
������������

�� �	�	�
�����
�����������
�����������
�����
�����������������������
�
���	������ ��������
�����������������
�
�������� �����������
�����
�������������� �������
�������������� ��

�������� �������	�� �
 �������
����

�
 ������������ �� �������������������������� ���������� �������������������� ���������� ������ ����������������������
�� ��������������� ���!�����������������������������
 ���!���������������" ������ ��

���#�� �$�����%�&�'�(�&�&�&�&�)���*�+���(�&�,�,�-�-

�.���/������������ �" ��������

� ���!������ �
 ���������/�������������0�����1���� �� �����
���������� ���������
 �����������-�(�' ����������������������������

�� ���2���������$���$������ �3�'�3�4���&�3���'�,���&�,�%�3�'�%�'�'

�������� �������
�������� �������	�%�)�)�
���������������
���� �� �������(�����!�)�����
�����������)�/�������
�������)�-�(�' �)

������������������������ �������	���%�)�)���$���(�������$�����(�������)�3�' �(�4�' �' �(�&�-�4�&�5�)�6�5�'

http://dx.doi.org/doi:10.1111/ijfs.16644
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://hdl.handle.net/20.500.14519/790


Original article
Application and stability of fungal pigments using jelly sweets as
a food model system

Tumisi Beiri Jeremiah Molelekoa,1* Laura Suzanne da Silva,1 Thierry Regnier1 & Wilma Augustyn 2

1 Department of Biotechnology and Food Technology, Arcadia Campus, Tshwane University of Technology, Pretoria, Private Bag X680,
Pretoria 0001, South Africa
2 Department of Chemistry, Arcadia Campus, Tshwane University of Technology, Pretoria, Private Bag X680, Pretoria 0001, South Africa

(Received 31 March 2023; Accepted in revised form 8 August 2023)

Summary Natural pigments have seen an increase in usage over the past decades due to their acclaimed safety and
active biological properties. This is in line with the shift in consumer market preferences requiring a source
replacement for synthetic colourants. Filamentous fungi are amongst the natural sources currently explored
for pigment production. In this study, the heat, pH and UV light stability of fungal pigments produced by
Penicillium multicolour(dark brown), P. canescens(green) and P. herquie(yellow). Talaromyces verruculosus
(red) and Fusarium solani(orange) were evaluated. The antioxidant properties of the pigments as inßuenced
by these conditions were ascertained using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. The pigments
were also applied in a jelly sweet formulation and incubated at ambient temperature for 4 weeks. It was
demonstrated that the pigment extracts ofP. multicolour and T. verruculosuswere signiÞcantly a�ected by
higher pH (7.0 and 9.0), where the decline in antioxidant activity was observed. As far as high temperature
and UV light exposure are concerned, all the pigment extracts, with exception ofP. herquie, maintained an
antioxidant activity above 35%. On the other hand, theL*a*b* values showed no overall signiÞcant change
for heat and UV light exposure with the exception ofP. canescensacross the four pH levels (3.0, 4.0, 7.0 and
9.0), where an increase in the -a (green index) coupled with a decline in brightness (L* index) and b* (blue
index) was observed. Finally, there was no signiÞcant change in colour over the 4 weeks of incubation. In
conclusion, fungal pigments are generally stable at normal storage conditions (ambient temperature and nor-
mal light) and can be suitably applied in jelly sweets.

Keywords Fungal pigments, heat stability, jelly sweets, pH stability, shelf life, UV light.

Introduction

Colour has sparked interest and fascinated consumers
since pre-historic times. It is an ideal facet used by
manufacturers as a marketing tool in various indus-
tries including textiles, painting, medicines, and food
(Bisht et al., 2020). The colouring materials in these
products were predominately obtained from plant-
derived sources including paprika (red), turmeric (yel-
low), indigo tinctorial ßowers (indigo), berries (blue
and red), and sa�ron (red) (Parmar & Singh, 2018).
However, due to the advances in technology and
science as well as the advent of the industrial revolu-
tion, there was a signiÞcant shift towards synthetic col-
ourants, which is mainly based on their stability and
low cost of production. Although synthetic colourants
have been acclaimed to have good stability in a variety

