameters (detailed procedures in Appendix B) 

Temperature was measured in situ. pH was measured using a pH meter ( 

Equiptronics). Estimation of inorganic phosphorus was done by the method of 

Fiske and Subbarao (1925). 

Salinity of the water samples was estimated by Mohr-Knudsen method 

(Strickland and Parson, 1972). Estimation of Total Solids was done (Eaton et 

al., 1985). The 5 day Biochemical Oxygen Demand was done as described in 

APHA (Eaton et al., 1985). The Chemical Oxygen Demand was determined 

by using the open reflux titrimetric method as described in APHA (Eaton et 

al., 1985). Nitrate and nitrite nitrogen were determined spectrophotometrically 

as described in APHA (Eaton et al., 1985) (Appendix B). 

 

2.1.5 Identification of selected yeast isolates (Kreger van Rij, 1984) 

2.1.5.1 Morphological characterization 

The yeast culture was grown in a liquid Glucose Peptone Yeast extract ( GPY 

medium) (Appendix A) at 25°C for 24 hours.  Shape and type of cell division 

were observed by microscopic analysis.  

The yeast culture was inoculated on PGA (Appendix A). The inoculated 

medium was incubated at room temperature and examined microscopically 
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after 5 to 7 days of incubation for the formation of pseudohyphae and 

mycelium.  

2.1.5.2 Formation of ballistospores 

The yeast culture was inoculated on GPY-Sabouraud agar (Appendix A). This 

plate was placed inverted on a PGA (Appendix A) containing plate. The plates 

were sealed and incubated at room temperature. Plates were observed after 

three weeks to check for presence of ballistospores on PGA containing plate.  

2.1.5.3 Physiological and biochemical characterization 

2.1.5.3A Fermentation of glucose 

The test was carried out in test tubes containing 2 mL of basal medium 

(Appendix A), Durham’s tubes and 2% glucose (w/v). The tubes were 

inoculated with 0.1mL of culture grown in GPY-Sabouraud broth (Appendix 

A) and incubated at room temperature for 24 hours. Color change to yellow 

and gas bubble in Durham’s tube was taken as +ve fermentation of glucose. 

2.1.5. 3B Utilization of carbon compounds 

Assimilation of carbon compounds hexoses (glucose, galactose), pentoses 

(arabinose, xylose), alcohols (sorbitol, xylitol) and disaccharides (trehalose, 

maltose, sucrose, lactose) by the isolates was checked. These carbon sources 

were used at a final concentration of 0.5% (w/v) in YNB (Yeast nitrogen base) 

(Appendix A). The inoculated media were incubated at room temperature. 

Growth was monitored for 24, 48 and 72 hours of incubation. 

2.1.5. 3C Growth on 50% (w/v) glucose-yeast extract agar  
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Actively growing culture was lightly inoculated as a streak on 50% (w/v) 

glucose-yeast extract agar (Appendix A) in tube. The inoculated tubes were 

incubated at room temperature for four weeks. Tubes were examined for 

growth.  

2.1.5. 3D Growth at different temperatures  

Test tubes containing GPY- sabouraud broth (Appendix A) were inoculated 

and incubated at room temperature, 37 and 40°C for 48 hours. Tubes were 

examined for growth.  

2.1.5. 3E Amyloid composite synthesis  

Carbon sources D-galactose, D-glucose, lactose, sucrose, maltose, D-xylose, 

arabinose, glycerol were used at a final concentration of 0.5% (w/v) in YNB 

(Appendix A). The inoculated media plates were incubated at room 

temperature for 21 days. Growth was covered with Lugol’s iodine solution 

(Appendix A) for five minutes. If the color of the growth turned blue, the test 

indicated synthesis of amyloid.  

2.1.5. 3F Cycloheximide test  

YNB medium (Appendix A) was prepared with glucose (10 g/L) and 

sterilised. Cycloheximide (100 mg) was dissolved in 2 mL of acetone and 

filter sterilized and was added to YNB medium. 0.1 mL of freshly prepared 

inoculum was added to medium, tube was incubated at room temperature for 

21 days. Growth of yeast was monitored. 

2.1.5. 3G Urea hydrolysis  
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The culture was inoculated on YNB-urea agar (see Appendix A). Tube was 

incubated at room temperature and observed daily for five days for growth and 

deep pink color.   

 

2.2 RESULTS AND DISCUSSION 

Values of various physico-chemical parameters, total yeast counts and 

pigmented yeast counts observed for water samples collected along the 

coastline are tabulated in Tables 2.1, 2.2, 2.3 and 2.4.  The water samples 

showed pH values ranging from 5.7-7.8. All the water samples collected in 

September showed a marked decline in pH values relative to those taken in 

March and December. The water samples collected from Agarvado saltpan 

and Arambol beach of December showed maximum pH of 7.8. The water 

samples collected from Codli river in the month of September showed 

minimum pH of 5.7.  The water samples showed temperature values ranging 

from 22 to 35°C. The water samples from Arambol saltpan collected in the 

month of March showed maximum temperature of 35°C. The water samples 

collected from Pirna-Chapora river of the September showed minimum 

temperature of 22°C. All the water samples collected in September showed a 

marked decline in temperature values relative to those taken in March and 

December.  

Yeasts were present in most of the water samples tested from along the 

coastline of Goa. Total yeast counts ranged from zero count to 124/100 mL 

(Fig 2.3). Zuari river had the highest yeast counts. Like pH and temperature, 

yeasts from the marine environment of Goa also showed a seasonal pattern in 
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distribution. All the water samples collected in September showed a marked 

decline in counts of total yeasts relative to those taken in March and 

December. Red pigmented yeasts were isolated only from water samples of 

Revora mangrove, Agarvado saltpan, Codli river (2) and Colva beach (Fig 

2.4).  

Most of the water samples collected from along the coastline had inorganic 

phosphate values of <1.2 µg/mL. The river water samples collected from 

Chapora, Siolim and Codli had higher amount of inorganic phosphate. Total 

Solids for the water samples collected from along the coastline ranged from 

<0.02-0.24 g/L.  

Yeast was found in all the samples from culvert outlets (Table 2.5). No 

pigmented yeasts were observed in culvert outlets. Total yeast counts in 

culvert outlets were 100 times more than that of highest reported counts of 

Zuari river.  Inorganic phosphate and TS for the water samples collected from 

culvert outlets are much higher relative to that of the other water samples 

collected from Goa.  

An attempt was made to correlate the various physico-chemical parameters 

with the total yeast counts.  All the correlation showed very low R-square 

values. This indicated that all the relations were observed just by chance. 

All the water samples that showed the presence of pigmented yeasts were 

further characterized with reference to Biochemical Oxygen Demand, 

Chemical Oxygen Demand, nitrate nitrogen and nitrite nitrogen (Table 2.6). 

The observed values for these parameters were far below the specified limits 
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of WHO (1993). These values indicate that the water samples having 

pigmented yeasts were not polluted. 

 

Table 2.1 Values of pH, temperature, numbers of total and pigmented yeasts 

for the water samples collected from stations 1-9 
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Table 2.2 Values of pH, temperature, numbers of total and pigmented yeasts 

for the water samples collected from stations 10-20                      
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Table 2.3 Recorded values of inorganic PO4, Total Solids (TS) for the 

sampling stations 1- 10 

Key:- TS values <20 mg/L: Clear water (a); 40-80 mg/L: Cloudy water (b) and 

>150 mg/L: Dirty water (c) 

(http://www.michigan.gov/documents/deq/wbnpdes TotalSuspendedSolids 

247238 7.pdf) 
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Table 2.4 Recorded values of inorganic PO4, Total Solids (TS) for the 

sampling stations 11- 20 

Key :- TS values <20 mg/L: Clear water (a); 40-80 mg/L: Cloudy water (b) 

and >150 mg/L: Dirty water (c) 
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The pink yeasts were among the first yeasts suggested as indicators of 

environmental quality of water. Simard and Blackwood (1971) have reported 

that numbers of pigmented yeasts increase with increasing indices of 

pollution. In contrast pigmented yeasts were detected only in non polluted 

water bodies of Goa. Woollet and Hendrick, (1979) have reported that 

Rhodotorula are low in numbers or absent in the presence of heavy domestic 

or industrial waste pollution. The total yeast population has been demonstrated 

to have a stronger and more consistent general response to water pollution 

than pink yeasts, and has been suggested as an indicator of the trophic state of 

aquatic environments (Spencer et al., 1998; Rosa et al., 1990). Similarly, high 

total yeast counts were found in water samples highly polluted with domestic 

waste in Goa. Interestingly water samples from culvert outlets had hundred 

times more yeasts than the other samples assessed.   

