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PREFACE
The present PhD study describes the results from the research work conducted from January 2014
to June 2017. This research has been primarily carried out at Laboratoire de Chimie des Substances
Naturelles et des Sciences des Aliments (LCSNSA), Université de La Réunion. Few experiments were
performed in collaboration with Technical University of Denmark (DTU) with the help of Prof.
Kristian Fog Nielsen and also at University of Messina, Italy under the guidance of Prof. Daniele
Giuffrida.
This entire research work has been supervised by Prof. Laurent Dufossé and co-supervised by Dr.
Mireille Fouillaud from Université de La Réunion. This research project was made possible with the
grant, DIRED/20131527 from Conseil Régional de la Réunion, France and FEDER action of the
European Union.
This study focuses on the production of natural polyketide pigments from the marine-derived fungal
isolate, Talaromyces albobiverticillius. Reading this dissertation will give an understanding of market of
natural food colors; microbial colorants and its applications; morphological characters and pigments
produced from the studied strain Talaromyces albobiverticillius; Optimization of Production and
extraction of pigments; HPLC and NMR analysis of identified pigment fractions; upscaling from lab
scale to fermenter.
Since from my early days, I wish to pursue my research studies abroad especially in the field of food
science and technology. Though our world is awash in colors, I have always had a passion towards
natural colors. Being engaged in food related studies; I had developed a strong interest to continue
my scientific research on natural food colors. With this in mind, I undertook this “tailor-made” PhD
project and thoroughly enjoyed working in the intriguing field of fungi. Societies have used fungi for
centuries in a wide variety of ways that have been exploited industrially and commercially. Among
them, fungal pigments serve as sustainable natural food colorants that have largely gained the
attention of food scientists to explore the fundamentals. I was so glad to work in this project as it
helped me to understand and enhance my knowledge on fungal world and pigments produced by
them. In addition to that, I came to know the importance of teamwork and role of dedication in the
field of scientific research.

Mekala Venkatachalam
Reunion Island, October, 2017
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Abstract
It is well known that the vast majority of food colorants used in food and beverage applications
comes from the pigments synthesized by plant materials. Besides, stability of many plant-derived
colors can create formulation problems. Factors such as the region, the climate, the environment,
the cultivar all impact colors shade, strength and overall stability in the final product. As an alternate,
fungi of the genus Monascus, Penicillium and Talaromyces are known as excellent producers of red
pigments. These red pigments are of industrial interest as they are stable and non-toxic and can be
used as food colorants.
This present research deals with the selection of high throughput red pigment producing Talaromyces
albobiverticillius as a source of polyketide based natural food colorants. Design of Experiments (DoE)
and Response Surface Methodology (RSM) have been used to optimize culture conditions and media
formulation of fermentation process. Using Box Behnken Design (BBD), the influence of different
physical factors on pigment and biomass production was studied using potato dextrose broth as
culture media. The best optimal conditions were found to be with initial pH of 6.4, temperature of
24 °C, agitation speed of 164 rpm and fermentation time of 149 h gave 47.93 ± 0.58 mg /L of orange
pigment, 196.28 ± 0.76 mg / L of red pigment and 12.58 ± 0.41 g /L of dry biomass. With the
application of Plackett- Burman Design (PBD), 16 different media formulations were optimized using
various carbon and nitrogen sources. When Sucrose and Yeast extract was used as a basal medium
at 24° C, high pigment yield was observed: 695.93 ± 0.29 mg /L of orange pigment, 738.28 ± 0.51 mg
/ L of red pigment and 6.80 ± 0.37 g /L of dry biomass.
Twelve different compounds were detected from the HPLC-PDA-ESI/MS analysis of intracellular and
extracellular pigmented extracts. In particular, N-threonine-monascorubramine, N-glutarylrubropunctamine and PP-O were tentatively identified among these twelve compounds; further, this
work reports for the first time on the PDA, MS and NMR characterization of the here named as NGABA-monascorubramine derivative (6-[(Z)-2-Carboxyvinyl]-N-GABA-monascorubramine) pigment
bearing a cis configuration at the C10-C11 double bond, in Talaromyces albobiverticillius 30548.
Attempts were made to study the effects of sea salts on pigment synthesis; sustainable green
extraction methods for pigments; upscaling of fermentation from shake flasks to laboratory
fermenter. All these experiments with their results were discussed briefly as individual chapters.
Overall, these findings bring out the potential of marine-derived red pigment producing fungi and its
possibility of obtaining tailor made food colorants.
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Résume
Il est bien connu que la grande majorité de colorant alimentaire, utilisé dans l’application des aliments
comme dans les boissons, provient des pigments synthétisés des matériels végétaux. De plus,
plusieurs couleurs dérivées de plantes peuvent entraîner des problèmes de formulation. Des
éléments, comme par exemple, la région, le climat, l’environnement, la variété cultivée, ont un
effet, de nuances de couleurs, de résistance et surtout de stabilité dans le produit final. Par ailleurs,
les champignons de genus monascus, Penicillium et Talaromyces sont connus comme des excellents
producteurs de pigments rouges. Ces pigments intéressent aussi les industries car ils sont stables,
non-toxiques et peuvent être utilisés comme un colorant alimentaire.
La recherche actuelle concerne la sélection des atouts du pigment rouge qui produit le talaromyces
albobiverticillius, comme étant une source de polycétide basé sur les colorants alimentaires. Le plan
d’expérience (DOE) et de méthodologie des surfaces de réponses (MSR),

a été utilisé pour

optimiser la condition de culture et de la formulation du milieu du procès de fermentation. En
utilisant la Box Behnken design (BBD), l’influence des différents facteurs physiques sur le pigment et
de la production de biomasse, ont été étudiés en utilisant le bouillon de dextrose de pommes de
terre comme milieu de culture. La meilleure condition optimale trouvée avec l’initial pH de 6.4,
température de 24°C Vitesse agitation de 164 rpm et le temps de fermentation de 149 heures, a
donné 47.93 ± 0.58mg/L de pigment orange, 196.28 ± 0.76mg/L de pigment rouge et 12.58 ± 0.41 g/L
de biomasse sèche. Avec l’application one-variable-at-a-time, les 16 différents milieux de la
formulation ont été optimisés en utilisant diverses sources de carbone et nitrogène. En utilisant le
sucrose et l’extrait de levure comme milieu de base à 24°C, un haut rendement de pigmentation a
été observé : 695.93 ± 0.29mg/L de pigment orange, 738.28 ± 0.51 mg/L de pigment rouge et 6.80 ±
0.37g/L de biomasse sèche.
Douze différents composants ont été détectés, du HPLC-PDA-ESI/MS analyse d’intracellulaire et
d’extracellulaire d’extrait pigmenté.

En particulier, N-thréonine-monascorubramine, N-glutaryl-

rubropunctamine and PP-O, avec une tentative d’identification parmi les 12 composants ; de plus, ce
rapport travaillé pour la première fois sur la PDA, MS et RMN qui qualifie aussi le nom de N-GABAmonascorubramine dérivé de (6-[(Z)-2-Carboxyvinyl]-N-GABA-monascorubramine) pigment portant
une configuration de cis au C10-C11 double liaison, dans Talaromyces albobiverticillius 30548.

5

Des essais ont été faits, pour étudier les effets du sel marin sur la synthèse de pigment ; les méthodes
viables d’extraction de vert des pigments ; l’amélioration de fermentation des fioles agitées des
laboratoires fermenteurs. Toutes ces expériences, aussi bien que leurs résultats ont été discutées
brièvement en tant que chapitre individuel. Globalement, ces résultats font ressortir le potentiel des
champignons marins produisant le pigment rouge et sa possibilité d’obtenir les colorants alimentaires
adaptés.
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CHAPTER: 1
T H E POWER O F C O L O R
Color plays a vital role in the world in which we live and is irreplaceable.

Since ancient times, natural dyes obtained from plants, animals and minerals have been used
to color fabrics in the textiles, as paints and coatings to color various inanimate objects, as
printing ink, coloration of plastics, in cosmetics and food products [1]. The study on history of
food colors dates back to remember the ancient civilizations of Egyptians or Romans where
they used saffron as a food coloring agent. Later on, other natural coloring agents like turmeric,
indigo, marigold, parsley, spinach, flower petals started to gain popularity not only act as colorants
but also as medicinal substances [2].

Figure 1.1 Application of colorants in different fields such as textiles, foods cosmetics and
pharmaceuticals
Color is an important quality attribute of food products which makes food more appealing
thereby perceiving its taste and acceptance. Beyond appearance, adding colors to food
1

products influence a person’s ability to identify flavors and also makes an impact on
purchasing decisions [3]. According to FDA, color additives have a specific set of roles in
foods and beverages as mentioned below
 To compensate color loss by cause of light, air, humidity, temperature variations and
storage conditions
 To balance the natural variations in color
 To enrich the color that has been lost during processing
 To provide color to the colorless or fun foods
However, there is a growing trend among the manufacturers especially for natural food
colors due to increasing consumer demands.
1.1

UNDERSTANDING COLOR CONCEPT: COLOR MATTERS
VISIBLE SPECTRUM AND COLORS

Without light there is no color. The concept of color is bound to visible wavelengths. Therefore, we
turn at first toward the typical properties of natural and man-made light sources because the spectral
power distribution of an illuminant affects the color impression. Due to ever-present changes in
natural daylight, such a source is unsuited for producing a consistent color sensation with an
unchanging non-self-luminous color. On account of this uncertainty, we are forced to rely on manmade sources of constant and reproducible light emission – normally in the visible range.

Figure 1.2: Electromagnetic spectrum (a) wavelength and frequency of electromagnetic radiation with
narrow visible region of wavelengths between 400 and 700nm. (b) When white light is passed through a
prism, it is split into light of different wavelengths, whose colors correspond to the visible spectrum
(Violet, Indigo, Blue, Green, Yellow, Orange, and Red abbreviated as VIBGYOR)
2

Image Source: according to reference [4]
The electromagnetic spectrum covers an enormous range of wavelengths λ from, for example, values
such as λ ≈ 1 fm (1 fm corresponds to 10–15 m) for cosmic radiation to λ ≈ 10 km for radio waves,
therefore a range of around 19 orders of magnitude; see Fig 1.2. On the other hand, the visible range
of humans is only a small part of the spectrum of electromagnetic waves. Merely wavelengths in the
very small interval from 380 to 780 nm are normally perceived by humans as visible light. Wavelengths
at the left end of the range between 380 and 440 nm are perceived as violet. With increasing
wavelength, the color impression changes to blue, green, yellow, orange, and finally red. Red is
perceived at wavelengths above 600 nm (figure 1.2) [4].
The associated wavelengths are subject to individual variations in color perception. The so-called
spectral colors are the purest producible colors. They are characterized by a wavelength width of less
than 1 nm (i.e., with a laser). On the other hand, if the radiation contains nearly all wavelengths of the
visible spectrum and of equal intensity, the resulting color impression is white light (e.g., white clouds).
For the entire range of visible light between about 380 and 780 nm to be perceived, there must be
sufficiently high intensity. Under normal illumination conditions, the wavelength interval that can be
perceived by humans is restricted between 400 and 700 nm. This concept is explained in figure 1.3, by
taking two different colors of food dyes as examples.

Figure
1.3: A

3

food dye will appear a particular color because it absorbs light whose color is complementary to the
food dye’s color (a) blue dye (b) red dye
Image Source: reference [5]
1.1.1

Electronic structure of pigments

Certainly, the color of a biological molecule is determined by its structure, particular electrons, its size,
solubility and elemental composition. Almost in all biological molecules, just four elements, H, C, N
and O predominate. Most of the pigmented molecules are relatively large and contain either N or O,
or often both. Among the more common pigmented compounds, molecular weights range from about
200 (anthraquinones), 300 (anthocyanidins), 400 (betalaines), 500 (carotenoids) to 800 (chlorophylls).
The electrons in the outer shells hold a finite number of electrons to occupy the least energy
demanding orbits and are in a resting state. When irradiated with sufficient amount of energy,
electrons will be raised to an exciting state. After the excitation or decay, the electrons will come back
to their resting state and so the energy will be released in a less energetic form commonly as heat, light
or shorter wavelengths. [6]

excited states

Figure 1.4: Absorption happens when incident light has enough energy to excite an electron from its
lowest energy. Emission also possible and release energy via heat, light.
Image Source: reference [7]
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The three electronic orbitals designated as d, p and n are participating in coloring of compounds. On
excitation, one or more electrons within these orbitals may be raised respectively to d* and p* orbitals.
Transitions from d to d*, which are characteristic of saturated hydrocarbons requires more energy than
that provided by the visible part of the spectrum and so appear colorless. Transitions from p to p* as
in unsaturated hydrocarbons are less energy demanding but the providing energy is beyond the visible
part of the spectrum. Transition from n to d* also appear in the visible range as pale yellow
compounds as seen in many fungal pigments. The least energy demanding is n to p* transitions
characteristic of unsaturated hydrocarbons with N or O substitutions provides the greatest range of
pigmented compounds. The expected color with this transition appears as red, blue and green.
1.2

COLORANTS AND THEIR CLASSIFICATION

Colorants are used in many industries – to color clothes, paints, plastics, photographs, prints, ceramics,
etc. Colorants are also now being used in novel applications and are termed as functional (high
technology) for special purposes, example in surgery. Colorants can be either dyes or pigments based
on their solubility in media [8].
Dyes are soluble colored organic compounds that usually forms a solution in water imply that do not
require any fixatives. They are usually added to textiles that are designed to bond strongly to the
polymer molecules that makes a textile fiber.
Pigments are insoluble organic compounds applied by dispersion in a suitable medium that requires a
fixative. They are used in paints, printing inks, ceramics, foods and plastics.
The colorants were classified based on four criteria and each are discussed in detail and defined as
follows
1.2.1. Based on Origin and legislation
Pigments can be classified based on their origin as natural, nature-identical, synthetic and inorganic
[9].
1.2.1.a.

Natural colorants are the pigments produced by living organisms such as plants,

animals, fungi and microorganisms. That includes colorants such as saffron, vegetable carbon,
paprika, anthocyanins, chlorophyll, etc.
1.2.1.b.

Nature-identical colorants are obtained through man made chemical synthesis,

replicates molecular structure to become identical to the natural derived coloring. Examples are β
carotene, β -Apo-8’ carotenal, canthaxanthin, riboflavin.
5

1.2.1.c.

Synthetic colorants are obtained by chemical synthesis and are not found in nature.

Chemically synthesized colors were easier to produce, less expensive, and superior in coloring
properties but has negative health hazards. Examples are carmoisine, tartrazine, sunset yellow, etc.
1.2.1.d.

Inorganic pigments can be obtained from various naturally mineral sources or minerals

and these minerals are mainly oxides, sulphides of one or more than one metals.
1.2.2. Based on the structure of chromophore
The colorants are sometimes classified according to the chemical structure of main chromophore.
In simple terms, it can be considered that the organic dye molecules contain three main components
such as chromogen, chromophore and auxochrome. The chromophore is a chemical group that is
responsible for the appearance of color in compounds (the chromogen) where it is located along with
auxochrome as a substituent group (figure 1.5). Unlike most organic compounds, colorants possess
color because they:
• absorb light in the visible spectrum (400–700 nm),
• have at least one chromophore (color-bearing group)
Conjugated systems forms the basis of chromophores and are found in organic pigments including
azo dyes, compounds in fruits and vegetables (carotenoids, anthocyanins, betalains, caramel) [10].

chromophore

N
N

chromogen
HO

Auxochrome

Figure 1.5: The components of 4-Hydroxyazobenzene pointing chromogen,
chromophore responsible for its yellow color
Image source: reference [11]
1.2.3. Based on application as food additives
A color additive is any dye, pigment or substance that can impart color when added or applied to a
food. All color additives permitted for use in foods are classified as "certifiable" or "exempt from
certification" by US FDA.
6

Certifiable color additives are man-made and sub divided as synthetic pigments and lakes, with each
batch being tested by the manufacturer and FDA. One example is FD&C Yellow No. 6, which is
used in cereals, bakery goods, snack foods and other foods [12].
Color additives that are exempt from certification include pigments derived from natural sources
such as vegetables, minerals or animals, and man-made counterparts of natural derivatives.
Examples include β carotene, annatto extract, titanium dioxide and so on. Certification exempt
color additives must comply with the identity and purity specifications and use limitations described
in their listing regulations. Most are straight colors but one exception is carmine which is derived
from an insect [13].
1.2.4. Based on structural characteristics of the natural pigments
Moreover, natural pigments derived from a variety of sources can also be classified based on their
structural characteristics and grouped into five important classes [14].
≈ Tetrapyrrole derivatives (chlorophylls and heme colours),
≈

Isoprenoid derivatives (carotenoids),

≈ N-heterocyclic compounds different from tetrapyrroles (purines, pterins, flavins, phenazines,
phenoxazines and betalains),
≈ Benzopyran derivatives (anthocyanins and other flavonoid pigments),
≈ Quinones (benzoquinone, naphthoquinone, anthraquinone),
≈
1.3

Melanins (Eumelanins, Allomelanins)
NATURAL AND SYNTHETIC COLORS: SPOTLIGHT

Recognizable though they may be, colorants from fruits and vegetables aren’t natural. That’s because
the Code of Federal Regulations (CFR) doesn’t classify colors as natural or artificial, but rather lists
them as either subject to certification or exempt from certification. Those that gets certified are the
synthetic azo dyes listed with their FD&C numbers in title 21, CFR, part 74. The fame carmine red
coming from the cochineal insect and the humble beet appear in the part 73 of CFR. Exempt
colorants cover the spectrum of red, yellow and orange used to add in foods and beverages. Red
hues from anthocyanins, tomato lycopene, carmine; colors in the yellow range are turmeric, carrot
and blend of turmeric with annatto; Orange hues are based on carotenoid pigments from paprika
and annatto [15]. Relatively, in European Union, the European Parliament and Council Directive
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94/36/EC that lays down detailed rules on colors and is given by E-numbers depending on the
category [16].
Ultimately, many consumers are concerned about the possible adverse health effects of artificial
colors (certified colors), even though a number of governmental agencies including FDA, have
confirmed their safety. The “Southampton six” study compelled the European Food safety Authority
(EFSA) to carry warning label on foods and beverages containing the suspect colors [17, 18]. These
colors include allura red AC (FD&C red 40), ponceau 4R, tartrazine (FD&C Yellow 5), sunset yellow
FCF/orange yellow S (FD&C Yellow 6), quinolone yellow and carmoisine. If any of these six colors
additives are used in a food or beverage for the European Union market, the warning “May have an
adverse effect on activity and attention in children” must be printed on the product label [19]. All the
six colors are linked to cause hyperactivity, few may bring on allergic reactions (tartrazine, allura red),
sunset yellow is linked to cause stomach upsets and swelling of skin.
Most of the food colors in use were initially evaluated and approved a long time ago. To bring
assessments up to date, the European Commission asked EFSA to re-evaluate, by 2020, all color
additives authorized before 20 January 2009, taking into account any new evidence. With the relevant
scientific studies as well as data on toxicity and human exposure, the re-evaluation of most food
colors was carried out and their safety was assessed by 2012. In light of new information, in 2012, the
European Commission lowered the ADI for three colors (E 104, E 110, E 124) in food uses.
Another significant impact was the market withdrawal of the color Red 2G (E 128) in 2007. EU
decision-makers agreed with EFSA that this color could not be regarded as safe for humans and it
was subsequently suspended from use in the EU [20].
1.3.1 A new day for naturals
In the past 20 years, exempt colors have gone through a lot of improvements in efficient extraction
technology, advances in stabilization, improved process development and availability in different user
friendly forms with wide ranges of shades. As an example, “A lot of pigments, especially the red ones
are water soluble by nature. It was therefore very difficult in the past to apply in the food products
where the water activity was very low. It was overcome by the dispersion of water soluble pigments in
an oil phase by using other ingredients”[21].
Obviously, there are several challenges when working with natural and synthetic colors in terms of
pH range, application base, and exposure to heat, light, temperature. Through extensive research and
testing, some natural colors have been developed which will replace the synthetic ones in food and
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beverage applications. The listed chart below (Table 1.1) shows few examples of synthetic colors that
are now available in natural form.

Table 1.1 Examples of synthetic colors in wide ranges which was replaceable by natural ones and
applications
Color

Application

E No

Synthetic color
used in the past
FD&C red n°4

Natural solution

Comments

Red

Beverages
(alcoholic and
non-alcoholic)

E129

Stabilized
anthocyanins

E102

FD&C yellow n°4
and E110 FD&C
yellow n°5

Carotenes –
β carotenes

The selection of
anthocyanins is an essential
parameter to ensure stability.
The addition of natural
antioxidants can help
Carotenoids cover yellow to
orange colors. Adding
ascorbic acid as an
antioxidant in the final
beverage as recommended.

Yellow

Beverages
(alcoholic and
non-alcoholic)

Red

Fruit
preparations

E129

FD&C red n°4

Chocolate

E129

FD&C red n°4
and E102 FD&C
yellow n°4

Mix of
anthocyanins
and paprika
extract
Paprika extract

Orange

Mixing natural pigments can
yield different colors
The color stability can be
improved with natural
antioxidant

Table source : [22]
1.4

MARKET WATCH: A RAINBOW OF POSSIBILITIES

In the current trend, market for natural colors has grown tremendously owing to the toxicity of
synthetic colors [23]. Consumers are looking for products made with more natural ingredients, and
colors are the top in hit lists on their ingredients concern [24]. Manufacturers are taking note to
increase adding natural counterparts as being preferred by consumers although market for synthetic
colors remains strong. The natural and synthetic colors market is projected to reach $2.3 billion by
2019, growing at a compound annual rate (CAGR) of 4.6 percent, according to a 2014
MarketsandMarkets report (figure 1.6). In terms of revenues, the global market for natural colors was
estimated to be worth approximately $0.7 billion in 2011 and is expected to reach $1.3 billion by 2017,
representing a CAGR of 10.4 percent from 2014 to 2017, MarketandMarkets reported [25].
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Figure 1.6: Food Colors Market Size, 2012-2019 ($Million)
Natural & Synthetic Food Color Market worth $2.3 Billion By 2019
e- estimated; p- projected (without values, full report is subjected to purchase only)
Source: Government Authorities, Related Associations/Institutes, Related Research Publication,
Government Publication, Company Press Release, Company Annual Report, Company Website,
Company Publication, and MarketsandMarkets Analysis [25]
Bottom-up and top-down approaches were used to derive the market value and volume of the food
colors market. The natural food color market will witness a major contribution from colors such as
yellow-orange-red and pink from carotenoids and anthocyanin [26]. Currently, North America is
dominating player in natural food colors market followed by Europe. Subsequently, the market of Asia
Pacific is projected to grow at a CAGR of 7.5% from 2015 to 2022 considering as the fastest growing
and most attractive market. This is because of increasing consumer preference towards natural
ingredients and rising disposable income, offer a high growth potential for the development of natural
food colors market in economies such as India, China, South Korea and Indonesia. Japan, China and
Australia are the largest market in APAC region and projected to witness highest growth rate. RoW
region is projected to grow at a moderate CAGR of 6.9% from 2015 to 2022 [27]. Figure 1.7
representing the growth of food colors market segmented by geographic locations and forecasted to the
period of 2019 without increasing values as the report was subjected to purchase only.

Economies

such as Brazil and Saudi Arabia offer huge untapped market opportunities.
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•
•
•
•

North America (U.S., Canada, and Mexico)
Europe (U.K., Germany, France, Italy, Spain)
Asia-Pacific (Japan, Indonesia, India, China, Australia-New Zealand)
Rest of the World (Latin America and the Middle East)

Figure 1.7: Market size of food colors, by geography, 2013 vs. 2019 ($million)
Image source: reference [27]
More specifically, the food additives market in the United States will reach $5.5 billion by 2018, with
natural colors driving the growth, according to the “Food Additives: The U.S. Market” report by
Packaged Facts, Rockville, Maryland. The major drivers of the market are increasing awareness
regarding the ill-effects of artificial food colors & flavors in food products and strict regulations
regarding the inclusion of synthetic colors & flavors. Despite at times, the major restraining factors
include lesser stability and higher cost as compared to artificial food colors and flavors [28].
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Figure 1.8: Natural Food Colors Market by Region & Value
Image Source: FMI analysis, 2016 [28]
1.5

NATURAL COLORS AND THEIR USE IN FOODS

Ever since pre historic times, natural food colors are extracted from traditional sources such as fruits,
vegetables, seeds and roots. Plant pigments, by virtue of their natural occurrence considered to be
harmless. Those colorants possess brilliant color ranges ex:

water soluble pigments such as

anthocyanins, betanins and fat soluble carotenoids and chlorophyll [29]. Other sources of colorants
include scale insects such as cochineal and lac, microorganisms such as cyanobacteria, filamentous
fungi and microalgae. The microbial production of colorants would have the advantage of producing
higher yields when compared to the plant cell growth rate [30].
1.5.1 Extraction and Formulation:
Generally water soluble pigments such as carminic acid and anthocyanins are extracted with simple
solvents such as alcohols and water whereas lipid soluble pigments like chlorophyll and carotenoids are
extracted with organic solvents. Particularly, lipid soluble pigments are extracted along with other
compounds such as triglycerides, wax, sterols, etc [31]. Nowadays, the extraction is carried out by
different techniques using solvents such as water, ethyl acetate, acetone, isopropanol, methanol,
ethanol and butanol. Besides the extraction steps, formulation is an essential process in which the
extracted colorant is mixed with other components to serve a number of purposes. This is a challenge
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for food processors or manufacturers to find additives that must withstand the rigors of processing,
storage period, pH of the finished product, stability under environmental conditions [32].
1.5.2 Plant pigments: improving applications
Throughout the years, ingredient suppliers developed naturally derived colorings from a variety of
sources that have improved stability under certain conditions in certain applications. For example, to
counter oxidation of annatto pigments, antioxidants can be added to the color formulation or food
application. Anthocyanins isolated from fruits and vegetables are sensitive to pH changes, heat, and
light, so they are acylated (adding an acyl group to a compound) to produce anthocyanins that are
more stable [33] . Other example is the coloring, which is lycopene containing Tomat-O-Red offered
in a ready to-use powder or liquid formulation and as an oleoresin. Light and oxygen affect lycopene
on its own. To counter this, the company Sensient has coated lycopene crystals in its ready-to-use
formulations to increase stability to light and oxygen and reduce the occurrence of color change during
processing. The oleoresin formulation is standardized to 8% lycopene and is used to color foods after
it is emulsified or solubilized to form a transparent micro-emulsion or an opaque emulsion. This is
principally used in confectionaries like panned sweets where other naturally derived colorings are
unable to provide a stable red color [34].
1.5.3 Discovering new alternatives: microbial pigments
In the last years, much focus is given to colors produced by microorganisms such as bacteria,
microalga, mainly from filamentous fungi. The production of pigments from microbes is closely
related to the bioprocess conditions with well-defined nutrient concentrations which were proved by
many literature studies [35-40]. For the industrial perspective, the colorants produced by
microorganisms are considered to be of great interest due to their production under controlled
conditions, regardless of external factors and supply of raw materials, also minimal batch to batch
variations [41]. Along with the pigment producing ability of microorganisms they often demonstrate
bioactive properties such as antimicrobial, antioxidant, and anticancer properties as noted in
carotenoids, melanins, flavins, quinones, monascines, violaceins, phycocyanins, and indigo [42-45].
Dharmaraj et al. (2009) found that Streptomyces strain (AQBWWS1) isolated from a marine sponge
and fermented under fluorescent white light produced carotenoid pigments that could be used as foodgrade pigments. The researchers say that the next step is to determine if the process can be scaled up
to mass produce the pigments [46]. While studying the antioxidant properties of a pigment found in
another marine creature, a microalga, Pouvreau et al. (2008) learned that the pigment, called
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marennine, had good light and heat stability and may show promise as a naturally derived, blue-green
coloring [47].
“The success of any pigment produced by fermentation depends upon its acceptability in the market,
regulatory approval, and the size of the capital investment required in bringing the product to market,”
report the researchers [48].
1.6 FORMULATING FOR A CLEAN LABEL
In today’s market, consumers are highly aiming for products that offer recognizable ingredients. In
case of foods and beverages, color has always played a key role in creating identity and value. The term
clean label provides access to information with product labelling, ingredient statement and front of
pack claims. When formulating a product to achieve a clean label, it is important to consider the
regulations of the country where that product will be sold.
Any color additive added to food in the USA must be approved by US FDA (Food and Drug
Administration) and EFSA (European Food Safety Authority) in the European Union. The permitted
color additives are of two categories and listed in 21 Code of Federal Regulations (21CFR) Parts 73- 82
(Table 1.2). They are commonly referred as natural or exempt from certification colors and
certified/synthetic or FD&C colors. Whereas in European Union, it uses E numbers representing
codes for chemicals which can be used as food additives. The policy and quality approach in the US
and Europe are dramatically different [49]. For example, in the US, both carmine and β carotene need
only be listed by name but in the EU, these require E numbers to mention. On the other hand, colors
made from edible fruits and vegetables provide global regulatory acceptance and consistent
opportunities for a clean label. A color made form pumpkin may be labelled “vegetable juice in the
United States” and “pumpkin concentrate in the European Union” which mentions the color as
natural to the end consumer [50].
Table 1.2: Summary of Color Additives approved for Use in the United States added to foods Part 73
Color additives

Color

EEC#

Orange

US CFR
No
§73.30

Annatto extract
Canthaxanthin

Violet

Caramel

Brown

(1)

Carrot oil

Uses and Restrictions

E160b

Year
Approved
1963

§73.75

E161g

1969

§73.85

E150a-d

1963

Foods generally, NTE 30
mg/lb of solid or semisolid
food or per pint of liquid
food; May also be used in
broiler chicken feed.
Foods generally

§73.300

----

1967

Foods generally

Foods generally
(2)
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Cochineal extract

Dehydrated beets
(beet powder)
Fruit juice

Crimson

Red

(1)

Grape color
extract
(1)

Grape skin extract
(enocianina)

pH dependent
(Red, green and
purple ranges)
pH dependent
(Red, green and
purple ranges)

§73.100

E120

1969

Foods generally

2009

§73.40

E162

1967

Food label must use
common or usual name
"cochineal extract"; effective
January 5, 2011
Foods generally

§73.250

----

1966

Foods generally

1995

Dried color additive

§73.169

E163?

1981

Non beverage food.

§73.170

E163?

1966

§73.350

----

Paprika

Red

§73.340

E160c

1966

Still & carbonated drinks &
ades; beverage bases;
alcoholic beverages (restrict.
27 CFR Parts 4 & 5).
Cereals, confections and
frostings, gelatin desserts,
hard and soft candies
(including lozenges),
nutritional supplement
tablets and gelatin capsules,
and chewing gum.
Distilled spirits containing
not less than 18 % and not
more than 23 % alcohol by
volume but not including
distilled spirits mixtures
containing more than 5 %
wine on a proof gallon basis.
Cordials, liqueurs, flavored
alcoholic malt beverages,
wine coolers, cocktails,
nonalcoholic cocktail mixers
and mixes and in egg
decorating kits.
Foods generally

Paprika oleoresin

Red

§73.345

E160c

1966

Foods generally

Riboflavin

Yellow orange

§73.450

E101

1967

Foods generally

Saffron

Yellow-orangered
Green

§73.500

E164

1966

Foods generally

§73.125

E141

2002

Citrus-based dry beverage
mixes NTE 0.2 % in dry
mix; extracted from alfalfa.
Candy and chewing gum.

2006
Mica-based
pearlescent
pigments
2013

2015

Sodium copper
chlorophyllin
(1)

(2)

§73.530
Spirulina extract

----

2013
2014

Coloring confections
(including candy and
chewing gum), frostings, ice
cream and frozen desserts,
dessert coatings and
toppings, beverage mixes
and powders, yogurts,
custards, puddings, cottage
cheese, gelatin,
breadcrumbs, and ready-toeat cereals (excluding
extruded cereals).
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Synthetic iron
oxide

Brown

§73.200

E172

1994

§73.575

E171

1966

§73.140

----

1964

Sausage casings NTE 0.1
% by weight.
Hard and soft candy, mints
and chewing gum.
For allowed human food
uses, reduce lead from ≤ 20
ppm to ≤ 5 ppm.
Foods generally; NTE 1 %
by weight
Foods generally

(1)

2015
2015
Titanium dioxide

White

(2)

(2)

Toasted partially
defatted cooked
cottonseed flour
Tomato lycopene
extract; tomato
lycopene
concentrate
Turmeric

Bright to deep
red

§73.585

E160e

2006

Foods generally

Yellow orange

§73.600

E100

1966

Foods generally

Turmeric oleoresin

Yellow orange

§73.615

E100

1966

Foods generally

----

1966

Foods generally

1995

Dried color additive, water
infusion.
Foods generally, NTE : 15
mg/lb solid, 15 mg/pt liquid.
Foods generally

(1)

Vegetable juice

β-Apo-8'-carotenal
β-Carotene

§73.260

(1)

Yellow-orange to
brown
Yellow-orange to
brown

§73.90

E160e

1963

§73.95

E160a

1964

(2)

Table source: FDA/For Industry/Color Additives [51]
(1)
(2)

- Petitioned for use after the 1960 amendments; not provisionally listed.
- NTE – Not To Exceed

BACK TO NATURE: A ROAD TO THE FUTURE?
The range of natural colorants currently used in the food industry appears narrow worldwide with
some limitations such as instability to light, heat or adverse effects, relying on large scale cultivation for
colorants from plant sources. In this kind of situation, to replace conventional plant growing
techniques, some experts promoted plant cell and tissue cultures. However, the plant cell growth is
rather slow when compared to microbial growth. Also, for the sole purpose of pigment production, it is
doubtful to use such techniques though it is of huge economic investment [30]. Microbes, particularly
filamentous fungi from non- conventional sources seems to be more promising producers of
biosynthesized pigments because of their chemical and color versatility, easier large scale controlled
cultivation and produced compounds with bioactivities.
This thesis is mainly focused on the fermentation, optimization, extraction and identification of red
pigments produced by the filamentous fungus Talaromyces albobiverticillius 30548, a new strain
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isolated from the marine environment of La Réunion Island, Indian Ocean area which has not been
previously studied.

References
1.

Chaitanya Lakshmi, G., Food coloring: the natural way. Res J Chem Sci, 2014. 2231(8): p.
606X.

2.

Chengaiah, B., et al., Medicinal importance of Natural dyes-a review.

3.

Spence, C., et al., Does Food Color Influence Taste and Flavor Perception in Humans?
Chemosensory Perception, 2010. 3(1): p. 68-84.

4.

Silberberg, M., Principles of General Chemistry: Third Edition. 2012: McGraw-Hill Higher
Education.

5.

Rohrig, B., Eating with Your Eyes: The Chemistry of Food Colorings. Issues, 2015. 2015: p.
2016.

6.

Hendry, G.A.F. and J.D. Houghton, Natural Food Colorants. 1996: Springer US.

