Impregnation Solution Influence on the Pulp Color of Plantains (Musa paradisiaca)

Influencia de Soluciones de Impregnacion en el Color de la Pulpa de Platano (Musa paradisiaca)
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Abstract. The influence of antioxidant (sodium metabisulphite
Na,5,0, and ascorbic acid CH,0,) and acidulant (citric acid
C,H,0,) solutions on the color of vacuum impregnated green
plantain pulp (GPP), stored (0, 3, 6, 9, 12 and 15 days; 4,
20 and 30 °C) and vacuum packed (VP) or packed without
vacuuming (WV), was evaluated. The color was determined by
the CIE-L*a*b* coordinates, where the lightness (L*) was the
most important parameter for browning control (L*critical=70).
Component concentrations in the impregnation solutions were
established to achieve levels of sodium benzoate (1,000 mg),
EDTA (75 mg) and sulphites (500, 1,000 y 1,500 mg), per kg
of fresh GPP; and ascorbic acid (60, 90 and 120 mg) and citric
acid (100, 150 and 250 mg), per 100 g of fresh GPP. Significant
differences were seen (P<0.05) in L* regarding time and
treatment, in which the temperature of 4 °C was the most
adequate. Treatments with L*>L*critical for 15 days were:
sodium metabisulphite (500 mg/kg of GPB, WV and 0 mg/kg of
GPPB, VP), ascorbic acid (90 mg/100 g of GPE WV and 60 mg/100 g of
GPP, VP), citric acid (100 mg/100 g of GPB, VP) and for the mixture
of ascorbic acid (90 mg): citric acid (100 mg)/100 g of GPP, VP,
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Resumen. Se evalud la influencia de soluciones antioxidantes|
(metabisulfito de sodio Na,S,0, y dcido ascorbico C;H,0,) V|
acidulantes (dcido citrico CH,0,) sobre el color de la pulpa de|
platano verde (PPV) impregnadas al vacio, almacenadas (0, 3,
6,9 12y 15dias; 4, 20 y 30 °C) y empacadas con vacio (CV) y|
sin vacio (SV). El color se determiné mediante las coordenadas
CIE-L*a*b*, siendo la luminosidad (L*) el parametro de mayor]
importancia para el control del pardeamiento (L*critico=70).
Las concentraciones de los componentes en las soluciones de
impregnacion se fijaron para obtener en la PPV impregnado
niveles de benzoato de sodio (1000 mg), EDTA (75 mg) VY|
sulfitos (500, 1.000 y 1.500 mg), por kg de PPV fresco; y de|
dacido ascorbico (60, 90 y 120 mg) y dcido citrico (100, 150 y|
250 mg), por 100 g de PPV fresco. Se presentaron diferencias|
significativas (P<0,05) en L* con respecto al tratamiento y el
tiempo, siendo la temperatura de 4 °C la mds adecuada. Los
tratamientos que cumplieron durante 15 dias que L*>L*critico
fueron: metabisulfito de sodio (500 mg/kg PPV, SV y 0 mg/kg,
CV), acido ascorbico (90 mg/100 g PPV, SV y 60 mg/100 g PPV,
CV), dcido citrico (100 mg/100 g PPV, CV) y para la mezcla
dacido ascorbico (90 mg): acido citrico (100 mg)/100 g PPV, a
condiciones de empacado CV.

Palabras clave: Luminosidad, sulfitos, acido ascorbico, acido
citrico.

The plantain (Musa paradisiaca), belonging to the
Musaceae family, is a pleasant-tasting fruit, highly
caloric (85 Kcal/100 g), rich in carbohydrates and
low in protein and fat. It is also a source of essential
nutrients such as vitamins A, C, B,, B, and B, and small
amounts of vitamin E; in addition, it provides minerals
such as potassium, magnesium and phosphorus, as
well as malic acid, folic acid and soluble and insoluble
fiber (Hofsommer, 2001).

Colombia is the leading exporter of plantain in the
world with 700,000 t/year; between the years 2007-
2008, there was an increase in exports of 3.53% (in
volume) and 10.18% (in value), from US $38.9 million
to US $42.9 million (Augura, 2009). In Colombia,
the harvest and post-harvest losses in plantain are

estimated at 300,000 t/year, representing a value
close to US $18.500. The causes of these losses
are attributed to the low technology of crops, poor
product handling from the production place to the final
consumer, and include unsuitable harvests (Arrieta et
al., 2006).

