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Abstract
Lemon fruit faces lots of disease challenges when subjected to storage. Edible coatings are one of
the most environment friendly technology that are used to minimize the moisture loss, oxidation
processes or gases exchange, improve quality and shelf life of fruits. To study the influence of
stevia leaves extract on post-harvest performance of lemons, a research study was carried out at
Post-harvest Horticultural Laboratory, The University of Agriculture, Peshawar-Pakistan. Lemon
fruits were subjected to different concentrations of stevia leaf extract (2, 4 and 6%) and then stored
for different duration (0, 15, 30 and 45 days). The experimental results indicated that stevia leaf
extract and storage duration significantly affected all quality attributes. The highest value of TSS,
percent titratable acidity, ascorbic acid content with lowest value of fruit juice pH, TSS/Acid ratio
and percent disease incidence were recorded in fruit subjected to 4% stevia extract. Similarly,
lemon fruit stored for 45 days had highest value of TSS, TSS/Acid ratio, fruit juice pH, percent
disease incidence and % weight loss. While maximum % acidity, ascorbic acid content was
observed in freshly harvested fruit. It was concluded that lemon fruit subjected to stevia leaf extract
(4%) sustained the biochemical attributes of lemon fruit during storage condition.
Keywords: Blue mold; Edible coating; Quality; Stevia; Stem end rot; Shelf life,
grown in eastern India on lower hills of
Introduction
Lemon botanically known as Citrus limon L.
Himalayan Mountains [3]. For the fruits,
belongs to family Rutaceae. The tree has
diseases are great challenges. During storage
open growth habit with vigorous, upright and
lemons are subjected to diseases like stemspreading canopy [1]. Lemon for the first
end rot and many molds such as pink mold
time was introduced in 200 A.D into southern
[4], green and blue molds as well as sour rot
Italy and spread by 700 A.D to Iraq and
mainly caused by the pathogens Penicillium
Egypt, Spain, India, Argentine, Iraq and U.S
roseum, P. digitatum, P. italicum and Geotriwhich are the top most 5 lemon producing
cum candidum, respectively [5]. Postharvest
countries [2]. The lemon is believed to be
decay is the most important factor limits the
Published by Bolan Society for Pure and Applied Biology
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longevity of the juicy products harvested [6].
Postharvest diseases due to fungal infections
cause significant economic losses for the
citrus industry during storage transport and
marketing [7]. In such conditions small
sunken areas appear on albedo however, this
defect externally not visible [8]. Synthetic
chemicals are widely used in the control of
plant diseases. However, these chemicals
may cause toxic residues in treated products
[9]. In order to reduce the pre-harvest and
post-harvest treatments of horticultural
products with chemical fungicides, new
research efforts, focus on this subject are
required [10]. For this reason, it is important
to use natural ingredients instead of
chemicals. Currently various techniques have
been practiced such as cold storage, hot water
treatment, fungicides application and
wrapping to avoid these diseases, postharvest losses and increase the post-harvest
life of citrus fruits [11]. These extracts
include use of medicinal herbs (plants have
phytochemicals in their fruit juice) which is
becoming very popular like ginger, garlic and
lemon grass. They have their own properties
like antioxidant and antimicrobial properties
[12]. It is obvious that edible coatings applied
on eating products is an environmental
friendly technique that controls gaseous
exchange, moisture loss and various
oxidation processes.
Stevia also known as sweet weed and sugar
leaf is a highly valuable and medicinal plant
domesticated recently worldwide [13]. Stevia
rebaudiana L. belongs to family Asteraceae
is a non-caloric natural-source alternative to
artificially produced sugar substitutes. These
compounds easily pass through the digestive
process without chemically breaking down,
making stevia safe for those who need to
control their blood sugar level [14]. It
provides an additional coating layer that
protects the fruit by providing a modified
atmosphere. Stevia has sweet taste, antioxidant
[15]
and
anti-pathogenic