 

Tables 2.7 and 2.8 comprise the results of morphological, physiological and 

biochemical characteristics of the isolates showing red pigment. All the 

isolates produce a coral red pigment, do not produce ascospores/ 

ballistospores, have rudimentary or no pseudomycelia, do not assimilate 

inositol and do not ferment glucose. These results match with genus of 

Rhodotorula. 
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Table 2.5 Physico-chemical parameters, yeast counts of water samples 

collected from culvert outlets 

 

 

Table 2.6 Additional physico-chemical parameters for sites having pigmented 

yeasts 
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Table 2.7 Morphological results for the pigmented yeast isolates 

 
 

 
 

 

Table 2.8 Physiological and biochemical results for the pigmented yeast 

isolates 
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Red pigmented isolates RC01, RC02, RC03, RC04 were obtained from 
Agarvado saltpan, Codli river, Colva beach and Revora backwater 

respectively. Further, two red pigmented isolates were identified; IOS from 

benthic sediment of equatorial region of  Indian Ocean and EM, obtained as 

coculture with mycelium from sporocarp of Pisolithus tinctorius from mining 

site of Goa. The tabulated morphological, physiological and biochemical 

characteristics were compared with standard results listed in Kreger van Rij 

(1984) for species identification for yeasts. Isolates RC01, RC02, RC03 and 

IOS were identified as Rhodotorula mucilaginosa. Isolates RC04 and EM 

were identified as Rhodotorula graminis. 
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CHAPTER III 

PIGMENT PROFILING OF RED, 

YELLOW, ORANGE YEASTS 
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INTRODUCTION  

The synthesis of different natural commercially important carotenoids (β-

carotene, torulene, torularhodin and astaxanthin) by several yeast species 

belonging to the genera Rhodotorula and Xanthophyllomyces (=Phaffia)   has 

led to consider these red yeasts as potential pigment sources. Carotenoids are  

produced with typical concentrations ranging from 15 to 200 µg/g dry weight 

and β-carotene values range from 1 to 40 µg/g dry weight in wild-type strains 

of Rhodotorula spp (Buzzini et al., 2007). There are several reports available 

on the development of suitable hyper-producing strains of Xanthophyllomyces 

dendrorhous (=Phaffia rhodozyma) and Rhodotorula spp for commercial 

carotenoids production. A carotenogenic yeast culture performance is affected 

by numerous environmental and fermentation parameters especially 

concentrations of the medium components. The effects of different  

components of medium on the biomass, carotenoids production and 

composition of carotenoids in Rhodotorula glutinis have been studied 

(Bhosale and Gadre, 2001; Kim et al., 2004). Although Rhodotorula graminis 

has been shown to accumulate high amount of carotenoids, the potential of 

this yeast for β-carotene accumulation has not been investigated.  

The quantity of β-carotene in naturally occurring strains of Rhodotorula is 

very small and its proportion relative to other pigments is significantly low. 

There is a need to improve fermentation strategies such that the intracellular 

accumulation of β-carotene in naturally occurring strains of Rhodotorula is 

feasible on an industrial scale. Optimisation of external and cultural 

parameters have been investigated for improved β-carotene production by 

Rhodotorula yeasts. Light, temperature and aeration have been shown to be 
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important factors influencing the quantity of β-carotene in R. glutinis (Bhosale 

and Gadre, 2002; Buzzini and Martini, 1999, Frengova et al., 2003). There are 

reports available of screening and selection of efficient β-carotene producing 

wild strains and mutants of Rhodotorula glutinis and on the effect of media 

constituents on the proportions of β-carotene production (Aksu and Eren, 

2005; Bhosale and Gadre, 2001; Wang et al., 2007). A stimulatory effect on 

the yield of β-carotene in R. glutinis has been shown by using glycerol, phenol 

and glucose as carbon and yeast extract as nitrogen sources, respectively. 

Among the inorganic salts used as sole source of nitrogen, potassium nitrate 

has been reported as a good source for β-carotene production. Komemushi et 

al. (1994) have reported that several divalent cations such as Ba+2, Fe+2, Mg+2, 

Ca+2, Zn+2 and Co+2 can act as stimulants for growth of R. glutinis.  

Classical methods that use sequential manipulation of a single parameter do 

not take into consideration the interactions between different factors. 

Moreover, these are work and time exhaustive. Response surface methodology 

(RSM) has eliminated these drawbacks. It can also be used to evaluate the 

relative significance of several variables simultaneously. Medium and process 

optimization of β-carotene production for R. glutinis and R. gracilis using 

response surface methodology has been investigated (Govindaswamy et al., 

1999;  Buzzini, 2000;  Malisorn and Suntorsnuk, 2008). 

Rhodotorula graminis is also known as a β-carotene producing yeast. It has 

been reported as the highest producer of carotenoids among Rhodotorula spps 

by Perrier et al. (1995). However, the potential for β-carotene production has 

not been much investigated in R. graminis.  Buzzini et al. (2005) have 

reported using response surface methodology that trace elements exert a 
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influence on the carotenoid profile in R.graminis, Al3+ and Zn2+ had a 

stimulatory effect on β-carotene production.  

Four isolates of red pigmented yeasts were obtained from coastal aquatic 

ecosystem of Goa. Isolates RC01, RC02 and RC03 were identified as R. 

mucilaginosa. Isolate RC04 was identified as R. graminis. R. mucilaginosa 

IOS and R. graminis EM were included along with RC04 in the present study 

to evaluate possibilities of them as producers of β-carotene. 

 

3.1 MATERIALS AND METHODS 

3.1.1 Selection of suitable method for cell disruption and extraction of 

pigment: 

3.1.1.1 Cultivation of yeast isolates  

The pigmented yeast isolates were grown in Yeast Morphology (YM) 

(Appendix A) broth for 72 hours at 25°C on the rotary shaker. Culture broths 

were centrifuged at 5000 rpm for 10 minutes to get a pellet of yeast cells. The 

pellets were washed with normal saline 3-4 times. 

3.1.1.2A Disruption of yeast cells with liquid nitrogen (Knorr et al., 2004)  

The pellets were ground in liquid nitrogen using mortar and pestle. Normal 

saline was added to the ground pellet. The suspension was centrifuged at 

10000 rpm for 20 minutes. Pellet was examined microscopically (100 X). The 

supernatant was analyzed for protein content by Folin Lowry’s estimation 

(Appendix B). Petroleum ether (5ml) was added to the pellet, vortexed and 

centrifuged. Organic layer was examined visually for pigment. 
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3.1.1.2B Disruption of yeast cells with liquid nitrogen and sand 

(Govindaswamy et al., 1999) 

The pellets were ground in liquid nitrogen with sand in 2:1 ratio (w/w) using 

mortar and pestle. The sand used was washed with acid and alkali. Normal 

saline was added to the ground pellet. The suspension was centrifuged at 

10000 rpm for 20 minutes. Pellet was examined microscopically (100X). The 

supernatent was analysed for protein content by Folin Lowry’s estimation 

(Appendix B). Petroleum ether (5mL) was added to the pellet, vortexed and 

centrifuged. Organic layer was examined visually for pigment. 

3.1.1.2C Yeast cell disruption by sonication (Fleet and Phaff, 1974)  

The fresh cell pellets were suspended in 5 mL saline. The suspensions were 

sonicated at 20 kHz for 2, 5, 10, 15 and 20 minutes. The suspension was 

centrifuged at 10000 rpm for 20 minutes. Aqueous layer was examined 

microscopically (100 X) and analysed for protein content by Folin Lowry’s 

estimation (Appendix B). Suspension was mixed vigorously with petroleum 

ether. The suspension was repeatedly mixed and kept overnight at 4°C in the 

dark. The latter was repeated until there was no visible color in the aqueous 

layer. Organic layer was scanned in visible region.  

3.1.1.3A Pigment extraction in acetone (Govindaswamy et al., 1999) 

Yeast cell pellets were suspended in 5 mL saline. The suspensions were 

sonicated at 20 kHz for 10 minutes. Suspension was mixed vigorously with 

acetone. The suspension was repeatedly mixed and kept overnight at 4°C in 

the dark. The latter was repeated until there was no visible color in the 

aqueous layer. Organic layer was scanned in visible region. 
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3.1.1.3B Pigment extraction in dimethyl sulfoxide, acetone and petroleum 

ether (Petersen et al., 1958)  

Yeast cell pellets were suspended in 5 mL saline. The suspensions were 

sonicated at 20 kHz for 10 minutes. Suspension was mixed vigorously with 

dimethyl sulfoxide, acetone and petroleum ether (1:1:3 v/v). The suspension 

was repeatedly mixed and kept overnight at 4°C in the dark. The latter was 

repeated until there was no visible color in the aqueous layer. Organic layer 

was scanned in visible region.  

3.1.2 Effect of nitrogen and carbon sources on accumulation of growth 

and β-carotene 

3.1.2.1 Starter culture 

Starter cultures of R. mucilaginosa IOS, R. graminis EM and R. graminis 

RC04 were prepared by inoculating one loopful of freshly grown cultures in 

50 ml of YM broth (Appendix A) in a 150 mL Erlenmeyer flask. Incubation 

was at room temperature in a shaker at 150 rpm for 24 hours in dark. This 

starter culture was used for inoculating the experimental flasks used for 

experiments in Sections 3.1.2.2 and 3.1.2.3. 

 

3.1.2.1 Effect of different nitrogen sources 

YM broth (Appendix A) was used for studying effect of different nitrogen 

substrates.  Nitrogen sources were used to replace ammonium sulphate and 

asparagine of the YM broth. Substrates were incorporated to supply nitrogen 

in equimolar amount to the amount of ammonium sulphate and asparagine. To 
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compensate sulphate in YM, 5.29 g/L of anhydrous sodium sulphate was 

added. 

Fermentation experiments were carried out in 500mL Erlenmeyer flasks 

containing 200 ml of fermentation media. Each flask was inoculated with 5% 

v/v of starter culture (Section 3.1.2.1).  The flasks were incubated at room 

temperature for 3 days at 150 rpm in the dark. Amounts of biomass and β-

carotene were determined. 

 

3.1.2.4 Effects of different carbon sources 

Glucose of YM broth was replaced with other carbon substrates. The 

substrates were incorporated to provide equimolar amount of carbon. To check 

the effect of carbon:nitrogen ratio, all carbohydrates were used in desirable 

amounts to give carbon:nitrogen ratios of 4.4:1, 10:1 and 20:1. 

Fermentation experiments were carried out in 500mL Erlenmeyer flasks 

containing 200 mL of fermentation media. Each flask was inoculated with 5% 

v/v of starter culture (Section 3.1.2.1).  The flasks were incubated at room 

temperature for 3 days at 150 rpm in the dark. Amounts of biomass and β-

carotene were determined. 

