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Global fresh pineapple market is dominated by MD2 cultivar due to superior sweetness, golden yellow flesh color, lower acidity, and
longer shelf life compared with earlier cultivars. Despite the advantages, sunburn causes significant surface damage and yield loss.
Therefore, this research aimed to evaluate the effectiveness of colored shading net application as a preharvest treatment to modify the fruit
microclimate and reduce sunburn incidence. The experiment was arranged in a completely randomized design with seven treatments.
These included a control without cover, recycled paper bagging, and five shading nets of different colors, namely black, white, red, green,
and blue. Treatments were applied at 78 days after forcing, and evaluations were made when fruits were at the 10-20% stage of maturity
or shell color 2 (SC2). The parameters included the extent of sunburn, age at harvest, physical characteristics (weight, length, diameter,
and length of the crown), and attributes of fruits, color of the flesh, firmness, total soluble solids (°Brix), titratable acidity, and vitamin C
levels. The results showed that all protective treatments significantly reduced sunburn compared with the control. Blue and green shading
nets provided the most effective protection against sunburn (up to 96.5%) and increased vitamin C content by 17-23% compared to the
control, directly enhancing the visual appearance and nutritional value of the fruit. By minimizing physiological damage and preserving
antioxidant content, these treatments contribute to improved postharvest quality, greater storage stability, and higher market acceptance.
Meanwhile, the black shading net increased fruit size by 33.06% without reducing °Brix or acidity, showing that sweetness and flavor
balance were maintained with yield improvement. Collectively, these results report the significant role of green, blue, and black shading
nets in improving overall food quality and postharvest performance, while offering a simpler and more efficient preharvest alternative to

bagging for export-grade MD?2 fruit production.
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INTRODUCTION

The MD2 cultivar accounts for 80% of the global fresh pineapple trade due to
superior quality attributes, including enhanced sweetness, golden-yellow flesh
color, lower acidity, and extended shelf life compared with earlier cultivars
(Hossain, 2016; Nordin et al., 2023). In tropical regions such as Indonesia, high
solar radiation constitutes a major production constraint since the concept increases
the risk of sunburn development on the fruit. This physiological disorder
compromises visual quality through peel damage and disruption of epidermal
tissue integrity, reducing market value and consumer acceptance (Hossain, 2016).
Continuously improved preharvest environmental modification technologies
include shading nets, which are indoor protective covering materials. These nets
are considered important for optimization because of the capacity to reduce solar
radiation and fruit surface temperature, minimizing sunburn without altering
physical or chemical properties of fruit (Syazwani et al., 2013; Siti Rashima et
al., 2019). The shading nets have been demonstrated to cut down sunburn in apple,
pear, and citrus fruits (Kalcsits et al., 2017; Goodwin et al., 2017; Mupambi et
al., 2019), along with the fact that the operands decrease the incoming solar
radiation, making a lower fruit surface temperature and a better canopy
microclimate possible. Further investigation is needed in terms of the effect on the
physical and chemical parameters of MD2 pineapple fruit.

Preharvest microclimate management using protective shading nets has been
reported to effectively reduce sunburn incidence in MD2 pineapple to nearly zero
under 50% shading intensity (Santos et al., 2021). The application of 50% shading
nets in ‘Smooth Cayenne’ pineapple increased fruit mass and total yield by 22—
39% and 22-40% compared with newspaper bagging, while mitigating sunburn
(Santos et al., 2021). Shading nets reduce excessive solar radiation, protect the
fruit peel from ultraviolet-induced damage, and improve postharvest quality
attributes, including total soluble solids reaching 16-19 °Brix and enhanced fruit
weight (Ao et al., 2025). Therefore, the fruit exhibits superior aesthetic quality

directly associated with extended shelf life and improved postharvest marketability
(Santos et al., 2021).

The application of shading nets at the preharvest stage enhances the preservation
of MD2 pineapple by reducing physiological weight loss to below 5% and
improving sugar and ascorbic acid content (Ao et al., 2025). The use has been
reported to reduce sunburn incidence in apples, with up to 92% of fruit remaining
undamaged, which is analogous to the benefits observed in pineapple to mitigate
heat stress and improve overall quality (Kalcsits et al., 2018). This supports
compliance with global export standards, where sunburn-free MD2 pineapples
account for 50-55% of the market, strengthening product competitiveness (Ao et
al., 2025). Furthermore, loss reductions of up to 50% achieved at relatively low
cost contribute to the sustainability of the pineapple industry (Kalcsits et al.,
2018).

MATERIAL AND METHODS

This research was conducted between August and October 2025 at the Research
and Development Postharvest Laboratory of PT. Great Giant Pineapple (PG4),
East Lampung, Lampung province, Indonesia. The material used was MD2
cultivar at 78 days after forcing (DAF), corresponding to the swelling stage. The
experiment was arranged in a Completely Randomized Design (CRD) with seven
treatments: an uncovered control, bagging using recycled brown paper routinely
applied at PT Great Giant Pineapple, and five shading net colors (black, white, red,
green, and blue) with a density of 40 mesh and a size of 2 x 2 m under uniform
field conditions (24 plants per shaded unit). Each treatment was replicated five
times. Treatment allocation was performed through complete randomization using
the RAND() function in Microsoft Excel. The treatment list was randomized and
sorted based on randomly generated numbers, and the obtained sequence was used
to assign treatments to the numbered experimental units before application.
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Observations were conducted on the first day of harvest. Each replication consisted
of six fruit samples, leading to a total of 210 fruits harvested at shell color stage 2
(SC2) in accordance with the export standards of the company. The variables
observed included sunburn severity, assessed visually based on the level of peel
damage; harvest age, calculated from forcing until fruits reached SC2; flesh color,
expressed as the proportion of yellow flesh length relative to total fruit length; fruit
weight measured using a digital balance; total soluble solids (°Brix) measured with
a refractometer; titratable acidity determined by titration with 0.1 N NaOH and
expressed as percentage of citric acid; vitamin C content analyzed using the 2,6-
dichlorophenolindophenol titrimetric method (AOAC, 1967); and fruit firmness
measured to characterize flesh and core texture. The data were analyzed using
analysis of variance (ANOVA) at a 95% confidence level, followed by Tukey’s
honestly significant difference (HSD) test at o = 0.05 using Minitab 22 statistical
software.