of applications, developments following scientiÞc
investigations have associated their consumption with
some potential adverse e�ects, especially hyperactivity,
attention deÞciency, and asthma in children (Sezgin
et al., 2017). This has led to the instituted ban of some
synthetic colourants by the European Union (EU)
such as (E133) tartrazine (E102), (E104) quinolone yel-
low, (E110) sunset yellow FCF, (E122) carnosine/azor-
ubine, (E129) ponceau 4R and (E124) Allura Red AC
commonly used in confectionary and sugary beverages.
Therefore, the food industry is continuously seeking
natural alternatives to replace synthetic colourants in
various applications. Microbial pigments including
those produced by Þlamentous fungi isolated from
unconventional sources (mangroves, soil, insects,
water, rocks, etc.) are being explored for their colour-
ing potential by various researchers. An assortment of
colours such ankaßavin (yellow), anthraquinone (red),
� -carotene (red-orange), canthaxanthin (orange-pink)*Correspondent: Email: tumisim@uj.ac.za
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and riboßavin (yellow) produced by Monascus sp.,
Penicillium oxalicum, Blakeslea trispora, M. roseusand
Ashbya gossypii, respectively, have been documented
(Malik et al., 2012; Dufossé, 2016). In addition, these
pigments have been reported to confer several biologi-
cal functions including antioxidant, antimicrobial,
anticancer and antitumor activities. Combining these
beneÞts with their inexpensive production by Þlamen-
tous fungi as well as their extraction with green sol-
vents like ethanol, acetonitrile, or supercritical ßuids
(SCF) such as carbon dioxide, makes them an excel-
lent competitor to synthetic colourants. Notwithstand-
ing the listed beneÞts, the application of fungal
pigments in food model systems is also dependent on
their stability to ßuctuating pH, heat and UV light,
which are attributes commonly found in food proces-
sing operations. Although fungal pigment stability is
rarely experimented with, few studies in this area of
research have been recorded. For instance, Mapari
et al. (2009) evaluated the stability of Eppicocumand
Penicillium spp. pigments in carbonated beverages
while Allam (2012) evaluated the e�ect of UV expo-
sure on Aspergillus fumigatusand Bjerkandera adusta
melanin. On a di�erent note, the safety of food ingre-
dients is very important in food formulations, as such,
a recent study by Molelekoaet al. (2023) evaluated the
Þsh embryo toxicity of Penicillium multicolour,
P. canescens, P. herquie, Talaromyces verruculosusand
Fusarium solanifungal pigments, which demonstrated
that increased pigment concentration (5 mg mL� 1)
induced zebraÞsh embryo toxicity. Although the
authors made this observation, lower pigment concen-
trations (< 3 mg mL� 1) led to the loss of some tinctor-
ial properties (colours were fade and not intense).
Not disregarding the potential safety concerns, the
current study probed into ascertaining the stability
of pigments produced by Penicillium multicolour,
P. canescens, P. herquie, Talaromyces verruculosus,and
Fusarium solani as a�ected by ßuctuating pH, heat,
and exposure to UV light. To prove the feasibility and
concept of their applications, a jelly sweet food model
was chosen where the e�ect of ambient shelf storage
on the pigments in jelly sweets was determined by
evaluating the colour indexes (L*a*b*) for four-weeks.

Materials and methods

Culture preparation and extraction of pigments

A hundred milliliters of sterile potato dextrose broth
(PDB) (Merck, Johannesburg, South Africa) was pre-
pared according to a procedure described by Molelekoa
et al. (2021) in six replicates and inoculated with 100� L
of previously preserved spore suspension of each fungal
isolate (P. multicolour, P. canescens, P. herquie
T. verruculosus and F. solani). Subsequently, the

inoculated broth was incubated at static conditions at
25 °C for 14 days to allow the formation of a mycelial
pellicle. The broth culture was centrifuged in 50 mL fal-
con tubes at 6092× g, the supernatant was discarded,
and the mycelia were washed with three volumes
(50 mL) of sterile distilled water. Thereafter, the myce-
lial biomass was frozen at� 80 °C deep freezer (Snijders,
Holand) followed by freeze-drying (Telstar LyoQuest,
Barcelona, Spain) for 48 h. An industrial food blender
(Omni blend V) was used to reduce the particle size of
the dried mycelia followed by sifting through a 212-� m
sieve (US Standard Mesh No. 70).

