
ADVANCES in NATURAL and APPLIED SCIENCES 
 

ISSN: 1995-0772                 Published BYAENSI  Publication 
EISSN: 1998-1090                http://www.aensiweb.com/ANAS 

2016 December10(17):pages 255-263               Open Access Journal 

 

ToCite ThisArticle: Angélica Palacios, Olga Ramos, Darío Amaya., Color Analysis by Tristimulus Colorimetry to the inside 
Annona Muricata with Malathion at a concentration of 0.026 M. Advances in Natural and Applied Sciences. 10(17);Pages: 
255-263 

 

Color Analysis by Tristimulus Colorimetry to 
the inside Annona Muricata with Malathion 
at a concentration of 0.026 M  

 
1Angélica Palacios, 2Olga Ramos, 3Darío Amaya 
 
1Research Assistant, Mechatronic Engineering, Nueva Granada Military University, Bogotá, Cundinamarca, Colombia. 
2,3Professor and Research, Mechatronic Engineering, Nueva Granada Military University, Bogotá, Cundinamarca, Colombia 

 
Received 2 September 2016; Accepted 2  December 2016; Published 31 December 2016 
 

Address For Correspondence: 
Angélica Palacios, Nueva Granada Military University, Mechatronic Engineering, Faculty of Engineering, 57+16500000 – Ext 1280, 

Bogotá Colombia. 

E-mail: u1801712 @unimilitar.edu.co 

 
Copyright © 2016 by authors and American-Eurasian Network for ScientificInformation (AENSI Publication). 
This work is licensed under the Creative Commons Attribution International License (CC 
BY).http://creativecommons.org/licenses/by/4.0/ 

 
 

 

ABSTRACT 
Summary- At present, exist several methods for the analysis of pesticides residues in food, most of them are invasive technics 
that require of complex equipment and a long time to processing. A Color analysis, by spectroscopy allow to obtain in short time 
a spectrum in reflection percentage of surface studied and  tristimulus coordinates, they can be (L*,a* and b*) or (XYZ) and which 
permit characterize the color. The results obtained in the color analysis by tristimulus colorimetry in CIELAB space to the inside 
of the Annona Muricata fruit, contaminated with Malation at a concentration of 0.026M, its presents down below. It found 
variations in principal parameters L* (Luminosity), a* and b* in reference to the color model of the Annona Muricata without 
contaminate with pesticides. 
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INTRODUCTION 

 

Annona Muricata is a fruit, which belong to Annonaceae family, has been highly studied because of its big 

therapeutic and medicinal potential, [1]. Bacterial infections, internal and external parasites, fevers, some 

inflammations and diseases as cancer, hypertension, diabetes, [2]. Also as affections in respiratory system and 

skin are treated by traditional medicine with Annona Muricata, [3]. 

Over the years, many ethnobotanicals studies have been developed to identify properties of this fruit, not only 

in medicine. In some of these studies, emphasize their application as an insecticide and parasiticide, [4], [5], [6].  

However, it has been determined that their greatest application is in the medical field, [7], [8], Malaria, 

gastrointestinal problems, liver diseases, heart and renal system and mainly the cancer, [9], [10], are some of the 

conditions treated in recent years with Annona Muricata. Both the fruit juice as its leaves in infusions are used by 

their medicinal properties, [11], [12] 

To control pests and diseases that could affect crop quality of various foods, it is used globally pesticides 

such as Malathion. It has been proved by studies that this organophosphorus insecticide may affect reproduction 

patterns of various species; the cytotoxic effect on rats affects the reproductive system, reducing the quality and 

quantity of sperm cells of male rats, [13]. 

Furthermore, the exposure of Malathion for long periods (years), has been related to breast cancer in women 

in Arica-Chile, [14]. Finding that people with longer exposure to Malathion, were 5.7 times more likely to be 
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diagnosed with cancer. The percentage of metastases in patients exposed to the pesticide was 30.5%, while patients 

without exposure, the metastasis was 16%. 

Therefore, it has become necessary to study in more detail the effect of pesticides on food. The study of fruits, 

per nondestructive techniques has been carried out in several work, through image analysis and colorimetry in the 

CIELAB space; the latter is widely applied to studies of maturity and quality of various fruits. 

