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The influence of melatonin treatment on the quality and chilling injury of guavas during storage at 4 + 1 °C were
evaluated. Compared with control group, fruit of guava cv. Xiguahong exposed to various concentrations (50,
100, 150, and 200 pmol/L) of melatonin showed a significantly lower fruit respiration rate, weight loss, cell
membrane permeability, and chilling injury index, but a higher commercially acceptable fruit rate, higher peel
L* h° value, and chlorophyll content. Melatonin treatment also delayed the decreases of fruit firmness, sucrose,
total soluble sugar, vitamin C, titratable acidity, and total soluble solids. These data indicate that melatonin

treatment could increase chilling tolerance and retain quality of cold-stored guavas. Among various concen-
trations of melatonin treatment, 100 pmol/L melatonin-treated guavas showed the preferable quality properties
and lowest chilling injury index. Thus, melatonin may be a novel method of postharvest handling to enhance cold
resistance and extend storage-life of cold-stored guava fruit.

1. Introduction

Guava is a commercial fruit tree in many subtropical and tropical
areas, including South China, India, Pakistan, Mexico, and Brazil. Dur-
ing the process of maturation, guava exhibits colors of green to bright
yellow, sometimes red. Depending on the type, its flesh is white or
orange-pink and contains many small seeds. Guava has considerable
amounts of vitamins, antioxidants, and dietary fiber, making it a desir-
able fruit by many consumers (Formiga et al., 2019; Hong et al., 2012;
Nair, Saxena, & Kaur, 2018). However, the storage life and marketing of
postharvest fresh guavas are limited by its high perishability and intol-
erance to diseases, chilling injury, and physical damage. Particularly,
guava’s susceptibility to chilling disorder has limited its long-distance
transportation and export. Storage of guava fruit below 8 °C may
cause chilling injury (Singh & Pal, 2008a). The most prevalent signs and
symptoms of chilling injury are surface pitting and browning, water-
soaking lesions, inability to ripen, and rapid decay (Murmu & Mishra,
2018). Postharvest treatments, such as chemical substances, controlled
atmospheric storage, and edible coating, have been implemented to
decrease chilling sensitivity of cold-stored guavas (Murmu & Mishra,

2018; Singh & Pal, 2008a). Although, to some extent, these measures
can alleviate the chilling injury of guava fruit, however, due to their
defects in cost, operability and efficiency, these measures have still
restricted its large-scale commercial application. Thus, there is a need to
explore more reliable methods to enhance the cold tolerance and alle-
viate the chilling injury of guava fruit.

Melatonin, an indole hormone, is found in various fruit, such as
cherry, strawberry, and tomato (Arnao & Hernandez-Ruiz, 2015; Feng,
Wang, Zhao, Han, & Dai, 2014). Melatonin participates in important
plant life activities, such as growth, development, maturation, and
senescence. It also has a protective effect on the abiotic stresses of plants,
including drought, high, and low temperatures (Zhang et al., 2015).
Previous studies indicate that postharvest treatment of exogenous
melatonin can enhance chilling tolerance and keep better qualities of
fresh produces under cold storage, such as peach (Gao et al., 2018),
pomegranate (Aghdam et al., 2020), strawberry (Aghdam & Fard,
2017), sweet cherry (Miranda et al., 2020), and tomato (Aghdam et al.,
2019). Thus, melatonin is regard as a potential and beneficial post-
harvest treating agent to mitigate chilling injury of cold-stored fruit.
However, the influences of melatonin on chilling injury and quality
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properties of guava fruit during cold storage have not been documented.
The purposes of this study are to evaluate the influences of postharvest
treatment with exogenic melatonin on the cold-resistance and quality
properties of cold-stored guava fruit, determine the optimum concen-
tration of melatonin treatment, and develop a novel postharvest
handling approach to enhance chilling tolerance and lengthen storage-
life of postharvest guavas.

2. Materials and methods
2.1. Materials and treatment

Melatonin was obtained from Aladdin Reagent (Shanghai) Co., Ltd.

