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Objective: There is a growing demand for colourants of natural origin in the food, pharmaceutical, cos-
metic and textile sectors. Previously, our group has screened a fungal species from forest soil, identified
as Penicillium europium. The isolated fungus transformed the longifolene into various metabolites, of
which 12 were isolated in pure form, with potential to be utilized in the perfumery industry. This study
aimed to isolate and identify novel fungal pigments from Penicillium europium.
Methods: The current study showcases the extraction and identification of fungal pigment from
Penicillium europium using different spectral studies. The strain was isolated from forest soil, Western
Ghats, India, and was found to be capable of using longifolene as the sole carbon source. The yellowish
pink coloured pigment-producing fungal strain was identified as Penicillium europium. Further, the pink-
ish pigment was extracted, purified, and using spectral studies like UV, IR, NMR andMass, the structure of
the pure pigment was identified.
Results: The pure pigment structure was analyzed and tentatively confirmed as 2-(1,5, dimethyl hexyl)-
3,5-dimethyl-6-hydro-1,4-benzoquinone having the molecular formula C16H24O3. Toxicity study using
LD50 on Albino rats revealed that the pigment had no toxic effect on rats.
Conclusion: Penicillium europium synthesized pigments could contribute to biotechnology and add value
to the food, feed, and pharmaceutical industries. They can be used for various industrial applications, for
example, as dyes for textile and non-textile substrates such as paper, leather, coatings and paints, in cos-
metics, and food additives. Negative cytotoxicity result inferred that the pigment could be a potential
replacement for hazardous synthetic dyes.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

There is growing scrutiny over the detrimental impact of syn-
thetic colourants on both the environment and consumers’ health,
which has shifted the focus towards natural colouring alternatives.
Hence, international demand for natural pigments is quickly grow-
ing in the cosmetic, pharmaceutical, food, and textile industries.
Natural colourants can be used for diverse industrial applications,
such as dyes for fabric and non-fabric substrates such as paper,
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leather, coatings and paints, and as additives in food and cosmetics
(Kalra et al., 2020).

Colour plays a vital role in the food production and processing
sector, contributing to food’s sensory attribute. It signifies the
nutritional value, freshness, safety, and aesthetic value of food,
directly influencing the coloured food product’s market value. Nat-
ural colours are considered safe if they are non-toxic, non-allergic,
biodegradable, and non-carcinogenic, thereby rendering no risk to
the environment. Due to the lower risk advantage of natural col-
ours and consumers’ changing attitudes toward consuming natural
products, there is an expanding interest in discovering new natural
colours. The consumer demand for natural colours and their
growth as a category is expected to increase by 7% annually. Natu-
ral food colours have varied food industry applications, with
almost all major natural pigment classes being used in at least
one food industry sector (Aberoumand, 2011). Micro-organisms
derived pigments commonly used as food colorants include viola-
cein, riboflavin, astaxanthin, canthaxanthin, phycocyanin, prodi-
giosin, beta-carotene, lycopene, and melanin (Sen et al., 2019).

All life on earth ultimately depends on light energy from the
sun, converted to other forms of energy or biomass by plants and
photosynthetic microorganisms. The electromagnetic spectrum
includes the wavelength range humans recognize as visible light
(380–750 nm) (Orna, 1984). When pigments are illuminated by
visible light, part of the energy may be absorbed, and the emitted
light will appear as colour. Pigments contain a chromophore, a
colour-bearing group, which directly produces colour by light
absorption or transfer energy to auxochromes which are colour
increasers, giving characteristic colours. Various chemical classes
of pigments occur in nature, of which the highest is produced by
microorganisms (Gill and Steglich, 1987).

Microbial pigments can be classified into relatively few major
biosynthetic and structural classes; the pyrroles and tetrapyrroles,
tetraterpenoids or carotenoids, N- or O-heterocyclic pigments and
metalloproteins. Some microbial pigments have important biolog-
ical functions for the producing organisms, such as the production
of energy and fixation of matter by bacteriochlorophylls and phy-
cobilins in microbial photosynthesis. Whereas, in some organisms,
the only known attribute of pigments is to give colour. Some
microbial pigments such as the phenazines are secondary metabo-
lites, and their natural functions are not well understood (Turner
and Messenger, 1986). Most fungal pigments have economic
importance, such as food, feed and drug colourants, or essential
nutrients (Hendry and Haugton, 1996). Thus, the microbes produc-
ing pigments could contribute to biotechnology and add value to
the food, feed, and pharmaceutical industries. Different types of
fungi show the presence of different kinds of pigments like carote-
noids (Britton, 1991), ubiquinones (Takizawa et al., 1992), anthra-
quinones (William et al., 1994; Brauers et al., 2000; Gill and
Saubern Simon, 2000), xanthorin (Gill and Qureshi, 1992; Gill
and Morgan, 1999), indigo, monascins, quinines, phenazines, viola-
cein, flavins and melanins (Dufosse et al., 2014). Fungi and bacteria
offer a tremendous resource in that they produce hundreds to
thousands of various pigments, and it has been estimated that only
5–7% of fungi and 10–12% of bacteria have been isolated from
nature (Demain, 1981). Many more natural pigments will likely
be isolated from microorganisms. Microorganisms offer
advantages over plants and animals for pigment production.
Microorganisms have an exceedingly small size compared to ani-
mal and plant cells with high growth rates. Microbial cells provide
excellent host environment for the expression of foreign genes.
Certain mammalian and plant pigments, such as haemoglobin
and nonmicrobial carotenoids, have been expressed in microorgan-
isms (Kushwaha et al., 2014). Microbes will undoubtedly be more
extensively utilized in the future for basic and applied studies of
pigments.
2