In some studies as in [15] was worked with color pattern for the identification and classification of diseased 

fruits. In turn in [16] and [17], a color model was applied in the CIELAB space, to achieve a quality standard, of 

mangos and bananas respectively. 

From this, the classification of the state of the fruit was performed for identifying whether he was healthy or 

in poor condition. The work applied in mango, obtained a 92.37% sorting, which allow to validate the color model 

in the CIELAB space, like effective for representing color information of an object. 

In [18], were worked in the relationship of color and ripeness of tropical fruits. They found correlations 

between pH and color parameters for various fruits such as papaya, passion fruit and mango. Color parameters 

were used in [19], in order to evaluate the effect of osmotic dehydration in the handle, in this was evident the 

variation in the color parameters during dehydration due to loss of pigmentation in food related to times and 

temperatures in the process. 

A Color analysis by tristimulus colorimetry, in the inside the Annona Muricata with malathion at a 

concentration of 0.026 M, is developed in this work in order to identify variations between the variables in the 

CIELAB space, of Annona Muricata  with Malathion in reference to base model of the fruit without contamination 

by pesticide. 

 

Methods: 

To carry out this work, a preliminarily experimental exercise was performed. Various solutions of Malathion 

57% EC, were obtained, with an initial pure concentration   (604g / L); and distilled water until the sixteenth 

Malathion solution, with a concentration of 0.02611 M or 8628.57 ppm. 

To achieve this solution, 10 ml of Malathion was used as initial volume at a concentration of 1.828 M and 

700 ml of distilled water. Fig. 1 shows the molecule structure and the formula of Malathion pesticide applied 

within the fruit. 

 
Fig. 1: Molecule of Malathion pesticide. 

 

Subsequently, the solution Malathion inside the Annona Muricata was applied trying a uniformly distribution 

in different points inside the fruit. For zero time, the color parameters of contaminated areas were recorded through 

a color spectrograph.  

The fruit with the Malathion pesticide is shown in  

Fig. 2.  

 

 
 

Fig. 2: Annona Muricata with Malation. 

 

The color Parameters in CIELAB space obtained in the analysis for Malathion at a concentration of 0.026M 

are presented in the  
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Table 1. 

 

 

 
Table 1: Color Parameters in CIELAB space. 

N° Cn (M) L* a* b* 

1 0.02611 69,926 -3,946 -8,398 

2 0.02611 89,420 -4,575 -8,975 

3 0.02611 121,685 -6,154 -14,915 

4 0.02611 75,495 -6,218 -18,833 

5 0.02611 113,165 -3,537 -5,143 

6 0.02611 82,272 -5,315 -14,289 

7 0.02611 79,186 -6,117 -17,016 

8 0.02611 75,895 -3,763 -8,533 

9 0.02611 90,352 -2,349 -2,904 

10 0.02611 72,742 -3,336 -8,349 

11 0.02611 93,218 -3,897 -7,496 

 

In  

Table 2 it present the polar components h (Hue) and c (Chroma), obtained in the study from t a * and b * 

parameters.  

 
Table 2: Polar Components. 

N° Cn (M) c h 

1 0.02611 9,279 -115,170 

2 0.02611 10,074 -117,010 

3 0.02611 16,135 -112,422 

4 0.02611 19,832 -108,271 

5 0.02611 6,242 -124,517 

6 0.02611 15,245 -110,402 

7 0.02611 18,082 -109,722 

8 0.02611 9,326 -113,796 

9 0.02611 3,735 -128,967 

10 0.02611 8,991 -111,778 

11 0.02611 8,448 -117,473 

 

Through the above data, the correlation coefficients between the color parameters and their polar components 

were calculated. This, with the intention of evaluating respect to base model of Annona Muricata possible 

variations between correlations previously calculated. 

The correlation coefficients obtained between the Luminosity (L *) and the other parameters within the 

contaminated Annona Muricata are shown in  

Table 3.  

 
Table 3: L* correlation coefficients. 

 a* b* c h 

L* -0.0898 0.1314 -0.1074 -0.3962 

 

The correlation coefficients obtained between (a *) and the other parameters are shown in Table 4. 

 
Table 4: (a*) Correlation coefficients. 

 L* b* c h 

a* -0.0898 0.9600 -0.9674 -0.7676 

 

The correlation coefficients obtained between (b *) and the other parameters inside of the Annona Muricata 

with Malathion, are shown in Table 5. 

