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Abstract

For the inquiry of determining fruit quality, a question
arises if it can be done by means of electronics device. Hence-
forth the study of post harvesting identification prototype
system of mango for reliable measurement and correct clas-
sification of fruit ripeness was initiated. The prototype sys-
tem consists of a set of gas sensors, microcontroller and a
display unit. The sensors were used to rapidly and consis-
tently evaluate complex volatile gaseous mixtures namely
alcohol, ammonia, and combustible gases to determine the
ripeness of mango. Based on the computation and condi-
tional branching method, the identification system is able to
classify the mango sample into three indicators of ripeness
stated as unripe, ripe or overripe. Through the strength
of sensors signal within the specific ripeness branch, it is
also able to detect the degree of ripeness of fruit from the
scale of 0.0 to 2.0 (0.0 represents unripe, 1.0 represents ripe,
2.0 represents overripe). The analysis of the gas sensors re-
sponses toward mango aroma shows that all sensors display
slow responses yet able to achieve steady and reliable re-
sults. Results show that the identification system is able to
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classify the mangoes in three different ripening stages with
72.9% accuracy at 30 sets of experiment set and 7 train-
ing set. The system is only programmed to determine the
ripeness of one type of mango Mangga Wani and no other
fruits were experimented using the system.

Key Words:Electronics nose; gas sensors; PIC micro-
controller; fruit ripeness

1 Introduction

Quality of a fruit is just not depend upon its physical condition
such as color or skin, but also determined by the complex mix of
fruit aroma or chemical cause. A ripeness sensing system is a system
which identifies and characterizes fruit aromas from different stages
of ripeness of mango fruits because various sensors associated with
the automatic system are designed to evaluate a certain mixtures
of complex volatile gaseous produced by a fruit without necessary
to identify all chemical constituents present in the fruit aromas.
Since there is less research done on the monitoring of ripeness of
mango during post-harvesting period such as shipping process, a
post-harvesting mango identification system is introduced to enable
user to identify and monitor the conditions or ripeness of the stored
mangoes in the container based on the aroma produced. Passive
(static) and dynamic studies have shown aroma to be an important
aspect in representing fruit ripeness, where it can also be used to
predict other quality characteristics. This system will be able to
identify the degree of ripeness of mango from the scale of 0.0 to
2.0 where 0.0 represents fully unripe, 1.0 represents ripe and 2.0
represents fully overripe which based on the strength of aromas that
detected by the gas sensors (alcohol, ammonia, air contaminant,
combustible). The system will be able to process the sensors signal
and thus which displaying the ripeness of mango.

2 Literature Review

Mangos, which are a species of mangifera indica, are originated
in tropical region such as Asia, especially in Indonesia, Thailand,
Philippines and Malaysia as well as plays an important commodity
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for high income value while serves as part in the diet and cuisine
in our daily life. There are about 28 species of mango with a lot
of variety are available in the South East Asia region, particularly
in peninsular area of Malaysia(1). Among these variety of mangos,
Golek, Maha65, Masmuda, Chok Anan, Sala and Mangga Wani are
most common type of mangos that grown and found in Malaysia. In
fact, Mangga Wani also known as kweni or kuini, has desirable green
skin color, sweetness, juicy with resinous aroma is suitable for the
export market for food industry with require less sugar or sweetener
as well as herbal medicine. Mangga Wani commonly found in East
Malaysia (Borneo Island) is characterized by spherical in shape and
unchange color as they ripen with unique and strong odour which
can be smelled from far. Mangga Wani hardly be found in the
supermarket like the other mango, the reason is that the tree is not
very productive as far as commercial farmers are concerned(2). For
the same amount of fertilise, pesticides and labour, the production
is significantly less for Mangga Wani tree as compared to the other
commercial hybrid mangoes.

During ripening of fruits, there is a metabolic change in fruits,
where its produce plant hormones and released in the form of a
variety of volatile organic compounds (VOCs). The VOCs consist of
a mixture of gaseous dominated by esters, alcohols and volatile acids
to represent the organic volatiles, which known as fruit aromas.
As the aroma is one of the characteristics of the mango, it is an
important factor in monitoring the ripeness of mango during the
post-harvesting period(3).

Development of sensor-integrated non-destructive techniques is
important with aroma sensing is a promising method to measure,
assess and identify the quality attributes of fruits. Furthermore, an
aroma sensing system with automatic identification will benefit the
user for simplicity and user-friendly operating system. Initial work
on a non-destructive technique using an electronic nose approach
was proposed in 1995, where a sensing machine system is equipped
with a single semiconductor gas sensor (4). The sensor is located
within a small cup and placed on the skin of the fruits, which
assessed three stages muskmelon cultivars. The system exhibited
an accuracy of 90.2% and capable of discriminate the ripeness of
the fruits. Later, the further enhancement on the system produced
an accuracy of 83% with three level of ripeness categories namely
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as unripe, half-ripe and fully ripe. As the research on electronic
noses is evolved further, electronic nose system with consist of an
array or semiconductor gas sensors were developed to detect and
classify the fruit ripeness of mangos such as Harum Manis (5).