characteristics. Stevia leaf extract in different
concentration are used for the purpose of
better quality and to increase shelf life of the
fruit. The dry product obtained from the
stevia leaves contains different compounds
like
amino
acids,
oligosaccharides,
flavonoids,
alkaloids,
xanthophyll,
chlorophylls, free sugars, lipids and trace
elements [16]. Stevia plant leaves also have
an antifungal effect [17] while used for
postharvest effects [18, 19].
The present research was designed to
determine the influence of appropriate stevia
leaf extract for better fruit quality of lemon
fruit during storage.
Materials and methods
Experimental site and procedure
To investigate the effect of stevia extract and
storage duration on quality shelf life of
lemons, an experiment was carried out at
Post-harvest Horticultural Laboratory, The
University of Agriculture, Peshawar. The
research was laid out in Completely
Randomized Design (CRD) with two factors
having three repetition. Freshly harvested
uniformly sized lemon fruits were dipped in
different stevia leaf extract solution (0,2,4
and 6%) for few minutes and then stored for
different storage duration (0,15,30 and 45
days) at room temperature and relative
humidity.
Preparation of Stevia leaf extract solution
Freshly harvested leaves were dried in oven
for 24 hours. Then 100g of stevia dry leaves
were taken and grinded it into electric grind
mixer. Finally, the solution of different
concentration 2%, 4%, 6% were prepared
separately in 500ml of water.
Studied parameters
Total soluble solids (0Brix) content in fruit
juice was determined through hand
refractometer. Titratable acidity was
determined by using neutralization reaction
as described in [20]. The total soluble solids/
acid ratio was measured by using the
following formula:
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𝑇𝑜𝑡𝑎𝑙 𝑠𝑜𝑙𝑢𝑏𝑙𝑒 𝑆𝑜𝑙𝑖𝑑 ( °Brix)
𝑇𝑖𝑡𝑟𝑎𝑡𝑎𝑏𝑙𝑒 𝐴𝑐𝑖𝑑𝑖𝑡𝑦 (%)
Fruit juice pH in each replications of all
fruits and the juice were taken in a beaker for
treatments was determined by using an
finding its pH. Ascorbic acid (mg/100g) was
electronic pH meter for the interval of 15
determined by using Dye method as
days. Prior to use the pH meter, its pH was
described by [21]. Percent Disease incidence
adjusted to 7 by washing the tip of pH meter
per treatments was calculated after 15 days of
with tap water. Juice were extracted through
interval with the help of given formula.
a manual juicer from the randomly selected
𝑇𝑆𝑆/𝐴𝑐𝑖𝑑 𝑟𝑎𝑡𝑖𝑜 =

𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑖𝑠𝑒𝑎𝑠𝑒𝑑 𝑓𝑟𝑢𝑖𝑡𝑠
× 100
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑟𝑢𝑖𝑡𝑠
From each treatment five fruits were
Average weight loss of fruits was recorded in
randomly taken to test its weight loss. Initial
all treatments for an interval of 15 days. Fruit
weight of fruits was recorded by using digital
weight loss was determined by using the
balance (Ohaus scale corp, USA) as used by
given formula.
[22] for root weight of guava air-layers.
% 𝐷𝑖𝑠𝑒𝑎𝑠𝑒 𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 =

