POSTHARVEST PHYSIOLOGY AND TECHNOLOGY

Lipophilic antioxidant activity of guava fruit varieties Palmira ICA I,
Regional Roja and Regional Blanca in four ripening stages

Actividad antioxidante lipofilica de guayaba variedades Palmira ICA I,
Regional Roja y Regional Blanca en cuatro estados de maduracion
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ABSTRACT

We determined the lipophilic antioxidant activity and 3-carotene
content with HPLC-UV in guava fruit Psidium guajava L.) va-
rieties Palmira ICA I, Regional Roja and Regional Blanca in
the ripening stages: green, semi-ripe, mature and senescent.
It was established that the B-carotene content and lipophilic
antioxidant activity increased during the ripening process up
to the climacteric maximum and decreased during senescence;
lipophilic antioxidant activity being higher in the varieties
Palmira ICA I (13.06 pmol a.-tocopherol/g fruit) and regional
roja (14.08 umol o-tocopherol/g fruit) and lower in the re-
gional blanca variety (7.04 umol a-tocopherol/g fruit), while
B-carotene content was highest in the regional roja variety
(85.26 Eq. retinol/100 g fruit) followed by the varieties Palmira
ICA1(10.53 Eq. retinol/100 g fruit) and regional blanca (5.78
Eq. retinol/100 g fruit). The best correlation between lipophilic
antioxidant activity and B-carotene content was observed in
the ‘regional roja’ (r* = 0.830), while the varieties Palmira ICA
I and regional blanca showed no correlation.

Key words: Psidium guajava L., B-carotene, postharvest,
regional varieties.

Se determind la actividad antioxidante lipofilica y el contenido
de B-caroteno por HPLC-UV en frutos de guayaba (Psidium
guajava L.) variedades Palmira ICA [, regional roja y regional
blanca en los estados de maduracion verde, pintén, maduro
y senescente. Se establecié que el contenido de B-caroteno y
la actividad antioxidante lipofilica aumentaron durante el
proceso de maduracién hasta el maximo climatérico y dis-
minuyd durante la etapa de senescencia, siendo la actividad
antioxidante lipofilica mayor en las variedades Palmira ICA
I (13,06 pmol a-tocoferol/g fruta) y regional roja (14,08 pmol
o-tocoferol/g fruta) y menor en la variedad regional blanca
(7,04 pmol a-tocoferol / g fruta), mientras que el contenido de
B-caroteno fue mayor en la variedad regional roja (85,26 Eq.
retinol/100 g fruta), seguido de las variedades Palmira ICA
I (10,53 Eq. retinol/100 g fruta) y regional blanca (5,78 Eq.
retinol/100 g fruta). La mejor correlacién obtenida entre la
actividad antioxidante lipofilica y el contenido de B-caroteno
fue observada en ‘regional roja’ (r*= 0,830), mientras que en
las variedades Palmira ICA Iy regional blanca no se observo
ninguna correlacion.

Palabras clave: Psidium guajava L., B-caroteno, poscosecha,
vaiedades regionales.

Introduction

Guava (Psidium guajava L.) is a fruit from countries located
in the tropics and subtropics and is attributed with a large
number of functional properties such as antioxidant, anti-
diarrheal, anti-malarial, anti-cancer, anti-inflammatory
and others (Pérez-Gutiérrez et al., 2008). Guava is a cli-
macteric fruit, having high levels of ascorbic acid, poly-
phenolics, carotenoids, pectin, carbohydrates and some
minerals (EI-Bulk et al., 1997). It is well known that the
guava fruit contains a very high antioxidant potential and
has a great ability to prevent diseases associated with oxida-
tive stress. p-carotene is the most common carotenoid with
lipophilic antioxidant activity and pro-vitamin A activity
(Alquezar et al., 2008). The lipophilic antioxidant activity
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of B-carotene has been associated with the ability to induce
protection against ionizing radiation, a singlet oxygen
neutralizing capacity and a peroxyl radicals neutralization
capacity (Miller et al., 1996).

