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COLOR DEGRADATION KINETICSOF REHYDRATED
‘BORLOTTO’ BEANSSTORED IN DIFFERENT GAS
ATMOSPHERESASMEASURED BY IMAGE ANALY SIS

Maria Luisa Amodio, Rosaria Cornacchia, Fedele Colantuono, Giancarlo Colélli

1. Introduction

Consumer demand of fresh and/or minimally
processed ready-to-use vegetables is increasing driven
by the lack of time for meal preparation and by the
awareness of their nutritional value. Ready-to-cook
soups made of fresh legume seeds and vegetables,
may represent a suitable response to the basics of
minimally processed foods market. The introduction
of legume seeds in a fresh vegetable mix could be
difficult to achieve, since a longer preparation/cook-
ing time would be required due to their dried state.
For this reason, legume seeds would benefit from pre-
vious re-hydration before mixing with other vegeta-
bles, even though this practice will make the final
product more perishable in terms of sensorial and mi-
crobial quality. Low temperature and modified atmos-
phere within the package (MAP) may be used to pre-
vent spoilage deterioration and quality loss [Watada
1996]. Gas composition with 2-5 % O,, at the recom-
mended storage temperature, reduced the respiration
rate of bean seeds [Saltveit 1997]. Gas compositions
with 3-10 % CO, reduced the discoloration phenome-
na of damaged seeds [Trail 1992], whilst gas compo-
sitions with higher CO, concentrations [20-30 %] can
be used only for short storage periods, otherwise off
odors will be released [Costa 1994]. For ready-to-
cook vegetable soups, gas compositions at equilibri-
um with low O, [3 %] and high CO, [20 %], resulted
effective in reducing the ‘Borlotto’ beans’ metabolic
reactions and preserving their appearance and texture
[Amodio 2006], even though for this kind of product
it is difficult to quantify the color changes, due to the
red areas on the seed husk that influence the measure-
ment with traditional colorimetric systems. Colori-
metric instruments in fact can operate only on flat and
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homogeneous surfaces, and in limited observation
points, giving a measure that is not representative of
the whole product, if the color is not uniform. The
CIE L*a*b* color scale is the most used scale for col-
or references, based on L*, a*, and b* parameters and
their derivative measures [Rossell 2006]. Among the
other color spaces, HSV [Hue, saturation, value] is
one of the most used, and it corresponds to the con-
cepts of tint, amount of color and brightness, respec-
tively [Hanbury 2002].

In alternative for cut-products where color is hard
to determine, browning intensity and a fresh appear-
ance may be evaluated using sensorial rating scales in
order to evaluate general appearance and differences
among treatment effects on fresh-cut produce as for
peaches and nectarines [Gorny 1998, 1999; Aguayo
2006], vegetable mix [Amodio 2006] or mint leaves
[Kenigsbuch 2007]. Kader and Cantwell [2004] put
together experimental works on appearance evalua-
tion rating scales and color charts for both whole and
fresh-cut produce.

Image analysis techniques may represent a possible
way to measure external features of fruits and veg-
etable as size [Blasco 2003], shape [Costa 2011] and
color [Leon 2006]. These techniques can in fact iso-
late a region of interest within an image, by the opera-
tion of image partition [Gunasekaran 1996] which can
be further processed in order to calculate the desired
parameters. Image partition performed by means of an
algorithm, allowed to evaluate color and browning in-
cidence of basil leaves [Peri 2005] and artichokes
[Amodio 2011], muscle color and marbling features
on beef [Jackman 2009; Chen 2010], color changes
and translucency development of tomato slices during
storage at different temperatures [Lana 2006], or to
model quality changes on whole mushrooms [Aguirre
2009], and fresh endives packaged in different atmos-
pheres [Charles 2008].

To study the color changes over time, and more in
general the visual appearance of the products, some
kinetic models can be applied; for fresh-cut and mini-
mally processed products, these parameters often fol-
low a kinetic of zero or first order [Saguy 1980;
Taoukis 1977; Piagentini 2005].
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The present work was carried out in order to pur-
sue the following objectives: 1) to design an algo-
rithm to measure color of rehydrated ‘Borlotto’ beans;
2) to study the color degradation kinetics over time;
3) to evaluate the gas composition effect on chromatic
changes and appearance of the seeds during storage at
5°C.