 

3.1.3 Screening of media components for critical factor analysis 

Full factorial – Plackett Burman Design for two-level five factors (D’Souza-

Ticlo et al., 2009) was used to assess the critical factors in medium for the 

accumulation of biomass and -carotene. 
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3.1.3.1 Starter culture 

Starter cultures of R. graminis RC04 were prepared by inoculating one loopful 

of freshly grown cultures in 50 mL of YM broth (Appendix A) in a 150 ml 

Erlenmeyer flask. Incubation was at room temperature in a shaker at 150 rpm 

for 24 hours in dark. This starter culture was used for inoculating the 

experimental flasks used for factorial design. 

3.1.3.2 Fermentation experiment as per factorial design  

Mannitol, potassium nitrate, Yeast Extract, monopotassium hydrogen 

phosphate and magnesium sulfate were added at varying concentrations as per 

the requirement of the experimental design (Table 3.1A) to the Fermentation 

Medium I (Appendix A). Low and high settings of each of these components 

were used to prepare a combination of eight trials of the culture medium 

(Table 3.1A). Fermentation experiments were carried out in 500 ml 

Erlenmeyer flasks containing 200 mL of fermentation media. Each flask was 

inoculated with 5% v/v of starter culture and incubated at room temperature 

for 3 days at 150 rpm in the dark. Biomass and β-carotene contents were 

determined. The whole set of experiments was done in triplicate. 
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3.1.4 Optimization of medium for production of biomass and -carotene 

by R. graminis RC04 

Fermentation medium was optimized for initial pH.  The Response Surface 

Method was used for assessing the interaction among yeast extract and 

mannitol. Completely rotatable Central Composite Design was used for 

developing models to assess the impact of interaction of these two components 

of medium (D’Souza-Ticlo et al., 2009). 

3.1.4.1 The influence of initial pH (Kim et al., 2004)                                                 

 Fermentation medium II (Appendix B) was used. Fermentation experiments 

were carried out in 500mL Erlenmeyer flasks containing 200 ml of 

fermentation media. Each flask was inoculated with 5% v/v of starter culture 

(Section 3.1.3.1) and incubated at room temperature for 3 days at 150 rpm in 

the dark. Biomass and β-carotene content were determined. The whole set of 

experiments was done in triplicate.  

3.1.4.2 Central Composite Design for medium optimization 

Mannitol and yeast extract were used as the variable medium components in 

this study. The concentrations of mannitol and yeast extract used are given in 

Table 3.1 B. Fermentation medium  III was used (Appendix B). Fermentation 

experiments were carried out in 500mL Erlenmeyer flasks containing 200 mL 

of fermentation media. Each flask was inoculated .with 5% v/v of starter 

culture (Section 3.1.3.1) and incubated at room temperature for 3 days at 150 

rpm in the dark. Biomass and β-carotene contents were determined. 

Experiment was done in triplicate. 
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Trial 
Variables 

Coded Actual 
Mannitol Yeast Extract Mannitol (g/L) Yeast Extract (g/L) 

1 + + 22.5 7.5 
2 + - 22.5 2.5 
3 - + 7.5 7.5 
4 - - 7.5 2.5 
5 0 + 15.0 7.5 
6 0 - 15.0 2.5 
7 + 0 22.5 5.0 
8 - 0 7.5 5.0 
9 - α 0 4.2 5.0 
10 + α 0 25.8 5.0 
11 0 - α 15.0 1.4 
12 0 + α 15.0 8.6 
13 0 0 15.0 5.0 
14 0 0 15.0 5.0 
15 0 0 15.0 5.0 
16 0 0 15.0 5.0 

 

Table 3.1B Central Composite Design (CCD) matrix with coded and actual 

values chosen for mannitol and yeast extract  

 

3.1.4.3 Time course for biomass and β-carotene production in R. graminis 

RC04 in optimised medium  

Time course for the accumulation of biomass and β-carotene was prepared 

using Fermentation medium IV (Appendix B).  Carbon substrates mannitol 

and glucose were assessed to compare the impact of substrates on time course. 

Flasks were inoculated with 1% v/v of starter culture (Section 3.1.3.1) and 

incubated at room temperature for at 150 rpm in the dark. Flasks were 

withdrawn periodically to monitor biomass and β-carotene production. The 

entire observations were repeated twice. Amount of residual reducing sugar in 

fermentation flasks with glucose was also determined (Appendix B).  
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3.1.5 Quantification of pigment (Simpson et al., 1964) 

Organic layer was collected as per the method described in Section 3.1.1.3B. 

Absorbance of the organic layer was taken at 451 nm. Amount of β-carotene 

was determined using the extinction coefficient 2680 for 1% solution of β-

carotene. 

3.1.6 Dry weight estimation 

Culture broth (100 mL) was centrifuged at 10,000 rpm for 20 minutes. Pellet 

obtained was washed twice with sterile distilled water. Pellet was suspended in 

little water and transferred to preweighed aluminium cups and dried at 105°C 

till constant weight was obtained.  

 

3.1.7 Thin Layer Chromatography (TLC) of R.graminis RC04 pigment 

extract (Govindaswamy et al., 1999) 

Silica gel G was used to prepare slurry in distilled water. The slurry was 

poured on the glass plate in between the spacers and rolled to form thin layer. 

The plate containing layer of silica was air dried for 45 minutes. The spacers 

were removed. The thin layer of silica was activated in oven at 105°C for 30 

minutes.  

The pigment was re-extracted in petroleum ether. The pigment extract was 

spotted several times on the silica layer using capillary tubes with intermittent 

air drying. 

TLC was performed using following solvent mixtures: 

1) Hexane:acetone (7:3 v/v) 



64 

2) Hexane:isopropyl ether:diethyl ether:acetone:acetic acid (85:12:1:4:1 v/v)  

3) Methanol:acetone:toluene (5:20:75 v/v)  

The chromatogram was viewed under white light.  

 

3.1.8 FTIR spectra 

Spot of pigment on TLC with Rf of 0.97 was scrapped and eluted in petroleum 

ether. The mixture was used for FT-IR (Moh et al., 1999). 

 

3.2 RESULTS AND DISCUSSION 

Rhodotorula mucilaginosa IOS, R. graminis EM and R. graminis RC04 were 

used to assess various methods for cell disruption and pigment extraction 

(Tables 3.1, 3.2 and 3.3). It was observed that the grinding in liquid nitrogen 

failed to break the cells (Table 3.1). Disruption of yeast cells was achieved 

with liquid nitrogen when sand was used as abrasive (Table 3.2). Sonication 

disintegrated the yeasts cells (Table 3.3). The minimum time required for cell 

disruption using sonication was found to be 5 minutes.  The amount of protein 

liberated due to sonication of 10 minutes and more were similar. 

Pigment of all three isolates could be extracted in petroleum ether (Figs 3.1 to 

3.3).  The scan of pigment extract from isolate IOS showed the presence of 

peaks at 460, 482 and 518 nm. The scan of pigment extract from isolate EM 

showed the absorption peaks at 418, 440 and 472 nm. The scan of pigment 

extracted from RC04 showed absorption peaks at 460, 482 and 520 nm. 
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In contrast to  petroleum ether the absorption peaks observed for the pigments 

of all three isolates in the acetone extraction were different.  The scan of 

acetone extracted pigment of isolate IOS showed the single absorption peak at 

420 nm (Fig 3.4).  The absorption spectra of acetone extracted pigment of 

isolate EM showed two peaks at 440 and 480 nm (Fig 3.5).  Contrary to the 

above two isolates there was no peaks seen in pigment extract in acetone from 

isolate RC04 (Fig 3.6).  

 

Isolate 
Observation Protein content 

(mg/mL) Visual Microscopic 

IOS No pigment extracted Intact yeast cells 0.01 

EM No pigment extracted Intact yeast cells 0.03 

RC04 No pigment extracted Intact yeast cells 0.06 

 

Table 3.1 Grinding of yeast cells with liquid nitrogen 

 

Isolate 
Observation Protein content 

(mg/mL) Visual Microscopic 

IOS Pigment extracted Disrupted yeast 
cells 0.214 

EM Pigment extracted Disrupted yeast 
cells 0.312 

RC04 Pigment extracted Disrupted yeast 
cells 0.339 

 

Table 3.2 Disruption of yeast cells with liquid nitrogen and sand 
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Pigment was extracted from sonicated cells of all three isolates in the solvent 

system dimethyl sulfoxide, acetone and petroleum ether (DAPE). This solvent 

system has been well established for extracting and quantitative determination 

of carotenoids (Govindaswamy et al., 1999). The scan of extracted pigment 

from the isolate IOS showed the presence of three absorption peaks at 465, 

482 and 518 nm (Fig 3.7). R. mucilaginosa IOS shows the presence of 

torulene and torularhodin. The absorption spectra of extracted pigment of the 

isolate EM showed the presence of two peaks at 451 and 482 nm (Fig 3.8). 

Pigment extract from R. graminis EM shows the presence of β-carotene and 

torulene. The absorption spectra of extracted pigment of the isolate RC04 

showed the presence of three peaks at 459, 482 and 520 nm (Fig 3.9). The 

extraction of pigment in this solvent system indicates the presence of β-

carotene, torulene and torularhodin in the strain R. graminis RC04.  