RESULTS AND DISCUSSION

The results (Table 1) of the empirical research confirmed that all analyzed
variables indicated the considerable impact of colored shading nets on MD2
cultivar quality and performance. The protective treatments resulted in a lower
incidence of sunburn compared to the uncovered control, with green and blue

shading nets proving most effective, corresponding to reduced fruit surface
temperature and decreased light intensity (Table 2). The shift of microclimate
conditions lessened skin damage caused by sunburn and influenced the date of
harvest since some shading net treatments often delayed the acquisition of shell
color 2 (SC2) in comparison to the control. The results are similar to those in apples
and citrus, where the application of shading nets helped avoid sunburn, while
affecting fruit ripening rate. This caused the change in harvest time compared to
the non-shaded control treatments (Iglesias & Alegre, 2006; Middleton &
McWaters, 2002; Cronje et al., 2020).

From the perspective of physical quality, shading nets had fruit weight, diameter,
and length reaching or exceeding export standards, while crown size was
unchanged in all the treatments. Fruit chemical quality was retained well, as
evidenced by Brix values, which were not statistically different between the
treatments and were above the minimum standards. Titratable acidity and vitamin
C content had positive responses to some specific net colors, specifically green and
blue, where flavor was more balanced and nutritional value was improved. For
sunburn control, colored shading nets and bagging are the most effective and are
responsible for maintaining and improving the physical and chemical quality, as
well as the uniformity, of MD2 cultivar. This leads to an increase in the percentage
of fruits for export markets.

Table 1 Effects of shading net colors on fruit quality and harvest age of MD2 cultivar. The values represent the averages, and different
letters in the same row suggest statistically significant differences according to Tukey’s test (o= 0.05).

. . Black White Red shading Green Blue shading
Variable Control Bagging shading net shading net net shading net net
Sunburn in MD2 Cultivar
Sunburn 2.00a 0.23b 0.50 b 0.60 b 0.23b 0.07b 0.07b
(Level)

Harvest Age (SC1 and SC2)

SC 1 (DAF) 135.13 b 135.5 ab 1364 a 136.16 ab 136.13 ab 135.83 ab 136 ab
Harvest age

(SC2) (DAF) 140.8 b 140.63 b 14233 a 142.66 a 142.67 a 141.93 ab 142.1 ab
Fruit Physical Quality (Fruit Weight, Diameter, Length, and Crown)

Fruit weight

® 929.6 ¢ 1141.5 abe 12369 a 1058.3 abc 1163.1 ab 978.8 be 1098.4 abc
(Fcr;r‘ll)t . 10.28 b 11.08 2 11.02a 10.47 ab 10.77 ab 10.30 b 10.69 ab
(Fcrr‘;‘)t length 12.79 ¢ 15.052a 14.81 ab 13.84 abc 14.25 abc 13.27 be 13.64 abc
(Ccfl;”“ length 11592 11.07a 11452 1144 a 12.69a 1127a 12542
The Texture (Flesh and Core Firmness) and Flesh Color of Fruit

Fruit flesh 557a 4952 380b 326b 371b 326b 3.69b
firmness (N)

(CI\‘I’)TC firmness 3923 a 39.17a 33.21 ab 30.76 b 33.14 ab 30.74 b 31.73b
Z}:)Sh Color 0.94 ab 0.97a 0.84 ¢ 0.85 be 0.89 abc 0.87 be 0.90 abc

Table 2 Effects of shading net colors on fruit chemical quality of MD2 cultivar. The values represent the averages, and different letters in
the same row suggest statistically significant differences according to Tukey’s test (o = 0.05).

. . Black White Red shading Green Blue shading
Variable Control Bagging shading net shading net net shading net net
Fruit Chemical Quality (°Brix, Titratable Acidity, and Vitamin C)

Brix (%) 14.63 a 14.54a 1436 a 13.64a 14.03 a 14.54 a 14.11a
Acidity (%) 0.48 ab 0.44b 0.48 ab 0.56a 0.53 ab 0.56a 0.53 ab
Xl‘ltg/‘l‘;‘“ ¢ 421.2ab 337.3ab 342.5 ab 458.5 ab 405.2 ab 509.8a 495.8 ab

The evaluation of sunburn in MD2 cultivar is carried out according to the criteria
by Santos et al. (2020), where damages are classified into four levels (Figure 1),
according to the intensity of a color change and the affected fruit surface area.
Level 0 is for fruit with no sunburn symptoms, which is the normal green peel
color. Level I has a slightly yellow color that is limited to one area only. Level 11
is characterized by yellowing that is spreading, accompanied by some browning,
with one side of the fruit exhibiting a more intense coloration. In contrast, Level
III presents extensive yellow-brown discoloration covering more than half of the
fruit, with increased damage to the epidermal tissue. Level IV is described as the
most severe condition, which consists of necrotic areas that are dark brown to black
and structural damage, such as cortex cracking, causing the fruit to be unfit for
fresh-market quality. The use of this type of classification enables uniform
determination of sunburn severity and shows the difference between commercially
tolerable and serious damage.