7.

2015; Available from: http://scienceline.ucsb.edu/getkey.php?key=5276.

8.

Gürses, A., et al., Classification of Dye and Pigments, in Dyes and Pigments. 2016, Springer
International Publishing: Cham. p. 31-45.

9.

Stewart, G.F., et al., Carotenoids as Colorants and Vitamin A Precursors: Technological and
Nutritional Applications. 2012: Elsevier Science.

10.

Gürses, A., et al., Dyes and Pigments: Their Structure and Properties, in Dyes and
Pigments. 2016, Springer International Publishing: Cham. p. 13-29.

11.

Kojima, M., et al., Effect of solvent on cis‐ to‐ trans isomerization of 4‐ hydroxyazobenzene
aggregated through intermolecular hydrogen bonds. Journal of physical organic chemistry,
2005. 18(10): p. 994-1000.

12.

Food, U. and D. Administration, Listing of color additives subject to certification. Code of
Federal Regulations. Rockville: US FDA, 1995. 21.

13.

Food, U. and D. Administration, Listing of color additives exempt from certification. 2013,
Title.

14.

Delgado-Vargas, F., A.R. Jimenez, and O. Paredes-Lopez, Natural pigments: carotenoids,
anthocyanins, and betalains--characteristics, biosynthesis, processing, and stability. Crit
Rev Food Sci Nutr, 2000. 40(3): p. 173-289.

15.

Nachay, K., A new color palette emerges. Food Technology (Chicago), 2009. 63(4).

16.

Food Additives Legislation Guidance to Compliance, F.S. Agency, Editor. 2015: UK.

17

17.

Cheeseman, M.A., Artificial Food Color Additives and Child Behavior. Environmental
Health Perspectives, 2012. 120(1): p. a15-a16.

18.

European Food Safety, A., Assessment of the results of the study by McCann et al. (2007) on
the effect of some colours and sodium benzoate on children's behaviour - Scientific Opinion
of the Panel on Food Additives, Flavourings, Processing Aids and Food Contact Materials
(AFC). EFSA Journal, 2008. 6(3): p. n/a-n/a.

19.

Newsome, K., Formulating for a Clean Label: , in Food Product Design. September 2013,
Informa Exhibitions LLC. p. 4-9.

20.

Re-evaluation of food colours: EFSA completes major programme. 2016, Food ingredients
and packaging: European Food Safety Authority.

21.

Decker, K.J., Survival guide:Colors in Food Product Design. March 2014, Virgo publishing
California Davis p. 6-12.

22.

Brousse, M., Shifting From Synthetic to Natural Colors - Global Growing Pains in Food
Product Design September 2013, Informa Exhibitions LLC. p. 10-13.

23.

Kunkel, K., Market Watch:Colors, in Food Product Design. 2014, Virgo publishing. p. 2-17.

24.

Bringmann, G., et al., Large-Scale Biotechnological Production of the Antileukemic Marine
Natural Product Sorbicillactone A. Marine Drugs, 2007. 5(2): p. 23-30.

25.

Chintapenta, L.K., et al., Culture conditions for growth and pigment production of a
mangrove penicillium species. Journal of Multidisciplinary Scientific Research, 2014. 2(3):
p. 01-05.

26.

Spirulina's future as a natural food colorant in Algaeindustry Magazine. 2015.

27.

Natural Food Colors Market By Product Type (Natural Food Colors, Carotenoids,
Anthocyanin, Chlorophyll, Spirulina Extract, Annatto, Curcumin, Paprika), By Application
(Food & Beverages, Pet Food, Carbonated Soft Drinks & Non-Alcoholic Beverages,
Alcoholic Beverages) - Growth, Share, Opportunities & Competitive Analysis, 2015 - 2022.
2016;

Available

from:

http://www.credenceresearch.com/report/natural-food-colors-

market.
28.

Natural Food Colours Market: Demand for Clean Label Products Growing: Global
Industry Analysis and Opportunity Assessment, 2016-2026. 2016
09/08/2016];

Available

from:

[cited 2016

http://www.futuremarketinsights.com/reports/global-

natural-food-colours-market.
29.

Madhava Naidu, M. and H. Sowbhagya, Technological Advances in Food Colours. Chemical
Industry Digest, 2012: p. 79-88.

30.

Wissgott, U. and K. Bortlik, Prospects for new natural food colorants. Trends in Food
Science & Technology, 1996. 7(9): p. 298-302.

31.

Mortensen, A., Carotenoids and other pigments as natural colorants. Pure and Applied
Chemistry, 2006. 78(8): p. 1477-1491.
18

32.

Downham, A. and P. Collins, Colouring our foods in the last and next millennium.
International Journal of Food Science & Technology, 2000. 35(1): p. 5-22.

33.

Emerton, V., Food Colours. 2008: Wiley.

34.

Nachay, K. <0409feat_NewColor.pdf>.

35.

Velmurugan, P., et al., Effect of light on growth, intracellular and extracellular pigment
production by five pigment-producing filamentous fungi in synthetic medium. J Biosci
Bioeng, 2010. 109(4): p. 346-50.

36.

Hailei, W., et al., Overproduction of a potential red pigment by a specific selfimmobilization biomembrane-surface liquid culture of Penicillium novae-zeelandiae.
Bioprocess Biosyst Eng, 2012. 35(8): p. 1407-16.

37.

Hu, Z., et al., Perstraction of intracellular pigments by submerged cultivation of Monascus
in nonionic surfactant micelle aqueous solution. Appl Microbiol Biotechnol, 2012. 94(1): p.
81-9.

38.

Arai, T., et al., Importance of the ammonia assimilation by Penicillium purpurogenum in
amino derivative Monascus pigment, PP-V, production. AMB Express, 2013. 3(1): p. 1-7.

39.

Santos-Ebinuma, V.C., et al., Improvement of submerged culture conditions to produce
colorants by Penicillium purpurogenum. Braz J Microbiol, 2014. 45(2): p. 731-42.

40.

Santos-Ebinuma, V.C., et al., Improving of red colorants production by a new Penicillium
purpurogenum strain in submerged culture and the effect of different parameters in their
stability. Biotechnol Prog, 2013. 29(3): p. 778-85.

41.

Mapari, S.A., U. Thrane, and A.S. Meyer, Fungal polyketide azaphilone pigments as future
natural food colorants? Trends in biotechnology, 2010. 28(6): p. 300-307.

42.

Mapari, S.A., A.S. Meyer, and U. Thrane, Photostability of natural orange-red and yellow
fungal pigments in liquid food model systems. J Agric Food Chem, 2009. 57(14): p. 6253-61.

43.

Pangestuti, R. and S.-K. Kim, Biological activities and health benefit effects of natural
pigments derived from marine algae. Journal of Functional Foods, 2011. 3(4): p. 255-266.

44.

Teixeira, M.F., et al., Amazonian biodiversity: pigments from Aspergillus and Penicillium–
characterizations, antibacterial activities and their toxicities. Curr Trends Biotechnol
Pharm, 2012. 6: p. 300-311.

45.

Tuli, H.S., et al., Microbial pigments as natural color sources: current trends and future
perspectives. Journal of Food Science and Technology, 2015. 52(8): p. 4669-4678.

46.

Dharmaraj, S., B. Ashokkumar, and K. Dhevendaran, Food-grade pigments from
Streptomyces sp. isolated from the marine sponge Callyspongia diffusa. Food Research
International, 2009. 42(4): p. 487-492.

47.

Pouvreau, J.B., et al., Antioxidant and free radical scavenging properties of marennine, a
blue-green polyphenolic pigment from the diatom Haslea ostrearia (Gaillon/Bory)

19

Simonsen responsible for the natural greening of cultured oysters. J Agric Food Chem,
2008. 56(15): p. 6278-86.
48.

Dufossé, L., Microbial production of food grade pigments. Food technology and
Biotechnology, 2006. 44(3): p. 313-323.

49.

Grossman,

E.

BANNED

IN

EUROPE,

SAFE

IN

THE

US.

2014;

Available

from: http://ensia.com/features/banned-in-europe-safe-in-the-u-s/.
50.

Newsome, K., Natural colors in Food Product Design 2013, Informa Exhibitions LLC
Arizona, US state p. 4-9.

51.

Clipson, N. and P. Hooley, Salt tolerance strategies in marine fungi. Mycologist, 1995. 9(1):
p. 3-5.

20

CHAPTER 2
MICROBIAL PIGMENTS: STATE-OF-THE ART
2.1

Microbial Pigments:

Nature is rich in colors and color is normally present in plants, minerals, microbes. In foods, colors
serves as the primary identification and indicates its freshness, safety, aesthetic and sensorial values [1].
Currently, the vast majority of food colorants permitted in the European Union and the United States
are derived from plant sources which has several limitations such as dependence of raw materials,
influenced by agro climatic conditions, notably batch to batch variations. These drawbacks could be
easily tackled by using synthetic pigments, such as azo dyes and its derivatives. Synthetic pigments are
cheaper to produce, offers a vast range of new colors, brighter than natural ones. However, in the last
few decades, there has been an increasing trend towards replacement of synthetic colorants with
natural pigments because of the strong consumer demand for more natural products. Most of the
synthetic pigments cause considerably environmental pollution and adverse toxicological side effects.
Also, the controversy of synthetic dyes was amplified in 2007 with the Southampton study linking
hyperactivity in young children consuming mixtures of some artificial food colors [2].
Though many natural colors are available, microbial colorants play a significant role as food coloring
agent, because of their production and easy down streaming process. Industrial production of natural
food colorants by microbial fermentation has several advantages such as massive production, easier
extraction, higher yields through strain improvement, no lack of raw materials and no seasonal
variations [3]. Microorganisms could be made to produce colorants in high yield by inserting genes
coding for the colorant, even colorants not naturally produced by microorganisms could be made in
this way [4]. Colorants made in this way will probably face some hurdles, at least in Europe where
genetically modified food is generally viewed with a large degree of skepticism by the consumers.
These pigments are looked upon for their safe use as natural food colorants and will not only benefit
human health but also preserve the biodiversity, as harmful chemicals released into the environment
while producing synthetic colorants could be stopped [5].

2.1.1 Generalities
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2.1.1.a

Bacterial pigments

Pigments produced by bacteria are of great interest and intensively studied in the present because of its
potential for applications in food, feed, textile and pharmaceutical industries [6-8]. The pigmented
bacteria can be sourced from various environmental sources which can be cultured and purified. The
pigments produced by bacteria can be separated using solvent extraction in a relatively pure and
concentrated form to further characterized using various instrumental and analytical techniques such as
TLC, UV-Vis, FTIR, ESI-MS, NMR, HPLC and Gel Permeation Chromatography [9]. Bacteria
produce different molecules such as carotenoids, melanins, flavins, phenazines, quinones,
bacteriochlorophylls, more specifically monascins, violacein or indigo with distinct colors and are used
as color additives or as supplements [10, 11].
Among carotenoids, specifically astaxanthin (pink) produced by bacteria such as Agrobacterium

aurantiacum, Paracoccus carotinifaciens or Halobacterium salinarum [12]. To overcome high
commercial price of astaxanthin and to improve the production, metabolic engineering of bacteria
(Escherichia coli) recently allowed production of astaxanthin at >90% of the total carotenoids,
providing the first engineered production system capable of efficient astaxanthin production
[13]. Considering ketocarotenoid, canthaxanthin (violet) was mainly known from Bradyrhizobium sp
and a gram-positive bacterial strain Gordonia jacobea (CECT 5282). To improve the production of
canthaxanthin in an industrial scale, a hyper pigment mutant (MV-26) was isolated after several rounds
of mutation. It produced six times more canthaxanthin (1-13.4 mg/L) than the wild type strain by
varying the culture medium. In industrial scale, production of zeaxanthin (orange) was noted in

Flavobacterium multivorum by utilizing the alternative deoxyxylulose (DXP) pathway [14].
2.1.1.b

Algal pigments

Among microalgae, efficient production of carotenoids such as β-carotene using Dunaliella and
astaxanthin using Haematococcus was observed [15]. Regarding phycobiliproteins, the red microalgae

Porphyridium yields approximately 200 mg of colorant/L of culture after 3 days and concentration up
to 30% under optimal conditions along with the co-production of zeaxanthin [16]. Relating to blue
colored phycocyanin, yields from the algal extract of Porphyridium aerugineum reached up to 60% of
the dry matter and the quantity required for coloring was 140 – 180 mg of color/kg of blue food or
drink [17]. Along with that, phycocyanin has been recently reported to exhibit antioxidant, antiinflammatory, neuroprotective and hepatoprotective effects by experimental studies [18].

2.1.1.c

Fungal pigments
22

Filamentous fungi are currently playing a crucial role in the production of food grade pigments and
gaining attention for their remarkable color range, chemical profile and easy large scale cultivation [19].
Besides food applications, colors extracted from mushrooms and lichens has a long history which was
apparently first used for textile dyeing [20]. The pigment produced by fungi generally falls under two
classes, carotenoids and polyketides.
In textile dyeing, red anthraquinones from Fusarium oxysporum and Dermocybe sanguinea, as well as
yellow pigments from Trichoderma viride and Fusarium oxysporum, green tints from Bankera

violascens, melanin pigments from Curvularia lunata were exhibited as potential dye on cellulosic, wool
and silk fibers with good colorfastness and rub fastness [21, 22]. Howbeit, food colorants from
ascomycetes fungi have known to be produced using biotechnological approach in a relatively easier
way massed with high yield. The yellow food colorant, riboflavin (vitamin B2) can be synthesized in
large amounts by the fungi Ashbya gossypii and Eremothecium ashbyii [23-25].
Carotenoids such as β-carotene and lycopene are functional pigments and having a successful market
for industrial production. The main organism used for β-carotene production is the fungi Blakeslea

trispora by co fermentation of two type strains (+) and (-) [25]. The ingredients company, DSM (The
Netherlands) was the first to produce β-carotene in 2000 and today other companies are producing in
Russia, Ukraine and Spain (Leon) [26]. Concerning polyketide azaphilone pigments, various strains of

Monascus spp. produces three main types of color compounds (yellow, orange and red) counting up to
63 compounds and few with bioactivities [27]. So far, more than fifty Monascus species have been
isolated, identified and serves as a colorant in processed meats, marine products like surimi, fish paste
and tomato ketchup [28, 29]. Over the past few years, it was identified that several species of

Penicillium and Talaromyces produces Monascus like red pigments without the co- production of
mycotoxin citrinin but it is produced in case of Monascus spp. [30].
Polyketide anthraquinone pigments belong to quinone family and some of their derivatives also exhibit
coloring properties. A lot of strains belonging to the genus Fusarium, Curvularia, Drechslera,

Cordyceps, Paecilomyces spp seem to produce pigmented anthraquinones [31]. Arpink red™, now
called Natural red ™ was the first fungal anthraquinoid food colorant manufactured by Ascolor
Biotech s.r.o located in Czech Republic and got temporary approval to use as a food additive in 2004
inside the country. The colorant was produced using the strain Penicillium oxalicum var. Armeniaca
CCM8242, sourced from soil by the fermentative and bioprocessing approach [29, 32]. In 2009, a new
patent was filed by the Czech company Biomedical s.r.o., using the genetically modified strain (sitedirected mutagenesis applied to former strain) Penicillium oxalicum var. Armeniaca CCM 8374
producing an exogenous red pigment of anthraquinone type with improved production of pigment up
to 5-10g/L [33].
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Table 1: Various shades of pigments produced by different microorganisms, their bioactivities and
regulatory status in the market.

S.No

Pigment

Color

Microorganism

Bioactivities

Status

References

Bacteria
1

Astaxanthin

Pink-red

Agrobacterium

Antioxidant,

aurantiacum*

photoprotectant,

RP

[34]

RP

[29, 35-37]

DS

[38, 39]

DS

[40, 41]

Anti-cancer, Antiinflammatory
2

Canthaxanthin

Orange

Bradyrhizobium Spp.*

Antioxidant, Anticancer

3
4

Cycloprodigiosin
Granadaene

Red
Orange-

Pseudoalteromonas

Anti-plasmodial, Anti-

denitrificans

cancer

Streptococcus agalactiae

Antioxidant, detoxify

red

ROS

5

Heptyl prodigiosin

Red

α Proteobacteria

Anti-plasmodial

DS

[42]

6

Indigoidine

Blue

Corynebacterium

Anti-microbial,

DS

[43, 44]

insidiosum

Phaeobacter sp

Serratia marcescens,

Anti-cancer, DNA

IP

[45-48]

Pseudoalteromonas rubra

Cleavage,
IP

[49]

DS

[50, 51]

-

[52]

-

[53-55]

-

-

[56]

Anti-bacterial, anti-

-

[53, 54, 57,

7

Prodigiosin

Red

Immunosuppressant
8

Pyocyanin

Blue,

Pseudomonas Spp.*

green

Cytotoxicity,
Neutrophil apoptosis,
Ciliary dysmotility,
Pro-inflammatory

9

Streptomyces

Rubrolone

echinoruber**
10

Cyanobacteria

Scytonemin

Anti-inflammatory,
Anti-proliferative

11

Staphyloxanthin

Golden

Staphylococcus aureus

Antioxidant, detoxify
ROS

12

Cytophaga/Flexibacteria

Tryptanthrin

AM13, 1Strain
13

Undecylprodigiosin

Red

Streptomyces spp

oxidative, UV-

58]

protective, Anticancer
14

Violacein

Purple

Janthinobacterium

Antioxidant, detoxify

[59-61]
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lividum,

ROS

Pseudoalteromonas
tunicate,
Pseudoalteromonas spp,
Chromobacterium
violaceum
15

Xanthomonadin

Yellow

Xanthomonas oryzae

protection against

-

[62]

DS

[63]

photodamage
16

Zeaxanthin

Yellow

Staphylococcus aureus,

-

Flavobacterium spp.**,
Paracoccus
zeaxanthinifaciens,
Sphingobacterium
multivorum

Fungi
17

Ankaflavin

Yellow

Monascus spp.*

Anti-tumor, Anti-

IP

[64]

IP

[9, 65, 66]

-

[36, 37, 67, 68]

RP/DS

[69, 70]

IP

[71]

RP

[72-74]

IP

[75-77]

inflammatory
18

Anthraquinone

Red

Penicillium oxalicum*

Anti-fungal,
virucidal

19

Canthaxanthin

Orange,

Monascus roseus

Pink
20

Lycopene

Red

Antioxidant, Anticancer

Fusarium

Antioxidant, Anti-

Sporotrichioides*,

cancer

Blakeslea trispora*
21

Monascorubramin

Red

Monascus spp.*

Anti-micrbial, Anticancer

22

23

Naphthoquinone

Riboflavin

Deep

Cordyceps unilateralis*

Anticancer, Anti-

blood

bacterial,

red

Trypanocidal

Yellow

Ashbya gossypi*

Anti-cancer, antioxidant, protection
against
cardiovascular
diseases, in vision

24

Rubropunctatin

Orange

Monascus spp.*

Anti-cancer

IP

[78, 79]

25

β-carotene

Yellow-

Blakeslea trispora*,

Anti-cancer,

IP

[68, 80-83]

orange

Fusarium

Antioxidant,

sporotrichioides,

suppression of

Mucor circinelloides,

cholesterol synthesis

25

Neurospora crassa,
Phycomyces
blakesleeanus

Algae
26

Astaxanthin

Red

Haematococcus pluvialis

Antioxidant,

-

[80, 84]

-

[85-87]

DS

[88-90]

-

-

[91]

Antioxidant, Anti-

-

[92, 93]

-

[29, 35-37]

-

[41, 94]

photoprotectant,
Anti-cancer, Antiinflammatory
27

ß-carotene

Orange

Dunaliella salina

Anti-cancer,
Antioxidant,
suppression of
cholesterol synthesis

Yeast
28

Astaxanthin

Red,

Phaffia rhodozyma*,

Antioxidant,

Pink-red

Xanthophyllomyces

photoprotectant,

dendrorhous*

Anti-cancer, Antiinflammatory

29

Melanin

Black

Saccharomyces
neoformans

30

Torularhodin

Orange-

Rhodotorula spp.

red

microbial

Archea
31

Canthaxanthin

Orange

Haloferax alexandrines

Antioxidant, Anticancer

Protozoan
32

Hemozoin

Brown–

Plasmodium spp.

-

black

DS – Development Stage, IP – Industrial Production, RP – Research Project
Table source: according to reference [29, 95]
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2.2

BOOK CHAPTER

Pigments and Colorants from Filamentous Fungi:
Fungal metabolites
This book chapter deals with the pigment producing fungal species of different families as well as the
pigments from marine- derived fungi. Also explains the biosynthetic pathway of pigment production
and this forms a part of this chapter
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2.3. Penicillium/ Talaromyces Pigments
2.3.1. Overview on the Genera

Penicillium (anamorphic) and Talaromyces (teleomorphic) are ascomycetes fungi, ubiquitous in
nature, mostly found in soil, rotten fruits, vegetables, meat, many other moist and dead organic
matters. The genus Penicillium and Talaromyces belongs phylogenetically to Trichocomaceae [96,
97]. The Trichocomaceae comprise a relatively large family of fungi having both positive and negative
impacts on human health. Some species of Trichomaceae are associated with food spoilage and
mycotoxin production while other species are opportunistic pathogens exploited in biotechnology for
the production of enzymes, antibiotics and other bioactive metabolites [98]. Amongst all the extrolites
produced by Penicillium (1338) and Talaromyces (316), it has been mainly noted for its potentially of
producing natural pigments, which could find extensive use in industrial applications [99]. These
genera produce different shades of pigments ranging from yellow, red, orange to reddish-brown. The
hues produced by the fungi predominately depend on environmental variables mainly pH,
temperature and also regulated by nutrient sources of the culture medium such as carbon, nitrogen
sources and addition of trace elements [100].
Strains

such

as

P.

simplicissimum

DPUA

1379,

P.

melinii

DPUA-1391,

and

P. atrovenetum isolated from Amazon forest produced yellow pigment with antibiotic activity and it
was found that yellow is the chief most pigment produced by most of the Penicillium strains [101].
Several species of Penicillium such as P. purpurogenum, P. aculeatum, P. marneffei and P.

funiculosum have been reported as novel producers of Monascus-like azaphilone pigments [102].
Monascus pigments belong to polyketide class of azaphilone group produce three types of color
components: yellow monascin and ankaflavin; the orange monascorubrin and rubropunctatin and the
red monascorubramine and rubropunctamine [103, 104]. So far, the isolated pigments of Monascus
exhibits potential anti-tumor [105, 106] anti-diabetic, anti-oxidative stress [107], anti-inflammatory [106,
108] anti-cancer activities [109]but the disadvantage being the production of unwanted mycotoxin
named citrinin presents a disadvantage of using Monascus mycelia and pigments as food colorant
[110]. In contrast to Monascus species, some Penicillium strains such as P. purpurogenum, P.

aculeatum, P. funiculosum, and P. pinophilum were identified as potential pigment producers that
produced Monascus-like pigments but no known mycotoxins [111].
The Penicillium strains may also be pigmented by anthraquinones. Two bioactive bis-anthraquinones
(rugulosin and skyrin) were identified as the main products in a strain of Penicillium chrysogenum
isolated from a saline lake [112]. Similarly, seven pigmented anthraquinones were isolated from the
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marine derived fungus P. oxalicum 2-HL-M-6 as reported by Wang et al, 2014. [113]. Commercially,
Arpink red™ (now Natural Red™) was the first fungal red pigment manufactured by ASCOLOR
BIOTECH s.r.o., received temporary approval in 2004 to use as food additive, exclusively in the
Czech Republic [29]. This anthraquinoid type red colorant is an extracellular metabolite obtained by
fermentation along with bioprocessing approach from the strain Penicillium oxalicum var. Armeniaca
CCM 8242, obtained from soil as source. The fungus produces pigment upto 2g/L in the culture
medium (MW: 550, C 25 H 26 O 14 ) providing raspberry red color in an aqueous solution [114]
2.3.2. Talaromyces albobiverticillius : Red Pigment Producer

Talaromyces is the teleomorph genera historically associated with Penicillium sensu lato [98]. Long ago
in 1949, Raper & Thom recognised that there was considerable evidence that Penicillium subgenus

Biverticillium constituted a natural and homogenous group. To delimit phylogenetic species in a
complex, RPB1, RPB2, β-tubulin and calmodulin sequences were used whereas ITS barcodes were
used to show the relationships among the species [115]. Some species of Talaromyces secrete large
amounts of red pigments, notably species such as Talaromyces purpurogenus, T. albobiverticillius,

T. marneffei, and T. minioluteus often under earlier Penicillium names. Isolates identified as T.
purpurogenus have been reported to be interesting industrially and they can produce extracellular
enzymes and red pigments, but they can also produce mycotoxins such as rubratoxin a and b and
luteoskyrin. In a study by Frisvad et al. in 2013, they isolated a novel type strain Talaromyces

atroroseus CBS 133442 which produces diffusible red pigments without any mycotoxin production.
Certain strains of Talaromyces albobiverticillius were studied and proposed to produce large amount
of red pigments thus can be used for coloring foods (Table 2)[30].
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Talaromyces albobiverticillius
Collection No

Source of isolation

Extrolites found

CBS 113168

Sputum of patient male,

mitorubrin, mitorubrinic acid, monascorubramine, PP-R,

Copenhagen

rubropunctatin,vermicellin

Vitis vinifera fruit, South

mitorubrin, monascorubramine, monascorubrin,

Africa

rubropunctatin

Punica granata, imported

mitorubrinic acid, monascorubramine, a purpactin

CBS 313.63
IBT 4466

to Denmark
CBS 113167

Unknown

mitorubrin, mitorubrinic acid, monascorubrin,
a purpactin

CBS 133444

Punica granata,

mitorubrin, mitorubrinic acid, mitorubrinol

Unknown
CBS 133452

Cotton duck, Panama

mitorubrin, mitorubrinic acid, monascorubramine,
rubropunctatin

CBS 133441

Decaying leaves of a

mitorubrin, mitorubrinic acid, monascin, monascorubramine,

broad leaved tree,

rubropunctatin, vermicellin

Taiwan

Table 2: Extrolites produced by different strains of Talaromyces albobiverticillius detected by HPLC
and/or UHPLC-HRMS
Table Source: [30]
2.4.

FUNGAL POLYKETIDE PIGMENTS:

Polyketides are naturally occurring compounds, formed from the condensation of monomers acyl
CoA (acetyl-CoA or propionyl-CoA, for example) with malonyl-CoA and methylmalonyl-CoA units,
decarboxylation is carried out in parallel to this reaction. Polyketides owe their name to the
condensation of primary products bearing β-keto functional groups. They are classified based on the
number of carbon units that contribute to the polyketide chain and the type suffered by the cyclization
precursor. Certain pigments are part of the family of polyketides, particularly pigments of fungal origin
[116]. These pigments consist of 4 to 8 dicarbon units contributing to the polyketide chain. The
classes of the most representative polyketide pigments are: anthraquinone, hydroxyanthraquinones,
naphthoquinones and azaphilone polyketides. Each pigment class presents a range of different colors
(Figure 1).
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Figure 1: Some exemplary structures of fungal polyketide pigments and their color ranges
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2.4.1. Azaphilones
Azaphilones can be deﬁned as a structurally diverse class of fungal secondary metabolites (polyketide
derivatives), namely pigments with pyrone-quinone structures containing a highly oxygenated bicyclic
core and a chiral quaternary center [2, 3, 4]. Note that both a pyronequinone structure and a chiral
quaternary centre are essential for structures to be classiﬁed as azaphilones. This class of molecules is
characterized by a wide range of biosynthetic modifications of the bicyclic ring system, including
oxidation of the 4H-pyran ring (cf. 2 and 3), annulation, (cf. 4), and halogenation. These molecules
exhibit a wide range of biological activities, including sphingosine kinase, fatty acid synthase, gp120CD4, Grb2-SH2, telomerase, p53-MDM2 interaction, and HIV REV/RRE binding inhibition. The
biosynthesis of azaphilones uses both the polyketide pathway and the fatty acid synthesis pathway.

2.4.2. Anthraquinones
Anthraquinones also called anthracenedione or dioxoanthracene, an important members of quinone
family constitute a large structural variety of compounds that belongs to the polyketide group [117].
Anthraquinones are structurally built from an anthracene ring with a keto group on position 9 ,10 as
basic core and different functional groups such as -OH, -CH 3 , -OCH 3 , -CH 2 OH, -CHO, -COOH, etc.
substituted at various positions represented in figure 1 [118]. Anthraquinones and their derivatives,
produced as secondary metabolites in plants, lichens, insects and higher filamentous fungi which occur
either in a free form or as glycosides, at times as other complexes linked by C- or O- in the side chain
[114, 118]. The electronic absorption spectra is a characteristic feature of the parent compound 9, 10anthraquinone, its dihydroxy- and diamino-derivatives that permits to understand the effect of
hydrogen bond, solvent polarity and nature of substituents on the spectral shift. This detailed study is
of great importance owing to the wide ranging applications of anthraquinones in many fields [119].

2.4.3. Naphthoquinones
Naphthoquinones are natural polyketide pigments derived from naphthalene. The occurrence of these
compounds is widespread in fungi and actinomycetes. Interest in this class of compounds is related to
the broad spectrum of their biological activity such as phytotoxic, insecticidal, antibacterial, and
fungicidal properties [120]. To determine their structural activity, most of the studies have been
directed towards isolation of pigments in sufficient quantities needed for the analysis. More than 100
naphthoquinone metabolites produced by 63 species of fungi which has been studied [121]. Amongst
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the fungal species, many studies have been performed specifically on Fusarium spp and it has been
found to produce naphthoquinones of different shades.
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2.7. CONCLUSION
In the beginning of this chapter, we briefly described the potential of numerous microorganisms
focusing on the production of pigments. The literature studies of various authors have suggested that
fungal pigments are produced under natural conditions, once the growth of the fungal colony is well
established or when the supply of vital nutrients have become depleted. In this condition, parts of the
mycelium may switch biochemical activity to pathways of secondary metabolism. Rather than
producing new fungal materials, this gives rise to other compounds such as secondary metabolites.
Fungal pigments are produced in this way and may contain a mixture of several different pigments
[1]. The pigments may provide protection to the host fungi against harmful effect of sunlight and
ultraviolet radiation, bacterial attack and attack of insects [2, 3]. In addition, these fungal pigments
have huge potential to use in food industries [4, 5] and some are associated with biological effects on
humans [6-9].
Considering filamentous fungi, they are known to produce several classes of pigments that include
carotenoids (orange red), melanins (dark brown), azaphilones, ﬂavins, phenazines, quinones, and
more specifically, monascins, violacein, and indigo [5, 10].
The fungal biodiversity from terrestrial and marine origins and the pigments produced by these
diverse groups of fungi, biosynthetic pathways for pigment production (carotenoids and polyketide
derivatives), biotechnological approaches to improve pigment production, prevailing extraction
process and alternative eco-friendly/green extraction techniques, current industrial applications of
pigments along with their limitations and future opportunities of pigment usage in other industries
such as beverage, food, pharmaceutical, cosmetic, textile, and painting areas have been presented in
detail under the section 2.2 as book chapter (page no: )[10].
Besides, there are many other extrolites produces by filamentous fungi which belong to polyketide
family

including

classes

such

as

anthraquinones,

hydroxyanthraquinones,

naphthalenes,

naphthoquinones, ﬂavonoids, macrolides, polyenes, tetracyclines, and tropolones. The chemical
structures of the compounds produced by these classes, source of fungi producing the particular
compounds, their biological activities have been described in an elaborate way under the section 2.4
as review article (page no ) [6].
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CHAPTER 3
SCREENING OF FUNGI FROM MARINE ENVIRONMENT IN
LA RÉUNION ISLAND, INDIAN OCEAN FOR THE
PRODUCTION OF PIGMENTS: IMMENSE ESSENCE OF
EXCELLENCE
3.1

BACKGROUND

3.1.1. Marine environment, a treasure hunt for secondary metabolites
Filamentous fungi are ubiquitous organisms, whose role is often overlooked in marine ecosystems.
Marine environment is extremely complex; however reveal a great diversity of fungi that could
have significant impacts on the biogeochemical evolution of habitats [1]. Recently, marine derived
fungi have been recognized as one of the last barely tapped sources for new biologically active
secondary metabolites such as enzymes, pigments and other bioactive compounds [2]. These
secondary metabolites are considered as natural products find its importance in food, cosmetic,
medical fields. Overall, research on marine-derived fungi has led to the discovery of 272 new
natural products including many that have novel carbon skeletons, thus, providing evidence that
marine-derived fungi have the potential to be a rich source of pharmaceutical leads [3]. Among the
production of profusion of secondary metabolites, pigments has gained scientific and industrial
interest due to their taxonomic importance and its attractive wide array of colors respectively.
The objective of this study was to search filamentous fungi in some marine biotopes of La
Réunion Island’s reef flat (sediments, open water, coral reef). The main focus was on isolating
fungal populations that require minimum conditions (aerobic, basic nutrient sources) which would
facilitate to grow the strains in laboratory and industrial context, especially with regard to biomass
or pigments production. Different approaches have been performed to screen as well as to select
pigment producing fungi among all the 47 isolates. Having their morphological features
(Phenotypic or Phenetic) from microscopic observations and identifying the ideal differences
among others, fungal species were described. Even though it was the classical approach used by
mycologists, at times distinction between a population and an individual is not always easy. The
genetic concepts of some species will be unknown and different mycologists consider different
concepts while delineating them. This has been improved by phylogenetic concept, particularly
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the analysis of DNA nucleotide sequences using base pairs [4] For all the 47isolates, molecular
identification was carried out based on selective gene sequence (18S, ITS region, 5S,β tubulin,
Calmodulin, etc) to obtain the relative information about the species [5-7].
Among the recovered fungal species, Aspergillus and Penicillium genera seems to be much
represented. Nearly twenty seven isolates synthesized pigments ranging from pale yellow, dark
brown, red, green according to the media used for growth. Some species such as Aspergillus

versicolor, A. glaucus, Penicillium purpogenum, P. citrinum, P. herquei, P. rubrum produces
pigments of anthraquinone and azaphilone families. To identify its pigment nature, the pigmented
extract was measured for its optical density from 200 to 700 nm and the absorption maxima were
noted. Among these pigments, according to the strains, it seems that carotenoids (λ

max

visible 440-

500) and/or anthraquinones (λ max UV 200-280, Visible 420-550nm) were produced [8].

