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ABSTRACT

Effect of different storage temperatures on physical and physiological changes of Golden Lily mango was
investigated. Zinc oxide (ZnO) nanoparticles edible coating was prepared by sol-gel method and Golden
Lily mangoes were dipped in the solution and stored at different (32 °C, 27 °C and 5 °C) temperatures for 7
days. The mangoes were characterized by Field Emission Scanning Electron Microscopy (FESEM), Energy
Dispersive X-ray Spectroscopy (EDX), Fourier-transform Infrared Spectroscopy (FTIR) and X-ray
Diffraction (XRD) after 7 days of storage. Both the analysis of FESEM and EDX revealed the highest
volume ratio of ZnO nanoparticles with a homogeneous dispersion throughout the mango peel surface is at
5 °C. FTIR spectra revealed the absence of Zn—-O bonding as metal oxides absorption is expected to be in
the region below 700 cm™. The mangoes stored at 5 °C delayed ripening, slowed down weight loss and
found to be firmer than mangoes stored at 32 °C and 27 °C.

Keywords: Zinc oxide nanoparticles; Edible coating; shelf-life; Field Emission Scanning Electron
Microscopy (FESEM); Fourier-transform Infrared Spectroscopy (FTIR)

INTRODUCTION

Mango (Mangifera indica L.) is a climacteric fruit that ripens rapidly after harvest. It is crucial to preserve
post-harvested mangoes as it has a short shelf-life and high susceptibility to disease. Temperature is the
most important environmental factor that will influence the deterioration of harvested fruit [3]. A proper
storage temperature has great impact on reducing extension of postharvest life and retaining quality of
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mango fruits [18]. Postharvest fungal diseases of mango fruit such as anthracnose disease caused by
Colletotrichum gloeosporioides [2], appear as rounded brown to black lesions on fruit surface [6] can
reduce fruit quality and cause postharvest losses [3]. Control of this fungal disease in a prolonged period
at an optimum temperature is essential in extending the storage life and marketing period of mango fruit in
both domestic and export markets.

Previously, fungicides were used to control this disease [27]. A variety of physical and chemical approaches
have been tested to preserve mangoes, such as wax coating [21, 22], controlled modified atmosphere
packaging [21], application of bio-agents [22] and preparation of edible coatings [26]. Among them, edible
coating is an ideal approach to prolong the shelf life of mango and inhibit microbial growth [22]. Studies
reported that the reparation of edible films and composite coating formulations can be made from various
biopolymers such as cellulose, chitosan and proteins [27].

Zinc oxide (ZnO) is less toxic and considered safe materials which widely applied in the food industry and
has generally recognized as a safe substance by the US Food and Drug Administration (FDA) 2016 [6].
ZnO nanoparticle is an excellent antibacterial agent [23] and has been one of the most promising coating
materials due to its relatively high antimicrobial agent with high stability as a comparison to natural-based
coating [2]. Studies reported that starch-based films have good mechanical properties with comparable
tensile strength and elongation at break at ambient humidity compared to films made with synthetic
polymers [24]. Recent study revealed that an edible film made from tapioca flour can produce transparent
clear films [20] and high tensile values. Exhibiting a good film-forming property [24], the incorporation of
ZnO and tapioca starch resulted in an excellent coating property which is particularly effective for inhibiting
respiration rate, maintaining hardness and extending shelf-life of fruits.

Thus, the main objectives of this study were to find the effect of different storage temperature on extending
the shelf life of mango fruit and to determine the optimum temperature on control of anthracnose diseases,
weight loss and firmness in mango fruit to ensure better quality for fresh consumption and long storage of
post-harvested mangoes.