Based on the Þnding of our earlier study (Molelekoa
et al., 2023) (where ethanol was an e�ective solvent in
extracting fungal pigments than water), the pigment
in the Þltrates was extracted using four volumes of
80% ethanol (100 mL) (Merck, Johannesburg, South
Africa) in 500 mL Erlenmeyer ßasks at 25°C and agi-
tated at 150 r.p.m. The solvent with crude pigment
extracts was collected in 500 mL Duran Schott bottles
and Þltered through a Whatman no.1 Þlter paper fol-
lowed by solvent evaporation (at ambient temperature)
in a fume hood for 24 h. Subsequently, the powdered
crude pigments were obtained and stored in brown
ampoules at room temperature until further use.

pH stability

To ascertain the pH stability of crude pigment extracts,
a method previously described by Rodršǵuez-Śanchez
et al. (2017) was followed with minor modiÞcations.
Citrate-phosphate bu�er (Sigma-Aldrich, Johannes-
burg, South Africa) with a 0.1 M concentration was
made up of 2000 mL Millipore water. Thereafter, sub-
lots of 500 mL each were dispensed in 500 mL Duran
Schott bottles, their pH adjusted to 3.0, 4.0, 7.0, and
9.0, respectively, using either 0.1 M NaOH or HCl. Sub-
sequently, 9 mL aliquots were obtained with the aid of
a syringe and dispensed into test tubes, in duplicate. To
these, 0.5 g of respective pigment was added, and the
pigment solution was then homogenized using a vortex
and incubated at room temperature for 60 min. Samples
were then collected and analyzed for antioxidant capaci-
ties using the free radical 2,2-diphenyl-1-picrylhydrazyl
(DPPH) assay (detailed in Antioxidant properties.) as
well as colorimetric descriptorsL*a*b* using CR-5 col-
orimeter (Konica Minolta, Tokyo, Japan). For further
analyses, pH yielding the most stable characteristics,
i.e., total phenolic content and antioxidant properties,
was selected.

Heat stability

Crude pigment extracts (0.5 g) were dissolved in test
tubes with 9 mL of citrated phosphate bu�ered water
and homogenised. The test tubes were incubated in

� 2023 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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duplicate in an oven cabinet at 100°C for 60 min. Sub-
sequently, the samples were immediately cooled to
22 °C in a water bath. Aliquots were obtained and ana-
lysed for antioxidant properties as well asL*a*b* colour
descriptors as described by Rodršǵuez-Śanchez
et al. (2017).

UV light stability

Similarly, 0.5 g of crude pigment extracts was dis-
solved in test tubes with 9 mL of citrated phosphate-
bu�ered water and homogenised. The test tubes were
exposed to a UV lamp at room temperature for
60 min. Subsequently, aliquots were obtained and ana-
lysed by the DPPH assay to determine antioxidant
properties together with theL*a*b* colour descriptors
as described by Rodršǵuez-Śanchezet al. (2017).

Determination of antioxidant properties

Antioxidant properties
The antioxidant properties in the pigment extracts
were determined using the DPPH assay according to a
method described by Molelekoa et al. (2018) with
minor modiÞcations. Brießy, the free radical (DPPH)
(Sigma-Aldrich, Johannesburg, South Africa) was dis-
solved in methanol to a concentration of 0.2 mM. A
100 � L of previously prepared samples from pH, tem-
perature and UV stability analyses was mixed with
1 mL of DPPH free radical followed by homogenisa-
tion and incubation at 37 °C for 30 min in dark condi-
tions. The absorbance after incubation was determined
using a spectrophotometer at 520 nm.

DPPH radical scavenging activity was calculated as
follows (eqn 1):

%Radical scavenging activity
¼ A control � A sampleð Þ=A control½ � � 100, (1)

where A control is an absorbance of the DPPH radical
in methanol while A sample is the absorbance of the
samples.

Application in food model system

Table 1 illustrates the jelly sweet formulation as a
model to test the colouring properties of Þlamentous
fungi pigments, as well as their colour fade during
shelf life.

To make the jelly sweets, all the dry ingredients
(gelatin, citric acid, and sucrose) were weighed and
mixed together. The glucose syrup was measured sepa-
rately and dissolved in the distilled water. Similarly,
the 0.5 g of each pigment was weighed and dissolved
in 10 mL of Millipore water followed by sonication
for 5 min. Subsequently, the dry ingredients were dis-
pensed in the glucose syrup water and homogenized

with a spatula. This mixture was brought to boil on a
hot plate with constant stirring followed by cooling to
60 °C while stirring to allow the dissolution of gases.
Thereafter, each pigment previously prepared was
added and the mixture starred until homogeneously
dispersed. The resultant jelly sweet mixture was dis-
pensed in 35 mm petri dish plates in six replicates and
allowed to set at room temperature. The control sam-
ple included jelly sweet without colourants. After set-
ting, the L* , a* , and b* values were measured.

