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A B S T R A C T

The aim of the present study was to analyze the impact of ozone processing technology on the stability of fungal
pigments produced by Talaromyces spp. suspended in a buffer of pH 6 and a beverage model system (BMS). Both
samples were ozonated by different ozone levels (0.031 to 0.064 mg/min/mL) and processing times (0 to
10 min). The impact of these processing variables on color degradation parameters was studied. Significant
changes in pigmented extract and pigmented beverage model system (BMS) were observed. Ozone concentration
and treatment time demonstrated to be critical factors in the color degradation of fungal pigments. First-order
kinetic models adequately described the degradation pattern of pigments during ozonation. Degradation rate
constants ranged from 0.127 to 0.206 in the buffer and from 0.068 to 0.119 in the BMS. The CIE L*a*b*
parameters also confirmed the degradation behavior during ozonation process.

Results from this study indicated that color stability of microbial pigments is affected by ozone processing
conditions, thus, this quality aspect should be considered before applying this type of colorants in food products
processed with ozone.
Industrial relevance: Natural colorants sources are required to meet the recent growing demands by the food
industry due to consumers concerns of using synthetic pigments. Microbial pigments are of increasing interest as
a result of the high yields that can be produced by microorganisms. Recently, Talaromyces spp. has gained
attention as a good pigment producer strain. However, the application of these pigments in food manufacturing
will depend on their stability to food processing (thermal and non-thermal). Accordingly, this work aimed to
determinate if the colorants produced by Talaromyces spp. are applicable given their stability under ozone
pasteurization. Results indicated that fungal pigments exposed to ozone could be considered as a potential
natural ingredient to replace the color loss of some fruit juice processed under ozone technology. These results
are promising for future applications in the food sector.

1. Introduction

Filamentous fungi have been recently investigated and considered
as an available source of natural pigments produced as secondary me-
tabolites with diverse hues and chemical structure (Dufossé, Fouillaud,
Caro, Mapari, & Sutthiwong, 2014; Mapari, Meyer, Thrane, & Frisvad,
2009). Generally, fungal pigments tend to be more stable than other
natural pigments extracted from plant sources.

This characteristic makes fungal pigments attractive for a wide
range of applications in food, pharmaceutical and textile industries
(Dufossé et al., 2014; Sutthiwong et al., 2013).

The increasing demand for natural colorants for industrial applica-
tion and the preference for foodstuff free of synthetic additives have
encouraged the search for new fungal strains capable of producing

natural pigments free of mycotoxins such as citrinin and with a variety
of attractive colors. From a general point of view, fungal pigments can
be classified as carotenoids and polyketides (Mapari, Thrane, & Meyer,
2010).

Many ascomycetes filamentous fungi like Monascaceae and
Trichocomaceae species are capable of synthetizing azaphilone-type
pigments, with a pyrone-quirone structure and a quiral quaternary
center, also considered derivatives of polyketides (Dufossé et al., 2014;
Gao, Yang, & Qin, 2013).

Monascus species are the most well-known fungal pigments produ-
cers, moreover, Monascus fermented products have been used for over a
thousand years in Asian countries (Caro, Venkatachalam, Lebeau,
Fouillaud, & Dufossé, 2016).

However, Monascus species produce a mycotoxin called citrinin, a
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hepato-nephrotoxic compound for humans, which represents an ob-
stacle for the introduction of Monascus pigments in Europe and in the
United States (Blanc et al., 1995).

Talaromyces strains (Formerly Penicillium) are also reported as pig-
ments producers including type-Monascus polyketides azaphilone mo-
lecules. The species so far studied have demonstrated the ability to
produce pigments extract without co-production of citrinin or other
mycotoxins (Dufossé et al., 2014; Mapari et al., 2009; Mapari et al.,
2010). Among the range of colors produced by Monascus and Talar-
omyces strains are yellow (monascin and ankaflavin), orange (mon-
ascorubrin and rubropunctatin) and red (monascorubramine and ru-
bropuntamine) (Mapari et al., 2010). A fungal food grade pigment is
available in the market, Natural Red™ formerly known as Arpink red™,
produced by the strain Penicillium oxalicum var. armeniaca CCM 8242
(Caro et al., 2016).

