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Abstract: Pineapples serve as an excellent source of essential vitamins and minerals, and
their consumption is predominantly in the fresh state due to the fruit’s appealing taste.
Harvesting pineapples based on skin color provides valuable insights into the ripening stages
of the fruit. This study aims to non-destructively assess pineapple skin color changes using
CIE L*a* and b* color coordinates to identify significant changes in the maturity index color.
Thirty-thirty-five MD2 pineapples were harvested at various maturity indices ranging from
index 1 to index 7, according to the Malaysian Pineapple Industry Board (MPIB) index class.
The pineapple skin color changes were evaluated using a colorimeter (Minolta Chromameter,
Model CR400) at three equidistant fruit areas from the bottom, middle, and top. The analysis
involved a one-way ANOVA, which revealed a significant difference in color parameters
across the maturity indices. Furthermore, Tukey’s Test HSD (p<0.005) highlighted a
substantial shift in colors, particularly in the a* (greenness) and b* (yellowness) values, from
index 1 to index 7. This study aids in developing non-destructive technology for grading and
quality inspection of MD2 pineapple.
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1. Introduction

Agriculture is the primary economic sector in a nation's development (Kaur &
Sharma, 2015). Fruits and vegetables are a great source of the vitamins and minerals that
keep the human body healthy. Pineapples (Ananas comusus) are widely produced in tropical
and subtropical climates across the world because of the temperate climate and spread of
rainfall (Mohd Ali et al., 2020). Pineapple is a popular food choice among customers because
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of its delicious scent and rich nutritional value (Mohd Ali et al., 2022). Malaysia primarily
grows pineapple varieties like Moris, N36, Sarawak, Gandee, Yankee, Josapine, Maspine,
and MD2. Some cultivars, such as Josapine and N36, were created locally for the fresh fruit
market (Lasekan & Hussein, 2018). The majority of people enjoy eating fresh pineapple.

MD?2 is a variety of pineapple known for its distinct sweetness, consistent size, and
ripeness when fresh. The Smooth Cayenne PRI hybrids 58-1184 and 59-443 are bred to create
the MD2 cultivar of pineapple hybrid varieties (Siti Rashima et al., 2019). MD?2 is also known
as "Golden Ripe," "Super Sweet," or "Gold. It has various advantages over other pineapple
varieties, such as a uniform bright gold color, sweeter taste, four times more vitamin C, less
fiber, lower acidity, a thinner peel, and longer shelf life. Due to its exceptional taste, planting
MD2 pineapple can yield up to three times more income (Thalip et al., 2015). These are the
main drivers that have encouraged pineapple growers to cultivate MD2. In terms of site
preparation, cultural practices, final harvesting, and planting, MD2 is like other pineapple
cultivars.

The demand for premium fruit is growing, making the development of non-
destructive technology critical. Researchers in the food and agriculture sectors have
developed various strategies to address traditional approaches' drawbacks to evaluating fruit
quality. Non-destructive technologies have been employed to mitigate product quality
concerns and enhance analytical techniques. Non-destructive testing involves harmless
testing of fruit surfaces without damaging the fruit. The non-destructive methods depend on
the food's mechanical, chemical, structural, and physical characteristics. Many non-
destructive methods, including red, green, and blue (RGB) imaging, hyperspectral and
multispectral imaging, electronic noses, computer vision systems, near-infrared
spectroscopy, and visible spectroscopy, have been studied recently for fruit quality
determination (Mohd Ali et al., 2023).

