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Protective effect of cyclodextrins on the quality
parameters of roast preserved pepper

A Serrano-Martı́nez, MI Fortea, C Lucas-Abellán,
S. López-Miranda, MT Mercader, E Núñez-Delicado
and JA Gabaldón

Abstract
Total phenolics (TP), vitamin C, antioxidant activity and colour of preserved peppers were evaluated at 4, 25
and 50 �C storage during 30-day intervals. Except for 4 �C, TP decreased during storage at 25 �C and 50 �C,
being softer for fortified samples with b-CDs. The protective effect was evident, since 50 �C samples contain-
ing b-CDs exhibited lower TP loss (19%) than control samples (38%) for 5 months storage. A decrease in the
vitamin C content was observed for both samples as time and temperature progressed. In samples stored at
50 �C the protective effect of b-CD only was evident at the first month, since fortified samples showed lower
vitamin C loss (10%) than control samples. The fortified samples with b-CDs exhibited lowest antioxidant
activity loss (40%) during 90-day storage at 50 �C, than control samples (64%). The colour changes were in
line with those observed for total phenolics and at the end of study, the presence of 1% b-CDs delayed the
darkening of samples at both (25 and 50 �C) storage conditions.
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INTRODUCTION

Fruits and vegetables are rich in minerals such as Kþ,
Mgþ2, Caþ2 and P and contain vitamins C, E, and
phenolic compounds which have antioxidant properties
(Sánchez-Moreno et al., 2003).

Peppers (Capsicum annuum L.) have long been
recognized as an excellent source of vitamin C
(Chuah et al., 2008), essential for normal physiological
functions such as the metabolism of tyrosine, folic acid
and tryptophan. It helps to lower blood cholesterol
(Mcrae, 2006) and contributes to the synthesis of car-
nitine and catecholamine, which regulates nervous
system. Being an antioxidant, it protects the body
from the harmful effects of free radicals and pollutants,
in which it prevents common degenerative processes

(Davey et al., 2000). It is known that vitamin C chelates
heavy metal ions, reacts with singlet oxygen and other
free radicals and suppresses peroxidation, reducing the
risk of arteriosclerosis, cardiovascular diseases and
some types of cancer (Álvarez-Parrilla et al., 2011).
However, as food sage there is a gradual decline in
the amount of vitamin C (Platt et al., 1963). Vitamin
C is thermo-labile and therefore in fruit and vegetables
it provides an indication of the loss of other vitamins,
and acts as a valid criterion for other organoleptic or
nutritional components degradation such as natural
pigments and aromatic substances. Its concentration
decreases during thermal treatment and storage condi-
tions such as temperature, oxygen content and light
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(Blasco et al., 2004). Therefore, retention studies of this
vitamin are of great importance to food technologist
and consumers.

In addition, peppers are rich in polyphenols, particu-
larly the flavonoids, quercetin and luteolin (Lee and
Kader, 2000). Polyphenols are a group of phytochem-
icals responsible of brightly colored pigments and their
presence at reasonable levels in foods might be import-
ant because they can exert different protective effects.

The contribution of phytochemicals to the antioxi-
dant activity of fresh and processed peppers has been
clearly demonstrated (Álvarez-Parrilla et al., 2011).
Zepka and Mercadante, (2009) observed that peppers
at intermediate ripening stages presented a higher
(29%) antioxidant activity than peppers at other ripen-
ing stages. Besides ripening, heat processing can also
alter the phytochemical composition and bioactivity
of peppers since some compounds are highly prone to
isomerization, oxidation and degradation under heat
conditions (Zepka and Mercadante, 2009). However,
these changes depend on many factors; including the
heat-processing style/intensity, pepper genotype and
ripening stage.

Peppers are commonly consumed raw in salads or
blended into juice with others fruits and vegetables.
However, vegetables have always been considered to
have lower nutritional value after cooking due to the
loss of nutritional or phytochemicals compounds
(Fennema, 1997). This aspect is of great importance
considering that only a small amount of fruit and vege-
tables are consumed in their raw state, whilst most
of them need to be processed for safety, quality and
economic reasons.

In fact, seasonality and perishability of foods explain
the necessity of applying preservation technologies in
order to extend their shelf life. To prolong shelf life,
thermal processing is the commonest method in order
to inactivate enzymes and destroy microorganisms.
However, loss of representative flavour, color and vita-
mins has been evidenced after different heat processing
(Blasco et al., 2004 and Lee and Kader, 2000).