The benefits that have been associated with vitamin A in-
clude: intervention in the processes of bone and soft tissue
and mucous membrane formation, antioxidant activity,
pigment generation necessary for the functioning of the
retina such as retinoic acid, reduction of the risk of chronic
diseases such as cardiovascular diseases, cancer and dia-
betes and participation in the processes of reproduction
and lactation (Burri, 1997). This research aimed to study
the behavior of f-carotene during the maturation process
and its relation to the lipophilic antioxidant activity of
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the guava fruit varieties Palmira ICA I, regional roja and
regional blanca.

Materials and methods

Plant material

Guava fruit varieties Palmira ICA I, regional roja and
regional blanca were used in the ripening states: green,
semi-ripe, mature and senescent. These stages of maturity
were initially selected for their color; where the green stage
hasa 100% green color, the semi-ripe stage hasa 50% green
and 50% yellow color, the mature stage has a 100% yellow
color and the senescent stage has a 100% ocher color, cha-
racterized by enzymatic browning. The fruits of the Palmira
ICA I variety were purchased in the town of Puente Na-
cional (1,625 m a.s.l. average temperature of 19°C) and the
varieties regional roja and regional blanca were acquired
in the municipality of Barbosa (1,610 m a.s.l. and average
temperature of 21°C), located in the Velez province of the
Santander department, Colombia. All fruits were collected
in the month of January (precipitation of 137.6 mm/month).

Physicochemical characterization of the maturity stages

In order to characterize the maturity stage of the fruits
used, the following determinations were made:

Respiratory intensity: Respiratory intensity was measured
according to the amount of O, consumed by a pre-weighed
fruit (n=9) for 1 h during storage in a 1 L hermetic cham-
ber. The translocation was carried out during the day with
an average temperature of 19°C. Measurement of O, uptake
was performed using a selective electrochemical O, sensor
02-BTA Vernier of 0 to 27 ppt coupled to a Texas Instru-
ment TT 83 Plus calculator. The results were expressed as
mg O,/kg fruit per hour.

Maturity index: The maturity index was calculated as the
ratio of soluble solids and titratable acidity (°Brix /% citric
acid). Soluble solids were measured using a Atago 8382
manual sucrose refractometer and expressed as °Brix at a
temperature of 18°C. Titratable acidity was measured by
titration with a standard solution of 0.05 M sodium hy-
droxide with about 1 g of sample until the phenolphthalein
endpoint. The titratable acidity was expressed as %w/w of
citric acid because it constitutes the majority of organic
acid of guava fruits (Wilson et al., 1982).

Color: The color measurement was taken using a Minolta
CR-300 reflectance colorimeter with a Clight source. Nine
replications were performed on three fruits of the same
maturity stage (n = 27). The color measurement was taken
in the epicarp and the mesocarp of the fruit. In the epicarp,
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the measurement was taken directly on the fruit surface
whereas in the mesocarp, the color measurement was done
using a cut parallel to the equatorial axis of the fruit, avoid-
ing the seeds. The results were expressed with the Color
Index for Red Grapes (CIRG), defined as CIRG = (180 - h
)/ (L*+ C*), where h * corresponds to the hue, L * to
luminosity and C * to chroma value (Carreio et al., 1995).

Firmness: The compression force profiles were measured
with a TA XT PLUS texturometer (Stable Micro Systems,
New York, NY). There were nine replications with three
fruits of the same maturity stage (n = 27). We used a stain-
less steel probe P/2 of 2 mm diameter. The piston speed be-
fore the compression test was 1 mm/s, during the test, it was
0.2 mm/s, and after the test, it was 10 mm/s. The piston pen-
etration distance was 15 mm with a trigger force of 100 g.
The compression force for the epicarp and the mesocarp
was expressed as kilograms force (kgf).

