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Abstract: In such artificial intelligence technology era commencing, the Harumanis mango
ripeness guide scarcely reaches for predicting its ripening stages. The use of digital support
tools for selective fruits in predicting the ripening stages should not be subdued. Instead, the
tool is exercising to be accessible by directive users, local farmers, and consumers. Due to
these lacks, this preliminary project is a first step to analyse the ripeness stages of Harumanis
mango, referring to its firmness, pulp colours, and total soluble sugar (TSS) for digitalization
purposes. Twenty-five Harumanis mangoes harvested at week tenth after bloom were used,
which had an average mass of 417.96 + 163.24 g. Five samples were randomly selected and
sorted in five stages by settling them under room temperature and a two-day interval.
Findings showed the lowest TSS content uncovered at stage 2 for 6.94 Brix and the highest
found at stage 5 for 15.02 Brix. The highest firmness unfolded in stage 2 with the value of
28.468 N and the lowest discovered in stage 5 with 7.946 N. In the RGB value scheme, the
pulp colours showed a reduction of blue values for 70, activated at stage 3. The results
suggested that the Harumanis mango started deteriorating after six days of room temperature
storing, followed by rapid firmness degradation and increasing TSS value. Moreover,
combinations of RGB colour values, which are red, green, and blue, composed constructive
predictive yellowish variants as recorded in the five stages. Positively, the respective RGB
values incorporated are useable to develop digital decision-supporting tools such as
smartphones.
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1. Introduction

Several techniques have been deployed to turn the Harumanis mango to yellowish
skin colour as its entered ripening stages, and this included using different wrapping bag
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materials and storing methods (Islam et al., 2017; Gupta & Jain, 2014; Srinivasa et al., 2002).
As far as Harumanis mango concerns, the mangoes are hardly recognized when ripen stage
is reached without the interference of those methods mentioned above. This behaviour leads
to a lot of local assumptions growing on the best ready-to-eat timeframe for Harumanis
mango. Differently on the established mangoes variants, the peels and the pulps essentially
show a synchronous signature between them, either in terms of colour changes, lenticels, and
shapes (Sudheeran et al., 2019; Schulze et al., 2015; Ketsa et al., 1999). As of that concern,
locals often remotely proceed for an artificial ripening process, which is an absolute
deterioration of one health by having an open exposure to carcinogenic substances such as
calcium carbide (Bafor et al., 2019).

The use of artificial intelligence from the manifestation of pulp colour is one of many
components that lean against the realization of digitalizing transition for fruit ripening guide.
Harumanis mango, in specific, the asking retail price by local farmers during the harvesting
period is quite demanding. Regardless of maturity, local farmers are toning down to advice
to consumers for a week of ripening period in practice. This fact on the generalization of
ripening period should be put to the rest as of existing digital decision support tools such as
colorimetric device or conventional easy guide card, as they are essentially helping retailers
as a front-tier (Kasampalis et al., 2020; Gené-Mola et al., 2019a; Gan et al., 2018; Barnea et
al., 2016). However, none have pursued those techniques which secondarily suggested
demoting practicality of merchants and costly to exercise.

It is fully agreed that those destructive methods are outdated. Thus, to lead the locals
to use as such mobile application for a directive suggestion for consumers would be a
progressing improvement. Having a first step towards the mass users of practical mobile
applications, this study aimed to analyse the pulp color, total soluble sugar (TSS), and the
Harumanis mango's firmness under five ripeness stages.

2. Materials and Methods

2.1. Sample Preparation

The research started during the flowering season of the harumanis mango by tagging
and labelling 40 branches of the harumanis trees that happened to flower in a private land at
Beseri, Perlis. Having the greenhouse mango production scheduler (Patent No.
AR2017004577, 2017), this first essential stage was to prepare the area secured against wild
animals for over ten weeks of a growth period. During the third week after the flowering
stage, the fruits were covered using double-lay brown-carbon paper bags to prevent the fruit
from pests. During the tenth week, twenty-five Harumanis mangoes were selected on the
trees and harvested based on their physical weight with an average of 417.96 + 163.24 gram,
while the rest of the tagged fruits were left uninvolved in this research. All of the 25 fruits
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were then numerically labelled on the callout notes prepared. Five sets of random numbers
were generated at once by MATLAB version 2018a software for every interval of two full
days during fruit selections. This measure was taken to randomly pick the fruits and
completed the following procedures; firmness, TSS, and pulp colour for a total unbiased
exercise. For the second stage, another five mangoes were tested strictly, repeating the first
procedure cycle, and remained to standardize for the subsequent third to fifth stages. The
mangoes' storage condition was set to lay a room temperature at the Institute of Sustainable
Agrotechnology (INSAT) laboratory.