Nowadays, consumers focused on products with high nutritional
value and minimal addition of synthetic additives, moving marketing
patterns through natural products. Based on these premises, food in-
dustry is focusing their efforts toward developing products with high
quality and fresh appearance. Conventional thermal-treatment is the
most widely used method for liquid products pasteurization
(Sokołowska et al., 2013). Nevertheless, final quality of the products is
low due to the severe processing conditions used. Non-thermal tech-
nologies such as pulsed electric fields, high pressure, light pulses and
ozone among others have shown to improve final quality of food pro-
ducts (Agcam, Akyildiz, & Akdemir Evrendilek, 2016; Almeida et al.,
2015; Ferrario & Guerrero, 2016; Yi et al., 2017).

In this context, ozone represents an alternative for food pasteur-
ization in the modern food industry.

Since many years ago, ozone has been applied in the food industry
with success (Rice, Graham, & Sopher, 2010).

Ozone is a powerful oxidant, capable of degrading enzymes and
inactivating microorganisms without the generation of toxic residues
(Choi et al., 2012; Khadre & Yousef, 2001; Rico, Martín-Diana, Frías,
Henehan, & Barry-Ryan, 2006; Sachadyn-Król et al., 2016).

The status of GRAS (Generally Recognized as Safe) by the FDA
(Food and Drug Administration) makes ozone an attractive technology
in the processing of liquid foods (Glowacz, Colgan, & Rees, 2014).

Some studies have been carried out regarding the impact of ozone
treatment in quality aspects and microbial stability including apple
cider, orange, apple, strawberry and grape juices (Almeida et al., 2015;
Choi & Nielsen, 2005; Steenstrup & Floros, 2004). These authors re-
ported high levels of color degradation as a result of ozone processing.

Also, they identified the main parameters affecting quality as well as
microbial inactivation capacity of ozone, emphasizing that process
modeling and optimization are crucial for the successful implementa-
tion of an ozone-based technology.

However, the effect of ozone treatment on the stability of microbial
pigments has not been reported yet. It this context, Talaromyces spp.
pigments could be considered as a potential alternative to replace lost
color during ozone processing, especially in red fruit juices in order to
maintain or enhance the quality after processing. The objective of this
work was to evaluate the effect of ozone processing conditions on the
stability of an extract and beverage model systems both colored with
pigments produced by Talaromyces spp.

2. Materials and methods

2.1. Pigment extract production

2.1.1. Microorganism
Talaromyces spp. (formerly Penicillium purpurogenum) strain was used

to produce the red pigment extract. The purified strain was provided by
the Food Research Department (Universidad Autónoma de Coahuila,
Saltillo, México). The microorganism was maintained on PDA (Potato
dextrose agar) slants at 4 °C and sub-cultured periodically.

2.1.2. Cultivation
Talaromyces spp. strain was grown onto plates with PDA medium

and incubated at 30 °C for five days (INO 650 V-7, New Brunswick,
USA). After, a spore's suspension was collected by adding tween 20
solution (0.01% v/v). Inoculum (mycelium) was prepared by in-
oculating Erlenmeyer flasks containing potato dextrose broth (ATCC
336) with 1× 105 spores/mL and incubated at 30 °C and 200 rpm for
three days in an orbital shaker (Inova 94, New Brunswick Scientific,
USA). For pigment production, Erlenmeyer flasks containing Czapek-
Dox modified medium (g/L: D-xylose 15.0, NaNO3 3.0, MgSO4·7H2O
0.5, FeSO4·7H2O 0.1, K2HPO4 1.0, KCl 1.0 and ethanol 20.0) were in-
oculated with 10% (v/v) of mycelium and incubated at 30 °C and
200 rpm for six days (Mendez-Zavala, 2011; Morales-Oyervides,
Oliveira, Sousa-Gallagher, Mendez-Zavala, & Montanez, 2015a;
Morales-Oyervides, Oliveira, Sousa-Gallagher, Mendez-Zavala, &
Montanez, 2015b).

