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Abstract

Certain species of filamentous fungi typically produce colored substances as secondary
metabolites, which can be used as dyes for industrial applications to various products such as
leather, textiles and food. These natural dyes can be an eco-friendly alternative to synthetic
dyes (mainly azo dyes). They are not originated from extractive activities of the natural
environment, and no hazardous chemicals are used while they are produced. Moreover, there
are not any studies attesting to their toxicity to human health. This study produced and applied
fungal dyes extracted from Penicillium spp., Monascus spp. and Fusarium spp. to leather
dyeing. These fungi were used in bioprocesses to produce natural dyes by cultivation in liquid
medium, extraction and concentration. Finally, they were applied in leather dyeing. The
efficiency of the leather dye step was quantified through the remaining dye concentration in
the dyeing wastewater by UV-VIS spectroscopy, and the required quality parameters of the
dyed leather samples were evaluated by the change in color when they were exposed to light
and heat. Each fungus was inoculated at an initial concentration of 10° spores/mL in potato
dextrose broth under incubation for 21 days at 120 rpm and 30 °C. All these fungi showed
promising dye production. The dyed leather samples showed good penetration and color
homogeneity.
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1. Introduction

Dyes are applied to many different products in order to attribute desirable coloring, and
they are really crucial for market acceptance of these products although many synthetic dyes
in extensive use all over the world have negative impact on human health and the
environment. However, the development of natural dyes for industry application must satisfy
quality and productivity requirements, such as high thermal stability, fastness to UV light and
low cost. Natural dyes are produced by living organisms such as plants and animals whereas
most well-known natural dyes are extracted from sources with pharmaceutical and nutritional
potential. Bordignon et al. (2011) tested leather dyeing with cochineal carmine and urucum
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natural dyes that showed good surface coating of the leather, good penetration and
equalization in the dyeing, and good bath exhaustion.

An alternative route to producing natural colorants is to apply biotechnology tools.
Mapari et al. (2005) emphasize the need to explore the potentiality of other biological sources
such as fungi, bacteria and cell cultures, since the proper selection, mutation or genetic
engineering may significantly improve the production and yield of dye from wild organisms.
Fungi, particularly ascomycetous and basidiomycetous (most mushrooms) fungi, and lichens
(symbiotic association of a fungus with a photosynthetic partner, usually a green alga or
cyanobacterium), are known to naturally synthesize and secrete diverse classes of pigments as
secondary metabolites of known or unknown function which have an extraordinary range of
colors (Maldonado, 2005). Basidiomycetes fungi and microalgae are known to produce a
wide range of water-soluble pigments, but low productivity has been limiting their
marketability (Bessette, 2001; Hejazi, 2004).

Dyes extracted from filamentous fungi are promising alternatives to natural dyes because
they are not dependent on seasonal effects for production and can grow rapidly, which can
lead to high yield. Fuck et al. (2012) introduced the development steps to produce biodyes
from filamentous fungi and use them in leather dyeing, and shared the knowledge and
technologies applied in this field.

Studies on the environmental factors that affect the growth and metabolism of
filamentous fungi are necessary because they contribute to controlling the cellular metabolism
and optimization of certain biosynthetic products. De Carvalho (2011) highlighted the fact
that a wide range of microbiological dyes is produced, such as riboflavin, monascus dyes,
carotene (astaxanthin, p-carotene, etc.) and phycobiliproteins (such as phycocyanin).
Microalgae such as Chlorella, Dunaliella, Haematococcus, Scenedesmus, Spirulina sp. are
also used for producing dyes and pigments. Previous studies indicate that Monascus
purpureus, Emericella spp. and Penicillium spp. do not produce toxic effects (Youssef El-
Maghraby, & Ibrahimm, 2008) and are more compatible with the environment (De Carvalho,
2011).

Monascus can produce six different types of biodyes classified into three groups: orange
dyes - rubropunctatin (C,;H220s) and monascorubramin (Ca3H260s); red pigment -
rubropunctamine (C,1H23NO,) and monascorubramine (C3H27NOy); yellow pigment -
monascin (C,;H260s) and ankaflavin (C3H300s), as shown in Figure 1. They are widely used
in food production as coloring agents of rice, wine, soybean cheese, fish and red meat
(Dufossé et al., 2005; Hajjaj et al., 2000).
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Figure 1: Monascus dyes. Source: Mapari, 2005.

In the studies by Velmurugan et al. (2010a), the leather dyeing potential was optimized in
pre-tanned samples with five dyes extracted and purified from Monascus purpureus, Isaria
spp., Emericella spp., Fusarium spp. and Penicillium spp. The results showed that the
optimum concentration of the biodyes was 6 % on leather weight. However, the optimum
condition for dyeing was 70 °C, at pH 5.0, and 120 min. The maximum uptake of dyes in the
leather samples ranged from 40 to 70 %. The changes in shades of the samples were high in
M. purpureus — red dye and they were compared with visual assessment data. The fungal
pigments did not significantly alter the organoleptic properties of the leather sample.