Figure 1. The numeric labels of Harumanis inside a red basket that used for random selection were still intact,
in which, to avoid erroneousness during the procedure, and they were peeled off right before the samples were
put onto the test table of TexturePro CT V1.2 to allow the probe to penetrate the samples at a rate of 2 mm/s.

2.2. Determination of Mangoes Firmness

A firmness test was carried out in order to determine the hardness varies through five
stages. The tests began as soon as the mango was harvested; the firmness test took place for
stage 1 by using the textural analyser. The equipment used was a destructive type of textural
analyzer with a specific TexturePro CT V1.2 Build 9 (Figure 1). The Harumanis mangoes
were marked in three sections: top, middle and bottom. They were punctured by using a
textural analyzer with a probe TA39 to get the average data. The probe's depth penetrated the
harumanis mango was set to have a consistent depth of 0.6 cm, while the probe’s constant
velocity entered the mango at two mm/s. The data setup used for the textural analyser was
persistent for all stages. The readings were labelled and recorded accordingly.
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2.3. Determination of Pulp Colour

Pulp colour was determined on the middle of the fruits’ cheek using the image
processing technique. The high-definition digital camera was used to capture the samples in
90 degrees setup over a constant focal length of 50 mm (Figure 2). Three measurements were
collected per sample for three colours: red, green, and blue using MATLAB version 2018a
software. The digital images uploaded to be read by the m-file of the algorithm were
constructed to capture adjacent three pixels of pointed locations. The marks of appointed
pixels were visible and remained highlighted for not selecting the same coordinate degree for
the other two locations. The coding line of calculating the pixels was set to appear for the
average of those selected pixels. All the data were labelled and recoded accordingly.

Stage 1 Stage 2 Stage 3

Stage 4 Stage 5

Figure 2. Digital images of the Harumanis mango samples were classified according to stages within two days
upon harvesting period at week tenths.

2.4. Determination of Total Soluble Sugar Content

The TSS content experiment took place after the firmness test for each stage was
completed. The five peeled mangoes were cut into cube shape and were homogenized in 10
mL distilled water. The solution was then filtered, and the residue was directly measured for
Brix number by using a refractometer. The refractometer was calibrated by testing the device
using distilled water to get a 0 reading on every measurement. The process of measuring the
Brix number was standardized for all of the samples. All the readings were recorded
according to the label given.
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3. Results
3.1. Firmness

Based on Figure 3, the highest average load was unsurprisingly fell for the second
stage for 26.467 N. This followed by an average load of 24.702 N for the first stage, where a
little of 1.765 N difference between the first and the second stages. The average load has seen
a slight reduction for 20.071 N for the third stage after four consecutive days of storing. For
the fourth stage, the average load plummeted to 12.213 N where the samples lost their
firmness for almost half compared to the second stage. In the final stage, the samples have
shown a complete ripen through their skin texture; the average load that was remained on the
samples was the lowest at 7.946 N after eight days of storing period.

30 -

25 - %

20

15 A

Firmness (N)

10 A

VH||||||||||||||||||||||||M*

o

wn
—
Q
«Q
@D
SN

Stage 1 Stage 2 Stage 3 Stage 5

Figure 3. The samples tested on the first stage were freshly tested from a harvest day at a week tenth after
blooming season. The firmness of the samples shows five stages with an interval storing two days.

3.2. Pulp Colour

The average red, green and blue (RGB) values for stage 1 were 208, 200, and 112,
respectively (Figure 4). For stage 2, the most dominating colour was the red value with 209.
While the green colour in stage 2 had a slightly low to red with 197 and 102 for blue. The
average RGB value for stage 3 were 204, 161, and 31, respectively. The data also showed
that the blue value slightly decreased as the stages climbed. This RGB values in stage 4
suggested the regression of blue value for an overall of 210, 165, and 26, respectively. In the
last stage, the green color's value starts to decrease even more while the blue value continued
to fall. The average RGB value for stage 5 was obtained at 208, 155, and 20, respectively.
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Figure 4. The RGB values of Harumanis mangoes from stage 1 to stage 5.