2. Materials and methods

2.1. Experimental design

Dry ‘Borlotto’ bean seeds [Phaseolus vulgaris L.]
were divided in three replicates, of 1 kg each, and re-
hydrated in water for 14 hours. After this time the re-
hydrated seeds of each replicate were drained for a
few minutes, weighed and divided in 12 groups [4
treatments x 3 storage samplings] of about 140 g.
Each sample was placed in a plastic tray and groups
of three trays were closed in 10-liter PVC containers
with inlet and outlet tubes. The inlet tubes were con-
nected to a gas mixer system for the gas distribution
into the containers and all containers were cold stored
at5 °C.

The gas compositions used were the following:
10 % CO2 in air;

3 % O, in nitrogen;

10 % CO, + 3 % O, in nitrogen;

— air, as control.

2.2. Quality determination and image analysis
techniques

Initially, and after 5, 10 and 15 days the following
attributes were evaluated on 30 seeds from each repli-
cate:

— appearance score, evaluated by 6 trained people us-
ing an anchored photographic scale as reference
with scores from 5 to 1 (5=excellent; 4=good;
3=fair; limit of marketability; 2=poor; limit of edi-
bility; 1=very bad; not edible product) [Amodio
2006];

— color, by image analysis techniques. The images
were acquired with a scanner ‘hp OfficeJet G95’
(Hewlett Packard, U.S.A.) and saved on the sup-
port PC hard disk, using a black background in the
RGB (24 bit) mode. These images were then
processed and analyzed by means of a codified al-
gorithm in MATLAB 7.1 (MathWorks Inc.,
U.S.A.). A white sheet of paper was acquired at the
beginning of each set of measures in order to check
the stability of the acquisition system. The system
was developed through different steps that are syn-
thesized in Figure 1:

1- opening of one single image from a series of im-
ages analyzed in sequence;

2- conversion of the RGB image into the HSV (Hue-
Saturation-Value) color space using the function
included in the MATLAB image processing tool-
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box (MathWorks 2003) and separation of the H, S,

V image components;

contrast enhancement, achieved generating a grey-

scale image obtained by adding the S and V com-

ponent images (S+V);

4- S+V image thresholding for background/fore-
ground separation by using the Otsu method [Otsu
1979] followed by a flood filling operation [Soille
1999], obtaining a binary mask (bw) image, where
‘0’ (black) is the background and ‘1’ (white) the in-
terest region representing the seeds;

5- R, G, and B image component extraction from the

RGB image;

thresholding of the G image component within the

interest region of the mask1 obtaining a second bi-

nary image, namely mask2, where ‘0’ (black) are
the red stripes and ‘1’ the lighter pixels, i.e. the
seed ground color;

generating a bw3 image complementary to the

bw2, where ‘1’ are the pixel of the red stripes and

‘0’ the seed ground color;

8- conversion of the original RGB image in the

L*a*b* color space using the ‘srgb2lab’ function

included in the MATLAB image processing tool-

box;

calculation of the color parameters L*, a* and b*

for the pixels with value 1 in the image bw2 and

bw3, the seed ground color and the red stripes, re-
spectively;

10- results transcription on an excel file;

11- process reiteration until the last image of the se-
quence adding a row in the excel file for each im-
age;

In addition, from the L*a*b* parameters, the Hue
angle and Chromaticity parameters were calculated as
follows:
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chromaticity = Va2, (2)

2.3. Kinetic parameters and linear regression

To model color and general appearance changes
over time the following equation was applied:

+ @ =k[Q]" 3)
dt

where [Q]= quality attributes, n=order of reaction, k =
kinetic rate constant (day') and t=time (day). The
slope of the plot between quality attribute and time is
the kinetic rate constant (k), normally following a ze-
ro or a first order kinetic [Labuza 1982]. This constant
was determined comparing the coefficients of deter-
mination (R?), the p values and the residuals for the
estimated value of the intercept in the case of reaction

order 0 and 1.
In order to find a correlation between color
changes of ‘Borlotto’ beans and appearance score, a
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linear regression between a* and Hue angle of the
beans’ ground color versus score was run; coefficients
of correlation and p values are reported.

2.4. Satigtical analysis

A split-plot statistical design was applied to ana-
lyze the variance of all data with the software SAS
(Sas Institute, Inc., V 8.2, Cary, NC, USA), with gas
treatment as first factor and time as second factor. For
time and interaction treatment X time the most con-
servative method of degree of freedom estimation was
used. For each sampling a one way ANOVA for the
gas treatment was applied. Mean values were separat-
ed using the Tukey test at a confidence level of 95 %
(P=0.05).

3. Risultsand discussion

The defined algorithm allowed the partitioning of a
total of 39 pictures in a few minutes, exporting the

—p—

35

color data already in a file excel immediately avail-
able for further processing. Color parameters of both
red stripes and seed ground color were monitored dur-
ing 15 days of storage at 5 °C.

