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Abstract

The effect of chitosan alone and in combination with ascorbic acid on weight loss, textural profile and colour attributes
of guava (Allahabad safeda L.) was investigated. The guava fruits were treated with 1% and 2% chitosan coating and their
combination with 500 uM ascorbic acid, and stored at ambient storage conditions (28+2°C; 70- 80% R.H.). The experiment
was laid out in completely randomized design, replicated thrice and functional parameters were recorded at 04 days
interval up to 12 days of storage period. Treatment with 2% chitosan coating along with 500 uM ascorbic acid treatment
significantly reduced weight loss, which is the main attribute of postharvest deterioration and acted as the best
treatment combination. The textural profile including hardness and adhesiveness of guava was also maintained by
chitosan coating with ascorbic acid treatment than uncoated guavas. Other textural properties including cohesiveness
was minimally maintained by chitosan coating and ascorbic acid treatment. However, the fruits treated with 2% chitosan
with 500 uM ascorbic acid showed uneven ripening and didn’t turn yellow even at the end of twelve days of storage

period.
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Native to tropical America, the guava (Psidium guajava
L.) appears to have its roots somewhere between Mexico and
Peru. It is the species of the Myrtaceae family. The Portuguese
are thought to have brought it to India towards the beginning of
the 17th century [1]. Commercial guava cultivation is carried
out mainly in South Africa, Mexico, Peru, Brazil, Cuba,
Hawaii, Florida, and California in the United States [2]. In
India, Uttar Pradesh (22.93%) is the largest guava producing
state, followed by Madhya Pradesh (16.96%) and Bihar
(10.56%). After mango, banana, citrus, and apple, it is the fifth-
largest cultivable fruit crop in India. The significance of guava
fruit may be due to its high production, exceptional nutritional
value, and alluring flavour, as well as the fact that it contains
several vital bioactive chemicals and five times as much
ascorbic acid as citrus fruit [3]. Compared to other fruits, guavas
have higher concentrations of dietary fibre, pectin, antioxidants,
vitamins, and minerals [3-4].

Guava fruit, on the other hand, is extremely vulnerable
to infections, mechanical damage, and cooling stress due to its
thin peel and soft texture. As a result, it has a limited postharvest
life, which severely restricts its distribution to domestic markets
and consumption [5]. Due to the fruit's quick ripening and
tendency to bruise, there are significant losses throughout the

postharvest period. To date, a variety of postharvest handling
strategies have been used to control fruit ripening and minimize
losses due to postharvest illnesses and physiological
abnormalities. The well-known and typical way of extending
the shelf life of guava fruit is low temperature storage. The
browning or darkening of the peel and pulp, aberrant ripening,
and a rise in the incidence of anthracnose caused by
Colletotrichum gloeosporioides are all major chilling injury
(CI) aberrations, that can occur to guava fruit when stored
below 10 °C [6]. The fruit quality and shelf life of guavas can
be preserved using commonly used techniques like edible
coating treatments, modified atmosphere and controlled
atmosphere storage, and ascorbic acid treatment [4], [7-9].

The excellent characteristics of chitosan, such as its
ability to form a thin film on the fruit's surface, its ability to
prevent the loss of moisture and flavour, its ability to inhibit the
uptake of oxygen by plant tissue or microbial growth, and its
safety for use on food, make it one of the more promising
techniques [10-15]. More importantly, adding an active
ingredient to a chitosan-based coating can enhance its
antibacterial and anti-browning properties, which is important
for the storage of fruits and vegetables [16-20]. For extending
the shelf life of numerous fruits, including litchi [21], mango
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[22], peaches, and Japanese pears, chitosan has been tested and
is advised. Because of its superior film-forming and
biochemical capabilities, chitosan is frequently regarded as the
optimal preservation covering for fresh fruits [23]. Ascorbic
acid has been reported to control the browning process caused
by oxidative stress, considered that chitosan inhibits
dehydration and microbial attack and ascorbic acid as
antioxidative capacity acts as good combination for fruit
preservation without quality loss. Keeping these factors in
mind, the present investigation was conducted to examine the
effects of various chitosan concentrations alone and with
ascorbic acid on weight loss, textural profile and colour of
guava fruits.

MATERIALS AND METHODS

Procurement of guava fruits

Fresh guava fruits (Psidium guajava L.) were harvested
at commercial maturity stage (peel colour break stage, when
skin colour changes from dark green to light green) from the
orchard of a commercial guava grower in Varanasi district.
Fruits of uniform size, weight and colour with no visible
blemishes were packed in cardboard boxes and transferred to
the laboratory in less than an hour.