Green plantain pulp (GPP) has enzymatic browning
reactions that adversely affect color, sensory
characteristics and overall shelf life of processed
foods (Millan and Roa, 2001). This reaction is started
when monophenolic compounds present in tissues
are hydroxylated in the presence of oxygen to
o-diphenols by involving the enzyme polyphenol oxidase
(PPO). Subsequently, the o-diphenols are oxidized to
o-diquinones to produce melanoidins, compounds
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responsible for browning (Millan and Roa, 2001).
These o-quinones can polymerize and covalently bind
to nucleophilic amino acids to produce the dark brown
or black pigment in fruits and vegetables. The use of
browning inhibitors has been a common method to
prevent darkening of the products. Different authors
have studied browning control for GPP by immersion
processes with ascorbic acid solutions (Pirone et
al, 1998), lysine and glucose (Kwak et al, 2005),
citric acid (Jiang et al, 2004), phosphates (McEvily
et al, 1992) and sodium chloride (Lu et al, 2007)
which have shown a capacity of inhibiting enzymatic
browning (Yang and Shuji, 2000). Other researchers
have studied banana browning control through
treatment with N,O (Palomer et al., 2005), and in the
longan fruit (Dimocarpus longan Lour), with sulfur
dioxide (Jiang et al., 2002).

Sulfur dioxide and its salts are strong inhibitors of
PPO; in Colombia, these compounds are approved by
the Instituto Nacional de Vigilancia de Medicamentos
y Alimentos (INVIMA) at maximum concentrations of
1,500 mg kg, as well as other institutions or food
regulatory centers in other countries. Browning studies
with these antioxidants have proven them effective
for plantain (Tortoe et al, 2009), apple (Eissa et al.,
2006), processed plantains (Jaworska et al., 2004; Li
and Zhao, 2006) and potato (Limbo and Piergiovanni,
2006). However, there are some questions on the use
of sulphites in foods due to possible health effects
(Iyengar and McEvily, 1992; Lee, 2007).

The vacuum impregnation process (VI) has been
described by Fito and Pastor (1994) as a mass transfer
process in a porous solid-liquid system, through a
hydrodynamic mechanism (HDM) action. The VI process
has been applied as a mechanism for homogeneous
incorporation of components into a structure with
the purpose of improving organoleptic aspects, color
control, and texture and as a methodology for obtaining
functional foods (Cortés, 2004).

The objective of this investigation was to evaluate
the influence of impregnating solutions (containing
antioxidants and/or acidulants) on the color of green
plantain pulp (Musa paradisiaca) preserved under
different storage conditions.

MATERIALS AND METHODS

Raw material. The plantain fruits were obtained
from “Los Robles”, a farm located in the municipality
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of San Juan de Uraba (Antioquia, Colombia). Variety
Dominico Harton (export type) plantains were used
in a state of green maturity, which had reached the
highest development in accordance with the variety
to which they belong, and with totality of the green
surface (ICONTEC - NTC 1190). Samples were formed
into a cylindrical shape with a weight of 36.8 =
0.54 g, a diameter of between 30-40 mm and a
length of approximately 50 mm. Each batch of plantain
evaluated corresponded to a bunch of plantains at
different harvest times. Sodium metabisulphite (99%
purity), ascorbic acid (99% purity), citric acid (99%
purity), obtained from Chemicals Laboratories JM, and
ethylenediaminetetraacetic acid (EDTA, 99.1% purity)
from Biopack laboratories were used as components
of the impregnating solutions.

Color. The tests were conducted in a spectrocolorimeter
(X-Rite model SP-64) with an observation window of 4
mm, and illuminant D-65 with a 10° observer angle.
From the reflection spectrum, the color coordinates
CIE L*, a* and b* were obtained; where L* is a
measure of brightness, a* represents green (-) to red
(+) chromaticity, and b* stands for blue (-) to yellow
(+) chromaticity. The color readings were made on
the surface region of the GPP.

Vacuum impregnation process. A batch type
vacuum impregnation device, with a capacity of
10 kg h, designed at the Universidad Nacional de
Colombia, Sede Medellin, was used. The equipment
consists of a stainless steel chamber, a vacuum
pump and an electromechanical system which allows
measuring mass changes in both the sample and
the impregnating liquid, during the process. The
dynamics of the impregnation were established in
terms of the volume fraction of impregnation (m?
impregnated liquid /m3 initial sample) in the vacuum
stage (X,) and the end of the process (X); the
volumetric deformation (y, and y) (m3 impregnated
sample/m? initial sample); and effective porosity (e.)
(m?3 gas/m?3 initial sample). Processing times were 5
min, with a vacuum of 31.4 mm Hg and atmospheric
pressure of 640 mm Hg.