 

Pigment from R. graminis RC04 was separated using TLC.  Solvent systems 

Hexane: isopropyl ether: diethyl ether:acetone:acetic acid (85:12:1:4:1v/v) and 

methanol:acetone:toluene (5:20:75 v/v) were suitable to separate β-carotene 

from pigment mixture (Fig. 3.10).  FT-IR spectra of yellow spot with Rf 0.97 

on the chromatogram shows the presence of β-carotene (Fig.3.11). 
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Fig 3.10 Thin layer chromatogram of pigment extract of R. graminis RC04 in 

with solvent system methanol:acetone:toluene (5:20:75 v/v) 
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Fig 3.11 FT-IR spectra of 0.97 Rf spot 
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It is interesting to note that all three isolates showed different values of β-

carotene accumulation with different carbon and nitrogen sources. The 

complex nitrogen sources resulted in higher growth and β-carotene 

accumulation for all three isolates, as compared to inorganic sources with the 

exception of gelatin . It is seen that both growth and β-carotene accumulation 

with different aminoacids as the sole source of nitrogen was very less, as 

compared to both complex nitrogen sources and inorganic nitrogen (Figs 3.12, 

3.13, 3.14). It is clear that for most nitrogen and carbon sources tested, RC04 

gave the highest yield of β carotene in µg/g yeast and µg/L (Figs 3.12, 3.13, 

3.14 and 3.15, Tables 3.4, 3.5, 3.6 and 3.7). 

 

Fig. 3.12 Effect of different organic nitrogen sources on β-carotene production 

of isolates IOS, EM and RC04 
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Fig. 3.13 Effect of different inorganic nitrogen sources on β-carotene 

production of isolates IOS, EM and RC04 

 

 

 

 

Fig. 3.14 Effect of different amino acid nitrogen sources on β-carotene 

production of isolates IOS, EM and RC04 
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Fig. 3.15 Effect of different carbon sources on β-carotene production of 

isolates IOS, EM and RC04 

 

Table 3.4  Effect of different inorganic nitrogen sources on cellular content of 
β-carotene 

In-organic 
Nitrogen 
source 

β-carotene* 
IOS 

β-carotene* 
Sesa 

β-carotene* 
RC04 

Ammonium 
sulphate and 
asparagine 

74.62 59.70 80.22 

Ammonium 
chloride 33.58 3.73 59.70 

Sodium 
nitrate 65.29 3.73 95.14 

Ammonium 
nitrate 48.50 13.05 76.49 

Potassium 
nitrate 108.20 87.68 108.20 

Ammonium 
sulphate 78.35 27.98 108.20 

Calcium 
nitrate 16.79 1.86 69.02 

*cellular β-carotene µg/L 
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Table 3.5  Effect of different organic nitrogen sources on cellular content of 
β-carotene 

Organic 
Nitrogen 
source 

β-carotene* 
IOS 

β-carotene* 
Sesa 

β-carotene* 
RC04 

Peptone 29.10 26.89 32.19 

Tryptone 138.92 110.60 26.69 

Meat extract 73.33 23.05 27.55 
Yeast 
extract 31.60 59.55 77.73 

Gelatin 138.20 86.55 58.65 

Urea 19.09 48.39 43.42 
*cellular β-carotene µg/L 

 

Table 3.6  Effect of different aminoacid nitrogen sources on cellular content 
of β-carotene 

Amino 
acids 

β-carotene* 
IOS 

β-carotene* 
Sesa 

β-carotene* 
RC04 

Glycine 22.38 27.98 46.64 

Lysine 46.64 57.83 115.67 

Serine 22.38 48.50 63.43 

Tyrosine 46.64 46.64 85.82 

Histidine 16.79 95.14 76.49 

Threonine 9.32 48.50 95.14 

*cellular β-carotene µg/L 
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Table 3.7 Effect of different carbon sources (Carbon: Nitrogen – 4.4:1) on 
cellular content of β-carotene 

Sugars β-carotene* 
IOS 

β-carotene* 
Sesa 

β-carotene* 
RC04 

Glucose 72.76 67.16 80.22 

Glycerol 59.70 54.10 91.41 

Sorbitol 39.17 46.64 76.49 

Xylose 50.37 39.17 72.76 

Mannitol 31.71 29.85 50.37 

Arabinose 9.32 16.79 16.79 

Sucrose 50.37 39.17 69.02 

*cellular β-carotene µg/L 

The isolate RC04 grew best with potassium nitrate. Although the yield of β-

carotene/gram of biomass was less than compared with other inorganic salts, 

the β-carotene production was found maximum. Cellular β-carotene was found 

to be maximum with ammonium sulphate, sodium nitrate and calcium nitrate. 

However, with these salts growth of the yeast was poor. Among the organic 

nitrogen sources, peptone, tryptone, meat extract and yeast extract supported 

biomass accumulation to similar extents. Of these four, yeast extract gave both 

maximum biomass and β-carotene accumulation. Urea and gelatin supported 

both biomass and β-carotene accumulation poorly. In general the amino acids 

used in this study are poor nitrogen sources compared to their counterpart 

organic and inorganic nitrogen sources. Among the aminoacids, glycine, 

tyrosine, serine and threonine supported maximum biomass. Histidine, 

tyrosine, lysine and threonine supported maximum accumulation of β-carotene 

(Fig. 3.16).  

Rhodotorula graminis RC04 grew in all the carbon sources tested with 

accumulation of β-carotene. Interestingly, the utilization pattern and 
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accumulation of β-carotene is changing with change in carbon to nitrogen ratio 

in medium. With low levels of carbon, glucose, glycerol and sorbitol were 

found to support biomass accumulation equally. However, maximum 

production of β-carotene was found in glucose, sorbitol, xylose, sucrose and 

starch. Among these sucrose showed maximum β-carotene (Fig. 3.17). On 

increasing the carbon to nitrogen ratio to 10:1 both biomass and β-carotene 

accumulation improved with all the carbon sources tested.Glucose appears to 

be the best carbon source for biomass and β-carotene production followed by 

glycerol. Interestingly, β-carotene production was to similar extents in 

glucose, glycerol, sorbitol, xylose and sucrose (Fig. 3.18). With an increase in 

the carbon to nitrogen ratio to 20:1, both biomass and β-carotene accumulation 

decreased considerably with all carbon sources tested.  With carbon to 

nitrogen ratio of 20:1, glycerol was the best carbon source followed by sucrose 

(Fig. 3.19).  

Growth and production of β-carotene was best with potassium nitrate among 

the inorganic nitrogen sources. Among the organic nitrogen sources, yeast 

extract gave both maximum biomass and cell bound β-carotene accumulation. 

In general the amino acids used in this study are poor nitrogen sources 

compared to their counterpart organic and inorganic nitrogen sources. 

Interestingly, the utilization pattern and accumulation of β-carotene is 

changing with change in carbon to nitrogen ratio in medium. On increasing the 

carbon to nitrogen ratio to 10:1 both biomass and β-carotene accumulation 

improved with all the carbon sources tested. Glucose appears to be the best 

carbon source for biomass and β-carotene production. With an increase in the 
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carbon to nitrogen ratio to 20:1, both biomass and β-carotene accumulation 

decreased considerably with all carbon sources tested 

 

 

 

Fig. 3.16 Effect of different nitrogen substrates on biomass and β-carotene 

content in R graminis RC04 
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Fig. 3.17 Effect of different carbon substrates on growth and β-carotene 
content at C: N::4.4:1 in R graminis RC04.                                                        

Where A-glucose, B- glycerol, C- sorbitol, D-xylose, E-mannitol, F-starch, G- 
arabinose and H- sucrose 

 
Fig. 3.18 Effect of different carbon substrates on growth and β-carotene 

content at C: N::10: 1 in R graminis RC04.                                                                            
Where A-glucose, B- glycerol, C- sorbitol, D-xylose, E-mannitol, F-starch, G- 

arabinose and H- sucrose 
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Fig. 3.19 Effect of different carbon substrates on growth and β-carotene 

content at C: N::20:1 in R graminis RC04.  

Where A-glucose, B- glycerol, C- sorbitol, D-xylose, E-mannitol, F-starch, G- 

arabinose and H- sucrose 

These studies on the effects of carbon and nitrogen sources on production of 

biomass and β-carotene by Rhodotorula graminis RC04 have shown that 

highest values of both are obtained with sucrose as carbon source and yeast 

extract and potassium nitrate as sources of nitrogen. β-carotene values range 

from 5-75µg/g cell dry mass in species of Rhodotorula (Perrier et al., 1995). 

This study has shown a differential production of β-carotene in the presence of 

different carbon and nitrogen sources. β-carotene values range from 29-

150µg/g cell dry mass.  

The study then focused on investigating the impact of macronutrients 

mannitol, yeast extract, potassium nitrate, monopotassium dihydrogen 

phosphate and  magnesium sulfate on biomass and β-carotene production by R 
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Burman Design (Table 3.1A) Table 3.8 illustrates the impact that various 

combinations of components of medium had on production of biomass and β-

carotene. Degree of positive and negative effects of each component of 

medium individually on biomass production by R graminis RC04 in PBD are 

indicated in Table 3.9. Monopotassium dihydrogen phosphate has a negative 

coefficient suggesting that it would adversely affect biomass accumulation in a 

higher concentration. Mannitol, yeast extract, potassium nitrate and 

magnesium sulfate have a positive impact on biomass accumulation. Of these, 

yeast extract has the most significant positive impact.  Table 3.10 shows the 

degree of impact of each component of medium individually on β-carotene 

production by Rhodotorula graminis RC04 in PBD. All the five medium 

components tested positively influence accumulation of β-carotene. The large 

positive coefficient and the small p-value of yeast extract indicate that it was 

critical for production of β-carotene. 