Preparation of chitosan solution

According to the method of Jiang and Li [24] chitosan
solutions was prepared. Chitosan (Low MW, extrapure, 10-
150m.Pas, degree of deacetylation >90%) was purchased from
Sisco Research Laboratories Pvt. Ltd. To prepare 500 mL of 1.0
and 2.0% (w/v) chitosan solution, accurate weight of 5.0 and
10.0 g of chitosan was dispersed in 50 mL of galacial acetic
acid, respectively, before 400 mL of ddH.O was added to
dissolve further the chitosan. Then, the solution was added with
1 mL Tween 80 to improve the wettability. The pH of the
solution was adjusted to pH 6.0 with 1 M NaOH and the
solution made up to 500 mL. Along with also prepared 500 UM
of ascorbic acid solution by adding 88mg of ascorbic acid with
1000mL of ddH0.

Imposition of treatment

Guava fruits were uniformly treated using sodium
hypochlorite (0.05%), by immersing the fruits in the solution
for 3 minutes and subsequently rinsed using distilled water and
air-dried to complete the process of disinfection. 50 fruits in
each replication were coated with different concentrations of
chitosan alone and in combination with ascorbic acid.
Treatment using distilled water served as the control. After that,
the fruits were air-dried at room temperature for 1 h and then
stored at ambient storage conditions (28+2°C; 70-80% R.H.).
The weight loss and quality attributes were recorded at 04 days
interval up to 12 days of storage period.

Measurement of various functional attributes including weight
loss, textural profile and color

Weight loss was calculated by the formula given as:

(A-B)/Ax100
Where, A is the weight of fruit just before storage and B is the
weight of fruit after definite period of storage.

Textural profile of pulp was analyzed using a hand held
penetrometer (TA.XT Plus, Stable Micro Systems Ltd., UK),
equipped with a load cell of 50 kg and diameter compression
plate probe of 75mm, at the equator of fruit where a section of
rind (1.5 x 1.5 cm and = 4 mm deep) had been removed. The
speed of the probe was first standardized and was kept 2.0 mm/s
during compression. Texture analysis was done at room

temperature of 25°C. Three readings were taken for each guava
fruit. The textural properties include hardness, cohesiveness,
and adhesiveness.

The surface color of the fruit was measured by Hunterlab
Colorimeter and expressed in terms of (L, a and b) values.

Statistical analysis

The experiment design used will be completely
randomized design with three replications. The data obtained
will be subjected to analysis of variance (ANOVA) and
averages would be compared by Duncan’s multiple range test
at 5% probability.

RESULTS AND DISCUSSION

Weight loss

Chitosan coating application reduced the weight loss of
guava fruits during storage compared to the control. There was
an increased benefit to control of weight loss by increasing
concentrations of chitosan from 1% to 2%. The addition of 500
KM ascorbic acid along with chitosan coating further reduced
the per cent weight loss and proved beneficial. For example, the
lowest weight loss was found in 2.0% chitosan coating treated
with 500 uM ascorbic acid followed by 2.0 and 1.0% solely
applied chitosan coating and then uncoated fruits after 12 days
of storage (Fig 1). Mainly transpiration and respiration
processes cause the loss of water responsible for loss of weight
in fresh fruit and vegetable [25]. Chitosan coating can be
utilized as a protective barrier to lower respiration and
transpiration rates through fruit surfaces and generates a layer
of semi-transparent smoothness on the pericarp surface [26].
The guava fruit's weight loss was reduced during evaluation in
our study, demonstrating that coating it with chitosan was
definitely beneficial in creating a physical barrier to moisture
loss. In addition to guava fruit, chitosan coatings have shown
promise in preventing weight loss from other foods, such as
mangoes, sponge gourds, fresh-cut red pitayas, Washington
navel oranges, and fresh-cut red pitayas [27-28].

Textural profile

Fruit textural property is sometimes the first of many
significant qualities assessed by the consumer and is therefore
crucial to the acceptance of the overall product. Guava
experiences a rapid loss of textural property during senescence,
which significantly shortens its postharvest life and makes it
more vulnerable to fungus contamination.

Data in (Fig 1) depicts the differences in flesh textural
properties between control and coated fruit samples after 12
days of ambient storage. In case of hardness the initial values
for control and coated samples were comparable. Uncoated
guavas started to lose their hardness on the fourth day of
storage. The hardness of coated guavas also decreased
gradually, but on and after the fourth day of storage hardness
values for coated samples were progressively higher than the
control samples, and then for the same period, significant
differences were found between treatments using 2.0% chitosan
alone or in combination with ascorbic acid. With regard to
coated samples, 2.0% chitosan coating with ascorbic acid (500
p1M) was more effective in preventing decline of fruit hardness
than the other treatments at ambient condition. Similarly in case
of cohesiveness (Fig 1c) of uncoated guavas were seen higher
than coated guavas and its value rapidly decreasing after fourth
day of treatment, significant differences were shown between
1% chitosan solution alone and a combination of 2% chitosan
coating and its combination with ascorbic acid. The
adhesiveness values (Fig 1d) showed pattern opposite to
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cohesiveness, where the coated samples revealed higher
adhesiveness value than that of uncoated samples. The different

among themselves with 2% chitosan solution in combination
with 500 uM ascorbic acid showing the highest adhesiveness

treatments for adhesiveness showed significant differences

values.