Design of the solutions. The impregnation solutions
(IS) were formulated from a NaCl (1.6%) solution
with the same aw as the GPP (0.993 + 0.001), to
minimize other mechanisms of mass transfer during
the VI process. The concentrations of the components
in the IS were set under the discretion and authority of
the research group on functional foods, and adjusted
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for both Colombian and industrial food additives
regulations. The composition of the IS was determined
with material balances (Cortés, 2004), which allow for
obtaining different levels per kg of fresh GPP: sodium
benzoate (1,000 mg), EDTA (75 mg) and sulphites
(500, 1,000 and 1,500 mg); and per 100 g of fresh
GPP: ascorbic acid (60, 90 and 120 mg) and citric
acid (100, 150 and 250 mg). The mass fractions of the
components in the is were determined with a material
balance in the fruit-impregnation liquid system, with
previous determination of X with the isotonic solution
(Cortés, 2004).

Storage. The samples were stored at temperatures of 4,
20 and 30 °C, control times of 0, 3, 6, 9, 12 and 15 days
and packaged with vacuuming (VP) and without vacuuming
(WV) using plastic, multilayer polyamide-polyethylene bags
(ALICO®) with water vapor (<15 g/m?/24 h/atm,
T =38°C), 0, (60 cc/m?/24 h/atm, T = 23 °C), N, and CO,
barriers.

Experimental design. The experimental design
used for the treatments with sulphites was a factorial
randomized design with three factors: storage

temperature (3 levels: 4, 20 and 30 °C), storage time
(6 levels: 0, 3, 6,9, 12 and 15 days) and treatment (8
levels: control VP and WV, sulphites at 500, 1,000 and
1,500 mg/kg of fresh GPP, VP and WV). All analyses
were executed using Statgraphics Centurium (XV);
the model used was two-way analysis of variance and
the significant factors were analyzed by the multiple
comparison technique “least significant difference
(LSD)”, with a confidence level of 95% and power
of 80%. Three replicates were used per treatment.
The experimental designs used for ascorbic acid and
citric acid were similar to that of sulphites, where the
concentrations used were: 60, 90 and 120 mg per
100 g of GPP, and 100, 150 and 250 mg per 100 g of
GPP, respectively; the most favorable concentrations
were mixed to evaluate synergy in controlling
browning. The readings of the color parameters
were performed in 3 batches, 5 samples/batch and 4
readings/sample, for a total of 60 measurements for
each storage condition. To evaluate the effectiveness
of the treatment, comparison controls corresponding
to fresh GPP samples (without treatment) packaged in
bags (VP and WV) were used. Figure 1 summarizes the
treatments evaluated in this study.

[

~

v
Sulphites Ascorblc acid Citric aC|d
500-1000-1500 (ppm) 60 - 90 - 120 (ppm) 100 - 150 - 250 (ppm)

A 4

Anal <

Compare

L (Ascorbic acid) selected
+
(Citric acid) selected

yze

> Analyze
J

Figure 1. Experimental methodology of the studied treatments for pulp browning control in green plantain.

RESULTS AND DISCUSSION

Table 1 shows the mean values and standard deviations
of the parameters X, X, v, vy, and &, in samples
impregnated with the isotonic solution. X values of the
GPP showed no significant differences with respect to
the form, obtaining values of 9.52 + 1.29, 10.13 £
1.63 and 9.80 + 1.27 for whole plantain pulp, trunk
and sliced, respectively. These values are higher
than those recorded for the cape gooseberry, 6.60
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+ 1.16 (Marin, 2009; Restrepo et al, 2009), and the
strawberry, 1.5 £ 0.3 (Restrepo, 2008), impregnated
with isotonic solutions; and lower than those obtained
in the mushroom Pleurotus ostreatus, 31.2 +10.7 (Ruiz,
2009). These values indicate that the structure of the
plantain is sufficiently suitable for the incorporation of
physiologically active compounds, because the matrix
with the green physiological state provides intercellular
spaces with air content and soluble compounds that
facilitate the hydrodynamic mechanism (HDM) action
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in the VI process; these results validate the positive
value obtained from €& (16.72 + 1.49 cm?® gas/cm?
GPP), representing the internal volume available for the
incorporation of the isotonic solution.