3.2.
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3.3 RESEARCH ARTICLE
Biodiversity of Pigmented Fungi Isolated from Marine Environment in
La Réunion Island, Indian Ocean: New Resources for Colored
Metabolites
This research article reveals the diversity of pigment producing fungi isolated from different samples
in the marine environment of Reunion Island. The color hues and its absorption in the visible area,
amount of pigments produced are presented. This research article forms the basis of this chapter.
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3.4 CONCLUSION
In this segment, major groups of fungi are discussed briefly to highlight the extent of biodiversity
and nature of pigment production followed by the examples that deserve great attention. Nearly 150
micromycetes were reviewed from the several samples collected in four different sites of marine
environments. Forty-seven colored fungal strains were identified through genomic sequencing and
the most predominant fungal genus includes Penicillium, Talaromyces and Aspergillus. These
widespread fungi produce a large number of interesting secondary metabolites, which often show
pharmaceutically relevant bioactivities and may be candidates for the development of natural
colorants. By and large, the world of fungi provides a fascinating and almost endless source of
biological diversity, which is a rich source for exploitation.
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CHAPTER 4
GENERAL CHARACTERIZATION OF FUNGAL GROWTH
AND ITS PIGMENTS PRODUCTION IN SUBMERGED
FERMENTATION OF THE MARINE-DERIVED Talaromyces
albobiverticillius 30548: A DOE BASED APPROACH
4.1

BACKGROUND

Due to the extensive interest in process development for pigment production from the isolated fungi,
there must be given an emphasis towards optimizing culture conditions for maximum productivity.
Media composition and growth conditions influences culture growth and thus in turn affect pigment
production. Traditional optimization techniques such as “One factor at a time” fails to identify the
variables that gives rise to maximum response, also consumes labor and time. Statistical methods are
an alternate to traditional methods, used to optimize a process by considering the mutual interactions
among the variables and its response. Design of Experiments (DoE) is one of the most valuable
techniques for organized and efficient planning, execution and statistical evaluation of experiments [1,
2]. The concept of DoE is to vary process parameters simultaneously over a set of planned
experiments and then to interpret the results with the proven mathematical model that allows greater
understanding of the process.

Uncontrollable noise factors

Input

Output/ Response

Controllable factors
Figure 4.1 The Parameter diagram or P-diagram used during DoE
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4.1.1 Basic process parameters
Initially, the key target is the optimization of basic process parameters such as temperature, pH,
agitation speed, fermentation time, dissolved oxygen, illumination conditions, and inoculum age.
Amongst all, the main factors dominating in submerged state fermentation are temperature and pH.
Both the parameters affects the rate of biochemical reactions therefore affects the rate of biomass
growth and pigment formation. However, by changing the levels of temperature and pH, the biomass
and pigment production varies. For example, from numerous studies of pigment production on

Penicillium and Monascus sp., the ideal pH range for pigment production lies between pH 4 – 7[3, 4].
In Monascus sp, usually at low pH values (pH 4), there was the domination of yellow pigments and
once the pH reaches above 6, red pigment production exceeds than the yellow. In Talaromyces

albobiverticillius 30548, similar pattern of pigment production was observed and thus the levels of pH
were varied from acidic to alkaline levels (pH 4-9). Similarly, change in other process parameters
influences the final desired output of the pigment yield.
With a view to gather information on the effect of various factors on the response variables (pigment
yield and biomass growth) and also to determine the optimal settings of those factors (initial pH,
temperature, agitation speed and fermentation period), experimental designs were implemented. Using
Response Surface Methodology (RSM), a three level four factors box behnken design was used to
identify the effect of process variables such as initial pH, temperature, agitation rate and fermentation
period on pigment production and biomass growth.
4.1.2 Optimization of culture media and components:
With the optimized environmental/process conditions, further study was carried out to formulate the
suitable media for enhanced pigment productivity and fungal growth in Talaromyces albobiverticillius
30548. Formulating liquid medium for lab scale experiments includes the addition of water, carbon,
nitrogen, minerals and other supplements in pure form. In general, the color of the pigments
produced by the fungus varies depending on the culture conditions but mostly influenced by the
nutrient sources [5, 6]. In fungal growth, composition of the nutrient medium (type of carbon and
nitrogen sources and C/N ratio), have been shown to influence the biomass growth and type, and the
yield production coefficient of secondary metabolites [5, 7-9]. The carbon source generally provides
energy for growth and secondary metabolism. It also provides the carbon for making various cell
structures, organic chemicals and metabolites. For instance, in Monascus sp., it was noticed that the
type and concentration of the carbon source affected its growth and most commonly used sources are
glucose, maltose and starch [10]. Certain other studies have been performed using other sources such
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as lactose, fructose, xylose, sucrose and presented different results which found to be inferior for
growth and pigment production [5].
Similarly, a source of nitrogen is essential for microbial growth and it comprises approximately 10% of
dry weight of fungi [11]. The type of nitrogen source influences growth, sporulation and type of
pigments production. Besides, the consumption of different nitrogen sources produces different pH
profiles in uncontrollable fermentations and this in turn affects the growth pattern and pigment
production [12, 13]. Organic sources of nitrogen such as peptone, monosodium glutamate (MSG) and
inorganic ammonium and nitrates have been reported to stimulate cell growth and promote pigment
production in Monascus sp., Penicillium sp., Fusarium sp., Phoma sp. [7, 14-16]. Further, it was
reported that optimal carbon and nitrogen sources for production of pigments by fungi are strain
dependent [17]. In addition, trace elements such as zinc, manganese, iron, magnesium and
phosphorus have been reported to profoundly influence the secondary metabolism of fungi. The
composition of these trace elements was chosen from literature studies and fixed throughout the
experiment only by changing carbon and nitrogen sources for each experiment [4].
After reviewing a number of available literatures, different carbon and nitrogen sources have been
chosen to perform the experiments to optimize better culture media for biomass and pigment
production of Talaromyces albobiverticillius 30548.

Screening of different carbon and nitrogen

sources influencing better pigment production was carried out Plackett-Burman design and method of
steepest ascent was used to find out the process variables range. The details and soundness of Plackett
– Burman design in screening the variables for media optimization, results from the experiments and
interpretation of those results were summarized in manuscript 4.3
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4.2RESEARCH ARTICLE
Production of pigments from the tropical marine-derived Talaromyces
albobiverticillius: new resources for red natural colored metabolites

This research manuscript emphasize the morphology, genotyping, pigment production, color
characteristics, spectral data of pigmented extracts of Talaromyces albobiverticillius 30548. This
article is the outset of this chapter.
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Talaromyces albobiverticillius 30548 UNDER SUBMERGED FERMENTATION
CONDITIONS USING RESPONSE SURFACE METHODOLOGY
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Abstract
Talaromyces albobiverticillius 30548, a marine-derived pigment producing filamentous fungi
isolated from La Réunion Island, Indian Ocean has the competence to produce water soluble
pigments. Hence, the objective of this study was to examine and optimize the effect of
process parameters such as initial pH (4-9), temperature (21 – 27 °C), agitation speed (100 –
200 rpm) and fermentation time (0 – 336 h) on maximal pigments (orange and red) and
biomass production. The bio-process chosen was submerged fermentation in 250 mL shake
flasks using 100 mL potato dextrose broth (PDB) as working volume and the experiments
were carried out employing Box-Behnken response surface statistical experimental design
(BBD). From the experimental data, mathematical models were developed to predict the
pigment and biomass yields. Response surface methodology (RSM) was adopted to
investigate the individual and interactive effects between variables, also used to determine the
optimal condition for maximum pigments and biomass production. Evaluation of the
experimental results signified that the optimum conditions for maximum production of
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pigments and biomass were as follows: initial pH of 6.4, temperature of 24 °C, agitation speed
of 164 rpm and fermentation time of 149 h respectively. This is the first report optimizing the
process parameters for maximal pigments (orange and red) and biomass production for
T. albobiverticillius 30548 using PDB by Box-Behnken response surface statistical
experimental design (BBRD) under submerged fermentation.
Keywords: Optimization, Pigments, Biomass, Talaromyces albobiverticillius, Box-Behnken
Design, Response Surface Methodology
1.

Introduction

In recent years, development of alternate sources for the production of natural pigments has
been focused to overcome the unlimited usage of synthetic pigments, which found to be
hazardous to human health and environment [1]. Natural colorants can be obtained from
plants and microbial sources which are found to be alternatives for synthetic pigments [2, 3].
Plant derived pigments are highly produced but has limited usage in certain food formulations
because of their low water solubility, instability against light and heat [4]. Nowadays,
pigments from microbial origin is of great interest worldwide and gaining more importance in
food industry applications. Microorganisms including bacteria, algae, yeasts and filamentous
fungi from marine or terrestrial origins are capable of producing natural dyes, which paves
way to increase the production of natural compounds [5-7]. The use of fungi for the
production of commercially important products has increased rapidly over the past half
century [5, 8]. Taxonomically, it represents a large group, often prevailing in seawater, corals,
sponges, sediments, rocks, sand and others [6]. In general, the colorants produced from fungi
are associated with increased yields, and huge array of potential compounds due to their vast
diversity in the environment [9]. The majority of the pigments produced by fungi are
quinones, flavonoids, melanins and azaphilones, which belong to the aromatic polyketide
chemical group [10-12] and have been widely described for medicinal uses and potential use
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as dyes [13, 14]. More specifically, filamentous fungi are considered as a promising source of
natural pigments because they do not only promote color, but also often possess bioactive
properties like anti-cancer, immunomodulatory, anti-proliferative, antibiotics, and so on [15].
Especially fungi isolated from the marine environment reveals a plethora of known or new
compounds

with

still

relatively

unexplored

bioactivities

[16-18].

Talaromyces

albobiverticillius 30548, marine-derived filamentous fungi was isolated from a sediment
sample of La Réunion Island, Indian Ocean. Some species of Talaromyces such as
T. purpurogenus, T. albobiverticillius, T. marneffei, T. minioluteus secrete large amount of
pigments, thus reported to produce diffusible azaphilone-like red compounds [19-22]. These
pigments are homologues of Monascus pigments with similar chromophore structures.
Considering fungal pigment production, submerged fermentation appears to be a convenient
and economical way. Indeed it provides the space to produce the pigments, owing to their
deep commitment to sophisticated control devices and easy monitoring methods during
experiments [23-25]. Nevertheless, the culture conditions play a major role in the production
of these secondary metabolites and influence the fungal growth to the maximum. To produce
pigments in large scale, it is very important to determine and control the factors that have a
strong impact on the desired product. Apart from the composition of the culture medium,
various abiotic factors affect the submerged fermentation process, such as pH of the medium,
temperature of growth,agitation rate (gaz diffusion), fermentation time, and impose a strong
pressure on the pattern that brings out the interesting compounds such as pigments [26-29].
The complexity of the scientific experimental design is to evaluate the impact of each factor,
but also and above all, their correlated effect. In this context, with the aim of increasing the
production capacity of natural pigments by T. albobiverticillius 30548, submerged
fermentation was carried out in this study.
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Box-behnken response surface statistical experimental design was employed in this work to
investigate and optimize the effect of combined process parameters such as initial pH,
temperature, agitation speed and fermentation time on the two main colored components
yields (orange and red) along with biomass production, through submerged fermentation in
potato dextrose broth (PDB). Box-Behnken response surface statistical experimental design
is a spherical, revolving response surface methodology (RSM) design that consists of defining
a central point and the middle points of the edges of the cube circumscribed on the sphere.
Thus it consists of three interlocking 22 factorial designs with points lying on the surface of a
sphere surrounding the center of the design. Several studies have successfully employed RSM
to model and optimize the biochemical and biotechnological processes related to food systems
[30-35].
2.

Materials and Methods

2.1

Microorganism and maintenance

The filamentous fungus used in this study was isolated from the sediments collected from the
marine environment of La Réunion Island, Indian Ocean (GPS coordinates: 21° 06’ 22,11” S,
55° 14’ 15,78”E). From taxonomic identification of the fungal biodiversity center (CBS
Knaw, The Netherlands), the fungus was identified as Talaromyces albobiverticillius and
named T. albobiverticillius 30548. The stock culture was maintained on PDA agar plates at
4 °C (Difco) and sub-cultured at regular intervals for the experiments.
2.2

Preparation of Seed culture

Laboratory grade potato dextrose broth (PDB) (Difco, France) was used to prepare the seed
medium. For inoculum preparation, 0.100 g of mycelia with spores was taken from a seven
days old pre-culture grown on Petri plate and transferred into 250 mL Erlenmeyer flask
containing 80 mL of sterilized PDB medium. The flasks were incubated at 25 °C at 200 rpm
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of agitation speed for 48 hours before being transferred to main fermentation medium, and
thus considered as pre-culture.
2.3

Fermentation conditions

After 48 hours growth, the pre-culture broth was centrifuged at 8000 rpm for 6 minutes at
24 °C to separate the mycelia and the culture filtrate. In order to optimize as per the defined
experimental design (Design-Expert® Software (version 9), Stat-Ease Inc.), Minneapolis,
MN, U.S.), 200 mg of mycelia was transferred as inoculum into 200 mL of fresh media
(PDB) at three different levels of initial pH (4, 6.5 and 9) contained in 500 mL Erlenmeyer
flasks, and then incubated at three different temperatures (21, 24, 27 °C) with three different
speeds of agitation (100, 150, 200 rpm) for 336 hours. At predefined regular intervals, the
fermented broth was sampled to measure the pigments concentration and biomass yield.
2.4

Spectrophotometric quantification of extracellular pigments

About 5 mL of the fermented culture broth was drawn at regular intervals (Table 2) and
filtered using nylon mesh of 48 µm pore size (SCRYNEL, NY, 48 HC) to separate
supernatant and mycelia from the culture broth. The obtained colored supernatant contained
two major sets of pigments: orange-yellow and red [36], whose concentrations were
determined by measuring optical density through UV-visible spectrophotometer (UV-VIS
spectrophotometer UV-1800, Shimadzu, Tokyo, Japan) at 470 and 500 nm respectively. The
optical density (AU) at these two absorbance maxima was expressed as the concentration of
orange and red pigments produced by T. albobiverticillius 30548. The concentration of
pigments in the extracts from optical density units was converted in terms of mg/L.
2.5

Dry biomass yield

The biomass obtained through filtration was dried at 80 °C in a hot air oven until it attained a
constant weight and the values were represented using the formula as follows (Eq.1):

242

𝐷𝐷𝐷𝐷𝐷𝐷 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏:

�𝑊𝑊−𝑊𝑊𝑓𝑓 �

(1)

𝑉𝑉𝑉𝑉

W= Weight of the filter with biomass obtained after drying (g)
W f = Weight of the corresponding empty filter (g)
V s = Volume of sample (L)
2.6

Experimental design

Box-Behnken design with 4 factors at 3 levels was employed to study the effect of process
parameters on the pigments (orange and red) production and biomass yield for the studied
strain, according to the defined experimental design (Design-Expert® Software (version 9),
Stat-Ease Inc.). Based on several literature studies and results from experiments conducted in
laboratory, the process parameters and their ranges were chosen for this study (Table 1). Each
independent design variables was coded at three levels as -1 (low), 0 (central point) and +1
(high) which were: temperature (21 – 27 °C), pH (4 - 9), Fermentation time (24 – 336 h) and
agitation speed (100 – 200 rpm). The process variables were respectively denoted as X 1 , X 2 ,
X 3 and X 4 in uncoded forms and these variables were converted to coded forms: x 1 , x 2 , x 3
and x 4 using the following equation (Eq. 2) [37].

x=

X − (( X max + X min ) / 2)
( X max − X min ) / 2

(2)

Table 1: Coded and actual values of the variables for four factor Box-Behnken design
Variables

Symbol

Coded and actual values
-1

0

+1

pH

X1

4

6.5

9

Temperature (°C)

X2

21

24

27

Agitation (rpm)

X3

100

150

200

Fermentation period (h)

X4

24

168

336
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In Box-Behnken method, a total number of 29 experiments including five center points were
carried out and the experimental conditions, the corresponding results (responses), are
presented in Table 2. The performance of the process was evaluated by analyzing the
responses (Y), which depend on the input factors x 1, x 2 …, x k , and the relationship between
the response and the input process parameters is described by Eq. 3:
Y = f (x 1 , x 2 ...x k ) + e

(3)

Where “f” is the real response function, the format of which is unknown and “e” is the error
which describes the differentiation. In order to analyze the curvature in response, secondorder polynomial model must be employed. The second-order polynomial equation depicts
the interaction between the factors and the response. For determining the critical points
(maximum, minimum and saddle point), the quadratic terms must be embodied in the
polynomial model, thus the following second-order quadratic polynomial equation was
employed to fit the experimental data. The relevant model terms were obtained using the
statistical software, Design Expert 9.0.3.1. A quadratic model, which also includes the linear
model, can be described as Eq. 4:
k

k

j =1

j =1

k

Y = β 0 + Σ β j x j + Σ β jj x 2j + Σ Σ β ij xi x j + ei
i < j =2

(4)

Where Y is the response; x i and x j are variables (i and j range from 1 to k); β 0 is the model
intercept coefficient; β j , β jj and β ij are interaction coefficients of linear, quadratic and the
second-order terms, respectively; k is the number of independent parameters (k= 4 in this
study); and e i is the error [38, 39].
2.7

Statistical analysis

Experimental design data were analyzed using multiple regressions through the least square
method. Statistical testing of the model for each response was done using Fisher's statistical
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test for analysis of variance (ANOVA). The fitted polynomial equation was expressed as
three-dimensional surface plots to visualize the relationship between the responses and the
experimental levels of each factor used in the design. These graphs were drawn by
maintaining two factors constant (in turn at its central level) and varying the other two factors
in order to understand their main and interactive effects on the dependent variables. The
goodness of fit of the model can be checked by the determination coefficient (R2) and by
adjusted R2 and predicted R2. R2 represents the proportion of variation in the response data
that can be explained by the fitted model. High R2 is considered as confirmation for the
applicability of the model in the range of variables included. It should be noted that a R2 value
greater than 0.75 indicates the suitability of the model.
Adjusted R2 is the value of R2, adjusted down for a higher number of variables in the model
which makes it much more useful than the regular value of R2 and it is suggested to use
adjusted R2 rather than the regular R2 to assess the fit of a multiple regression model.
Predicted R2 is used in regression analysis to indicate how well the model predicts responses
for new observations, predicted R2 can prevent overfitting. Larger values of predicted R2
suggest models of greater predictive ability. The coefficient of variation (CV%) indicates the
degree of precision with which the treatments are compared. Usually, higher values of CV%
indicate lower reliability of the experiment. PRESS means the Predicted REsidual Sum of
Squares for the model, a measure of how well a particular model fits each point in the design.
Adequate precision (Adeq. Pre.) measures the signal-to-noise ratio and generally, a ratio > 4
is desirable.
2.8

Optimization

After the surface-response results, optimization of the process conditions was carried out by
multi-response analysis [40] using Derringer’s desired function methodology. The general

245

approach of desirability function is to first transform the response into a dimensionless
individual desirability function (g i ) that varies from 0 to 1 (lowest to highest desirability). The
overall desirability function (G) was obtained (Eq. 5) from the geometric means of individual
desires. The Design expert 9.0.3.1 was used to maximize the G.

G = (d1n1 × d n2 2 × d 3n 3 × ........... × d nk k )1 / k

(5)

Where d i is the individual desirability ranged from 0 to 1, k is the number of considered
responses, and n i is the weight of each response.
The following equation (Eq. 6) was used to maximize and transform the response into
dimensionless desirability (g i ).

gi =

Yi − Ymin
Ymax − Ymin

(6)

Where, Y min is the response minimum value and Y max is the response maximum value.

3.

Results

3.1

Box-Behnken design analysis

Experimental design is widely used for understanding the effect of parameters in a system or
a process, so as to decrease the number of experiments, time, and material resources.
Furthermore, the analysis performed on the results can be easily realized, and experimental
errors are minimized. Statistical methods measure the effects of change in operating variables
and their mutual interactions on a system or a process through experimental design [41]. In
this study, four factors at three level Box-Behnken design was employed to investigate and
optimize the influence of process variables on the pigments and biomass yield by the fungus
T. albobiverticillius 30548 and the results were listed in Table 2.
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Table 2: Box Behnken design matrix with the experimental responses

Exp.
Run

pH

Temperature
(C)

Agitation
speed (rpm)

Fermentation
time (h)

1

0

0

0

0

47.15

192.75

Biomass
yield
(g/L)
12.19

2

0

0

1

-1

34.02

137.41

11.57

3

0

1

0

1

24.01

97.68

8.33

4

-1

0

0

1

20.01

85.23

10.23

5

0

-1

0

-1

29.01

118.52

10.62

6

0

1

1

0

36.02

139.58

10.74

7

-1

0

0

-1

25.01

94.70

8.74

8

0

0

0

0

46.28

192.05

12.10

9

0

0

0

0

47.08

192.86

12.05

10

0

1

-1

0

10.01

43.17

5.61

11

1

1

0

0

26.01

107.83

8.46

12

0

0

0

0

46.02

191.98

12.07

13

0

0

0

0

47.34

192.83

12.57

14

0

-1

-1

0

32.02

130.76

8.74

15

-1

0

1

0

36.02

150.51

10.01

16

-1

-1

0

0

18.01

83.44

8.75

17

0

1

0

-1

26.01

112.12

7.50

18

1

0

-1

0

36.02

147.90

9.68

19

0

-1

1

0

25.01

103.06

9.15

20

1

0

1

0

43.02

172.83

11.55

21

1

0

0

-1

36.02

147.61

11.45

22

0

-1

0

1

27.01

111.63

9.27

23

0

0

-1

-1

30.02

122.89

9.17

24

1

-1

0

0

35.02

143.78

10.78

25

-1

1

0

0

18.01

82.25

7.37

26

1

0

0

1

40.02

168.34

10.50

27

-1

0

-1

0

14.01

56.88

8.06

Orange pigment
yield (mg/L)

Red pigment
yield (mg/L)
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28

0

0

1

1

37.02

147.49

10.87

29

0

0

-1

1

25.01

104.49

7.79

Model adequacy checking was performed on the experimental data to determine whether the
approximating model would give poor or misleading results. Four high degree polynomial
models viz., linear, interactive (2 factor interaction), quadratic and cubic models were fitted to
the experimental data. Two different tests namely the sequential model sum of squares and
model summary statistics were carried out in this study to conclude the adequacy of models
among various models to represent the responses. The adequacy of model summary output
indicates that, the quadratic model is statistically highly significant for this present work.
Quadratic model was found to have maximum R2, adjusted R2 (0.94), predicted R2 (0.84) and
also exhibited low p-values (0.0001). Hence, quadratic model was selected in this study to
investigate the effect of process variables on the pigment and biomass production using
T. albobiverticillius 30548 strain.
3.2

Development of second order polynomial mathematical models

Mathematical models were developed to obtain a better understanding of the nature of the true
relationship between the input variables and the output variables of the system under study.
This approximate formula could be used as a proxy for the full-blown simulation itself in
order to get at least a rough idea of what would happen for a large number of input-parameter
combinations. An empirical relationship expressed by a second-order polynomial equation
with interaction terms was fitted between the experimental results obtained on the basis of
Box–Behnken experimental design and the input variables. The final equations obtained in
terms of coded factors are given below:
For orange pigment yield (OPY) (Eq. 7)
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OPY = 46.77 + 7.09 X 1 − 2.17 X 2 + 5.34 X 3 − 0.58 X 4 − 2.25 X 1 X 2 − 3.75 X 1 X 3 + 2.25 X 1 X 4 + 8.25
X 2 X 3 + 0.001X 2 X 4 + 2 X 3 X 4 − 8.42 X 12 − 13.55 X 22 − 7.05 X 32 − 7.67 X 42

(7)

For red pigment yield (RPY) (Eq. 8)
RPY = 192.49 + 27.94 X 1 − 9.05 X 2 + 20.4 X 3 − 1.53 X 4 − 8.69 X 1 X 2 − 17.18 X 1 X 3 + 7.55 X 1 X 4 + 31.03

X 2 X 3 − 1.89X 2 X 4 + 7.12X 3X 4 − 33.17 X12 − 54.11X 22 − 31.21X 32 − 32.32X 24

(8)

For biomass yield (BMY) (Eq. 9)
BMY = 12.2 + 0.77X1 − 0.77X 2 + 1.24X 3 − 0.17X 4 − 0.24X1X 2 − 0.021X1X 3 − 0.61X1X 4 + 1.18

X 2 X 3 + 055X 2 X 4 + 0.17 X 3X 4 − 1.02X12 − 2.31X 22 − 1.35X 32 − 0.97 X 24
3.3

(9)

Statistical analysis

The adequacy and fitness of the models were tested by multiple regression analysis through
the least square method. Significance of the developed models can be determined through
ANOVA and the results were shown in Table 3. The results of ANOVA indicated that, the
developed models adequately represented the actual relationship between the independent
variables and responses (Table 3). Analysis of variance followed by Fisher's statistical test (Ftest) was applied to evaluate the significance of each variable. The large F- values (67.05 for
orange pigment yield (OPY) at 470nm, 36.61 for red pigment yield (RPY) at 500nm and
34.02 for biomass yield (BMY)) indicate that most of the variation in the response can be
explained by the developed regression equation. The associated p-value were used to estimate
whether F is large enough to indicate statistical significance and p-values lower than 0.05
indicate that the developed model and the terms were statistically significant. In our study, the
p- values were lower than 0.0001 for all the responses and it exhibits the precise and accuracy
of the developed models.
Determination coefficient (R2), Adjusted- R2 (R2adj), predicted- R2 (R2pre) and coefficient of
variation (CV%) were calculated to check the adequacy and accuracy of the developed
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models. The R2 gives the proportion of the total variation in the responses predicted by the
models and the values of R2 (0.985 for OPY at 470 nm, 0.973 for RPY at 500 nm and 0.971
for BMY) ensures a satisfactory fit of the quadratic model to the experimental data. The
values of R2adj (0.971 for OPY at 470 nm, 0.946 for RPY at 500 nm and 0.942 for BMY)
were also high and advocates a high correlation between the observed and the predicted
values. R2pre is a measure of how good the model predicts a response value. The R2adj and
R2pre should be within approximately 0.20 of each other to be in reasonable agreement. If
they are not, there may be a problem with either the data or the model. In our case, the R2pre
of (0.917 for OPY at 470 nm, 0.847 for RPY at 500 nm and 0.845 for BMY), is in reasonable
agreement with the R2adj. The CV%, indicating the relative dispersion of the experimental
points from the predictions of the second-order polynomial (SOP) models, were found to be
(5.65 for OPY at 470 nm, 7.41 for RPY at 500 nm and 4.26 for BMY) respectively. The very
low values of CV % clearly indicated a very high degree of precision and a good reliability of
the experimental values. The high R2 value and a small CV% value indicate that the model
developed will be able to give a reasonably good estimate of response of the system over the
ranges studied. Adequate precision (Adeq. Pre.) measures the signal to noise ratio and
compares the range of the predicted values at the design points to the average prediction error.
This ratio, greater than 4, was desirable and indicated adequate model discrimination. In this
work, the ratio was found to be > 21 for all the responses, which indicates an adequate signal.
Table 3. Regression coefficient (RC) of the models and their statistical parameters on the
responses
Orange pigment Yield

Red pigment yield

Biomass yield

Source
Model

DF
14

RC
46.77

p value
< 0.0001

RC
192.49

p value
< 0.0001

RC
12.20

p value
< 0.0001

X1

1

7.09

< 0.0001

27.94

< 0.0001

0.77

< 0.0001

X2

1

-2.17

0.0009

-9.05

0.0058

-0.77

< 0.0001
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X3

1

5.34

< 0.0001

20.40

< 0.0001

1.24

< 0.0001

X4

1

-0.58

0.2767

-1.53

0.5901

-0.17

0.1837

X 12

1

-2.25

0.0245

-8.69

0.0927

-0.24

0.2788

X 13

1

-3.75

0.0009

-17.18

0.0031

-0.02

0.9224

X 14

1

2.25

0.0245

7.55

0.1394

-0.61

0.0117

X 23

1

8.25

< 0.0001

31.03

< 0.0001

1.18

< 0.0001

X 24

1

0.001

0.0985

-1.89

0.7011

0.55

0.0210

X 34

1

2.00

0.0418

7.12

0.1615

0.17

0.4359

X12

1

-8.42

< 0.0001

-33.17

< 0.0001

-1.02

< 0.0001

X22

1

-13.55

< 0.0001

-54.11

< 0.0001

-2.31

< 0.0001

X32

1

-7.05

< 0.0001

-31.21

< 0.0001

-1.35

< 0.0001

X42

1

-7.67

< 0.0001

-32.32

< 0.0001

-0.97

< 0.0001

R2

0.985

0.973

0.971

Adj-R2

0.971

0.947

0.943

Pre-R2

0.917

0.847

0.845

CV%

5.65

7.41

4.26

Adeq. Pre.

28.3

21.05

22.71

3.4

Effect of process variables on pigment yield

Growth phase is a key parameter in the production of secondary metabolites. In the first stage
of fermentation, fungi utilize carbon and nitrogen from the fermentation medium for the
primary metabolites synthesis, and then the secondary metabolites are produced at the end of
the fungal growth [42]. In our study, the pigments often considered as secondary metabolites,
begin to be produced only a few hours after the start of the fermentation, and the synthesis
roughly follows the growth profile of the fungus. The working strain of T. albobiverticillius
30548 is able to produce a range of colored molecules such as orange and red compounds.
During the growth of T. albobiverticillius 30548, a process of granular liquid extrusion
occurres through the point of hyphae growth in PDB medium and this granular liquid, initially
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white, gradually develops from a pinkish color to orange and red hues, depending on the
culture media. The red pigments with relatively high maximum absorption,along with orange
compounds of lower maximum absorption spectra were observed [43]. These pigments
excreted into the fermentation broth (extracellular) were submitted to various solvent systems
for their extraction and purification. UV–Vis spectral analysis of the red components showed
maximum absorbance at 500 nm and the orange compounds at 470 nm respectively.
3.4.1 Optimization of orange pigment yield (OPY)
The effect of interaction of variables on orange pigments yield was studied by changing levels
of any two independent variables while keeping the other two independent variables at their
constant level. The response surface plots or contour plots can be used to predict the optimal
values for different test variables. Therefore, three response surface plots were obtained by
considering all the possible combinations. Fig. 1a shows the effect of interaction between pH
and temperature on orange pigment production (maximum absorbance at 470nm). It revealed
that both the components at their lower levels have relatively small effect on the pigment
production. Increase in pH and temperature leads to gradual increase in the pigment
production up to pH of 7.5 and temperature of 24 °C. Increasing the value of both
independent variables (pH > 7.75 and T > 27 °C) showed negative effect on pigment
production. As shown in Fig. 1b, increasing agitation speed (up to 155 rpm) and increasing
pH (from 5.5 – 7.5) lead to high pigment production (47.99 mg/L of orange pigments and
198.67 mg/L red pigments) while the agitation speed above 155 rpm and alkaline pH above
7.7 showed negative effect on orange pigment production. Thus, both the parameters at their
maximum level were found to have negative effect for pigment production.
The interaction between fermentation time and pH also play an important role in pigment
production (Fig. 1c); pH in the range up to 8.1 (alkaline pH) at higher level of fermentation
time was found to be significant for orange pigment production. It was noticed that
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fermentation time up to certain level (234 h) as well as pH (< 8.1) supports orange pigment
production but both at higher level negatively affects the pigment production. Temperature
and agitation speed showed significant influence on each other and also on orange pigment
yield. Both the parameters showed the linear and quadratic response for pigment yield (Fig.
1d). Maximum yield was observed in above mid values of both the parameters (temperature
of 25 °C and agitation speed of 165 rpm) and above that, yields of pigments were decreased.
The interactive effects of temperature and fermentation time against orange pigment yield
were depicted in Fig. 1e. When temperature was increased from 21 to 24 °C and fermentation
time between 24 and 259 h, it resulted in a gradual enhancement in pigment production up to
a maximum level. Further increase in temperature (above 24 °C) and fermentation time
(above 259 h) leads to decrease in pigment yield. The three dimensional (3D) response
interactive plot of agitation speed and fermentation time illustrated that, orange pigment yield
was increased with the increase in agitation speed and fermentation time up to around
180 rpm and 24 h, respectively (Fig. 1f). The yield of orange pigment was decreased with the
increase in the agitation speed and fermentation time above 180 rpm and 247 h, respectively.
According to the response surface point prediction analysis, combining the effects of all the
process variables studied, initial pH of 6.5, temperature of 23.91 °C, agitation speed of
154.89 rpm and fermentation time of 229.08 h could give maximum orange pigment yield up
to 47.99 mg/L.
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(a)

(c)

(e)

(b)

(d)

(f)

Fig.1. Response surface plots showing the influence of proces0s variables on orange
pigment yield (OPY) a) Temperature vs pH; b) Agitation speed vs pH; c) Time vs pH; d)
Agitation speed vs temperature; e) Time vs temperature; f) Time vs agitation speed
3.4.2 Optimization of red pigment yield (RPY)
Data obtained from the experiments were used to study the effect of process variables on red
pigment production. From the results, it was confirmed that increasing pH level from 4.0 –
6.5 enhanced the red pigment production and it decreased if the pH has been increased to
alkaline level (Fig. 2a and 2b). Intensity of pigment production by T. albobiverticillius 30548
was found to be increased from acidic to neutral pH. When pH is coupled with temperature as
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shown in Fig. 2a, the maximum production was noticed from 22 – 25 ºC together with pH in
the range of 4.0 – 6.5. Increasing agitation speed from 100 – 158 rpm and pH value of 4.0 6.5 was expected to maximize the red pigment production (Fig. 2b).
Fermentative production of any substance depends on the incubation time. So the synthesis of
the pigments was monitored at regular intervals of time. The maximum production of red
pigments was attained at 120 - 168 hrs of fermentation and further increase in incubation time
lead to decrease in the production (Figs. 2 c, e, f). The mycelium of the species grows rapidly
in the beginning of fermentation (12 – 48 hrs) and upon maturation stage (48- 96 hrs); more
extracellular red metabolites were released (up to 168 hrs). Further increasing incubation time
leads to bleaching of the extracellular red pigments and then decreased the pigments yield.
To examine the influence of agitation speed on red pigment production, experiments were
carried out in various agitation speeds (100 – 200 rpm). The results showed that, red pigment
production was increased from 100 -158 rpm and rapidly it decreases (Fig. 2d, f).
The application of response surface methodology resulted in empirical relationship between
response and independent variables in terms of individual and interactive effects. All the
responses were illustrated in Figs. 2a-f and observed that, the pigment yield was increased
from low to middle level and further decreases. The linear and quadratic relationships of all
process variables revealed most significant influence on the red pigment production based on
the low p-value (< 0.05). The interactive effect of pH and agitation speed, temperature and
fermentation time had significant effect on the red pigment production yield (Table 3).
Maximum pigment production was expected at the middle level of the medium variables and
strong interaction exists between the variables since the shape of the response surface and
contour plot was elliptical in nature. By applying numerical optimization method to the 4
process variables, the optimal condition was attained as follows: initial pH of 6.45,
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temperature of 24.01 °C, agitation speed of 158.37 rpm and fermentation time of 198.62 h
with maximal red pigment yield of 198.67 mg/L respectively.
(a)

(b)

(c)

(d)

(e)

(f)

Fig.2. Response surface plots showing the influence of process variables on red pigment
yield (RPY) a) Temperature vs pH; b) Agitation speed vs pH; (c) Time vs pH; (d)
Agitation speed vs temperature; (e) Time vs pH; (f) Time vs agitation speed
3.5

Effect of process variables on biomass yield (BMY)

Fig. 3 shows the results obtained from Box -Benhken design regarding the studied variables:
temperature (21-27 °C), pH (4-9), agitation speed (100-200 rpm) and fermentation time (24 –
336 h). As seen in each fig. 3 (a, b, c, d, e, f), a strong interaction was exhibited between any
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two factors on the biomass yield while the other ones were kept at constant level. The graphs
demonstrated the biomass yield was linearly increased with increasing levels of pH up to7.8
and also temperature up to 25 °C and then the yields decreased gradually. Fig. 3b shows the
effect of interaction between pH and agitation speed on biomass production, which revealed
that both the components at their lower level have no significant effect on the biomass
production but increase in pH and agitation speed leads to gradual increase in the biomass
production up to pH of 7.7 and agitation speed of 180 rpm, while increasing the value of both
independent variables beyond, showed negative effect on biomass production.
From the fig. 3c, it can be seen that the biomass yield increased with increasing of pH and
fermentation time up to its middle level. But further increasing of pH and fermentation time
would decrease the yield of biomass. The 3D response surface/ contour plots based on
independent variables such as temperature and agitation speed were developed, while other
variables were kept at middle levels (Fig. 3d). And it is evident that the biomass yield was
enhanced with increasing temperature (24.5 °C) and agitation speed (185 rpm) and the yield
decreased beyond the limits. Biomass production increased with increase in both the variables
(temperature and fermentation time) (Fig. 3e), above the constant level up to temperature of
25 °C and fermentation time of 245 h. However there was a sharp convergence of the curve
near the boundary, explaining that in the presence of temperature and fermentation time above
certain limit (above temperature of 25 °C and fermentation time of 245 h) it would not
contribute for increasing biomass production.
The interaction between agitation speed and fermentation time also play an important role in
biomass production (Fig. 3f). Agitation speed and fermentation time at above middle level
was found to be significant for biomass production. It was noticed that agitation speed up to
certain level (190 rpm) as well as fermentation time (245 h) supports biomass production but
both at higher level negatively affects the biomass production. The analysis of response
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surface was performed in order to determine the optimal condition to produce maximal
biomass yield. The optimal condition was initial pH of 6.6, temperature of 23.86 °C, agitation
speed of 168.88 rpm and fermentation time of 145.17 h, respectively. The maximum
predicted yield of biomass was 12.58 g/L.