Determination of B-carotene with HPLC-UV

Extraction of B-carotene was performed with the procedure
established by Bueno (1997). Approximately 5 g of fruit
(edible part of the fruit excluding seeds) was added to 10 mL
of acetone with 1% BHT and agitated for 24 h at 4°C under
dark conditions and centrifuged at 5,550 g, and 4°C for 15
min. The supernatant was filtered with a 0.45 um Target®
PVDF filter and injected into the chromatograph. The fine-
tuning of the RP-HPLC-UV methodology for the detection
and quantification of p-carotene was performed with the
procedure established by Gartner and Restrepo (1997). The
parameters were determination of the linearity interval,
correlation coefficient and confidence limits, sensitivity
(limit of detection and quantification), precision (coefficient
of variation and confidence limits) and accuracy (relative
error and percentage recovery ). The calibration curve was
performed in triplicate (n = 3), while for the determination
of accuracy and precision of the standard and the sample,
five injections were performed (n = 5). We used a Shimadzu
LC-20AT high efficiency liquid chromatograph witha UV /
VIS SPD-20A detector. The chromatographic method used
was a reversed-phase method with the following chroma-
tographic conditions: RP-18 column of 150 mm x 4 mm x
5 um, isocratic elution with a mobile phase of acetonitrile-
dichloromethane 75:25% v/v with 1% BHT, flow of 0.5 mL
min”, UV / VIS detector at 450 nm, injection loop of 20 uL
and run time of 13 min (Xu et al., 2006). The calibration
curve was performed using a 95% I SIGMA type -carotene
chromatographic pattern at concentrations between 0.24
and 60.56 equivalents of retinol mL (Eq. retinol/mL).
B-carotene was expressed as equivalents of retinol/100 g
of fruit (Eq. retinol/100 g fruit). The measurements of the
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samples were performed in triplicate in three fruits of the
same maturity stage (n = 9).

Measurement of lipophilic antioxidant activity

Lipophilic antioxidant activity was determined with
the B-carotene bleaching method (Velioglu et al., 1998).
Approximately 0.2 g of sample (edible part of the fruit of
guava excluding seeds) was added to 4 mL of an extractant
solution (HCI-methanol-water 80:19:1%) and agitated at
room temperature at 200 rpm in a vortex for 120 min and
centrifuged at 5,550 g, and 4°C for 10 min. The superna-
tant was stored at -20°C under dark conditions during the
analysis, for which 500 mL of a B-carotene solution was
taken in chloroform at 0.4 mg mL" and the chloroform
was evaporated at room temperature. 20 mL of linoleic
acid, 200 m L of Tween”-20 and 200 mL of an antioxidant
compounds extract were added, followed by 50 mL of deio-
nized water saturated with oxygen by bubbling air, and it
was incubated at 50°C for 2 h. Absorbance was read at 470
nm for 2 h every 10 min. The sample (extract), a target (ex-
traction solution) and a standard of a-tocopherol 50 ug mL™"
were measured. The lipophilic antioxidant activity was
expressed as pg a-tocopherol/g fruit. The measurements
were performed in triplicate on three samples of fruit with
the same maturity stage (n = 9).

Data analysis

The average was used as a measure of centralization and
standard deviation was used as a measure of dispersion.
To determine significant differences between the measu-
red response variables for each of the maturity stages and
for each of the analyzed guava varieties, we performed an
analysis of variance (ANOVA) of two factors with mul-
tiple samples per group including a Fisher LSD multiple

comparison test (Least Significant Difference) with a sig-
nificance level of P<0.05.

Results and discussion

Physicochemical characterization of the maturity stages

The physicochemical characterization of the maturity
stages of the guava fruits was performed as a control of
the maturation process, in order to ensure that the fruits
did not suffer metabolic disorders associated with physical
damage and that the lipophilic antioxidant activity and the
B-carotene concentration during the maturation process
corresponded to changes of metabolic alterations of normal
fruit development and ripening and were not generated by
responses to stress associated with metabolic alterations
due to physiological damage (Nerd and Mizrahi, 1999). The
parameter most commonly used as a control of the ripening
process in fruit is the maturity index. It was found (Fig. 1)
that with increases in the maturity stage of the guava fruit
varieties Palmira ICA, regional roja and regional blanca,
from the green stage through semi-ripe and ripe stages,
until the senescent stage, the maturity index increases
progressively, allowing the maturity index to be used as a
Physicochemical parameter control of the fruit maturity
stage. The maturity index will be used hereafter to charac-
terize the maturity stage of the three guava fruit varieties.