2.1.3. Pigment recovery
The aqueous extract resulted from microbial culture was centrifuged

at 10,397 g and 4 °C (Sigma-18KS, Germany) for 20 min. Supernatant
was passed through a cellulose membrane filter (Millipore, USA) with a
pore size of 0.45 μm according to Mendez-Zavala, 2011 and Morales-
Oyervides et al., 2015a.

2.2. Samples preparation

Citrate-phosphate buffers solution adjusted at pH 6.0 were colored
with a pigment extract with the accurate amount to set the absorbance
around 1.0 AU (absorbance units at 500 nm). The beverage model
system (BMS) was formulated according to Dyrby, Westergaard, and
Stapelfeldt (2001) with some modifications. A citrate-phosphate buffer
solution was added with sucrose 110.0 g; citric acid 5.0 g; potassium
sorbate 0.18 g and glutamine 0.057 g per liter. To evaluate the fungal
pigment stability in this medium, pigment extract was added to estab-
lish the color intensity around 1.0 AU (absorbance units at 500 nm).
The pH of the system was kept at 4.0.

2.3. Total soluble solids (°Brix) and pH measurement

Soluble solids of the beverage model system samples were measured
using a refractometer (Atago automatic, USA). Distilled water was used
as blank and used before each reading. The pH value of the samples was
measured using a pH meter (Thermo Scientific Orion, model 420A,
USA). As a calibration medium, buffer solutions at different pH values
(4.0, 7.0 and 10.0) were employed. All measurements were carried out
at room temperature (25.0 ± 1.0 °C).

2.4. Ozone treatment

Ozone was generated by a corona discharge equipment (AWAH,
Mexico). Oxygen used to generate ozone was obtained from local sup-
plier (INFRA, S.A., Mexico). Oxygen flow rate was controlled by a
precision valve (Concoa Virginia, USA). Two flow-meters (Key instru-
ments, USA) were used for better control of oxygen flow rate in the
system. The first one was located between the cylinder valve and ozone
generator and the second between ozone generator and the treatment
unit. Experiments were carried out in a 100 mL bubble column (2.5 cm
in diameter and 30 cm in height) provided with an in-built diffuser gas
inlet into the liquid phase. Ozone concentrations used for treatments
were 0.031, 0.043, 0.054 and 0.064 mg/min/mL and processing times
(0–10 min). Processing conditions were based on the reported ozone
concentrations needed to achieve 5-log reduction of E. coli ATCC 25922
and NTCC 12900 in cloudy apple juice described for Patil et al. (2010).
The ozone concentration was measured according to the iodometric
method described by the IOA, International Ozone Association (A 001/
96). Ozone released during treatments was destroyed diverting the
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oxygen/ozone in excess of a potassium iodide solution (5% w/v) con-
tained in an Erlenmeyer flask. All experiments were carried out in tri-
plicate.

2.5. Color measurement

2.5.1. Optical density
Pigment concentration was measured spectrophotometrically at

500 nm using a spectrophotometer (UV 2150, U-Visible UNICO, USA).
Previously, maximum light absorption was determined by scanning the
samples over a range wavelength between 350 and 700 nm (Celestino
et al., 2014; Mapari, Meyer, & Thrane, 2006; Morales-Oyervides et al.,
2015a; Santos-Ebinuma, Roberto, Teixeira, & Pessoa, 2014).

2.5.2. Colorimetry
Colorimetric analysis of the treated samples was carried out by

using a 3NH Precision colorimeter (Model NR20XE, China). The col-
orimeter with 45°/0° geometry and D65 light source was provided with
a white calibration plate and PC software (CQCS3 color quality man-
agement software). Color values were expressed in CIE lab parameters
where L* (lightness/darkness), a* (redness/greenness) and b*(yellow-
ness/blueness). Total different color, Chroma and Hue angle were also
calculated as follow:

TDC L L a a b b0
2

0
2

0
2= − + − + −∗ ∗ ∗ ∗ ∗ ∗( ) ( ) ( ) (1)

C a b2 2= +∗ ∗ ∗( ) (2)

h tan b
a

1= ⎛⎝ ⎞⎠∗ − ∗∗ (3)

where L0, a0 and b0 were the initial colorimetric values of pigment
extract and model beverage system.