(a)

(b)

(c)

(d)

(e)

(f)

Fig.3. Response surface plots showing the influence of process variables on biomass yield
(BMY) a) Temperature vs pH; b) Agitation speed vs pH; c) Time vs pH; d) Agitation
speed vs temperature; e) Time vs temperature; f) Time vs agitation speed
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3.6

Multi response optimization and validation of optimized condition

An optimum condition for the maximal production of pigments (orange and red) and biomass
yield by T. albobiverticillius 30548 under submerged fermentation was derived by
Derringer’s desired function methodology. Second order polynomial models developed in
this study were utilized for each response in order to obtain specified optimum conditions.
Simultaneous optimizations of the multiple responses were then carried out using Derringer’s
desirability function method. This function searches for a combination of factor levels that
simultaneously satisfies the requirements for each response in the design. This numerical
optimization evaluates a point that maximizes the desirability function. The desired goal was
selected by adjusting the weight (or importance) that might alter the characteristics of a goal.
A weight factor, which defines the shape of the desirability function for each response, was
then assigned. The main objective of optimization was to maximize the final pigments yield
and biomass production with recalculating all responsible independent factors by using
desirability functions, therefore, the goal for pH, temperature, agitation speed and
fermentation time was assigned as in range.
The goal for orange pigment yield, red pigment yield and biomass production was assigned to
get maximum. A weight factor of 1 was chosen for all individual desirability in this work. The
“importance” of a goal can be changed in relation to the other goals. It can range from 1 (least
importance) to 5 (most important). The default is for all goals to be equally important in a
setting of 3. The optimization procedure was conducted under these settings and boundaries.
Under the optimal conditions, the predicted orange pigment yield of 47.88 mg/L, red pigment
yield of 196.15 mg/L and biomass production of 12.63 g/L with a desirability value of 0.983.
The maximized overall desirability (G = 0.983) was calculated from geometric means of the
individual desirability functions (g i ) of the each response.
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Due to applicability of optimal extraction condition in practical manner, the attained optimal
condition was altered as follows: initial pH of 6.4, temperature of 24 °C, agitation speed of
164 rpm and fermentation time of 149 h respectively. Triplicate experiments were carried out
under the modified optimized conditions and mean values of experimental results were
compared with the predicted values. The experimental efficiency of the production of
pigments and biomass under the optimum condition was found to be 47.93 ± 0.5 mg/L of
orange pigment, 196.28 ± 0.76 mg/L of red pigment and 12.58 ± 0.41 g/L of biomass
respectively.
4.

Discussion and conclusion

RSM involving BBD was employed in this present research work minimizes time, also cost
effective which has been applied to optimize the effects of independent variables such as pH,
temperature, agitation speed and fermentation time on the maximal production of pigments
and biomass under submerged fermentation using PDB. The actual values obtained through
the experimental studies were used to construct second order quadratic model for the
responses to predict the observed data and the 3 D Surface/ contour plots are generally used to
visualize the interactions between the variables graphically [37]. From the results, the
regression analysis of the experimental data showed that linear and quadratic effects of
independent process variables have significant influence on the responses.
Studies by many researchers have revealed that among the numerous environmental factors,
medium pH and source of nitrogen determines pigment prodution in submerged culture [4449]. Indeed, acidic pH may enhanced the hydrolysis of the substrates and subsequently
favored the generation of the metabolite production [48]. It is supposed that the compounds
produced in 3- 4 days may react with ammonium ion or free amino groups to transform to red
amine derivatives towards neutral pH and beyond [50]. These results were consistent with
Babitha et al. (2007), who reported maximum production of pigments were noticed in M.
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purpureus at pH 4.5 to 7.5 [51].These results showed that the color of the pigment remained
stable over a wide range of pH, which could open as an avenue for industrial application of
the pigments produced by T. albobiverticillius 30548.
To find the optimal temperature for mycelial growth and pigment production,
T. albobiverticillius 30548 was

cultivated

under various temperatures (21-27 °C).

Consequently, the optimal temperature for both mycelial growth and pigment production was
found to be 24 °C. Taking into account that higher fungi usually require long periods for
submerged culture, exposing them to contamination risk, this optimal temperature was
regarded as a favorable physiological property of T. albobiverticillius 30548 [26, 52].
Pigment production, as measured by absorbance lagged growth and was in peak at 149 hours
(day 6) of fermentation time. Thereafter, a decrease in pigment production was absorbed after
the mentioned fermentation time. A hypothesis could be stated here, the decrease of red
pigment production during fermentation was caused by decomposition of pigment or due to
change in pigment structure. Also, the decreased pigment absorption might be due to the
degradation of chromophore pigment group. Almost identical behavior was observed in the
pigment production of Monascus purpureus described by Chen et al. 1993 [49].
Basically, in liquid fermentation agitation speed increased the amount of dissolved oxygen
and makes the oxygen more accessible to cells, leads to greater growth [53]. For Penicillium
aculeatum ATCC 10409, several experiments were conducted at agitation speeds of 100 and

150 rpm yielded highest level of yellow pigments (1.38 g/L) in combination with pH value of
6.5, a temperature of 30 °C [54]. Similarly for T. albobiverticillius 30548, increasing agitation
from 100-158 rpm enhanced the supply of oxygen in the growth phase and thus enhanced the
biomass and pigment yield. However, above 158 rpm of agitation speed damage the
formation of mycelia growth by high shear force at high agitation speed and leads to decrease
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the pigment yield. Mohamed et al. (2012) reported the similar result for highest pigment
production obtained at agitation speed of 150 rpm using Monascus purpureus [55].
The results obtained through confirmation experiments indicate the suitability of the
developed quadratic models and it may be noted that these optimal values are valid within the
specified range of process parameters. The elliptical nature of the response surface and
contour plot illustrated the applicability of maximization function in order to attain an optimal
condition to produce maximal amount of red pigment yield. Muralidhar et al. (2001) reported
previously the existence of a perfect interaction between the independent variables if the
contour plots are elliptical in shape [56]. The results were closely related with the data
obtained from optimization analysis using desirability functions. Also indicating Box–
Behnken design in corporate with desirability functions could be effectively used to optimize
the design for experiments on the maximal production of pigments (orange and red) and
biomass yield for the strain T. albobiverticillius 30548 using potato dextrose broth under
submerged fermentation.
Applying the methodology of desired function, the optimum level of various process
parameters were obtained as follows: initial pH of 6.4, temperature of 24 °C, agitation speed
of 164 rpm and fermentation time of 149 h. Among the evaluated conditions, the maximum
experimental efficiency of the production of orange pigments (47.93 ± 0.58 mg/L) under the
optimal conditions of pH value of 5.5, a temperature of 24 °C and an agitation speed of 150
rpm, and fermentation time of 120 h. Maximum red pigments (196.28 ± 0.76 mg/L) with pH
value of 6.2, a temperature of 24 °C, agitation speed of 150 rpm and fermentation time of 180
h. For maximum biomass (12.58 ± 0.41 g/L), the best condition was found to be initial pH of
6.4, temperature of 26 °C, agitation speed of 164 rpm and fermentation time of 149 h.
respectively. This model could be useful for the production of pigments at large scale and
given these findings, further studies are required for characterization of the produced
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pigments and its use in food applications. As a next step, more detailed experiments using
different carbon and nitrogen sources must be performed to demonstrate a direct relationship
between biomass growth and pigment production.
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Culture media optimization for enhanced pigment production and biomass growth by
Talaromyces albobiverticillius 30548 using one-variable-at-a-time and response surface
methodology
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Abstract:
Species of Talaromyces produces Monascus-like azaphilone pigments have potential
applications as natural colorants in food applications. Enhancement of pigment production
using various carbon and nitrogen sources from various fungal strains using statistical
methods is customary now-a-days. The present work is the first attempt for the production
optimization of pigments and biomass in Talaromyces albobiverticillius 30548. Different
nutrient combination media was screened using one-variable-at-a-time (OVAT) analysis and
found sucrose combined with yeast extract was chosen as the best media. It provided
maximum yield of orange (695.17 mg/L RYR equivalents) and red pigments (738.58 mg/L
RYR equivalents) and also higher dry cell weight (6.60 g/L). Significant medium components
(yeast extract, K 2 HPO 4 and MgSO 4 ·7H 2 O) were identified form OVAT analysis for pigment
and biomass production. A five-level central composite design of the response surface method
was applied to evaluate the optimal concentration and the interaction effects between the
selected components. Predicted maximum response of OPY (70.87 mg/L), RPY (262.34
mg/L), DBW (15.98 g/L) was obtained at the optimal level of medium variables of yeast
extract, K 2 HPO 4 and MgSO 4 ·7H 2 O at 3 g/L, 1 g/L and 0.2 g/L, respectively.

Model

verification was performed at the predicted optimal level and the model was well fitted with
the experimental results.
Keywords: Optimization, Pigments, Biomass, one-variable-at-a-time, Central composite
design, Talaromyces albobiverticillius 30548
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1.

INTRODUCTION

As a number of food additives perform certain technological functions in improving food
quality, color is often the first element noticed in the appearance of a food product. Synthetic
or artificial colors remain the most popular as compared to natural colorants, as they are
brighter, more uniform, better characterized, and of higher tinctorial strength, encompass a
wider range of hues, and are less expensive [1, 2]. Though some artificial colorants approved
for food use, organizations like the U.S. Food and Drug Administration (FDA), the European
Food Safety Standards Authority (EFSA) have instituted warnings on consumption and have
recommended the safe dosage in foods, cosmetics and drugs [3-5]. Nonetheless, many colors
have been banned due to its potential downside to consumers as it’s linked to cause
hyperactivity disorders, cancer, allergies and toxicological problems [6].
As a replacement to synthetic dyes, there has been increasing interest towards the search for
natural pigment producing agents. Among all the natural sources, microorganisms are getting
more interest owing to their easy cultivation, massive production in cheaper nutrient medium,
high pigment stability [7-9]. Fungal pigments are extensively studied for their potential as a
promising pigment source and produces astonishing variety of pigments including
carotenoids, melanins, flavins, phenazines, quinones, monascins, violacein or indigo [10-12].
Fungal pigments are considered as secondary metabolites usually begin after active growth of
cells. Furthermore due to insufficient nutrient supply, pigments are produced by fungal
mycelia to survive in the adverse situation [13-15]. Besides, fungal pigments have been
reported to have bioactive properties that are of considerable interest for new drug
development in pharmaceuticals [16, 17].
Biosynthetically, most pigments produced by fungi are polyketide-based and involve complex
pathways catalyzed by frequent type of polyketide synthases. The biosynthesis of azaphilones
uses both the polyketide pathway and the fatty acid synthesis pathway. Biosynthetic pathways
are suggested for the following azaphilones: monascorubrin and monascoﬂavin [18],
mitorubrin and rubropunctatin [19], citrinin [20, 21]. However, some researchers are of the
opinion that biosynthetic mechanisms of these pigments are poorly understood including the
extensively studied Monascus pigments [22].
Microbial pigments are better produced in submerged fermentation compared to solid
substrate fermentation to get homogenous growth of cells when supported with proper
agitation under aerobic conditions [2, 23]. Various ascomycetes fungi including Drechslera
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sp. [24, 25], Fusarium sp. [26-28], Monascus sp.[29-32], Paecilomyces sp. [33, 34],
Penicillium sp. [35-40], Talaromyces sp. [41, 42] , Cordyceps unilateralis [43], Curvularia
lunata, Herpotrichia rhodosticta [44] were described to produce pigments by fermentative
technology. Especially for Monascus spp., several studies by many researchers have revealed
that numerous environmental factors regulate the ability of pigment production particularly
the medium pH and nitrogen source [45-52].
In fermentation, optimization of medium components is one of the tedious processes due to
the involvement of numerous factors influencing the process. The formulation of culture
media containing complex nutrients is generally preferred in order to reduce the production
cost so as to give maximum product yield [53-55]. In the classical optimization, only one
factor or variable is varied at a time while keeping other variables constant in one-variable –at
– a – time – analysis (OVAT). Because of its ease and convenience, the OVAT has been the
most preferred choice among the researchers for designing the medium composition and used
in the initial stages in diverse fields [56]. This methodology is still in use even today, during
the initial stages of medium formulation for the production of new metabolite or known
compound from new source.
After finding the critical factors through one- variable- at- a- time analysis, the next step is to
optimize the actual values of these process factors. Statistical design of experiments is a
powerful approach for media optimization which offers a systematic way of simultaneously
evaluating multiple parameters and analyzing the resulting process outputs. To achieve this
purpose, central composite response surface design was used and this empirical technique
enables to evaluate the relationship between independent variables to predict the response [57,
58]. For Monascus spp., several experiments have been continuously made to find better
carbon and nitrogen sources for the higher microbial production of pigments [59-63]. With
this backdrop on mind, a study was undertaken to focus inexpensive and most suitable
nutrient medium for pigment production.

2.

MATERIALS & METHODS

2.1

Microorganism and cultivation

The studied strain, Talaromyces albobiverticillius 30548 was isolated from the marine
sediment source of Réunion Island, Indian Ocean. The fungus was grown on potato dextrose
agar (PDA) at 25 °C for 7 days and after, the cultures were stocked by maintaining at 4 °C.
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2.2

Primary screening of medium components by OVAT analysis

In earlier studies, the major influencing factors for fungal growth and pigment production was
screened and optimized by culturing the fungi only in potato dextrose broth (PDB). The
concentration ranges of the variables were chosen based on the existing literature data and
available reports [64, 65]. To find the other best nutrient sources for pigment production,
different carbon and nitrogen sources were chosen for this study by ‘one-variable-at- a-time
method’. Preliminary experiments were carried out using 5 different carbon (glucose, sucrose,
fructose, soluble starch and malt extract), 4 nitrogen sources (sodium nitrate, peptone,
tryptone and yeast extract) and inorganic salts (K 2 HPO 4 , MgSO 4 .7H 2 O, FeSO 4 .7H 2 O, KCl)
to evaluate their suitability for fungal growth and pigment production by the strain
Talaromyces albobiverticillius 30548. The chemical composition of the medium is (g/l): 15;
carbon source, 3; nitrogen source, 1; K 2 HPO 4 , 0.2; MgSO 4 .7H 2 O, 0.2; FeSO 4 .7H 2 O, 0.25;
KCl. The working stocks of culture media components such as carbon, nitrogen and trace
elements were prepared and sterilized separately in an autoclave (121 °C, at 15 psi for 15
mins). Upon cooling down to room temperature, the sterile components were mixed
aseptically at right proportions.
2.3

Submerged fermentation

A small loop of fungal mycelia grown on PDA was taken and transferred into 80 mL of
sterile PDB culture media. The flasks were incubated on a rotary shaker at 150 rpm at 24 °C
for 48 hours and considered as pre-inoculum. After 48 hours of inoculum, the culture broth
was allowed to centrifuge at 8000 rpm for 6 minutes at room temperature to separate mycelia.
100 mg of mycelia was added to the fermentation media containing 100 mL of working
media, and then incubated at 200 rpm at 24 °C for 10 days. All the experiments were
performed as triplicates and pigment production was monitored on an everyday basis.
2.4

Quantification of pigments

Throughout the period of fermentation, 5 ml of sample was withdrawn from the flasks to
measure the optical density of the solution. The culture broth was centrifuged at 8000 rpm of
6 min at room temperature to separate the supernatant and mycelia. The color-rich supernatant
which contains the extracellular pigment was quantified using UV-vis spectrophotometer. The
pigment analysis was done by measuring the solution absorbance at 470, 500 and 520 nm
representing the regions for orange, red and reddish brown colors respectively [66, 67].
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Pigment yield was observed as OD units at its maximum wavelength and the values were
converted into pigment units using the following equation
𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 =
Where

OD∗DF∗V

…………………. (1)

Vt

OD = Optical density at 500nm; DF = Dilution factor; V = Volume of extract; V t = Total
volume
2.5

Dry biomass estimation

Each day, the fermentation broth and cells were separated using 0.48 µm filters (SEFAR,
Nitex, Switzerland). The mycelia mat was dried at 105 °C in the hot air oven to the constant
weight. The dry weight of the fungus was calculated using the following formula
𝐷𝐷𝐷𝐷𝐷𝐷 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 = (𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 + 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚) − 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤ℎ𝑡𝑡 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝………

2.6

(2)

Optimization using central composite response surface design

To find out the optimum concentration of the most effective variables (yeast extract [X1],
KH 2 PO 4 [X2], and MgSO 4 .7H 2 O [X3]) identified by OVAT analysis and to study their
interactions, RSM using CCD was applied. Each variable in the design was studied at five
different levels, with all variables taken at a central coded value of zero (Table 1).

Table 1: Experimental range and the levels of three independent variables for central
composite design (CCD) matrix in terms of actual and coded factors
Factor code

Factors
(in g/L)

Levels of the factors
-α

-1

0

+1

+α

A

Yeast extract

1.32

2

3

4

4.68

B

KH 2 PO 4

0.16

0.5

1

1.5

1.84

C

MgSO 4 .7H 2 O

0.03

0.1

0.2

0.3

0.37

Accordingly, a factorial experimental design, with an axial point (α=1.68) and six replicates at
the center point, with a total number of 20 experiments, was employed (Table 2). Orange
pigment yield, red pigment yield and dry biomass weight were taken as responses Y1, Y2, Y3
respectively, and a multiple regression analysis of the data was carried out for obtaining an
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empirical model that relates the response measured to the independent variables. The
relationship of the independent variables and the response was calculated by the second-order
polynomial equation
Y = β 0 + β 1 . X 1 + β 2 . X 2 + β 3 . X 3 + β 11 . X 1 2 + β 22 . X 2 2+ β 33 . X 3 2 +
β 12 . X 1 . X 2 + β 13 . X 1 . X 3 + β 23 . X 2 . X 3 + β 123 . X 1 . X 2 . X 3
………………..

(3)

where Y represents the response value, β 0 is a constant which shows where the line intersects
the y-axis and allows the average impact of the factors, β 1 , β 2 and β 3 are regression
coefficients, β 12 , β 13 , β 23 and β 123 are the regression coefficients for the interaction of
variables [68].

2.7
Statistical analysis and data validation
Using Design Expert Statistical Software package 9.0.3.1 (Stat Ease Inc., Minneapolis, USA),
the response surface models were obtained for CCD. For CCD, ANOVA through Fisher’s test
was used to evaluate the effect of independent variables on the response and significant
results were identified by a p-value of < 0.05. Multiple correlation coefficient (R2) and
adjusted R2 were used as quality indicators to evaluate the fitness of the second order
polynomial equation. Contour and three dimensional surface plots were employed to
demonstrate the relationship and interaction between the coded variables and the response.
The optimal points were determined by solving the equation derived from the final quadratic
model and grid search in RSM plots.
3.

Results

3.1.

Primary screening of media components

Among the tested carbon and nitrogen sources, some sources showed positive and some
showed less effect on pigment production. The experimental combinations for OVAT are
shown in Table 1. The results of Fig. 1(a), (b) & (c) indicated that when sucrose and yeast
extract was used as a combined source, it provided maximum yield of orange ( 695.17 mg/L
RYR equivalents) and red pigments (738.58 mg/L RYR equivalents) and also higher dry cell
weight (6.60 g/L) then followed by fructose with yeast extract (623.09 mg/L of orange
pigments 635.35 mg/L of red pigments , 5.96 g/L of dry cell weight). Evidently, sodium
nitrate used as an inorganic nitrogen source gave very low yields of all the nitrogen sources
tested (Fig. 1(a), (b), (c)). Nitrogen sources, peptone and tryptone individually combined with
any of the carbon sources provided quite nearby yields (see fig. 1(a), (b) & (c)). In the context
of above observations, sucrose and yeast extract was shown to improve the yield of responses.
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Figure 1: The main effects of combined different carbon and nitrogen sources on (a) Dry biomass weight
of T. albobiverticillius 30548, (b) Pigment yield at 470 nm in terms of red yeast rice equivalents (mg/L), (c)
Pigment yield at 500 nm in terms of red yeast rice equivalents (mg/L). Data plotted are means ± SD of
three replicate growths per culture medium.
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3.2.

Central composite design and Response surface methodology

Twenty experiments were carried out at different combinations of variables and the responses
were tabulated in Table 2. The coefficients of the response surface model were evaluated by
regression analysis and tested for their significance. A second-order polynomial equation for
pigment production (orange and red) and dry biomass weight was obtained using the
regression co-efficient. This equation asserts the relationship between the process factors and
the responses. After neglecting the insignificant factors, this can be presented in terms of
coded factors as:

Orange pigment yield (OPY) Y 1 = + 65.45 - 4.47 * A - 2.73 * B + 5.16 * C + 0.67 * AB +
0.098 * AC - 2.35 * BC -15.51 * A2 – 8.15 * B2 – 6.16 * C2

…………………..

(4)

Red pigment yield (RPY) Y 2 = + 259.45 + 4.07 * A - 0.30 * B + 3.04 * C – 0.44 * AB + 0.26
* AC + 0.65 * BC – 43.80 * A2 – 42.83 * B2 - 21.89 * C2

………………….

(5)

Dry biomass weight (DBW) Y 3 = + 14.47 – 0.76 * A + 0.089 * B + 1.23 * C - 0. 011 * AB
+ 0.28 * AC – 0.044 * BC – 3.10 * A2 – 1.43 * B2 – 0.99 C2

…………………..

(6)

Where, A represents yeast extract, B is KH 2 PO 4 and C is MgSO 4 .7H 2 O.
Table 2: Central composite experimental design matrix with observed results by using three
independent variables
Std
order
20
19
8
6
1
4
5
7
10
2
11
15
18
13
9
3
17
12
16
14

Run
order
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Yeast extract
(g/L)
3
3
4
4
2
4
2
2
4.68179
4
3
3
3
3
1.31821
2
3
3
3
3

KH 2 PO 4
(g/L)
1
1
1.5
0.5
0.5
1.5
0.5
1.5
1
0.5
0.159104
1
1
1
1
1.5
1
1.8409
1
1

MgSO 4 .7H 2 O
(g/L)
0.2
0.2
0.3
0.3
0.1
0.1
0.3
0.3
0.2
0.1
0.2
0.2
0.2
0.0318207
0.2
0.1
0.2
0.2
0.2
0.368179

OPY
(mg/L)
62.98
64.9956
31.25
37.14
38.21
26.11
52.36
44.03
19.35
22.37
49.65
65.99
63.98
37.73
21.87
39.05
70.869
33.23
64.22
56.41

RPY
(mg/L)
260.12
262.78
163.21
158.32
137.25
156.8
140.02
139.96
129.65
161.22
142.51
247.2
261.39
188.32
144.81
141.28
262.27
137.43
262.34
210.08

DBW
(g/L)
14.23
14.98
8.95
9.03
8.89
6.81
10.08
10.27
5.03
6.49
10.57
15.98
13.12
9.12
7.05
9.03
13.63
10.95
14.77
14.89
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From the developed models (Eqs. 4, 5, 6), three dimensional response plots were plotted to
visualize the relationship between factors and responses. Response surface curves for the
variation in pigment production (orange and red) and dry biomass weight were constructed,
depicted in figure 2 (a), (b) & (c). In each set, responses were plotted on Z axis against two
factors while maintaining other two factors at constant at their middle level [69, 70].
Fig. 2 (a) depicts the production of orange pigments with respect to yeast extract versus
KH 2 PO 4 . From the interaction response of yeast extract with KH 2 PO 4 , orange pigment
yields increased with increasing yeast extract and KH 2 PO 4 concentration up to 2.9 g/L and
0.9 g/L, respectively. Fig. 2 (b) represents the interaction effect of yeast extract and
MgSO 4 .7H 2 O on production of orange pigment. With an increase in yeast extract (2.0 - 2.9
g/L) and MgSO 4 .7H 2 O (0.1 - 0.2 g/L) concentration, OPY increased. Thereafter, an increase
in MgSO4 concentration up to 0.3% (w/v) resulted in decreased orange pigment production.
Fig. 2 (c) reveals the orange pigment production with KH 2 PO 4 versus MgSO 4 .7H 2 O and the
maximum range was found to be 0.2 g/L MgSO 4 .7H 2 O and 0.9 g/L KH 2 PO 4 . However, the
response curve did not show curvature, rather it was flattened. This suggested a demand for
yeast extract rather the influence of trace elements (MgSO 4 .7H 2 O and KH 2 PO 4 ) used here.
Fig. 3 (a, b, c) illustrates the interaction effect of individual factors on red pigment
production. In all the three graphs, interaction of yeast extract with KH 2 PO 4 (Fig. 3(a)), yeast
extract versus MgSO 4 .7H 2 O (Fig. 3(b)), KH 2 PO 4 versus MgSO 4 .7H 2 O (Fig. 3(c)), there was
an increased pigment production in the range of 2.9 g/L yeast extract, 0.2 g/L MgSO 4 .7H 2 O
and 0.9 g/L KH 2 PO 4 . In these concentrations, the red pigment production was maximum with
a value of 262.78 mg/L.
Fig. 4 (a, b) exemplifies the interaction effect of yeast extract with KH 2 PO 4 (fig. 4 (a)), yeast
extract with MgSO 4 .7H 2 O (fig. 4 (b)) on dry biomass weight. It represents an increase of
biomass until 2.9 g/L yeast extract, and then started to decrease in their amount. Moreover,
the influence of KH 2 PO 4 and MgSO 4 .7H 2 O was not very high on biomass production as it is
shown on graphs. Fig. 4 (c) depicts the interaction of KH 2 PO 4 versus MgSO 4 .7H 2 O and
whilst, increasing the phosphate to 0.9 g/L and sulphate to 0.2 g/L concentration has just
slightly increased the biomass content toward the end (14.98 g/L).
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(a)

(b)

(c)

Fig. 2: 3D surface plots showing the interactive effects of factors on orange pigment yield (OPY)

(a)

(b)

(c)

Fig. 3: 3D surface plots showing the interactive effects of factors on red pigment yield (RPY)

(a)

(b)

(c)

Fig. 4: 3D surface plots showing the interactive effects of factors on dry biomass weight (DBW)
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3.3.

Analytical validation

ANOVA statistics for the response surface was shown in Table 3, 4, 5. Unexplained
deviations of the model are indicated through determination co-efficient and in this
experiment, ANOVA of regression model demonstrated the determination coefficient (R2=
0.9573 for OPY, 0.9800 for RPY and 0.9553 for DBW) which discloses the deviations were
0.042, 0.02 and 0.044 of the deviations were unexplained [71]. With the values of coefficient
(CV) it is possible to determine the degree of precision and reliability of the conducted
experiments. A minimum value of CV% (10.61% for OPY, 5.58% for RPY and 8.85% for
DBW) interpret the low deviation between the experimental and predicted value that has good
degree of precision. Signal to noise ratio is referred as adequate precision and a value greater
than 4 is desirable [72]. In this study, the adequate precision was found to be >15 for three
responses, also proves the model can be used to navigate the design
space.
Table 3: Analysis of variance (ANOVA) for the effect of the independent variables on the dependent
variables and the regression coefﬁcients, of the ﬁtted quadratic equations on orange pigment yield (OPY)
Source

DF

Model
A-Yeast extract
B-KH 2 PO 4
C-MgSO 4 .7H 2 O
AB
AC
BC
A^2
B^2
C^2
Residual
Lack of Fit
Pure Error
Cor. Total
SD
Mean
CV %
PRESS
R2
R2 adj
R2 pred
Adeq. precision

9
1
1
1
1
1
1
1
1
1
10
5
5
19

Orange pigment yield (mg/L)
Sum of squares
Mean square
5126.09
569.57
272.63
272.63
101.63
101.63
363.48
363.48
3.56
3.56
0.076
0.076
44.18
44.18
3467.87
3467.87
956.75
956.75
546.39
546.39
228.75
22.88
189.20
37.84
39.56
5354.84
19
4.78
45.09
10.61
1493.79
0.9573
0.9188
0.7210
15.195

F-value
24.90
11.92
4.44
15.89
0.16
3.325E-003
1.93
151.60
41.82
23.89

P-value
< 0.0001
0.0062
0.0613
0.0026
0.7013
0.9552
0.1948
< 0.0001
< 0.0001
0.0006

4.78
7.91

0.0555
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Table 4: Analysis of variance (ANOVA) for the effect of the independent variables on the dependent
variables and the regression coefﬁcients, of the ﬁtted quadratic equations on red pigment yield (RPY)
Source

DF

Model
A-Yeast extract
B-KH 2 PO 4
C-MgSO 4 .7H 2 O
AB
AC
BC
A^2
B^2
C^2
Residual
Lack of Fit
Pure Error
Cor. Total
SD
Mean
CV %
PRESS
R2
R2 adj
R2 pred
Adeq. precision

9
1
1
1
1
1
1
1
1
1
10
5
5
19

Red pigment yield (mg/L)
Sum of squares
Mean square
52455.40
5828.38
225.90
225.90
1.23
1.23
126.45
126.45
1.53
1.53
0.53
0.53
3.41
3.41
27643.42
27643.42
26434.07
26434.07
6903.79
6903.79
1069.17
106.92
887.56
177.51
181.61
36.32
53524.57
10.34
185.35
5.58
7037.93
0.9800
0.9620
0.8685
17.878

F-value
54.51
2.11
0.012
1.18
0.014
4.961E-003
0.032
258.55
247.24
64.57

P-value
< 0.0001
0.1767
0.9166
0.3023
0.9071
0.9452
0.8619
< 0.0001
< 0.0001
< 0.0001

4.89

0.0532

Table 5: Analysis of variance (ANOVA) for the effect of the independent variables on the dependent variables
and the regression coefﬁcients, of the ﬁtted quadratic equations on dry biomass weight (DBW)
Source

DF

Model
A-Yeast extract
B-KH 2 PO 4
C-MgSO 4 .7H 2 O
AB
AC
BC
A^2
B^2
C^2
Residual
Lack of Fit
Pure Error
Cor. Total
SD
Mean
CV %
PRESS
R2
R2 adj
R2 pred
Adeq. precision

9
1
1
1
1
1
1
1
1
1
10
5
5
19

Dry biomass weight (g/L)
Sum of squares
Mean square
191.65
21.29
7.90
7.90
0.11
0.11
20.70
20.70
1.013E-003
1.013E-003
0.63
0.63
0.015
0.015
138.80
138.80
29.66
29.66
14.25
14.25
8.96
0.90
3.75
0.75
5.21
1.04
200.61
0.95
10.69
8.85
35.94
0.9553
0.9151
0.8209
15.026

F-value
23.77
8.82
0.12
23.10
1.130E-003
0.71
0.017
154.92
33.11
15.91

P-value
< 0.0001
0.0141
0.7368
0.0007
0.9738
0.4203
0.8986
< 0.0001
0.0002
0.0026

0.72

0.6372
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Table 3, 4, 5 interprets that the significance of the developed model is sharp with a probability
value less than 0.0001. In this study, the F values are found to be 24.90 for OPY, 54.51 for
RPY and 23.77 for DBW with a corresponding very low probability value <0.0001. The high
F-test value indicates that the model is suitable and can adequately explain the real
relationship among the factors used. These results show that the model chosen can
satisfactorily explain the square of parameters (p<0.05 for A2, B2, C2) and interaction (p<0.05
for A.B, A.C, B.C) effects of selected medium components on pigment production using yeast
extract in shake flask cultures.

3.4.

Model validation

The validation was carried out in shake ﬂasks under optimum conditions of the media
predicted by the model. The predicted maximum response of OPY (70.87 mg/L), RPY
(262.34 mg/L), DBW (15.98 g/L) was obtained at the optimal level of medium variables of
yeast extract, K 2 HPO 4 and MgSO 4 ·7H 2 O of 3 g/L, 1 g/L and 0.2 g/L, respectively. To verify
the accuracy of the model, validation experiment was carried out at the predicted optimal
levels of the medium components. In the validation experiment we obtained maximum orange
and red pigment yields of 70.22 mg/L and 263.11 mg/L. The obtained amount of dry biomass
weight under optimized conditions was 16.11 g/L showing a good coincidence with the
predicted value. The accuracy of the fitted model was found to be 0.9827. Results of
validation explained that the predicted model for the red pigment production was well fitted
with the experimental results.
4.