Due to the progressive increase in soluble solids, resulting
from the hydrolytic degradation of carbohydrate polymers
such as pectin and starch and the appearance of soluble
monosaccharides such as glucose and galacturonic acid
and the titratable acidity reduction caused by the metabo-
lism of organic acids, the maturity index can be used as a
physicochemical parameter control of the maturity stage
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FIGURE 1. Maturity index behavior during fruit ripening of the guava varieties Palmira ICA I, regional roja and regional blanca. Average measurements
(n = 9)=SD. Different letters indicate significant differences between the maturity stages, calculated with Fisher’s least significant difference test

(P<0.05).
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of the guava fruit since both soluble solids and titratable
acidity are chemical parameters characteristic of the nor-
mal metabolism of the fruits, because they represent the
metabolic processes of the major substrates involved in the
process of obtaining energy from the fruit during matura-
tion (Saradhuldhat and Paull, 2007). This behavior of the
maturity index in guava fruit has been reported by El-Bulk
et al. (1997), Mercado-Silva et al. (1998) and Bashir et al.
(2003), and other fruits such as melon (Villanueva et al.,
2004), pitaya (Nerd and Mizrahi, 1999), banana (Palomar
et al., 2005), pineapple (Saradhuldhat and Paull, 2007) and
mango (Montalvo et al., 2007).

Since the climacteric respiratory pattern of the guava fruit
is well known (Bashir et al., 2003), this physicochemical
parameter can also be used as a suitable process control of
fruit ripening. In guava fruits of the three varieties (Fig. 2),
it was found that with the increasing maturity of the fruit,
the respiratory rate of the three varieties of guava increased
to the climacteric maximum in the maturity stage of the
fruit, where the best sensory characteristics are found, and
decreased during the senescent phase of the fruits. It was
observed that the guava variety Palmira ICA I showed the
highest respiration intensity throughout the maturation
process, followed by regional roja, while the lowest respira-
tion intensity was in regional blanca.

The relationship between respiration intensity and fruit
ripening and senescence has been widely studied by El-
Buluk et al. (1995), Mercado-Silva et al. (1998), Bashir et
al. (2003), Bassetto et al. (2005) and Singh and Pal (2008),
while climacteric behavior in other fruits has been found
to be: in mango 19.73 mg O,/kg fruit per hour (Ravindra

and Goswami, 2008), tomato (21 mg O,/kg fruit per hour),
apple (28.4 mg O,/kg fruit per hour), strawberry (18.0 mg
O,/kg fruit per hour) and blackberry (21.0 mg O,/kg fruit
per hour) (Fonseca et al., 2002).

Because the metabolic processes associated with the
degradation of carbohydrates responsible for the struc-
tural conformation of the cellular wall such as pectic
substances, starch and cellulose, and the appearance of
soluble carbohydrates, the fruits suffer enzymatic soften-
ing during ripening (Ali et al., 2004). Fig. 3 shows that as
the guava fruit matures, both the firmness of the epicarp
and of the mesocarp decrease; the decrease being higher
in mesocarp firmness than in the epicarp, probably due to
its high content of pectin, starch, cellulose and other poly-
saccharides responsible for the structural conformation
of the cell wall (Duan et al., 2008). In the epicarp of the
guava fruit variety regional roja, a significant change in
firmness during the ripening process was not seen, being
the least firm variety. In the epicarp of the guava variety
regional blanca, we observed no significant difference in
the firmness of the green or semi-ripe stages, while the
mature and senescent stages showed a significant decrease
in firmness, while the variety Palmira ICA I presented
a significant decrease between the green stage and the
semi-ripe stage, and remained constant for the mature
and senescent stages (Fig. 3a), suggesting that the guava
variety Palmira ICA I is more resistant to softening than
the regional roja and regional blanca varieties.

In Fig. 3b, one can see that the behavior of mesocarp firm-
ness of the fruit of the three guava varieties behaved in
the same way as in the epicarp, but that values are lower
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FIGURE 2. Behavior of respiratory intensity during fruit ripening of the guava varieties Palmira ICA I, regional roja and regional blanca. Average
measurements (n = 9)=sp. Different letters indicate significant differences between the maturity stages, calculated with Fisher’s least significant

difference test (P<0.05).
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FIGURE 3. Behavior of firmness in the epicarp (a) and mesocarp (b) during fruit ripening of the guava varieties Palmira ICA I, regional roja and regional
blanca. Average measurements (n = 27)=sp. Different letters indicate significant differences between the maturity stages, calculated with Fisher’s

least significant difference test (P<0.05).

in mesocarp firmness than in the epicarp. Since there was
no anomalous behavior in the process of fruit softening,
we can say that the studied guava fruits did not have any
metabolic disorders and had a process of maturation and
senescence characteristic of the guava fruit (Muruyama
et al., 1998).