On the basis of these supposed negative effects, in
the past few years the main approach for minimizing
eventual processing damage was the ‘reconstitution’,
achieved by the addition or the enrichment of the prod-
uct with natural antioxidants. Various attempts have
been made to search for new classes of natural antioxi-
dants to be added to foods (Sandström, 1998).

It is well known that food processing can have many
effects, not all of which result in a loss of quality. For
instance, it has been recently found that the bioavail-
ability of b-carotene increases as consequence of mod-
erate heating or the enzymatic disruption of the
vegetable’s cell wall structure (West and Castenmiller,

1998). Blanching also represents a useful strategy in
preventing enzymatic oxidations, which are the main
cause of loss in naturally occurring antioxidants in
raw material of plant origin. In fact, fruit and vege-
tables subjected to blanching retain most of their ori-
ginal antioxidant properties.

Thus, the evaluation of the influence of food pro-
cessing and storage on naturally occurring antioxidants
is a key factor in finding those necessary technological
conditions, to preserve or improve their original activ-
ity and bioavailability.

Among the different approaches, the employ of
cyclodextrins (CDs) could be a viable short-term solu-
tion, as evidenced by success reported in the literature.
In fact, the employ of CDs has been proposed for the
control of enzymatic browning in apple products
by several authors (Gacche et al., 2003, 2004).
Also, have been used as protective flavonoid agents
(Lucas-Abellán et al., 2007, 2008a, 2008b; Mercader-
Ros et al., 2010) leading to an increase in their antioxi-
dant activity due to the protection toward free radical
attack (Lucas-Abellán et al., 2008a).

In the basis of a deep bibliographic survey, there
have been many studies conducted on fresh peppers,
mainly focused to quantify the antioxidant activity of
various crops and the influence of maturity or fertiliza-
tion type on their bioactive compounds (Marı́n et al.,
2004). However, very little information is available on
the effect of processing and/or prolonged storage times
on the antioxidant activity of peppers. Therefore, the
purpose of this study was to investigate the effect of
b-CDs on different quality and nutritional parameters
(colour, vitamin C, total phenolics, antioxidant activ-
ity) of roast preserved peppers under different storage
conditions.

MATERIALS AND METHODS

Sample preparation

Fresh peppers (Capsicum annuum, Lamuyo, Herminio
variety, B1 type) were obtained in the local market.
Only fruits free of blemishes, defects and with the
same ripening stage (selected taking into account the
CIELAB parameters), were included in the study.
Peppers were cut into strips and roasted on a hot
plate at 210 �C in the pilot plant of Technological
Centre for the Canning and the Food Industry
(Murcia, Spain). The position of peppers on the hot
plate was changed continuously during roasting. After
removing the seeds and peel, they were packaged in
trays containing 320 g of pepper and covered liquid
(pH of 2.5) at 95 �C until a final weight of 427 g. The
trays were vacuum sealed (- 0.55 bars) and sterilized
(98 �C and 0.8 bars) in a static retort with superheated

Food Science and Technology International 22(7)

566

 by guest on September 30, 2016fst.sagepub.comDownloaded from 

http://fst.sagepub.com/


water spraying. A probe was employed to monitor the
temperature inside the trays over sterilization and cool-
ing -carried out by a cool water spraying system- steps.

To evaluate the effect of CDs on the stabilization of
the pepper quality parameters, two types of samples
were elaborated: 1) 5% citric acid in the covering
liquid and, 2) 5% citric acid plus 1% b-CDs in the
covering liquid. For each determination, three aliquots
of each sample were used.

Samples containing or not b-CDs were stored at dif-
ferent temperatures (4, 25 and 50 �C). TP, vitamin C,
antioxidant activity and colour of preserved peppers
were evaluated (by triplicate) 30-day intervals, (150
days total).

For each analysis, the content of one tray (pepper þ
covering liquid) was homogenized for 1min in an Ultra
Turrax (Ika, Staufen, Germany). The homogenate was
centrifuged at 10.000xg for 15min at 4 �C. The pellet
was discarded and the supernatant was filtered through
a 0.45 mm membrane filter.

As CDs were added to cover liquid, the filtrate was
considered the sample and was used to analyze quality
parameters.