3.2. TSS Content

In stage 1(Figure 5), the average Brix content is 6.36 Brix that was slightly lower than
stage 2. On the first TSS test, it was suspected that one of the five mangoes in stage 1 is
already starting to ripen so that the average reading for stage 1 influenced the reading. The
average Brix content for stage 2 was 7.52 Brix that was slightly high compared to stage 1.
For the average Brix content in stage 3, the sugar content increases drastically, 11.42 Brix
due to the ripening process. The data showed that the mangoes had a higher sugar content for
all the mango in stage 3. For stage 4, the average reading was 13.44 Brix which slightly
higher than stage 3. Lastly, the average Brix content in stage 5 is 15.02, which is the highest
sugar content compared to other stages. Positively, the trendline showed that the data keep
increasing at each stage.
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Figure 5. The samples' total soluble sugar content for stage 1 and stage 5 had a minimum of 6.36 Brix and a
maximum of 15.02 Brix, respectively.

4. Discussion

In Figure 3, the first stage's load data was lower than the second stage, as it was due
to one of the mangoes was expected starting to ripen during the testing day. However, the
difference between the first and the second stages not as significant to the whole concept,
where the samples were not ripened nor ready to be eaten at the current stage. The third stage
test took place in the day four, in which, the average load started to decrease as the samples
began to naturally release a small compound of acetylene gas, which helped the samples for
the ripening process. This imperceptible phenomenon often suggests its behaviour can be
monitored as most flesh parts of the samples still having a rigid composure. In contrast, small
flesh portion areas of the samples showed a slight tenderness. After a full six days of storing,
the samples started to show evenly ripe in every three segments: top, middle and bottom.
This behaviour confirmed through the firmness numbers dropped to half compared to the
first and the second stages. At stage 4, the samples had reached a stage where the samples
were ready to be eaten.

Moreover, on the last stage, the samples went an over ripen stage where the firmness
numbers showed the lowest, this trailed by black spots appeared all over on the flesh samples.
At this stage, the samples had been suspended for eight days in a room temperature storage
period. Texture-wise, the samples lost the pectin polymers' structure on their cell wall, which
later stabilized, indicating completion of the ripening process.

Based on Figure 4, the red value maintains as the dominating colour while the green
value slightly decreased as the stages build up. The blue value showed a drastic decrease at
stage 3. This sign indicated that the ripening exercise progressing the colour of the mangoes
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started transforming into yellow. This parallel to mango peel, as from observation, contained
several pigments of which chlorophyll was most noticeable when the samples were still
unripe (Fukuda et al., 2014). However, when ripening commenced, chlorophyll slowly
breaks down into segments then the other pigments become visible to red and yellow (Gené-
Mola et al., 2019b). Having those RGB colours attained, using any RGB calculator available
on the internet (Figure 6), the combination of those colours may be possible to digitize the
composure colours in a specific stage.

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Figure 6. The combination of red, green, and blue values composes five yellow colors from stage 1 to stage 5.

Based on Figure 5, the result showed that the higher the mango's time to ripen, the
higher the Brix content reading. The duration of the five stages was eight days included the
day that the samples harvested. As soon as it was harvested, the experiment took place for
stage 1. The gradient for the linear equation was 2.324, which means it is increasing slowly.
The coefficient of determination for this graph was 0.971, which means the graph was almost
perfect linear because close to 1. As the stages increase, the moisture content increases due
to the ripening process. It affects the increase of sugar content in the mango, which changes
the osmotic pressure and forces water movement from the peel to the pulp (Liang et al., 2020;
Liu et al., 2020). The change of starch to the sugar by hydrolysis also affected the reading of
sugar content.

5. Conclusions

The results suggested that the firmness in degrading fashion equivalent to the whole
concept of fruit ripening stages. Parallel to the positively ascending of TSS values and the
threshold of yellowish pulps colour as the stage levels hiked. Also, the results ascertained the
generalization of ripening stage perception is an impractical resolution for consumers.
Moreover, gradients of the yellowish colour sorted the pulp colour of the Harumanis mango
in distinctive stages for digital decision support tool development.
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