Chemical and biochemical changes occurring during the
fruit ripening process can be evidenced visually by the color
change in the epicarp and the mesocarp. The color changes
of the fruits may be used as one indicative factor of the
normal maturation process of the guava fruit, and allows
for the correlation of color change with the appearance of
functional characteristics such as antioxidant activity due
to the appearance of carotenoids and anthocyanins. Fig.
4 shows that the index CIRG progressively increases dur-
ing the maturation process in the three varieties of guava,
where the color change in the epicarp (Fig. 4a) is more
significant than the color change in the mesocarp (Fig. 4b ).

It can be seen that in the mesocarp of the guava fruit va-
rieties Palmira ICA I and regional roja, color changes are
more significant than the color change that occurs in the
variety regional blanca while the color change occurring in
the epicarp of the variety Palmira ICA Iis greater than the
color change which occurs in the regional blanca variety,

followed by regional roja. In varieties Palmira ICA I and
regional roja, it was observed that the epicarp of the fruit
was green in the green maturity stage, changing to yellow
in the semi-ripe and mature stages, turning brown in the
senescent stage, which is a color characteristic of the ap-
pearance of melanin due to the enzymatic browning pro-
cess (Quevedo et al., 2009), while the mesocarp was red in
all maturity stages, only increasing in intensity during the
ripening process. The epicarp of the regional blanca variety
was green in the green maturity stage, changing to yellow
in the semi-ripe and mature stages, turning brown in the
senescent stage, while its mesocarp was white throughout
the process of maturation, indicating a low carotenoid
content in this strain. Because there were no strange colors
characteristic of physiological damage and there was only
damage due to senescence in the fruits of the three varieties,
it can be suggested that all the color changes that occurred
in the fruit were due to the fruit maturation process and
none showed the presence of metabolic disorders such as
the appearance of necrotic spots.

Quantification of 3-carotene and
lipophilic antioxidant activity

Analytical methodology was established with HPLC-UV
for reliable quantification of -carotene in guava samples
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FIGURE 4. Color behavior of the (a) epicarp and mesocarp (b) during fruit ripening of the guava varieties Palmira ICA 1, regional roja and regional
blanca. Average measurements (n = 27) 3. Different letters indicate significant differences between the maturity stages, calculated with Fisher’s

least significant difference test (P<0.05).

of the varieties Palmira ICA I, regional roja and regional
blanca. Tab. 1 shows the chromatographic parameters
evaluated for the development of the analytical method-
ology for quantification of B-carotene in the red guava
variety because this variety has the highest concentrations
of B-carotene.

At the upper limit of the linear interval of the curve (18.36
Eq. retinol/mL), precision, accuracy, the recovery rate and
the confidence intervals of the chromatographic system
were established as well as the precision and confidence
intervals of the extraction method of B-carotene for the
regional roja variety because it has the highest contents
of B-carotene.

With the development of the analytical methodology, it can
be established that the linearity interval of the method is
between 1.21 and 18.17 Eq. retinol/mL with a Pearson corre-
lation coefficient (r* = 0.9994), the confidence intervals were
found to be 3.13% for the slope and 45.93% for the intercept,
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TABLE 1. Evaluated chromatographic parameters to determine B-carote-

ne in the regional roja guava variety.

Evaluated Parameter Result
Pattern
Linearity interval 1.21-18.17 Eq. retinol/mL
Correlation coefficient (%) 0.9994
Slope confidence interval 3.13%
Intercept confidence interval 45.93%
Detection limit 0.558 Eq. retinol/mL
Quantification limit 1.106 Eq. retinol/mL
System precision (n=5) 1.86% (2.77%)*
Accuracy (n=5) 96.07%
Recovery 103.93%
Confidence interval 1.78%
Samples

System method precision (n=5)
Confidence interval

5.99% (1.90%)*
5.71%

* Precision acceptance value (Gartner and Restrepo

,1997).