DISCUSSION AND CONCLUSION

It is well known that the secondary metabolite production of microorganisms is largely
influenced by carbon and nitrogen sources in addition to trace elements [66, 73, 74]. In
addition, it has been shown that the media conditions have varying effects on the production
of fungal secondary metabolites [75, 76]. Carbon and nitrogen sources constitute the major
cost of the fermentation medium and several studies on alternate sources reported economical
production of red pigment using various agro products and byproducts [14–19]. This
requirement necessitated the present study to optimize carbon and nitrogen sources and
growth factors for Talaromyces albobiverticillius 30548 so that a commercial production
process could be evolved.
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One-variable- at-a-time using different carbon sources presented varying levels of pigment
production and among all; sucrose was the best for Talaromyces albobiverticillius 30548.
Previous reports have also indicated that pigment production is more in the presence of
glucose in case of Monascus species [62, 77-81] . There was an increase in the biomass as
well as pigment production with increasing glucose concentration. Some workers reported
that a high glucose concentration (50 g/L) leads to low growth rates and pigment synthesis
(Chen and Johns, 1994). Results of

Barun et al. (2016) suggested that the maximum

production of pigments in Pezicula sp. BDF 9/1 was obtained with glucose as a carbon source
[82]. Earlier Cho et al. (2002) reported maximum pigment production with soluble starch
medium from Paecilomyces sinclairii [83] whereas Tseng et al. (2000) reported fructose as a
suitable carbon source for maximum pigment production from Monascus purpureus [84]. In a
study by Kim et al., 1998, sucrose gave a maximum yield of yellow pigment and it may be
due to the fact that sucrose can be easily assimilated in the metabolic pathway for
biosynthesis of pigment production [85].
A stimulatory effect of nitrogen source on pigment formation has been reported that
utilization of different nitrogen sources in fermentation had effects on microorganism growth
and pigment production [23]. In Thermomyces sp., ammonium and peptone serves as a good
nitrogen source for pigment production that yielded better growth [86]. Inorganic nitrogen
does not influence pigment formation but organic nitrogen such as malt extract, yeast extract,
peptone and soybean flour or their combination promotes growth as well as pigmentation [87,
88]. The effect of different nitrogen sources on pigment production by a number of Monascus
species concluded that when the source of nitrogen is yeast extract or nitrate, red pigments are
formed, whereas with ammonium or ammonium nitrate, orange pigments are formed [11, 89].
As well as for biomass, yeast extract stimulates conidiation, represses the sexual cycle and
increases biomass production [90]. This is in agreement with the pigment production and
biomass growth for Talaromyces albobiverticillius 30548 using yeast extract.
Although trace elements are considered as a highly important parameter to reach higher
growth rates and biomass production but, its different amount did not signiﬁcantly change the
pigment production in our studied fungi. In this case, the red pigment production had an
impact of three to four times higher than orange pigment yield and dry biomass weight when
using trace elements (Fig. 4, 5, 6). In a study for Monascus anka mycelia, the dry cell weight
was three to four times higher than conventional batch when trace elements were fed in the
fed-batch culture. While, the total pigment production decreased by 9.0 to 14.6 %, which may
281

be partly due to the strong negative-regulating effect of high concentration of MgSO 4 on the
action of pigments synthase(s). These findings suggested that feeding carbon and nitrogen
sources only played a role in facilitating cell growth, while the trace elements were key
factors to improve the cell growth and control pigment synthesis in the high density culture
[65]. On contrary, the only trace element reported to support growth and pigment production
by Monascus species is zinc [91-93]. This effect could be due to the participation of zinc in
the uptake and utilization of the carbon source. According to Lin et al. (1991), high
concentrations of phosphate and magnesium sulfate (MgSO 4 ) inhibit pigment production and
the growth is a crescent linear function of MgSO 4 concentration, in the range from 0.5 to 16
mM [46]. This is not in agreement with the results obtained in the experiments conducted
using Talaromyces albobiverticillius 30548.
The orange pigment yield (OPY) with media optimized using central composite design was
found to be 70.87 mg/L, which is about nine times less than that obtained in media optimized
by conventional one-variable-at-time method (623.09 g/L). Similarly for red pigment yield
(RPY), it was about 262.34 mg/L using response surface analysis which is threefold less than
obtained using OVAT analysis (635.35 g/L). On the contrary, biomass yield was higher in
central composite design experiments (15.98 g/L) but using OVAT analysis, the biomass
weight was very low (5.96 g/L). This change in cultivation time and decrease in pigments
production is probably due to change in concentrations of media constituents obtained by
CCD.
In the present study, optimum media composition was determined for the production of
pigments and biomass using T. albobiverticillius 30548 by means of the one-factor-at-a-time
method, and CCD. The classical one-factor-at-a-time method indicated sucrose, fructose,
yeast extract to be high-pigment-yielding media components. Dihydrogen potassium
phosphate (KH 2 PO 4 ) and magnesium sulfate (MgSO 4 .7H 2 O) were other significant factors
after yeast extract. The CCD design was used to check interactions and concentration of
significant media components. About a fivefold increase in biomass production within 148 h
cultivation time was found, after using statistical techniques for media optimization. A higher
yield of pigment production in comparison with the conventional method of optimization and
a decrease in cultivation time using a lower concentration of components (yeast extract— 2.9
g/L, KH 2 PO 4 —0.9 g/L, and MgSO 4 .7H 2 O —0.2 g/L) is the major outcome of this work. The
yield of pigments can also be increased by using fed-batch fermentation, which overcomes the
problem of substrate inhibition.
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4.5

CONCLUSION

Monascus and Monascus-like azaphilone pigments are high molecular weight pigments which
has huge application value and development potential in food industry. Various
microorganisms have been reported to produce an array of primary and secondary metabolites,
but in a very low quantity. Medium optimization is still one of the most critically investigated
phenomenon that is carried out before any large scale metabolite production, and possess many
challenges too. Optimization of production medium is required to maximize the metabolite
yield and this can be achieved by using a wide range of techniques from classical “one-factor-ata-time” to modern statistical design of experiments.
An initial study was conducted to identify the optimum process factors and environmental
conditions for pigment production using potato dextrose broth as a fermentation media. Using
Box-Behnken Design, optimum conditions for maximum production of pigments was found to
be initial pH of 6.4, temperature of 24 °C, agitation speed of 164 rpm and fermentation time
of 149 h respectively. The biomass was produced maximum with the above conditions but gave
better yield at 26 °C.
The selection of carbon and nitrogen source, its concentration in the media also plays a crucial
role in pigment production as well as fungal biomass synthesis. Even though, experimental
designs offer considerable advantage of reliable shortlisting of medium components, onevariable- at-a-time approach determines the influence of each variable on responses. With this
experimental set up, sucrose and yeast extract gave maximum yield of orange (623.09 mg/L)
and red pigments (635.35 mg/L) as well as biomass production of 5.96 g/L. The significant
factors identified through OVAT analysis were considered for the next stage in media
optimization by using response surface central composite design. Predicted maximum response
of orange pigment yield (70.87 mg/L), red pigment yield (262.34 mg/L), dry biomass weight
(15.98 g/L) was obtained at the optimal level of medium variables of yeast extract, K 2 HPO 4 and
MgSO 4 ·7H 2 O at 3 g/L, 1 g/L and 0.2 g/L, respectively. In addition to trace elements, use of
specific amino acids can increase the productivity in some cases but appropriate concentration
is necessary for the production of desired metabolite at large scale. In order to standardize the
production medium, the concept of medium optimization has emerged. However, the medium
formulated after employing various designs still needs further evaluation under realistic
production conditions and lastly with full scale models that reflect the production environment.
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CHAPTER 5
EFFECT OF SEA SALTS ON FUNGAL GROWTH AND
PIGMENT PRODUCTION IN MARINE-DERIVED
FUNGI, Talaromyces albobiverticillius 30548
This chapter provides brief information about pigment production in marine derived fungus,

Talaromyces albobiverticillius 30548 and its growth based on the effect of changing
environmental conditions particularly sea salts concentration in the culture medium.
5.1

BACKGROUND

Oceans and Seas have abound of microorganisms such as bacteria, fungi, viruses, protists and
they are considered as a unique living environments of high salinity, pressure, temperature
and nutrition. In the past two decades, nearly 690 new compounds have been found from
marine fungi showing that marine microorganisms are potent source of natural compounds [13]. Following to that, much research has been focused on marine and marine derived fungi to
study their capability to produce secondary metabolites such as enzymes, pigments, antibiotics,
etc. The microorganisms isolated from the marine sources exhibit distinct mechanism than
the terrestrial ones in order to adapt to the living environments [4]. There are number of
factors which influences the occurrence and metabolism of marine fungi such as nature of
habitats, geographical distribution and temperature, salinity, inhibition competition, dissolved
organic nutrients, hydrogen ion concentration, osmotic effects, oxygen availability, pollutants,
abundance of propagules in the water, ability to impact on to and attach to suitable substrata,
hydrostatic pressure, substrate specificity, temperature and tidal amplitude and perhaps even
light [5]. Though the presence of many chemicals makes the ocean water salty, the
outweighing compound is sodium chloride or simply salt. The salinity in most of the marine
areas is usually 35 parts per thousand. i.e.; 35 g of salt in every 1000 g of water.
Marine fungi have the ability to grow and produce secondary metabolites by altering their
morphological characters according to the changing environment. This competence pinpoints
the ecological advantage of marine fungi over their terrestrial counterparts. However, some
studies have shown that the secondary fungal metabolite production is influenced by the
culture conditions which might be regarded as the environmental changes when growing at
laboratory conditions [6]. Only limited publications dealt with the effects of salinity on growth
and secondary metabolites of marine fungi. The non-marine red pigment producing fungal
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species namely Monascus sanguineus and Monascus purpureus, when exposed to salt stress
above 3 %, decrease in the yield of pigment was noted also the strains lost their viability above
12% of salt in the culture media.
Marine-derived Pencillium dravuni F01V25 produces the anthraquinone carviolin and the
polyketide dictyosphaeric acids A and B. As a note that it was sourced from marine
environment, a study has been attempted to determine its growth on salt Malt Extract Agar
(MAE) supplemented with 3% sodium chloride (NaCl) w/v and 1% other salts (potassium
chloride [KCl], magnesium chloride [MgCl 2 ], calcium chloride [CaCl 2 ]) w/v. The fungi grew
at these concentrations but a decrease in growth was observed beyond increasing the
concentration to 10%. Moreover, two different secondary metabolites were produced in 10%
concentration when compared to salts level at 3% [7]. As a part of our research, a study was
carried out by varying the concentrations of sea salts at different levels from 3.65-9% in the
culture media to understand the influence of sea salts on the growth and pigment production
as well as to compare the response with control (0% salt concentration) in Talaromyces

albobiverticillius 30548.
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Abstract: Marine-derived fungi have gained increasing interest by producing structurally unique
natural products that inhabit severe changing environments. Talaromyces strains as well as the close
Penicillium genera are among the most innovative towards bioactive compounds even amongst
colored metabolites. Coupling pigment producing capability with bioactive effectiveness would be a
valuable challenge in some specific industries as dyeing, cosmeceutical or food industries. In this
sense, a red pigment producing strain Talaromyces albobiverticillius has been isolated from the marine
environment of Réunion Island, Indian Ocean. The marine origin of this strain may impact its
potential to synthesize metabolites, for instance the intense red pigment which is one of its
characteristics. In this research we analyzed the effect of different temperatures and salinity levels on
biomass growth and pigment production. This study emphasizes the impact of salted / unsalted
media on the production of metabolites of interest in marine-derived fungal strains.
Keywords: Sea salts, Talaromyces albobiverticillius, Réunion Island, fungal pigments, biomass,
color coordinates
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1. Introduction

The use of natural colorants is gaining interest due to the increasing demand for natural and
healthy products among consumers. In that quest for new molecules and efficient pigment
producers, filamentous fungi are found to produce a diverse range of bioactive secondary
metabolites of interest such as antibiotics, alkaloids, enzymes, organic acids, carotenoids, toxins and
pigments since long [1-3]. These compounds have been apparent to have potential interest in
agrochemical, biotechnological, food and pharmaceutical industries [4, 5]. Filamentous fungi dwell
in various ecological habitats including marine and terrestrial environments, also thrive on a various
range of substrates either in solid or liquid base [6]. Many of the fungal secondary metabolites are
not directly involved in the growth of organism instead it will be produced after the active growth,
which may play a pivotal role in sporulation, stress tolerance, protection against UV, nutrition and
interactions with other organisms [7, 8].
Considering pigments, divergent sources of filamentous fungi produces different chemical
classes of pigments such as carotenoids, melanins, flavins, phenazines, quinones and more
specifically monascins, violacein, and indigo [9-11]. For instance, carotenoids or anthraquinones play
an important role for the adaptation of fungi to their environment, by protecting their cells against
oxidative stress or by promoting various synthesis of physiologically active by products [12-15].
However, the underlying mechanisms of secondary metabolites biosynthetic gene cluster regulation
are emerging but the factors and pathway involved in the regulation of these secondary metabolites
are poorly understood till now [16, 17]. Furthermore, pigments from marine-derived ascomycetes
fungi considered as prolific source for their production of structurally and biologically unique
compounds with pharmaceutical potential. This has increased the attention of natural products
chemists and researchers to scrutinize the diversity, chemistry and biology of marine fungi [18-20].
Exposure to both biotic and abiotic stress causes variety of responses in microbes including
direct nutritional effects, toxic effects, biochemical and morphological changes [21]. Despite their
native habitat, number of evidences proved that under marine environmental conditions,
particularly in the presence of sea salts, unique secondary metabolites have been found to be
produced as compared to the related strains of terrestrial / fresh water fungi [22-24]. Novel classes of
secondary metabolites were identified from the salted-water cultures including antiviral cum
neuroprotective sorbicillactone A and 2’,3’-dihydroanalog sorbicillactone B from Penicillium
chrysogenum [25], antibacterial terremides A and B from Aspergillus terreus PT06-2 [26], asperic acid
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from the saltwater culture of sponge derived Aspergillus niger [27], the polyketide, trichoharzin was
isolated from the salty medium of Trichoderma harzianum [28].
Therefore, a special emphasis has been assigned to collect samples from different habitats of
marine environment and to analyze the pigment producing strains among the diverse selection of
fungal community. The samples were collected in the marine environment of La Réunion Island,
located 800 km east of Madagascar. The study was conducted in order to support future research
towards identification of pigments from marine-derived fungi and eventual secondary metabolites
with potential bioactivities. Among the screened microorganisms collected from the marine
environment of La Réunion Island (Indian Ocean), a species of Talaromyces (T. albobiverticillius
30548), was found to originally synthesize large amount of red pigments. It has been reported that
some strains of T. albobiverticillius does not produce any toxins [29] and thus considered as a
promising source for industrial production of red pigments.
Attributable to various reports, an intuitive study was carried out to investigate the
behaviour of this strain and its ability of pigment production under submerged fermentation, using
potato dextrose broth (PDB) supplemented with artificial sea salts. However, only a few published
research articles deals with the effects of salts (mostly NaCl) on growth, extrolites and pigments
production by marine-derived filamentous fungi [30, 31]. Huang et al (2011) studied the effects of
salinity on growth, secondary metabolites production and biological activities of several marinederived strains of Penicillium [32]. In his report, it was found that NaCl promoted growth in 91.5% of
their 47 strains, and antimicrobial activity in 14.5%. These results confirm that salinity is a crucial
factor influencing growth and secondary metabolites production [33]. Based on these findings, this
work was designed to investigate the effects of salinity on fungal growth and behaviour, intensity
and amount of pigment production, ability of stress tolerance level of marine-derived
T. albobiverticillius 30548 towards this particular factor.
2. Results
2.1

Effect of temperature on fungal growth and biomass
For a better understanding of temperature effect on fungal growth rate and biomass

production, fermentation was carried out at three different temperatures (21, 24 and 27 °C). With dry
weight of fungal biomass used as a criterion, the biomass production rates have been calculated
during the maximal growth phases (2 to 7 days for 21 °C, 2 to 8 days for 24 °C and 1 to 5 days for
27 °C). The weight of final dry biomass was given for day 10 and amount was examined once the
growth had stopped completely in the stationary phase, after 9 days (Table 1).
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Table 1. Biomass growth rate and final dry biomass weights based on the temperature in
Talaromyces albobiverticillius 30548 cultured in PDB with an initial pH of 4.0 under the
agitation speed of 200 rpm
Temperature

Exponential
phase

Fungal growth rate

SD

R2

(g/L/day)

Maximum

dry

SD

biomass weight

21 °C

Days 2 to 7

0.51

0.03

0.9696

(g/L)
6.22

0.02

24 °C

Days 2 to 8

0.48

0.03

0.9311

5.48

0.02

27 °C

Days 1 to 5

1.11

0.03

0.9893

5.66

0.02

The growth rate values were found to be 0.51±0.03, 0.48±0.03 and 1.11±0.03 mg/L/day implying
the temperature and time factor had an influence on fungal growth. In the experiments conducted
at 3 different temperatures, the final dry biomass weights were 6.22±0.02, 5.48±0.02 and 5.66±0.02
g/L at temperatures 21, 24 and 27 °C respectively. These results significantly showed that the fungi
grown at the temperature of 21 °C exhibited maximum growth rate in 7 days, and the biomass
produced was higher compared to the growth at 24 & 27 °C (Figure 1).

Figure 1. Compared effects of culture at three different temperatures (21 °C, 24 °C & 27 °C) on
biomass growth for Talaromyces albobiverticillius 30548 cultured in PDB with an initial pH of
4.0 under the agitation speed of 200 rpm
Considering the maximum dry biomass at three different temperatures, incubation at 21 °C
gave maximum biomass yield on day 6 but culturing at this temperature made the condition
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unfavourable to produce high amount of pigments compared to 24 °C & 27 °C (see paragraph 2.2).
And also, at 27 °C, the growth rate is maximum (1.1 mg/L) but the exponential phase is shorter and
the final biomass is lower than 21 & 27 °C.
One way ANOVA was performed and the difference in the mean values of the three groups is not
great enough to reject the possibility that the difference is due to random sampling variability.
There exists no statistical significance between the temperature conditions (P = 0.359 > 0.05).

2.2

Effect of temperature on pigment production
The studied fungal strain produces red pigments at three different temperatures and the

highest production of pigments (expressed in red rice equivalents mg/L) was observed on day 9 at
24 °C. In all the treatments (21, 24 & 27 °C), pigment production was initiated on day 3 and a large
deviation among the triplicates was seen in the beginning of exponential phase, which is clearly
indicated in Figure 2. This demonstrates the asynchronous nature of the culture. The maximum
pigment production was attained on day 8 for all the three sets and then followed by the stationary
phase from day 8 until day 10. Whereas at 24 °C, pigment production was more effective and
reached nearly maximum on day 6 compared to the production at 21 & 27 °C.

Figure 2: Compared effects of culture at three different temperatures (21 °C, 24 °C & 27 °C) on
red pigment yield (at 500 nm) (expressed in red rice equivalent g/L) for Talaromyces
albobiverticillius 30548 cultured in PDB with an initial pH of 4.0 under the agitation speed of
200 rpm
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In addition, rate of pigment production has been calculated during exponential growth of the
fungi and the yields were 0.2204±0.01g/L/day at 21 °C, 0.3446±0.02g/L/day at 24 °C and 0.2910±0.02
g/L/day at 27 °C (Table 2). Hence, it can be concluded that temperature had a significant impact on
pigment yield and obtained values were significantly different (p<0.05), even though the final
pigment yields were nearly the same.
Table 2. Pigment production rate (in equivalents Red Rice) in Talaromyces albobiverticillius
30548 depending on temperature cultured in PDB with an initial pH of 4.0 under the agitation
speed of 200 rpm

Temperature

Exponential

Production rate

phase

(mg/L/day)

SD

R2

Maximum

SD

pigment
yield (g/L)

21°C

Days 2 to 8

220

0.01

0.97

1.34

0.08

24°C

Days 2 to 6

344

0.02

0.98

1.49

0.06

27°C

Days 2 to 7

291

0.02

0.98

1.46

0.08

2.3 Effect of sea salts on fungal growth rate and biomass
Based on the biomass criterion, the implemented linear model was found to be significant
for two sea salt concentrations (0% and 9% sea salts) and moderately adequate for 6% (Table 3).
From the obtained slopes for all sea salts concentrations, it could be noted that the biomass
production tends to be greater with lower sea salts concentrations. Lag phase was observed before
the beginning of growth for lower sea salts concentrations (3.65%) as the culture for fermentation
was taken from seed culture (same media without added salts) while it was in its exponential
phase. However, a small lag phase (one day, pigment production started on day 2) was observed
for higher sea salts concentrations (6% and 9%). This could be explained by the fact that a short
time was required by the fungi for its adaption to grow in higher sea salts concentration.
Table 3: Rate of fungal growth in Talaromyces albobiverticillius 30548 based on salinity in the
fermentation media cultured in PDB with an initial pH of 4.0 under the agitation speed of 200
rpm

Sea salts

Reference

Exponential

concentration
0%

code
T1

phase
Days 2 to 6

3.65%

T2

6%

T3

Fungal growth rate

SD

R2

(mg/L/day)
291***

0.02

0.986

Days 3 to 9

212*

0.03

0.904

Days 2 to 7

122**

0.005

0.988
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9%

T4

Days 2 to 8

39***

0.004

0.950

The significance of sea salts concentration during exponential phase was statistically
analysed using Tukey’s test. The results indicated that there was no significant difference between
the groups 0% & 3.65%, 3.65% & 6% (p>0.05) whereas there exists a difference between 0% & 6%,
0% & 9% (p<0.05).

2.4 Effect of sea salts on dry biomass weight
From the results (Figure 3), it was clear that dry biomass yield was influenced by sea salts
concentration from day 1 [34].

It can be observed that culture media with 9% salinity (T4)

exhibited linear increase from day 1 until maximum biomass yield obtained on day 9. Media with
sea salt concentrations (0%, 3.65% and 6%) obtained maximum biomass yield on day 8 (T1), 7 (T2)
and 8 (T4) respectively. From the results, it was inferred that the amount of final dry biomass
weight and the time required in obtaining maximum dry biomass increase with an increase in sea
salts concentration and this was in agreement with the work done by Masuma et al, 2001 [35].
There is a clear difference in the final dry biomass weight of salted media which was higher for T3
(8.28 g/L) and notably higher for T4 (9.22). From fig. 3, it is highlighted that the final dry biomass
was nearly the same for T1 (4.88 g/L) and T2 (5.01 g/L) which was lower than obtained for salted
media.
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Figure 3: Effect of different levels of sea salts concentration (0% (T1), 3.65% (T2), 6% (T3), 9%
(T4)) on dry biomass weight at 27 °C cultured in PDB with an initial pH of 4.0 under the
agitation speed of 200 rpm
The addition of sea salts was found to significantly increase the final dry biomass weight in
Talaromyces albobiverticillius 30548 which was confirmed by ANOVA. Table 4 shows the length of
exponential phase, fungal growth rate and final biomass for all the treatments applied.

Table 4: Rate of fungal growth and final biomass weight in Talaromyces albobiverticillius 30548
based on salinity in the fermentation media cultured in PDB with an initial pH of 4.0 under the
agitation speed of 200 rpm

Sea salts

2.5

Reference

Exponential

concentration
0%

code
T1

phase
Days 2 to 8

3.65%

T2

6%
9%

Fungal growth rate

Final biomass

SD

R2

(mg/L/day)
484

(g/L)
4.88

0.03

0.9312

Days 2 to 7

446

5.01

0.03

0.9652

T3

Days 2 to 7

965

8.28

0.06

0.8944

T4

Days 2 to 9

784

9.22

0.09

0.9884

Effects of sea salts on pigment production
The rate of pigments production for different levels of salinity is presented in Figure 4.

Enhanced pigment production was noticed in the culture media without the addition of sea salts
(T1) then followed by minimum salinity percentage (T2). The time required for initiation of
pigments production in sea salts added media was found to be higher when compared to 0% salt
concentration media; this could be explained by an initial adaptation time which might have been
required for the fungi in sea salts concentrated media [36]. Indeed, the seed culture was grown in
PDB without sea salts added in the culture media. From the results it was noticed that media with
0% salt concentration (T1) exhibited prominent pigment production from day 2 (0.0167 g/L) to day
7 (maximum pigment yield 1.36 g/L).

Though media with 3.65% (T2) sea salt concentration

exhibited a short delay in pigment production until day 5 (0.23 g/L), it exhibited a drastic change in
pigment production after day 6 (0.92 g/L) until day 9 (maximum pigment yield 1.46 g/L).
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Figure 4: Effect of sea salts concentration on pigment yield expressed in red rice equivalent g/L
(500nm) at 27 °C in Talaromyces albobiverticillius 30548 cultured in PDB with agitation speed of
200 rpm ; 0% (T1), 3.65% (T2), 6% (T3), 9% (T4).
Salt contents in the medium had a significant influence on the pigment yield and its
production corresponded to the change in color values. The final pigment yield was higher for
treatment T1, 1.46 g/L and for T2 (1.45 g/L) which is nearly the same as T1. For treatment T3, the
final pigment yield was 1.09 g/L and for T4, 0.56 g/L which is very low compared to all other
treatments (Table 5).

Table 5: Rate of pigment production and final pigment yield in Talaromyces albobiverticillius
30548 based on salinity in the fermentation media cultured in PDB with an initial pH of 4.0
under the agitation speed of 200 rpm

Sea salts
concentration
0%

Reference
code
T1

Exponential

Production rate

phase

(mg/L/day)

Days 3 to 8

225

SD

Final pigment

SD

yield (g/L)
0.01

1.46

0.08
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3.65%
6%
9%

T2
T3
T4

Days 3 to 9

232

0.02

1.45

0.06

Days 2 to 9

130

0.02

1.09

0.08

Days 3 to 10

65

0.05

0.56

0.07

Pigments production rate was statistically analysed through R2 value. The R2 value of 0%
and 3.65% salt concentration was found to be around 0.95 and 0.98 which indicates the linear
increase of pigment concentration. To test the statistical significance, t- test was performed between
the treatments. Between treatment T1 and T2, the t-test was successful and the P- value was 0.45.
There exists no significant difference between the treatments as the P-value 0.45 > 0.05. But among
the treatments T1, T3 and T4 there exists a significant difference which is given by the P-value
0.002 < 0.05.

2.6 Effect of sea salts on color hues
The commercially available Monascus red (R) and orange quinizarin (O) were used as
reference colorants (1 g/L) to compare La*b*c h° color values of fungal culture filtrates. The a*
values of all the cultured filtrates were found to be positive ranging from 6.87 to 81.25 (pale pink to
red) and similarly for b*, only positive values exists from 6.87 to 67.12 (grey to yellow) (Table 6).

Table 6: L, a*, b*, c, h° values of Talaromyces albobiverticillius 30548 fungal extracts at different
sea salts concentrations on day 10 cultured in PDB with an initial pH of 4.0 under the agitation
speed of 200 rpm and standards (Monascus red and Quinizarin)
Reference code

L

a*

b*

0%

T1

57.12

56.73

42.94

37.08

76.14

3.65%

T2

48.16

61.38

46.08

36.89

71.75

6%

T3

75.25

49.87

21.25

23.07

54.20

9%

T4

81.25

6.87

29.87

77.04

30.62

Red yeast rice

R

54.02

57.41

61.97

47.19

84.48

Quinizarin

O

91.24

42.18

65.12

57.06

35.17

Sea Salts

h° ab

Chroma

concentration
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The colored extracts produced in control media (0%) and (3.65%) sea salts concentrated
media represented red color when compared to media with higher sea salts concentrations (6% &
9%). The hue angles of the culture filtrates (0, 3.65 and 6%) ranged from 23 to 37 signifying orange
–red color. While, the hue angle of 9% sea salts concentration was 76.8 which was very near to
yellow region (Figure 5) and implies that addition of Sea salts to the culture medium modified the
color of pigments produced in Talaromyces albobiverticillius 30548. In the culture media without the
addition of sea salts (at 0%), “dark red” hue was observed instead, salt concentrated media altered
the color from dark red to brown indicating a clear change in the pigment content and structure.
However, T1, T2, T3 exhibit close hue angles, compared to T4 which appears really different.
Comparing the hue angles of T1 and T2, it seems closer to the reference colorant, Red Rice (R).
Whereas the hue angle of T4 is on the angle of quinizarin (O) which is orange in color but exhibited
very low lightness. The saturation, C* responses of the 4 different treatments (T1, T2, T3, T4)
widely ranged from 30.62 to 76. 14. Among T2 then T1 exhibited significantly high concentration of
pigments presented by high saturation values. Comparatively T3, then T4 are positioned lower.
The saturation of the color is thus clearly modified by the variations in salt concentrations in the
culture media.
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Figure 5: Polar scatter plot showing the positions of Talaromyces albobiverticillius 30548
cultured in 4 different sea salts concentrated media T1 (0%), T2 (3.65%), T3 (6%) & T4 (9 %)
including reference standards Quinizarin (O); Red yeast rice (R)

3. Discussion
Since our interest was to test the tolerance of marine derived fungi to high salt stress and the
reaction towards pigments production, we have used artificial sea salts to study their behaviour in
liquid media. Indeed literature already mention that in the presence of marine salts, fungi
produces different metabolic profiles [18]. Numerous studies on various fungal species have
reported that temperature is an important physiochemical factor that has a great impact on cell
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growth [37]. Nonetheless, incubation at low temperature (21 °C) increases broth viscosity that can
result in increased biomass but had negatives effect on pigment production in the studied range
(220 mg/L/day Red Rice equivalents, compared to 344mg/L/day at 24°C). From the negligible
starting viscosity, immediately after the inoculation, viscosity in the fermentation medium
increases due to the increased cell concentration at low temperature and release of any metabolites
into the medium [38, 39]. High viscosity of the media may result in reduced oxygen transfer and
increased fraction of oxygen limited-cells. Thus the associated oxygen limited environment may
yield low pigment production. Ahn et al. (2006) observed a similar pattern of decreased Monascus
pigment production, linked to the increased viscosity which was due to the highly entangled
mycelial clumps [40].
Several studies have reported that changes in temperature whether increase or decrease;
induce changes in the production of pigments. In this regard, Babitha et al. (2007) described
increasing the temperature to 30 °C resulted in higher red pigment production in Monascus
purpureus LPB 97 at 500 nm, beyond increment of temperature to 40 °C produced more yellow
pigments absorbing at 400 nm [41]. Considerably, high viscosity of the broth was observed in a
culture at 21 °C which apparently decreases the availability of dissolved oxygen, thus in turn
affected the higher production of pigments absorbing at 500 nm. Similar behaviour was remarked
in the submerged fermentation of Monascus sp. J101 for red pigment production [40].
Next to temperature, it is well known that salinity is an important abiotic factor affecting the
distribution of at least some marine derived fungi. Sea water normally holds salt content around
3.5 % and there seems to be continuous alteration in the salinity based on intertidal amplitude,
which considerably affects the fungal biodiversity [42]. Tolerance to high salt stress is a property of
marine-derived fungi, predominantly some species of Aspergillus and Penicillium [43]. The present
study shows a remarkable influence of sea salts on the growth of the isolated marine-derived
fungi. The growth was enhanced when the concentration was increased to 9% at 27 °C. In actuality,
as long ago in 1957 and 1959 Ritchie had found a fact that the growth of various tropical marine
isolates can be faster at higher salinities as long as higher temperatures are maintained [44, 45].
Extending this evidence to some strains, similar pattern was observed in Aspergillus nidulans,
Curvularia sp., Dendryphiella salina, Penicillium chrysogenum, P. citrinum, P. corylophilum P. dravuni,
Pestalotia sp., Phoma sp. [46-49].
Most fungi disposed to be more halotolerant than halophilic and do not require salt
concentrations for their viability [50]. The microbial growth in highly saline environments requires
numerous adaptations more specifically at cell wall level since it protects them against mechanical
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damages, as well as from high concentrations of salts by maintaining osmotic homeostasis of cells
[51-54]. The influence of high salinities on biomass growth of Talaromyces albobiverticillius 30548 is
depicted in figure 3. Most studies revealed that fungi cultured in highly saline medium undergo
decreased growth when compared to control. The salinity tolerance level in terms of NaCl
concentrations towards growth was discussed for Aspergillus spp.(4%), Cladosporium (4%),
Pestalotiopsis (4%) [35]; Penicillium sp Ty01b-8 (3-6%) [32]; Microporus xanthopus (3.5%), Pycnoporus
sanguineus (6%), Schizophyllum commune (7%) [55] and furthermore growth was suppressed if the
concentration increases above the mentioned tolerance level. Under high saline conditions (6% &
9%) in the culture media, the marine isolate T. albobiverticillius 30548 exhibited higher dry biomass
weight indicating this species is well adapted to salt stress.
Our results on salinity effects towards biomass growth showed stimulatory effects whereas
the production of pigments was inhibited with increasing salt concentrations. Present findings
were in agreement with Chintapenta et al. (2014), who noticed a decreased production of red
pigments in Penicillium sp when the salt concentration was increased to 2% (w/v) in the culture
media. Additionally, it was reported most of the pigments were adhered to the mycelia instead
soluble into the media in the increased salt concentration from 8 to 10% NaCl [56]. However, in our
study there was diffusion of red pigments but the concentration of excreted pigments was low
partly due to the change in pH level (data not shown). Indeed, the electrolytes present in the salt
might have altered the osmolarity and also the pH. The occurrence of color change may be due to
the production of other molecules or modifications of the parent compound in the media of
increasing salt concentrations. Also, it could be explained that the increasing salt concentration
might have altered the pH of the media and prevented diffusion of pigments or modified the
metabolism. On the contrary, pigments were diffused into the media without containing any salts
(0%) and hence the water soluble pigments gave a dark red hue compared to highly saline medium
[57]. However, in highly saline medium, if pigments do not diffuse into the culture media, it might
have been adhered to biomass either didn’t produce pigments at all.
Further study of this strain exposing to different pH ranges in saline medium as well as
evaluation of intracellular pigments content may provide insight in the physiological behaviour
and fungal growth. As a contrary, Babitha et al (2007) proposed significantly larger amount of red
pigments production in high salinity at 10% NaCl on Monascus purpureus LPB97 cultured on solid
state fermentation for 12 days period [41]. Besides, in Talaromyces verruculosus, the pigment
production was hampered due to stress induced by NaCl that influences optical density
measurement based on dose dependent manner [58]. In an opinion, salt stress highly enhanced
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primary metabolism covering increased biomass growth but showed little influence on secondary
metabolism in terms of pigment production with regards to quantity[59]. Fungal pigments are
special natural products considered as secondary metabolites which are usually produced after the
active growth of the organism. In this experiment, the pigments started to produce in the middle of
the log phase and reached maximum at the end of log phase, which is usual for secondary
metabolites [8].
Obvious color diversity of extracellular pigments in the culture filtrates of T. albobiverticillius
30548 was located through color analysis using spectrocolorimetric system. Alignments of hue
values ranged from 23.07 to 77.04 exhibited the shades from pink to yellow depending on salt
levels in the medium. Similarly for P. chrysogenum IFL 2 hue angles of all of the fungal extracts
ranged from 1.57 to 90.41. Thereby, indicated the color variation from pink to red to orange and
yellow to light green-yellow obtained in PDB [60]. To our knowledge, this is the first report to
deal with the color characteristics of red pigments produced from marine-derived
T. albobiverticillius cultured in sea salts enriched medium.
To sum up, marine-derived fungi seem quite distinct from terrestrial that discrete a
specialized ecological niche and also possess differences in some aspects of metabolism [61, 62].
Among the different salinity levels, pigment production and biomass are quite similar in evolution
up to 3.5%, there after exhibited an unequal relationship in 6% and 9% sea salts added media.
Ultimately, the resistance to salinity is partially controlled by several genes, which have been
found in various marine-derived fungi. Abiotic stress affects the expression of several genes in
cellular mechanism that could raise the genes to be up- or down regulated [63, 64]. By studying the
gene behaviour, it may shed light on underlying mechanisms of salt tolerance.
4. Materials and Methods
4.1

Microorganism and preparation of seed media
The studied fungus was isolated from sediment source in the external slope of the site Trou

d’Eau (22°5’23.99” S, 55°14’7.03” E) around Réunion Island (Indian Ocean, France). This fungal
isolate is identified as Talaromyces albobiverticillius through genomic sequencing (CBS knaw, The
Netherlands) and stored in the laboratory collection of LCSNSA (Laboratoire de Chimie des
Substances Naturelles et des Sciences des Aliments, Université de La Réunion) under the reference
code 30548 at -80 °C for long term storage. The culture was also maintained on PDA slants at 4 °C
and sub cultured at regular intervals.
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Seed media was prepared by taking 80 mg of mycelia from Petri Plates of 7 days old culture
grown on PDA in a sterile eppendorf tube and vortexed with 1 ml of distilled water. Then, it was
transferred into 250 ml Erlenmeyer flask containing a volume of 80 ml sterile potato dextrose broth
(Difco Ref.254920) and incubated at 24 °C, under 200 rpm agitation for 2 days (Infors Multitron
Pro).