The aims of this study were to investigate the procedures of cultivation, extraction and
concentration of fungal biodyes, as well as to test their application to leather dyeing.

2. Materials and methods

2.1 Filamentous fungi

The fungi used for screening purposes belong to the mycology collection of the
Laboratory of Biochemistry and Applied Microbiology (UFRGS). The fungal identifications
were performed by Lopes (2011), based on genomic DNA extraction, polymerase chain
reaction (PCR) using universal primers ITS1 and ITS 4 and part of the p-tubulin gene Bt2a
and Bt2b, sequencing, editing and sequencing analysis. The fungi were maintained in Potato
Dextrose Agar (PDA) tubes covered with mineral oil at 4 °C and subcultured periodically.

2.2 Production of biodyes

The first part of this study consisted in producing biodyes. Each fungus was inoculated
separately at a concentration of 10° spores/mL of potato dextrose broth (Acumedia) and
incubated in a rotary shaker at 120 rpm at 30 °C for 2 to 5 weeks. After this period, the
incubated solution was centrifuged for 25 min at 6000 rpm and the supernatant was
transferred to a suitable vessel. Finally, the dye solution was concentrated in a vacuum rotary
evaporator at a temperature of 50° to 70 °C. Optical density (OD) was measured at 494 nm (a
wavelength which represents the absorption maxima for the color red) in a VARIAN - CARY
1E spectrophotometer.
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2.3 Leather dyeing

The second part of this study consisted in applying the selected biodyes to leather dyeing.
Wet-blue leather samples with a thickness of 2.0 — 2.2 mm were used in the tests. The
samples were deacidified using sodium hydrogen carbonate, sodium formate and a surfactant.
The dyeing step was performed using two additions of 2 % of dye (according to leather
weight) at 25 °C to promote dye penetration into the leather during 3 hours. Then, the
temperature was raised to 50 °C for the fixing step with formic or citric acid. Surfactants, the
condensation product of aromatic sulphonic acids and ethoxylated fatty amine sulphate were
used as dyeing auxiliaries. To verify the influence of the type of acid on fixation and use of
tanning ayxiliaries, pH was adjusted to 5.00. The studied conditions are shown in Table 1.

Table 1: Studied conditions in leather dyeing.

Studied steps 1 2 3 4 5
Deacidification pH 4.0 5.0 6.0 5.0 5.0
Acid used on fixation FZ::(\;C FZ::C Fg;rilzjic Citric acid F(;(r:riréic
Dyeing auxiliares Used Used Used Used Not used

2.4 Qualitative and quantitative analysis

The response variables in this study are described below:

1. The amount of biodye absorbed into the leather was assessed by a VARIAN -
CARY 1E UV-VIS spectrophotometer based on the diference between the
amount of dye used and the amount that remained in the dyeing bath;

2. Color intensity, equalization and biodye penetration were estimated with an
arbitrary visual scale;

3. Color fastness to UV light, thermal stability and fastness to migration into
plasticized PVC were measured at TFL Brazil.

Thermal stability was tested by accelerated ageing of dyed leather after 7 days of ageing
in an air-circulating oven at 50 °C according to NBR 12830.

Color fastness to UV light was in accordance with NBR 14730:2001 and intended for
determining the resistance of the color of leather to the action of a standard artificial UV light
source during 24 hours.

Color fastness in respect of migration into plasticised poly(vinyl chloride) - PVC was in
accordance with EN ISO 15701 and was based on the transference of color from leather to
white plasticised PVC at 50 °C. The side of the leather sample to be tested was placed on a
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white pigmented sheet of plasticised PVC and the composite specimen was exposed to heat
under pressure in an appropriate apparatus for 16 hours at 50 °C.

The analyses of color fastness were compared to the grey scale. The Grey Scale was used
for assessing changes in the color of leather in color fastness tests and consisted of nine pairs
of grey color chips, each representing a visual difference and contrast. The fastness rating
went step-wise from: Grade 5 = no visual change (best rating) to Grade 1 = a large visual
change (worst rating).

3. Results

First of all, the fungi Aspergillus spp., Penicillium spp, Fusarium spp, Monascus
purpureus were pre-selected as dye producers, as shown in Table 2.

Table 2: The studied fungal dyes and preliminary tests of production.

Fungus Color Color intensity* Amount of dye production**
Aspergillus spp. Dark brown High Good
Fusarium spp. Purple Mild Medial
Penicillium spp. 1 Pale yellow Mild Medial
Penicillium spp. 2 Bright yellow High Medial
Penicillium spp. 3 Pale red Mild Medial
Monascus purpureus Red High Good

* Assessment made with an arbitrary visual scale; ** according to the optical density test.