2.6. Degradation kinetics

2.6.1. Optical density degradation
The time-dependent pigment degradation for optical density was

fitted to a first order kinetic model (Eq. (4)):

OD OD exp kt
0= − (4)

where OD is the optical density at time t, OD0 is the initial value and k is
the degradation rate constant.

The decimal reduction time (D) and the half time (t1/2) value of
degradation were also calculated as follows:

D ln
k
10= ( )

(5)

t ln
k
2

1 2 = ( )
/ (6)

2.6.2. Visual color degradation
Changes in CIE lab parameters as a result of a change in the col-

orimetric characteristics were modeled to zero-order kinetics for L* and
TCD and first order kinetic models for a* and b*.

CIE lab CIE lab kto= +[ ] [ ] (7)

CIE lab CIE lab expo
kt= −[ ] [ ] (8)

where [CIE lab]o and [CIE lab] are the initial CIE lab parameters (L*, a*,
b* or TCD) and at time t respectively, k represents the kinetic rate
constant.

2.7. Simulation of pigments degradation under processing conditions needed
to achieve 5-log reduction of different microorganism

Pigment decay (Optical density) as function of ozone concentration

and treatment time was evaluated. To simulate pigment degradation
during ozone pasteurization process, the time necessary to achieve 5-
log reduction of some target microorganism as function of ozone con-
centration was taken into account.

The effect of ozone concentration on the pigment degradation rate
constant (obtained with Eq. (4)) was expressed by an exponential
equation:

k k exp C C tref o O ref3 3= −α[ ( )] (9)

where kref (min−1) represents the degradation rate constant at an O3

concentration taken as reference (average of the studied concentration
levels) and α is a constant that quantifies the sensitive of k to changes of
the Co3 utilized. Substituting Eq. (9) in Eq. (4), the global model de-
scribing the effect of ozone concentration on the degradation of red
extract can be described by:

DO
DO

exp k exp C C tref o O ref
0

3 3= − −α{ [ ( )] }
(10)

The processing time to achieve a 5-log reduction provided by lit-
erature (Patil et al., 2010; Patil, Valdramidis, Cullen, Frias, & Bourke,
2010) regarding microbial inactivation is useful to estimate the de-
gradation impact of the pigment extract/beverage model system under
the processing conditions required to achieve the target microbial
lethality. This can be done by simply replacing the provided processing
time value (tp) in Eq. (11) at the analyzed conditions (Co3) in those
studies.

2.8. Statistical analysis

Three independent experiments were carried out for each combi-
nation of ozone concentration and processing time for pigment extract
and beverage model system during ozonation treatment. The resulted
data was fitted by non-linear regression determining the minimum
value of the sum of squared residuals with the Solver Add-In Microsoft
Excel (Microsoft Excel version 2013, Microsoft Corporation).

The sum of squared residuals was estimated by:

SRR Exp Pred
i

n

i i
1

2∑= −= ( )
(11)

where Exp are the experimental data points and Pred are the data points
predicted by the models for optical density degradation or CIE lab
parameters. Goodness of fit was based on R2-values given by 1-SSR/
SSD, where SDD is the sum of squared deviations of data points from the
average of the sample. The kinetics parameters were compared trough
ANOVA and Tukey test. All the statistical analyses were performed
using the statistical program Statistica 7.0 (Statsoft, Tulsa, OK, USA).