The jelly sweets were incubated at room temperature
under normal light; the L* , a* , and b* values were
measured every 7 days for a period of 4 weeks.

Measurement of colour descriptors

Colour measurements were performed using a CR-5
colorimeter (Konica Minolta, Tokyo, Japan) following
a CIELab* uniform colour space. The analyses were
performed in duplicate. The colour degradation of pig-
ment extracts, particularly during the shelf life of jelly
sweets, was evaluated by determining the colour di�er-
ence (� E), redness index (a* /b*) and chroma (C*),
which indicates the dullness/vividness of the product
according to Lombardelli et al. (2021) using the fol-
lowing equations:

� E ¼ � L �ð Þ2 þ � a�ð Þ2 þ � b�ð Þ2
h i 1=2

(2)

C� ¼ � a�ð Þ2 þ � b�ð Þ2
h i 1=2

(3)

Statistical analysis

The data sets were a representation of mean values
from three independent replicates unless stated other-
wise. Additionally, simple analysis of variance (one-
way ANOVA ) was conducted on pH, heat and UV light
stability, as well how these inßuenced the colorimetric
units using Microsoft Excel (2016) followed by a Bon-
ferroni corrected t-test to determine signiÞcant di�er-
ences within the data sets where theP-values are lower
than 0.05.

Table 1 Jelly sweet formulation with fungal pigments as col-
ouring agent

Component Percentage

Gelatin 15% (w/w)
Glucose syrup 40% (w/w)
Citric acid 5% (w/w)
Sucrose 10% (w/w)
Distilled water 25% (v/v)
Pigment † 5% (v/v)

†Dry pigment powder (5 g) made up in 100 mL of distilled water.

� 2023 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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Results and discussions

Pigment stability to pH

The stability of coloured extracts remains a topic of
discussion in modern food science and technology, in
particular the performance of natural colourants when
exposed to various processing parameters such as ßuc-
tuating pH, heat treatments, and UV light on the
inherent physicochemical properties. This is an impor-
tant facet as it determines the speciÞc types of ingredi-
ents, processes as well as packaging that can be used
for various products to enhance shelf life and improve
functional properties. Figure 1 illustrates the antioxi-
dant (DPPH reduction) stabilities of fungal pigments
at di�erent pH levels.

The antioxidant assay measures the radical scaven-
ging potential of chemical constituents with antioxidant
properties which can be achieved through chelation of
transition metals (CTM), hydrogen atom transfer
(HAT), or single electron transfer (SET) (Rajan & Mur-
aleedharan,2017; Enaru et al., 2021). Filamentous fungi
pigments were previously reported to fall under anthra-
quinones, azaphilones, or polyketides groups, with the
polyketides instituting the majority of the identiÞed pig-
ments (Venkatachalam et al., 2018; Lagashetti
et al., 2019). As such, the antioxidative property of the
polyketide pigments including sclerotiorin, rubropunc-
tamine and bostrycoidin is through the HAT mechan-
ism, amongst others as previously mentioned by
Molelekoa et al. (2023). Therefore, changes in the pig-
ment molecule that could possibly be induced by ßuc-
tuations in the pH of di�erent solutions can also
potentially a�ect the molecules• radical reducing power.