Different parameters such as ripeness, hardness, texture, and size might be considered
when checking fruits and vegetables' quality. Fruit harvesting at various maturity indexes
significantly affects the fruit's sensory quality. Pineapples ripen during plant growth but
degrade slowly once harvested since they are non-climacteric fruits. To ensure optimal fruit
quality, harvesting should be done at the ideal level of ripeness (Siti Rashima et al., 2019).
The phases of ripeness are crucial as there is a high demand for fresh fruit. Therefore, it is
necessary to investigate the non-destructive grading method to classify the maturity level of
fruits for new market quality (Xu et al., 2022).
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Numerous researches on non-destructive methods for grading pineapples have been
conducted, emphasizing increasing fruit quality determination's efficiency and accuracy.
Methods like near-infrared (NIR) spectroscopy (Qiu et al., 2023), image processing
(Arboleda et al., 2021), and electric nose (Hasan et al., 2020) have been used to examine
pineapples' internal and external features. Traditional inspections are still used by specialists
with many years of experience to complete conventional inspections (Ullah et al., 2018). The
grading involves identifying and classifying their maturity level based on external qualities
like size, color, weight, or shape (Mohammad et al., 2012). Consequently, only specialist
could apply their experiences to grade the pineapple. This technique could be inconsistent,
ineffective, and time-consuming (Dittakan et al., 2018).

The Malaysia Pineapple Industry Board (MPIB) controls and develops the pineapple
industry in Malaysia, from fresh to canned pineapple. Specifically, MPIB also has produced
a ripening index chart for MD2 based on seven indices. The index describes the pineapple's
skin color and indicates the fruit consumption's freshness level. To achieve the best quality
and market value, it is essential to understand the complex color changes of MD2 pineapples
during their ripening process for optimal harvest. Identifying the relationship between
pineapples' color and their maturity index is essential to present their maturity and ripeness.
Therefore, this study proposes to study the non-destructive technique for classifying
pineapple ripening using a g colorimeter.

2. Materials and Methods
2.1. Fruit Samples

Thirty-five pineapple fruits from the m MD2 cultivar were harvested at ripening stage
index one to seven from a local farm in Jitra, Kedah. The local supplier assessments on the
pineapple maturity index were based on the Malaysian Pineapple Industry Board (MPIB)
ripening chart as in Table 1. Five grade A pineapple fruits with uniform size and weight per
maturity index were labeled and stored at room temperature for further processing. The skin
assessments were conducted within 24 hours. The fruits were kept free from pests and
damage to maintain their freshness and firmness.
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Table 1. Maturity index for MD2 pineapple as described by MPIB

Index

Index Description

The sample acquired
to match the index

Unripe fruit, dark green skin color
Not suitable for fresh consumption

Mature fruit
Dark green skin color and slight yellow color at the base of the fruit
Suitable to harvest for export sea shipping

Fruit has ripened.
The green color and one or two braktea have turned yellow at the fruit's
base.
Suitable to harvest for export by plane

25% of the fruit has ripened, and the skin color has turned orange-
yellowish
Not suitable for export
Suitable for local and fresh consumption

50% of the fruits have ripened, and the skin color has turned orange-
yellowish
Best index for fresh consumption

75% of the fruits have ripened, and the skin color has turned to orange-
yellowish
Suitable for local and fresh consumption

Fruit is overripe, and almost 100% of skin color turned to yellow
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2.2. Skin Color Assessment and Analysis

The pineapple skin color changes were monitored at three different parts of the fruits.
Measurements were taken at three equidistant positions around the equatorial part of the fruit
using a colorimeter (Minolta Chromameter, Model CR400) as in Figure 2. Pineapple skin
colors were measured three times for each position, and the results were averaged. The color
changes were monitored using CIE L*a*b* coordinate systems where L* represents the
lightness or brightness of the skin color, a* is the redness or greenness, and b* is yellowness
or blueness.

Figure 1. Color measurement at three equidistant parts of the pineapple fruit.

To further evaluate the skin color changes, one-way ANOVA was performed to study
the effects of the color parameters on the maturity index. Tukeys Test HSD was used to
compare mean values of L*, a*, and b* to maturity index at significant (p<0.005) using
XLSTAT (2021).

3. Results and Discussions

3.1. Descriptive Statistics of the Color Parameters

Table 2 indicates the descriptive statistics of the CIE L*a*b* color parameters. It is
shown that there is a higher range of minimum and maximum values for L* and b* parameters
as the fruit ripens from index 2 to index 6. This is explained by the skin color changes from
green to yellowish orange, as observed on the pineapple skin. The ripening process starts
from the bottom to the top of the pineapple.
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Table 2. Descriptive statistics of the color measurements.