3. Results and discussion

From the results obtained, during processing of beverage model
system no significant changes (p < 0.05) in pH and °Brix were ob-
served after ozonation. The initial °Brix and pH values were
11.13 ± 0.10 and 4.07 ± 0.03 respectively. Samples processed after
10 min at a flow rate of 0.12 L min−1 presented a °Brix and pH values
of 11.09 ± 013 and 4.14 ± 0.02 respectively. Similar behavior was
observed for those parameters in different fruit juices processed by
ozone technology (Tiwari, O'Donnell, Patras, Brunton, & Cullen, 2009a;
Tiwari, O'Donnell, Patras, Brunton, & Cullen, 2009b).

Fig. 1a–b illustrates color degradation of fungal pigment extract
suspended in both media as function of ozone concentration and
treatment time. Optical density of the buffer colored with the pigment
decreased by 71.9% and 87.3% at the lowest (0.031 mg/min/mL) and
highest (0.064 mg/min/mL) ozone concentration after 10 min of
treatment respectively. Conversely, for BMS the levels of degradation
reached 49.4% and 69.4% at same experimental conditions mentioned
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above. These changes represented higher color retention in the BMS
compared with the buffer (by 20%). The ozone concentration and
treatment time showed to be critical factors in color degradation.

3.1. Kinetic analysis of color degradation

Experimental color degradation and model fittings are shown in
Fig. 1. A high determination coefficient was obtained (≥0.99) for all
processing conditions studied, corroborating the satisfactory applica-
tion of the first-order kinetic model (Eq. (4)) to describe and dis-
criminate the effect of process over time. This strategy is useful to fa-
cilitate the understanding of the impact of process conditions on
pigment stability.

Rate constants values increased with the ozone concentration ap-
plied in both systems and this effect was well described by an ex-
ponential function for both analyzed systems (buffer and BMS) (Fig. 2).

Similar exponential effect of ozone concentration on the degradation
rate constants has been described for anthocyanins in colored juices
such as grape and strawberry juices (Tiwari et al., 2009a; Tiwari et al.,
2009b) and other quality factors like ascorbic acid in tomato and
strawberry juices (Tiwari et al., 2009b; Tiwari, O'Donnell, Brunton, &
Cullen, 2009).

Significant differences (p < 0.05) between rate constant values for
pigment degradation in the buffer and BMS were found (Table 1). The de-
gradation rate constants (k) for the buffer samples were between
0.127 ± 1.0× 10−3 min−1 and 0.206 ± 1.9× 10−3 min−1, mean-
while, the degradation rate constants for the BMS samples were between
0.068 ± 0.8× 10−3 min−1 and 0.119 ± 1.8× 10−3 min−1.

These kvalues are lower than those reported in literature for antho-
cyanins in grape juice (6.08 × 10−1 to 13.5× 10−1 min−1) and in
strawberry juice (0.098 to 0.429 min−1) obtained with an exponential
function (Tiwari et al., 2009a; Tiwari et al., 2009b). Also, the kvalues
obtained for fungal pigments are lower than the ones reported for as-
corbic acid in tomato (1.67× 10−1 to 3.8 × 10−1 min−1) and in
strawberry juice (0.056 to 0.229 min−1) (Tiwari et al., 2009; Tiwari
et al., 2009b).

Even though process conditions are slightly different between the
ones used by Tiwari and collaborators in their series of articles using
ozone pasteurization (1.6–7.8 at 0.0625 L min−1 or 1–4.8% at
0.125 L min−1) and the ones used in this study (2.2–4.4% w/w O2/O3

at 0.12 L min−1), kvalues for Talaromyces pigments were considerably
lower than those for anthocyanins and other quality factors such as
ascorbic acid. This implies that Talaromyces pigments are more stable
than other natural colors such as anthocyanins.

The same trend was also observed regarding the stability of
Talaromyces pigments under high temperatures (Morales-Oyervides
et al., 2015a). That is, higher levels of color retention were obtained
with fungal pigments than with anthocyanins at relevant conditions for
thermal pasteurization.

This suggest that with the proved stability under the different food
processing conditions required by the products where they will be in-
corporated makes Talaromyces pigments a better alternative for their
industrial application rather than anthocyanins. Of course, a full char-
acterization of the fungal pigments molecules to assure safety of con-
sumption needs to be performed.