𝐹𝑟𝑒𝑠ℎ 𝑓𝑟𝑢𝑖𝑡 𝑤𝑡. (𝑔) − 𝑓𝑟𝑢𝑖𝑡 𝑤𝑡. 𝑎𝑓𝑡𝑒𝑟 𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (𝑔)
× 100
𝑊𝑡. 𝑜𝑓 𝑓𝑟𝑒𝑠ℎ 𝑓𝑟𝑢𝑖𝑡 (𝑔)
content (6.05°Brix) was found in freshly
Data analysis
The data taken for different variable were
harvested fruit. Regarding interaction,
subjected to Analysis of Variance (ANOVA),
maximum TSS content (9.45°Brix) was
suitable for Completely Randomized Design
observed in untreated fruits stored for 45 days
(CRD) using a statistical package Statistics
of interval and minimum TSS content
8.1 (Statistix, an Analytical Software) as
(6.02°Brix) was observed in untreated freshly
suggested by [23] and with two factorsharvested fruits (Figure 1). This might be due
factorial arrangement.
to higher respirational of the fruits with no
protective layer to control the gaseous
Results and discussion
Total soluble solids (°Brix)
diffusion in and out of fruits. [24] found that
Stevia leaf extract, storage duration and their
increase in TSS and sugar contents during
interaction significantly affected the TSS
storage of produce might be due to hydrolysis
(Total Soluble Solid) of lemon fruit (Table
of the insoluble complex carbohydrates into
1). Fruits treated with 4% stevia extract
simple sugar. The increment in total soluble
showed maximum TSS content (7.65°brix)
solids of fruits might be due to high rate of
followed by (7.57°Brix) fruit treated with 6%
respiration and metabolic activity which
stevia extract. Whereas, minimum TSS
enhance the breakdown of protopectin to
content (7.55°Brix) was noted in fruits
pectic
substance,
disaccharides
to
treated with 2% stevia extract that was
monosaccharides and sucrose to fructose and
statistically at par with TSS (7.55°Brix) in
glucose [25]. The higher respiration rate
untreated fruits respectively. Similarly
increases the synthesis and use of metabolites
maximum TSS content (9.34°Brix) was
result in higher TSS due to the more
noted for storage duration of 45 days interval
conversion of carbohydrates to sugars. The
followed by (8.06°Brix) and (6.86°Brix)
degradation of pectin, hemicelluloses and
noticed in fruits stored for 30 and 15 days
cellulose in cell wall within the segment
respectively. However, minimum TSS
release some soluble constituent which have
% 𝑊𝑒𝑖𝑔ℎ𝑡 𝑙𝑜𝑠𝑠 =
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a direct effect on total soluble solids [26].
Where these changes could be expected more
gradual and slower if the metabolic activities
are slow down by applying phyto-coatings
[27]. [28] studied that highest mean TSS

contents among all treatments were recorded
in response to fruits treated with 4% stevia
extract whereas, they were lowest in control
fruits.

Table 1. Influence of Stevia leaf extract and Storage duration on quality attributes of lemon
fruit
Stevia leaf
Total
extract
Soluble
Solid
Concentrati
(0Brix)
on (ME) `
0%
7.55c
2%
7.55c
4%
7.65a
6%
7.57b
8.31
LSD≤0.05
Storage duration (S.D
6.05d
0
6.86c
15
8.06b
30
9.34a
45
8.31
LSD≤0.05
Interaction
Figure 1
ME×S.D

Percent
titratable
acidity
(%)
3.43c
4.02a
4.10a
3.61b
0.07

TSS/Acid
ratio

Fruit
Juice pH

2.4a
1.9c
1.9c
2.2b
0.05

3.26b
3.30a
3.27b
3.25c
8.31

Ascorbic
acid
content
(mg100g-1)
11.8d
13.8b
14.2a
13.2c
0.10

4.63a
3.93b
3.44c
3.17d
0.07

1.31d
1.75c
2.37b
3.00a
0.05

3.04d
3.20c
3.32b
3.52a
8.31

Figure 2

Figure 3

Figure 4

Percent
Disease
Incidence

Fruit
Weight
loss (%)

