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ABSTRACT

The main criterion for food selection is colour. Colours of the commercial 
products	play	a	vital	role	to	attract	the	consumers	and	also	represent	the	quality	
of the products. Some synthetic colours are detrimental to human health and 
hence food industry is looking for natural pigment. Rhodotorula is a carotenoid 
biosynthetic yeast producing yellow or orange red colonies. The carotenoid 
pigment extracted from Rhodotorula minuta grown in coconut water as natural 
medium incubated at 300C for 3-5 days period showed stability at acidic, neutral 
and alkaline PH. Heating the pigment to lab pasteurization (630C/30min), boiling 
(1000C/10min) and sterilization (1210C/15min) reduced the intensity of extra and 
intracellular pigment by 15 to 20 per cent. Out of both intracellular behaved 
better	than	extracellular	pigment	of	Rhodotorula minuta.

Keywords: Carotenoids, Microbial pigments, Natural food colourants, Stability, 
Extracellular, Intracellular pigment

Many advances in the developments of food colours have been made 
over the last 25 years, particularly in terms of harmonized legislation and 
advances in processing and formulation technology, there is still scope for 
future developments. The overall forecast for colour market is to grow in 
line with technological and sociological changes that will lead to an overall 
increase	 in	 processed	 foodstuffs.	 It	 is	 thought	 that	 the	 natural	 colour	
market will grow on a global scale at a greater rate than synthetic colours 
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owing to a continued consumer pressure to ‘go natural’. (Dowman, 2000).

Carotenoids are the most wide spread naturally occurring yellow, orange 
and red pigments. The abundance of carotenoids in nature is probably 
due to their relatively simple biosynthetic pathway, which has been 
demonstrated in higher plants and algae but also in bacteria and yeasts. For 
microbial carotenoids there are at least three important reasons of analyzing 
the	entire	spectrum	and	the	correct	amount:	firstly,	microorganisms	offer	
economical biotechnological production of carotenoids and provide an 
alternative to chemical synthesis. In bacteria and in yeast, carotenoids 
have been considered as typical secondary metabolites, playing a certain 
role	in	the	survival	of	the	fittest microorganisms. Industrially, carotenoid 
pigments	are	utilized	as	food	colourants	and	feed	supplements	in	fish	and	
poultry (Frengova et al., 2003). 

Recently	carotenoids	have	attracted	greater	attention	due	to	their	beneficial	
effect	on	human	health	such	as	involvement	in	cancer	prevention,	reduction	
of the risk for degenerative diseases such as cardiovascular diseases, 
macular degeneration and cataract and enhancement of immune response. 
(Costa et al., 2005; Iriani et al., 2005). Thus, a comprehensive screening of 
the microbial carotenoid spectrum could help to identify novel compounds 
providing	beneficial	effects.	

Rhodotorula is a carotenoid biosynthetic yeast, part of the Basidiomycota 
phylum,	 easily	 identifiable	 by	 distinctive	 yellow,	 orange/red	 colonies	
(Postgate,	 1994).	 The	 main	 carotenoids	 produced	 were	 identified	 as	
torularhodin,	torulene,	γ-carotene,	and	minute	β-carotene	in	Rhodotorula	
species. 

Latha (2005) found that the Rhodotorula glutinis DFR-PDY which was able 
to grow and form pigments under a wide range of initial pH conditions 
from 2.5 to 9.5. The cell dry weight increased gradually with an increase 
in	the	pH	of	the	modified	Czapek	dox	broth;	while	the	highest	carotenoid	
yield (3.3mg/L) was obtained at pH 5.5 and can be considered as the 
optimum pH for pigment production.

The	 specific	 growth	 rate	 of	 the	 Rhodotorula glutinis increased notably 
with raise in temperature up to 30°C and lessened sharply above 30°C 
due to the denaturation of the enzyme system of microorganism at higher 
temperatures.	 The	 highest	 specific	 growth	 rate	 of	 yeast	 was	 0.238	 h−1	
at 30°C (Aksu, 2007). In the present study the extracted pigment from 
Rhodotorula minuta was subjected to pH and temperature stability.



107

Effect of Ph and Temperature on Carotenoid Pigments produced

MATERIALS AND METHODS

Cultures and their maintenance

Characterized Rhodotorula minuta RAI3 obtained from air of dairy 
environment was used in the present study for extraction of the pigment. 
The yeast cultures were maintained as slant cultures on Malt Yeast Extract 
Agar (MYEA) and working cultures in MYEB (Kaur et al., 2009) broth with 
incubation at 30°C/3-5 days.