3 Methodology

3.1 System Configuration

The post-harvest identification system consists of three basic com-
ponents: a set of sensors (alcohol, ammonia and combustible), mi-
crocontroller and display unit as shown in Fig. 1 is a convenient
approach for evaluating the maturity of fruits. The aroma signals or
gas concentrations collected from the sensors were sent to A/D con-
verter (ADC) for signal sampling and were converted into binary
bit signals through specific port of PIC16F877A microcontroller
(Microchip technology). The PIC16F877A is selected, which has
a high-performance RISC CPU and the running speed of 5 MIPS
(200 ns instruction execution). The microcontroller was integrated
with the set of sensors to realize data communication between the
three sensors and the microcontroller, either in voltage mode or
digital mode. A 10-bit high precision ADC is embedded into the
microcontroller to convert the analog signal to digital signal. Due
to the output voltage from the sensors in volt, the voltage signals
should be converted before heading to microcontroller. The output
voltage signals from gas concentration by the three sensors is cal-
culated by the 0 to 5 V voltage, and then, the conversion of 10-bits
makes the range of voltage of 0 to 5 V becoming 0 to 1023 which
is required for the computation process. Thus, the range of voltage
is determined the degree of ripeness. An electrically erasable pro-
grammable ROM (EEPROM) with maximum storage space of 256
8 bytes at the operating voltage ranges from 2.0 to 5.5 V was uti-
lized to store the measurement results. The signals were computed
through relevant condition branch programming and display mod-
ule of the LCD display unit (JHD162A Series) is interfaced with
the microcontroller to display the measurement results in 16 char-
acters 2 columns, which indicated the identification of ripeness.
Initially, 30 samples of mangoes were tested using each sensor for
data recording and analysis.
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Figure 1. Functional block diagram of the identification system

Figure 2. Flow chart of programming source code

The microcontroller is programmed with respect to the flow
chart as shown in Fig. 2. The programming source code was written
into three conditions, as summarized in Table 1 using Notepad++,
and was compiled and programmed into microcontroller using MPLABX
and PICkits, respectively. Figure 3 shows the example of program-
ming source code written in the software Notepad++.

Table 1: Summary of degree of ripeness for the post-harvest
identification system.
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Figure 3. Source code written in Notepad++

3.2 System and Circuit Design

The Proteus 8.0 software was used for the circuit design is Proteus
8.0. Figure 4 shows the design and simulation of the system circuit.
The sensor inputs are connected to the port of the PIC16F877A.
As the output voltage signals generated from the sensors are ana-
log signals, a conversion to digital signals was done by the ADC,
which has a range of 0 to 1023 (in 10-bits) and 0 represent min-
imum output voltage signal and 1023 represent maximum output
voltage signal. The testing on the simulation was done with the
aid of programming source code linked to the PIC16F877A. Fig-
ure 5 shows the testing result of circuit simulation for unripe and
over-ripe conditions.

Figure 4. Circuit design and simulation in Proteus 8.0
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(a)

(b)
Figure 5. Testing result for the simulation of (a) over-ripe and (b)

unripe conditions.

3.3 System Implementation

The prototype of the post-harvest identification system was devel-
oped using printed board circuit (PCB). Figure 6 and 7 show the
PCB-implemented sensors circuit board consist of alcohol, ammo-
nia and combustible sensors and controller (PIC16F877A) circuit
board, respectively. The circuit boards are attached to a container
to analyze the level of ripeness of mango.
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Figure 6. Sensors circuit board

Figure 7. Controller circuit board

4 Results and Findings

Each of the mangoes are tested individually and the container is
cleaned for every new testing on different mango. This is to ensure
the sensor readings obtained are accurate. After the experiment
done on the 30 mangoes, the table for collected data is tabulated
and below shows the typical examples of readings for three different
stages of ripeness.

Table 2: Typical Reading for Three Different Ripeness (10 bits)
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On the other hand, the voltage signals result is also analyzed and
the typical pattern of voltage signals generated for different ripening
stages are drew. The reading of sensors tend to be more stable after
10 minutes for ripe and unripe mango but overripe mango need
more time of experiments. The sensors responses were analyzed for
each ripeness stages from the interval of 2 minutes to 46 minutes.

The results show that the alcohol sensor reading provides sig-
nificant difference of the three ripeness stages. The amount of am-
monia is very high for overripe mango while combustible sensors
give low increment for every stage.

Figure 8. Gas sensors reading and Typical Pattern of Sensors
Reading on Unripe Mango

Figure 9. Gas sensors reading and Typical Pattern of Sensors
Reading on ripe Mango
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Figure 10. Gas sensors reading and Typical Pattern of Sensors
Reading on overripe Mango

In the process of programming and simulation testing, it is es-
sential to determine the clock frequency for the microcontroller as
well as the A/D conversion time in the system. The reason be-
hind this is that the A/D conversion time per bit (TAD), which a
minimum value of 12 TAD is required for A/D conversion. Thus,
for suitable A/D conversion, then the TAD is suggested to be a
minimum value of 1.6s. As the clock frequency used for this micro-
controller is 20 MHz, thus the available operation of the AD clock
source is 32 TOSC and 64 TOSC. These setting are important in
order to make sure the system works.

5 Conclusion

Experiments were conducted with series of tests by gas sensors in
order to obtain the data of readings. Each of the gas sensors read-
ings for all different ripeness stages of mango were observed and
recorded. Results show that the identification system is able to
classify the mangoes in three different ripening stages with 72.9%
accuracy at 30 sets of experiment set and 7 training set. Based
on the strength of signal readings, the degree of ripeness of mango
were able to be determined from the data obtained. Level of alco-
hol increased significantly for every stage from unripe to overripe
while high ammonia level could indicates that the mango is over-
ripe. The results show that stages of Mangga Wani ripeness could
be obtained using electronic nose.
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