Trial Biomass (g/l)  β-carotene (µg/L) 
A 2.19±0.34 29±1 
B 6.53±0.15 122± 7 
C 2.500±0.40 31± 3 
D 7.63±0.46 117± 3 
E 1.40±0.30 30±  3 
F 7.27±0.47 113±9 
G 5.33±0.40 86±7 
H 14.46±2.77 195± 27 

 

Table 3.8 Biomass and β-carotene accumulation in the experimental flasks of 

the trials (A to H) for the Plackett Burman design 
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Variable B Std.Err. of B p-level 

MANNITOL 0.0789 0.074 0.367 

POTASSIUM 
NITRATE 0.347 0.231 0.230 

YEAST EXTRACT 0.677 0.206 0.046 

MONOPOTASSIUM 
PHOSPHATE -0.0103 0.925 0.992 

MAGNESIUM 
SULPHATE 0.420 1.85 0.833 

 

Table 3.9 Degree of positive and negative effects of each component of 

medium on biomass production by Rhodotorula graminis RC04 in PBD 

Variable B Std.Err. of B p-level 

MANNITOL 1.297 0.922 0.254 

POTASSIUM 
NITRATE 4.404 2.881 0.224 

YEAST EXTRACT 11.737 2.561 0.020 

MONOPOTASSIUM 
PHOSPHATE 2.448 11.526 0.845 

MAGNESIUM 
SULPHATE 1.007 23.052 0.968 

 

Table 3.10 Degree of positive effects of each component of medium on 

production of β-carotene by Rhodotorula graminis RC04  in PBD 
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The initial pH of the growth medium has been shown to significantly affect 

accumulation of growth and β-carotene in Rhodotorula (Aksu and Eren, 

2005). Fig 3.20 shows the effect of initial pH on the production of biomass 

and β-carotene by R. graminis RC04. Maximum biomass of 3 g/L (approx) 

and β-carotene production of 180 µg/L (approx) were observed when yeast 

was grown at pH of 5.5. Minimum values of production were at pH 8 of 

0.5g/L and 20 µg/L for biomass and β-carotene,  respectively. 

 

 

Fig 3.20 Effect of initial pH of medium on biomass and β-carotene in 

Rhodotorula graminis RC04 
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Table 3.11  Experimental and observed values for production of biomass and 
β carotene in CCD of Rhodotorula graminis RC04 

The Central Composite Design was used to study the impact of interaction of 

mannitol and yeast extract as medium components on production of biomass 

and β-carotene. The coded and actual values of mannitol and yeast extract 

used in the design are given in Table 3.1B. The experimental and observed 

values for production of biomass and β-carotene are given in Table 3.11. 

These values were used to obtain a binomial equation. The values of 

Trial Values 
Experimental Calculated 

Biomass 
(g/L) 

β- 
carotene 

(µg/L) 

Biomass 
(g/L) 

 

β- 
carotene 

(µg/L) 
 1 2.47± 0.35 123± 11 2.789 127.513 

2 1.02± 0.38 67± 16 1.186 57.943 
3 2.20± 0.24 117± 20 2.515 137.758 
4 0.65± 0.08 42± 11 2.729 49.138 
5 2.53± 0.33 141± 15 1.078 145.067 
6 1.91± 0.33 106± 16 1.078 65.972 
7 2.42± 0.33 134± 2 1.744 80.259 
8 1.43± 0.36 85± 17 1.421 80.979 
9 1.55± 0.35 88± 10 1.268 67.791 

10 1.51± 0.22 30± 10 1.732 66.755 
11 0.55± 0.09 34± 19 0.976 61.957 
12 3.86± 0.43 198± 19 3.354 175.854 
13 1.51± 0.27 86± 9 1.660 93.051 
14 1.36± 0.33 78± 9 1.660 93.051 
15 1.65± 0.14 95± 10 1.660 93.051 
16 1.37± 0.27 65± 10 1.660 93.051 
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regression coefficients were obtained and the binomial equations for 

predicting biomass and β carotene production were: 

Biomass (g/L) = 0.257 + (0.069*A) - (0.0405*B) - (0.00137*A2) + (0.039*B2) 

- (0.00128*A*B) (see Table 3.11) 

β-carotene (µg/L) = -4.224 + (7.852*A) - (0.321*B) - (0.221*A2) + 

(1.995*B2) - (0.254*A*B) (see Table 3.11) 

Where A = Mannitol (g/L) 

           B= Yeast extract (g/L) 

Linear and square coefficients of mannitol indicate there will be increase in 

the production of biomass with increasing amount of mannitol in medium. 

However, it reaches a plateau at 15 g/L of mannitol. In contrast, initial 

increase in biomass was less with increasing concentration of yeast extract. At 

higher concentration of yeast extract, the production of biomass was better. 

Coefficient of interaction indicates that at higher concentration of both a 

plateau in production of biomass was obtained giving optimum concentrations 

of 10 - 30 g/L and 9.3 to 10 g/L for mannitol and yeast extract, respectively. 

Using these optimum values the biomass obtained was3.8 - 4.3 g/L. 

The negative linear coefficient of yeast and the strongly positive square 

coefficient indicates that production of β-carotene would be increasing when 

higher amount of yeast extract was used in the medium. Mannitol has larger 

positive linear coefficient, the square coefficient was negative but of low 

magnitude indicating rapid increase in β-carotene when amount of this 

substance is increased but will reach a plateau at higher concentrations. Both 

mannitol and yeast extract in the medium interact negatively, indicating a 
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plateau in production of β-carotene at concentrations of 10 - 20 g/L and 9.5 to 

10 g/L for mannitol and yeast extract, respectively. At these optimum 

concentrations the maximum β-carotene obtained was 190-220 µg/L. 

Higher concentrations of mannitol, yeast extract, potassium nitrate and  

magnesium sulfate positively affect both biomass and  β-carotene 

accumulation in Rhodotorula graminis RC04. Mannitol had a significant 

positive impact on biomass accumulation and yeast extract had a significant 

positive impact on β-carotene production. Results of application of Central 

Composite Design indicated that the concentration of yeast extract is more 

critical than mannitol for β-carotene production. From predicted values 

obtained  using fitted binomial equations ,it was  seen that mannitol should be 

used in the range of 10-20 g/L and yeast extract in the range of 9.5-10 g/L to 

achieve an optimum  biomass of 3.8 - 4.3 (g L-1) and an optimum  β-carotene 

content of 190-220 (µg/L) ( Figs. 3.21 and 3.22). 

From Figs 3.23 and 3.24, it is clear that there is significant improvement in the 

production of β-carotene was noted with the optimized condition. It is also 

clear that β-carotene accumulation was not growth associated in R. graminis 

RC04. From Fig 3.25, it is clear that glucose utilization is maximum in the 

logarithmic phase of growth of R.graminis RC04 in optimized medium. 
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Fig 3.21 Iso-response plot of biomass production of R. graminis RC04 with 

varying medium components mannitol and yeast extract as per CCD 

 

 
Fig 3.22 Iso-response plot of β-carotene production in Rhodotorula graminis 

RC04 with varying concentrations of mannitol and yeast extract as per CCD. 
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Fig 3.23 Time course for biomass and β-carotene production in Rhodotorula 

graminis RC04 in optimised medium with mannitol as carbon source 

 

Fig 3.24 Time course for biomass and β-carotene production in Rhodotorula 

graminis RC04 in optimized medium with glucose as carbon source 
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Fig 3.25 Glucose utilisation by Rhodotorula graminis RC04 during growth in 

optimised medium   

This study therefore presents the optimized medium using statistical 

experiment design for improved volumetric production of commercially 

important β-carotene from Rhodotorula graminis RC04 and needs further 

investigations for exploitation by biotechnological industries. 
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SUMMARY AND FUTURE 

PROSPECTS  
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The following points highlight the major outcome of this study: 

 

 Yeasts were present in most of the water samples tested from along the 

coastline of Goa. Total yeast counts ranged from no count to 124/100 

ml. 

 The values of physico-chemical parameters of pH, temperature and 

total yeast counts in almost all water samples indicate that there is a 

marked decline in values of the samples of September relative to the 

samples of March and December. 

 Inorganic phosphate and Total Solids values indicate that the water 

samples tested from along the coastline of Goa are not polluted. 

 Total yeasts counts in water samples did not showed any correlation 

with physico-chemical parameters investigated. 

 Red orange pigmented yeasts were isolated from Revora mangrove, 

Agarvado saltpan, Codli river and Colva beach. 

 All the culvert outlet samples assessed showed the presence of yeasts. 

The culvert outlet water samples do not show the presence of 

pigmented yeasts.  

 Inorganic phosphate and Total Solids values indicate that the culvert 

outlet water samples are polluted. 

 Pigmented isolates RCO1, RCO2, RC03 and IOS were identified as 

Rhodotorula mucilaginosa species.  

 The isolates RC04 and EM were identified as Rhodotorula graminis. 

 Disruption of yeast cells was achieved with liquid nitrogen and sand 

and by sonication. 
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 Pigment extract from R graminis RC04 shows the presence of β-

carotene, torulene and torularhodin. 

 R. graminis RC04 shows the highest yield of β-carotene (µg/g yeast) 

among the three isolates R. mucilaginosa IOS, R. graminis EM and R. 

graminis RC04.  

 R graminis RC04 gave the highest yield in terms of biomass and β -

carotene accumulation when potassium nitrate, yeast extract, glucose 

and mannitol were used as nitrogen and carbon sources. 

 Using the Plackett Burman design, mannitol and yeast extract were 

found to have significant positive impacts on biomass accumulation 

and β-carotene production, respectively.  

 Yeast extract was more critical than mannitol for β-carotene 

production.  

 R. graminis RC04 produced maximum β-carotene at initial pH of 5.5 

of medium.  

 Central Composite Design yielded models for showing impacts of the 

interactions among mannitol and yeast extract on biomass and -

carotene production in Rhodotorula graminis. 