Reagents

Standard of vitamin C (ascorbic acid) with a purity of
95%, fluorescein (FL), 2,2’-Azobis (2-methylpropiona-
mide) dihydrocloride, 6-hydroxy-2,5,7,8-tetramethyl-
chroman-2-carboxylic acid (Trolox C), were supplied
by Sigma–Aldrich (Sigma–Aldrich Chemie GmbH,
Germany). Gallic acid was from (Fluka, Steinheim,
Germany). b-CDs were from TCI Europe N.V.
(Zwijndrecht, Belgium). Double-deionized water was
obtained with a Milli-Q system from Millipore
(Bedford, MA, USA). All other chemicals used were
of analytical grade.

Total phenolic content

Total phenolic content of samples were determined
according to a previous method (Sun et al., 2011). In
brief, phenolic content was estimated by mixing 200 mL
of distilled water, 50 mL of diluted extracts and 50 mL of
Folin-Ciocalteu reagent. After 6min, 500 mL of 7.5%
sodium carbonate solution were added to the mixture,
which was adjusted to 1.3mL with distilled water and
allowed to stand at room temperature for 60min. Then,
the absorbance of each sample was read at 765 nm in a
Shimadzu UV-2401PC spectrophotometer (Kyoto,
Japan), and comparing it with a standard curve of
gallic acid with concentrations between 10 and
300mgL-1. The results were expressed as mg of gallic
acid equivalents/100 g fresh-weight (FW).

2.4. HPLC analysis of ascorbic acid (AA)

AA concentrations were measured according to Asami
et al. (2003) with some modifications . Briefly, after
homogenization step (see sample preparation) pellet
was discarded and the supernatant filtered through a
0.45 mm poly (tetrafluoroethylene) membrane filter.
Samples were diluted 1:1 (v/v) with 4.5% metaphos-
phoric acid, vortexed and filtered through a 0.45mm
filter prior to injection.

Analyses were performed using a Merck HPLC
(Darmstad, Germany) pump equipped with a
Shimadzu SPD-M6A UV diode array detector
(Shimadzu, Kyoto, Japan). Reverse-phase separation
was attained using a Merck (Darmstad, Germany)
Lichrospher 100 RP-C18 (25� 0.4 cm, 5 mm particle
size). The mobile phase was nanopure water brought
to pH 2.2 with sulphuric acid. The flow rate was
0.5mLmin�1, and the detection wavelength was
245 nm.

All samples were run in triplicate and the linearity
range was determined from 0.005 to 0.1mgmL�1

(R2
¼ 0.9995), with a 20 mL injection volume.

ORAC-FL assay

The oxygen radical absorbance capacity (ORAC) ana-
lyses were carried out on a Synergy HT multi-detection
microplate reader, from Bio-Tek Instruments, Inc.
(Winooski, Vt, USA), using 96-well polystyrene micro-
plates with black sides and clear bottoms, purchased
from Nalge Nunc International. Fluorescence was
read through the clear bottom, with an excitation wave-
length of 485/20 nm and an emission filter of 528/20 nm.
The plate reader was controlled by Gen 5, version 2.01,
software. The ORAC was determined as described by
Dávalvos et al. (2004) with slight modifications. The
reaction was carried out in 75mM sodium phosphate
buffer (pH 7.4), and the final reaction mixture was
200 mL. 100 mL FL (3 nM, final concentration) and
70 mL of the pepper extract were placed in the wells of
the microplate. The mixture was pre-incubated for
30min at 37 �C, before rapidly adding the AAPH
[(2,20-Azobis (2-methylpropionamide) dihydrocloride,
98%)] solution (30 mL; 19mM, final concentration)
using a multichannel pipette. The microplate was
immediately placed in the reader and the fluorescence
recorded every 1.14min for 120min. The microplate
was automatically shaken prior to each reading.
A blank with FL and AAPH using sodium phosphate
buffer instead of the antioxidant solution, and eight
calibration solutions using Trolox C (6.25, 12.5, 15,
18.75, 21.25, 25, 27.5 and 31.25 mM) as antioxidant
were also used in each assay. All reaction mixtures
were prepared in triplicate and at least three
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independent assays were performed for each sample.
In order to avoid a temperature effect, only the inner
60 wells were used for experimental purposes, while the
outer wells were filled with 200 mL of distilled water.