Level

Level II Level 111 Level IV
Figure 1. The criteria are the severity levels of sunburn on MD2 Pineapple.
Damage Level: Level 1 - 1/3 of the fruit; Level 2 - 2/3 of the fruit; Level 3 - entire
length of the fruit with sunburn; and Level 4 - scalding. Source: Author’s own.

Sunburn in MD2 Cultivar
The results demonstrate that fruit exposed without protection experienced

substantially greater sunburn severity than all shaded and bagged treatments,
confirming that direct solar radiation is the primary determinant of peel injury in
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MD?2 pineapple. Relative to the control, all protective measures reduced sunburn
by a large margin, indicating that even partial radiation interception produces a
disproportionate biological benefit. This pattern reflects the radiation temperature
interaction underlying sunburn development, where excessive energy load elevates
fruit surface temperature beyond a critical physiological threshold, triggering
cellular disruption. The clear statistical separation between the control and
protected treatments supports the interpretation that unmoderated solar exposure
exceeds the tolerance capacity of epidermal tissues.

From a mechanistic perspective, sunburn is closely associated with heat-induced
oxidative stress. Excessive radiation increases reactive oxygen species (ROS)
production, destabilizes membrane integrity, and improves pigment degradation,
leading to a visible brown discoloration (Racské & Schrader, 2012; Naschitz et
al., 2015). Shading nets and bagging also reduce the total radiation load and
improve the fruit microclimate, limiting thermal accumulation and suppressing
ROS-mediated cellular damage (Goodwin et al., 2018). The marked reduction in
peel injury under protective treatments supported previous results, where
moderated radiation environments mitigate photothermal stress and preserve
epidermal integrity (Shafawi et al., 2020). The absence of statistical differences
among covered treatments suggests that additional spectral modifications yield
diminishing returns in visible damage reduction after surface temperature is
maintained below the injury threshold.

In practical terms, the strong suppression of sunburn under shading and bagging
treatments substantially enhances the probability of meeting international export
standards that require minimal surface defects (Codex Alimentarius
Commission, 1993/1999). Conversely, fruit produced without protection would be
more susceptible to downgrading due to increased visual damage. These findings
underscore that radiation management is not merely a protective practice but a
physiologically grounded strategy to maintain fruit quality under high-radiation
tropical conditions. Collectively, the data reinforce the concept that regulating fruit
microclimate is a critical intervention for stabilizing external quality and
safeguarding commercial value.

Harvest Age (SC1 and SC2)

Harvest age is a critical indicator directly related to harvest scheduling, operational
efficiency, and compliance with market quality standards. The results reported the
difference in the time consumed to attain the SC1 and SC2 maturity stages in
various treatments, where certain shading net treatments delay the maturity of the
fruits in comparison to the control. Meanwhile, bagging had a relatively similar
pattern to the control. The result suggests that preharvest microclimate
modification is not just a sunburn control factor but has an effect on the rate of fruit
maturation.

Pineapple maturity indices, based on shell color, reflect the ripening process from
the base to the top of the fruit and are directly associated with changes in physical
and chemical attributes (Rohazrin et al., 2016). Paull and Chen (2018) stated that
the move from immature to a more advanced ripeness could happen in about ten
days, but strongly depended on the environmental conditions. For MD2 cultivar,
microclimate-modifying methods such as shading nets and bagging alter the peel
color development and physicochemical changes during the ripening process.
High-intensity colored shading nets reduce fruit metabolism and increase the time
to reach SC2. In the absence of shading, SC1 and SC2 are reached faster (Sabtu et
al., 2022). The basic results are that shading net treatments have the effect of the
maturity progress being slower than the control.

Harvest age is a critical indicator for scheduling, operational efficiency, and
compliance with market quality standards. These results show differences in time
to reach shell color stages SC1 (30% yellowing from the base) and SC2 (50%
yellowing) across treatments. Shading net treatments significantly delayed fruit
maturity compared to the control, while bagging reported patterns similar to the
control. These results indicate that pre-harvest microclimate modification, beyond
sunburn prevention, affects fruit maturation rate through changes in light quality
and intensity.

Colored shading nets filter specific wavelengths, modifying the light spectrum
reaching the fruit. For example, blue or pearl nets (35-50% shading) transmit more
photosynthetically active radiation (PAR, 400-700 nm) while attenuating excess
ultraviolet (UV) and far-red light, which trigger stress responses (Shahak, 2008).
In MD2 pineapples, high-intensity colored nets (e.g., gray or aluminet) lower the
red:far-red ratio, slowing shell color development from green to yellow-orange.
This spectral change delays SC1 and SC2 by 4-7 days compared to the control, as
observed in this study and supported by Sabtu et al. (2022).