 Mannitol should be used in the range of 10-20 g/l and yeast extract in 

the range of 9.5-10 g/l to achieve biomass of 3.8 -4.3 g/l and β-

carotene content of 190-220 µg/L. 

 Time course for the fermentation using glucose or mannitol as carbon 

substrate validated the observations and models developed with central 

composite design. 
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 A fourfold improvement in the production of β-carotene was noted 

with the optimized condition.  

 

 

FUTURE PROSPECTS 

 

R. graminis RC04 was able to use a wide variety of carbon and nitrogen 

sources for β-carotene production. This provides scope for research into the 

use of using less expensive substrates (different agro-industrial raw materials) 

to reduce production costs with the view of also minimizing environmental 

and energetic problems related to their disposal. The method of co-cultivation 

could also be exploited for utilization of some natural substrates for β-carotene 

production. 

 

The isolate R. graminis RC04 appears to be a promising source of β-carotene. 

The performance of this native strain R. graminis RC04 towards β-carotene 

production is higher than other reported values for R. graminis. With 

optimisation fermentation strategies using statistical experimental design, the 

production capacity has improved four fold. Hence there are significant 

possibilities for developing this strain using mutagenesis or fermentation 

strategies for possible exploitation of R. graminis RC04 on an industrial scale 

for β-carotene production.  
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The traditional batch production system has the disadvantage of inducing the 

Crabtree effect due to high concentrations of initial sugars, diminishing 

pigment and biomass yield.  Fed-batch culture could be used in conjunction 

with statistical experimental design to further improve β-carotene production 

by R. graminis RC04. 
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Appendix A 

 

A.1 Composition of Malt Extract Yeast Extract Peptone (MYP agar) 

(Kreger van Rij, 1984)) 

 

Malt extract     7 g 

Yeast extract                                     0.5 g 

Peptone                                             2.5 g 

Chloramphenicol                             200 mg 
Distilled water     1 L 

Final pH     5.5  

Agar      15 g 

 

A.2 Composition of Glucose Peptone Yeast Extract (GPY broth) 

(Maldonade et al., 2007) 

Dextrose     20 g 

Yeast extract                                        5 g 

Peptone                                                5 g 

Monobasic sodium phosphate              2 g 

Distilled water     1 L 

Final pH     5.7 

 

A.3 Composition of Potato Glucose agar (PGA) ( Kreger van Rij, 1984) 

Washed chopped potatoes (200 g) steamed for 30 minutes with tap water (1L) 

and strained through coarse muslin. Mix in other ingredients. Boil to dissolve. 

Autoclave 15 minutes at 121°C 

Glucose                                              20 g 

Distilled water    1 L 

Final pH     5.5 (adjusted with 0.1N KOH) 

Agar      15 g 
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A.4 Composition of GPY-Sabourauds Broth (Maldonade et al., 2007) 

Dextrose     20 g 

Yeast extract                                        5g 

Peptone                                                10 g 

Monobasic sodium phosphate              2g 

Distilled water     1 L 

Final pH     5.5 

 

A.5 Composition of basal medium for fermentation of carbohydrate  

(Maldonade et al., 2007) 

Yeast extract                                        4.5 g 

Peptone                                                7.5 g 

Bromothymol  blue solution                50 mg/75 mL 

Carbohydrate solution                          20 g 

 

A.6 Composition of Yeast Nitrogen Base (YNB) (Difco) 

Preparation of YNB medium 

Basal YNB medium 

Monopotassium Phosphate   1.0 g  

Magnesium Sulfate    0.5 g  

Sodium Chloride    0.1 g  

Calcium Chloride    0.1g 

Distilled water     887.9 mL 

Final pH     5.5 

Sterilise the medium at 121ºC for 20 minutes 

Vitamin stock A solution (10X) 

Calcium Pantothenate   0.04 g  

Inositol    0.2 g  

Niacin      0.04 g  

p-Aminobenzoic Acid    0.02 g  

Pyridoxine Hydrochloride  0.04 g  
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Riboflavin      0.02 g  

Thiamine Hydrochloride   0.04 g 

Distilled water     100 mL 

Filter sterilize the stock solution using syringe filter and 0.45 µ filter paper  

Vitamin stock B solution (10X) 

Biotin       0.002 g  

Folic Acid      0.002 g  

Distilled water    100 mL 

Filter sterilize the stock solution using syringe filter and 0.45µ filter paper 

Amino acid stock solution C (1X) 

L-Histidine Monohydrochloride  0.01 g  

DL-Methionine    0.02 g 

DL-Tryptophan    0.02 g  

Distilled water    100 mL 

Filter sterilize the stock solution using syringe filter and 0.45µ filter paper 

Trace elements stock solution D (10X) 

Boric Acid                0.05 g  

Copper Sulfate    0.004 g  

Ferric Chloride    0.02 g  

Manganese Sulfate    0.04 g  

Potassium Iodide    0.01g  

Sodium Molybdate    0.02 g  

Zinc Sulfate     0.04 g  

Distilled water    100 mL 

Filter sterilize the stock solution using syringe filter and 0.45µ filter paper 

Carbon stock solution E 

Dextrose     10 g 

Distilled water    100 mL 

Autoclave the solution at 121ºC for 10 minutes 

Before using add 1 mL stock A, 0.1 mL stock B, 10mL stock C, 1mL stock D 

and 100mL stock E to the basal YNB medium under aseptic conditions. 
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A.7 Composition of glucose-yeast extract agar (Kreger van Rij, 1984) 

Glucose     500 g 

Yeast extract    10  g 

Agar        13g 

Distilled water     1 L 

Final pH     5.5 

 

A.8 Composition of YNB -urea agar (Maldonade et al., 2007) 

YCB (Yeast Carbon base)            11.7 g 

fucsin acid             0.02% (w/v) 

agar                         20.0 g 

urea            20.0 g 

 

A.9 Composition of Yeast Morphology (YM) broth (Difco) 

Distilled water     1 L 

Final pH     5.5 

Nitrogen Sources 

Ammonium Sulfate    3.5 g 

Asparagine     1.5 g 

Carbon Source  

Dextrose     10.0 g  

Amino Acids  

L-Histidine Monohydrochloride 1.0 mg 

DL-Methionine    2.0 mg 

DL-Tryptophan    2.0 mg 

Vitamins 

Biotin      2.0 μg 

Calcium Pantothenate   400.0 μg 

Folic Acid     2.0 μg 

Inositol     2,000.0 μg 

Niacin     400.0 μg 

p-Aminobenzoic Acid   200.0 μg 
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Pyridoxine Hydrochloride  400.0 μg 

Riboflavin     200.0 μg 

Thiamine Hydrochloride   400.0 μg 

Compounds Supplying Trace Elements 

Boric Acid    500.0 μg 

Copper Sulfate    40.0 μg 

Ferric Chloride   200.0 μg 

Manganese Sulfate    400.0 μg 

Potassium Iodide   100.0 μg 

Sodium Molybdate    200.0 μg 

Zinc Sulfate    400.0 μg 

Salts 

Monopotassium Phosphate                   1.0 g 

Magnesium Sulfate.                              0.5 g 

Sodium Chloride                                   0.1 g 

Calcium Chloride                                  0.1 g 

 

A.10 Composition of Lugol’s iodine solution (Kreger van Rij, 1984) 

Potassium iodide10 g 

Distilled water 100 mL 

Iodine crystals 5 g 

Dissolve 10 g Potassium iodide in 100 mL Distilled water. Slowly add 5 g 

Iodine crystals while shaking. Filter and store in a tightly stopppered brown 

bottle. 

 

A.11 Fermentation medium I for critical factor analysis 

Mannitol-                                          variable 

Potassium nitrate-                              variable 

Yeast Extract-                                    variable 

Monopotassium hydrogen phosphate-  variable 

Magnesium sulfate-                            variable 

Amino Acids  
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L-Histidine Monohydrochloride 1.0 mg 

DL-Methionine    2.0 mg 

DL-Tryptophan    2.0 mg 

Vitamins 

Biotin      2.0 μg 

Calcium Pantothenate   400.0 μg 

Folic Acid     2.0 μg 

Inositol     2,000.0 μg 

Niacin     400.0 μg 

p-Aminobenzoic Acid   200.0 μg 

Pyridoxine Hydrochloride  400.0 μg 

Riboflavin     200.0 μg 

Thiamine Hydrochloride   400.0 μg 

Compounds Supplying Trace Elements 

Boric Acid    500.0 μg 

Copper Sulfate    40.0 μg 

Ferric Chloride   200.0 μg 

Manganese Sulfate    400.0 μg 

Potassium Iodide   100.0 μg 

Sodium Molybdate    200.0 μg 

Zinc Sulfate    400.0 μg 

Salts 

Sodium Chloride                                   1.0 g 

Calcium Chloride                                  0.25 g 

Anhydrous sodium sulphate                 5.29 g 

Distilled water     1 L 

Final pH     5.5 

 

A.12 Fermentation medium II for influence of initial pH 

Amino Acids  

L-Histidine Monohydrochloride 1.0 mg 

DL-Methionine    2.0 mg 
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DL-Tryptophan    2.0 mg 

Vitamins 

Biotin      2.0 μg 

Calcium Pantothenate   400.0 μg 

Folic Acid     2.0 μg 

Inositol     2,000.0 μg 

Niacin     400.0 μg 

p-Aminobenzoic Acid   200.0 μg 

Pyridoxine Hydrochloride  400.0 μg 

Riboflavin     200.0 μg 

Thiamine Hydrochloride   400.0 μg 

Compounds Supplying Trace Elements 

Boric Acid    500.0 μg 

Copper Sulfate    40.0 μg 

Ferric Chloride   200.0 μg 

Manganese Sulfate    400.0 μg 

Potassium Iodide   100.0 μg 

Sodium Molybdate    200.0 μg 

Zinc Sulfate    400.0 μg 

Salts 

Monopotassium Phosphate                   5.0 g 

Sodium Chloride                                   1.0 g 

Calcium Chloride                                  0.25 g 

Anhydrous sodium sulphate                 5.29 g 

Magnesium Sulfate.                              1.0 g 

Nitrogen Sources 

Potassium nitrate     8.0 g 

Carbon Source  

Mannitol 25.0 g  

Distilled water     1 L 

 pH                variable 
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A.13 Fermentation medium III for Central Composite Design 