The results were expressed as relative fluorescence
with respect to the initial reading. The area under the
fluorescence decay curve (AUC) was calculated by the
equation:

AUC ¼ 1þ
Xi¼120
i¼1:14

fi=f0

where f0 is the initial fluorescence reading at 0min and
fi is the fluorescence reading at time i. The net AUC
corresponding to the sample was calculated by sub-
tracting the AUC corresponding to the blank. Data
processing was performed using Sigmaplot software
package (Jandel Scientific, Germany).

Colour measurement. After homogenization step (see
sample preparation), triplicate samples of homogenate
(pepperþ covering liquid), were immediately evaluated
at 25� 1 �C for colour, using a Hunterlab Colorflex�

(Reston, Virginia, U.S.A.) on the basis of the CIELAB
colour system (L*, a*, and b*). This spectrophotometer
uses both illuminant D65 and a 10� observer angle, as
references.

Colour data are provided as CIEL*a*b* coordinates
(Bower & Baxter, 2000) which define the colour in a
three-dimensional space: L* indicates lightness and a*
and b* are the chromaticity coordinates, green-red and
blue-yellow coordinates, respectively. L* is an approxi-
mate measurement of luminosity, which is the property
according to which each colour can be considered as
equivalent to a member of the grey scale, between black
and white, taking values within the range 0-100: a*
takes positives values for reddish colours and negative
values for the greenish ones, whereas b* takes positive
values for yellowish colours and negative values for the
bluish ones.

C* is chroma [C� ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
a�2ð Þ þ b�2ð Þ

p
], with 0 at

the centre of a colour sphere and increasing
according to the distance from the centre. The
total colour difference (�E*) was calculated as:

�E� ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
L�0 � L�
� �2

þ a�0 � a�
� �2

þ b�0 � b�
� �2q

Statistical analysis. All analyses were performed in
triplicate and the results were expressed as
mean� standard deviation. The results were analysed
using SPSS 17 statistical software package (IBM
Corporation, Armonk, New York, United States) and
means were accepted as significantly different at 95%
confidence interval (p< 0.05). Analysis of variance

(ANOVA) was performed to determine the effect of
storage time at 4, 25 or 50 �C on the CIEL*a*b*
colour coordinates, in the absence and in the presence
of 1% b-CDs.

RESULTS AND DISCUSSION

TP content, vitamin C, antioxidant activity and colour
evolution were studied in samples of roast preserved
peppers, packaged in the absence and in the presence
of b-CDs in the covering liquid. The effect of storage
temperature and time on those parameters was also
evaluated.

Total phenolic content has a great importance for
the organoleptical properties of vegetables, and there-
fore in food quality because they are highly sensitive to
external agents such us oxygen, light and temperature
(Lucas-Abellán et al., 2007; Tomás-Barberan and
Espı́n, 2001). Recently, CDs have been used as protect-
ive agents of antioxidant compounds of mandarin
juices enriched with pomegranate extract and goji ber-
ries (Navarro et al., 2011), in order to increase their
stability.

Total phenolic content of roast preserved peppers
varied with temperature and storage time. In samples
stored at 4 �C, no significant differences were observed
in TP during the five months of the experiment both in
the absence and presence of b-CDs (Figure 1, squares).
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Figure 1. Effect of temperature and storage time on the
total phenolic content of roast preserved peppers. [(#)
4 �C, in absence of 1% b-CDs; («) 4 �C, in the presence of
1% b-CDs; (�) 25 �C, in absence of 1% b-CDs; (*) 25 �C, in
the presence of 1% b-CDs, (~) 50 �C, in absence of 1% b-
CDs (�) 50 �C, in the presence of 1% b-CDs].
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However, in samples stored at 25 �C, an important
decrease was observed in absence (Figure 1, filled cir-
cles) or presence of 1% b-CDs (Figure 1, open circles).
In this case, a reduction of 55% in total phenolic con-
tent in the absence of b-CDs and 45% in the presence
of 1% b-CDs was observed.

This decrease in total phenolic content was
more acute in samples stored at 50 �C. In this case,
the presence of 1% b-CDs in the covering liquid had
a clear protective effect on total phenolic content, mini-
mising their reduction with storage time from the first
month onwards (Figure 1, triangles). After 5 months
study, the reduction in total phenolic content was
60% in the presence of b-CDs (Figure 1, open triangles)
and 70% in the absence of b-CDs (Figure 1, filled
triangles).