Overall, the DPPH scavenging potential of the pigments
was signiÞcantly higher at acid pH (3.0 and 4.0) com-
pared to higher pH (7.0 and 9.0) with exception of
P. canescens, P. herquie, and F. solani. Pigment extracts
by these isolates recorded 89.5%, 99.33%, and 99.15%,
respectively. These values are similar to the antioxida-
tive capacities of the natural antioxidant Ascorbic acid,
which was previously reported to approximately be
89.21% (Molelekoa et al., 2023). With this in mind,
these values suggest the potential application of these
pigments in alkaline products such as alkaline vitamin
water. Pigments byP. multicolour and T. verruculosus
were a�ected by neutral-alkaline pH (7.0 and 9.0), while
P. canescensand F. solani were a�ected by neutral pH
(7.0) and lastly, P. herquiewas a�ected by acid-neutral
pH (3.0 and 7.0) conditions, respectively. Higher DPPH
scavenging activity was observed under acidic condi-
tions for P. multicolour, P. canescens, T. verruculosus,
and F. solani, recording 85%, 87%, 88%, and 87% at
pH 3 and 4, respectively. With this in consideration, it
could be deduced that these pigments may be suitable
for application in products with acidic pH such as con-
diments, some confectionary, and beverages. According
to Lemańska et al. (2001), radical reduction by chemical
constituents is inßuenced by the de-protonation of the
hydroxyl groups of given chemical compounds. This
means that the radical reduction capacities of given
compounds increase with an increasing number of
deprotonated hydroxyl groups while the converse is true
for protonated forms. As such, it can be postulated that
the predominantly lower DPPH scavenging activity of
pigment extracts at neutral pH, could be ascribed to less
deprotonated hydroxyl groups. This also suggests that a
di�erent mechanism of DPPH reduction i.e., SET rather

Figure 1 Scavenging of DPPH free radical by fungal pigments in di�erent pH mediums, pH levels with the same letter superscript for each
respective fungi did not have signiÞcant di�erences whereP < 0.05.

� 2023 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd

on behalf of Institute of Food, Science and Technology (IFSTTF).

International Journal of Food Science and Technology 2023

Coloring of jelly sweets using fungal pigments T. B. J. Molelekoa et al.6764

 13652621, 2023, 12, D
ow

nloaded from
 https://ifst.onlinelibrary.w

iley.com
/doi/10.1111/ijfs.16644 by S

outh A
frican M

edical R
esearch, W

iley O
nline Library on [08/10/2024]. S

ee the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline Library for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons License



than HAT is occurring. Therefore, to maximize the anti-
oxidant properties conferred by the fungal pigments,
pH regulation will become an important parameter in
various food products.

On a di�erent note, the change in colorimetric units
(L* a* and b*) of the Þve pigment extracts due to

solutions with di�erent pH (3.0, 9.0, 7.0, and 9.0) is
illustrated in Fig. 2.

The dominant colour hues by the Þlamentous fungi
comprised brown, green, yellow, red and orange for
P. multicolour, P. canescens and P. herquie,
T. verruculousand F. solani, respectively. As far as the

Figure 2 E�ect of pH on colour descriptors by Þlamentous fungi, (a) brightness (L*); (b), green/yellow (a*); and (c) blue/red (b*).

� 2023 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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brightness (L*) of the pigments is concerned (Fig.2a),
there were no signiÞcant changes observed with the
exceptions of P. canesceneswhere the extract got dar-
ker at pH 4, dropping from 45 to 38 and increased
again to 42 at pH 7.0 and 9.0. On the other hand, the
a* (yellow/green) attribute (Fig. 2b) of T. verruculosus
increased to 11 at pH 4.0 and 9.0 while it remained at
9 at pH 3.0 and 7.0. A similar increase was observed
for F. solani at pH 9.0, with a signiÞcant shift from 5
to 11. Considering that the pigment hues by these iso-
lates are predominantly red and orange respectively, it
could be postulated that pH 4.0 and 9.0 induced the
formation of yellow/green-coloured compounds for
T. verruculouswhile only pH 9.0 led to a similar for-
mation for F. solani. The green index (a*) for
P. canescenswas positively a�ected by increasing pH,
and this was observed by a shift from� 2.0 (pH 3.0)
to � 3.0 at pH 4 and 7 with a substantially higher
value at pH 9 (4.0).

Finally, there were no substantial changes observed
for the blue/red (b*) colorimetric index with reference to
P. herquieand F. solani, pigments across the four pH
levels as indicated by their linear distributions (Fig.2c).
Pigment extract by P. multicolour had a colorimetric
(b*) index value of 22 at pH 3.0–7.0 and dropped signiÞ-
cantly to 16 at pH 9.0, whereas extract byP. canescens
dropped from 14 (pH 3.0) to 8 at pH 4.0 and remained
marginally similar at from pH 4.0–9.0.

The e�ects of pH on colour constituents can be
explained from a chemical basis. Unlike the plant-
based anthocyanin•s that are susceptible to degrada-
tion at a lower pH, Þlamentous fungi pigments bearing
the azo and polycyclic groups are reportedly stable
under low pH systems (Caroet al., 2017). This could
be ascribed to the e�cient production of pigments by

Þlamentous fungi as a stress response measure to
acidic conditions (Caro et al., 2017). As such, it can be
postulated that the azo and polycyclic pigments pro-
duced by the Þlamentous fungi are stabilised under
acid pH as opposed to neutral and alkaline systems.