 
Table 5: (b*) Correlation coefficients. 

 L* a* c h 

b* 0.1314 0.9600 -0.9996 -0.8598 
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The correlation coefficients obtained between (c) and the other parameters are shown in Table 6. 

 
Table 6: (c) Correlation coefficients. 

 L* a* b* h 

c -0.1074 -0.9674 -0.9996 0.8497 

 

The correlation coefficients obtained between (h) and other parameters are shown in Table 7. 

 
Table 7: (h)  Correlation coefficients. 

 L* a* b* c 

h -0.3962 -0.7676 -0.8598 0.8497 

 

After calculating the correlation coefficients, we proceeded to the analysis of main components for color 

parameters registered at time zero. Likewise, this analysis allowed evaluating the relationship between the study 

variables and the calculated components, as well as variations on the analysis (PCA) previously made to the 

Annona Muricata in the absence of the pesticide. 

In this case, of study three major components representing mostly the information of the analyzed data were 

obtained. The first main component, contains 77.09% of the information, while the second one 21.64%, and the 

third main component 1.263%. The representation of the percentages of each major component is illustrated in  

Fig. 3. 

 

 
 

Fig. 3: Components percentages. 

 

The graphical representation of color parameters in the RGB space was obtained through the software of 

Matlab which it allow to characterize, the color tones of each of the samples analyzed inside the fruit with the 

pesticide. 

In Fig. 4, the characterization of color samples between chromatic parameters a * and b * is illustrated. 

 

 
Fig. 4: RGB representation of a*and b*. 

 

In Fig. 5, RGB color characterization between the chromatic parameters L * and a * is shown. 
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Fig. 5: RGB representation of L* and a*. 

 

The RGB characterization of the samples between the chromatic parameters L * and b *, is shown in Fig. 6. 

 

 
Fig. 6: RGB representation of L* and b*. 

 

In Fig. 7, the RGB characterization of the samples between the chromatic parameters L*, a * and b * is 

presented. 

 

 
 

Fig. 7: RGB representation of L*, a*and b*. 

 

The analysis of the data presented above respect to the results obtained in the base model of the Annona 

Muricata fruit of the study, its presents down below. 

 

Results:  

For the analysis of the parameters in CIELAB space, the chromaticity coordinates in RGB and brightness for 

both models was plotted with the intention to visualize possible changes in relation to inside the Annona Muricata 

with the pesticide Malathion, respect to the base model of the fruit without pesticide.  

Chromatic a* and b* parameters of Annona Muricata without contaminate, and with Malathion, is presented 

in Fig. 8. 

 
Fig. 8: Graph of a* and b* for both models. 
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The above chart shows that the data are grouped in the third quadrant, which it represents the negative values 

of both parameters, however unlike the base model,  the values found are more negative with regard to the initial 

model. 

This can be seen in the maximum and minimum values of the variables, where a* for the base model varies 

between [4298 -1130] and b* between [7365 3801], while for the model with Malathion a* has a variation between 

[6218 2349] and b* [18833 2904]. 

It is for this reason that the tone for some data obtained from the Annona Muricata with Malathion varies 

between grayish or bluish color, where represents  in the CIELAB space more negative values to b*. 

Fig. 9 shows the chromatics parameters L* and a* of Annona Muricata without contaminate, and with 

Malathion. 

 
Fig. 9: Graph of L* and a* for both models. 

 

For the following parameters which relating the luminosity and a*, it is evidenced that the data were to be 

grouped in the second quadrant because of the positive values of the brightness and the negative of a*, representing 

about L* the color clarity. Regarding the base model, a significant increase in the maximum value was obtained 

for the brightness, with a variation from 107.947 to 121.685.  

Likewise, more negative values in a* for the model with Malathion was evident, this can be seen in the 

graphic representations. Where base model is represented by clearer light hues and clear gray, unlike the model 

with pesticide. 

Fig. 10 shows the chromatic parameters L* and b* for both models. 

 

 
Fig. 10: Graph of L* and b* for both models. 

