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Abstract 
 
A pigment producing fungus was isolated from soil collected from cassava processing site in 
Ebonyi State. The effects of carbon sources on pigment production by the isolate in liquid 
surface cultures were studied. Pigment production in a basal medium composed of (in g/L) 
MgSO4, 0.4; NaNO3, 0.8; peptone, 15 mixed with 12g/L of one of the following carbon sources: 
glucose, Ipomea batatas, Dioscorea alata, Manihot esculenta cratz, Colocasia esculenta flour 
or soluble starch, was investigated. The highest red, orange and yellow pigment 
concentrations were obtained with sweet potato and water yam flour, followed by soluble 
starch while the least pigment concentrations were obtained with glucose. Unit optical 
densities of red (13), orange (9.5) and yellow (11) pigments were produced by the fungus using 
Ipomea batatas flour. These were higher than the concentrations of red (9), orange (7) and 
yellow (10.5) produced from Hajjaj medium composed of (in g/L) Glucose, 50; monosodium 
glutamate, 12; K2HPO4, 2.5; KH2PO4, 2.5; MgSO4, 1; KCl, 0.5; ZnSO4, 0.001; FeSO4, 0.001; and 
MnSO4, 0.001. The results indicate that Ipomea batatas flour is a better carbon source than 
glucose for pigment production by T. purpurogenus and thus has a very high potential for 
commercial production of pigments. 
 
Key words: Microbial pigments, natural colourants, carbon sources, sweet potato, T. purpurogenus  
 
Introduction 
 
Pigments are useful compounds with 
numerous industrial applications. Pigments are 
used to add colour to processed food 
(Vendruscolo et al., 2014); they are also used 
in pharmaceuticals (Visalakchi and 
Muthumary, 2010), cosmetics, textiles 
(Sharma et al., 2012, Gupta et al., 2013) and 
leather dying. Thus, development of methods 
for production of various pigments will greatly 
contribute to industrial development of Nigeria, 
especially the food processing industries. 
Currently, synthetic pigments are widely used 
in food industries in Nigeria. However, some of 
these synthetic pigments have negative health 
implications and therefore there is a need to 
revert to natural pigments. Natural food 
colourants not only improve aesthetic value of 
our foods but some of them also have 
desirable characteristics such as preservative 
and antioxidant properties (Shi et al, 2015). 
 
Although there are various sources of natural 
pigments such as higher plants, insects, 
bacteria, algae and fungi, pigment production 
from microorganisms such as fungi has many 
advantages over those from higher plants and 
animals. With microorganisms, less space is 
required, production is not affected by the 

weather conditions, cheap feedstock can be 
used, less effluent is generated and because 
of the high growth rates, the productivities are 
in most cases, orders of magnitude higher 
than the values obtained with higher plants 
and insects (Nejad and Nejad, 2013).  
 
 Pigment production from fungi has become a 
major focus of fungal research at present 
because fungi can produce high 
concentrations of stable diffusible pigments 
with different colour shades (Afshari et al., 
2015, Buhler et al 2015). 
 
Medium components especially carbon 
sources are of great importance in pigment 
production. The cost of carbon source 
comprises about 70% of the total production 
costs of most fermentation products (Ogbonna 
et al 2001). Some of the carbon sources are 
used as both energy and carbon sources. 
Thus, reduction in the cost of medium through 
selection of abundant and cheap carbon 
sources is a sure method of reducing the cost 
of production. Consequently, some 
researchers have investigated the potentials of 
different agricultural tubers such as sweet 
potato flour as carbon source for pigment 
production (Srivastav et al., 2015). Some other 
researchers have investigated different cheap 
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complex carbohydrates including golden 
brown rice as carbon source for pigment 
production (Nimnoi and Lumyong, 2011; 
Yongsmith et al., 2013, Mu et al., 2015). 
 
Surface culture is one of the oldest methods of 
fungi cultivation, used for production of 
antibiotics Manteca et al (2008). This is a 
culture method where the fungus is allowed to 
germinate, grow and form a mat at the surface 
of the liquid. Thus, the hyphae are exposed to 
atmospheric air while they absorb nutrients 
from the culture broth and excrete metabolites 
into the culture broth. Although the industrial 
application of surface culture has reduced 
because of the problem of scale up and the 
relatively low productivity, this method is still 
very important in developing countries 
because it is very simple, does not require 
mechanical mixing. Thus after inoculation, 
power supply is not required during the 
cultivation. Furthermore, for the extracellular 
products, the cost of separating the products is 
low since the mycelia remain on top of the 
liquid while the product is in the culture broth. 
This reduces the cost of separation of the 
product from the biomass which can be very 
expensive, especially for viscous fungi broths.  
 