Production and extraction of pigment

R.minuta RAI3, inoculated to broth media such as sterile MYEB as semi 
synthetic medium, coconut water as natural medium and rice as natural 
solid medium and incubated at 30°C for 3rd, 6th and 9 days respectively 
(write the reference of your article about to publish ) . 

pH adjustment and heat treatment of pigment

pH of the acetone extraction of extra and intracellular pigment of 
Rhodotorula minuta was adjusted to pH 4, 5, 7, 8 and 9 using 0.1N 
NaOH and HCl. and absorbance was measured at 520nm. Acetone 
extracted pigment solution of Rhodotorula minuta was heated laboratory 
pasteurization (63°C for 30 min), boiling (100°C/ 10 min) and sterilization 
temperature (121°C/ 15 min) and change in absorbance was measured at 
520 nm.

RESULTS AND DISCUSSION

Effect of different pH on extra and intracellular pigment of Rhodotorula 
minuta RAI3 from sterile MYEB, coconut water and rice

The pigment solution showed its stability at pH 7 with no change in 
absorbance (0.135 /ml) and (0.410 /ml) compared to control (pH 6). But 
at acidic pH 4 and 5 absorbance of pigment decreased as shown in Tables 
1 and 2. Maximum decrease in absorbance was observed at pH 4 (0.044 /
ml and 0.082 /ml for extra and intracellular respectively). Adjusting the 
pH of extra and intracellular pigment to pH 8 and 9 found decrease in the 
absorbance.	Statistically	significant	difference	was	noticed	when	acetone	
extracted pigment was of Rhodotorula minuta adjusted to pH 4, 5, 7, 8 and 
9. Consistent pH changes were noticed in all the 3 media .Media has no 
effect	on	stability	on	pigment	but	pH	has	the	significant	effect	on	intensity	
of pigment. From the observations it can be concluded that the pigment
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solution showed maximum stability at neutral pH than under acidic and 
alkaline conditions.

Similarly Kaur et al., (2009)	 studied	 the	 effect	 of	 pH	 of	 the	methanolic	
solution of the extracted intracellular pigment of Rhodotorula rubra 
mtcc1446 obtained from MYEB: coconut water (50:50) medium by adjusting 
to 5, 6 and 7 using 0.1N NaOH and HCl. This pigment solution showed 
its stability till 1h at pH 5, pH 6 and pH 7. At pH 7 it showed maximum 
stability with no change in absorbance till 48h (0.705 OD/ml to 0.702 OD/
ml) as 99% residual colour remained in the solution. Maximum decrease 
was observed at pH 5 (0.705 OD/ml to 0.439 OD/ml) with 62% residual 
colour in the solution. They concluded that this pigment solution is having 
maximum stability at neutral pH than under acidic conditions.

Effect of different temperatures on extra and intracellular pigment of 
Rhodotorula minuta RAI3 from sterile MYEB, coconut water and rice

It was interesting to know that, intensity of pigment decrease was more 
rapid in intracellular at laboratory pasteurization A520 (0.310 to 0.178) 
followed by boiling A520 (0.140 to 0.096) and sterilization temperatures A520 
(0.071 to 0.064 ). The decrease in the intensity of extracellular pigment was 
slightly lesser compared to intracellular pigment at lab pasteurization A520 
(0.148 to 0.126), boiling A520 (0.083 to 0.073) and sterilization temperature 
A520	(0.051	to	0.046).	The	media	had	no	effect	on	heat	stability	of	pigment.	
Heat	 treatment	had	negative	effect	on	 intensity	of	 intracellular	pigment	
compared to extracellular pigment (Fig.1).

On par with the present study present study, Kaur et al., (2009) subjected 
alcoholic extracted pigment solution of Rhodotorula rubra to heat treatment 
from 700-1000C for 15 minutes and measured by taking OD at 360 nm. It 
was shown that colour decrease was more rapid in intracellular (0.705 OD/
ml to 0.36 0D/ml) pigment extracted from submerged fermentation than 
in intracellular pigment (0.41 OD/ml to 0.16 0D/ml) extracted by solid-
state fermentation than extracellular pigment extracted in submerged 
fermentation (0.28OD/ml to 0.090D/ml).
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