Table 1 Effect of chitosan concentrations alone and in combination with ascorbic acid on surface color in guava fruit stored at
ambient storage condition

Treatments Storage days
L value 4" Day 8™ Day 12t Day
CONTROL 68.35 + 0.262 64.47 £ 0.28? 60.31 +0.24°
CHI 1% 64.41 +0.24° 62.72 + 0.40° 62.19 + 0.302
CHI2% 56.49 + 0.32¢ 58.79 + 0.34°¢ 58.57 + 0.26°¢
CHI1% + 500uM AsA 53.43 +0.32¢ 56.35 + 0.14¢ 56.01 + 0.19¢
CHI2% + 500uM AsA 51.26 + 0.18¢ 54.27 + 0.37¢ 53.25 + 0.23¢
a value 4" Day 8" Day 12" Day
CONTROL 443 +0.232 15.26 £ 0.18¢? 18.20 £ 0.33¢2
CHI 1% -2.79 £ 0.14° 10.37 £ 0.27° 12.56 +0.33°
CHI2% -9.55 + 0.30° -4.63 + 0.25° -3.45+0.21°
CHI1% + 500uM AsA -11.46 +0.21¢ -7.49 £ 0.21¢ -5.59 + 0.19¢
CHI2% + 500uM AsA -14.58 + 0.24¢ -11.42 £0.21° -9.62 £ 0.20°
b value 4" Day 8™ Day 12t Day
CONTROL 47.24 + 0.382 49.35 + 0.272 49.48 + 0.442
CHI 1% 44.65 +0.19° 45.41 +0.35° 45.87 + 0.47°
CHI2% 38.53 £ 0.14°¢ 39.94 + 0.18°¢ 40.24 £ 0.17°
CHI1% + 500uM AsA 37.57+0.17¢ 39.22 £+ 0.11° 39.67 £ 0.12°¢
CHI2% + 500uM AsA 37.11+0.17¢ 37.98 + 0.28¢ 38.39+0.11¢
20 350.00
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Fig 1 Effect of chitosan coating alone and with ascorbic acid on weight loss
(a) and various textural properties including hardness (b) cohesiveness (c) and adhesiveness (d) of guava fruits. Each value is the mean for

three replicates, and vertical bars indicate the standard errors
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Color

L, a, and b represent the surface color, and the values are
listed in (Table 1). Brightness has steadily grown during storage
from the day of harvest to the end of storage life, according to
the L-value. Fruits that had been treated with both chitosan (1%
and 2%) and with ascorbic acid (500 uM) had significantly
higher values than fruits that had just been treated with chitosan.
Positive a-values suggest red color, while negative a-values
indicate greenness. The loss of fruit greenness is indicated by
the negative value's progressive reduction over the course of
storage. Regardless of the treatment, the negative a-value
dropped from the date of harvest until the end of their storage
life. However, after 4 days of storage, the untreated fruits lost
their green color. Fruits treated with 1 percent chitosan lost their
green color in 8 days, whereas fruits treated with 2 percent
chitosan maintained their green color even after 8 days of
storage. Fruits treated with 500 uM ascorbic acid and 2 percent
chitosan showed minimal chlorophyll breakdown up to 12 days
after treatment. The rise in yellowness from the day of harvest
till the end of their storage life is indicated by a positive b-value.
Both untreated and treated fruits saw an increase in b-value as
of the day of harvest, although chitosan 2 percent treated fruits
with 500 pM ascorbic acid had a lower b-value than other
treatments.

The breakdown of chlorophyll and production of
carotenoid pigments cause the colour shift. In comparison to
control and the rate of greenness loss and the development of
yellowness was slower in fruits treated with chitosan (both 1%
and 2%). This could be as a result of the decreased respiration
rate and the declined metabolic activity in fruits treated with
chitosan. However, fruits treated with 2% chitosan did not show
yellow colour at all, which may be related to the significant CO,
deposition in fruit tissue that slowed the synthesis of the
carotenoid pigment. These fruits also had green mosaic patches
that were caused by CO, damage. In papaya fruits treated with
2% chitosan, similar outcomes were found [29].

CONCLUSION

Based on the weight loss, textural profile and colour
characteristics, it can be said that guava fruits treated with
ascorbic acid (500 uM) and chitosan coating, particularly 2.0%
(w/v) immediately after harvest, retained the fruit quality
attributes the best up to 12 days of ambient storage. Given that
guava fruits are highly perishable, the current work offers a
viable means of improving their preservation, boosting their
marketability and increasing public consumption at little extra
cost.
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