This research objective deals with the study of pigment pro-
duced by the fungal strain that has been used for longifolene fer-
mentation, characterization of purified pigment and toxicity
studies.
2. Materials and methods

2.1. Chemicals

All the chemicals used in this study were of analytical grade and
procured from different commercial firms like Sigma, Himedia, S.D
fine, SRL and Aldrich Co. Byrde medium was used, which contained
0.696 g KH2PO4, 0.149 g KCl, 0.008 g ZnSO4�7H2O, 0.2 g MgSO4,
0.020 g FeSO4, 0.006 g MnSO4 and 1 g NH4NO3 per litre. pH was
adjusted to 7.0 using 4 N sodium hydroxide solution.

2.2. Fungal strain

The strain was isolated from the soil collected from the forests
of Western Ghats, South India, and was found to be capable of
using longifolene as the sole carbon source. The yellowish pink
coloured pigment-producing fungal strain was identified as Penicil-
lium europium based on microscopical and morphological aspects
(Koneman et al., 1997; Khan et al., 2021). The stock cultures were
maintained on potato dextrose agar (PDA) slants.

2.3. Cultivation conditions

For pigment production, the strain was grown statically at 37 �C
in 250 ml Erlenmeyer flasks containing 50 ml Byrde Medium
(Vogel et al., 1989; Khan et al., 2021).

2.4. Preparation of inoculum

The fungus was subcultured, grown and maintained on PDA
slants for 72 hrs at 37 �C. Each flask containing 50 ml Byrde media
was inoculated with loopful of Penicillium europium culture using
sterile inoculation needle. The pigment produced was extracted
after ten days.

2.5. Pigment extraction, isolation and characterisation

On the tenth day after inoculation, the culture broth was fil-
tered, and the filtrate was extracted with acetone. Different sol-
vents were tried for separation of the pigment but acetone was
found to be more reliable. The mixture was concentrated and
was further subjected to neutral silica gel column chromatography
to get pure pigment, eluted with acetone and methanol. This was
subjected to thin layer chromatography (TLC) for checking the pur-
ity with benzene (Vogel et al., 1989; Khan et al., 2021). Isolated
fungal pigment was further characterized based on physical meth-
ods like UV–vis (Cooksey et al., 1998), Infrared (IR), Proton Nuclear
Magnetic Resonance (1H NMR) Spectroscopy and mass spectra
(MAS SPEC using Electron Impact), for structural determination.

2.6. Acute toxicity study

Acute toxicity study was performed in accordance with guideli-
nes of Organization for Economic Cooperation and Development
(OECD-423) (OECD, 2002). Animals were fasted overnight before
dosing. Different doses of pigment (5 mg/Kg to 5000 mg/Kg b.w.)
were administered by oral route using an oral feeding cannula in
a single dose. During the first 24 h after dosing, each animal was
observed with more importance given during the first 4 h, followed
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by observation. Important parameters observed include sedation,
convulsions, hypothermia, grooming, hyperactivity and mortality.
Fig. 2. IR spectra of pigment.

Fig. 3. 1H NMR spectra of pigment.

Table1
Spectral analysis data for pigment.

IR absorption bands cm�1 3406, 2935,1641,1387,1337,1109, 824
1H NMR d ppm 3.5,2.40,2.10,1.87,1.75,1.65,1.31,0.89
Mass M/Z 264 (25%)
Molecular formula C16H24O3

Molecular weight 264
Melting point 180–182 �C
UV–visible spectrum 343 nm

O CH3

HO
3. Results and discussion

The fungus Penicillium europium producing yellowish pink pig-
ment in Byrde medium was isolated in our laboratory. The TLC
analysis of acetone extract of Penicillium europium cultural broth
revealed the presence of two pigments. Further, the light pink pig-
ment was separated into a pure form by subjecting acetone frac-
tion to silica gel chromatography eluted with methanol. The
purity was checked by TLC (Rf = 0.70) with a single spot.