Fruit of guava cv. Xiguahong, at the status of commercial maturity
with a light-green of guava fruit appearance and with 7.34 of total sol-
uble solids (TSS) in guava flesh, were gathered from a well-managed
orchard in Zhangzhou, Fujian, China. Then, the guavas were packaged
in corrugated boxes and shipped to the lab at Quanzhou city within 4 h.
The gathered guava fruit were handpicked based on consistency of
maturity, size, and color, while those with mechanical damage, visual
defects, or diseases were removed. Then, the distilled water was applied
to wash the handpicked guavas, and the washed guavas were separated
into two batches. One batch (50 fruit) was chosen to appraise fruit
qualities on the day of harvesting. The other batch (2000 fruit) were
randomly categorized into five groups (400 guavas per group) for con-
trol and melatonin treatments. The fruit (in each group) was submerged
in deionized water (control) or melatonin solution (50, 100, 150, and
200 pmol/L) for 20 min, separately. After air-drying for 60 min at 25 °C,
the guavas were separately packed in polyethylene bags (five guavas per
bag, 80 bags per treatment), then stored at 4 °C (85-90% RH) for 42 d.
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During cold storage, ten bags with 50 guavas from each group were
taken randomly at a 7-day interval to assess fruit chilling injury and
quality properties. Additionally, during storage, 3 bags (15 guavas in
total) from each group were set to assess weight loss of guava fruit at a 7-
storage day interval.

2.2. Evaluation of chilling injury and commercially acceptable fruit rate

Fifteen guava fruit were taken to assess chilling injury based on the
following five levels, which evaluated the pitting or browning scale on
the surface of guava fruit: 0, represents no browning; while 1, 2, 3, and 4
shows 1-10%, 11-25%, 26-50%, and > 51% browning, respectively
(Table 1). The chilling injury index was computed based on calculation
formula: ) (Chilling injury level / The highest level of chilling injury x
The ratio of corresponding guavas in each level of chilling injury).

Based on the above five levels of assessing chilling injury for guava
fruit, the level of chilling injury<3 and no pathogenic infection on the
surface of guavas was regarded as commercially acceptable fruit.
Commercially acceptable fruit rate was calculated using the following
formula: Commercially acceptable fruit rate (%) = (Number of
commercially acceptable fruit / Total fruit number) x 100%.

2.3. Assessment of fruit weight loss

Three bags (15 guavas in total) were applied to assess weight loss of
guavas at a 7-storage day interval. The weight loss of guavas in each bag
was assayed through comparing the weight of guava fruit at the storage
day 0.

Table 1
Types of chilling injury in guava fruit.
Fruit chilling injury The ratio of the pitting or browning area on the surface of fruit to the total area of one  Picture
type guava fruit
0 No browning
1 Browning area < 10%
2

11% < Browning area < 25%

26% < Browning area < 50%

4 Browning area >51%
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2.4. Assay of cell membrane permeability result was adopted to indicate the unit of cell membrane permeability
(Lin et al., 2016).
Based on the assaying procedures of Lin et al. (2016) and Chen et al.
(2020), five guava fruits were applied to measure the electrolyte
leakage. The percentage rate of relative leakage was calculated and the
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Fig. 1. Influences of melatonin treatment on fruit chilling injury symptoms (A), chilling injury index (B), cell membrane relative leakage rate (C), commercially
acceptable fruit rate (D) and weight loss (E) of guavas during storage at 4 °C. Mean =+ standard error (n = 3) was applied to represent each value. Remarkable
differences between the 100 pmol/L melatonin-treated guavas and control guavas on the same storage day are indicated by * (P < 0.05) and ** (P < 0.01).
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2.5. Assay of fruit respiration rate and firmness

Five guava fruits were used for assaying respiration rate referring to
the procedure of Lin et al. (2020), and the unit was mg CO» kg'lh’l.

Texture analyzer (TA.XT Plus, Stable Micro System, UK) with a 2-mm
cylindrical probe was used to determine the firmness of guava fruit. On
opposite sides, firmness was determined along the equatorial region (in
five fruit) and punctured at the rate of 2 mm/s (for 10 mm). The average
force value of the probe (3-7 mm) was documented on the fruit and
represented as Newton (N).

2.6. Assay of color characteristics and chlorophyll amount in peel of
guava fruit

The lightness L* value and hue angle (h°) of two spots on opposite
side (equatorial area) in five different guava fruit were assayed using
Chroma meter (Minolta CR 400, Japan), which was based on the pro-
cedures of Farcuh et al. (2020) and Chen et al. (2015).