As far as the phytochemical stability of the pigments
is concerned, higher pH,i.e., 7.0 and 9.0 signiÞcantly
(P < 0.05) a�ected the antioxidant power of the
extracts. The colour of all the pigment extracts did not
change signiÞcantly across the four pH levels with the
exception of P. canescensextract where brightness (L*)
decreased signiÞcantly at pH 4.0. With these consid-
erations, it could be inferred that the Þlamentous fun-
gal pigments (except P. herquie extracts) would be
suitable in acidic and alkaline food matrices such as
sour sweets, carbonated beverages, and vitamin water.
On the other hand, a signiÞcant decrease in antioxi-
dant power at neutral and alkaline could be linked
possibly to the degradation of phenolic structures of
the pigments leading to the formation of modiÞed
forms that lack potency.

Finally, to ascertain high heat and UV light expo-
sure stability, citrate-bu�ered water at pH 4 was
selected as a medium to solvate the pigments because
the phytochemical function (DPPH scavenging power)
was predominately preserved at this pH level.

Pigment stability to heat

Heat is one of the processing parameters used in food
processing for various activities including cooking,
pasteurisation, and sterilisation. The present study
evaluated the e�ect of high heat (100°C) exposure
(60 min) on fungal pigments dissolved in citrate-
phosphate bu�er at pH 4. Following exposure, the

Figure 3 Scavenging of DPPH free radical by fungal pigments subjected to heat (100°C) for 60 min. Pigments by each fungus with the same
letter superscript did not have signiÞcant di�erences (P > 0.05).

� 2023 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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phytochemical function (DPPH scavenging) and e�ect
on colorimetric units were determined. The e�ect of
heat on the phytochemical function of fungal pigments
is illustrated in Fig. 3.

From Fig. 3, comparison with control samples
demonstrated a signiÞcant decline in DPPH scavenging

potential particularly for pigments by P. herquie,
T. verruculosus, and F. solani all recording values
below 50%. The signiÞcantly lower DPPH reduction
of these pigment extracts under high temperatures
could be ascribed to the dehydration of pigment mole-
cules and the displacement of bonds thereby a�ecting

Figure 4 Colorimetric units (L*a*b*) of fungal pigments exposed to heat (100°C) for 60 min. Pigments by each fungus with the same letter
superscript did not have signiÞcant di�erences whereP < 0.05.

� 2023 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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their antioxidant activity. A similar observation was
made by da Silva et al. (2020) where the drying of
grape skins in a conventional oven decreased over
23% of total phenolic compounds which signiÞcantly
a�ected their antioxidant power. Additionally, a study
by Janiszewska-Turaket al. (2021) also conÞrmed the
e�ect of heat on the betalain content of beetroot pro-
ducts. Their study demonstrated the negative e�ect of
heat, leading to the degradation of betalains in beet-
root products. On the other hand, the DPPH scaven-
ging potential of pigments by P. multicolour and
P. canescenswas not substantially a�ected recording
77.19% and 62.75%, respectively. The stability of
these pigments under high heat can be asserted to their
production as secondary metabolites particularly to
aid in protection against adverse environmental condi-
tions such as high temperatures exposed to Þlamentous
fungi (Lagashetti et al., 2019). The stability of fungal
pigments subjected to heat is further supported by
Aguilar-Machado et al. (2017). These authors con-
Þrmed the stability of Penicillium purpurogenumpig-
ment extracts under Ohmic Heating (OH), at a
temperature range of 60–90 °C.

The e�ect of heat on the colorimetric units of the
fungal pigments is illustrated in Fig. 4.

The brightness (L*) did not signiÞcantly change for
P. multicolour, F. solani, and P. herquiewith reference
to control samples while a marginal decrease in bright-
ness for T. verruculosus and P. canescens was
observed. Thea* value (green or yellow) did not show
any signiÞcant change with the exception of pigment
extract by T. verruculosus. Similar observations were
also recorded for theb* value (red or blue), with sig-
niÞcantly lower values for pigment extract by
P. canescens.