The results presented in this study showed that significant differ-
ences were obtained between the degradation rate constants for the
buffer samples and the BMS samples, which implied that the kvalue is

Fig. 1. Color degradation kinetics of pigment extract (a) and beverage model system (b) at different ozone concentration ((●) 0.031 (■) 0.043 (♦) 0.054 and 0.064 (▲) mg/min/mL).
The ozone flow rate was set to 0.12 L min−1. Full lines represents the best fit to first-order model.

Fig. 2. Effect of ozone concentration (mg/min/mL) on reaction rate constant (kOD min−1)
of color degradation during ozone processing in the extract (∆) and beverage model
system (▲).
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not only affected by ozone concentration but also by the treatment
media.

The value of k is not only affected by ozone concentration but also it
is suggested a different action pattern of ozone on pigments during
ozonation influenced by the treatment media.

The differences could be associated to the presence of organic
compounds causing a protective effect in the pigments molecules. This
behavior has been especially observed in studies of microbial in-
activation. Patil, Bourke, Frias, Tiwari, and Cullen (2009) indicated
important differences in treatment time necessary to achieve 5-log re-
duction of different E. coli strains. They tested different processing
times, according to the amount of organic matter used in an orange
juice, being between 60 s to 18 min. Other studies suggested that the

type of material present in the media evaluated was more relevant than
the amounts (Restaino, Frampton, Hemphill, & Palnikar, 1995).

Williams, Sumner, and Golden (2005) reported a low efficiency of
ozone to inactivate E. coli in orange juice in presence of organic matter
and ascorbic acid. The impact of different compounds such as sugars,
fibers, ascorbic acid and other organic matter in the dissolution rate and
availability of ozone have been evidenced resulting in a protective ef-
fect in some components (Güzel-Seydim, Bever, & Greene, 2004; Patil
et al., 2009). Likewise, the color stability could be strongly associated
with the pigment structure and medium conditions with a specific effect
of ozone treatment to each molecule (Tiwari et al., 2009).

In general, the Talaromyces spp. pigments present higher stability
compared to other natural pigments present in fruit juices. A final color

Table 1
Parameters of the first-order model for color degradation in the pigment extract and beverage model system ozonation treatment.

Buffer solution

O3 concentration (mg/min/mL) k (min−1) D (min) t1/2 (min) R2

0.031 0.127 ± 0.0010a⁎ 18.12 ± 0.28a 5.45 ± 0.08a 0.998
0.043 0.173 ± 0.0017b 13.33 ± 0.24b 4.01 ± 0.07b 0.998
0.054 0.197 ± 0.0024b,c 11.70 ± 0.32b,c 3.52 ± 0.10b,c 0.998
0.064 0.206 ± 0.0019c 11.15 ± 0.32c 3.36 ± 0.10c 0.999

Beverage model system
Ozone concentration (mg/min/mL) k (min−1) D (min) t1/2 (min) R2

0.031 0.068 ± 0.0008a⁎ 33.84 ± 0.39a 10.19 ± 0.12a 0.996
0.043 0.083 ± 0.0010b 27.63 ± 0.75b 8.32 ± 0.23b 0.995
0.054 0.098 ± 0.0011c 23.57 ± 0.62c 7.09 ± 0.19c 0.996
0.064 0.119 ± 0.0018d 19.43 ± 0.61d 8.85 ± 0.18d 0.994

Results are the average values of three independents experiments (mean ± standard error of three replicates per sample). a-d Different letter indicate significant statistical differences
(p < 0.05). *Represent standard error of regression.