In the second step of this study, the Monascus purpureus biodye was chosen for leather
dyeing development because the conditions of fungal cultivation are simple, the required
extraction processes are accessible and high yield of dye was produced with intense color. In
addition, this biodye has been widely used in foods for centuries without restrictions.

All the dyed leather samples with Monascus purpureus biodyes had similar surface
coating and penetration into the leather, as shown in Figure 2. Adding the second dye did not
improve either the absorption or the superficial color of the leather.

Figure 2: Leather sample dyed with biodye from Monascus purpureus.
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The influence of pH on the absorption of Monascus biodyes into the leather is shown in
Figure 3. Biodye absortion by leather was higher than 70 % when the deacidification pH of
4.0 to 5.0 was used, but it decreased at pH 6.0.

Influence of deacidification pH on dye
absorption

% Dye absorbed into the leather
w
&

4.0 5.0 6.0

Figure 3: Influence of pH deacidification on the absorption of Monascus biodyes (%) into the
leather.

Figure 4 shows the influence of dyeing auxiliaries on leather dyeing. The use of dyeing
auxiliaries increased biodye absorption by the leather from 67.5 to 71.6 %, and also improved
equalization of the surface color.

Influence of the presence of dyeing auxiliaries
on dye absorption
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Figure 4: Influence of dyeing auxiliaries on leather dyeing.

The influence of fixation acid on the absorption of Monascus biodyes into the leather
is shown in Figure 5. Biodye absorption into leather when formic acid used in the
deacidification step was higher (71.6 %) than when citric acid was used (64.7 %).
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Influence of fixation acids on dye absorption
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Figure 5: Influence of fixation acids on the absorption of Monascus biodyes (%) into the leather.

The results of fastness to UV light, thermal stability and fastness to migration into
plasticized PVC are shown in Table 3 below:

Table 3: Results of fastness to UV light, thermal stability and fastness to migration into plasticized PVC

Fastness to UV light* Thermal stability* Fastness to migration into
plasticized PVC*
Formic acid 1 4 3/4
Citric acid 1 4/5 4

*The analyses of color fastness were compared to the grey scale.

The samples deacidificated with formic acid maintained thermal stability grade 3/4 and
fastness to migration into plasticized PVC grade 4, while for those deacidificated with citric
acid, these values were increased to grades 4 and 4/5, respectively, according to grey scale
values. Fastness to UV light was grade 1 for dyed leather according to the grey scale for
assessing change of color.

4. Conclusions

The development of biodyes must associate both the production and the feasibility of
application in the leather dyeing step, according to the required quality parameters for
different articles. This is not a trivial technology because it involves multidisciplinary
knowledge of microbiology / taxonomy, bioengineering and chemical processes of leather.

There is a wide diversity of filamentous fungi to be explored in dye production, as well as
techniques to be applied in order to improve their properties.

The best studied leather dyeing conditions with Monascus dye are deacidification pH 4.0,
use of dyeing auxiliaries in the dyeing step and use of formic acid in the fixation step. In these
conditions, the absorption of the Monascus dye through the leather is more than 70 %.

The use of citric acid in the fixing step increased thermal stability and fastness to
migration into plasticized PVC of the dyed leather.



XXXII. Congress of IULTCS 7T
IULTCS

May 29"™-31" 2013 Istanbul/ TURKEY ~n

&

The fastness to UV light property was not appropriate to leather dyeing; however,
Monascus can be applied in other products, e.g., food.

5. References

Bessette AR, Besette AE: The rainbow beneath my feet: a mushroom dyer’s field guide. New York:
University Press, 2001;

Bordingnon, S., Fuck, W. F., Gutterres, M., Velho, S. K., Schor, A. V., Cooper. M., Bresolin, L.,
Novel natural dyes for eco-friendly leather articles, XXX Congresso IULTCS, Espanha, 2011;

Daroit, J.D., Silveira, S.T., Hertz, P. F., Brandelli, A., Production of extracellular p-glucosidase by
Monascus purpureus on different growth substrates, Process Biochemistry, n. 42, p. 904-908,
2007;

De Carvalho, J. C., Perspectivas do uso de biocorantes na industria de alimento, VII STAL, Simposio

de  Alimentos para a  Regiao Sul - UPF, 2011. Disponivel em:
http://www.upf.br/sial2011/download/Biopigmenttos-Julio_C_Carvalho.pdf, acesso em
12/09/2011,

Dufossé, L., Galaup, P., Yaron, A., Arad, S. M., Blanc P., Murthy, K.N.C., Ravishankar, G.A.,
Microorganisms and microalgae as sources of pigments for food use: a scientific oddity or an
industrial reality?, Trends in Food Science & Technology, v.16, p. 389-406, 2005;