Light quality directly affects photosynthetic efficiency and stress reduction.
Excessive direct sunlight causes photoinhibition and reactive oxygen species
(ROS) accumulation, increasing maturity through increased ethylene biosynthesis.
Shading nets also reduce photosynthetic stress by lowering light intensity and
optimizing the blue: red light balance, enhancing chlorophyll stability and
minimizing non-photochemical quenching (NPQ) (Urban et al.,, 2016). In
pineapples, this moderates carbohydrate metabolism since shading reduces sucrose
hydrolysis and starch degradation to maintain soluble solids content longer and
delay the transition to SC2 (Paull and Chen, 2018). In contrast, bagging primarily
blocks UV and limits gas exchange without strong spectral filtering, leading to
maturation schedules similar to the control. Mechanistically, shading nets delay

maturity by downregulating fruit metabolism. Reduced light intensity lowers ATP
and NADPH production, inhibiting key enzymes such as invertase and cell wall-
modifying proteins essential for ripening (Rohazrin et al.,, 2016). This is
consistent with the data, where shading treatments extend the immature to ripe
phase (10 days under standard conditions) through altered auxin-ethylene
interactions and delayed chlorophyll breakdown. Literature confirms that in similar
crops, pearl nets increase maturation time by 20-30% through selective spectral
photoprotection (Shahak et al., 2012). Therefore, targeted shading optimizes
quality by synchronizing harvests for MD2 cultivars while enhancing shelf life.
These modifications improve operational yields, balancing protection with precise
maturation control.

Fruit Physical Quality (Fruit Weight, Diameter, Length, and Crown)

The results indicated that shading treatments, particularly black and red shading
nets, significantly increased fruit weight compared with the control treatment.
Under shaded conditions, the average fruit weight reached or approached the lower
threshold required for export standards, whereas the control treatment produced
noticeably lighter fruits. According to export quality requirements, MD2 pineapple
must reach a minimum fruit size and weight to ensure adequate fruit proportion
and structural integrity for packaging and long-distance transport (Syazwani et al.,
2013). In addition, fruits produced under shading treatments generally achieved
diameters that met or exceeded the minimum export standards, while fruits from
the control treatment tended to have slightly smaller diameters. In this context,
microclimate modification reduces environmental stress and improves
translocation to the fruit (Arawjo et al., 2022; Kishore et al., 2021). A greater
proportion of fruit meets the expected export quality classes.

Practical standards require values in the range of 13-20 cm, with symmetrical
length being critical for appearance and uniformity in export grading (Syazwani
et al., 2013). The results suggested that bagging and black shading net treatments
produced the longest fruit (approximately 14.8—15.1 cm), while the control
treatment resulted in shorter fruit (approximately 12.8 cm). Consequently, shading
treatments, particularly black and red, facilitated the development of more ideal
and proportional fruit length for export markets. The UNECE FFV-49 standard
requires crowns to be healthy, intact, and proportional, with a length of
approximately 50—150% of the fruit length. In this research, red and blue shading
nets produced crowns of approximately 12.5—12.7 cm on fruit measuring about
14-15 cm. Bagging resulted in crown lengths of approximately 11 cm on fruit of
15 cm long. These crown-to-fruit length ratios remained within the acceptable
range for Extra Class and Class I under shading treatments (UNECE, 2012).

The texture and flesh color of the fruit.

The firmness of the fruit was mainly higher in the control and bagging treatments
of group A. The colored shading net treatments were categorized into group B,
possessing lower firmness values. This result shows that shading nets increased
flesh softness because of the fruit harvested at the same maturity stage. Light
intensity affected photosynthesis and carbohydrate allocation, decreasing the
strength of the cell wall and the tissue (Martinez-Conde e al., 2024; Ali et al.,
2022). The control and bagging treatments yielded the highest values, while blue,
white, and green shading nets decreased core firmness. The slightly softer texture
can be viewed as a benefit, while the pineapples resist the stresses of handling and
transport.

A minimum yellow flesh color of 50% is the main criterion for export eligibility.
In contrast, flesh and core texture are required to be firm, without a specific
numerical threshold to ensure the tolerance of harvesting and distribution processes
(Syazwani et al., 2013). Bagging had the highest score in the flesh color rating.
The shading net treatments were above 0.84, which represents visible to golden
yellow flesh without internal browning symptoms. These values exceeded the
yellow flesh minimum requirement of 50%, fulfilling the export quality criteria.
The flesh color was stable in the golden yellow range for several weeks under the
mature-green harvest and storage at 10 °C conditions. The logo that the flesh color
achieved under shading net treatments was fully compliant with the minimum
criteria needed for export markets (Syazwani et al., 2013).

Fruit Chemical Quality (°Brix, Titratable Acidity, and Vitamin C)

The total soluble solids (°Brix) of MD2 cultivar did not show a significant
difference between the treatments, such as the control, bagging, and all shading net
colors. All the treatments gave out values of °Brix that were higher than the
minimum Codex standard and equal to or near the practical export standards for
MD2 cultivar. The use of shading nets and bagging as preharvest protective
technologies does not affect fruit sweetness. Therefore, the application of the
methods is feasible since no reduction in sensory qualities occurs, which is a
critical factor in consumer acceptance. Titratable acidity and Vitamin C content
showed colored shading in net treatments more distinctly. White and green shading
nets produced the highest acidity values, while bagging resulted in the lowest
values, with all treatments remaining in the range accepted for export-quality MD2
cultivar. Acidity levels influence the perception of sweetness, with higher acidity
enhancing the characteristic sweet taste of MD2 cultivar and balancing the flavor
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profile, contributing to the desired sweet—acid taste (Medina & Garcia, 2005). In
addition, vitamin C content had the best response to green and blue shading nets,
which increased the content higher than other treatments. This outcome supports
the result that light spectrum modification and shading nets can stimulate ascorbic
acid synthesis and give different nutritional benefits (Syazwani et al., 2013; Siti
Rashima et al., 2019).