Fig. 3. Changes in L* (lightness/darkness), a* (redness/greenness), b* (yellowness/blueness) and TDC (total different color) of pigment extract during ozone processing of 0.031, (●)
0.043 (■) 0.054 (♦) and 0.064 (▲) mg/min/mL.
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retention of 13 and 40% was obtained in the buffer and the BMS re-
spectively at the maximum processing conditions. However, some
strategies could be developed in order to increase the efficacy of ozone
and maximize the color retention as the application of ozone at mod-
erate temperatures. Sung, Song, Kim, Ryu, and Kang (2014) in-
vestigated the synergistic effect of ozone and heat treatment for mi-
crobial inactivation. An important reduction of S. Typhimurium, L.
monocytogenes and E. coli O157:H7 counts was observed as temperature
was increased from 25 to 45 °C by-using an ozone concentration be-
tween 2.0 and 3.0 g/m3 in apple juice. This strategy could be im-
plemented to improve the fungal pigment stability under ozone treat-
ments, taking in account the high heat resistance of this pigments
(Morales-Oyervides et al., 2015a) optimizing ozone concentration and
treatment time to achieve better levels of color retention.

3.2. Color degradation

Color parameters (L*, a* and b*) in all treated samples were ana-
lyzed. In general, a lighter appearance was observed in both treatment
media after ozone treatment. An increase in L* (lightness) with a de-
crease of values a* (redness) and b* (yellowness) was observed.
Changes in parameters L*, a*, b* and the total color difference (TCD) of
the pigment extract suspended in the buffer and BMS during processing
at ozone concentration (0.043 to 0.064 mg/min/mL) and processing
time (0 to 10 min) are presented in Figs. 3 and 4 respectively. The mean
L* values increased from 47.6 ± 0.55 to 70.7 ± 0.38 and from
42.97 ± 0.41 to 61.83 ± 0.92 in the buffer and BMS respectively.
Conversely, parameter a* decreased from 32.6 ± 0.26 to 4.7 ± 0.21
and from 35.17 ± 0.26 to 12.98 ± 0.83 for buffer solution and BMS
respectively. Similarly, the parameter b* decreased from 24.0 ± 0.57
to 8.9 ± 0.48 for buffer and from 24.7 ± 0.37 to 19.17 ± 0.70 for

BMS. The colorimetric parameters indicated that treated samples were
less red in comparison with control samples (not treated).

The classification of total color difference (TCD) to discriminate
the perceivable color changes after a food has been processed
(DrLange, 1999) can be as small difference (TCD < 1.5), distinct
(1.5 < TCD > 3) and very distinct (TCD > 3). In this study, during
processing of the pigment in the buffer and BMS for 10 min and
0.064 mg/min/mL of ozone the TCD was 22.53 ± 0.30 and
18.24 ± 1.03 respectively, being the color changes substantially per-
ceptible in both media evaluated.

However, these TCD values are lower than those reported for apple
juice (30.84) and strawberry juice (45.31) processed with an ozone
concentration of 4.8% w/w at 0.125 L min−1 and 7.8% at
0.0625 L min−1 respectively (Tiwari et al., 2009b; Torres et al., 2011).

On the other hand, Talaromyces pigments presented similar TCD
values than those reported for orange juice (20.64–20.54) processed
with an ozone concentration of 4.8–7.8% at 0.125–0.0625 L min−1

(Tiwari, Muthukumarappan, O'Donnell, & Cullen, 2008a; Tiwari,
Muthukumarappan, O'Donnell, & Cullen, 2008b).

In any case, a meaningful change in the color intensity is occurring
as a result of ozone treatment.

Color intensity represented by Chroma value (C*) decreased from
40.5 ± 10.1 to 10.1 ± 0.50 and from 42.62 ± 0.40 to 23.16 for the
buffer and MBS respectively at the most intense processing conditions
assayed. On the other hand, Hue angle increased from 36.3 ± 0.53 to
62.3 ± 075 and from 34.31 ± 0.42 to 54.89 ± 0.04 for the buffer
and MBS respectively. These results suggested that loss of red color with
a slight change of red to yellow color at the final time of processing with
greater effect in the buffer compared with BMS. Similar patterns were
observed for all the treatments analyzed.