4.2

Preparation of culture media and submerged fermentation
The culture media was prepared using PDB supplemented with artificial sea salts (Sigma

Sea Salts S-9883). The percentage of salinity was varied at four different levels (0%, 3.65%, 6% and
9%). A volume of 80 mL media was dispensed into 250 mL Erlenmeyer flasks and the flasks were
autoclaved at 121 °C for 15 min and then left to cool at room temperature. The initial pH was
adjusted to 4.0 using 2M HCl solution prior to sterilisation in the autoclave. Indeed, earlier
laboratory experiments demonstrated that pH 4.0 seems to be favourable for the fungal growth
and pigment production in T. albobiverticillius 30548. Moreover, some species of Penicillium and
Talaromyces reported in literature studies produced highest amount of red pigments at acidic levels
of pH [65].
To study the relationship between the temperature and fungal growth as well as pigment
production, flask culture experiments were initially performed at three different temperatures (21,
24 & 27 °C) using sterile PDB without the addition of sea salts (0%). For inoculation, the
homogenous 2 days old liquid pre-culture was allowed to centrifuge at 8000 rpm for 6 min
(Centrifuge SIGMA 3K 3OH and 19776-H rotor). The supernatant was discarded and 80 mg of
mycelia was added to 1 mL sterile distilled water in sterile Eppendorf tubes and vortexed. Further,
the content was inoculated to each flask under sterile conditions and incubated at 21, 24 & 27 °C for
10 days with an agitation of 200 rpm. After temperature optimization, fermentation using different
sea salt concentrations was performed at 27 °C.
4.3

Monitoring methods
To monitor the fungal growth and pigment production throughout the entire fermentation

period, 5 ml of fermented broth from each flask was sampled once every 24 hours. The pH was
measured and recorded for each flask using a pH meter (pH 1500, Eutech Instruments, with a
Bioblock Scientific probe). The samples were then filtered using labelled nylon cloth of pore size
48 µm (Nitex, Sefar) to separate the biomass and supernatant.
4.4

Determination of dry biomass
The amount of wet biomass obtained after filtration was noted using a precise analytical

weighing balance (Adventurer Pro AS214, d=0.0001g). The wet filters were dried in a hot air oven
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(Memmert SNB 100, Germany) at 105 °C for 17 hours and weighed after keeping in desiccator for
30 minutes to get it at room temperature [66].
The dry biomass weight was calculated using the following formula and presented in grams
per litre.
𝐷𝐷𝐷𝐷𝐷𝐷 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏:

�𝑊𝑊−𝑊𝑊𝑓𝑓 �
𝑉𝑉𝑉𝑉

(g/L)

(1)

W= Weight of the filter with biomass obtained after drying, in g
W f = Weight of the empty filter, in g
V s = Volume of the sample, in L
4.5

Estimation of pigment absorbance and standard curve
The absorbance measurement of pigments in the extracellular culture filtrate was carried out

using UV-1800 Spectrophotometer (Shimadzu). The colored culture filtrates were scanned at 230700 nm for maximum wavelength absorbance the pigments. Absorbance of extracellular pigments
from fungal liquid culture was read at 500 nm, which represent a widespread maximum for orange
and red pigments respectively [67]. The pigment yield was expressed in terms of g/L Red rice
equivalents. This was done by extrapolating the absorbance vs. concentration (g/L) calibration
curve of commercially available red yeast rice (Wuhan Jiacheng Biotechnology Co., Ltd).
Red yeast rice is a product obtained by fermentation using Monascus purpureus and
considered as one of the food supplements by having active main constituents [68]. It was used as a
reference standard, since the pigments produced by T. albobiverticillius 30548 was found to be
Monascus- like pigments, reported by HPLC-MS and NMR studies [69].
The concentration of the pigments were calculated using the following formula

Where,

𝐶𝐶 =

𝐴𝐴𝐴𝐴𝐴𝐴500 −0.0097
1.6925

(2)

C = Concentration of pigment in g/L
Abs 500 = Absorbance at 500 nm wavelength
The gradient (0.0097) and intercept (1.6925) represent the values obtained from the standard curve
of Monascus red yeast rice.
4.6

Color analysis of pigments
The extracts used for absorption scanning were again used to determine CIELAB color

coordinates. The color measurements were performed using Spectrocolorimeter (Minolta CM3500d Spectrocolorimeter) and the values of L*, a*, b*, c and h° were obtained automatically with
the help of SpectraMagic™NX which is a color data software (Minolta Co., Osaka, Japan, ver 1.9).
Color measurements were performed on an alternate days with a 30 mm filter (Konica Minolta,
Osaka, Japan). The standard illuminant D65 was used throughout the colorimetric measurements
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intended to represent average daylight. The colorimetric system defines the characters, L for
brightness ranging from 0 (black) to 100 (white), where a* represents the change from green
(negative values) to red (positive values); b* represents the change from blue (negative values) to
yellow (positive values). Chroma is the color strength of the object, denoted by C and hue is the
saturation or purity of a color, represented as h°. Values close to the centre at the same L* values
express dull or grey color, though values near circumference indicates bright or vivid colors [70].
Chroma and hue angle are calculated from the a* and b* coordinates in L*a*b*.
Chroma C* = �(𝑎𝑎 ∗ )2 + (𝑏𝑏 ∗ )2
𝑏𝑏 ∗

4.7

Hue angle h° = tan-1 ( ∗)
𝑎𝑎

Quality control

Random samples were taken from several flasks during the early fermentation period to
examine the phenotypic characters under a light microscope as well as to check the purity of the
culture (Olympus CX41, Japan).
4.8

Statistical analysis
All the experiments were performed in triplicates to calculate the means and standard

deviations. The statistical functions and the corresponding descriptive graphs were created using
Sigmaplot software version 11 (Systat Software Inc., USA). To determine the adequacy of fit data
and its significance, one-way analysis of variance (ANOVA) was performed to compare the mean
values of individual variable between the four conditions followed throughout the experiment at
95% significance level. For all the treatments, the exponential growth phase was modelised
through a linear model and the slope was calculated to determine the fungal growth rate.
5. Conclusions
In conclusion, behavior of the marine-derived strain Talaromyces albobiverticillius 30548 to
various levels of sea salts (0-9%) was studied in order to understand its impact on fungal growth and
pigment

production.

Through

this

investigation,

the

isolated

marine-derived

fungus

T. albobiverticillius 30548 appeared to be a halo- tolerant by producing higher biomass production at
9% salinity. Subsequently, the pigment production was not effective at higher percentage of saline
media (0.56 g/L in terms of red rice equivalents at 9%) instead high level was achieved in control
media (1.47 g/L in terms of red rice equivalents at 0%). This ﬁnding revealed that broth medium
with 6% salinity (T3) presents a quick adaptation to salinity with high biomass production compared
to other treatments but treatment T4 gave maximum dry biomass weight on day 9 (9.22 g/L). On the
contrary, media without added salts (T1, control media) was the best for maximum pigment
production compared to all degrees of salinity used in the experiments.
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Further studies on pigment characterization and isolation of pigmented compounds will be
needed in order to fully exploit the variation in pigment production by the same fungal isolate to
varying salinity concentrations. In this current era towards seeking the microbial sources for natural
pigments, extremophilic behaviour of halophilic fungi makes them particularly interesting
candidates for biotechnological applications in a very efficient manner of producing different
compounds by resting on its physical conditions. Certainly, the total findings may be useful for
designing selective experiments to further understand the pathways associated with differences in
metabolite formation with salt stress.
Supplementary Materials: The following are available online at www.mdpi.com/link, Figure S1: title, Table S1:
title, Video S1: title.
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5.4

CONCLUSION

This chapter covers the effects of sea salts on the pigment production of marine-derived
fungus Talaromyces albobiverticillius 30548. From this work, it was understood that
Secondary metabolite production and its concentration varies depending on the salt
concentration. In this fungus, when the concentration of sea salts increased more than 3.65%
(w/v), the pigment production was less in amounts. Besides, there was increased biomass
growth in high salt concentration (6%) when compared to the control without added any
salts. Marine derived fungi which are halotolerant may evolve unique metabolic mechanisms
that are responsive to salt concentrations. For fungi to grow in the marine environment, they
must have osmoregulatory mechanisms that signal the production of polyols and amino
compounds of polyols and amino compounds in conjunction with increasing the
concentration of cytoplasmic ions [1]. Since the biosynthesis of these solutes for
osmoregulation

is

energetically

costly,

fungi

may

exhibit

decreased secondary

metabolite production or slower rates of metabolite production in the presence of high salt
concentrations. These findings suggest that marine derived Talaromyces albobiverticillius
30548 could be sensitive in the media containing seawater salt concentrations and thus have
implications on the production of pigments.
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CHAPTER 6
DETECTION AND PARTIAL
CHARACTERIZATION OF PIGMENTS
PRODUCED BY Talaromyces albobiverticillius
USING HPLC AND NMR TECHNIQUES
6.1

BACKGROUND

There is no surprise that micro fungi are a rich source of chemical diversity and together with
the actinomycetes, serves as a source of 50% of metabolites used in the pharmaceutical
industry either in the native or derived form [1-3].Though, most fungi produce several
unknown metabolites and fungi are the objective in numerous high-throughput screening
(HTS) programs targeting new pharmaceutics and other bioactive components [4-6]. Since
isolation and characterization of ‘‘new’’ candidates are very time consuming and costly [4] it is
important to develop an early and quick dereplication approach to eliminate already known
components [7]. The diversity of chemical compounds is very high with the micro- fungi and
almost all types of chemical structure including small acids, alcohols, ketones, alkaloids,
anthraquinones and cyclic peptides can be expected in the extracts. To cope with this broad
range of chemical structures, most methods are based on reverse- phase liquid
chromatography combined with diode array detection (DAD) [8, 9] and atmospheric pressure
ionization/ electrospray ionisation (ESI) mass spectrometry (MS).
Generally, RP-HPLC with water–acetonitrile gradient elution has been preferred over isocratic
for full pigment separation. Empirical correlations from 1H, 13C nuclear magnetic resonance
(NMR) aid in the interpretation of molecular spectra for the elucidation and confirmation of
the structure of pure pigment fractions.
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6.3

CONCLUSION

This chapter summarizes the applications of analytical tools and discusses the detection of
twelve pigmented compounds from the intracellular and extracellular extracts of the fungus,

T. albobiverticillius. Analysis by HPLC-DAD-ESI-MS serves as an efﬁcient tool for
determining the molecular composition of many target components, and by calculation of
accurate masses from several adducts. The compounds 3, 5, 8 among the twelve are similar to
the already known N-threonine-monascorubramine (red), N-glutaryl-rubropunctamine (red)
and PP-O (orange) respectively based on the obtained spectroscopic data and the comparison
with literature data. Further, one red compound with new structure named 6-[(Z)-2Carboxyvinyl]-N-GABA-monascorubramine, (or as N-GABA- monascorubramine-derivative)
was determined using NMR spectroscopy.
The remaining compounds were in few milligrams (1 -2 mg) of amounts to make 13CNMR and
so it was difficult to make the scan and to obtain useful spectrum. Hence, the amount of
material needed should be increased, then 2D NMR experiments such as HSQC and HMBC
will be done to characterize the new compounds as well as to elucidate its molecular
structure. Detailed study of these identified compounds belongs to structurally diverse family

of azaphilones, which is a well- known family among fungi and also in Penicillium

/Talaromyces genera. And the identified new compound detailed in this chapter confirms the
high diversity of molecules potentially produced by fungi in general as well as from marinederived fungi.
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CHAPTER 7
AN APPROACH TO DETERMINE THE EFFICIENT
TECHNIQUE FOR THE EXTRACTION OF FUNGAL
PIGMENTS: COMPARISON OF MECHANICAL AND
CONVENTIONAL EXTRACTION METHODS
7.2

BACKGROUND

The preparation of fungal pigments for chemical analysis involves multitude of steps, aiming
to improve the separation of interesting compounds while analyzing through analytical systems
[1]. In liquid fermentation, most of the pigment producing fungi are able to diffuse water
soluble pigments into the culture media and so the fungal pigments can be extracted both
from biomass and culture filtrate [2]. Generally the biomass and culture broth are separated
either by centrifugation or Buchner filtration. Then the biomass is allowed to freeze and
subjected to lyophilization until it becomes dry powder. It offers easy grinding of the dried
matter and reduces the particle size which in turn improves the extraction efficiency [3]. To
extract fungal pigments, traditional solid liquid extraction (SLE) is normally used to extract
soluble pigments from the freeze dried solid matrix. Suitable organic solvents are chosen
based on the polarity of the compounds to be extracted. The main organic solvents with
increasing polarities used for extraction involve hexane, chloroform, ethyl acetate, acetone,
methanol, ethanol [4].
The current traditional SLE used to extract fungal pigments involves maceration and Soxhlet
extraction techniques. Although these techniques are still in use, they relatively require large
volume of solvents and consume long time to complete the extraction process. Moreover,
many natural products including pigments are thermally unstable and can be degraded during
extraction at high temperature commonly from 50°C depends on the pigment type [5]. To
overcome these flaws, efficient and eco-friendly extraction techniques have been introduced to
extract fungal biomolecules in cheap and efficient ways. These novel techniques include
Microwave Assisted Extraction (MAE), Ultrasound Assisted Extraction (UAE), Enzyme
Assisted Extraction (EAE), Pressurized Solvent Extraction (PSE), Supercritical Fluid
Extraction (SFE), Pulsed Electric Field (PEF), extraction with Ionic Liquids (ILs) and with
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some switchable solvents [6, 7]. These emerging techniques offer the advantages of shorter
extraction time, reduced organic solvent consumption and waste pollution.
Among the novel extraction techniques, MAE and UAE are two efficient and easy to operate
SLE methods widely applied in extracting compounds of interest from sample matrices.
Recently, the application of ultrasound in pigment extraction has been the topic of many
investigations. UAE involves the application of acoustic cavitation, which produces high
intensity acoustic waves in a liquid phase. This enhances the heat and mass transfer also
solvent penetration into the solvent matrix by disrupting the outer surface of the material [8,
9]. MAE uses non-ionizing microwave energy which gives high yield of extraction and
accelerated process by the result of synergistic combination of heat and mass gradient working
in the same direction. Indeed, whereas in conventional methods, mass transfer takes place
from the inside to outside on the contrary heat transfer in the opposite direction. In the
process of MAE, the heat is dissipated volumetrically inside the medium[10].
Though both the techniques offer several advantages over conventional systems, the extraction
efficiency depends on a number of factors. That includes solid to solvent ratio, extraction
time, temperature, effect of microwave or ultrasound power and nature and choice of solvent
used. This chapter investigates and presents the extraction of fungal pigments from

Talaromyces albobiverticillius 30548 using novel extraction methods such as MAE, UAE by
comparing with conventional solvent extraction.
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7.3

MANUSCRIPT

This chapter is based on the extraction methods applied to extract the pigments from
Talaromyces albobiverticillius and the following script will be submitted to a journal.
Extraction of azaphilone-like red pigments produced by Talaromyces albobiverticillius 30548:
Comparative study of different extraction methods
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Abstract
Effect of ultrasound assisted extraction (UAE) and microwave assisted extraction (MAE) to
extract pigments from the culture of marine derived fungus Talaromyces albobiverticillius
30548 were compared with the conventional extraction method using ethyl acetate as
extraction solvent. Extracted crude pigments yields of the different methods were measured
and quantified by RP-HPLC to assess the extraction performances. Extractions were
performed on extracts coming both from filamentous cells (IC) and from liquid from the
culture (EC). Comparing the chromatograms and the chemical profile of three different
extraction methods, it was found that, MAE exhibited higher crude pigment yield (29.8 mg of
intracellular pigments and 29.6 mg of extracellular pigments per gram of lyophilized sample)
in 10 minutes under a constant power of 1000W when compared to UAE and conventional
methods. Nevertheless, UAE exhibited the extraction of high quantity of interesting pigments
in both intra and extracellular when compared to MAE which was portrayed in the
chromatograms. Also, higher absorbance signal was noticed in the elution peaks of UAE for
the extracts obtained in 10 minutes under 77% amplitude using ethyl acetate as solvent. To
achieve the same recovery of pigments as with MAE and UAE, conventional solvent
extraction required longer time (24 hrs) and the yield was lower (20.1 mg crude pigment/g of
lyophilized biomass and 17.3 mg crude pigment/g of lyophilized culture filtrate). Furthermore,
lyophilization of biomass before extraction reduces the particle size of the material. Thus in
turn leads to easy diffusion of solvents to the matrix and provides rapid extraction of pigments.
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Keywords: Fungal pigments, Microwave-assisted extraction, Ultrasound-assisted extraction,

Conventional technique, Talaromyces albobiverticillius 30548.

1.

Introduction

There is an increasing hunt for new sources of natural pigments owing to the toxic and adverse
effects of synthetic colors used in foods, pharmaceuticals, cosmetics and textiles. Since
prehistoric times, natural colorants are extracted from plants, vegetables, fruits, insects,
microorganisms, animals and ores. Among the available natural sources, microorganisms offer
promising avenues due to their better biodegradability, undemanding production of pigments
besides several secondary metabolites [11]. Furthermore, the produced secondary metabolites
may demonstrate biological activities such as anticancer, antioxidant, anti-inflammatory which
increases its marketing potential [12]. Amongst microbes, filamentous fungi serves as a
promising source of producing diverse chemical colorants and it facilitates the scientists and
researchers to focus their research on filamentous fungi [13]. Microbial pigments have
advantages over higher forms of life like plants and animals in terms of massive controlled
production, independence of agro climatic conditions, minimizing batch to batch variations,
colors of different shades and growth on inexpensive substrates [14, 15].
Traditionally microbial pigments are extracted using organic solvents based on polarity of the
solvents and pigments to be extracted. For example, extracellular pigments from Trichoderma

harzianium and Penicillium purpurogenum IAM15392 were extracted using ethyl acetate.
Cho et al. (2002) have used n-butyl acetate in acidified broth to extract red pigment from

Paecilomyces. sinclarii. [16-18]. However, conventional extraction methods usually involve
extended contact with large volumes of solvents or mixture of solvents performed at high
temperatures sometimes (>100° C). They often result in relatively low extraction yield, poor
selectivity and in the necessities for further purification steps. Thus, both scale-up and costeffectiveness of the production of natural pigments at industrial scale are yet limited and
require optimization [2].
Alternative and novel extraction methods namely microwave-assisted extraction (MAE),
ultrasound-assisted extraction (UAE), supercritical fluid extraction (SFE), pressurized solvent
extraction (PSE), pulsed electric field-assisted extraction (PEF), enzyme-assisted extraction
(EAE), and extraction with switchable solvents and ionic liquids (ILs) are currently being used
to extract pigments from plants, rhizomes, microalgae, bacteria and fungi [1]. Each of these
techniques has their own advantages but mostly it reduces the extraction time, volume of the
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solvent used, shortens the sample preparation time and result in high efficiency compared to
the conventional extraction method.
Microwave-assisted and ultrasound-assisted extractions are known to be novel, simpler and
efficient extraction techniques to extract target compounds from the sample matrix. MAE uses
microwave energy that disrupts the hydrogen bond promoted by the dipole rotation of the
molecule and it facilitates the migration of dissolved ions [19]. Unlike other conductive
heating methods, microwaves heat the sample and solvent simultaneously and accelerate the
release of compounds into the solvent from the sample [20]. UAE uses acoustic waves in the
KHz (>20 kHz) range on liquid medium thereby creating successive compressions and
expansions of air bubbles on the molecules of the medium [3]. During the expansion phase,
the air bubbles have large surface area, causing the bubble to expand resulting to collapse.
This phenomenon extracts compounds from the solid matrices by diffusing solvent into the
medium [21, 22]. The extraction efficiency is linked to the polarity of the solvents and both
methods have the possibility to use several solvents of varying polarities. UAE has showed
better extraction rate when coupled with MAE and both methods allow faster extraction, use
low amount of solvents and are cost effective [23, 24].
Emerging green and novel solid liquid extraction methods would support the development of
sustainable and cost-effective production of natural colorants at an industrial scale. In
summary, this work reveals the effects of microwave and ultrasound assisted extraction
techniques on the extraction of intracellular and extracellular pigments from the fungus,

Talaromyces albobiverticillius 30548 by comparing its efficiency on pigment yield with
conventional extraction method. The comparison was carried out by injecting the crude
pigments into HPLC to analyze and characterize the extracted pigments in the samples.

2. Experimental setup
2.1

Fungal material and culture conditions

The fungus used in this study was isolated from marine sediment source of La Réunion
Island, south west of Indian Ocean area and identified as Talaromyces albobiverticillius
30548. Throughout the study, the fungus was maintained on potato dextrose agar slants
(Sigma Aldrich) stored at 4°C and sub-cultured at monthly intervals. A loop of the fungus
along with spores was taken and inoculated into 40 ml of potato dextrose broth (PDB) of
initial pH 5.5 (Sigma Aldrich) to make a 72 h old pre-culture by culturing at 24°C, at 150 rpm
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(Multitron Pro, Infors HT). After 72 h of growth, 1% (v/v) of pre-culture was transferred into
100 ml of PDB and allowed the fermentation to 8 days under the same conditions used for
pre culture. After 8 days of fermentation, fungal biomass and culture filtrate containing
pigments were separated using centrifugation at 8000 rpm for 6 minutes (3K3OH-Fisher
Bioblock Scientific). The materials were frozen immediately (-80°C), followed by
lyophilization (Cryotec) for 48 hours and then stored at room temperature for the extraction
of pigments.

2.2

Solvents

Ethyl acetate of purity 99% (Sigma) was used as a solvent to extract the pigments from the
lyophilized material. Ethyl acetate (4.4 polarity index) was chosen as the extraction solvent
from preliminary results as it effectively extracts the orange and red pigments compared to
other solvents tested such as hexane, chloroform and methanol.

2.3

Conventional extraction

1 g of lyophilized fungal biomass and culture filtrate containing pigments were taken and 50
ml of ethyl acetate was added in 150 ml Erlenmeyer flask. The flask was wrapped with
aluminum foil and kept in the orbital shaker (VKS_75 Control, EdmuntBühler GmbH) at
150 rpm, allowed for 24 hours. Solvent containing the extracted pigments was filtered using
nylon mesh of size 48 µm (Nitex, Sefar) and the solvent was evaporated using Rota vapor
(R210, Buchi, Germany) at 30°C under reduced pressure. After rotary evaporation, to the
pigmented extract 2 ml of methanol (99% purity) was added and the liquid was filtered using
Minisart® syringe filter of 0.20µm pore size housing with PTFE membrane (Sartorius Stedim
Biotech). The filtered crude extracts were stored at 4°C in amber vials prior to HPLC
injection.

2.4

Microwave Assisted Extraction

MAE experiments were performed using “Milestone DryDist” laboratory microwave oven
(Milestone srl, Italy) working at constant atmospheric pressure (1.5 bar) but varying extraction
time and microwave power. One gram of freeze dried intracellular (IC) and extracellular (EC)
samples were mixed with 50 ml of ethyl acetate and the experiments were carried out under
different MAE conditions. In this microwave module, two parameters were made to be
changed including extraction time (5, 10, 15 minutes) and power (400, 600, 1000W). A
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cooling system outside the microwave cavity continuously condenses the distillates. The
condensates and the excess water were refluxed back to the sample in the reactor to bring
uniform temperature and humidity for extraction [25]. Once the extraction was completed,
the oven was allowed to cool for few minutes before opening. The crude extracts after
microwave treatment were centrifuged for 6 minutes at 8000 rpm (3K3OH-Fisher Bioblock
Scientific, SIGMA) and the supernatant was transferred to round bottom flask, concentrated
under reduced pressure at 30°C using rotary evaporator (R210, Buchi, Germany). Finally, 2
ml of methanol (99% purity) was added to dissolve the residue. The solution was filtered using
filter syringe of pore size 0.2µm (Minisart ®, Sartorius Stedim) and then the filtrate was stored
at 4°C prior to HPLC analysis.

2.5

Ultrasound Assisted Extraction

The ultrasound experiments were carried out using ultrasonic chamber with probe operating
at 40 W power, 80 KHz frequency, 77% amplitude and the system was maintained at the
temperature of 40°C.

The most powerful ultrasound probe (Vibra Cell 75043, Fisher

Bioblock Scientific) was used in this experiment to handle small extraction volume. Ultrasonic
probe was directly submerged into the solvent mixture containing 1 g of lyophilized sample
and 50 ml of ethyl acetate. Time and desired power or amplitude of the whole apparatus was
controlled with the help of amplitude controller. The extracted sample mixtures were allowed
to separate which was identical to the procedure mentioned under microwave assisted
extraction.

2.6

HPLC analysis

The intra and extracellular pigments extracted by UAE, MAE and conventional techniques
were analyzed through RP-HPLC equipped with PDA detector (Ultimate 3000 DAD,
Dionex) using C18 hypersil gold column (150 x 4.6mm, 5 µm). The mobile phases consisting
of milliQwater and acetonitrile, both solvents were buffered with 0.1% formic acid to stabilize
the pH. The gradient conditions used for separation were as follows: 5% solvent B for 0-4 min
then increasing to 90% in 20 min, keeping 90% solvent B to 30 min and reduced to 5% from
30-31 min and equilibrated for 12 min before the next injection. An injection volume of 10 µl,
column temperature at 25°C, flow rate of 0.4ml/min were used as constant operating
conditions throughout the HPLC program. The PDA (Photo Diode Array Detector)
acquisition wavelengths were set at 470 nm and 530 nm where the main compounds of EC
(orange) and IC (red) samples respectively showed their maximum absorbance.
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2.7

Calculation methods:

After evaporating the solvents in the extraction mixture to dryness, the amount of crude
pigments extracted from each of the three different methods was calculated based on the dry
weight of pigments remained.

(1)

Crude pigment yield (

mg
g

) =

weight of pigment in the balloon after RV− weight of empty balloon
initial amount of matrix used for extraction

Where RV represents rotary evaporation
The results of HPLC analysis were expressed as a means of yield of extracted pigments in
terms of % relative area.

3.

Results & Discussion

3.1

Effect of conventional solvent extraction on pigments yield

Conventional extraction using ethyl acetate for 24 hours was employed to determine the yield
of intra and extracellular pigments. The analysis of the results showed that conventional
extraction process has a yield of 20.1 mg/g ± 0.23 intracellular pigments (IC) and 17.3 mg/g
±0.59 extracellular pigments (EC). Comparing results of IC and EC pigments, the yield of
intracellular pigments is higher than that of extracellular using the same amount of lyophilized
biomass and culture filtrate respectively.
3.2

Effect of microwaves on pigment extraction

Effects of microwave power and extraction time over the yield of fungal crude pigments were
studied and the values were represented in Fig. 1. As these experiments were done only once,
this could be considered as preliminary results. The experiments in triplicates will determine
the statistical power of this study. From these first results (Fig. 1) it can be observed that the
crude pigment yield of intracellular and extracellular increases with the increase in microwave
power (400 to 1000W) and process time (5 to 15 minutes). Microwave power and process
time are interrelated by explaining that when microwave power increases, the time required to
extract the pigments out may decreases. Because in theory as microwave power increases, the
temperature of extraction solvent increases, which in turn leads to decrease in surface tension
and solvent viscosity.

This phenomena helps in improving sample wetting and matrix

penetration [26]. In our study, the extraction rate increased when the power was increasing in
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a range up to 1000 W except for 1000 W keeping at 15 minutes. For longer periods of
extraction (15 min) at 1000 W power, the difference of the pigment yields appears more
significant compared to short irradiation time (10 min). The extraction efficiency was good
when the interaction of power and time was set at 1000 W for 10 minutes. Extraction at 1000
W for 10 minutes yielded 7.72% increased IC and 8.05% increase for EC pigments rather
gave low yields when the parameters were set at 1000 W for 15 minutes. Hence, the pigment
yields were strongly correlated with the time of application, for short times of application, a
linear correlation was seen, which is given by the value R2

=

0.97(Fig. 1). This could be

explained by the fact that for longer periods above 10 min, a maximum value of pigment yield
was reached earlier between 600 and 800 W. This may indicate that all the extractable
pigments not too much bounded in the cells might be extracted and a stationary phase for
yields was reached between 600 and 800 W and between 10 and 15 minutes of application.
For extracellular (EC), the maximum mass yield of pigments was 29.8 mg per 1 g of dried
culture filtrate (1000W, 10 min), which was quite similar compared to the pigment obtained
from intracellular biomass (29.6 mg/g IC). Extraction at 1000W, 15 min gives yields values of
27.2 and 25.9 mg/g for EC an IC respectively. The repetition of these experiments may
demonstrate if these results are significantly different.
In this closed microwave apparatus used in this study, the temperature was uncontrollable and
found to increase 6-8°C for each experiment compared to previous set. The temperature of
the solvent could be increased in this vessel and as a result, the extraction efficiency increases.
This is because the higher temperature opens the cell matrix and effectively extracts the
pigments due to decreased intermolecular interactions within the solvent, raising the motion
between the molecules [27].
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Figure 1: Effect of varying microwave power and extraction time of MAE on crude pigment yield of
intra (IC) and extracellular (EC) matrix

3.3

Effect of ultrasound on pigments extraction

In UAE, to extract pigments from both intra and extracellular freeze dried samples (IC, EC),
time was varied as 5, 10, and 15 minutes with the following extraction conditions as constant:
solvent-ethyl acetate, temperature 40°C, sample-solvent ratio of 1:50 and amplitude of 77%.
The results are provided in Fig. 2. In both the extracts, there was higher yield of pigments
when increasing time duration from 5 to 10 minutes. Increasing the time thereafter to 15
minutes seems to conversely decrease the amount of pigments extracted by keeping solvent
volume and amount of the sample matrix constant.
For IC samples, the overall pigment yield (35 mg/ 1 g of lyophilized sample) exhibited an
increasing pattern for the 5 and 10 minutes of application, after which the yield was found to
decrease. As a result of cavitation and micro-jet formation, solute-solvent interaction was
accelerated during the initial stages of extraction. Cavitation occurs in the solvent as a result of
the compression and rarefaction cycle of ultrasonic waves. During cavitation micro-bubbles
will be formed which will grow and disrupt with the release of enormous amount of energy.
This results in the disruption of cell walls and formation of micro-jets which increases the
solute-solvent interaction [28-31].