Mechanisms underlying increased vitamin C (ascorbic acid, AsA) synthesis in
pineapple MD2 fruits under shading net treatments are primarily connected to
modulated light absorption and photosynthetic activity, contrasting with increased
maturation in full sunlight exposure (Hancock et al., 2019). High light intensity
promotes AsA accumulation through enhanced photosynthesis, providing
precursors and energy (ATP/NADPH). However, shading nets alter this by spectral
filtering and intensity reduction, potentially optimizing synthesis amid delayed
ripening (loannidi et al., 2019).

Light-Driven Biosynthesis Pathways: AsA biosynthesis follows the Smirnoff-
Wheeler L-galactose pathway (GDP-D-mannose — L-galactose — L-galactono-
1,4-lactone — AsA), dominant in fruits, with contributions from L-galacturonate
(from pectin) and myo-inositol paths (Hancock et al., 2019). Light exposure
upregulates genes such as GMP, GME, GGP, and GalLDH through photoreceptor
signaling (phytochromes/cryptochromes), increasing flux using photosynthate-
derived substrates, including GDP-mannose (Chen et al., 2022). In shaded MD2
pineapples, colored nets (e.g., pearl/blue) transmit higher PAR diffusion while
filtering UV/far-red, sustaining moderate photosynthesis without photoinhibition
and supporting AsA pool maintenance during slowed SC1/SC2 progression
(Bastias et al., 2017; loannidi et al., 2019).

=0- Rainfall (mm)
O+ Temperature (°C)

Microclimate Components

Sunburn can be explained by cumulative radiation and heat stress, as reported by
the Automatic Weather Station (AWS) during the period of 78—143 days after
forcing (DAF). AWS data (Figure 2) showed environmental conditions
characterized by low to moderate rainfall with frequent rainless days (mean 4.15
mm; range 0.0-39.5 mm). This increased atmospheric transparency and reduced
cloud shielding against solar radiation. Furthermore, daily maximum air
temperatures were relatively high (mean 33.35°C; range 31.19-35.39°C) and
accompanied by relative humidity (mean 82.85%; range 72.78-96.33%). These
conditions corresponded with very high levels of maximum solar radiation (mean
920.51 W m?; range 711.9-1119.0 W m™2), increasing the radiation load on the
fruit surface.

The combination of high solar radiation, elevated maximum temperatures, and
reduced relative humidity during daytime hours increases the risk of sunburn by
elevating the surface temperature, inducing photo-oxidative stress, and causing
epidermal tissue damage in directly exposed fruit (Racské & Schrader, 2012;
Naschitz et al., 2015; Park et al., 2023). The microclimatic characteristics derived
from AWS data provide strong field-based evidence that sunburn observed in the
control treatment was triggered by repeated exposure to high radiation and heat
stress in the observation period (Fischer ef al., 2022).
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Weather data accumulated based on the Automatic Weather Station (AWS)
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Figure 2 Weather data is collected over a specific period of time with the help of AWS
Table 3 The average of the 18 field observations for each treatment was computed.

Treatment Fruit surface temperature (°C) Ambient temperature (°C) Light intensity (Iux)

Control 313 36.2 12571.1

Bagging 30.6 35.8 12263.3

Black shading net 28.1 36.2 11077.1

White shading net 28.3 34.7 12162.5

Red shading net 28.8 35.1 11397.9

Green shading net 28.0 349 11709.5

Blue shading net 27.8 35.1 11581.9

Field research supported the AWS-based explanation since the data reported a
direct relationship between sunburn incidence and fruit surface temperature, solar
light intensity, and ambient temperature in both control and experimental
treatments. The control treatment had the highest exposure to light (12,571 lux at
the peak) and fruit surface temperature (31.3°C). Bagging treatment possessed high
fruit surface temperatures at 30.6°C. The opposite happened to all shading net
treatments that resulted in fruit surface temperatures of 27.8-28.8 °C. The highest
reductions were observed with the blue and green shading nets, which were the
most effective in reducing incoming radiation and heat load on the fruit surface.

Sunburn arises when the surface temperature is extremely high, causing the
epidermal cells to overheat and stress. Therefore, shading is a major contributor to
preventing the problem (Shahak et al., 2008; Stamps, 2008). The variability in
fruit surface temperature and light intensity across the different treatments strongly

suggests that shading nets are efficient in decreasing fruit irradiance, stabilizing
the microclimate around the fruit, and reducing the risk of extreme heating in the
epidermal cells (Goodwin et al., 2016; Goodwin ef al., 2018; Bastias & Corelli-
Grappadelli, 2020; Gonzilez ef al., 2024).

Practical Recommendations

Colored shading nets prevent the occurrence of sunburn by decreasing the radiation
intensity and fruit surface temperature. This has no negative impact on fruit quality
since the physical and chemical quality of the fruit is preserved. The innovation
prevents epidermal damage and helps to reach key quality parameters such as fruit
weight, diameter, length, flesh color, and firmness required to satisfy the market.
Shading nets are viewed as more operationally effective because a single system is




J Microbiol Biotech Food Sci/ Yanti et al. 2026 : 15 (5) e13911

capable of protecting multiple plants simultaneously and is more favorable in the
sunburn protection-internal quality attributes balance (°Brix, titratable acidity, and
vitamin C). Therefore, the strategy of using the right shade net color can be the
beginning of dominant industry mass production, increasing the share of the MD2
pineapple fruit that reaches the export quality standards.