The effect of ozone concentration and treatment time on rate

Fig. 4. Changes in L* (lightness/darkness), a* (redness/greenness), b* (yellowness/blueness) and TDC (total different color) of beverage model system during ozone processing of 0.031,
(●) 0.043 (■) 0.054 (♦) and 0.064 (▲) mg/min/mL.
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constants is depicted in Fig. 5. Kinetic color degradation for L* and TCD
parameters were well described by a zero-order model, whereas a* and
b* values were well fitted by a first-order kinetic model. The correlation
coefficients were high (≥0.90) in all treatments. Rate constants cor-
responding to the colored buffer solutions and BMS (for kL, ka, kb, and
kTCD) increased exponentially. The colorimetric evaluation confirms the
incidence of treatment media and processing conditions (0.043 to
0.064 mg/min/mL) of ozone and processing time (0 to 10 min) in the
rate constants degradation.

Talaromyces spp. produce polyketide azaphilone pigments which
range in structures from tetraketides to actaketides with four or eight
C2 units that contribute to the polyketide chain (Mapari et al., 2010). It

has been reported that the color loss in organic dyes is due to the
breakdown of conjugated double bonds and the subsequent oxidation of
the chromophores exposed to ozonation (Nebel, 1975; Sarasa et al.,
1993). The presence of double bonds in polyketide azaphilone pigments
structures could facilitate the interaction with ozone resulting in color
degradation.

Fig. 5. Effect of ozone concentration (mg/min/mL) on reaction rate constant (k min−1) of L* (lightness/darkness), a* (redness/greenness), b* (yellowness/blueness) and TCD (total
different color) during ozonation processing in the extract (∆) and beverage model system (▲).

Table 2
D-values reported in literature for microorganism inactivation as function of ozone con-
centration.

Microorganism t5D O3

(mg/
min/
mL)

Flow rate
(L min−1)

Medium Reference

E. coli ATCC 25922 3.55 0.048 0.12 Apple juice Patil et al.
(2010)E. coli NCTC 12900 3.92

L. monocytegenes
NCTC 11994

5.78 0.098 Orange juice Patil et al.
(2010)

L. monocytogenes
ATCC 7644

5.27

L. innocua NCTC
11288

5.38

Fig. 6. Pigment decay during ozone processing to 5-log reduction conditions for some
food-pathogen microorganism.
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3.3. Simulation of pigment degradation under processing conditions needed
to achieve 5-log reductions of different microorganism

The antimicrobial efficacy of ozone against a variety of micro-
organism related to food is widely known (Restaino et al., 1995).
However, is essential to evaluate the impact of ozone treatment under
specific conditions to obtain a safe food. Time processing to achieve a 5-
log reduction (t5D) of some pathogen microorganisms (E. coli ATCC
25922, E. coli NCTC 12900, L. monocytogenes NCTC 11994, L. mono-
cytogenes ATCC 7644, L. monocytogenes NCTC 11288) are presented in
Table 2.

Fig. 6 depicts the color intensity decay during ozone processing
calculated according to (Eq. (11)) accounting the 5D-values inactiva-
tion time for a particular food target microorganism (Table 2). The
maximum color retention occurred when E. coli ATCC 25922 and E. coli
NCTC 12900 are inactivated with a 73 and 71% respectively. Con-
versely, to inactivate L. monocytogenes NCTC 11994, L. monocytogenes
ATCC 7644 and L. monocytogenes NCTC 11288 only a 32, 35 and 34% of
color maintenance were observed. It is important to mention that the
predicted color degradation described for Listeria strains was obtained
with an extrapolation procedure.

The above results provide an estimation of pigment retention during
ozone pasteurization with the required conditions to achieve a 5-log
reduction of some food-pathogen microorganisms.

4. Conclusion

The stability studies under ozone processing of the Talaromyces spp.
pigments suggest that this could be considered as a potential natural
ingredient to replace the color loss of some fruit juice processed under
ozone technology. Results showed higher stability of fungal pigment
compared with others natural pigments previously reported. The pig-
ment decay depends on the microorganism target present in the food
system and the process conditions necessary to achieve the microbial
reduction during the pasteurization. More studies are necessary to
evaluate other processing parameters to minimize the impact of the
ozone technology on the color stability of fungal pigments while opti-
mizing the conditions to obtain a safe food.
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