19.4a
2.8b
8.3b
8.3b
9.90

23.9b
22.57c
21.17d
24.1a
0.07

20.68a
13.79b
10.45c
8.16d
0.10

8.33b
0.00c
5.55b
24.98a
9.90

0d
21.32c
26.57b
43.85a
0.07

Figure 5

Figure 6

Figure 7

Means value followed by dissimilar letters differ significantly at 5% level of significance

freshly harvested fruits treated with 4%
stevia extract. Whereas minimum percent
titratable acidity (2.58%) was noted in
untreated fruits that were stored for 45 days
(Figure 2). It is obvious from the results that
increase in concentration of extract cause
increase in titratable acidity. During storage
reduction in titratable acidity of juice occur
due to use of acid as source of energy which
converts organic acid to form sugar [29].
During storage, rate of respiration increases
which consume organic acid and reduce the
fruit acidity that affect the fruit flavor [30].
According to [31] decrease in total acidity is
usual during postharvest storage of fruit.
They studied that highest acidity was
recorded at 4% stevia extract during storage
duration. Generally, citrus juice contain
significant amount of organic acids like
oxalic, tartaric, malic, lactic, citric and

Percent titratable acidity
It is obvious from (Table 1) that stevia leaf
extract, storage duration and their interaction
significantly affected percent titratable
acidity of lemon fruit. Fruits treated with 4%
stevia extract showed maximum percent
titratable acidity (4.10%) followed by
titratable acidity (4.02%) and (3.61%) in
fruits treated with 2% and 6% stevia leaf
extract respectively. Whereas, minimum
(3.43%) titratable acidity was noted in
untreated fruit. Data pertaining to storage
durations, maximum titratable acidity
(4.63%) was observed in freshly harvested
fruit followed by fruits stored for 15 and 30
days (3.93%) and (3.44%) respectively.
However, the minimum titratable acidity
(3.17%) was noted in fruit stored for 45 days.
Concerning interaction, maximum percent
titratable acidity (4.77%) was observed in
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ascorbic acid but citric acid are considered as
the most abundant acid of total acid
constituent of juice followed by malic acid.
TSS/acid ratio
It is obvious from (Table 1) that TSS/acid
ratio was significantly affected by stevia leaf
extract, storage duration and their interaction.
Maximum TSS/acid ratio (2.4) was recorded
in freshly harvested fruit followed by fruits
treated with 6% stevia extract (2.2). While
the minimum TSS/acid ratio (1.9) was noted
in fruits treated with 2% and 4% stevia
extract. Similarly maximum TSS/acid ratio
(3.00) was found in fruit stored for 45 days of
duration followed by (2.37) and (1.75)
observed in the fruit kept for 30 and 15 days
respectively. Whereas the minimum
TSS/acid ratio (1.31) was recorded in fruits
taken freshly. Regarding interaction, the
maximum TSS/acid ratio (3.7) was noted in
freshly harvested fruit, stored for 45 days.
While the minimum TSS/acid ratio (1.3) was
observed in treated fruits of all
concentrations and were freshly harvested
(Figure 3). The higher change in TSS/Acid
ratio might be due to hydrolytic changes in
the starch concentration (conversion of starch
to sugar) [32] and decline in organic acids
due to its consumption in respiration [33, 34].
TSS/acid ratio in fruit juice significantly
increased by increasing storage period [35].
Fruit having low index of (TSS/TA) are
having sour taste, while those having high
index value are unpleasant. During extending
storage duration the increased TSS/Acid ratio
could be due to increased TSS and nearly
decrease in acidity after getting maturity.
Similarly, [36] observed the same findings in
peach cv. Flordasun.
Fruit Juice pH
Stevia leaf extract, storage interval and their
interaction significantly affected the pH of
fruit juice (Table 1). Fruits treated with 4%
stevia extract had the maximum value of fruit
juice pH (3.27) followed by (3.26) and (3.30)
fruits treated with 0% and 2% stevia extract