The UV–visible spectrum shows absorption at 343 nm, indicat-
ing a (3-unsaturated ketone (Benzoquinone moiety) (Cooksey
et al., 1998) (Fig. 1). The IR spectrum shows bands at 3406 cm�1

corresponding to the hydroxyl group (O–H), bands at 1641 cm�1

correspond to quinone structure (C = 0), bands at 1387 cm�1,
1337 cm�1 correspond to p-unsaturation and bands at
2935 cm�1 correspond to C–H stretching (Fig. 2).

Further 1H NMR (CDCl3) (Figure �3) shows peaks (9 ppm) at
0.89 (d, 6H, J = 8 Hz, 2CH3), 1.34 (d, 6H, J = 7 Hz, (CH2)3), 1.31 (d,
3H, J = 7 Hz, l’–CH3), 1.65 (s, 3H, 5-CH3), 1.75 (s, 3H, 3-CH3), 1.87
(s, 3H, –CH3), 2.10 (m, 1H, CH(CH3)2), 2.40 (m,1H, l’–CH), 3.5 (s,
1H, OH) exchangeable with D2O (Fig. 3).

Table 1 shows the molecular ion peak at 264 M/Z (25%).
Thus based on UV, IR, PMR and mass spectra, the pigment was

tentatively identified as 2- (1,5, dimethyl hexyl) �3, 5-dimethyl-6-
hydro �1, 4 - benzoquinone having the molecular formula
C16H24O3. (Fig. 4)

The proposed compound structure was further confirmed by
comparison of its NMR spectral data with those published for syn-
thetic O-methyl perezone (Perri et al., 1989; Escobedo-González
et al., 2019) Such compound is believed to be isolated for the first
time from the fungus.

Using the pigment (quinone), the toxicity was studied using
LD50. The pigment was diluted in water and a single dose
(300 mg/Kg) was administered orally to 3 Albino rats. Animals
were observed individually after dosing at least once during the
first 30 min, periodically during 24 h, with special attention given
during the initial 4 h.

Even after 48 h of observation, there was no toxic effect of pig-
ment on rats. Then three other rats were subjected for a limit test
at one dose level of 5000 mg/Kg and kept under observation. After
48 h, there was no toxic effect of pigment on the rats.

Majority of the natural pigments obtained from fungi are
reported to have a broad spectrum of pharmacological activities.
Fig.1. UV–Vis Spectra of pigment.

H3C CH3

H3C CH3

O

2- (1,5, dimethyl hexyl) -3,5-dimethyl-6- hydro -1,4 - benzoqui none

Fig. 4. Structure of 2- (1,5, dimethyl hexyl) �3,5-dimethyl-6- hydro �1,4 –
benzoquinone.

3

These pigments render fungi diverse biological roles such as
enzyme cofactors (flavins) (Rao et al., 2017); protection against
the damaging effects of photo-oxidation (carotenoids) (Gmoser
et al., 2017), and the protection against environmental stress (me-
lanins) (Dufosse et al., 2014). Though these fungal pigments are
associated with distinct biological activities, the factors regulating
their production and their physiological role remain largely
unstudied (Sen et al., 2019). Current advances in biotechnological
and analytical tools employing computational and molecular tech-
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niques help decipher the components responsible for the pigment
colour, de-novo pathways and genome accountable for its
production.

To reap maximum benefit, alternative routes for these metabo-
lites’ mass production may be achieved using heterologous expres-
sion, manipulating culture conditions and co-culturing. Fungi
proficient of producing pigments can be collected from various
environmental ecosystems and habitats and explored as a source
of commercial pigments.

4. Conclusions

Based on this study, we conclude that this pigment is non-toxic,
and it can be used as food colourant and additive. The fungus Peni-
cillium europium which transforms longifolene was also found to
produce yellowish pink pigment in Byrde medium. This pigment
was isolated and characterized tentatively as 2- (1,5, dimethyl
hexyl) -3, 5-dimethyl 1-6-hydro-l, 4-benzoquinone having the
molecular formula C16H24O3based on UV, IR, 1HNMR and Mass
spectral studies. This compound was isolated for the first time
from the fungus. The pigment is nontoxic, which was confirmed
by the LD50 test. Thus our research has shown that this pigment
can be used as food, feed, colourant, and as essential nutrient.
Microbes producing pigments could contribute to biotechnology
and add value to the food, feed, and pharmaceutical industries.
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