Two grams of peel from five guavas was used to assay chlorophyll
amountlreferring to the approach of Lin et al. (2020), and the unit was
mg kg™ .

2.7. Assaying vitamin C, sugar, TA (titratable acidity), and TSS amounts

Referring to the approach of Liu et al. (2021), one gram of flesh from
five guavas was applied to assay vitamin C amount. Additionally, 2 g of
flesh from five guavas was sampled to estimate the contents of reducing
sugar, sucrose, and total soluble sugar according to the procedure of
Jiang et al. (2018). Furthermore, the flesh juice extracting from five
guava (equatorial regions) was applied for assaying TSS amount with a
digital pocket refractometer (Atago PAL-1, Japan) and TA content with
an acid-base titrator (Mettler ET18, Switzerland). The content of TA and
TSS were indicated as a percentage, while those of vitamin C, reducing
sugar, sucrose, and total soluble sugar were presented with g kg™! as
their unit.

2.8. Statistical analysis

Evaluation of above parameters was conducted thrice. The data in
the figures were presented as the mean + standard error. The experi-
mental data were statistically analyzed using statistical software SPSS
22.0 (Chicago, IL, USA).

3. Results and discussion

3.1. Chilling injury symptoms, chilling injury index and cell membrane
permeability

Surface pitting and browning are the main symptoms of chilling
injury for guavas under low-temperature storage, which seriously affect
their edible quality, commodity value, storage period, and limited dis-
tribution of fruit to distant markets (Singh & Pal, 2008a). In this study,
after 7 d of cold storage, the control guava fruit displayed chilling injury
symptoms (Fig. 1A-B). Additionally, chilling injury index in control
guava gradually raised at storage day 0-14, then increased sharply.
During storage, chilling tolerance of guava fruit at 4 °C was caused by
melatonin treatment, but the different inhibitory effects of chilling
injury were found in different concentrations of melatonin-treated
guava (Fig. 1A-B). No obvious differences of guava chilling injury
were observed among the control, the treatment of melatonin at 50 or
200 pmol/L concentration. In contrast, melatonin at the concentrations
of 100 pmol/L showed considerable effects in decreasing the chilling
injury of cold-stored guava fruit. After storage 28 d, compared with
control guava, the chilling injury index in 50, 100, 150, and 200 pmol/L
melatonin-treated guava were reduced by 11.6%, 38.8%, 19.4%, and
8.5%, respectively (Fig. 1B). Further comparison revealed that, the
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mitigated chilling injury symptoms and a considerably (P < 0.05) lower
index of chilling injury were found in 100 pmol/L melatonin-treated
guava than control guava within storage day 14 to 42 (Fig. 1A-B).

Chilling injury of guavas is accompanied by the damage of cell
membrane, which can be reflected by an increased cell membrane
permeability (Alba-Jiménez et al., 2018). Relative electrolyte leakage
could effectively indicate the damage of plasma membrane (Zhang et al.,
2010). As the storages time progressed, the plasma membrane relative
leakage rate in control guava fruit raised quickly (Fig. 1C). Melatonin-
treated guavas showed a similar increasing tendency, while the group
exposed to 100 pmol/L melatonin showed a considerably reduced level
of plasma membrane relative leakage rate than control guava.
Compared with the control fruit, at storage day 42, approximately 7.6%,
23.7%, 18.1%, and 10.2% decreases in cell membrane relative leakage
rate were, respectively, noted for fruit exposed to 50, 100, 150, and 200
pmol/L melatonin. Statistical analysis displayed that the clearly (P <
0.01) lower relative leakage rates of cellular membrane were found in
100 pmol/L melatonin-treated guava than control guava during storage
day 14-42 (Fig. 1C).

Additionally, correlation analysis showed the positive correlation
between relative leakage rate of cellular membrane (Fig. 1C) and
chilling injury index (Fig. 1B) in control guava (r = 0.974, P < 0.01).
These findings suggested a continuous elevation in the plasma mem-
brane permeability, which might contribute to the development of
chilling injury in guavas.

Hence, melatonin treatment could lower fruit chilling injury index,
restrain the enhancement in relative leakage rate of cellular membrane,
and moderate chilling injury symptoms of guava within the cold storage.