Pigment stability to UV light

From Fig. 5, the DPPH scavenging potential of two
isolates (P. herquieand T. verruculosus) was negatively
a�ected by UV light, recording 1.13% and 6.0%
respectively.

On the other hand, the DPPH scavenging potential
of P. multicolour, P. canescenesand F. solani was sub-
stantially higher with values above 30%. In compari-
son with the control samples, UV light exposure
negatively the pigments• ability to reduce free radicals
which is correlated to the lower recorded percentages.
According to Wong et al. (2019), Þlamentous fungi
produced three broad classes of melanins which
includes eumelanin (dark brown or black), allomela-
nin, and pheomelanin (red or yellow). With exceptions
of P. canescens, the latter group could be considered
for the pigments produced P. multicolour, P. herquie,
T. verruculosus, and F. solani (Lin & Xu, 2020)
further explain that the melanin pigments possess free
radical centers known to act as antioxidants thereby
protecting fungi from oxidative stress. As such it could
be inferred that the DPPH reduction potential of the
pigments reduced with prolonged exposure time. This
observation is supported by Allam (2012), the author
evaluated the e�ect of a 10–60 min UV exposure on
Aspergillus fumigatusand Bjerkandera adustamelanin.
Their Þndings demonstrated that radical reduction was
most e�ective at 10 min and decreased signiÞcantly
with increasing time. On the other hand, Mapari
et al. (2009) also conÞrmed that the yellow compo-
nents of pigments produced byPenicillium sp. andEpi-
coccumsp. were more photo-stable (UV) than the red
counterparts, which explains the poor stability of
T. verruculosusred pigment extract.

Figure 5 Scavenging of DPPH free radical by fungal pigments exposed to UV light for 60 min. Pigments by each fungus with the same letter
superscript did not have signiÞcant di�erences whereP < 0.05.
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On a di�erent note, the e�ect of UV light exposure
on the colorimetric units of the pigment extracts is
demonstrated in Fig. 6. The UV exposure data set
demonstrated a signiÞcant change in brightness (L*)
for P. canescens(i.e., the brightness of the pigment

was reduced from 54 units to 34 when compared to
the control sample, making it appear darker). Further-
more, a decline in brightness from 47 to 39 units was
observed for T. verruculosus, while the a* value
was signiÞcantly higher forT. verruculosusfrom 7 to

Figure 6 Colorimetric units (L*a*b*) of fungal pigments exposed to UV light for 60 min. Pigments by each fungus with the same letter super-
script did not have signiÞcant di�erences whereP < 0.05.
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19 units of control and UV-treated samples, respec-
tively and signiÞcantly lower for F. solani pigment
extracts from 3 to 0.13 units of control and UV-
treated samples, respectively.

Furthermore, it can be postulated that the pigment
extracts could potentially withstand heat, acidic and
alkaline pH, particularly in products where such pro-
cessing parameters are used, poising them suitable for

Figure 7 Colorimetric descriptors of pigment extracts by Þlamentous fungi in the jelly-sweet model over a four-week period.

� 2023 The Authors. International Journal of Food Science & Technology published by John Wiley & Sons Ltd
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application as colouring agents in food, cosmetic and
pharmaceutical products. The use of the pigments as
UV light protection agents will be limited due to
decreased phytochemical activities.

However, to further enhance the stability of pig-
ments, it may be equally important to explore novel
and emerging technologies such as nano-encapsulation
and nano-emulsiÞcation (which is mainly based on the
substances• polarity), as well as spray drying. Such
technologies have been reported to signiÞcantly
improve the functionality of natural pigments, exten-
sion of shelf life as well as the preservation of key phy-
tochemicals (Janiszewska-Turak, 2017; Fuenmayor
et al., 2021; Harsito et al., 2021).

Colour descriptors of pigments during jelly sweet
shelf life

Colourants are normally used in food products to
enhance the aesthetic appeal and to also reinforce pig-
mentation due to discolouration due to processing
operations. The changes in colour (L*a*b*) of Þve pig-
ment extracts sourced from Þlamentous fungi are

illustrated in Fig. 7. The pigments were applied in a
jelly sweet model, (Fig. 8) and incubated at ambient
temperature for a period of 4 weeks.