Fick’s second law of diffusion states that the solute

concentration in the solid matrix and solvent attains equilibrium after a certain period of time.
However, extracted pigment on prolonged exposure to ultrasonic treatments will undergo
degradation and in this case, the pigments may lose its color to some extent. These
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phenomena may explain the difference in yield of pigment after 10 minutes and it must be
proved with repetition of experiments.
Extracellular pigment yield was found to increase linearly with the increase in time for the first
10 minutes (25.4 mg/g EC) and the yield was found decrease while increasing the extraction
time to 15 minutes. The similar profile follows for the pigments extracted from dried
intracellular biomass but the yield was higher at 10 minutes (33.8 mg/g IC) (Fig. 2). This
phenomenon can be explained by the fact that mass transfer of solute occurs from the higher
concentration (solid matrix) to lower concentration (solvent) until equilibrium in concentration
was attained. Whereas, prolonged exposure of extracted pigments to ultrasound waves may
results in the degradation of the pigment molecules due to the shock waves produced by
cavitation. The maximum crude pigment yield obtained was 25.4 mg/ 1 g of sample at 10
minutes of extraction time. It can be seen that there is 33.07% increase of IC pigments yield
compared to the yield of EC pigments, mentioning 13.01% decrease.
40
Crude pigment yield
(mg pigment/1 g of matrix)

35
30
25
20

IC (mg)

15

EC (mg)

10
5
0
5

10

15
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Figure 2: Crude Pigment yield obtained from both intra and extracellular samples (IC, EC) through
Ultrasound Assisted Extraction at different time duration

3.4

HPLC analysis of pigments by different extraction methods

Using the optimized HPLC method, the crude extracts of the different methods were
subjected to HPLC analysis. The extraction efficiency of different methods was calculated and
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the similarity in chromatograms was compared. The relative peak areas of characteristic
compounds were calculated for quantitative expression of the HPLC fingerprint. Besides,
each characteristic peak was identified by comparing the retention time and their relating UV
absorption spectra that unveils chemically related information.
3.3.1 Intracellular pigments
The pigment profile of Talaromyces albobiverticillius 30548 under three different extraction
methods (conventional, UAE and MAE) changed in terms of the number of compounds
extracted as well as the type of colored compounds noticed by the change in absorption
maxima (Table 1). Chromatograms of the intracellular pigments (IC) were monitored and
extracted at 530 nm as the main compound which belongs to polyketide azaphilone family has
its maximum absorbance at 426 and 525 nm. In intracellular pigment profile (IC), there were
at least three red pigmented compounds with two maximum absorbance in the region of 423471 and 523 – 558 but there are different compounds in the whole extract. The main
compound is the one absorbing in 426 and 523 denoted as peak 2 in conventional and MAE,
peak 1 in UAE. This compound is present in major quantities in all the intracellular crude
extracts obtained by the three different extraction methods. The other red compounds could
be some intermediates produced during the metabolism of pigment synthesis.
The percentage of individual compounds in the mixture of crude extracts was given by the
percentage of relative area. In UAE, the main red compound (peak 1) occupied 85.06 %
relative area and few other compounds were extracted in small quantities. Contour to that, the
same compound extracted by MAE (48.33 % for peak 2) and conventional method (41.44%
for peak 1) occupied very low %relative area compared to UAE. This indicated that the
ultrasonic assisted process was many times faster to extract the main compound and the yield
was higher than that of conventional and MAE method.
Table 1: Comparative intracellular (IC) pigment profile of Talaromyces albobiverticillius
30548 extracted using conventional, UAE and MAE methods
Extraction
methods

No of colored
peaks

Retention
time(min)

Peak
no

UV- vis absorption
wavelength (λ ) nm

Pigments
group

Relative
Area (%)

Conventional

Not detectable

15.18

1

196,244,273,423,526

R

3.65

15.71

2

195,245,273,426,525

R

41.44

16.40
18.47
19.26

3
4
5

195,249,287,426,542
198,210,235,456,464
195,235,285,458,460

R
O
O

6.53
33.57
11.21

max
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UAE

MAE

22.26

6

193,211,242,282,456,471

O

2.77

15.35

1

195,245,273,426,523

R

85.06

16.02
18.81
20.09

2
3
4

249,296,427,471,558
239,285,462
195,232,285,462

R
O
O

7.59
2.74
3.75

16.07

1

196,244,273,422,523

R

5.77

16.59

2

195,245,273,426,523

R

48.33

17.25
19.37
20.04
23.04

3
4
5
6

196,219,249,287,425,547
199,203,235,279,455,466
194,233,285,462
196,242,283,457,471,475

R
O
O
O

5.91
27.48
10.61
1.90

Not detectable

Not detectable

-R- Red pigments, O- Orange pigments
-Not detectable indicates there are uncountable many small peaks with less than 1% relative peak area.
-Bold fonts represent the maximum absorbance in visible r
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(a)

(b)

(c)

Figure 3: HPLC chromatograms of intracellular pigments (IC) of Talaromyces albobiverticillius 30548
extracted using different extraction methods (a) conventional method for 24 hours at 150 rpm (b)
UAE of 10 minutes at 40 W power (c) MAE of 10 minutes at 1000 W power
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3.3.2

Extracellular pigments

Qualitative HPLC analysis of extracellular pigments (EC) was carried out and the pigment
profiles were compared for the three different extraction methods (Table 2). In extracellular
culture filtrate, most of the extracted compounds absorbing in the yellow-orange region (458 –
481) but a single compound absorbing in the red region was noticed in both conventional
and MAE method (peak 2). The orange pigment (λ max 469.8) was mainly diffused into the
extracellular culture medium and the compound was better extracted by UAE (96.53% for
peak 2), followed by MAE (90.69% for peak 4) and less amounts by conventional extraction
(87.70% for peak 4). Similarly, as noticed in intracellular pigment profiles, UAE shows the
advantage of extracting few compounds and to extract the main one in major quantities (Table
2). Considering conventional extraction for 24 hours in ethyl acetate, the chromatogram shows
that the yield was lower than UAE and MAE. The reason for this was it requires longer times
and large amount of solvents. Considerably, UAE (96.53% for peak 2) and MAE (16.85% for
peak 4) gave comparable higher recovery percentage for extracellular pigment yield.
Table 2: Comparative pigment profile of extracellular pigments (EC) extracted using three different
methods (conventional, UAE and MAE) and maximum absorbance wavelength of each compound
Extraction
method

No of colored
peaks

Peak
no

Retention
time(min)

UV- vis absorption
wavelength (λ ) nm

Group

Relative
Area (%)

Conventional

Not detectable

1
2
3

13.42
15.03
16.11

209,245,287,481
244,273,422,520,525
204,264,470

O
R
O

1.21
2.40
6.27

4

16.81

197,264,469.8

O

87.70

5

19.11

216,240,285,406,459,480

O

1.45

1

13.21

209,245,287, 481

O

1.79

2

15.56

197,265,365,469.8

O

96.53

3
1

18.80
14.45

216,219,238,461,471
210,245,287,481

O
O

1.67
1.77

2
3

16.08
16.40

197,244,273,422,521,523
210,266,306,469

R
O

1.57
2.83

4

16.85

197,265,365,469.8

O

90.69

5
6

19.41
20.05

240,280,463,470
216,234,285,458

O
O

1.87
1.27

UAE

MAE

5

6

max

R- Red pigments, O- Orange pigments
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Not detectable indicates there are uncountable many small peaks with less than 1% relative peak area.
Bold fonts represent the maximum absorbance in visible region

376

(a)

(b)

(c)

Figure 4: HPLC chromatogram of extracellular pigments (EC) extracted from Talaromyces

albobiverticillius 30548 recorded at 470 nm (a) conventional extraction for 24 hours at 150 rpm (b)
UAE of 10 minutes at 40 W power (c) MAE of 10 minutes at 1000 W power (d) UV-visible spectra of
main peaks and a compound with its maximum absorbance at 469.8 nm
377

3.5

Comparison of MAE, UAE with conventional extraction

The three different extraction methods conventional, UAE and MAE were performed to
compare the extraction efficiency of pigments from the lyophilized intracellular biomass (IC)
and extracellular culture filtrate (EC) of the fungus Talaromyces albobiverticillius 30548 by
calculating the yields and HPLC-DAD analysis. In all these experiments, few operating
conditions were kept as constant: ethyl acetate as solvent, solid to solvent ratio of 1:50. In
comparison, we have shown that there are diverse colored pigments produced by this fungus
mainly absorbing in the red, yellow and orange regions and diversely extracted by the three
different methods. From HPLC chromatogram, it was detected that among many compounds,
there were two main components, red compound in intracellular (λ max 426 and 523) and
orange in extracellular (λ max 469.8) appearing in large amounts in all of the three extraction
methods.
Thus, the study was mainly focused to concentrate on two main compounds of interest. The
intracellular (IC) red pigment (absorption maxima at 426 and 523 nm), is characteristic of the

Monascus-like azaphilone red pigment [32]. But the elution of the same pigment differs when
extracted using different methods and changes in the retention time were observed in the
chromatograms of each method (Fig. 3 & 4).
From the results, it was clear that the intracellular biomass (IC) provides higher crude pigment
yields through all the three extraction methods (Conventional, UAE and MAE) when
compared with extracellular culture filtrate (EC) (Fig. 1 & 2). UAE (34.9 mg in 10 min with 40
W) was found to extract maximum crude pigment yield followed by MAE (29.8 mg in 10 min
with 1000 W) and conventional method (20.1 mg in 24 hours), which is shown below in Table
3. For intracellular pigments, the extraction yield through UAE was 73.63% higher than
conventional and 17.11% higher than MAE. Likewise, MAE gave 48.25% greater yield than
conventional method. At the same time, extraction through conventional method yielded
42.4% decreased amount of pigments than UAE and 32.55% decrease compared to MAE.
The efficient yield through MAE and UAE is due to direct generation of heat within the
matrix, by friction between polar molecules [33]. Thus, in conventional heating, both heat and
mass gradients work in opposite directions; also only the surface of the matrix is heated
directly, and subsequent heating is by conduction from the surface to the core of the matrix
particle [34].
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Table 3: Crude pigment yield (mg/g) of intracellular (IC) and extracellular (EC) pigments extracted
from Talaromyces albobiverticillius using three different extraction procedures
Extraction
methods

Time

Power
(W)

Temperature
(°C)
IC

4.

Conventional

24 h

-----

25

UAE

10 min

40

40

MAE

10 min

1000

38-62

20.1±
0.73
34.9±
0.31
29.8±
0.27

Crude pigment yield
(mg pigment/g sample)
% increase
% increase
compared to
EC
compared to
conventional
conventional
17.3±
--------0.59
68.15%
48.25%

25.4±
0.45
29.6±
0.32

46.82%
71.0%

Conclusions

In the present study, three different extraction methods such as MAE, UAE and conventional
techniques were used in a preliminary study to extract fungal pigments from both intracellular
biomass and extracellular culture filtrate. The yield by MAE represents total of 29.8 mg IC
pigments and 29.6 mg EC pigments per 1 g of each sample matrix under the following
conditions: sample to solvent ratio 1:50 (1g in 50 ml solvent), microwave power of 1000W and
extraction time in 10 minutes. This is an expected result; increasing power along with proper
extraction time will produce a faster breakdown of the cell walls, providing an easier diffusion
of the solvent to extract the pigments. The temperature at the condition of overall maximum
pigment yield (IC & EC) was around 60°C in MAE. Considering UAE, 34.9 mg IC and 25.4
mg EC pigments were extracted within 10 minutes using ultrasonic probe of amplitude 77%.

From the HPLC-DAD chromatogram, it was evident that both methods MAE and UAE
found to be more efficient in extracting pigments (red in IC, orange in EC) in a short time
than conventional technique. Furthermore, the % relative area of main pigments of intra and
extracellular matrix extracted by UAE suggested that the possibility to select the ultrasound for
extraction of a specific compound than MAE. Obtaining the same results through
conventional extraction demonstrates it is more laborious, time consuming and extract
components in low amounts compared to other techniques. The same experimental
techniques may be reproduced to confirm the preliminary results obtained. Moreover, it is
mandatory to investigate some more effective parameters such as different levels of sample to
379

solvent ratio, temperature to optimize the most influencing factor for pigment extraction in the
fungus Talaromyces albobiverticillius 30548.
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7.4

CONCLUSION

To our knowledge, this study provided information that in comparison with traditional
extraction method, using alternative methods such as UAE, MAE are less time consuming
and low solvent consumption. The interpretation of the results showed that amount of
intracellular pigments was extracted in higher quantities than extracellular pigments in all the
three different methods used. It indicates fungal biomass holds much of the pigments than
dispersed into the liquid media. Comparison of the results of conventional method with
extraction using microwaves and ultrasound indicated that there was a decrease in the pigment
yield. This proves the non-conventional methods yielded higher amount of pigments in less
time using minimum volume of solvents and its high power combined with temperature.
HPLC characterization performed on the extracted pigments confirmed the extraction of
interested compound in higher amounts among others, whatever the methods used. However,
the differences in Rt and peak elution was observed for both intracellular and extracellular
pigments which is due to the influence of different factors on the extraction. But, to prove the
efficiency of these techniques, some more experiments should be carried out. The solid to
solvent ratio could also be varied as well as the extraction solvent and temperatures. However,
to define a relevant and reproducible pigment yields, the experiments should be conducted in
triplicates. For industrial application purposes, further investigations are required to develop
mathematical model to control and predict the optimization parameters of the extraction
process.
Also, it is highly desirable to conduct experiments in order to extract pigments using other
eco-friendly techniques such as Pressurized Fluid Extraction (PFE), Enzyme Assisted
Extraction (EAE), using Ionic liquids (IL’s) to develop these techniques with economic
prospective. In addition, for some bioactive compounds, mutual interplay or combination of
different separation techniques are essential for their separation. It is thus of great importance
to study the combination ways of different separation techniques in the future.
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CHAPTER 8
PILOT SCALE FERMENTATION STUDIES TO
IMPROVE RED PIGMENT PRODUCTION FOR
INDUSTRIAL SCALE- UP
8.2 BACKGROUND
In the development of producing microbial pigments on a commercial scale, using the results
of laboratory and pilot scale studies presents new challenges. Generally, scale-up studies refers
to the act of using laboratory results for designing a prototype and a pilot plant process. Pilot
scale fermentation allows investigating the production process and level of product yield that
could be used to extrapolate and build the large scale industrial fermenters with confidence
[1]. Especially, bench scale fermenters operating with volumes of 0.5-2 L allow the control of
oxygenation, pH and provide options for easy sampling as well as to control fermentation
conditions [2].

Figure 8.1 Scale up from laboratory to industrial level for commercial production
Image source: reference [3]

During scale up studies, some additional parameters need to be considered, modified and
adjusted. This is because, as the size of fermentation increases during scale up, various
measured parameters might not show a linear co-relationship. But the ultimate goal is to
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obtain high throughput of desired product yield and fermentation efficiency at most
economical values [3].
There are few considerations and monitoring to be applied when studying behavior of fungi
and pigment production during scale up which are mentioned below:
 Inoculum development and its percentage of inoculation (v/v)
 Proper sterilization establishments (correct temperature cycle at larger loads, proper
calibration, pre and post sterilization volumes of growth media)
 Environmental parameters such as nutrient sources, pH of the media, temperature,
dissolved O 2 and CO 2
 Foam production and its control
 Type of impeller, agitation speed and shear stress.
The present study was carried out to understand the behavior, biomass growth and pigment
production of the fungus Talaromyces albobiverticillius 30548 in a bioreactor with a capacity
of 2 L. The details of the fermentation, evaluation of results, performance efficiency and
future considerations are communicated below in manuscript form.
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8.3

MANUSCRIPT

This chapter is based on the manuscript written about the results obtained from the
fermenter studies and its comparison with shake flasks experiments in terms of fungal growth
and pigment production

Scale-up of pigment production in the marine-derived filamentous fungus,

Talaromyces albobiverticillius 30548 from shake flasks to stirred bioreactorcondition optimization and comparison
Mekala Venkatachalam1, Céline Virard2, 3, Laurent Dufossé1, 2, Mireille Fouillaud1, 2
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Abstract:

Talaromyces albobiverticillius 30548, a marine derived fungus produces Monascus- like
azaphilone red/orange pigments. Experiments were carried out at laboratory scale in 200 ml
Erlenmeyer flasks and others in 1.5 L bioreactor with a capacity of 2 L. The influence of
dissolved oxygen, mechanical forces, temperature and pH on pigment production and
biomass growth of this fungus in 2 L bioreactor was investigated. The fungal morphology,
duration of pigment production, growth kinetics studies in bioreactor were compared with the
observations noticed from Erlenmeyer flasks cultured with the identical inoculum. The
highest orange and red pigment production in bioreactor was noticed after 160 hours of
fermentation (for the experiment at 70% of pO 2 ) with 25.95 UA 470 nm and 22.79 UA 500 nm
while maintaining pH of the medium as 5.0 respectively. Whereas, the fermentation in
Erlenmeyer flasks of 200 ml effectively producing pigments with 22.39 UA 470 nm and 14.84
UA 500 nm releasing yellow and red pigments in the culture medium respectively under the
same experimental conditions on day 8 . Relating to the fungal morphology, growth of fungus
in the bioreactor was in the form of pellets rather than filaments when the oxygen transfer was
very low in the medium. In aerobic fermentations of filamentous fungi, oxygen is a key
substrate for their growth, maintenance and production of secondary metabolites. Due to the
low solubility of oxygen in liquid broths, continuous supply of oxygen is needed and the rate
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of oxygen transfer should be monitored and controlled throughout the entire fermentation
period. From the observed difference in Erlenmeyer flasks and closed bioreactor, it is
understood that the process was significantly influenced by dissolved oxygen rate. Thus,
oxygen transfer appears as the rate limiting factor which highly influences the overall growth
and production of pigments in Talaromyces albobiverticillius.

Keywords: bioreactor, pigments, filamentous fungus, Talaromyces albobiverticillius,
morphology, pellets, oxygen transfer rate, agitation

1.

INTRODUCTION

With the increase of industrial applications of colors in day to day products, pigments have
become a point of interest among manufacturers and researchers. They are especially used in
food and cosmetics, also in medicines and dyeing clothes [1]. The harmony between chemical
and biological pigment production has become an opposition since the increasing consumers
concern about using natural sources of ingredients, to ensure the safety and quality of their
products consumption. Indeed, some synthetic colors induce severe allergic reactions or
hyperactivity among adults and children [2]. Today, due to the environmental concerns and
harmful human-health effects of synthetic colors, a benefic marketing impact has been
promoted to use natural pigments instead of synthetic ones [1, 3]. In the case of pigments,
natural colors alone do not have the same color intensity as synthetics, and some (not all) are
less economical on a dosage basis; however, technological advances have reduced this
performance gap. Therefore, natural colors production continue to rise due to its adequacy to
meet consumer expectations, despite of its higher cost of production [4, 5]. Moreover, the
large diversity of pigments from microorganisms is an additional argument, and its study gives
possibilities to identify new sources of valuable compounds.
The field of pigments production by vegetables and animals, especially insects, is attractive
sometimes with benefits to human health, because of being natural sources. Nevertheless, it is
less competitive towards industrial productivity than microbial production [3, 6, 7]. Indeed it is
partly due to lower stability and solubility of pigments due to their strong binding nature to the
cells [8]. Furthermore culture conditions can be under control in the case of microbial
production compared to vegetal-or-animal productions and this is an efficient way to increase
the pigment yields. Thus microorganisms present advantages compared to plant or animal
extracts: less space needed, independence towards seasons, rapid growth, fast and unlimited
production. Especially, some species of fungi, like Monascus and Talaromyces are efficient
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producers of pigments. However, to be accepted as a pigment producer, fungi must be nontoxic and non-pathogenic in nature [9]. The legislation for food industry is very restrictive and
many microorganisms have not been approved due to regulatory compliance.
The culture of the fungi could be carried out in a solid state or submerged fermentation [6].
With submerged fermentation, it can be considered an approximation that all the media are
made up essentially of water. In this environment, temperature and pH regulations are trivial
and do not pose problems during the scaling-up of a process [10]. As it is the case, the
submerged fermentation is more adapted here because the pigments will be diffused into the
extracellular culture broth. This provides an improved understanding of the interactions
between the variables and attempts have been focused on modeling micromorphology, hyphal
fragmentation and rheology of fungi [11-14]. Then, the optimization of pigment production
does not directly result from the optimization of cell-growth. Therefore parameters like pH
and substrate concentration, can be managed in a submerged fermentation and thus the
monitoring of the culture will be easier [15].

Talaromyces albobiverticillius, teleomorphic genera of Penicillium sp. produces Monascus
like azaphilone pigments noticed in the laboratory scale studies cultivated in Erlenmeyer flasks
[16]. Literature studies have shown that some species of Talaromyces synthesize yellow
(monascorubrin and rubropunctatin) and red (monascorubramine and rubropunctamine)
colored pigments and among them few species do not produce any mycotoxin along with it [4,
8, 15, 17-19]. This factor allows the biotechnological production of azaphilone pigments by
using the strains favorable for large scale production. The pigments produced by T.

atroroseus, T. albobiverticillius, T. purpurogenus, T. aculeatus, T. funiculosus are diffusing
into the culture medium in submerged fermentation. However, the submerged fermentation
in small volumes is not suitable for industrial commercialization, in regard with the relatively
low production yields.
Scale up fermentation is generally performed to produce molecules in large quantities and if
possible to yield desired metabolite at specified level. As a means of increasing pigment yield,
also to understand the behavior of fungal growth, fermentation involving bioreactor was
carried out The operating condition of bioreactor depends on the amount of working volume,
desired product level but mainly on the type of microorganism used [20]. Previous
experiments in flasks allowed obtaining optimal conditions of production in 200 ml of liquid
culture for temperature, orbital agitation rate, and composition of the culture media. In the
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submerged fermentation using 2 L bioreactor, some additional parameters such as pH and
dissolved oxygen are monitored by setting the above optimized factors as constant. It is a first
step to produce pigments in high amount, and a precursor to a future study in fermenter of
ten liters or higher volume. The present work is aimed to understand the influence of oxygen
supply, maintenance of constant pH and agitation speed on pigment production and fungal
growth by conducting the fermentation in closed bioreactor.
2. MATERIALS AND METHODS
2.1 Organism and conservation

Talaromyces albobiverticillius 30548 has been isolated from marine sediment source in
Reunion Island, Indian Ocean sampled from Trou d’Eau, on the external slope of the coral
reef, at 17 m of depth (21° 06’ 22,11” S, 55° 14’ 15,78” E). The fungus was grown on potato
dextrose agar in Petri dishes (PDA, Sigma Aldrich) at 24°C for a period of 7 days. After the
growth period, the solid culture was maintained at 4°C for the conservation. This cycle was
repeated in a monthly interval to maintain the strain.
2.2 Inoculum preparation
To make liquid pre-inoculum, small amount of spores from the solid cultivation were
aseptically inoculated into 250 ml Erlenmeyer flasks containing 100 ml of potato dextrose
broth (PDB, Sigma Aldrich) which was sterilized for 15 minutes at 121°C. The pre-inoculum
was cultivated at 24°C at 200 rpm in an agitating incubator (Multitron Pro, Infors HT) for a
period of 72 hours.
2.3

Fermentation in shake flasks

The pigment production and biomass growth was monitored in 500mL shake flasks
containing 200 mL of potato dextrose broth. The medium pH was initially adjusted to 5.0
under sterile conditions with 0.1 M HCl after sterilization. 1% (w/v) of the seed culture was
used to inoculate the flasks and the culture flasks were incubated on agitating incubator at
24°C under 200 rpm for 10 days. All the experiments were performed as triplicates and
statistical analysis such as One-way ANOVA was performed with SigmaPlot ver10 (Systat
Software Inc, CA, USA).
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2.4

Fermentation in bioreactor

Batch fermenter cultures were performed in a 2L bioreactor (BIOSTAT® A PLUS, Sartorius
Stedim Biotech) sealed with a stainless steel head- plate. A working volume of 1.3 liter PDB
media was sterilized at 121°C for 15 min and upon cooling; it was inoculated with the whole
pre-inoculum (1.3 g/L wet mycelia) with a peristaltic pump. After the inoculation, there was no
change in the working volume of the media. The used bioreactor is equipped with
temperature control, pH control, oxygen probe and flat bladed impeller for stirring. The
temperature (24°C) and pH (5.0) maintained in this study were the same as that of the shake
flasks fermentation. The pH was controlled automatically using a pH control module (LH
Fermentation Ltd, Stoke Poges, UK) equipped with a steam-sterilisable pH electrode (EF—

12/120 K8-HM-UniVessel, Sartorius Stedim Biotech, France) by passing sterile solutions of

0.1 M HCl.

Based on the results of preliminary tests in the bioreactor, agitation speed and air input were
fixed at the beginning of the experiment and later, it was changed depending on the objective
and the evolution of the culture. During the entire fermentation process, the agitation speed
was changed by a flat-bladed impeller (200- 1000 rpm) and sterile air was supplied at 1.3
L/min (100% DO 2 , dissolved oxygen) but varied at 50%, 70% & 90% depending on the
experiments.
2.5

Biomass estimation

The amount of fungal biomass in the bioreactor was determined by sampling 5 ml of the
fermentation broth. The sample was drawn aseptically at intervals of 24 hours to separate the
biomass from the liquid medium. The sample was filtered using Nitex filter with 0.48 µm pore
size (Nitex 03-48/31, Sefar) and the collected mycelia were dried at hot air oven at 80°C to a
constant weight. Then the dried biomass was weighed to calculate the daily dry biomass
weight.
2.6

Estimation of pigments concentration

The culture filtrate was separated from the biomass by centrifugation at 8000 rpm for 6
minutes (Centrifuge SIGMA 3K 3OH and 19776-H rotor, Sigma). The absorption maxima of
the pigments were determined by scanning the colored extracts for their absorption spectra
over the range of 200-700 nm (UV-vis area). The quantification of extracellular pigments was
estimated by measuring the absorbance of the filtrates at 470 nm (orange pigments), 500 nm
(red pigments) using microplate reader (Infinite® 200 PRO series, Tecan Life Sciences) [21].
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The pigments produced in the liquid culture by Talaromyces albobiverticillius 30548 were
expressed in absorbance units (UA).
2.7

Color characteristics

The same extracts, after determining the pigment concentrations by absorbance, were then
used for determining CIElab color coordinates using spectrocolorimeter (Colorimeter CM5000 d, Konica Minolta, Mahwah, NJ). The CIELab colorimetric system was interpreted as
follows: The value L* indicates lightness, covers from 0 (black) to 100 (white). The positive to
negative a* value indicates red to green colors whereas positive and negative b* represents
yellow or blue colors respectively. Chroma denoted by C gives saturation or purity of color.
Hue angles, h° denotes the degree of redness, yellowness, greenness and blueness by locating
at 0, 90, 180 and 270° respectively.
3. RESULTS AND DISCUSSION
3.1

Relationship between oxygen transfer and pellets formation

Fermentation was conducted at two different agitation speeds according to the rate of aeration
(30 rpm at 100% DO 2 , 200 rpm at 50% DO) by maintaining the medium pH as 5.0 during the
experiment. From figs. 1 (a), (b) it was observed that pellet formation was mainly influenced
by the agitation rate rather than air injection. When the rotational speed of the impeller was
maintained at 200 rpm, the growth of the fungus was observed as mycelial forms/filaments (fig.
1 (a)). In this experiment, air was diffused above the surface of the liquid culture so that the
fungus was fed with dissolved oxygen throughout the stirring action in the fermenter. We
noticed that the medium was homogenously red colored (opposite to pellet culture) proving
the efficiency of pigment production in the batch. As another hypothesis, the movement of
liduid might be due to the rotational movement of the air bubbles if arising from the bottom
induces the formation of pellets. And when stirring at the same time (200 rpm), this
movement of pellets in the liquid was broken and allows the generation of filaments. Fig. 1 (b)
shows the culture media without pigment production, also exhibiting the growth of fungus as
pellets. In this experiment, the oxygen was diffused through the probe (100% DO 2 ) and a
gentle stirring (30 rpm) was applied to mix the liquid culture throughout the fermentation.
The oxygen transfer rate decreased dramatically after 16 hours of cultivation and then went
down to 1% (fig. 2).
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Figure 3 (a): surface of the liquid culture of
T. albobiverticillius without bubbling (50 %
DO 2 ), with an agitation of 200 rpm (day 7)

Figure 3 (b): liquid culture of T.
albobiverticillius with bubbling (100% DO 2 )
and agitation of 30 rpm (day7)
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Figure 2: Decreased response of dissolved oxygen (1% DO 2 ) after fungal inoculation at 25 °C when the
bubbling was set at 190 ml/min (90% DO 2 ) and stirring at 30 rpm

Other influencing factor is viscosity; it was usually found to increase when the microorganism
grew fast with high oxygen consumption in bioreactor, starting from day 2. However, a strong
difference appears in the fungal structures when sufficient stirring was applied or not: gentle
stirring (30 rpm) does not allow adequate aeration in the whole fermenter and fungal
structures seem modulated by bubbling (pellets). On the contrary, efficient stirring (200 rpm)
allows the growth under the form of filaments (mechanical effect), increases the penetration of
oxygen and therefore the pigment production is favored. In the shake flasks at 200 rpm,
higher pigment production and mycelial growth were observed due to the low working
392

volume, the constant oxygen input through the silicon stopper which provides molecular-scale
openings through which oxygen can easily diffuse. Anyways it was very difficult to measure this
parameter in shake flasks.
3.2
Oxygen is a necessary parameter and pellet is not the limiting factor for pigment
production
In Talaromyces albobiverticillius 30548, two main pigments were of interest. Red pigments
produced in major quantities which were mainly diffused into the extracellular medium and
yellow, main one which was bound to the cells of the fungi [22]. Even with changing
parameters such as agitation speed, rate of oxygen supply to increase the pigment production,
pellet formation was a phenomenon observed in bioreactor but not in flask fermentation. To
understand if the formation of pellets inhibits the pigment production, 100 ml of medium
containing pellets was drawn from the bioreactor (50 %DO 2 , 200 rpm) on day 5 and
transferred into 250 mL Erlenmeyer flasks and to Eppendorf tubes (full filled, 0%DO 2 ).
These cultures were cultivated again for 5 days under shaking at 200 rpm (both flasks and
Eppendorf tubes) without adjusting the pH. When starting this experiment the medium pH
was 4.8.
As can be observed in fig. 3(b), the effect of oxygen transfer in shake flasks influenced red
pigment production by increasing the absorption spectra in the red visible region of 500 nm.
On the opposite, in the Eppendorf tubes, which were tightly closed in order to prevent the air
passing inside, there was no observation of pigments (UV – visible scanning 200-600 nm) (fig.
3(a)). Hence, it was confirmed that fungi growing as pellets doesn’t have a strong influence on
pigment production. In contrast, oxygen availability seemed to be the main factor in this
experiment.

(a)

(b)

Figure 3: (a) Cultivation of pelleted fungus along with PDB media in full filled Eppendorf tubes by
closing lids (day 5); (b) Cultivation of the same pelleted fungus along with PDB media in Erlenmeyer
flask with silicon stopper (day 5).
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3.3

Importance of pH on pigment production

Normally, pH of the culture medium was found to have an effect on biomass growth and
pigment production in most of the filamentous fungi [23]. To fix the pH for fermentation in
the bioreactor, several experiments were previously carried out in 250 ml shake flasks with
100 ml volume of culture media by varying the levels of pH (3, 4, 5, 6, 7, and 8) and adjusted
each day to maintain the constant pH throughout the fermentation period (Table 1 & 2).
Results indicated that growth at pH 5.0 exhibited high production of pigments on day 8. The
pigments yield obtained was approximately 22.39 UA 470

nm

± 2.59 and 14.84 UA 500

nm

± 1.93

indicating the orange and red pigments respectively. Pigments excretion into the medium was
observed nearly similar rates in both pH 5.0 & 6.0, if considering the standard deviations at
both wavelengths of 470 nm and 500 nm (21.7 UA 470

nm

± 1.66; 13.42 UA 500 nm ± 0.83). For pH

4.0, absorbance at 500nm is also at a similar value (13.29 ± 0.42) compared to pH 5.0 and 6.0,
whereas absorbance at 470nm is significantly lower (14.91± 1.03). This shows that the acidic
pH favors high pigment production in T. albobiverticillius 30548 as noticed in many other
strains such as Penicillium purpurogenum GH2 [8], P. aculeatum ATCC 10409 [24]

Monascus spp.[25]. However pigments in orange hues (maximum absorbance at 470nm)
seem slightly depressed when the pH lowers down to 4.0.
Table 1: Maximum absorbance at 470 nm, representing the region for yellow pigments
pH
Day of maximum absorbance
Maximum absorbance (UA)
± Standard error

3
9
6.74
± 0.84

4
7
14.91
± 1.03

5
8
22.39
± 2.59

6
9
21.70
± 1.66

7
8
10.14
± 0.91

8
9
7.22
± 0.33

7
8
9.94
± 0.35

8
9
7.41
± 0.26

Table 2: Maximum absorbance at 500 nm, representing the region for red pigments
pH
Day of maximum absorbance
Maximum absorbance (UA)
± Standard error

3
9
4.04
± 0.36

4
7
13.29
± 0.42

5
8
14.84
± 1.93

6
8
13.42
± 0.83

The results from shake flasks experiments were used to compare with the values obtained
from the batch fermentation in bioreactor (Figs. 4, 5). The pH of value 5.0 was chosen to
permit the experiment throughout the entire fermentation period in the bioreactor.
3.4 Effect of aeration rate on pigment production

At pH 5.0 combined with 10% oxygen saturation and at 30 rpm of agitation speed, the
mycelia in the bioreactor were noticed as filaments along with the growth of many small
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pellets. But we could notice that with a DO 2 of 50% there was no formation of small pellets,
neither at 70% nor 90% of dissolved oxygen, with the same stirring speed. This is also
influenced by the viscosity of the culture broth and the fluffy pellets clumps makes the air
bubbles clumped together rather dispersed even with agitation, resulting lower oxygen transfer
rate. So there certainly exists a relation between a supply of O 2 transfer and the fungal cell
morphology from filaments to pellets.
At 10% of oxygen supply, the fermentation broth became orange red in color after 4 days of
growth and the maximum pigment production was reached on day 8. If the DO 2 increases,
the formation of pigments in the media began sooner (day 2 for 50% of DO 2 and less than a
day for 70% of DO 2 ). This is applicable to the fermentation condition up to 70% of DO 2 but
in another experiment with DO 2 of 90%, the media allowed the production of red pigments
on day 2. In the shake flasks, the broth became red within 3 days of fermentation and the
growth was ended after 7 days due to the depletion of nutrients. On day 7, the observed
pigment absorbance (4.5 UA 470

nm

, 5.3 UA 500

comparing with shake flasks (20.38 UA 470

nm

nm

) and biomass (4.88 g/L) was less in bioreactor

±0.43, 18.23 UA 500

nm

± 0.31, and biomass of 8.10

g/L). The low growth rate in bioreactor might be due to the low transfer rate of oxygen thereby
also lowering the pigment production.
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Figure 4: Absorbance of culture liquid (extracellular pigments) and biomass weight of Talaromyces

albobiverticillius 30548 cultivated in 200 ml working volume in shake flasks with adjusted medium pH
5.0 through the fermentation period. The errors bars in the figure indicates the standard deviation
from three independent samples
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Figure 5: Absorbance of extracellular pigments and dry biomass weight of Talaromyces

albobiverticillius 30548 in working volume of 1.3 L bioreactor with adjusted medium pH 5.0
throughout the experiment (10% DO 2 and 100 rpm of agitation speed). No standard deviation was
calculated from the results as single experiment was made for all the runs performed

3.5 Comparison of color values in fermenter and shake flasks
Absorption spectral graphs for pigments produced in both shake flasks and fermenter has
maximum absorption at both 470nm (orange pigments) and 500 nm (red pigments) ; it’s
absorption values were reported as fig. 4 & 5. The color values of the extracellular fungal
extracts of the strain T. albobiverticillius 30548 is shown in table 3. For the culture in shake
flasks, the chroma values increased to a maximum (40.69) but very low for the extract in the
fermenter (1.14). The hue angle observed in the shake flasks was 56.13 which is close to 60
yellowish- red color.
Table 3: Color of the filtrates observed on day 7 using Spectrocolorimeter.

Coloration
Colored filtrates without bubbling
(pH 5.0 controlled, 0% DO , 200 rpm
)
Colored filtrates in shake flasks
(initial pH 5.0, 200 rpm )

L

a

b

c

h

98.5

1.12

-0.21

1.14

349.39

79

22.68

33.78

40.69

56.13

2

There is obvious color difference in the extracts obtained from shkae flask and fermenter
experiments. The total color difference ∆E in the extracellular pigmented extracts was
evaluated and found to be 11.8 which is greater than the value of 6, indicates there exists an
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obvious difference in the pigment production. Fig. 6 clearly indicates the difference in the
lightness value of colors.

Figure 6: Color wheel showing lightness of colored filtrates in bioreactor (1.5 L working volume)
without bubbling (0%DO 2 ), agitation rate 200 rpm and also in shake flasks (200 mL, 200 rpm)
observed on day 7

4.