3.2. Commercially acceptable fruit rate and weight loss

The rate of commercially acceptable fruit is an important indicator of
fresh fruit acceptance (Liu et al., 2021). In present work, the commer-
cially acceptable rate of guava showed a decreasing trend during cold
storage (Fig. 1D). No considerable variation in commercially acceptable
rate was found between the control guava and melatonin-treated groups
before storage 21 d. However, the guava exposed to melatonin, partic-
ularly at 100 pumol/L (P < 0.01), showed a higher fruit acceptability rate
than control guava at storage day 28-42 (Fig. 1D).

Weight loss is a significant indicator for estimating storage-life of
fruit during postharvest storage period, since it reflects the transpira-
tion, respiration, and various physiological changes (Jiang et al., 2018).
Because of their thin skin, the susceptibility for water loss was increased
in guava fruit (Hong et al., 2012). In this work, during storage, the
percentage of weight loss in control guava fruit displayed a quick in-
crease (Fig. 1E), while guava fruit exposed to melatonin showed a
similar increasing trend of weight loss percentage. However, a consid-
erably (P < 0.05) lower weight loss was observed in 100 pmol/L
melatonin-treated guava than control guava on storage day 28 and 42
(Fig. 1E). Following further analyses, we found that there was a negative
correlation between commercially acceptable fruit rate (Fig. 1D) and
weight loss percentage (Fig. 1E) in control guava (r =-0.994, P < 0.01).

The above data indicate that melatonin treatment could retain a
higher rate of fruit acceptability and decrease the rate of weight loss of
guava fruit, which might maintain their good quality following cold
storage.

3.3. Fruit respiration rate and firmness

Guava is a climacteric fruit, which has strong respiratory intensity
after storage at room temperature (Singh & Pal, 2008b). Suitable low
temperatures could inhibit the respiratory intensity and delay the
senescence of guavas during postharvest storage (Singh & Pal, 2008a).
Fig. 2A depicts that the respiration rate in control guava fruit enhanced
rapidly at storage 0-14 d, then dropped quickly at day 14-42. A similar
trend of respiration rate was shown in melatonin-treated guavas.
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Fig. 2. Influences of melatonin treatment on fruit respiration rate (A) and firmness (B) of guavas during storage at 4 °C. Mean =+ standard error (n = 3) was applied to
represent each value. Remarkable differences between the 100 pmol/L melatonin-treated guavas and control guavas on the same storage day are indicated by * (P <

0.05) and ** (P < 0.01).

Relative to control guavas, the rate of respiration was decreased in
guavas exposed to melatonin during the postharvest storage period. The
considerable variations were not observed among the different con-
centrations of melatonin treatments, but the 100 pmol/L melatonin-
treated group had a remarkably (P < 0.01) lower respiration rate than
control guava from day 7 to 14 of storage.

Fruit texture has a great influence on postharvest storage and
transportation. Yet, it is usually the first of many main qualities to be
judged by consumers, hence effectively contributing to product accep-
tance (Hong et al., 2012). In this work, the firmness in control guava
fruit declined rapidly during storage (Fig. 2B). Whereas, melatonin
treatment help retain higher firmness of postharvest guava fruit, espe-
cially on storage day 14 (19.31% higher, relative to control group).
Following further analyses indicated that 100 pmol/L melatonin-treated
guava fruit had a clearly (P < 0.05) higher firmness than control guava
at day 14-35 (Fig. 2B).

Thus, exogenous melatonin treatment could lower fruit respiration
rate, maintain higher fruit firmness of guava fruit during cold storage.

3.4. Lightness L* value, hue angle, and chlorophyll content

In many fruits, including guava, appearance color is an essential
factor for assessing harvest maturity and quality of fruit (Etemadipoor,
Ramezanian, Dastjerdi, & Shamili, 2019; Farcuh et al., 2020). The
preference of consumers is also influenced by the appearance color of
fruit. The development of darkening or browning in postharvest fruit is
revealed by a dropped L* value (Liu et al., 2021). Also, the deterioration
of chlorophyll causes a reduction in hue angle (Li et al., 2019).