Negative values of X, ¥ and v, in the vacuum stage
indicate the native liquid outlet from the plantain
inner structure, generating a volumetric contraction

Cortés, M.; Davila, R.M.; Gil, J.H.

for all forms, except for v,, which presented positive
values for the cylindrical and whole plantain forms,
where there was a response to the deformation effect.
Negative values of Y represent an overall contraction
in the structure which is unable to recover its initial
condition as a result of the coupling between the
hydrodynamic mechanism and the strain-relaxation
phenomenon.

Table 1. VI Parameters of GPP impregnated with an isotonic solution.

Form ¢ (mm) L (mm) X X, b Y, £,
W 30 - 40 310 9.71+1.29 -1.19+1.15 -4.95+1.30 1.41+1.86 15.62+1.59
¢
L
(:OI“’ 30 - 40 50 10.13+1.63 -0.29+1.37 -7.16+3.61 1.70+3.29 18.43+5.15
L
) 30 - 40 5 9.80+1.27 -2.24+1.37 -5.47+1.83 -1.22+3.25 16.12+2.16
o}

Figure 2 shows the mean values, with LSD intervals
(95%), of L*, a* and b* for the GPP impregnated
with different concentrations of sulphites ([S,0,7]),
and references the controls during storage. A
preliminary evaluation of the color of fresh GPP
during storage defined a critical L* value of 70 as a
minimal commercial acceptance criterion (Davila,
2010). For all temperatures, the ANOVA showed
significant differences (P<0.05) in L*, a* and b* with
respect to time and treatment factors. In all cases, low
coefficients of variability were observed, reflecting good
reproducibility of the data for each storage condition.

S,0.= treatments and control, both at 4 °C and VP,
showed values of L* in the range of 72-80 (> L* ),
achieving acceptable color for the maximum storage
time (15 days); whereas, in the control sample
(WV) the L* . Was obtained on day 6. At 20 and
30 °C, the same phenomenon was observed as that
at 4 °C. However, the maximum time of acceptance
was on day 9 (maximum time without the presence
of fungal spores such as Aspergillus sp., Fusarium,
and Rhizopus sp., which grow on the surface under
low partial pressures of O, and yeasts such as
Sacharomices sp. and Candida sp. in anaerobic
conditions; these mesophilic microorganisms have
amylolytic characteristics, facilitating their proliferation
in this type of food matrix). The results show that at
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1,000 and 1,500 mg S,0.= kg there is an increase
of L*, which is attributed to the bleaching properties
of sulphites, which act as reducing agents, converting
quinones to diphenols (Li-Qin et al., 2009).

The parameters a* and b*, at storage conditions of
4, 20 and 30 °C, were located in the a* b* chromatic
plane with two distinct groups: samples treated with
S,0:= and control samples. In all cases, the control
samples remained in the gray area, due to color
changes produced by enzymatic oxidation reactions in
storage. At 4 °C, the samples of the first group moved
from the yellow area = (a*, b*: 12, 37) to the limit
of yellow, gray and red = (a*, b*: 16, 34), because
the matrices contain antioxidant compounds and
low temperatures that slow enzymatic degradation
processes, keeping these storage conditions in the
yellow zone. At 20 °C, samples moved from the yellow
area = (a*, b*: 12, 38) to the limit of yellow and
gray = (a*, b*: 9, 32), because when temperature
increases, enzymes are activated, leading to a change
in the parameters a* and b* in the gray area; and
at 30 °C, from the yellow area, = a*, b*: 12, 37 to
= a*, b*: 16, 34, the samples retained the tendency
to remain in the yellow zone until the ninth day of
storage. However, samples impregnated with S,0¢
(500 mg kg*, VP and 30 °C) showed a tendency for
displacement to the gray zone = (a*, b*: 10, 25).
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Figure 2. Evolution of L*, a* and b* in GPP stored at 4, 20 and 30 °C in function of treatment ([S,0.~]- packing)

and storage time.

The food matrix, exposed to high temperatures and
microbial activation, probably suffers degradation
processes in tissues, leading to changes in color to
the gray area, which are imperceptible to the human
eye, recording a critical L* (70) at 9 days in storage.

The more effective results for the control of enzymatic
browning using sodium metabisulphite were: 500
WV and 0 VP at 4 °C. However, selection of these will
depend on operating costs and the effect on other
quality attributes.