The gas atmospheres applied during seed storage
showed a significant effect on the appearance score,
a* and Hue angle of seed ground color, while the stor-
age time had always a significant effect on all param-
eters. No interaction between the gas treatment and
the storage time was observed, with the exception of
L* value.

The effects of each storage atmosphere and of each
storage time are shown in Tables 1 and 2, respectively.

Seed appearance score was assigned based on col-
or, dehydration and husk separation level; seeds
stored with the 3 % O, plus 10 % CO, received the
highest score according to these criteria (Table 1).

A gradual reduction of the appearance score over
time was observed, decreasing from 4.5 to 2.8 after 15
days of storage (Tab. 2).

The shelf-life at 5 °C for this kind of product was
therefore approximately 10 days, regardless of the at-

CTRL K Dy DS C0r ;3% O b 1P D
Rione 35 b 35 34 b 37 a
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TaBLE 1 - Effect of gas composition on appearance score and color parameters (L*, a*, and b*)

of rehydrated ‘Borlotto’ beans stored for 15 days at 5°C (N=9). Different letters on each row indi-
cate a significant difference among treatments (P=0.5).
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TABLE

2 - Effect of time of storage on appearance score and color parameters (L*, a*, and b¥)

of rehydrated ‘Borlotto’ beans stored for 15 days at 5°C (N=5). Different letters on each row indi-
cate a significant difference among treatments (P=0.5).
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mospheres applied, since after 15 days all treatments
received a score below 3, considered as the limit of
marketability. This shelf-life was longer than that re-
ported by Amodio et al. [2006] for ‘Borlotto’ beans
mixed with other vegetables and stored with 20%
CO,, either in air or in low oxygen, which at 10 days
of storage presented an appearance score lower than
the marketability limit. It could be that in that study
the ethylene production by the other species included
| corwersonolteRGEmage mo 1 in the mix, as tomato, reduced the seed shelf-life
| H8vookrspacsand separaban of : [Saltveit 1999].
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Fig. 2 - Appearance score, a* and Hue angle changes over time of
Fig. 1 - Workflow of the image analysis operations (dot lines) and the ground color of ‘Borlotto’ beans at the indicated atmosphere condi-
products (image description in solid lines) generated in Matlab 7.1 to tions. The solid line shows the evolution of each parameter using the
partition the RGB images into the interest regions. fitted model shown in the relative equation.

——



005_Amodio(605) 33 27-01-2012 15:15 Pagina 37 $
37
Order  Kinetic rate constant (day 'y R p

Appearance scors 1| -0 1{k) 0518 (000
i A2 0824 O

a* ferownd colord U -0.077 0.644 0.0001
bl | 01,004 0677 00001
Hue angle ferawndg coloel i “'%35 ”'”f posesi
| RIS LLGTT  GOk]

Hue angle dred siripes) 0 0.422 0.904 IZ'I'.I'll.'II:H'EI
= i (W9 0 00

Hue angle

TABLE
appearance score and color parameters.

served that seeds stored with 3 % O, + 10 % CO,,
which received the highest appearance score, showed
the lowest a* and Hue angle variation of the ground
color as well. Up to 10 days of storage the appearance
score of the seeds stored in 3 % O, + 10 % CO, was
significantly higher than that of seeds stored in the
others atmosphere compositions (Fig. 2).

On the other hand, seeds stored with low oxygen
atmosphere which showed generally the lowest ap-
pearance score (as absolute value) presented also the
highest reduction of the a* value and the highest in-
crease in Hue angle.

As for the color of the red stripes the atmosphere
with 3 % O, induced the lowest changes in Hue angle
values as shown in Figure 3.

The coefficients of determination (R?) and the sig-
nificance level of slope values obtained from the
equation (3) for values n=0 and n=1 were compared
in order to determine which kinetic best fit the quality
changes over time.

First order was the apparent order of the quality
change reactions (Tab. 3), even though in some cases
only a slight improvement of the R*> was observed.
These results were also supported by the plots of
residuals versus predicted values (not shown) indicat-
ing that the distribution around zero was more random
for the first order model. These results confirmed
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Days at 5 °C

Fig. 3 - Hue angle changes over time of the red stripes of ‘Borlot-
to’ beans at the indicated atmosphere conditions. The solid line shows
the evolution of Hue angle using the fitted model shown in the equa-
tion.