In present work, L* value in surface of control guavas reduced
quickly during cold storage (Fig. 3A), additionally, a high negative
correlation was observed between L* value (Fig. 3A) and chilling injury
index (Fig. 1B) in control guava (r = -0.979), indicating that the
development of chilling injury led to the decreased peel lightness and
the browning peel in guava fruit (Fig. 1A-B, Fig. 3A). Whereas, mela-
tonin treatment could reduce the decrease of L* value and maintain a
higher L* value in guava fruit during cold storage. Statistical analysis
showed a considerably (P < 0.01) higher L* value in the 100 pmol/L
melatonin-treated guava fruit than control guava from storage day
14-42 (Fig. 3A), indicating that 100 pmol/L melatonin treatment
delayed peel browning and lightened chilling injury symptoms of guava
during cold storage (Fig. 1A-B).

The peel color of guava fruit was light green at harvest, then turned
yellow-green on storage day 28 (Fig. 1A), which was revealed by the
quick decrease of hue angle values (Fig. 3B). Nevertheless, the treatment

of exogenous melatonin retarded the color change of guavas (Fig. 1A,
Fig. 3B). When stored for 28 d, the hue angle value in 50, 100, 150, and
200 pmol/L melatonin-treated guava were 96.5, 100, 98.3, and 97.2,
respectively, which were higher than the control guava (hue angle value
94). Further analysis revealed that the 100 pmol/L melatonin-treated
guava fruit showed a clearly (P < 0.01) higher hue angle than control
guava at day 7-42 (Fig. 3B).

The amount of chlorophyll in the peel of control guavas tended to
decrease as storage time increased (Fig. 3C), additionally, peel chloro-
phyll amount (Fig. 3C) was positively correlated with its hue angle
(Fig. 3B) (r = —0.954). Whereas, the dropped chlorophyll amount was
inhibited by melatonin treatment (Fig. 3C). Compared with the storage
day O, chlorophyll amount in the peels of 50, 100, 150, 200 pmol/L
melatonin-treated fruit lost 39%, 21%, 29%, and 36% on day 42,
respectively, while the control fruit lost 43%. By statistical analysis, it
was revealed that the 100 pmol/L melatonin-treated guava fruit
exhibited a considerably (P < 0.05) higher peel chlorophyll content than
control guava at storage day 21 to 42 (Fig. 3C).

These results revealed that melatonin treatment could considerably
reduce color changes, retain higher lightness and hue angle value of
guava fruit surface, and inhibit peel chlorophyll degradation in guavas
during cold storage.

3.5. Vitamin C, TA, and TSS contents

The vitamin C, TA, and TSS contents are the key nutritional quality
index in guava fruit (Silva et al., 2017). During storage, flesh TSS
amount in control guavas reduced quickly (Fig. 4A). Whereas, exoge-
nous melatonin treatment restrained the decrease of TSS content in
postharvest guava fruit, particularly the 100 pmol/L melatonin-treated
guavas preserved the highest content of TSS during cold storage.
Following further analyses indicated that 100 pmol/L melatonin-treated
guava fruit had a considerably (P < 0.01) higher content of TSS than
control guava at storage day 7-42 (Fig. 4A).

The TA content in control guavas tended to decrease as the storage
time progressed, while TA content of melatonin-treated guavas showed
a similar variation tendency (Fig. 4B). Specifically, the highest TA
content was detected in 100 pmol/L melatonin-treated guavas during
storage. A considerable (P < 0.05) discrepancy in TA amount between
the control groups and 100 pmol/L melatonin-treated guavas was dis-
played at day 7-35, but there were no significant difference on storage
day 42 (Fig. 4B).

One of the most important indicators of the nutritional value of fruit
is vitamin C, which acts as an excellent antioxidant. As depicted in
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Fig. 3. Influences of melatonin treatment on lightness L* value (A), hue angle
(B) and chlorophyll content (C) in the peel of guavas during storage at 4 °C.
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able differences between the 100 pmol/L melatonin-treated guavas and control
guavas on the same storage day are indicated by * (P < 0.05) and ** (P < 0.01).