As have been described in the literature, significant
losses of phenolic compounds by industrial heat pro-
cessing and storage have been reported in peppers
(green, yellow, and red), squash, leek, and other vege-
tables (Chuah et al., 2008; Turkmen et al., 2005). As we
have evidenced, reduction of total phenolic content
increases with storage temperature and time, achieving
CDs a 10% reduction of total phenolic losses in the
most adverse storage conditions (50 �C, five months).
This fact could be explained considering that tempera-
ture improve the migration and dissolution of phenolics
compounds into the covering liquid, thus being more
exposed to the effect of certain residual enzymatic activ-
ity, oxygen or light in packs that do not contain CDs.
In resume, these results confirm that b-CDs have a pro-
tective effect in phenolic compound degradation, as
previously have been described by our group (Núñez-
Delicado et al., 2005), due to their entrapment in the
internal hydrophobic cavity of CDs.

Vitamin C level in vegetables depends on several fac-
tors (Lee and Kader, 2000; Pérez-López et al., 2008),
being peppers the vegetables with the highest content.
In addition, the atmospheric oxygen is responsible for
much of vitamin C losses during storage and many
polymeric packaging allow oxygen flow.

In this study, the changes in the vitamin C content
with storage time and temperature were compared in
roast preserved peppers packaged in absence and in the
presence of b-CDs in the covering liquid.

As described before for total phenolic content, no
significant changes were observed at 4 �C during the
5 months, whether in the absence or in the presence
of b-CDs (Figure 2, squares).

During storage at 25 �C, a considerable decrease in
the vitamin C content was observed for both samples
(fortified or not wit b-CDs) as time progressed.
However, the decay rate of vitamin C was much
lower in the presence of 1% b-CDs (Figure 2, open
circles) than in their absence (Figure 2, filled circles).

After 5 months of storage, the reduction of vitamin
C content was 43% in the presence of 1% b-CDs
(Figure 2, open circles) and 74% in the absence of
b-CDs (Figure 2, filled circles), pointing to a protective
effect of CDs on vitamin C due to its secondary anti-
oxidant role, previously described in the literature
(Núñez-Delicado et al., 1997). b-CDs acts by complex-
ing phenolic compounds, inhibiting their oxidation
(Figure 1) as well as preventing vitamin C degradation
(Figure 2).

The reduction of vitamin C content in samples stored
at 50 �C was more pronounced than that observed at
25 �C (Figure 2, triangles). After 2 months of storage,
the vitamin C content close to zero, both in the absence
and presence of b-CDs. In these adverse conditions,
the protective effect of CDs was negligible (Figure 2,
triangles). Only after 1 month of storage, the presence
of 1% b-CDs show a protective effect on vitamin C,
which decreased up to 80% in the absence of CDs and
close to 70% in their presence.

These data demonstrate that b-CDs exert a protect-
ive effect on vitamin C, similar to that described for
phenolic compounds. Our data are in consonance
with the results obtained for Romo-Hualde et al.
(2012), who propose the encapsulation as an excellent
method to increase the stability overtime of vitamins A
and E in red pepper extract.

The antioxidant capacity is an interesting parameter
for evaluating the nutritional quality of foods
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Figure 2. Effect of temperature and storage time on vita-
min C content of roast preserved peppers. [(#) 4 �C, in
absence of 1% b-CDs; («) 4 �C, in the presence of 1% b-
CDs; (�) 25 �C, in absence of 1% b-CDs; (*) 25 �C, in the
presence of 1% b-CDs, (~) 50 �C, in absence of 1% b-CDs
(�) 50 �C, in the presence of 1% b-CDs].
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(Arnao et al., 1998). The antioxidant activity of
fruits and vegetables comes from vitamins C and E,
�-carotene and polyphenols (flavonols, flavanols,
anthocyanidins) (Rice-Evans, 2001). While thermal
processing of fruits and vegetables at high temperatures
removes the possibility of microbiological damage and
reduces the enzymatic activity, it also affects product
quality and its antioxidant activity (Siddiqa et al.,
2013).

When the antioxidant activity of samples stored at
4 �C was measured, no clear decrease was observed with
the storage time whether or not the covering liquid con-
tained CDs (Figure 3, squares), a result that was similar
to that described for the evolution of total phenolic
content (Figure 1) and vitamin C (Figure 2).