Mannitol-                                              variable 

Yeast Extract-                                       variable 

Amino Acids  

L-Histidine Monohydrochloride 1.0 mg 

DL-Methionine    2.0 mg 

DL-Tryptophan    2.0 mg 

Vitamins 

Biotin      2.0 μg 

Calcium Pantothenate   400.0 μg 

Folic Acid     2.0 μg 

Inositol     2,000.0 μg 

Niacin     400.0 μg 

p-Aminobenzoic Acid   200.0 μg 

Pyridoxine Hydrochloride  400.0 μg 

Riboflavin     200.0 μg 

Thiamine Hydrochloride   400.0 μg 

Compounds Supplying Trace Elements 

Boric Acid    500.0 μg 

Copper Sulfate    40.0 μg 

Ferric Chloride   200.0 μg 

Manganese Sulfate    400.0 μg 

Potassium Iodide   100.0 μg 

Sodium Molybdate    200.0 μg 

Zinc Sulfate    400.0 μg 

Salts 

Monopotassium Phosphate                   5.0 g 

Sodium Chloride                                   1.0 g 

Calcium Chloride                                  0.25 g 

Anhydrous sodium sulphate                 5.29 g 

Magnesium Sulfate.                              1.0 g 

Nitrogen Sources 
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Potassium nitrate     8.0 g 

Distilled water       1 L 

 pH                              5.5 

 

A.14 Optimised fermentation medium IV 

Amino Acids  

L-Histidine Monohydrochloride 1.0 mg 

DL-Methionine    2.0 mg 

DL-Tryptophan    2.0 mg 

Vitamins 

Biotin      2.0 μg 

Calcium Pantothenate   400.0 μg 

Folic Acid     2.0 μg 

Inositol     2,000.0 μg 

Niacin     400.0 μg 

p-Aminobenzoic Acid   200.0 μg 

Pyridoxine Hydrochloride  400.0 μg 

Riboflavin     200.0 μg 

Thiamine Hydrochloride   400.0 μg 

Compounds Supplying Trace Elements 

Boric Acid    500.0 μg 

Copper Sulfate    40.0 μg 

Ferric Chloride   200.0 μg 

Manganese Sulfate    400.0 μg 

Potassium Iodide   100.0 μg 

Sodium Molybdate    200.0 μg 

Zinc Sulfate    400.0 μg 

Salts 

Monopotassium Phosphate                   5.0 g 

Sodium Chloride                                   1.0 g 

Calcium Chloride                                  0.25 g 

Anhydrous sodium sulphate                 5.29 g 
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Magnesium Sulfate.                              1.0 g 

Nitrogen Sources 

Potassium nitrate     8.0 g 

Yeast Extract                                        8.0 g 

Carbon Source  

Mannitol/ glucose 15.0 g  

Distilled water       1 L 

pH                              5.5 
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Appendix B 

Methods for quantitative estimation 

 

B.1 Estimation of inorganic phosphate (Fiske and Subbarao, 1925)  

 

Theory: Estimation of inorganic phosphate is by causing the formation of 

phosphomolybdic acid and its subsequent reduction to a blue compound that 

can be measured colorimetrically. 

 

Reagents 

Solution A (Sulfuric acid solution) 9N Sulfuric acid –diluting 24.8 mL of 98% 

concentrated Sulfuric acid  

Solution B (ammonium molybdate solution) 6 g ammonium molybdate in a 

final volume of 100 mL 

Solution C 8 g FeSO4.7H20 in distilled water + 1 mL Solution A, volume 

made to 100 mL in volumetric flask 

 

Procedure 

To 1 mL sample, 2.5 mL distilled water was added. 0.5 mL of each Solution A 

(Sulfuric acid solution), Solution B (Ammonium molybdate solution) and 

Solution C (ferrous sulfate solution) were added sequentially, mixed 

thoroughly the mixtures were incubated in dark for 20 minutes. Absorbance 

was monitored at 660 nm. Absorption values were converted into inorganic 

phosphate by using linear regression equation of standard calibration curve. 
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Fig 4.1 Standard calibration curve for estimation of inorganic phosphate 
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B 2. Estimation of Total Solids (Eaton et al., 1985) 

 

Procedure 

A sample volume of 50 mL was pipetted to a preweighed aluminium foil 

container.It was evaporated to dryness in a drying oven. Evaporated sample 

was dried for 1 hour in an oven at 103 to 105°C, dish was cooled in dessicator 

to balance temperature, and weighed on Shimadzu electronic balance 

(accuracy 0.001g). The cycle of drying, cooling, desiccating, and weighing 

was repeated until a constant weight was obtained.   

 

Calculation                                                                   

                               g total solids/L =           (A – B) X 1000  

                                                                     sample volume, mL                   

   where:  

A = weight of dried residue + dish, g, and  

B = weight of dish, g.  
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B 3. Estimation of salinity by Mohr Knudsen chlorinity titration 

(Grashoff et al., 1983)  

Theory: The halogen ions, chloride, bromide and iodide form a precipitate 

with a low solubility product with silver ions. According to the following 

equation 

Cl- +Ag+ → AgCl (colorless) 

Br- + Ag+ → AgBr (light yellow)  

I-+ Ag+ →AgI (orange) 

The reaction 

CrO4
2- + 2Ag+→Ag2Cr04 (Red brown/ pink) 

 

Reagents 

 a. Silver nitrate solution: 15 g silver nitrate is dissolved and the volume is 

made up to 250 mL. The solution is stored in light shielded bottles. 

b. Potassium chromate solution: 8 g potassium chromate is dissolved in 

distilled water and the volume is made upto 100 mL. This solution is stable if 

kept in a stoppered glass bottle. 

 

Procedure 

10 mL of sample was transferred to 250 mL conical flask. 25 ml of distilled 

water and 6 drops of potassium chromate indicator were added, the contents 

were mixed well by gentle swirling. Silver nitrate was added from the burette 

until the first sign of constant color change titration was continued till the end 

point when the color changes from yellow to a shade of dirty orange. 

 

Calculations 

The mean Cm of the titration of standard seawater is Cm 

   =15.4+ 15.4 = 15.4         
           2 

Where Cm is the mean volume of titration of standard seawater 

Factor f=N/Cm=19.374/15.4=1.258 

Where N is the labelled chlorinity of the standard seawater (19.374 X10-3) 
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Vm =      V1 + V2 = 13.6       

   2 

Where  

V1 is the volume of titration of unknown sample 

V2 is the volume of titration of unknown sample 

Vm is the mean volume of titration of unknown sample 

 

V=Vm.f  

13.6 X 1.258 = 17.1088 

Where V is the normalised volume of silver nitrate used for titration of sample 

 

Chlorinity of the unknown =V + k  

Where k is the correction taken from table (k=+0.05) (Grashoff et al., 1983) 
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B 4. Estimation of COD (Eaton et al., 1985) 

Theory 

COD is used as a measure of oxygen requirement of samples that are 

susceptible to oxidation by strong chemical oxidant. The dichromate reflux 

method is preferred over processes using other oxidants like potassium 

permanganate because of its superior oxidizing ability, applicability to a wide 

variety of samples and ease of manipulation. 

 

Reagents 

 Standard potassium dichromate solution, 0.0417 M (0.25 N): Dissolve 12.259 

g K2Cr2O7, primary standard grade, previously dried at 103°C for 2 hours, in 

distilled water and dilute to1 L. 

 

Sulphuric acid reagent: Add 5.5g Ag2SO4 reagent grade, per kg of 

concentrated.H2SO4, keep for a day or two to dissolve. 

 

 Ferroin indicator solution: Dissolve 1.485g 1, 10-phenanthroline monohydrate 

and 695 mg FeSO4.7H2O in distilled water and dilute to 100 mL.  

 

Standard ferrous ammonium sulphate (FAS), titrant, 0.25 M: Dissolve 98 g Fe 

(NH4)2(SO4)2.6H2O in distilled water, add 20 mL concentrated H2SO4, cool 

and dilute to 1L, standardise daily as follows. 

 

 Standardisation: Dilute 10 mL standard K2Cr2O7 to about 100 mL, add 30 mL 

concentrated H2SO4, cool. Add 2 drops of ferroin indicator and titrate with 

FAS. 

 

Mercuric Sulphate, HgSO4, powder 

 

 Potassium hydrogen phthalate (KHP) standard: Lightly crush and dry 

potassium hydrogen phthalate (HOOCC6H4COOK), at 120°C, cool in 
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desiccator, weigh 425 mg in distilled water and dilute to 1L. This solution has 

a theoretical COD of 500 μgO2/mL, stable for 3 months in refrigerator. 

Procedure 

50 mL sample was taken in a 500 mL refluxing flask. 1 g mercuric sulphate 

was added with several glass beads. 5 mL sulphuric acid was added with 

mixing to dissolve mercuric sulphate with cooling on ice. 25 mL 0.0417 M 

potassium dichromate solution was added and mixed. Flask was attached to 

condenser, remaining sulphuric acid reagent (70 mL) was added through open 

end of condenser. Mixing was continued with swirling while adding sulphuric 

acid. Tip of the delivery tube was immersed into 200 mL aqueous solution KI. 