Index Variable Minimum Maximum Mean Std. deviation
1 L* 37.64 43.78 40.44 +1.86
ax -2.66 -0.32 -1.75 +0.69
b* 9.09 14.94 12.45 +1.91
2 L* 37.50 50.59 42.93 +3.54
ax -5.93 -0.70 -3.44 +1.53
b* 12.63 26.21 17.78 +4.00
3 L* 43.02 51.29 47.51 +2.81
ax -6.21 0.41 -2.48 +2.13
b* 18.04 28.79 23.67 +3.79
4 L* 41.43 53.03 46.39 +3.83
ax -3.18 5.75 0.39 +3.00
b* 12.60 30.16 19.92 +5.22
5 L* 41.42 53.08 47.39 +3.57
ax -3.88 12.28 1.56 +4.56
b* 13.66 44,54 23.47 +7.58
6 L* 41.87 55.20 48.56 +3.72
a* -4.91 4.88 0.74 +3.69
b* 16.37 34.53 27.22 +4.50
7 L* 47.39 52.15 49.89 +1.57
ax 6.47 12.29 10.25 +1.67
b* 21.94 30.45 26.23 +2.77

3.2. ANOVA and Pairwise Comparison between Color Parameters and Maturity Index.

A one-way ANOVA was performed to compare the effect of the pineapple maturity
index on the CIE Lab color parameters. A one-way ANOVA revealed that there was a
statistically significant difference in the mean of L*, a*, and b* color parameters between the
maturity index with F (6,98) F =17.129, p = <0.0001), F (6,98) F =40.980, p = <0.0001 and
F (6,98) F=19.331, p = <0.0001) respectively.

Figure 2 shows the results of the Tukey HSD pairwise comparison. Figure 2(a)
indicates a significant difference in lightness as the maturity index shifts from index 1 to
index 7. Index 1 and 2 show no differences in lightness values, similar to indexes 3, 4, 5 and
6. In index 7, the lightness significantly differs from the rest of the index, indicating lighter
color values than index 1, which has darker values. Lightness shows light absorption with a
value L equal to zero, indicating a black color.

Figure 2(b) shows the pairwise comparison for a*, indicating the skin color's redness
or greenness. As observed, there is a rapid shift from dark green (-a*) to red (+a*), as
indicated from index 1 to index 7. Index 1 to index 3 maintained the dark green color whilst
rapidly changing to slightly red and red at index 4 to index 7. From index 1 to index 3, there
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is no significant difference when the values indicate -a* value, similar to index 4 to 6 when
the color shifts to +a* values. The spike in index 7 shows the fruit has ripened and exhibits a
high value of red color.

Figure 2(c) shows the b* color values, which indicate the increase in yellowness of
the (+b*) color. The mean b* shows the increment of yellow value from index 1 to index
seven, where indexes 1,2 and 6,7 showed significant differences. Tukey HSD shows an
insignificant difference between index six and seven, as indicated by similar letters from the
pairwise comparison.

The observation of the pineapple skin color changes is similar to the work of Ullah et
al. (2018) using the pineapple variety Phulae (Queen), a geographical indication of Chiang
Rai Province. The same observation on skin color changes was also found in a study by
Lapcharoensuk et al. (2016), who studied the Smooth Cayenne variety from Chonburi
Province, Thailand.
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Figure 2. Pairwise comparison using Tukey HSD between color parameters and maturity indices for MD2
pineapple: (a) L*; (b) a*; (c) b*. Note: Mean sharing the same letter is not significantly (p>0.05) different from
one.
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4. Conclusions

This study was done to observe the skin color changes of the MD2 pineapple
according to the ripening index chart provided by the MPIB using a colorimeter apparatus to
aid in developing non-destructive technology for grading and quality inspection. In
conclusion, significant differences are exhibited between the ripening index 1 and 7 for L*,
a*, and b* color parameters. Further investigation revealed that there is a significant shift of
colors as indicated by a* (greenness) value and b* (yellowness) from index 1 to index 7.
Observing the right section of the pineapple fruit is crucial to guiding the right harvesting
time and postharvest practice to ensure the freshness of the fruit.
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