When samples were stored a 25 �C, while the anti-
oxidant activity decreased with the storage time, both
in the absence (Figure 3, filled circles) and presence of
b-CDs (Figure 3, open circles), the decrease was higher
in the absence of b-CDs. Whereas in the absence
of CDs the antioxidant activity after a storage period
of 5 months had decreased by 50%, in the presence of
1% b-CDs the decrease was only 39%.

The decrease in antioxidant activity was much pro-
nounced in the case of samples stored at 50 �C. After
3 months of storage, the reduction in the antioxidant
activity was 64% in the absence (Figure 3, filled tri-
angles) and 40% in the presence of 1% b-CDs
(Figure 3, open triangles).

In others words (Heghes et al., 2015), the antioxi-
dant activity observed behaved in the same way as total
phenolic content and vitamin C, again confirming the
protective effect of 1% b-CDs in the covering liquid
over all compounds involved in the antioxidant activity
of peppers (Figure 4).

As previously mentioned, colour is an important
issue in peppers, for which reason the colour param-
eters L*, a* and b*, were measured in samples stored at
different temperatures (Table 1). In the case of samples
stored at 4 �C, no significant differences were observed
(p> 0.05) during the five months of storage with and
without 1% b-CDs (Table 1), since the colour remain-
ing constant in both cases.

When L*, a* and b* values were studied in samples
stored at 25 �C (Table 1), the values recorded after
5 months, in the presence of 1% b-CDs were signifi-
cantly different from the control (L* 31.16� 1 vs
29.28� 0.7; a* 47.21� 1.3vs 43� 1.2; b* 45.80� 0.9 vs
42.38� 0.8). There were significant differences between
samples stored at 25 �C with or without 1% b-CDs
(p< 0.001, for L* and a* and p< 0.05 for b*).
Nevertheless, after 5 months, the C* value was higher
in the presence (60.37� 0.8) than in absence of 1%
b-CDs (52.38� 1), with a significant difference between
them (p< 0.001), the presence of 1% b-CDs leading to
a more intense red colour due to the minor browning.

As described by Casquero et al. (2010), who carried
out a similar experiment at storage temperatures of 8 �C
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Figure 4. Effect of temperature and storage time on �E
value of roast preserved peppers. [(#) 4 �C, in absence of
1% b-CDs; («) 4 �C, in the presence of 1% b-CDs; (�) 25 �C,
in absence of 1% b-CDs; (*) 25 �C, in the presence of 1%
b-CDs, (~) 50 �C, in absence of 1% b-CDs (�) 50 �C, in the
presence of 1% b-CDs].
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Figure 3. Effect of temperature and storage time on
antioxidant activity of roast preserved peppers. [(#) 4 �C,
in absence of 1% b-CDs; («) 4 �C, in the presence of 1%
b-CDs; (�) 25 �C, in absence of 1% b-CDs; (*) 25 �C, in the
presence of 1% b-CDs, (~) 50 �C, in absence of 1% b-CDs
(�) 50 �C, in the presence of 1% b-CDs].
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and 18 �C for 18 days, the colour of roasted pepper was
affected positively (first month) by storage conditions
(4 �C and 25 �C in our study, filled and empty squares
and circles, respectively of Figure 4). However, when
the time storage was prolonged the effect was the con-
trary, diminishing the colour proportionally to storage
time. In fact, taking into account storage temperature
of 25 �C in absence of 1% b-CDs (Figure 4 filled cir-
cles), the value of �E parameter decreased as follow:
72,12; 73,12; 70, 67; 67,34; 65,42 and 64,66 for 0; one
month; two months; three months; four months and
five months, respectively (see Figure 4), demonstrating
that after third month, the colour in preserved peppers
was negatively affected.

However, in the same conditions as described above
(25 �C as storage temperature), the addition of 1%
b-CDs (Figure 4 empty circles), showed a soft decrease
of �E parameter (73.5; 73.6; 71.4; 69.4; 69.3; 68.3;
respectively).

In addition, although only one type of treatment was
used in our study, also roasting techniques employed
should be taking into account since could negatively
affect the colour of preserved pepper, as have been pre-
viously described by Guerra et al. (2011).

As can be seen in Table 1, in the case of samples
stored at 50 �C in the absence of 1% b-CDs, L* fell by
50% (from 31.65� 0.9 to 16.00� 1.3) after 5 months
storage, while in the presence of 1% b-CDs, the decrease
was only 24% compared with the control (from
31.65� 0.9 to 24.00� 1.2), the difference between sam-
ples stored with or without 1% b-CDs being statistically
significant (p< 0.001). In addition, the colour of the
samples was darker in the absence (L* 16.00� 1.3)
than in the presence of 1% b-CDs (L* 24.00� 1.2).

