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ABSTRACT 
The color analysis is commonly used as a method for studying fruit ripening, and identify a color patterns characteristic, thus it 
can study the possible variations on these foods when in contact with the environment, and / or some chemical elements that may 
affect the basic composition of fruits. Therefore color analysis by tristimulus colorimetry was taken as a basis for studying the 
variations in time of Annona Muricata, contaminated with Malathion at a concentration of 0.02611M. This paper presents the 
results of changes in the color parameters in the CIELab space, for Annona Muricata contaminated with the pesticide Malathion; 
the study data were taken in 11 different periods of time completing a total time of about 24 hours. 
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INTRODUCTION 

 

The Annona Muricata is a fruit known because of its medicinal properties, as a diuretic and ant-rheumatic, 

often it relates to the use of its plant in general (leaves, fruits and roots) for the preparation of beverages such as 

tea, for the treatment of inflammatory diseases, among others [1], [2].  

The leaves of this plant are mainly used as an ant -parasitic, anti-rheumatic and anti-neuralgic, [3], when 

applied topically, help treat rheumatism, abscesses, headaches, fever, and asthma, being an anti-inflammatory 

potential and anti-arthritic [4], [5]. Because of the great nutritional and medicinal properties of this fruit, that has 

been working and studying in the medium to maintain the quality and characteristics of the fruit, for better use, 

[6].  

Nutrients in Annona Muricata, such as minerals, fiber, vitamins and bioactive compounds [7], [8] are essential 

to maintain vital functions of the human body, these in turn, reduces the degenerative processes in chronic 

diseases, [9] such as cardiovascular and cancer [10], [11]. To achieve conserve, physiological and 

physicochemical quality of the fruit, it is important that post-harvest technologies conserve the nutrients 

mentioned above. 

Consequently, different works have been developed in relation to the study of Annona Muricata, in [12], a 

comparison between the chemical composition and the antioxidant activity of the pulp, leaves and seeds of the 

fruit was performed, finding higher protein and fat in the seed. While in the pulp higher, moisture content was 
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found. The highest rate of antioxidant activity found was in the pulp, then in dried leaves and the lowest in the 

seed. 

Similarly, in, [13]  he composition of fibers and antioxidant components of different varieties of Annona 

Muricata was evaluated. The results of this work show that for the varieties studied, higher rates of fiber and 

antioxidant activity were found in ripe fruit, suggesting consumption of this fruit to increase the concentration of 

bioactive compounds and dietary fiber. 

An analysis of bioactive components in extracts of leaves of Annona Muricata, was carried out in [14], this 

work suggests that the ethanol extracts of leaves, are a potent therapeutic agent and sets a path for the development 

of several treatments. 

The aim of this work is to perform an analysis of the variations of the color parameters in the CIELab space 

in time, obtained in a previous experimental, where the inside of the fruit (Annona muricata) was contaminated 

with the pesticide Malathion at a concentration of 0.02611M, taking as a reference 11 different periods of time, 

in a total of about 24 hours after application of the pesticide. 

 

Methods: 

The initial study consisted  to prepare different concentrations of Malathion 57% EC; at pure concentration 

of (604g / L). To obtain a final concentration of 0.02611 M, with10ml  pesticide and 700 ml of distilled water. 

Then, proceeded to contaminate the inside of the Annona muricata selected for this study, with the last dissolution 

of Malathion. Samples of Malathion in different concentrations, also of unpolluted fruit and the fruit after 

application of pesticides were taken. 

In the latter, data were acquired in 11 different periods as shown in  

Table 1, with reference to the zero time which refers to the first data acquisition by applying Malathion on 

the inside of the fruit. 

 
Table 1: Time periods analyzed. 

 Time 

T0 0 min 

T1 15 min 

T2 30 min 

T3 55 min 

T4 1h 25 min 

T5 1h 40 min 

T6 1h 55 min 

T7 20h 55 min 

T8 21h 40 min 

T9 22h 10 min 

T10 23h 10 min 

T11 23h 55 min 

 

The values obtained in the preliminary study for Malathion at a concentration of 0.02611M and the 

parameters for each of the aforementioned times are presented in  

Table 2. 

 
Table 2: Parameters of Color in Time. 

Annona Muricata-Malathion T0-T11 

T L* a* b* 

Malathion 93,852 -17,456 -8,968 

0 90,882 -4,338 -9,736 

1 90,920 -4,762 -7,959 

2 94,669 -4,692 -7,683 

3 91,123 -3,715 -4,952 

4 83,632 -4,783 -3,982 

5 80,982 -3,989 -4,224 

6 77,708 -3,718 -4,550 

7 74,433 -3,447 -4,876 

8 75,491 -3,227 -2,302 

9 72,632 -3,488 -1,591 

10 72,712 -2,533 -0,328 

11 73,130 -3,072 -0,787 

 

Color parameters of Malathion applied to the inside of the fruit characterized in RGB coordinates are 

presented in the following graphs. In Fig. 1, the relationship between the parameters L* and a* for Malathion 

applied in the study, is shown. 
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Fig. 1: Coordinates L* and a* of Malathion. 

 

In Fig. 2, the relationship between the parameters a * and b* for Malathion used in the study is presented. 

 

 
Fig. 2: Coordinates a * and b * of Malathion. 

 

In Fig. 3, the relationship between L* and b * parameters for Malathion used in the study is shown. 

 

 
Fig. 3: Coordinates L* and b* of Malathion. 