Figure 3 shows the mean values, with LSD intervals
(95%), of L*, a* and b* for the impregnated GPP
with different concentrations of ascorbic acid.
For both temperatures (4 and 20 °C), the ANOVA
showed significant differences (P<0.05) in L*, a*
and b* with respect to time and treatment factors;
however, coefficients of variation remained low in
each trend of the evaluated parameters, leading to
color changes in the tissues of the GPP as a result
of enzymatic reactions, which were only slightly
appreciable by the visual sensory method and the
instrumental method with extensive assessment
scales.
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At 4 °C, L* showed two behaviors: first, where L*
> L* ., remained during the 15 days of storage,
which corresponded to all treatments with ascorbic
acid and VP, and additionally 90 WV; second, where
L* > L* .. lasted until approximately 7 d (samples
WV 60 and WV 120). Ascorbic acid, in storage
conditions, can be lixiviated when the contact surface
of sliced food is higher, thus increasing the sensitivity
to oxidation reactions by PPO, where ascorbate
becomes dehydroascorbate (less stable compound)
and transformed by hydrolysis to 2,3-diketogulonic
acid, which is devoid of antioxidant properties
(Robinson et al, 1991). At 20 °C, all treatments
with VP showed values of L* > L*_.. ., until day 9
(maximum time without the presence of fungi, yeast,
and anaerobic bacterial agents such as Clostridium
sp., which participate in starch degradation), and WV
packaging treatments had values of L* > L* ..., until
approximately day 5.

At 4 °C, the chromaticity (a*) tends to increase over
time, except in 90 WV which decreased slightly from
11 to 10. Meanwhile, the b* chromaticity fluctuated
in the range of 31 to 37, except for 120 WV which
decreased from 34 to 25. These variations in the
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chromatic plane (a* b*) identified a displacement
from the yellow areas to the limits of yellow and red
areas; and, in the case of treatment 60 WV, from the
yellow zone to the limit of the yellow, gray and red
areas. However, these displacements, although not
seen in a large area of the chromatic plane, are due to
the browning effect on the structure during storage.
At 20 °C, the position in the chromatic plane (a* b*)
changed from the yellow zone (8-11, a*; 34-36, b*)

4 oC Ascorbic acid

85 |

80 |
75; —m T 3 =
70 | - = i
L* 65 | - L*
60 | i
55 |
50 |
0 3 6 9 12 15
20 |
§ -+
16 | .~ .
I - D
12 | oy 2 . » :
e - LS .
ak ! —— 1‘ - , . x a*
8 | - -
4|
o
0 3 6 9 12 15
40
[ I i
35 '_ L, N E::
ol i
b* 30 | i b*
25 |
i
20 |
0 3 6 9 12 15
Time (days)

Figure 3. Evolution of L*, a* and b* in GPP stored
(mg)/100 g of GPP - packing) and storage time.

Figure 4 shows the mean values, with LSD intervals
(95%), of L*, a* and b* for the GPP impregnated
with different concentrations of citric acid. For both
temperatures (4 and 20 °C), the ANOVA showed
statistically significant differences (P<0.05) in L*, a*
and b* with respect to time and treatment factors,
with low coefficients of variation.
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to the limits of yellow and gray areas in the ranges of
5-11 (a*) and 24-33 (b*).

The results obtained with ascorbic acid indicate that
treatments 90 WV and 60 VP at 4 °C were the most
effective for the control of enzymatic browning, and
their selection depends on the balance of the costs
of operation and the effect of treatments on other
quality attributes.

20 °C Ascorbic acid

g5 | 1 Treatments

80 | i = 23:,’\/"\/
i - s

75k = -*--H' e 4 90 VP

70 | =gt : 90 WV

o | +— . 10w
f -3 T 1owp
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55 F

50 |
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20 |

16 |
| | —= sovp
12 | 1 = 90 WV
[ & ] — 120VP
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I
i
&
f
i
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. 60VP
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| S ; }

+ LTt = — A

- = | ... 120vP

- 120 WP

40 |

30 | *
25 | gy
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Time (days)

at 4 and 20 °C in function of treatment (ascorbic acid

In treatments with citric acid, L* similarly defined
two groups at both temperatures. At 4 °C, a group
consisted of VP samples with values of L* > L* ...,
until the last day of the study (15 days), which
tended to decrease; and a second group, for WV
samples with values of L* < L*_,.., until days 3, 6
and 7 at concentrations of 100, 250 and 150 (mg
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ascorbic acid/100 g of GPP), respectively. At 20 °C,
VP samples reached the limits of L* > L*_ . on
day 9 (maximum study time without the presence
of fungi and yeasts); and WV samples reached
maximum commercial acceptance at 3 d (100 and
150 mg ascorbic acid/100 g of GPP) and 5 d (250
mg ascorbic acid/100 g of GPP).