DISCUSSION

The process of upscaling from laboratory to pilot level then to industrial scale presents several
inherent challenges. Changes in fungal morphology such as growing as pellets or mycelia in
submerged fermentation has been noticed in many different filamentous fungi such as

Aspergillus, Rhizopus or Penicillium strains [26-29]. The formation of pellets due to low
agitation speed and the high bubbling may interfere with the O 2 penetration or dissolution, the
substrate uptake and thus considerably influences the efficiency of target product formation
[30-32]. In this study, the pigment production is thus dramatically depressed. In orbital shake
culture flasks using the same PDB as culture media, growth always took place in the form of
mycelia, but pellets were observed in slow stirred tank bioreactor under the same basic culture
parameters (pH 5, temperature 24° C). This may be partly due to lack of proper oxygen
transfer on the culture media in bioreactor, and also to the type of shear forces given by
stirrer. This leads to produce growing cells with different morphologies as pellets or filaments
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and to decrease the pigments yield in the case of pellets formation. The same behavior was
noticed in the Monascus fungi in which cell morphology as pellets had an unfavorable effect
on final pigment yield, which diminished the pigment production [33]. As a side effect, 2 L
bioreactor used has a larger surface area containing liquid media in contact with gas compared
to shake flasks, and the fermenter’s equipments (agitation impeller, pH & temperature control
probes, foam control probe) offer static aerated surfaces. Therefore, the free filamentous fungi
seemed to attach and grow on the probes and wall, where Po 2 is maximum and feeding
medium regularly spilled.
While studying the impact of biomass and pigment production in Talaromyces

albobiverticillius 30548, it was observed that at low agitation speed (30 rpm) and variable DO

2

rates (10-100 %DO 2 ) the pigment production was very less and fungus was grown as pellets.
Similar observation has been reported for fungal growth as pellets on Neurospora intermedia
and Rhizopus oryzae based on the influence of agitation rates [27, 30]. In addition, agitation
speed played a major role in determining the fungal morphology but when considering the
pigment production, the effect of dissolved oxygen concentration was greater than that of
agitation speed. From observation of current research, at high-speed agitation (>1000 rpm, for
8 days) the structure of fungal mycelia was not damaged.
In shake flasks, the pigment production starts after 48 hours observed as light orange and the
fermentation completes within 9 days with dark red pigment production. It has been
suggested that red pigments are derived by the chemical reaction from orange precursors [34].
Similar color shift was noticed with the absorbance scan of pigmented extracts of T.

albobiverticillius, the first one nearby 420 nm and the second one at 500 nm and few days
later, the first one moved in the wavelength range from 420 nm to 470 nm.
During scale up, there was a drastic decrease in pigment yield and biomass comparing to
shake flask cultures. In the conditions of the experiments, the pigments yield obtained from
the bioreactor was considerably low (4.89UA 470 nm , 5.09 UA 500 nm , in 1,3 PDB working volume,
X %DO 2 and Y rpm agitation speed compared to shake flasks (22.21 UA 470 nm , 18.61 UA 500 nm ,
200 ml working volume, at 200 rpm agitation speed). This might be partly due to the low
oxygen diffusion which adversely affected the growth (4.88 g/L in fermenter vs 8.10 g/L in
shake flasks) thereby the pigment production. Different pH levels influenced the physiology of
fungi, conidial development and pigment synthesis. Reducing the pH inhibits the formation of
conidia and increases pigment production, suggesting that the pH of the medium might affect
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the transport of certain media constituents, such as glucose and nitrogen sources [35]. The pH
can affect the activity of enzymes involved in the biosynthesis of pigments [36].
The studied fungus was initially living in a marine environment, at surface of -17m under
water. The pressure increases about one atmosphere for every 10 meters of water depth and 17 m was suggested to be between 2 and 3 atm [37].
5.
CONCLUSION
Red and orange pigments, from the azaphilone family were produced with varying
concentration, under several sets of conditions tested in bioreactor and flasks. From this
study, it was found that the oxygen supply and stirring mechanical effect may play a vital role
on the production of secondary metabolites such as pigments, also on fungal growth. Thus,
fungal morphology during cultivation has a major effect on the biomass yield, which again
linked to final pigment yield. To study the interaction between the mechanical forces and
fungal cells behavior, dissolved oxygen concentration has to be fixed at different levels. Based
on the present data, it can be understood that both fungal growth and pigment production are
not only affected by medium pH, carbon and nitrogen sources used, but also mainly depends
on oxygen transfer and shear forces [38]. In order to obtain a high pigment yield, more
experiments should be done to optimize the cultivation conditions specifically improving
dissolved oxygen concentration and balancing shear stress. The problem of pH regulation
should also be fixed. The obtained results would be helpful to design the oxygen supply
strategy in bioreactors for better growth and higher pigment production on large scale.
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8.4

CONCLUSION

The fermentation bioprocess in large scale (1.3 3 L working volume fermenter BIOSTAT®
A PLUS) was carried out under previously optimized conditions (temperature, pH,
concentration of biomass, nutrients, agitation speed). But, the overall mass production in the
set fermenter was not easy to control because different phenomena were simultaneously taking
place. Indeed the relative importance of these parameters changes at least with the scale and
the type of bioreactor. Therefore, oxygen transfer rate appears as a main factor, is influenced
by high number of parameters including physical properties of gas and liquid as well as the
geometrical parameters of the bioreactor. However, in this experiment, there was a “classical”
malfunction particularly with the dissolved oxygen electrode which was regularly invaded by
fungal growth. This should further be anticipated and measures should be taken to provide
consistent air supply despite this major inconvenience. The results of the above work clearly
demonstrates the individual and combined effects of aeration, agitation, gaz pressure and pH
variations on the production of pigments by Talaromyces albobiverticillius 30548. Indeed, it
equips an idea for designing an efficient fermentation process in large scale for pigment
production in the future studies.
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GENERAL CONCLUSIONS
 The research on coastal and marine environment of La Reunion over the years has
been conducted by different university laboratories and this study provides an
opportunity to explore the effective fungal pigment producers to generate an
application of colorants to the food industry. Although, marine-derived strains are
promoted as a new and unexplored source of chemistry, few comparative data exist
to test the hypothesis that a search of other underexplored ascomycete or
basidiomycete fungi would result in an equal, if not better probability of
encountering novel biosynthetic gene clusters and associated chemistry. In this
study, a variety of marine-derived fungal genera have been isolated from different
ecological niches, such as samples collected from dead corals, living corals, hard
substrates, sediments and water. Molecular identification of the 47 pigment
producing strains included 25 genera and 30 species of which the most
predominant ones are Aspergillus, Emericella, Eupenicillium, Eurotium, Fusarium,
Penicillium producing different hues of pigments.
From the availability of countable pigment producing strains (47 studied strains), a
novel red pigment producing potential fungal strain was selected for this complete
research work. The chosen marine-derived fungal strain was identified at the
species level based on the analysis of ITS, β tubulin and RPB1 gene sequences. It
was double characterization by sending the strain to CBS-KNAW, Fungal
Biodiversity Centre culture collection, Utrecht, the Netherlands. Analysis of the ITS
region revealed that the isolated fungi belongs to Talaromyces albobiverticillius
with 99 % similarity. However, less conservative regions of β-tubulin gene showed
the same identification to a level of 99% similarity. Testing evolutionary hypothesis
in the form of phylogenetic tree becomes more reliable and it estimates the
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relationships among the species represented by those sequences. We generated
neighbor-joining analysis with 100 bootstrap pseudo-replicates for each of the data
sets using the program MEGA v6. For all analyses, it was identified the species
resolved in a clade together with other red pigment producing species such as T.
albobiverticillius, T. atroroseus and T. purpurogenus.

 Talaromyces albobiverticillius produces large amounts of Monascus red pigments
and/or their amino acid derivatives as secreted by other species of Talaromyces
particularly T. atroroseus, T. aculeatus, T. pinophilus, T. purpurogenus, T.
funiculosus, T. amestolkiae, T. ruber and T. stollii. The red pigment producer
Monascus species is known to producer six major azaphilone pigments but the
production of mycotoxins (citrinin) and unwanted drug (mevinolin) limits the use of
Monascus for industrial purposes. Some novel producers of Monascus-like
pigments from Penicillium subgenus Biverticillium, Talaromyces spp are not
reported to produce citrinin or any other known mycotoxins. However, few species
produces toxins which are metabolic intermediates not essential to growth or life of
the producing organism. Notably, the toxins produced by some fungal species were
listed below in the form of a table

Fungal species

Pigments produced

Toxic metabolites

Monascus pilosus,

Monascin,

Citrinin (Yellow)

M. ruber, M. purpureus

ankaflavin, Rubropunctatin,

Ref

Monascus spp

Rubropunctamine,
Monascorubrine,
Monascorubramine
Penicillium spp
Penicillium citrinum

Anthraquinones (yellow)

Citrinin (yellow)
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P. oxalicum

Arpink

red-

anthraquinone Secalonic acid D (yellow)

derivative (red)
P. islandicum

Emodin (yellow)
Erythroskyrin (orange-red)
---------

Luteoskyrin (yellow)
Skyrin (orange)
Cyclochlorotine
Islanditoxin
Rugulosine
Rugulovasine A and B

P. marneffei

Monascorubin (red)

Secalonic acid D (yellow)

Rubropunctatin (orange)
Mitorubrinol
Monascorubramine (purple
red)
Purpactin
P. rugulosum

---------

Rugulosin (yellow)

P. variabile

---------

Rugulosin (yellow)

P. purpurogenum

Mitorubrin (yellow)

Rubratoxin A (red)

Mitorubrinol (orange-red)

Rubratoxin B

PP-V (violet)

Luteoskyrin

PP-O (orange)
P. rubrum

Rubratoxin A (red)
Rubratoxin B

Talaromyces spp
Talaromyces atroroseus

Gluconic acid
Mitorubrin
Mitorubrinic acid
Mitorubrinol
Monascin
Monascorubramine
Monascorubrin
PP-O
PP-R
Purpuride
Purpuroquinone A
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Rubropunctatin
Vermicellin
T. albobiverticillius

Mitorubrin,
Mitorubrinic acid
Monascin
Monascorubramine
Monascorubrin
PP-R
Rubropunctatin,
Vermicellin

T. purpurogenus

Rubratoxin A
Rubratoxin B
Rugulovasins
Luteoskyrin

The identified T. albobiverticillius 30548 showed rapid growth when cultured using
different media (18 – 28 mm) by producing green (on PDA), white and yellow
mycelia (MEA, CYA, OA). The fungus diffuses red pigments into the surface media
either on agar or into the liquid culture depending on the state of fermentation
employed. The culture became mature within 120 h of fermentation and red
metabolites will be released during this stage. After the maturation period, further
incubation of the culture led the pigments to leach off which drastically changed the
red pigments to brown compounds, notably after 192 hours. The morphological
features of this strain are strictly biverticillate; stipes are smooth walled and 2.1-2.9
µm wide; metulae (1.3 x 4 µm) are 10 to 18 per stipe; phialides are acerose (1.5 x 3
µm and 3-5 per metulae). While grown on PDA and OA, conidia are smooth to finely
rough walled, globose to sub globose, (1.2-2 µm wide).

 The extraordinary color range of pigments produced by T. albobiverticillius 30548
is in the red and the yellow spectra, although there are definitely more color shades
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that need to be explored from the other parts of the visible spectrum. The
Commission Internationale de l’Eclairage (CIE) deﬁned a system of describing the
colour of an object based on three primary stimuli: red (700 nm), green (546.1 nm),
and blue (435.8 nm). Because of the structure of the human eye, all colors appear as
different combinations of these. The colorimetric data is measured on the basis of
CIELAB system where it uses Cartesian coordinates to calculate a color in a color
space. Assessment of the color difference is made using commercially available red,
orange and yellow reference standards. The color of the pigments is expressed in
terms of hue (color), lightness (brightness) and saturation (vividness). The color
value of the extracellular colored solution obtained from the strain is compiled by:
L*: 57.12 ±0.06, a*: 56.73±0.12, b*: 42.94±0.19 representing the intensity range of
light absorption; hue and chroma values were represented as 37.08±0.23 and
71.14±0.27. Similarly, for the intracellular crude pigmented extract had the colored
values with L*: 62.34 ±0.09, a*: 59.28±0.20, b*: 49.33±0.15, h°: 39.8 and C: 73.19.
The color variation is influenced by the variation of pigment productions for
fermentation; their formation is affected by stage of the fungal strain, substrate
composition, environmental factors and length of fermentation. In ethanol, the
absorption spectra in the visible region of the whole extracellular colored
components showed different patterns of absorption maxima at 427-430, 466-483
nm, 511-522 nm except for a peak which had a single maximum absorbance at 469
nm which is the main compound in the extract; While, the intracellular extract had
two absorption maximum of 422 and 511 nm for the red Monascus-like pigment and
the values are in agreement with the findings for the red N-threoninemonascorubramine.
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 HPLC-based analyses of crude samples of these pigmented extracts are important
because it acts as a powerful tool to access the diversity of pigments production.
Reverse phase HPLC with a DAD coupled to a MS, a hyphenated technique in the
pigments field unambiguously confirmed the pigment peak and greatly facilitated
the recording of MS spectra. Analysis using HPLC-DAD-ESI-MS stated the
detection of 12 different compounds in the biosynthesized intracellular and
extracellular pigments obtained by submerged fermentation. Four compounds were
tentatively identified as Monascus-type pigments based on the obtained
spectroscopic data and the comparison with literature data. The identified peaks 3, 5
and 8 among the total twelve compounds are similar to the already known Nthreonine-monascorubramine, N-glutaryl-rubropunctamine and PP-O respectively.

Compound 3: N-threonine-monascorubramine, under the assumption that
the α-amino acid threonine was incorporated into pigment. [M + H]+ m/z 484, and
[M - H]- m/z 482 and the corresponding PDA data were also consistent with the
reported values for Monascus type pigments.

Compound 5: N-glutaryl-rubropunctamine, [M+H]+ m/z 484 and [M - H]m/z 482 pseudo molecular ions. This compound was discovered for the first time
from the extracellular pigment extract obtained from the liquid medium (N1) of P.
purpurogenum IBT 11181 and also produced by Monascus ruber. Having molecular
formula C26H29NO8 and mass of 483.20 exhibited the UV-visible spectra (at 430
and 522 nm) very similar to N-glutaryl monascorubramine as the two compounds
differed only in their aliphatic side chain.
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Compound 8: PP-O, [M + H]+ m/z 413 and [M - H]- m/z 411 pseudo molecular
ions. This compound has also been found to be produced by Penicillium
purpurogenumIAM15392, which is Monascus azaphilone pigment homologues in
culture with a specific medium (20 g soluble starch, 2 g yeast extract per liter of
50mM citric acid/ Na3 citrate buffer, pH 5.0).
The extrolites only identified by HPLC-DAD might in some cases not be the actual
metabolite but a derivative with the same chromophore and retention on the
column. The tentative identification of the above compounds was only based on the
existing literature available data and several reports by various authors. Indeed, for
detailed structure analysis and confirmation of the identified compound, the pure
fraction was analyzed by 1H NMR and13 C NMR.

 Based on the HPLC identifications, the structure of the pigmented compound no: 4
was accomplished using NMR spectroscopy. 1H NMR spectrum to determine bond
status, connectivity of protons in a molecule and 2D- NMR spectroscopic methods
of correlated homonuclear spectroscopy (COSY) and nuclear overhauser effect
spectroscopy (NOESY) was used to obtain even more detailed structural
information by analyzing the coupling of protons associated with one or more
bonds. NMR analysis was performed for a single compound (compound no: 4) and
interestingly, it was identified as a never previously reported compound. A new
structure

for

this

molecule,

named

as

6-[(Z)-2-Carboxyvinyl]-N-GABA-

monascorubramine, (or as N-GABA- monascorubramine-derivative) is provided for
the first time based on PDA, MS and NMR data by the incorporation of γ-amino
acid, γ-aminobutyric acid into the pigment.
The present NMR data showed the evidence associated with

nature of the

azaphilone side chains: a) the propyl moiety on the N-7 endocyclic atom; b)
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aliphatic seven-member peripheral chain bound to the C13 carbonyl group; c) two
contiguous unsaturated CH (namely C10 and C11), linked to the C6 endocyclic
carbon atom (long-range coupling C10-H5 in HMBC spectrum). Terminal CH2 (3')
and CH (11) of the N7 and C6 side chains were connected to carboxylic acid groups
because the HMQC spectrum showed correlations between their proton resonances
and those of quaternary carbon atoms at 176.4 ppm (C4') and 171.4 ppm (C12). The
compound showed corresponding [M + H]+ m/z 498, and [M - H]- m/z 496, pseudo
molecular ions which are consistent with the proposed structure. The compound has
a molecular formula of C27H31NO8, with a mass value of 497 amu.

 This work also focused on the effects of different extraction methods to efficiently
extract pigments from the lyophilized fungal biomass (IC) and culture filtrate (EC).
Conventionally, the compound is successively extracted with various organic
solvents of increasing polarity starting from n-hexane (4 hours), chloroform (15
hours), ethyl acetate (24 hours) to ethanol (24 hours).The extract percentage
varied greatly between different solvents, with the highest one obtained for ethyl
acetate (96% for IC and 98% for EC) followed by ethanol extract (91% for IC and
93%. for EC). Although this successive solvent extraction method is less laborious
and consumes less solvent of other extraction methods (maceration, reﬂux,
decoction, infusion, etc), it presents low selectivity for certain pigmented
compounds of interest, mainly in hexane and chloroform extracts. Therefore, it
was important to develop a more selective and efﬁcient technique to obtain
pigments in larger amounts. In this direction, Microwave-assisted extraction
(MAE), Ultrasonic-assisted extraction (UAE), has been used for the extraction of
pigments and the yields were compared with conventional extraction.
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Effect of various variables such as applied power, volume of solvent, extraction
time on the extraction yield and efficiency was investigated. It was found that,
MAE exhibited higher crude pigment yield (29.8 mg of intracellular pigments and
29.6 mg of extracellular pigments per gram of sample) in 10 minutes under a
constant power of 1000W when compared to UAE and conventional methods. In a
study using microwave-assisted extraction process, it offers the advantage of a
homogenous thermal regulation of the medium. It is confirmed by obtaining 34.9
mg IC and 25.4 mg EC pigments within 10 minutes using ultrasonic probe of
amplitude 77% with a constant temperature of 40°C.
The extracted pigments were quantified by RP-HPLC and extraction performance
was assessed in terms of peak reproducibility and extraction yields. The
chromatograms were obtained at 470 and 520 nm of ethyl acetate extracts of
conventional extraction, MAE and UAE. As expected, in intracellular pigment
profile, the main compound is the one absorbing at 426 and 523 nm, identified by
a retention time between 15.18 – 16.59 min, denoted as15 peak 2 in conventional
and MAE method, peak 1 in UAE 1 This compound is present in major quantities
in all the intracellular crude extracts, whatever the extraction process used.
For extracellular pigment profile, an orange pigment (λ max 469.8) was mainly
diffused into the extracellular culture medium and the compound was better
extracted by UAE (96.53% recovery for peak 2), followed by MAE (90.69% for peak
4) and less amounts by conventional extraction (87.70% for peak 4). But in HPLC
chromatogram, the compound had different retention time from 15.56 to 16.85 due
to extraction by different techniques. Finally, the extraction techniques can be
highly improved and the time of extraction greatly reduced by applying different
techniques to disrupt fungal cell wall and membranes.
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 Some reports have suggested that marine-derived fungi are sensitive to seawater
concentration and postulated that the fungi produce decreased amounts of
secondary metabolite production. In this study, marine isolate of Talaromyces
albobiverticillius 30548 was assessed for their tolerance to salinity (0, 3.65, 6, 9%
sea salt concentration) towards growth and pigment production. However, the
isolated strain can grow very well in sea water/ NaCl free media, the results
indicated that the biomass growth of T. albobiverticillius 30548 was enhanced in
the presence of sea salt to 9.48 g/L at 9% salinity whereas 4.17 g/L is produced
under control conditions (0% salinity) grown at 27 °C at 200 rpm for 10 days.
Considering pigment production of this strain at different sea salts concentrated
media, the soluble red pigments were diffused into the media at all concentrations
of salinity but the concentration of pigments was less (0.46 g/L PY in terms of red
rice equivalents at 6% salinity; 1.03 g/L PY in terms of red rice equivalents at 9%
salinity) compared to that of control and low sea salt concentration (1.42 g/L PY in
terms of red rice equivalents at 0% and 3.65% salinity). This might be due to the
electrolytes present in the media altered the pH and prevented the diffusion of
pigments. When the concentration of sea salts in the media increased from 3.65 to
9% w/v, pigment solubility decreased and the cells might have encountered stress
that inhibit metabolic functions. In addition, high salt concentrations affected the
fungal spores which turn the color of spores to brown instead of red. These results
suggest that the regulation of secondary metabolite production will be modulated
by the sea salt concentration of the culture media.
Discussing the color values of pigments produced in sea salts concentrated media,
the color of pigments produced in control media (0%) differs significantly from 6
and 9% salinity. The culture media with 0%, 3.65% and 6% salinity represented
red color pigments with hue angles of 23.07 – 37.08 representing purple-red to
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dark red in the color space. While 9% sea salts concentrated media represented a
hue angle of 77.08 indicating the dominance of yellow colored pigments in the
colored solution. The overall results indicated among the different salinity levels,
pigment production and biomass are quite similar in evolution up to 3.5%, there
after exhibited an unequal relationship in 6% and 9% sea salts added media.



To more fully realize the biosynthetic potential of the fungi, shaken-submerged
and solid-substrate fermentations are often performed in parallel. Scale up of
fermentation from laboratory scale to fermenter involves careful attention but
designed to address all the limitations coming out from shake-flask experiments.
In fermenter systems, careful control of pH, temperature, oxygen supply and gas
exchange by the use of sensors. In this study, a small scale fermenter of 2 L is used
because it is most similar to in situ conditions for fungal growth because it can be
monitored and optimized throughout a run. Among cultivation systems, the
pigments yield obtained from the bioreactor was considerably low (4.89UA 470 nm,
5.09 UA 500 nm, in 1. 3 PDB working volume, 30 %DO 2 and 100 rpm agitation
speed compared to shake flasks (22.21 UA 470 nm, 18.61 UA 500 nm, 200 ml working
volume, at 200 rpm agitation speed). This could be pointed to some inherent
disadvantages, such as poor oxygen dissipation and uncontrolled pH, supply of
agitation rate, fungal morphology especially the shape of mycelia in the form of
filaments or pellets.
Increasing the agitation speed to 200 rpm and with considerable variation of
oxygen transfer rate (70%) resulted in the reduction of pellet formation instead the
culture grows rapidly with the production of red pigments (1.25 mg/L pigments on
day). The pigment production was enhanced if the pH was maintained at 5.5±0.04
by adding 0.4 N of HCL. It was important to maintain good pH control, because
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the activities of the fungal growth as well as diffusion of pigments are known to be
pH sensitive.
The results from this study indicate that the mass transfer in the systems was an
important process parameter, and that it may have been too high for optimal
production of many of the metabolites. It can therefore be inferred that the
production of secondary metabolites is inﬂuenced not only by factors like carbon
or nitrogen limitation but may also be dependent on oxygen limitation and other
mass transfer or shear stress parameters.

 Optimization of media components and fermentation conditions is becoming acute
for large scale production of pigments. Statistical design of experiments (DoE) is a
powerful approach to screen the nutrients of fermentation media, has the ability to
quickly detect how interactions between factors can aﬀect product yield and
quality, outweigh the disadvantages of one factor at a time (OFAT) approach by
consuming less time that is achieved by less number of experiments. Initial
experiments for optimization of fermentation conditions/ process parameters were
carried out based on Box-Behnken design (BBD). The parameters were chosen
according to initial experiments carried out in laboratory (pH: 4-9; temperature:
21 – 27 °C; agitation speed: 100 – 200 rpm; fermentation time: 24-336 hours) and
also based on the research notes of pigment production in Penicillium,
Talaromyces and Monascus spp.
Box-Behnken design with 4 factors and 3 levels was employed to investigate the
best optimized conditions. The data analysis revealed there was an increase in
pigment production with an increase in temperature up to 25.5°C beyond this
range of temperature, there was a decrease in the pigment production because it
affects the rate of biochemical reactions and the enzymatic activity involved in
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biopigment synthesis. Increase in incubation time up to 245 hours (10.2 days) and
initial pH (4 – 7.7) increased pigment production. The agitation speed up to 180
rpm affected the yield of pigments implying the importance of through mixing for
growth and pigment yield.
The adequacy of quadratic models for all responses was on the basis of R2, F-value
and p-level at 1 and 5 per cent level of signiﬁcance accordingly. The coefﬁcient of
determination (R2) for fungal growth and pigment production was between 0.970.98, which is very close to 1 and can explain the fitness of the model. The
predicted R2 value of 0.84-0.91 is in reasonable agreement with the adjusted R2
value of 0.82-0.89.
To optimize suitable carbon and nitrogen sources, different nutrient combination
media was screened using one-variable-at-a-time (OVAT) analysis and found
sucrose combined with yeast extract was chosen as the best media. It provided
maximum yield of orange (695.17 mg/L RYR equivalents) and red pigments
(738.58 mg/L RYR equivalents) and also higher dry cell weight (6.60 g/L).
Significant medium components (yeast extract, K 2 HPO 4 and MgSO 4 ·7H 2 O) were
identified form OVAT analysis for pigment and biomass production. A five-level
central composite design of the response surface method was applied to evaluate
the optimal concentration and the interaction effects between the selected
components. Predicted maximum response of OPY (70.87 mg/L), RPY (262.34
mg/L), DBW (15.98 g/L) was obtained at the optimal level of medium variables of
yeast extract, K 2 HPO 4 and MgSO 4 ·7H 2 O at 3 g/L, 1 g/L and 0.2 g/L, respectively.
Model verification was performed at the predicted optimal level and the model was
well fitted with the experimental results.
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FUTURE PERSPECTIVES

 Typically, NMR experiments are sensitive both to structural features and to
dynamics, and hence the measured data contain information on both. Despite
major progress in both experimental approaches and computational methods,
obtaining a consistent view of structure and dynamics from experimental NMR
data remains a challenge. Herein, due to the insufficient amount of pure
compounds, NMR analysis did not reveal the details of all structures for the
identified compounds (11 among 12) through HPLC-DAD-ESI-MS. After having
higher amounts of pure fractions, the structures of other 11 isolated compounds
will be elucidated with the aid of NMR and mass spectroscopic methods.

 The bioassays related to the toxicity of red pigments produced by
T. albobiverticillius were not addressed in this study. Though, Monascus red
pigments have been exploited as natural food colorants in Western countries;
Monascus spp. excretes citrinin, a yellow metabolite which possesses nephrotoxic
and hepatotoxic properties which is toxic for humans. In addition to citrinin,
which has been the major potential threat so far, other potential toxic metabolites
of

Monascus

such

as

monascopyridines

have

also

been

reported.

Monascopyridines C and D induced metaphase arrest, these effects are indicating
an aneuploidic potential which might contribute the formation of tumours.
Contamination of these toxic fungal pigments has raised a great concern in the
food industry. Similarly, some species of Penicillium including Penicillium
citrinum, P. islandicum, P. rugulosum, P. tardum, P. oxalicum (secalonic acid, a
yellow pigment). If imperative toxicological testing is carried out, fungal pigments
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could be accepted by the current consumer. Therefore, studies which address the
evaluation of toxicity should be performed in future studies.

 Fungal polyketide azaphilone pigments exhibit a wide range of interesting
biological activities, such as anticancerous, antimicrobial, inhibitory effects on
HIV-1 replication and gp120-CD4 activity, antifungal, nematicidal and antiinflammatory activities. Several secondary metabolites from microbial origin
inhibit 15-lipoxgyenase (15- LOX). More recently the fungal pigment, (+)sclerotiorin was found to inhibit lipoxygenase-1, also known as 15-LOX.
Geumsanols isolated from Penicillium sp. KCB11A109, were evaluated for their
anti-cancer, anti-bacterial, anti-malarial activities in zebrafish development.
Secondary metabolites of Colletotrichum sp. showed anti-bacterial activities
against

two

commonly

dispersed

environmental

of Escherichia

strains

coli and Bacillus subtilis, and against two human pathogenic clinical strains
of Staphylococcus aureus and Pseudomonas aeruginosa.

The

potent

nonselective biological activities of azaphilones may be related to their production
of vinylogousc-pyridones.
Azaphilones were also found to be a new class of heat shock protein Hsp90
inhibitors. More recently, azaphilones have shown to inhibit tau aggregation and
dissolve tau aggregates. Aspergillus nidulans secondary metabolites were tested
for their ability to inhibit tau aggregation in vitro and it was found that several
were active inhibitors at micromolar concentrations, although they did not have
tau disaggregation properties. Therefore finding the biological activities of the
prodcued secondary metabolites of Talaromyces albobiverticillius 30548 enriches
the possibilities of new drug discovery towards various applications.
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 Although many azaphilones have been isolated and identified, their biosynthetic
pathways remained unknown for more than half a century. Efficient gene-targeting
technology is a powerful tool used to mine the genome for novel secondary
metabolites and identify the genes in the biosynthetic pathway. Biosynthetically,
most pigments produced by fungi are polyketide-based (some may involve
polyketide-amino acid mixed biosynthesis) and involve complex pathways
catalyzed by iterative type I polyketide synthases. Generally, the biosynthesis of
azaphilones uses both the polyketide pathway and the fatty acid synthesis pathway.
There is no current evidence at hand to understand the biosynthetic pathway of
pigment production in T. albobiverticillius 30548 and so the future study should
be focused on the elucidation of biosynthetic pathway of red pigments, which is a
proof-of- the-concept study.

 At present, the contradiction between the low production and high demands of
pigments is acute, giving rise to the need for large-scale production in fermenter.
Pigment production process performed in bioreactors outcompete the processes
performed in shake flasks in terms of information level due to the higher degree of
control. The improved growth and pigment production may be a result of the
better hydrodynamics and oxygen transfer. Continuous cultivation and fed batch
cultivation offers an opportunity to study the fungal metabolism, characterize the
fungal morphology, fine tuning the process and to optimize the production yield
under a set of well-defined operating conditions. However, in-depth physiological
characterization would be required before continuous process could be designed
and implemented for pigment production. Until now, there is no bioreactor data
for any species of Talaromyces because the cultivation has been made on agar
plates or in shake flasks so far.
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In addition, extractive fermentation offers a way to extract orange cell-bound
Monascus pigments into the extracellular broth using a nonionic surfactant
micelle solution. This type of solution helps producing higher quantity of red
pigments due to the compactable lipophilic nature of orange pigments versus the
solubility of hydrophilic amino acids in aqueous solution. Hence, assessing the
yield coefficients of the process offers the possibility of quantitatively comparing
different process designs. Also, experiments using different parameters help in
understanding the response time of biological systems and gives knowledge on the
influence of different parameters on pigment production when cultured in largescale fermenter.

 Utilization of low cost substrates is one of the areas under focus on microbial
pigment production. There is a growing interest for fungal pigment production,
but high cost associated with laboratory nutrient media made the researchers to
find the alternative carbon and nitrogen as lost cost substrates. For example,
cultivation of Monascus in solid-state fermentation (SSF) over steamed rice is very
exuberant. There are reports describing some other raw materials used as
substrate for Monascus, which include cassava starch, prickly pear juice, and dairy
milk. Similarly, an agro-industrial residues such as rice bran, wheat bran, coconut
oil cake, sesame oil cake, tamarind seed powder, groundnut oil cake, cassava
bagasse, sugarcane bagasse and rice flour (carbon source) were used for carotenoid
production in nutrient broth under submerged fermentation to find a cheap
nutrient source in order to minimize cultivation cost. Likewise, a systemic
evaluation of low cost media components on pigment production in T.
albobiverticillius 30548 is highly recommended. The utilization of agro-industrial
waste as growth substrates may represent an added value to the industry and may
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change the production of pigments and color hues giving rise to the possibility of
producing various shades.

 Although conventional processing technologies, based on solvent extraction, offer a
simple approach to isolate microbial pigments, they suffer several inherent
limitations including low efficiency (extraction yield), selectivity (purity), high
solvent consumption, and long treatment times, which have led to advancements
in the search for innovative extraction technologies. In this research work, two
different efficient

mechanical extraction methods using

ultrasound and

microwaves were employed and the results stated that both the methods were
efficient. Despite these two extraction techniques currently available, there are
other different innovative techniques such as pulsed electric fields, liquid
pressurization,

supercritical

fluids,

subcritical

fluids,

and

high-pressure

homogenization. Focus of the future work is to present an overview of the
potentialities of the main emerging extraction methods on fungal matrixes for
pigments isolation and recovery. Also to analyse the using technologies,
characteristics, advantages, and shortcomings of the different innovative
processes, highlighting the differences in terms of yield, selectivity, and economic
and environmental sustainability.

 The study of colorant stability is an important attribute to predict the quality
changes occurring in the food products because their color is easily affected by a
number of reactions occurring in the processed foods. In terms of understanding
the stability of colorants to pH, heat, light, oxygen, it is mandatory to note the
variation of applied polyketide colorants in liquid food model systems like soft
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drinks. The quantitative and qualitative color change pattern of the fungal
pigment extracts should be compared with the commercially available control
colorants like red yeast rice (red), quinizarin (orange), carmine (purple-red to
rose).
pH: At certain pH levels, some colorants degrade or shift to a different, lessstable color. Most synthetic dyes have good low-pH stability; while for natural
colorants it precipitates or break down at low pH. For example, annatto will
precipitate at a pH less than 4.0, and carmine breaks down at a pH less than 3.5;
however, these colorants can be used in acidic applications by modifying their
form. For instance, an annatto emulsion resists precipitation at low pH. The
anthocyanins are most stable and supply red hues at pH less than 3.8, while at
higher pH levels, the color is either lost or shifts to unstable blue and/or purplish
tones.
Heat: Both synthetic and natural colors generally have good heat stability, in
particular Red No. 3, Blue No. 1, Blue No. 2, caramel color, turmeric and carmine.
Exceptions include Red No. 40 and some of the anthocyanins, which are not
retort-stable. A color’s ability to withstand heat is dependent on end-product
processing conditions, specifically the temperature, time and point of color
addition.
Light: All colors, both synthetic and natural, will eventually fade if exposed to
sufficient light. Colorants especially susceptible to light include Red No. 3 and
turmeric, while annatto, carmine and some anthocyanins have moderate to good
light stability. “Caramel colors have good light stability, plus they absorb UV
light, which helps to prevent the degradation of UV-sensitive ingredients in a
product, like some nutraceuticals.”
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Oxygen: Colorants like carmine, carotenoids and paprika can fade in the
presence of oxygen. Antioxidants like ascorbic acid or tocopherols can improve
the shelf life of the color itself and help maintain the desired shade in the end
product. For instance, the ascorbic acid in a beverage protects some colors by
scavenging residual oxygen.
Effective colorants not only supply consistent hues, they also disperse evenly in a
product without bleeding or precipitating out over time. Color stability can also
be affected by the moisture, protein or fat content of the end product at times
microbial growth even affects the color stability in moisture containing food
products. The color changes in food product across different colorants will be
analyzed using the color parameters L*, a* and b* to emphasize the positive or
negative effect of colorants on their stability.
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