3 - Kinetic rates, coefficient of determination (R?) and p values for O and 1 order kinetics of

what was found by other authors [Vankerschaver
1996; Piagentini 2004, 2005] which observed that
first order was the most adequate kinetic model for
fitting sensory characteristic changes in minimally
processed vegetables. The solid line in the Figure 2
shows the evolution of each predicted attribute using
the fitted models described by the equation reported
in each graph.

In addition in Table 3 it is possible to observe that
the constants of kinetics obtained for degree 0 are
higher than those obtained for degree 1, with differ-
ences of two decimal digits, but the direct comparison
is not meaningful due to the difference between the
two models. The model with order O involves a con-
stant variation over time of the considered parameters
with a linear equation like Q= Q tk*t, where t is the
number of days in storage, Q, is the initial value that
will change over time by a quantity kt; a model with
order 1 is described through an exponential equation
like Q=Q zk*t, where the quantity kt will change ac-
cording to the elapsed number of storage days and
will influence the final value Q that will be multiplied
or divided by the quantity exp". The k value related to
the first order kinetic is in line with references indi-
cated by other authors on asparagus [Sothornvit 2009]
and fresh-cut cicory appearance [Piagentini 2005]
within a temperature range of 0-5 °C. On the other
hand it results lower than values for fresh-cut Iceberg
and Romain lettuce [Piagentini 2005], that at 4.3 °C
showed a constant kinetic, circa 0.1 day™!, probably
due to the high perishability (browning and dehydra-
tion) of these products.

Since the results suggested a possible correlation
between score and color changes of the ground color,
a linear regression was performed. Results of this
analysis are reported in Table 4. Both a* index and
Hue angle showed a high coefficient of correlation

Color parumeter R___ R P

a* 09021 08138 0.00]

Hue Angle 0838 0835F (Ui
TABLE 4 - Coefficients of correlation (R) and determina-

tion (R?), and p values of linear regression between color pa-
rameters (a* and Hue angle) and appearance score.
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with a p value <0.0001, explaining more than 80 % of
the total variance. For a* the value R was 0.90, while
for Hue angle was -0.91, indicating for the last param-
eter a negative correlation with the parameter score.
In fact, while score and a* values, decreased over
time, Hue angle increased. These results confirmed
what previously reported by other Sothornvit and Ki-
atchanapaibul [2009] that found on asparagus a 68%
of correlation between visual quality and Hue Angle
during storage at different temperatures.

4, Conclusions

Results of this work allowed to evaluate color vari-
ation during storage of rehydrated ‘Borlotto’ bean
seeds, which would be impossible to evaluate with
traditional colorimetric systems, due to the high red
area variability in the seeds. A new rapid approach for
color data calculation and storing of this kind of prod-
uct has been developed.

The change of seed ground color and appearance,
evaluated through a sensorial scale, followed a first
order kinetic. Among the treatments applied, the 3%
0O,+10% CO, atmosphere influenced positively the
seeds’ quality and appearance, reducing the husk dis-
coloration up to 10 days storage. In general none of
the tested treatments gave beneficial effects for the
seeds’ marketability during periods longer than 10
days. A positive regression between the sensorial
evaluation and the a* index retention was found,
while the Hue angle ground color change resulted in-
versely related to the seeds’ score. The results also in-
dicated that the most determinant factor on ‘Borlotto’
beans’ sensorial quality is related to the changes of
seed ground color.
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SUMMARY

Rehydrated legume seeds represent an important in-
gredient for ready-to-cook fresh soups packaged in a
modified atmosphere. The aim of this work was to de-
fine an image analysis system for the evaluation of
‘Borlotto’ bean color changes during storage in differ-
ent gas compositions. ‘Borlotto’ bean seeds were rehy-
drated in water for 12 hours and stored at 5 °C in con-
trolled atmosphere using 4 different gas compositions:
3 % 0O,, 10 % CO, in air, 3 % O, + 10 % CO,, and air
as control. An algorithm in Matlab was codified to
measure color of the seed red stripes and ground color
(L*, a*b*, Hue angle and Chromaticity). Sensorial
analyses based on the hedonic scale (from 5=excellent
to 1=very bad) of the seed appearance were also car-
ried out. Seed color and appearance changes over time
were monitored initially and after 5, 10 and 15 days of
storage at 5 °C. The obtained data were used to model
the quality of degradation attributes over time, that
were fit into first order kinetics.

A gas composition with 3 % O, + 10 % CO, in-
duced the least modification on the seed ground color,
which received a highest appearance evaluation up to
10 days of storage, also showing that visual appear-
ance changes were mostly affected by the variation of
the seed ground color.

Keywords: appearance, Hue angle, computer vi-
sion, ready to use.
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