 

Finally the relationship between L* and b* coordinates in the CIELab space, is presented in Fig. 4. 

 

 
Fig. 4: Coordinates L*, a* and b* of Malathion. 

 

Analysis of Results: 

Color parameters (L*, a* and b*) represented in RGB for groups of time, inside the contaminated Annona 

Muricata are presented in the following figures. 

In Fig. 5, the L* parameters shown, a* and b* for the times T0 to T2. 
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Fig. 5: Coordinates L*, a* and b* for T0-T2. 

 

As shown in the previous figure for the initial 30 minutes, the samples obtained are shown mostly with clear 

shades between white and blue. Which it is consistent in the CIELab space, for positive values of L* and negative 

of b*. 

In Fig. 6 , the parameters L*, a* and b* for the times T3 to T5, are shown. 

 

 
Fig. 6: Coordinates L *, a * and b * for T3-T5. 

 

For the period of time, between 55 min and 1 hour 40 minutes under the effect of the pesticide, it can visualize 

a variation in the hues for some of the samples, which turn a grayer color, this due to the decrease in luminosity 

parameter values, and the increased in the others parameters. 

Fig. 7, illustrated the parameters L*, a* and b* for T6-T8. 

 

 
Fig. 7: Coordinates L*, a* and b* for T6-T8. 

 

For the instant of time between 1 hour and 55 minutes to 21 hours 40 minutes, it can be seen that the behavior 

of the variation is very similar to that presented in the previous period, with the continuous decreasing of 

luminosity , and both a* and b* grow, increasing the number of samples of light gray hue. 

In Fig. 8 the parameters L*, a* and b* for T11-T9 are shown. 

 

 
Fig. 8: Coordinates L*, a * and b * for T9-T11. 
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Finally, for the last time period analyzed (22 hours 10 minutes 23 hours 55 minutes), it can clearly show the 

change in tone of all samples, where the gray between light and dark represents all the samples acquired after 

approximately 24 hours after application of the pesticide into the Annona Muricata. 

To analyze variations, above evidenced in previous graphs, indexes percentage change was calculated in 

relation to the Malathion parameters of color,  at a concentration of 0.02611M for each period studied which time 

is between the initial instant, up to 24 hours after application. 

Then the results obtained by calculating the percentage change between color parameters of Malathion at a 

concentration of 0.02611M and color parameters inside the soursop with Malathion for each time period evaluated 

are presented. 

 
Table 3: Variations in Time. 

T 
Variation L 

(%) 

Variation a* 

(%) 

Variation b* 

(%) 

0 -3,165 -75,148 8,559 

1 -3,125 -72,720 -11,249 

2 0,870 -73,123 -14,332 

3 -2,908 -78,718 -44,781 

4 -10,890 -72,598 -55,601 

5 -13,713 -77,150 -52,903 

6 -17,202 -78,700 -49,264 

7 -20,691 -80,251 -45,625 

8 -19,564 -81,511 -74,331 

9 -22,610 -80,019 -82,263 

10 -22,526 -85,489 -96,344 

11 -22,080 -82,400 -91,227 

 

As shown in Table 3, they were presented the greatest variations in the parameters a* and b* with a final 

variation of 82.4% and 91.23% respectively. 

In  

Fig. 9 graphically parameter variations the brightness L* is shown for each time. 

 
 

Fig. 9: Variation of L* for each Time. 

 

The L* parameter, decreases in each period, except in time 2 corresponding to the data obtained 30 minutes 

after the contamination of fruit, where the brightness increased 0.82% compared to the brightness of malathion, 

before application inside the Annona Muricata. 

Graphically in Fig. 10 is presented, the variation of the parameter a* for each of the times. 

 
Fig. 10: Variation of a* for each time. 

 

Unlike L*, a* parameter presented all its negative and constant changes, starting with a decrease of 75.15% 

for zero time, and 24 hours later a total decrease of 82.4%. 
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Graphically in Fig. 11 variations of the parameter b* shown for each time. 

 
Fig. 11: Variation of b* for each time. 

 

The parameter b*, show the greatest variation presented in the study. It is provided, a single increase of 8.56% 

for zero time while for the other periods analyzed negative variation rates were obtained, representing the 

decreasing this parameter in a 91.23% compared, the parameter b* of malathion. 

 

Conclusions: 

For the three coordinates of CIELAB space analyzed significant variations were found regarding study time. 

The greatest variation was evident in the parameter b*, with a total value of 91.23% decrease, from initial value 

of -8.96 of Malathion. The second parameter with greater variation was a* with a total decrease of 82.4%; On the 

other hand the luminosity coordinate L*, present minor variations to other coordinates, with a final value of 

variation of 22.08% lower than the reference value. 

The color change made between different periods of time, verify the variation calculated between coordinates, 

L*, a* and b*. It could clearly observe the shift of the color parameters in each of its axes, mainly in b* which 

representing the hues between blue and green. Its variation of -8.96 to -0.787 along with variations of a*, from -

17.45 to -3.07 and L*, from 93.85 to 73.13 in about 24 hours, was evident the darkest and gray tones. 

Despite that, large variations were found in the physical characterization of color in the fruit, it can not be 

determined by 100% that the pesticide Malathion is causing the change. Because there are environmental 

parameters, physical and chemical, as maturation, degradation and oxidation of the fruit in time, that could 

influence the study, although in this study did not take into account external factors such as these, is left as a basis 

for future studies the results and the analysis obtained, in this research. 
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