As regards the green-red coordinate a* (�a green,
þ a red), the lowest value was obtained after 5 months
storage in the absence of 1% b-CDs (18.82� 1.3).

The reduction of 59.5% reflected the browning process
that took place during storage. In the presence of 1%
b-CDs, the decrease in a* value after 5 months was
40.5% (compared with 59.5 in the absence of 1%
b-CDs), indicating the protective effect that b-CDs
have on the browning process of pepper; the difference
between samples stored at 50 �C with or without 1%
b-CDs was significant (p< 0.001). The protective effect
that b-CDs play on phenolics compounds, reduce the
free radical generation and so avoid the browning pro-
cess, acting thus CDs as secondary antioxidant agents.
The greatest browning was observed in absence of 1%
b-CDs and high temperatures.

Similar trends to those described for L* and a*
coordinates were also found for the blue-yellow coord-
inate b*. In the case of samples stored a 50 �C, b*
decreased with time, both in the absence and in the
presence of 1% b-CDs, although the decrease was
greater in the absence (52%) than in the presence of
1% b-CDs (36.4%) (see Table 1), a difference that
was statistically significant (p< 0.001). This decrease
also pointed to the browning process that took place
in samples stored at 50 �C, both in absence and in the
presence of 1% b-CDs, because the b* values were near
the centre of the colour sphere.

In general, samples with the most attractive colour
have the highest C* values. As can be seen in Table 1,
when the evolution with time of C* value was studied in
samples stored at 50 �C, a noticeable decrease was
observed, both in the absence and in the presence of
1% b-CDs. The C* value was significantly lower
(p< 0.001) in samples stored for 5 months at 50 �C
in the absence (29.48� 0.7) than in the presence
(41.03� 1.0) of 1% b-CDs. After 5 months, the reduc-
tion in C* value was 55.8% in the absence and 38.5% in
the presence of 1% b-CDs, indicating that the browning
process was more intense in the absence of 1% b-CDs.

Table 1. Effect of storage times at 4, 25 and 50 �C on the CIEL*a*b* colour coordinates, in absence and in the presence
of 1% b-CDs

CIEL*a*b*

Parameters

4 �C 25 �C 50 �C

0 months p 5 months p 0 months p 5 months p 0 months p 5 months p

L* 31.01� 1.1 NS 29.62�1.2 NS 31.01� 1.1 NS 25.00� 1.3 *** 31.01� 1.1 NS 16.00� 1.3 ***

L* (1% b-CDs) 31.50� 1.3 29.30�2.3 31.50� 1.3 29.28� 0.7 31.50� 1.3 24.00� 1.2

a* 46.48� 0.7 NS 46.90�0.7 NS 46.48� 0.7 NS 38.59� 1.1 *** 46.48� 0.7 NS 18.82� 1.3 ***

a* (1% b-CDs) 46.92� 1.1 47.30�1.3 46.92� 1.1 43.00� 1.2 46.92� 1.1 28.00� 1.0

b* 47.15� 2.0 NS 45.50�0.8 NS 47.15� 2.0 NS 40.48� 1.0 * 47.15� 2.0 NS 22.70� 1.1 ***

b* (1% b-CDs) 47.65� 2.0 45.28�0.9 47.65� 2.0 42.38� 0.8 47.65� 2.0 30.00� 1.3

C* 66.72� 1.5 NS 65.34�1.2 NS 66.72� 1.5 NS 52.38� 1.0 *** 66.72� 1.5 NS 29.48� 0.7 ***

C* (1% b-CDs) 67.02� 1.3 65.48�1.0 67.02� 1.3 60.37� 0.8 67.02� 1.3 41.03� 1.0

Level of significance (p): NS (not significant¼p>0.05); Statistically significant: *(p� 0.05); ***(p� 0.01); All samples were run in
triplicate.
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The �E value integrates a*, b* and L* in a unique
value. As can be seen in Figure 4, in samples stored at
4 �C no significant differences in the �E value were
observed during the 5 months of storage, whether or
not 1% b-CDs was used (Figure 4, squares).