Fig. 4C, during storage, the vitamin C content in control guavas dropped
drastically, and was only 60% on storage day 42 compared to the harvest
day. Compared with the control group, a slower decline of vitamin C
amount was shown in the melatonin-treated group, revealing that
melatonin could inhibit vitamin C degradation in guavas. Particularly,
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Fig. 4. Influences of melatonin treatment on the amounts of TSS (A), TA (B),
and vitamin C (C) in flesh of guavas during storage at 4 °C. Mean + standard
error (n = 3) was applied to represent each value. Remarkable differences be-
tween the 100 pmol/L melatonin-treated guavas and control guavas on the
same storage day are indicated by * (P < 0.05) and ** (P < 0.01).

compared to control guavas, the 100 pmol/L melatonin-treated guavas
exhibited a considerably (P < 0.05) higher vitamin C amount at day
35-42 (Fig. 4C).

Furthermore, the correlation analyses revealed that the raised index
of chilling injury was negatively related to the dropped amounts of TSS,
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TA, and vitamin C, with the r value of — 0.958, —0.961, and — 0.971,
separately, indicating the occurrence of chilling injury in guava fruit
could lead to the loss of nutritional qualities such as TA, TSS, and
vitamin C. These data indicated that melatonin treatment could keep the
higher amounts of vitamin C, TA, and TSS in flesh of guavas within the
storage period, and thus significantly maintain the nutritional charac-
teristics of guava fruit.

3.6. Reducing sugar, sucrose, and total soluble sugar amounts

Soluble sugar is critical for good flavor and taste in guava fruit
(Anjum, Akram, Zaidi, & Ali, 2020). Total soluble sugar and sucrose
amounts in control guavas raised rapidly and attained a maximum on
storage day 21, hereafter declined quickly at day 21-42 (Fig. 5A-B). The
same trend was shown in melatonin-treated guavas, but they had rela-
tively higher amounts of sucrose and total soluble sugar than control
guava during storage, especially in 100 pmol/L melatonin-treated guava
(Fig. 5A-B). Further comparison with the control group indicated that
the 100 pmol/L melatonin-treated group had a remarkably (P < 0.05)
higher content of total soluble sugar from day 28 to 42 of storage
(Fig. 5A). Regarding the changes in the sucrose content of guava fruit,
the 100 pmol/L melatonin-treated group had a prominently (P < 0.01)
higher content than control guavas within the storage 14-42 d (Fig. 5B).

According to Fig. 5C, the reducing sugar content in control guava
fruit showed a quickly elevating trend within storage day 0-28, then a
sharp reduction at day 28-42. A similar trend was observed in
melatonin-treated group. In addition to the 100 pmol/L melatonin-
treated group, which had remarkably (P < 0.05) lower content of
reducing sugar than control guava from day 21 to 28 of storage, there
were no considerable variations in reducing sugar content between
control guava and melatonin-treated guava within the whole storage
time (Fig. 5C).

Soluble sugars, especially sucrose, have a considerable contribution
to protect plant cell from injury against chilling stress (Wang et al.,
2020). An elevated level of sucrose was linked to an increased chilling
resistance in fresh fruit (Zhao et al., 2019; Wang et al., 2019; Fan et al.,
2022). In present work, during cold storage, melatonin treatment could
enhance chilling tolerance of fresh guava fruit (Fig. 1A-B), especially in
100 pmol/L melatonin-treated guava, which was related to melatonin
restraining the degradation of sucrose to reducing sugar, and retaining
higher amount of sucrose (Fig. 5B) but a lower reducing sugar amount
(Fig. 5C), and thus help to retain an integrity of cellular membrane
structures, and display a lower relative leakage rate of cell membranes
(Fig. 1C), less chilling injury symptoms (Fig. 1A), and lower index of
chilling injury symptoms (Fig. 1B) in melatonin-treated guava during
cold storage.

4. Conclusions

Melatonin treatment could mitigate chilling injury and retain qual-
ities of cold-stored ‘Xiguahong’ guavas at 4 °C, it appeared that the
melatonin treated-guavas displayed the lower fruit respiration rate,
weight loss, cell membrane permeability, and chilling injury index, but
maintained the higher rate of commercially acceptable fruit, higher fruit
firmness, higher value of pericarp L*, h° and chlorophyll amount, and
higher levels of sucrose, total soluble sugar, vitamin C, TA, and TSS in in
guavas. Hence, postharvest melatonin treatment, especially at 100
pmol/L melatonin, could be a potential alternative to enhance cold
resistance and lengthen storage-life of fresh guava during cold storage.
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Fig. 5. Influences of melatonin treatment on the amounts of total soluble sugar
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