respectively. However, the minimum pH of
fruit juice (3.25) was noted in the fruits
treated with 6% stevia extract. Similarly, the
maximum fruit juice pH (3.52) was observed
in fruit stored for 45 days followed by fruit
juice pH (3.32) and (3.20) recorded in stored
fruits at 30 and 15 days of interval. Whereas,
minimum fruit juice pH (3.04) was found in
freshly
harvested
fruit.
Regarding
interaction, maximum value of fruit juice pH
(3.63) was observed in all untreated fruits
which were kept for 45 days of interval.
However, the minimum fruit juice pH (3.02)
was noted in treated fruits of 2% stevia
extract (Figure 4). It was observed that fruit
juice pH decreased with the increase in
concentration which may be due to the
fermentation of sugar but increase with the
increase in storage duration. The change in
fruit juice pH may be due to the reason pectin
breakdown to pectenic acid.
The
determination of fruit juice pH is done by
evaluating the hydrogen ion concentration in
the fruits. The given results showed a decline
in the value of lemon fruits affected by stevia
concentrations and storage duration. During
storage catabolic processes increases due to
high rate of respiration that cause breakdown
of organic acids and thus results high pH
[37]. Similar decline in fruit juice pH for
apple pulp also was reported by [31].
Ascorbic acid content (mg/100g)
The ascorbic acid content was significantly
influenced by stevia leaf extract, storage
duration and their interaction (Table 1).
Fruits treated with 4% stevia extract had the
maximum
ascorbic
acid
content
(14.2mg/100g) followed by ascorbic acid
content (13.8, 13.2mg/100g) observed in fruit
treated with 2% and 6% stevia extract
respectively. The lowest ascorbic acid
content (11.8mg/100g) was noted in treated
fruit of 0% stevia extract. In case of storage
duration, maximum ascorbic acid content
(20.68mg/100g) was recorded in fresh fruit
followed by ascorbic acid (13.79,
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10.45mg/100g) noticed in the lemon fruits
stored for 45 days of interval. While
minimum ascorbic acid content (8.16
mg/100g) was found in fruit stored for 45
days. Data pertaining interaction showed that
maximum
ascorbic
acid
content
(20.49mg/100g) was noted in freshly
harvested fruit treated with 2% stevia extract.
However, lowest ascorbic acid content
(5.97mg/100g) was observed in untreated
lemon fruits that were stored for 45 days
(Figure 5). It was observed that with the
increasing concentration of stevia extract as a
single treatment the level of ascorbic acid
content was also increased. By the extension
of storage period the vitamin C content
decreases progressively [35, 38]. Fruits
coated with Stevia extract coating maintained
maximum ascorbic acid. The higher ascorbic
acid content might be due to high metabolic
activities. Similarly, [39] also observed that
reduction in respiration rate was contributed
by pure castor and coconut oil coatings,
resulted in dissoluteness of acids to dehydroascorbic acid when stored for interval.
During storage decline in Vitamin C occur
above 0oC temperature [40]. Decrease in
ascorbic acid content may also be due to antioxidants activity loss during pot-harvest
storage [41]. Ascorbic acid decreased in
fruits by increasing storage duration. Present
research findings are in accordance with
those of [42] who reported that ascorbic acid
of sweet orange decreased with extending
storage duration.
Percent disease incidence
Citrus fruit are highly perishable and have
high disease incidence. The analysis of data
indicated that percent disease incidence was
significantly affected by stevia leaf extract,
storage duration and their interaction (Table
1). Maximum value of percent disease
incidence (19.4%) was observed in freshly
harvested fruit followed by percent disease
incidence (8.3%) noted in fruits treated with
6 and 4%, of stevia leaf extract, while