Fuck, W.F., Grasselli, L.P., Gutterres, M., Estado da arte e desenvolvimento de biocorantes
produzidos por fungos para tingimento de couro, XVIII Congreso de la Federacion
Latinoamericana de Quimicos y Técnicos de la Industria del Cuero, Uruguay, 2012;

Hajjaj, H., Blanc, P., Groussac, E., Uribelarrea, J.-L., Goma, G., Loubiere, P., Kinetic analysis of red
pigment and citrinin production by Monascus ruber as a function of organic acid accumulation,
Enzyme and Microbial Technology, v. 27, n. 8, p. 619-625, 2000;

Hejazi, M.A., Wijffels, R.H., Milking of microalgae, Trends in Biotechnology, v. 22, n. 4, p. 189-194,
2004;

Inayat, A., Khan, S.R., Waheed, A., Deeba, F., Applications of eco friendly natural dyes on leather
using different modrants, Proceedings of the Pakistan Academy of Sciences v. 47, n. 3, p. 131-135.
2010;

Lopes, F.C., Produgao e Analise de Metabdlitos Secundarios de Fungos Filamentosos, Dissertagdo de
mestrado submetida ao Programa de Pos-graduagdo em Biologia Celular e Molecular da UFRGS,
2011;

Maldonado, M.C., Ibarra, L.V., Organic dyes from fungi and lichens. In Biodiversity of Fungi Their
Role in Human Life (Deshmukh, S.K. and Rai, M.K., eds), p. 375-407, Oxford & IBH Publishing
Co. Pvt. Ltd, 2005;

Mapari, S.A.S., Nielsen, K.F., Larsen, T.O., Frisvad, J.C., Meyer, A.S., Thrane, U., Exploring fungal
biodiversity for the production of water-soluble pigments as potential natural food colorants,
Current Opinion in Biotechnology, v. 16, n. 2, p. 231-238, 2005;

Mapari, S.A.S., Thrane, U., Meyer, A.S., Fungal polyketide azaphilone pigments as future natural
food colorants? Trends in Biotechnology, v. 28, n. 6, p. 300-307, 2010;

Moritz, D.E., Produgdo do pigmento monascus por Monascus ruber CCT 3802 em cultivo submerso,
Tese de doutorado pelo Programa de Pos-Graduagdo em Engenharia Quimica da UFSC, 2005;

Sivakumar, V., Anna, J.L., Vijayeeswarri, J., Swaminathan, G., Ultrasound assisted enhancement in
natural dye extraction from beetroot for industrial applications and natural dyeing of leather,
Ultrasonics Sonochemistry, v. 16, n. 6, p. 782-789, 2009;


http://www.upf.br/sial2011/download/Biopigmenttos-Julio_C_Carvalho.pdf
http://www.sciencedirect.com/science/journal/09242244
http://www.sciencedirect.com/science?_ob=PublicationURL&_hubEid=1-s2.0-S0924224405X0125X&_cid=271911&_pubType=JL&view=c&_auth=y&_acct=C000228598&_version=1&_urlVersion=0&_userid=10&md5=3e900afbf86bdc3624d878bfeffad1bf

XXXII. Congress of IULTCS AR
IULTCS

May 29"™-31" 2013 Istanbul/ TURKEY A

&

Velmurugan, P., Chae, J., Lakshmanaperumalsamy, P., Yun, B., Lee, K., Oh, B., Assessment of the
dyeing properties of pigments from five fungi and anti-bacterial activity of dyed cotton fabric and
leather, Coloration Technology, v. 125, n. 6, p. 334-341, 2009;

Velmurugan, P., Kamala-Kannan, S., Balachandar,V., Lakshmanaperumalsamy, P., Chae, J.-C., Oh,
B.-T., Natural pigment extraction from five filamentous fungi for industrial applications and dyeing
of leather, Carbohydrate Polymers, v. 79, n. 2, p. 262-268, 2010a;

Velmurugan, P., Lee, Y.H., Venil, C.K., Lakshmanaperumalsamy, P., Chae, J.-C., Oh, B.-T., Effect of
light on growth, intracellular and extracellular pigment production by five pigment-producing
filamentous fungi in synthetic medium, Journal of Bioscience and Bioengineering, v. 109, n. 4, p.
346-350, 2010b;

Youssef, M.S., EI-Maghraby, O.M.O., & Ibrahimm, Y.M., Mycobiota and mycotoxins of egyptian
peanut (Arachis hypogeae L.) seeds, International Journal of Botany, v. 4, p. 349-360, 2008;

ACKNOWLEDGEMENTS:
The authors gratefully acknowledge the financial support of:

e MCT (Ministry of Science and Technology) and CNPq (National Council for Scientific and
Technological Development) - Fellowship Announcement CTagro 40/2008 for their financial
support.

e CAPES (Coordination for the improvement of Higher Education Personnel) for granting
doctoral scholarships).