CONCLUSION

In conclusion, the application of shading nets effectively reduced the incidence of
sunburn in MD2 pineapple by regulating the fruit microclimate, particularly
through reducing radiation exposure and lowering fruit surface temperature. All
protective treatments significantly suppressed sunburn compared with the
unprotected control, confirming that radiation management is the primary
determinant of peel injury prevention. Although green and blue shading nets
tended to exhibit lower sunburn levels, their effectiveness was statistically
comparable to that of the other protective treatments, indicating that overall
radiation interception rather than net color per se was the key factor underlying
protection. Importantly, the use of shading nets and bagging did not adversely
affect major physical and chemical quality attributes, including total soluble solids,
titratable acidity, firmness, and vitamin C content, and all treatments remained
within acceptable export-quality standards. Therefore, the appropriate
implementation of shading systems represents a viable preharvest strategy to
enhance external fruit quality while preserving internal quality characteristics. In
total, the proper use of colored shading nets was a very viable preharvest strategy
for large-scale industrial applications to elevate the level of fruit meeting quality
standards for export markets.

Acknowledgements: The author expresses deepest gratitude to Mr. Ahmad
Ziaurrahman, S.P., M.P., Mr. Cahyo Lugmantoro, S.P., and Ms. Indah Selviana
Oktaviani, S.P. for their great motivation, help, and friendship in the research and
development postharvest fresh pineapple laboratory of PT Great Giant Pineapple.
Furthermore, the author also wishes to convey heartfelt thanks to the Fresh
Pineapple Field Supervisors of PT Great Giant Pineapple, Mr. Suradi and Mr.
Rahmat Triadi, along with all field technicians, for their cheerful support, technical
assistance, and cooperation, which played a crucial role in the successful execution
of field research activities.

REFERENCES

Ali, F. Y., Rahmawati, S., & Lestari, S. (2022). Pengaruh intensitas cahaya
matahari terhadap pertumbuhan dan produktivitas tanaman nanas (Ananas
comosus (L.) Merr.). RADIKULA: Jurnal Ilmu Pertanian, 6(1), 44-51.
https://doi.org/10.35891/radikula.v6il.1872

Ao, L, Lotha, R., & Yanthan, S. (2025). Impact of Pre-harvest Treatments on
Physico-chemical Attributes of Organic Pineapple (Ananas comosus L. Merr) in
Nagaland, India.  Environment and  Ecology, 43(4), 1020-1027.
https://doi.org/10.60151/envec/WYJS9359.

Aratijo, H. S., de Souza, A. P., Uchoda, S. C. P., Alves, J. M. A., & da Silva, D. C.
0. (2022). Effect of shading screens on the production and quality of 'Smooth
Cayenne' pineapple. Pesquisa Agropecudria Tropical, 51(¢69594), 1-14.
https://doi.org/10.1590/1983-40632021v5169594

Bastias, R. M., & Corelli-Grappadelli, L. (2020). Photoselective protective netting
improves "Honeycrisp" fruit quality and mitigates sunburn. HortScience, 55(12),
1954-1962. https://doi.org/10.21273/HORTSCI15366-20

Bastias, R. M., Laza, M., & Franck, N. (2017). Impact of shading net color on
phytochemical contents in two bell pepper cultivars. Horticulture Science and
Technology, 35(5), 629-640. https://doi.org/10.5423/HST.2017.35.5.629

Chen, Z., Zhang, Q., Wang, H., Wang, S., Zhang, S., Li, J., Zhang, Z., Liang, Q.,
& Xie, J. (2022). How does light facilitate vitamin C biosynthesis in
leaves? Trends in Plant Science, 27(9), 927-
940. https://doi.org/10.1016/j.tplants.2022.04.009

Codex Alimentarius Commission. (1993). Codex Standard for Pineapples
(CODEX STAN 182-1993). Revised 1999; Amended 2005, 2011. Rome:
FAO/WHO. https://www.fao.org/input/download/standards/313/CXS _182e.pdf
Cronje, P. J. R., Stander, O. P. J., & Létze, E. (2020). The influence of 20% white
shade nets on the fruit quality of "Nadorcott' mandarin. Acta Horticulturae, 1268,
271-278. https://doi.org/10.17660/ActaHortic.2020.1268.35

Fischer, G., Melgarejo, L. M., & Ramirez, F. (2022). Sunburn disorder in tropical
and subtropical fruits: A review. Revista Colombiana de Ciencias Horticolas,
16(3), €15703. https://doi.org/10.17584/rcch.2022v16i3.15703

Gonzalez, H. A., Ramirez, J. A., & Vargas, A. M. (2024). Relationship between
the incidence of sunburn fruits of pineapple 'MD-2' and its thermal environment.
Revista Colombiana  de  Ciencias  Horticolas, 18(2),  e19024.
https://doi.org/10.17584/rcch.2024v18i2.19024

Goodwin, 1., Whitfield, D. M., Connor, D. J., & Tan, K. (2018). Effectiveness of
netting in decreasing fruit surface temperature and sunburn in red-blushed pear
'ANP-0131". Acta Horticulturae, 1208, 141-148.
https://doi.org/10.17660/ActaHortic.2018.1208.20

Hancock, R. D., McNally, A., & Richter, A. (2019). Light regulation of vitamin C
in tomato fruit is mediated through photosynthesis. Environmental and

Experimental Botany, 159, 46-
54. https://doi.org/10.1016/j.envexpbot.2018.12.013