In the present study, a pigment-producing 
fungus was isolated from cassava processing 
site in Abakaliki, Ebonyi State. It was identified 
as Talaromyces purpurogenus based on 
morphological characteristics, microscopic 
observation and ITS-5.8S rDNA sequence and 
was assigned the accession number 
LC128689 (Ogbonna et al., 2017).The effects 
of some carbon sources on pigment 
production by the fungus in liquid surface 
cultures under static conditions is reported. 
 
Materials and Methods  
 
Microorganism and media components: 
Talaromyces purpurogenus LC128689 
isolated from soil samples collected from 
cassava processing site in Abakaliki, Ebonyi 
State was used in this study. All the carbon 
sources (except tuber flour), nitrogen sources 
and mineral salts used in these experiments, 
unless otherwise stated, were from Wako Pure 
Chemical Industries Ltd, Japan. 
 
Procurement of tubers: Sweet potato 
(Ipomea batatas),cassava (Manihot esculenta 
cratz), cocoyam (Colocasia esculenta) and 
water yam (Discorea alata) tubers were 
purchased from New market in Enugu, Enugu 
State of Nigeria in the month of January, 2015.  
 

Preparation of tuber flour: The tubers were 
peeled and sliced into thin chips of about 3 x 
2mm with a circumference of about 0.5mm 
and sun-dried to a constant weight with about 
10% moisture content. They were processed 
into flour using a clean manual grinding 
machine. The flour was sieved with cheese 
cloth and stored in an air tight container in a 
refrigerator. 
 
Medium preparation and pigment 
production: The medium was composed of 
the following in (g/L): Tuber flour, glucose or 
soluble starch, 12; MgSO4,0.4; NaNO3, 0.8; 
and peptone, 15. All the medium components 
were appropriately weighed and dissolve in 
appropriate volume of distilled water and 
dispensed in 100ml aliquots into 250 mL 
Erlenmeyer flasks. The flasks were corked and 
autoclaved at 121oC for 20min. The flasks 
were inoculated with active Talaromyces 
purpurogenus spores (2 x107/mL) harvested 
from 6 days old test tube slants and incubated 
statically at room temperature (25oC ±2oC). 
Samples were withdrawn at certain intervals 
from the culture broth and the optical densities 
were measured at 400, 460 and 500 nm 
respectively for yellow, orange and red 
pigments according to the method of Cho et al. 
(2002). 
 
Effects of some tuber flours on pigment 
production: Flours were prepared from sweet 
potato (Ipomea batatas), cassava (Manihot 
esculenta), water yam (Dioscora alata) and 
cocoyam (Colocasia esculenta) as described 
above. Twelve grams of each of the flour, 
glucose, or soluble starch was added to a 
100ml of basal medium containing 0.4 g/L of 
MgSO4, 0.8 g/L of NaNO3 and 15 g/L of 
peptone in a 250ml Erlenmeyer flask. The 
medium was sterilized and inoculated with T. 
purpurogenus spores as described above. 
Samples were withdrawn intermittently from 
the culture broth during cultivation to measure 
the concentration of pigments. 
 

Comparison of pigment production in 
sweet potato flour medium and a synthetic 
medium: Pigment production from the sweet 
potato flour medium was compared with that in 
a widely used synthetic medium (Hajjaj 
medium) composed of (in g/L): Glucose, 50; 
monosodium glutamate, 12; K2HPO4, 2.5; 
KH2PO4, 2.5; MgSO4,1; KCl, 0.5; 
ZnSO4,0.001; FeSO4,0.001;and MnSO4,0.001 
(Hajjaj et al., 1997). The experimental 
conditions were as described above. 
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Results and Discussion 
 
Effects of some carbon sources on 
pigment production by T. purpurogenus 
A comparison of the effects of the flours made 
from tubers (sweet potato (Ipomea batatas), 
cassava (Manihot esculenta), cocoyam 
(Colocasia esculenta) and water yam 
(Dioscorea alata)), glucose and soluble starch 
on production of yellow, orange and red 
pigments by T. purpurogenus are shown in 
figures 1, 2 and 3 respectively. The fungus 
grew profusely and produced three colours of 
pigments in all the flours used. The patterns of 
yellow pigment production from soluble starch 
and sweet potato were very similar up to the 
9th day. However, by the 12th day, yellow 
pigment production from sweet potato got 
higher than that of the soluble starch. It is 
interesting to note that from the 9th day, yellow 
pigment production from water yam increased 
sharply to a value comparable to that obtained 
with sweet potato. Pigment production from 
glucose remained very low throughout the 
cultivation period. In the case of cocoyam, 
yellow pigment production remained low until 
after the 9th day when it increased sharply. 
However, the final value was still lower than 
the values obtained with other flour (Figure 1).  
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Fig.. 1: Effects of carbon sources on yellow 
pigment (400 nm) production in liquid surface 
culture. 
 