EXPERIMENTAL

Edible coating solution was prepared by sol-gel method using ZnO powder, tapioca starch, and distilled
water. ZnO powder was milled prior to mixing for 15 minutes. The solution was stirred for 2 hours using a
hot plate stirrer at 100 °C. Fresh Golden Lily mangoes were dipped into the solution for 10 minutes, allowed
dry and placed at different storage temperatures (32 °C, 27 °C and 5 °C) for 7 days. After a week, the skin
of the mangoes was peeled and left to dry for 24 hours while the remaining mango flesh was chopped into
smaller pieces to prepare juice extract. The weight loss and firmness of mangoes were done at every 2-day
intervals from the 0™ day until the 7" day of the storage period while the firmness of mangoes was subjected
to a texture profile analysis (TPA). In this study, the morphology, the phase composition and the absorption
of functional group present on the mango surface were investigated by using Field Emission Scanning
Electron Microscopy (FESEM), Energy Dispersive X-ray Spectroscopy (EDX), Fourier-transform Infrared
Spectroscopy (FTIR) and X-ray Diffraction (XRD).
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RESULTS AND DISCUSSION

Figure 1 illustrates the mass reduction (g) over storage period (days) of individual mangoes at 2-days
intervals whereas Table 1 shows the percentage of weight loss of the individual mangoes. At 32 °C, the
recorded percentage is the highest with 19.25% which would express that there is a maximum dryness that
occurred during the storage period. This result was due to the decreasing in the driving force of water
movement as rehydration progressed until the system reached equilibrium [8]. The process of degradation
in the structural compounds becomes greater at higher temperature [28], thus accelerating the reduction in
the firmness of fruit. Low storage temperature delayed fruit softening and affected the activities of fruit
softening enzymes in the flesh thus sowing down its textural deterioration [19].
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Figure 1: Graph of mass reduction of Golden Lily mangoes during storage period.

Table 1: Physical changes of Golden Lily mangoes after 7 days of storage.

Mango Day 0 (9) Day 7 (9) Percentage (%) weight loss
M32 341 90 73.61
M27 340 90 73.53
M5 363 123 66.11
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The loss of weight in fruits would probably as in the loss of moisture through transpiration and during the
respiration process. It was also stated that a lower physiological loss in weight at a lower storage
temperature might possibly of lesser water vapor inadequacy compared to at ambient conditions which have
slowed down the metabolic activities of the fruits. A detailed examination of physiological weight loss in
fruits was possibly on account of the loss of moisture through transpiration and utilization in respiration
process [7]. Agustini [9] also stated that a higher percentage of moisture content loss will affect storage
quality as there will inhibit the growth of mold and agglomeration.

Figure 2 shows M5 mango has greater firmness with 2110.6 N while M32 and M25 with only 872 N and
857 N respectively. The variation of hardness was from textural alteration due to loss of fracture strength.
As expected, the strength of internal bounds in the fruit was highest when stored at a 5°C than at 32°C. The
firmness of fruits is related to the cell wall structure and architectural changes [10] occurred during fruit
development and ripening. During maturation, the tissue changes within the fruit increase fruit softening at
a higher temperature. It is the result of an increase in the enzymatic activity of fruit which provokes changes
in its structural cell wall during the ripening process and thus reduced its firmness [10].
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Figure 2: The comparison of compression force in Texture Profile Analysis (TPA).

Mangoes reported to be technically less acidic and estimated to have a pH value ranging from 5.8-6.0 [8],
however, as tabulated in Table 2, only mango M5 was recorded to obtain a pH value nearest to the estimated
value. A possible explanation for these results may be due to oxidation of acid [17] and the acidic
composition of the mango pulp during storage. Mangoes vary in their acidity depending on how ripe and
how they were ripened [9]. An increment in pH value would be caused by the breakup of acids with
respiration during storage period [12]. It was also stated that the changes are significantly affected by the
rate of metabolism especially respiration, thus declining the acidity. In accordance with the results, Appiah
et al. [13] stated that the declining could be due to the susceptibility of citric acid to oxidative destruction
as impacted by the ripening process. The decreases in acidity were due to the reduction in sourness with
the potential of improving the sweet taste during the storage period [13]. Lower temperature storage has
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allowed mango to ripen at a slower rate thus attributed to the increased activity of enzymes responsible for
the hydrolysis of starch into soluble sugars [12].

Table 2: pH value and Total Soluble Slid (TSS) of mango juices at three different temperatures.