Hossain, M. F. (2016). World pineapple production: an overview. African Journal
of Food, Agriculture, Nutrition and Development, 16(4), 11443-11456.
https://doi.org/10.18697/ajfand.76.15620

Iglesias, L., & Alegre, S. (2006). The effect of anti-hail nets on fruit protection,
radiation, temperature, and quality of 'Mondial Gala' apples. Journal of Applied
Horticulture, 8(2), 91-100. https://doi.org/10.17660/ActaHortic.2006.770.19
Toannidi, E., Kalaitzis, P., Symeonidis, G., Tsaniklidis, G., & Doulis, A. G. (2019).
Light regulation of vitamin C in tomato fruit is mediated through
photosynthesis. Environmental — and  Experimental ~ Botany, 159, 46-
54. https://doi.org/10.1016/j.envexpbot.2018.12.013

Kalcsits, L. A., Musacchi, S., Layne, D. R., Schmidt, T., Mupambi, G., Serra, S.,
& Asteggiano, L. (2018). Shade netting reduces sunburn damage and soil moisture
depletion in 'Granny Smith' apples. Acta Horticulturae, 1228, 85-90.
https://doi.org/10.17660/ActaHortic.2018.1228.11

Kalcsits, L., Musacchi, S., English, C., & Browne, H. (2018). Shade netting
reduces sunburn damage and soil moisture depletion in 'Granny Smith' apples. Acta
Horticulturae, 1228, 85-90. https://doi.org/10.17660/ActaHortic.2018.1228.11.
Kishore, K., Tiwari, K. N., Singh, V. K., & Singh, A. (2021). Influence of shade
intensity on growth, biomass allocation, and yield of pineapple in the eastern
tropical region of India.  Scientia = Horticulturae, 277, 109812.
https://doi.org/10.1016/j.scienta.2020.109812

Martinez-Conde, J., Venegas, H., Garcia, J., & Gonzalez, R. (2024). The impact of
shade netting and fertilization on pineapple yield and fruit
quality. Agronomy, 14(5), 1027. https://doi.org/10.3390/agronomy 14051027
Medina, J. D. L. C., & Garcia, H. S. (2005). Pineapple: Post-harvest operations.
Post-harvest compendium. Food and Agriculture Organization of the United
Nations (FAO), Rome.
http://www.fao.org/fileadmin/user upload/inpho/docs/Post_Harvest Compendiu
m_-_Pineapple.pdf

Middleton, S., & McWaters, A. (2002). Hail netting of apple orchards: Australian
experience. Compact Fruit Tree, 35(1), 23-29.
http://era.dpi.qld.gov.au/id/eprint/8117/1/10.1.1.550.1282.pdf

Mupambi, G., Létze, E., & Stander, O. (2019). Microclimate and tree physiology
of 'Nadorcott' mandarin under shade netting. Acta Horticulturae, 1268, 251-258.
https://doi.org/10.17660/ActaHortic.2019.1268.35

Naschitz, S., Naor, A., Sax, Y., Shahak, Y., & Rabinowitch, H. D. (2015). Photo-
oxidative sunscald of apple: Effects of temperature and light on fruit peel
photoinhibition, bleaching, and short-term tolerance acquisition. Scientia
Horticulturae, 197, 5-16. https://doi.org/10.1016/j.scienta.2015.01.002

Nordin, N. L., Rahman, N. A., & Abdullah, N. (2023). Comparison of phenolic
and volatile compounds in MD2 pineapple peel and core and their antioxidant
activities. Foods, 12(12), 2433. https://doi.org/10.3390/foods12122433

Park, Y. S., Schrader, L. E., & Racsko, J. (2023). Decision support strategy for
preventing sunburn in fruit crops under high temperature and solar
radiation. Scientia Horticulturae, 313, 111944.
https://doi.org/10.1016/j.scienta.2023.111944

Paull, R. E., & Chen, N. J. (2018). Pineapple. In R. E. Paull & N. G. Duarte (Eds.),
Tropical ~ fruits  (2nd  ed., pp. 357-404). CABI  Publishing.
https://doi.org/10.1079/9781780644754.0357

Racsko, J., & Schrader, L. E. (2012). Sunbum of apple fruit: Historical
background, recent advances, and future perspectives. Critical Reviews in Plant
Sciences, 31(6), 455-504. https://doi.org/10.1080/07352689.2012.696453
Rohazrin, W., Chan, Y. K., & Chen, N. J. (2016). Pineapple maturity indices and
quality changes during ripening. Acta Innovations, 50, 41-45.
https://doi.org/10.32726/50-4-2016-03

Sabtu, S. N. S., Ahmad, S. H., Kadir, J., & Yusof, M. T. (2022). Physical and
chemical properties of the pineapple fruit of cv. MD2 at different maturity stages.
Malaysian Applied Biology Journal, 51(2), 143-152.
https://doi.org/10.55230/mabjournal.v51i2.2350

Santos, L. O., de Jesus, R. M., de Carvalho, A. J. C., & de Miranda, F. R. (2021).
Effect of shading screens on the production and quality of 'Smooth Cayenne'
pineapple.  Pesquisa  Agropecudaria  Tropical, 51, e61234. DOIL
https://doi.org/10.18227/1982-8470ragro.v14i0.6783.