Time courses of orange pigment production 
from different flours are shown in Figure 2. 
The trends in orange pigment production from 
the different flours were similar to those of the 
yellow pigments. The highest orange pigment 
concentration was obtained with sweet potato 
and water yam. These were followed by 
soluble starch, cassava and cocoyam while 
the least was obtained with glucose. In the 
case of red pigments (Figure 3), the trend was 

the same as for the orange pigment. The final 
concentrations of the red pigments (UOD/ml) 
were 18 for sweet potato and water yam, 16 
for soluble starch, 14.6 for cassava, 11.4 for 
cocoyam and only 2.8 for glucose. The 
superiority of sweet potato over other flours is 
in agreement with the work of Srivastav et al. 
(2015) who used sweet potato based medium 
to produce red pigment from Monascus 
purpureus. Cocoyam starch is known to be 
relatively difficult to hydrolyze (Omemu et al., 
2008) and that may explain why production of 
the three pigments were very low within the 
first 9 days of cultivation. However, after 9 
days, growth of the fungus increased leading 
to a corresponding increase in the 
concentrations of the pigments. On the whole, 
for each flour used, the concentration of the 
red pigment was the highest, followed by the 
orange while the concentrations of the yellow 
pigments were the least. 
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Fig. 2: Effect of carbon sources on orange 
pigment (460 nm) production in liquid surface 
culture. 
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Fig. 3: Effects of carbon sources on red 
pigment (500 nm) production in liquid surface 
culture 
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It is interesting to note that the same fungus 
(Talaromyces purpurogenus) is able to 
simultaneously produce yellow, orange and 
red pigments from the same carbon source. 
Most of the pigments were secreted into the 
culture broth and only a small percentage 
remained entrapped in the mycelia. This is 
very significant in terms of downstream 
processing. The pigments were easily 
extracted using ethyl acetate and the extract 
was recovered by solvent evaporation using a 
rotary evaporator or simply by pouring the 
extract into a Petri dish and keeping at room 
temperature. These colour shades can be 
used to colour most of our locally produced 
fabrics, or they can be used in baking 
industries. However, it is also known that 
some fungi species produce some toxic 
substances such as citrinin. Thus, it is 
necessary to analyse for such toxic 
substances, and if the current strain produces 
them, it will be important to investigate culture 
conditions that will suppress production of 
toxins, and develop a method of separating 
the toxins from the pigments. 
 
Comparison of pigment production by T. 
purpurogenus from sweet potato flour 
medium and Hajjaj medium. 
For yellow, orange and red pigments, the 
concentrations of the pigments produced from 
potato flour (Figures 4 to 6) were significantly 
higher than those obtained from the Hajjaj 
medium. In the case of orange (Figure 5) and 
red (Figure 6) pigments, the concentrations 
obtained from sweet potato flour were more 
than two times higher than the values obtained 
from Hajjaj medium.  
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Fig. 4 Comparison of sweet potato flour and 
Hajjaj media for yellow pigment production by 
T .purpurogenus  

      

0

2

4

6

8

10

12

14

16

18

20

Sweet potato medium Hajjaj medium

 
                                          
 
Fig. 5: Comparison of sweet potato flour and 
Hajjaj media for orange pigment production by 
T. purpurogenus  
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Fig.. 6: Comparison of sweet potato flour and 
Hajjaj media for red pigment production by T. 
purpurogenus  
 
One of the limitations of Hajjaj medium is the 
high cost of the medium. It is therefore very 
significant that with sweet potato which is 
cheap and easily available, much higher 
concentrations of the pigments can be 
obtained. This demonstrates that sweet potato 
has a very high potential for commercial 
production of pigment by this fungus. Using 
the sweet potato medium, the concentration of 
the red pigment was the highest, followed by 
the orange while the least was the yellow 
pigments. On the other hand, the Hajjaj 
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medium gave the highest concentration of 
yellow pigment, followed by the red while the 
orange pigment was the least. This implies 
that the choice of the medium depends on the 
target pigment. Nevertheless, considering the 
cost of the medium, it is recommended that 
sweet potato medium be used for efficient 
pigment production by this strain. 
 
Conclusion  
The results of this study have shown that the 
fungus Talaromyces purpurogenus is capable 
of utilizing complex carbohydrates such as 
flour from agricultural tubers (sweet potato, 
water yam, cassava and cocoyam) for 
simultaneous production of yellow, orange and 
red pigments. These are cheaper carbon 
sources than glucose and other 
monosaccharides. Among the tubers, sweet 
potato was the best for the production of the 
three (yellow, orange and red) pigments. With 
sweet potato medium, much higher pigment 
concentrations were obtained compared with 
the widely used Hajjaj medium. Since sweet 
potato medium is very cheap compared with 
Hajjaj medium, its use for commercial 
production of pigments will significantly reduce 
the cost of production since the cost of 
medium comprises as high as 70% of the total 
cost of production of most metabolites. 
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