There was no substantial colour change observed in
terms of brightness (L*) for all pigment extracts over
the 4 weeks incubation period with the distribution of
the L* values being more linear. A similar pattern was
observed for the b* value while the a* value demon-
strated a steady decline particularly forP. multicolour
and T. verruculosus, their a* ranged from 23.10 to
17.69 and from 18.89 to 11.40, by week four, respec-
tively. The insigniÞcant change in colour observed
could be linked to the interaction of the pigments with
jelly sweet ingredients particularly sucrose and gelatin
which could potentially confer a stabilising e�ect in
the pigment molecules. A similar observation was
made by Mapari et al. (2009), and stability of Eppico-
cum and Penicillium spp. pigments was ascertained in
carbonated beverages.

As observed from Fig. 8, it may appear that there
was no signiÞcant change in colour over 4 weeks.
However, when using the total colour change (TCC)
formulae (eqn 2) as a discriminative tool, subtle or

Figure 8 Fungal pigments applied in the jelly-sweet model over a four-week period, incubated at room temperature. (a)P. multicolour; (b)
T. verruculosus; (c) P. canescens; (d) F. solani; (e) P. herquie; and (f) control.
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marginal changes could be observed. According to
Aguilar-Machado et al. (2017), there can be subtle dif-
ferences where the TCC values are< 1.5, or a distinct
di�erence where the TCC value is intermediate
between 1.5 and 3 (1.5< TCC > 3), and lastly very
distinct di�erence where the TCC value is > 3. The
total colour change and chromaticity of the pigments
in the jelly-sweet model are demonstrated in Fig.9a,b
respectively.

According to Aguilar-Machado et al. (2017) colour
change model, signiÞcant changes were observed for
P. multicolour (4.71–5.78) and T. verruculosus (4.71–
8.32); with the latter displaying the most change at
week four. This was further corroborated by an
increase in chromaticity (4.71–5.54) and (4.71–6.93) for
P. multicolour and T. verruculosus, respectively. From
this, it can be postulated that the pigments produced
by these fungal isolates decreased in saturation (i.e.,

became dull) which is also supported by lowerL*
values as illustrated in Fig.7. As far as the other pig-
ments are concerned (P. canescens, F. solaniand
P. herquie), their TCC and chromaticity (Fig. 9) were
nearly linear demonstrating no signiÞcant change in
colour over the 4 weeks incubation period.

From this presented data, we can make an inference
that the pigment extracts applied in the jelly sweet
model are stable under normal storage conditions
(ambient temperature and normal light), particularly
those by P. canescens, F. solaniand P. herquie. Pig-
ments produced byP. multicolour and T. verruculosus
would at least be stable under normal storage condi-
tions for up to 1 month. However, the limitation
observed regarding the decrease in saturation (leading
to dullness) which may potentially inßuence their aes-
thetic appeal over time. On the other hand, in order to
make conÞdent observations about the performance of

Figure 9 Total colour change of fungal pigments (a) and Chromaticity (b) in jelly sweet model over a four-week period.
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fungal pigments in application models, it is also
important to know how the interaction with food com-
ponents inßuences their stability.

CONCLUSIONS

The data presented in the study demonstrated that
fungal pigment stability is mainly a�ected by acidic
and alkaline pH•s. Therefore, the physicochemical
properties of the pigments will depend on the pH of
the products to which they will be applied. On the
other hand, the high temperature did not signiÞcantly
a�ect the physicochemical characteristics of the pig-
ments as well as their colour indexes. This could be
linked to the protective nature of these pigments in
fungal cells. The exposure of the pigments to UV light
drastically a�ected the phytochemical activities parti-
cularly those by P. herquieand T. verruculosus. In the
aspect of UV light protection, the limitation of
the fungal pigment usage could be linked to the time
of exposure as previously supported by the literature.
Therefore, their e�cacy potential in products such as
sunscreen or as Þlms in food packaging could be lim-
ited to shorter exposure times. Finally, the shelf life of
the pigments could at least be limited to a month in
jelly sweets forP. multicolour and T. verruculosuspig-
ments where a signiÞcant saturation loss was observed
leading to potential decrease in aesthetic appeal. How-
ever, under normal storage conditions (i.e., ambient
temperature and normal light) all the pigments showed
good stability in jelly sweets for 1 month. For the roll-
out and application process of fungal pigments in var-
ious food products, their safety and toxicology need to
be ascertained. However, other non-consumption pro-
ducts particularly paints and textiles could be suitable
for the application of fungal pigments in the interim.
Furthermore, to conÞrm the shelf life of the pigments,
more stability studies should be conducted.
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