At temperatures of 4 and 20 °C, changes in the a* b*
chromatic plane were similar, maintaining a* in the

4 oC Citric acid
85 | |
80 | |
: {
75 | T % lf——T——F : i
70 | Ay - 3 - 3 !
L* 65 | Ty oL
60 | |
55 | |
50 ! i
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16 |
12
a* g [ s - = a*
L e
4 [
0}
0 3 6 9 12 15
40 |
35 |
b* ; 4 b*
30 f "': . :I__ .
;
' 3
25 [ tH --.__‘_\H:\‘_ i
b _1_— "__"
20 |
0 3 6 9 12 15
Time (days)

85:.
80 |
75
70}
65 ¢
60 |

range 7-10 during storage, while b* changed from 30-32
to 22-27. This situation is due to slight changes in the
matrix structure of the plantain, which decreased from
the limits of the yellow-gray to gray area. The results
obtained with citric acid indicate that the treatment
100 VP at 4 °C was the most effective at controlling
enzymatic browning.

Figure 5 shows the mean values, with LSD intervals
(95%), of the color parameters L*, a and b* for

20 ©°C Citric acid

_ Treatments
.. 100 vp
.. 100 WV
« 150 VP
- 150 WV
= 250 VP
= 250 WP

fa

—s ey

55|
50
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20

16}
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30 |
25

20 |
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100 WV
«- 150 VP
== 150 wv
= 250 VP
= 250 WP

Treatments

- 100 VP
- 100 WV
« 150 VP
- 150 WV
= 250 VP
= 250 WP

3 6
Time (days)

Figure 4. Evolution of L*, a* and b* in GPP stored at 4 and 20 °C in function of treatment (citric acid (mg)/100

g of GPP - packing) and storage time.

the GPP impregnated with a mixture of ascorbic
acid (90 mg): citric acid (100 mg)/100 g of
GPP, stored at 4 and 20 °C and VP and WV. The
ANOVA showed, for both temperatures, statistical
differences (P<0.05) in L*, a* and b* with respect
to time and treatment factors, except for the

Rev. Fac. Nac. Agron. Medellin 66(1): 6949-6958. 2013

parameter b* at 20 °C; however, the coefficients of
variability were low.

Under VP and WV conditions, at 4 °C, it was found

that L* > L* ;. lasted until 15 and 11 d, respectively;
whereas at 20 °C, L> L* ., lasted until 9 and 6 d,
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respectively. As in previous treatments, at 20 °C, the
maximum time without observing the presence of
fungi and yeasts was 9 days. Chromaticity a* did not
present significant changes, keeping between 12-13
(4 °C) and 10-13 (20 ©C). For the b* parameter,
changes in both temperature values ranged from 24
to 27. In the a* b* chromatic plane, the displacement
of the samples at 4 and 20 °C ranged from the limit
of the yellow and gray area to the gray area.
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The interactions between these compounds
points to an antagonistic effect only under the WV
conditions, reducing the commercial acceptance
time from 15 days (treatment achieved with ascorbic
acid (90 mg)/100 g of GPP) to 11 days (achieved with
the mixture of acids). The results obtained with the
mixture indicated that the most effective treatment
for the control of enzymatic browning is the VP
condition.
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Figure 5. Evolution of L*, a* and b* in GPP stored at 4 and 20 °C and impregnated with the mixed treatment
(ascorbic acid (90 mg): citric acid (100 mg)/100 g of GPP) in function of storage time and packaging.

CONCLUSIONS

The color parameters CIE L* a* b* are of greater
importance for browning control in GPP as
represented by the lightness (L*). Values of L*>
L* s =70, which are considered as commercially
acceptable.

The best treatments for controlling browning were
obtained under storage conditions of 4 °C and VP.
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Individual treatments that fulfilled the criterion
of L*,.w during 15 days of storage were: sodium
metabisulphite (500 WV and 0 VP), ascorbic acid (90
WV and 60 VP) and citric acid (100 VP).

The mixture of ascorbic acid (90 mg): citric acid (100
mg)/100 g of GPP fulfilled the acceptance criterion
(L*> L* e = 70) in VP conditions for 15 days; while
under WV conditions, an antagonistic effect was
observed, limiting the acceptance time to 11 days.
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