When the evolution with time of �E values
(see colour measurement) were studied in samples
stored a 25 �C, a slight decrease was observed, both in
absence and in the presence of 1% b-CDs (Figure 4,
circles), the decrease being more acute in the absence of
CDs (Figure 4, filled circles).

This decrease in �E value was even more pro-
nounced in samples stored at 50 �C, both in the absence
and in the presence of 1% b-CDs (Figure 4, triangles),
which reflects the darkening of samples. After
5 months, the reduction in �E was greats in the absence
(Figure 4, filled triangles) than in the presence of CDs
(Figure 4, open triangles). Therefore, the presence
of 1% b-CDs delayed the darkening of samples. This
protective effect of b-CDs on the colour of samples has
been previously described (Núñez-Delicado et al.,
1997). In summary, complexation of the compounds
involved delayed the browning process.

CONCLUSIONS

The content of TP, vitamin C, antioxidant activity and
colour of roast preserved peppers decreased with stor-
age time and temperature.

The addition of 1% b-CDs to the covering liquid
of roast preserved peppers had a significant protect-
ive effect on the phenolic compounds and vitamin C con-
tent, the antioxidant activity and colour of the product.

The evaluation of the instrumental colour parameters
demonstrated higher stability of the colour indices when
b-CDs were included into the covering liquid. The colour
changes were in line with those observed for total phen-
olics and confirmed a higher suitability to storage at room
temperature of roast preserved peppers with 1% b-CDs.

Complexation of the compounds involved delayed
the browning process. Therefore, the addition of
b-CDs may be useful for the application as natural
additives in foods.
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Álvarez-Parrilla E, La Rosa AD, Amarowicz R and Shahidi

F. (2010). Antioxidant activity of fresh and processed

Jalapeño and serrano peppers. Journal of Agriculture and

Food Chemistry 59: 163–173.
Arnao MB, Cano A and Acosta M. (1998). La actividad

antioxidante total de zumos de cı́tricos como factor de

calidad del producto. Levante Agrı́cola 1: 60–65.
Asami DK, Hong YJ, Barret DM and Mitchell AE. (2003).

Comparison of the total phenolic and ascorbic acid con-

tent of freeze-dried and air-dried marionberry, strawberry,

and corn grown using conventional, organic, and sustain-

able agricultural practices. Journal of Agricultural and

Food Chemistry 51(5): 1237–1241.
Blasco R, Esteve MJ, Frı́gola A and Rodrigo M. (2004).

Ascorbic acid degradation kinetics in mushrooms in a

high-temperature short-time process controlled by a ther-

moresistometer. Lebensmittel-Wissenschaft Technologie

37(2): 171–175.
Bower JA and Baxter IA. (2000). Consumer perception of the

nature and quality of home-made and commercial dairy

ice cream. British Food Journal 102(11): 821–837.
Casquero PA, Sanz MA and Guerra M. (2010). Effect of

storage conditions on sensory properties of Bierzo roasted

pepper. Journal of Science and Food Agricultural 80: 90(1):

80–84.
Chuah AM, Lee YC, Yamaguchi T, Takamura H, Yin LJ,

Matoba T, et al. (2008). Effect of cooking on the antioxi-

dant properties of coloured peppers. Food Chemistry

111(1): 20–28.
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Núñez-Delicado E. (2008b). Encapsulation of quercetin

and myricetin in cyclodextrins at acidic pH. Journal of
Agricultural and Food Chemistry 56(1): 255–259.

Mcrae M. (2006). The efficacy of vitamin C supplementation

on reducing total serum cholesterol in human subjects: a
review and analysis of 51 experimental trials. Journal of
Chiropractic Medicine 5(1): 2–12.

Marı́n A, Ferreres F, Tomas-Barberan FA and Gil MI.
(2004). Characterization and quantification of antioxidant
constituents of sweet pepper (Capsicum annum L). Journal
of Agriculture and Food Chemistry 52(12): 3861–3869.

Mercader-Ros MT, Lucas-Abellán C, Fortea MI, Gabaldón
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Núñez-Delicado E, Sánchez-Ferrer A and Garcı́a-Carmona

F. (1997). Cyclodextrins as secondary antioxidants:
Synergism with Ascorbic Acid. Journal of Agricultural

and Food Chemistry 45(8): 2830–2835.
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López-Nicolás M. (2005). Polyphenol oxidase from dom-

inga table grape. Journal of Agricultural and Food
Chemistry 53(15): 6087–6093.
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