minimum value of percent disease incidence
was recorded in (2.8%) at 2% stevia leaf
extract. In case of storage duration, highest
percent disease incidence (24.98%) was
recorded in stored fruits for 45 days followed
by percent disease incidence (8.33%)
observed in lemon fruit stored for 30 days.
While minimum disease incidence (0.00%)
was recorded in fruit stored for 15 days of
storage duration. Regarding interaction,
maximum percent of disease incidence
(44.4%) was noted in fruits which were
untreated and kept for 45 days of interval.
While minimum percent disease incidence
(0.00%) was also observed in fruits treated
with all concentrations and were stored for
15, 30 days and also in freshly harvested
fruits (Figure 6). The increment in percent
disease incidence during storage period could
be due to high respiration rate, more skin
permeability for water loss, fruit senescence,
enzymatic degradation of fruits cell wall and
high susceptibility to decay [43]. The highest
percent disease incidence might be due to
accumulation of moisture around the fruit
that provide favorable environments for
microbial growth and thus aggravate spoilage
[44]. The higher spoilage with fruit harvested
at more mature stages might due to the more
enzymatic activities and disintegration of cell
wall [45]. As level of stevia extract and
storage duration were increased, the
percentage of weight loss and decay, were
decreased because stevia extract along with
30 days storage there were little bit signs of
disease or decay [46]. [47] reported that
percent disease incidence of fruit increased
with increasing storage duration
Percent weight loss
Statistical analysis of data revealed that
percent weight loss was significantly affected
by stevia leaf extract, storage duration and
their interaction (Table 1). Fruits treated with
6% stevia extract showed maximum percent
weight loss (24.1%) followed by (23.9%) and
(22.7%) in lemon fruits treated with 0% and

1461

Pure Appl. Biol., 8(2): 1456-1468, June, 2019
http://dx.doi.org/10.19045/bspab.2019.80085

2% stevia extract. Whereas, the minimum
percent weight loss (21.17%) was observed
in fruits applied with 4% of stevia extract.
This may be because a waxy layer is created
on the fruits due to stevia extract, which may
cover
the
pores
to
prevent
evapotranspiration.
Regarding
storage
duration, the maximum weight loss in fruits
was noted in fruits stored for 30 and 15 days.
Whereas, the minimum fruit weight loss (0%)
was observed in fruits harvested freshly.
However, interaction of stevia leaf extract
and storage duration showed that maximum
weight loss (45.8%) was observed in fruit
that were untreated and kept for 45 days of
storage duration (Figure 7). Coating
treatments with stevia extracts caused
significant reduction in weight loss and the
most effective treatments in this regard was
4% stevia extract. According to [48], coating

with stevia extracts might form a very fine
coating that acts as a semi-permeable
membrane to normalize the CO2 and O2
diffusion into and out of fruits. It also prevent
reduction in metabolism rate and water loss
as well. The increase in weight loss during
storage might be due to loss of moisture
which reduced fruit turgidity [49] and
enhanced fruit softening [50] and also due to
starch conversion into soluble solids [51].
The water loss from the citrus fruit are closely
related with many physiological [52] and rind
disorders [53]. The results are in
correspondence with [54] who recorded an
increase in weight loss due to increase in
storage period. He also observed that weight
loss in fruits treated with Stevia extract was
statistically lower than those treated with
karbandazim, a chemical fungicide.

Figure 1. Total soluble solid of lemon fruit as influenced by interaction of stevia leaf extract
and storage duration
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Figure 2. Percent titratable acidity of lemon fruit as influenced by interaction of stevia leaf
extract and storage duration

Figure 3. TSS/Acid ratio of lemon fruit as influenced by interaction of stevia leaf extract and
storage duration
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Figure 4. Fruit juice pH of lemon fruit as influenced by interaction of stevia leaf extract and
storage duration

Figure 5. Ascorbic acid content of lemon as influenced by interaction of stevia leaf extract
and storage duration
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Figure 6. Percent disease incidence of lemon fruit as influenced by interaction of stevia leaf
extract and storage duration

Figure 7. Fruit weight loss of lemon fruit as influenced by interaction of stevia leaf extract
and storage duration
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Conclusion
It can be concluded that the most effective
treatments in maintaining quality attributes
like TSS, acidity, fruit juice pH, ascorbic acid
content in lemons when treated with 4%
stevia extract. Fruits treated with 4% extract
were also effective in decrease in weight loss
of fruits and also controlling disease
incidence. Regarding storage intervals,
quality attributes of lemon sustained for 30
days interval but a gradual decline was
observed after 30 days. On the basis of
results, it could be recommended that coating
of lemons with 4% stevia extract sustained
quality attributes of lemon fruit for about 30
days at room temperature and relative
humidity.
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