Santos, N. S. D., José, M. A., Sandra, C. P. U., Deyse, C. O. S., Glauber, F. B.,
Thais, S. C., & Arthur, J. E. D. A. (2020). Damage levels of sunburn in pineapple
fruits submitted to natural and artificial protection. Revista Agro@mbiente On-
line, 14, 1-16. https://doi.org/10.18227/1982-8470ragro.v14i0.6783
Saradhuldhat, P., & Paull, R. E. (2007). Pineapple organic acid metabolism and
accumulation during fruit development. Scientia Horticulturae, 112(3), 297-303.
https://doi.org/10.1016/j.scienta.2006.12.031

Shafawi, A. N., Azmi, A., Zain, Z.-1., Ab Azid, S., Abu, M. F., Nasarudin, N. S.,
Mustaffa, R., Cho Lee Ying, J., Isahak, N., & Khairulfuaad, R. (2020). Reducing
sunburn incidence in MD2 pineapple using mechanical pre-harvest treatment to
overcome post-harvest losses in Malaysia. International Journal of Agriculture,
Forestry and Plantation, 10,38-40. https://doi.org/10.13140/RG.2.2.20305.89443
Shahak, Y., Gal, E., Offir, Y., & Ben-Yakir, D. (2008). Improving solar energy
utilization, productivity, and fruit quality in orchards and vineyards by



https://doi.org/10.35891/radikula.v6i1.1872
https://doi.org/10.60151/envec/WYJS9359
https://doi.org/10.1590/1983-40632021v5169594
https://doi.org/10.21273/HORTSCI15366-20
https://doi.org/10.5423/HST.2017.35.5.629
https://doi.org/10.1016/j.tplants.2022.04.009
https://www.fao.org/input/download/standards/313/CXS_182e.pdf
https://doi.org/10.17660/ActaHortic.2020.1268.35
https://doi.org/10.17584/rcch.2022v16i3.15703
https://doi.org/10.17584/rcch.2024v18i2.19024
https://doi.org/10.17660/ActaHortic.2018.1208.20
https://doi.org/10.1016/j.envexpbot.2018.12.013
https://doi.org/10.18697/ajfand.76.15620
https://doi.org/10.17660/ActaHortic.2006.770.19
https://doi.org/10.1016/j.envexpbot.2018.12.013
https://doi.org/10.17660/ActaHortic.2018.1228.11
https://doi.org/10.17660/ActaHortic.2018.1228.11
https://doi.org/10.1016/j.scienta.2020.109812
https://doi.org/10.3390/agronomy14051027
http://www.fao.org/fileadmin/user_upload/inpho/docs/Post_Harvest_Compendium_-_Pineapple.pdf
http://www.fao.org/fileadmin/user_upload/inpho/docs/Post_Harvest_Compendium_-_Pineapple.pdf
http://era.dpi.qld.gov.au/id/eprint/8117/1/10.1.1.550.1282.pdf
https://doi.org/10.17660/ActaHortic.2019.1268.35
https://doi.org/10.1016/j.scienta.2015.01.002
https://doi.org/10.3390/foods12122433
https://doi.org/10.1016/j.scienta.2023.111944
https://doi.org/10.1079/9781780644754.0357
https://doi.org/10.1080/07352689.2012.696453
https://doi.org/10.32726/50-4-2016-03
https://doi.org/10.55230/mabjournal.v51i2.2350
https://doi.org/10.18227/1982-8470ragro.v14i0.6783
https://doi.org/10.18227/1982-8470ragro.v14i0.6783
https://doi.org/10.1016/j.scienta.2006.12.031
https://doi.org/10.13140/RG.2.2.20305.89443

J Microbiol Biotech Food Sci/ Yanti et al. 2026

:15(5) el3911

photoselective netting. Acta Horticulturae, 772, 65-72.
https://doi.org/10.17660/ActaHortic.2008.772.6

Shahak, Y., Gussakovsky, E. E., Gal, E., & Ganelevin, R. (2004). ColorNets: Crop
protection and light-quality —manipulation in one technology. Acta
Horticulturae, 659, 143—151. https://doi.org/10.17660/ActaHortic.2004.659.17
Siti Rashima, S., Ding, P., Kadir, J., & Syazwani, S. (2019). Physicochemical
properties and sensory acceptability of MD2 pineapple at different maturity stages.
Food Research, 3(3), 239-247. https://doi.org/10.26656/{r.2017.3(3).252

Stamps, R. H. (2008). Differential effects of colored shade nets on three cut foliage
crops. Acta Horticulturae, 770, 169-176.
https://doi.org/10.17660/ActaHortic.2008.770.19

Syazwani, S., Ding, P., & Kadir, J. (2013). Storage quality of 'MD2' pineapple
(Ananas  comosus L.)  fruits. Acta  Horticulturae, 1012, 993-1000.
https://doi.org/10.17660/ActaHortic.2013.1012.121

UNECE (United Nations Economic Commission for Europe). (2012). Pineapples
— UNECE Standard FFV-49 and Explanatory Brochure. UNECE,
Geneva.https://unece.org/fileadmin/DAM/trade/agr/meetings/ge.01/2012/Pineapp

leBrochurePresentation.pdf



https://doi.org/10.17660/ActaHortic.2008.772.6
https://doi.org/10.17660/ActaHortic.2004.659.17
https://doi.org/10.26656/fr.2017.3(3).252
https://doi.org/10.17660/ActaHortic.2008.770.19
https://doi.org/10.17660/ActaHortic.2013.1012.121
https://unece.org/fileadmin/DAM/trade/agr/meetings/ge.01/2012/PineappleBrochurePresentation.pdf
https://unece.org/fileadmin/DAM/trade/agr/meetings/ge.01/2012/PineappleBrochurePresentation.pdf