 

Similarly, data related to L* and b* were grouped in the second quadrant. However, unlike a*, the values of 

b* for the model with Malathion are significantly more negatives. Regarding the base model of the fruit without 

pesticide, the most representative variations were with parameter b*, specifically in the minimum values, passing 

from -7.365 to -18.833 in fruit with pesticide.  

These variations of b*, are reflected  in the color differences in both models, where  base model contains 

coordinates with lighter hues and gray, and the model with  pesticide  with grayer and blue coordinates. 

The color parameters L*, a* and b* of both models are presented in Fig. 11. 
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Fig. 11: Graph of L*, a* and b* for both models. 

 

With the graphical representation of the variables L*, a* and b* is evident the difference in both models. 

Where the model of the Annona Muricata with Malathion tends towards more negative values of a* and b*, with 

hues gray and blue mainly. 

While the  a* and b* values of base model, are negative but most tend to be less negatives that means near to 

zero, with clear and gray hues. 

Table 8 presents the maximum and minimum values, of color parameters for the base model and the model 

with Malathion. In order to present the variations supported above, based on the graphic representations of the 

characterization of color for both models of this study. 

 
Table 8: Maximum and minimum values of color parameters 

 Base Model Model with Malation 

L* a* b* L a* b* 

Mín. 78.229 -4.298 -7.365 69.926 -6.218 -18.833 

Máx. 107.94 -1.130 -3.801 121.68 -2.349 -2.904 

 

Furthermore, to study the correlation coefficients obtained for both the base model as the model with 

pesticide, it was initially identify a reduction of 68.57% in the correlation coefficient between L* and b *. In turn 

a significant increase of 111.73% in the correlation coefficient between parameters a* and b*, was obtained, the 

coefficient for the base model was calculated at a value of 0.4534 while for the model study of this work was 0.96. 

However, was possible identify a great variation in the study. For initial model without pesticide the 

correlation coefficient between a* and (h) was positive with 0.6947 value, while the correlation coefficient for 

model with Malathion was negative with -0.7676 value. Although, several variations additional to previous ones 

were evident, these were not significantly representative for analysis. 

As was previously mentioned in methods, in the principal component analysis (PCA) three main components 

were obtained in the study. The graphical representation of the color parameters in space of the components is 

presented below. 

In Fig. 12, the graph of projection of the parameters in the first and second component is illustrated. 

 

 
Fig. 12: Graph of the first and second principal component. 

 

With the above graphic representation can be seen that in the first quadrant appears L*, and unlike the base 

model, b* appears in the fourth quadrant, while the projection of a* is drawn between the zero line of the first 

component and the values negative of the second component. 

The graph projection of the parameters in the first and third component is shown, in Fig. 13. 
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Fig. 13: Graph of the first and third principal component. 

 

The latter graph is assimilated to that obtained between the two main components for the base model, unlike 

this, an increase in the projections of L*, b* and c for these two components is shown. For the model without 

pesticide a* was represented in the second quadrant, unlike this study that is represented on the zero of the first 

component. 

In  

Fig. 14, the graph of projection of the parameters in the second and third component is presented. 

 
 

Fig. 14: Graph of the second and third principal component. 

 

For the second and third component appears a better projection of (h), which is represented in the first 

quadrant along with L*, while a* and b* belongs to the second quadrant with approximately the same slope in its 

projection line. 

 

Conclusions: 

In the analysis of color inside of Annona Muricata contaminated with Malathion, it was possible identify 

several variations in the CIELAB coordinates, relative to the base model without polluting. The minimum values 

of the main parameters decreased significantly. Where b* for contaminated fruit was 2.5 minor than b* for fruit 

uncontaminated. This allowed explain the change in tone in some samples of the study, which tend to blue and 

not white. 

As well as the minimum values in coordinates  had variations, in the maximum values of a* and b* were not 

significant changes. While the luminosity in the fruit with Malathion, grew by 13% over the L* in base model. 

This was shown, in some samples with white hue, however the b* variations were more significand’s, so most 

samples were diverted to the clear and gray hue. 

Through the correlations obtained in this study it was determined that the correlation coefficient between L* 

and b*, had a reduction of 68.57%, while the ratio of the parameters a * and b * had a significant increase of 

111.73% compared to analysis of the base model. This could be visualized in (PCA), where the second and third 

component contain and explain most information of b* and a*, unlike the base model where the relationship 

between L* and b* was more significant. 
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