Refluxing was done for 2 hours. Condenser was cooled and washed with 

distilled water. Condenser was disconnected and mixture was diluted to about 

twice the volume with distilled water. The mixture was cooled to room 

temperature and excess potassium dichromate was titrated with FAS using 

ferroin indicator. Endpoint was sharp color change from blue green to reddish 

brown. 

 

Calculations 

COD, mg O2 /L = (A-B) X M X 8000 

                                mL sample 

where: 

A = FAS used for blank, mL 

B = FAS used for sample, mL 

M = Molarity of FAS 
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B5. Estimation of Biochemical Oxygen Demand (Eaton et al., 1985)  

Theory 

Biochemical oxygen demand, or BOD, measures the amount of oxygen 

consumed by microorganisms in decomposing organic matter in stream water. 

BOD also measures the chemical oxidation of inorganic matter (i.e., the 

extraction of oxygen from water via chemical reaction). A test is used to 

measure the amount of oxygen consumed by these organisms during a 

specified period of time (usually 5 days at 20ºC). The rate of oxygen 

consumption in a stream is affected by a number of variables: temperature, 

pH, the presence of certain kinds of microorganisms, and the type of organic 

and inorganic material in the water. 

BOD directly affects the amount of dissolved oxygen in rivers and streams. 

The greater the BOD, the more rapidly oxygen is depleted in the stream. This 

means less oxygen is available to higher forms of aquatic life. The 

consequences of high BOD are the same as those for low dissolved oxygen: 

aquatic organisms become stressed, suffocate, and die. 

 

Reagents 

Phosphate buffer solution: Dissolve 8.5 g KH2PO4, 21.75 g K2HPO4, 33.4 g 

Na2HPO4.7H2O and 1.7 g NH4Cl in 1 L distilled water. 

 

Magnesium sulphate solution: Dissolve 22.5 g MgSO4.7H2O in 1 L distilled 

water. 

 

Calcium chloride solution: Dissolve 27.5 g CaCl2 in 1L distilled water. 

 

Ferric chloride solution: Dissolve 0.25 g FeCl3.6H2O in 1L distilled water. 

 

Acid and alkali solutions: 1 N NaOH and 1 N sulphuric acid. Used for 

neutralising samples. 
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Glucose-glutamic acid solution (prepared fresh): Dissolve 150 mg dry reagent 

grade glucose and 150 mg dry reagent grade glutamic acid in 1 L distilled 

water 

Sample dilution water: Add 1 mL each of phosphate buffer, MgSO4, CaCl2 

and FeCl3 solutions per litre distilled water. 

 

Procedure 

Dilution water was saturated with dissolved oxygen (DO) by shaking in a 

partially filled bottle. For standardisation, the dilutions were prepared directly 

in BOD bottles. 1 mL of sewage sample was used as seed.  Bottles were filled 

with enough dilution water, so that insertion of stopper displaced all air, 

leaving no bubbles. The BOD standard used was a mixture of glucose and 

glutamic acid (total BOD-300 mg/L). Increasing increments (1, 2, 3 and 4 mL) 

were added to 300-mL BOD bottles, which were then filled with dilution 

water with 1 mL seed and incubated at 20 °C for five days. Initial DO was 

determined immediately after filling BOD bottle with dilutions of standard. 

Final DO was determined after 5 days. The 5-day BOD meets the required 

198±37 mg/L. 

 

BOD bottles containing water sample, seed control and dilution water blank 

were incubated at 20°C. After 5 days incubation DO was determined in 

samples, blanks, and checks. 

 

Calculations 

BOD (mg/L)= (DO-DT)- f X (BO-BT)      

                                    P                                                                                                                   

D0 = DO of diluted sample initially, mg/L 

DT = DO of diluted sample after 3 day incubation at 27°C, mg/L 

P = decimal volumetric fraction of sample used 

B0 = DO of seed control initially, mg/L 

BT = DO of seed control after incubation, mg/L 

f = ratio of % seed in diluted sample to % seed in seed control
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B.6 DETERMINATION OF NITRATE (Eaton et al., 1985) 

Theory: The method is based on the reduction of nitrate to nitrite which is 

then determined via the formation of an azodye. The reduction of nitrate in a 

heterogenous system using cadmium granules has been used. The yield of the 

reduction of nitrate to nitrite depends on the metal used in the reductor, on the 

pH of the solution and on the activity of the metal surface.  

Reagents 

Ammonium chloride buffer: 10 g ammonium chloride is dissolved in 1 L 

distilled water. The pH is adjusted to 8.5 with ammonia. 

Sulphanilamide solution: 2.5 g crystalline sulphanilamide is dissolved in 25 

mL concentrated hydrochloric acid, volume is made to 250 mL with distilled 

water. 

1-naphthyl-ethylene diamine dihyrochloride: 0.25 g amine is dissolved in 250 

mL distilled water. 

Reductor filling: commercially available granules of cadmium sieved. 

Procedure 

Preparation of reductor  

Cadmium granules are freed from oxides by washing with  2 mol/L HCl. 

These are then washed with d/w about 6-7 times after the 7th washing to the 

water was added 1 drop of silver nitrate  to check presence of chloride 

If white precipitate was formed, washing was continued  till no precipitate was 

formed.  Cadmium granules were then shaken with 200 mL CuSO4 solution 

for about 10 minutes.  

Turbid solution was drained without exposing to air and rinsed with D/W 

arms in order  to retain the cadmium fillings in reductor during passage of 

sample. 

The reductor is activated by passing about 50 mL buffer through it. 

25 mL sample (from reductor) was taken into 50 mL stoppered  testtubes. 0.5 

mL sulphanilamide was added to each mixed well and kept for 5 minutes. 0.5 

mL N-1-naphthyl-ethylene diamine dihyrochloride was added, the solution 

was mixed well and kept for 15-20 minutes .Absorbance was measured at 540 
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nms. Absorption values were converted into nitrate by using linear regression 

equation of standard calibration curve. 

 
 

Fig 4.2 Standard calibration curve for estimation of nitrate 

      

 

B.7 DETERMINATION OF NITRITE (Eaton et al., 1985) 

Procedure  

25 mL sample was taken into 50 mL stoppered testtubes. 0.5 mL 

sulphanilamide  was added to each mixed well and kept for 5 minutes. 0.5 mL 

N-1-naphthyl-ethylene diamine dihyrochloride was added. The solution was 

mixed well and kept for 15-20 minutes. Absorbance was measured at 540 nms. 

Absorption values were converted into nitrite by using linear regression 

equation of standard calibration curve. 
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Fig 4.3 Standard calibration curve for estimation of nitrite 
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B.8 Folin Lowry method for estimation of proteins (Lowry et al., 1951) 

Theory 

Folin Lowry method for estimation of proteins uses the Biuret reaction in 

addition to Folin Ciocalteau chemistry. The peptide nitrogens react with the 

copper (II) ions under alkaline conditions giving dark blue color and 

subsequently the Folin Ciocalteau phosphomolybdic-phosphotungstic acid is 

reduced to heteropolymolybdenum blue by the copper catalysed oxidation of 

aromatic amino acids.  

Reagents 

Reagent A: 2% w/v sodium carbonate in 0.1 N NaOH 

Reagent B: 0.5% CuSO4.5H2O in 1% sodium potassium tartarate 

Reagent C- Reagent A and Reagent B mixed in 50:1 ratio prior to use 

Reagent D-Folin and Ciocalteau phenol reagent commercially available 

diluted with equal volume of distilled water on the day of use 

Standard BSA 200 µg/ml: Weigh 0.2 g BSA and add to a 100 mL volumetric 

flask containing deionised water. Stir well to dissolve and make the volume to 

100 mL with deionised water. 

BSA working stock was prepared by mixing 1 mL BSA standard stock 

solution and 9 mL deionised water. 

Procedure  

To 1 mL of Sample 5 mL alkaline copper sulphate was added and mixed .0.5 

mL Folin and Ciocalteau phenol reagent was then added. Tubes were kept 

standing in dark for 30 minutes. Absorbance was measured at 750 nm against 

reagent blank. Absorption values were converted into protein by using linear 

regression equation of standard calibration curve. 
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Fig 4.4 Standard curve of Folin Lowrys method for estimation of protein 
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B. 9 Reducing sugar estimation by DNSA (Miller and Lorenz, 1959)  

Theory 

3, 5-dinitrosalicylic acid (DNSA) is an aromatic compound that reacts with 

reducing sugars to form red-brown 3-amino-5-nitrosalicylic acid that absorbs 

light strongly at 540 nm. The method tests for the presence of free carbonyl 

group. This involves the oxidation of the aldehyde functional group in 

glucose. Simultaneously, 3, 5-dinitrosalicylic acid is reduced to 3 amino, 5-

nitrosalicylic acid under alkaline conditions. Because dissolved oxygen (DO) 

can interfere with glucose oxidation, sulfite is added in the reagent to absorb 

DO. 

 

Reagents 

DNSA reagent solution (1% w/v) 

DNS                     10 g 

Sodium sulphite 0.5 g 

NaOH                   10 g 

D/W                      1 L 

40% potassium sodium tartrate (Rochelle salt) solution 

 

Procedure 

3 mL of DNSA reagent was added to 3 mL of glucose sample in a test tube, 

the mixture was heated at 90ºC for 5-15 minutes to develop the red-brown 

color. 1 mL of a 40% potassium sodium tartrate (Rochelle salt) solution was 

added to stabilize the color. Absorbance was determined at 520 nm. 

Absorption values were converted into sugar by using linear regression 

equation of standard calibration curve. 
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Fig 4.5 Standard curve of sugar estimation by DNSA 
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