Mango Temperature (°C) pH Value Sugar Content (° Brix)
M32 32 4.80 2%
M27 Room Temperature 4.98 2%
M5 5 5.33 3%

Figure 3 (a,b,c) shows that ZnO nanoparticles were found to be in an agglomerated smooth spherical shape.
This could be explained as a result of the preparation conditions and physical structure. Agglomeration in
the result obtained was due to the presence of tapioca starch that was used as a binding agent. A possible
account for this outcome could also due to the hydrophobic and electrostatic interactions between ZnO
nanoparticles and derived calcium of the tapioca starch which leads to a strong binding [11].
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Figure 3(a): FESEM micrograph of ZnO nanoparticles at different storage temperature at 32 °C.
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Figure 3(b&c): FESEM micrograph of ZnO nanoparticles at different storage temperature: (b) 27 °Cand (c) 5 °C
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Also, in Figure 4, the EDX spectrum displays known peaks of elements that were present on the mango
peel which is zinc (Zn), oxygen (O) and carbon (C). Strong signals were observed at 1 keV and 0.5 keV,
which correspond to the presence of Zn and O respectively. The highest amount of Zn was found on the
mango peel stored at 32 °C (Figure 4a) whereas the lowest was found on the mango peel stored at 5 °C
(Figure 4c). A high sintering temperature is known to provide a larger driving force for internal atomic
diffusion which responsible for grain growth of metal oxides [25].

Figure 4: EDX analysis and mapping of ZnO nanoparticles at different storage temperature: (a) 32 °C, (b) 27 °C
and (c) 5 °C.

ZnO nanoparticles have been dispersed randomly on the surface of mango peel in Figure 5. The overall
average particle size ranging from 21-44 nm. This could also correlate with the agglomeration of ZnO and
tapioca starch. The agglomeration may have influenced the size distribution which leads to different grain
sizes [11]. The diameter represents the maximum penetration depth of the primary electron from the effect
of the backscattered electrons (BSE) and secondary electron (SE).
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Figure 5: X-ray diffraction profiles of ZnO nanoparticles at 32 °C, 27 °C and 5 °C storage temperature.

A broad and wide peak which indicates an amorphous pattern graph was observed on all mango samples.
Aside from Zn, there were also no peaks from other phases that were found which also suggests that there
are no other products were obtained on the mango peel. A possible explanation for these results may be due
to crystallite size and instrumental profile. The broadening of a single diffraction peak could also arise due
to the lower intensity of metal oxides than the instrumental detection limit and thus was not able to be
detected [16].

The absorption peaks observed at 3253 and 3688 cm™ were due to O—H stretching [2, 15, 16]. These peaks
can be attributed to the characteristic absorption of the hydroxyl group [15]. A strong and sharp peak ranged
between 2849 to 2915 cm? corresponds to C—H stretching of an aldehyde (Figure 6). The weak and broad
peak observed at 722 to 727 cm'* identified the absorption bands of Zn-O bond. Metal oxides such as ZnO
commonly give absorption bands in the region below 800 cm™ arising from inter-atomic vibrations [2]. The
spectrum of Zn—O might be shifted to lower wavenumber due to the stress acting on ZnO nanoparticles and
variation in morphology which might due to deterioration of peaks with the increase of temperature during
storage period [14].
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Figure 6: FTIR spectrum of ZnO nanoparticles at 32 °C, 27 °C and 5 °C storage temperature.

CONCLUSIONS

The effect of different (32 °C, 27 °C and 5 °C) storage temperature on extending the shelf life and controlling
of anthracnose diseases, weight loss and firmness on Golden Lily mango fruit was done in this study. Each
storage temperature affected the mango qualities differently. This study showed that the storage temperature
of 32 °C resulted in an accelerated decrease in fruit firmness, cohesiveness, and resilience. A maximum
shelf-life of 7 days for mangoes stored at 5 °C while a maximum of 2 days for mangoes stored at 32 °C and
27°C. The most obvious finding emerged from this study is that the ability of ZnO-Starch coating in
minimizing the growth of anthracnose disease increases at lower temperature storage. According to the
result obtained, the ability of ZnO in prolonging the shelf-life of Golden Lily mango is found below 5 °C.
Storage temperature of 5 °C is found to be favourable for delaying textural changes and maintaining the
shelf life of the Golden Lily mangoes. Therefore, the results could provide some insights into the
postharvest storage temperature of Golden Lily mango in markets and households.
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