which means that the maximum probability of finding the

values of the slope and intercep

t of the calibration curve
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of the chromatographic method is 96.87% and 54.04%
respectively. The sensitivity found for the method was
0.558 Eq. retinol/mL for the detection limit and 1.106 of
Eq. retinol/mL for the quantification limit. One can see
that the accuracy of the chromatographic system (1.86%)
is below the minimum acceptable precision value of a
HPLC chromatographic method (2.77%), indicating that
the methodology used for the quantification of p-carotene
meets the required analytical requirements of accuracy.
Furthermore, it was estimated that the accuracy of the
method was 96.07%, obtaining B-carotene recoveries of
103.93% with a confidence interval of 1.78%, indicating
that the chromatographic methodology also meets the
required analytical requirements of accuracy. Similarly,
it was determined that the accuracy of the extraction
method for f-carotene in the sample had a precision of
5.99% with a confidence interval of 5.71%, the accuracy
of the extraction method for B-carotene in the sample
was higher than the required minimum acceptable value
(1.90%).

Guavas of the Palmira ICA I and regional blanca variet-
ies have -carotene concentrations close to the detection
limit of the chromatographic method, while the regional
roja variety fruits have higher f-carotene concentrations.
During the ripening process of regional roja fruits, it
was observed that f-carotene content increased until
the mature stage and diminished during the senescence
stage of the fruit, while in the regional blanca and Palmira
ICA I varieties, B-carotene content increases throughout
the entire process of fruit ripening (Fig. 5). The highest
concentration of p-carotene in the guava fruit is found in
the regional roja variety, followed by the Palmira ICA I
variety, and the lowest f-carotene concentration is found
in the regional blanca variety. One can establish that fruits

that had redder colors in the mesocarp (regional roja
and Palmira ICA I varieties) had higher concentrations
of carotenoids than in the regional blanca variety which
was white in the mesocarp during the maturity process.
The results may also suggest that the red mesocarp in
the regional roja variety is mainly due to the presence of
carotenoids, including p-carotene, while the red color in
the Palmira ICA I variety may be associated with other
carotenoid compounds, with lycopene having the highest
concentration (Wilberg and Rodriguez, 1995).

Lipophilic antioxidant activity as measured with the
B-carotene bleaching method showed that the regional
roja and Palmira ICA I varieties had the highest lipo-
philic antioxidant activity, while the lowest antioxidant
activity was observed in the regional blanca variety (Fig.
6). It was also observed that as the maturity increases,
lipophilic antioxidant activity increases until the mature
stage, and decreases during the senescence stage in all
guava varieties.

Due to the similarity between the behaviors of lipophilic
antioxidant activity and B-carotene concentration during
the entire maturation process, linear correlations were
established to determine the contribution of B-carotene
to antioxidant activity of different varieties of guava fruits.
We found that the correlation coeflicient was higher in
the regional roja variety (r* = 0.830), while in the Palmira
ICA1(r*=0.112) and regional blanca (r* = 0.002) varieties
a significant linear correlation was not found. This result
suggests that p-carotene helps the lipophilic antioxidant
activity of the regional roja guava fruit variety, while in the
guava fruit varieties Palmira ICA I and regional blanca,
antioxidant activity may be influenced by other carotenoid
compounds that were observed at higher concentrations in
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FIGURE 5. B-carotene content behavior during fruit ripening of the guava varieties Palmira ICA |, regional roja and regional blanca. Average measure-
ments (n = 9)=sp. Different letters indicate significant differences between the maturity stages, calculated with Fisher’s least significant difference

test (P<0.05).
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difference test (P<0.05).

the chromatographic profiles of the samples (Wilberg and
Rodriguez, 1995).

Conclusions

With this study, it was determined that the increased use
of nutritional and functional properties such as lipophilic
antioxidant activity of guava fruit is in the mature stage
(about 25.96°Brix/% citric acid), where one sees the high-
est B-carotene concentration and lipophilic antioxidant
activity, and that the regional roja and Palmira ICA vari-
eties have lipophilic antioxidant activity that is very high
compared to the regional blanca variety; and furthermore,
that the lipophilic antioxidant activity of the regional
roja variety is strongly influenced by p-carotene content,
whereas in the Palmira ICA I and regional blanca varieties,
lipophilic antioxidant activity may be more influenced by
other carotenoid compounds that were observed in higher
concentrations in the chromatographic profiles.
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