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Ministry of Agriculture and Livestock Development, Government of Nepal, Biratnagar, Nepal

ABSTRACT
Fruit leathers, which are also known as fruit rolls, are dehydrated fruit-based 
products. Despite the popularity of Lapsi fruit leather, its production is 
limited to home-scale industries, which lack uniformity in quality. 
Moreover, scientific research to address this issue is very limited. Therefore, 
in this study, Lapsi fruit leather was prepared and its nutritional, phytochem
icals, and sensorial properties were studied. The fruit pulp and sugar were 
mixed at the proportion of 50:50, 80:20, 57.5:42.5, 72.5:27.5, and 65:35 to 
prepare leather and labeled as samples A, B, C, D, and E, respectively. The 
drying behavior was studied at 55°C in cabinet dryer. Among these samples, 
B had higher amount of crude fat (0.88 g/100 g sample), crude protein 
(3.87 g/100 g sample), crude fiber (10.95 g/100 g sample), and total ash 
(1.09 g/100 g sample); however, carbohydrate and energy value was signifi
cantly higher in sample A with the value of 83.21 g and 284 kcal per 100 g 
leather, respectively. Similarly, sample B was rich in phytochemicals contain
ing 67 mg vitamin C/, total polyphenol of 88.33 mg GAE/g dry extract, total 
flavonoid of 37.57 mg QE/g dry extract and DPPH inhibition activity of 
43.17%. Sample A was dried in 8.83 h, which had moisture diffusivity of 
8.723 × 10−7 m2/sec, and sample B was dried in 7.33 h, which had moisture 
diffusivity of 10.0 × 10−7 m2/sec. Though there was significant effect (p < .05) 
on the taste, flavor, texture, and overall acceptability except for color of the 
product, sample C was preferred by the panelists. Thus, nutritionally rich and 
underutilized lapsi fruit can be processed into fruit leather with high con
sumer acceptance.
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Introduction

Fruit leathers are dehydrated fruit-based products, a practical method of incorporating fruit solids, 
since they do not require refrigeration to avoid microbial growth[1,2] Also known as fruit rolls, taffies, 
kome, or pestil in some countries, fruit leathers are produced by various methods and using different 
ingredients.[3,4] Besides diversifying the consumption options for fruits, preparation of fruit leathers is 
a feasible alternative for preserving as well as adding value of various fruits.[5,6] These fruit snacks were 
originally developed at a home-scale as an alternative preservation method but considering their 
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nutritional benefits, they have recently emerged at an industrial scale.[7,8] Since it has very low 
moisture content and is lightweight, it is convenient for normal storage as well as transportation, 
thereby making it an effective way to preserve nutritious fruits.[1,9,10]

Choerospondias axillaris (Lapsi) is a popular deciduous fruit, native to Nepal,[11] and is recognized 
as having a great potentiality as a cash generating commodity. According to the National Center for 
Fruit Development (NCFD), 8651 metric tons of lapsi fruit was produced in Nepal in the year 2019.[12] 

In Nepal, it is consumed fresh or pickled, and processed for preparing a variety of sweet and sour food 
products like fruit leathers (locally called as Mada), candies, jam, chutney, and powdered tea 
additives.[11,13] Similarly, reports have shown the production of juices and pastilles in China from 
lapsi fruit.[14] Lapsi fruit is an abundant source of several essential macro- and micro-nutrients. It has 
been found to be very rich in essential amino acids like arginine, glutamic acid, glutamine; vitamin 
C and minerals like potassium, calcium, and magnesium.[15] It is also gaining popularity for its 
antibacterial, antimicrobial, and antioxidant properties.[11,16] C. axillaris contains many biologically 
active substances like phenolic compounds, flavonoids, sterols, organic acids, and polysaccharides, 
which are considered to be the effective constituents behind its antioxidant activity and medicinal 
usage.[14,16] It has been reported to possess several properties for the treatment of myocardial ischemia, 
calming nerves, ameliorating blood circulation, and improving microcirculation in Mongolia.[16,17] 

The Newari community of Nepal has been practicing a tradition of serving a thin lapsi gravy, called 
paun kwa, after meal to assist digestion.[18]

Despite of all the health benefits and the variety of products that can be prepared out of the fruit 
pulp, lapsi is confined within home-scale processors of Nepal. Almost all lapsi fruit available in 
Nepalese market to-date originated from wild grown trees. Although it possesses a huge potential to 
be sold in international markets, majority of the produce is consumed within Nepal only.[15] 

Consumer awareness about the product and lack of uniformity in product quality are the major 
hindrances to lapsi commercialization. Nepalese farmers have been producing lapsi fruit leather for 
decades as an effective method of preservation, and the leather is used in lean season as a flavoring 
agent and also for the production of several candies. C. axillaris fruits having the promising benefits, 
they have potential in the areas of food and health industries, and possess great opportunity to flourish 
in the international market.[19] The studies are being conducted to utilize it in product development 
due to their potential benefits like some studies done in amala fruit leather 20. However, not much 
research has been done on lapsi fruit leather. So this study aimed to establish the nutritional 
significance of lapsi fruit leather and familiarize the product.

Materials and methods

Collection of raw materials

Lapsi was bought from Dhankuta district (26.9835° N, 87.3215° E) and were stored under refrigeration 
until further analysis. Sugar was bought from the local market of Itahari (26.6646° N, 87.2718° E).

Preparation of Lapsi fruit leather

Lapsi fruit leather was prepared as described by Gujral & Brar[21] with modifications (Figure 1). Fresh 
ripe lapsi of uniform size and maturity were washed and then boiled for 8–10 min. It was drained off 
immediately and cooled with tap water. Pulping was then done to remove seeds and thus obtained 
pulp was mixed in different proportions with sugar (Table 1). The glycerol was used as a releasing 
agent in the tray and pulp mixture was spread for drying. Drying process was carried in a cabinet dryer 
for 7–9 h at 55°C to obtain moisture content of 19–20%. Thus, obtained fruit leather was cut to 
uniform square shapes (approx. 2.5 cm × 2.5 cm) using a sharp knife. Low-Density Poly-ethylene 
(LDPE) plastic was used for packing final product. They were labeled and stored in a cool and dry 
place for further analysis.
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Figure 1. Preparation of lapsi fruit leather.

Table 1. Sample formulations with different proportions of lapsi 
fruit pulp and sugar.

Sample Lapsi pulp (parts) Sugar (parts)

A 50 50
B 80 20
C 57.5 42.5
D 72.5 27.5
E 65 35
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Drying behavior of fruit leather and estimation of moisture diffusivity

Fruit leathers were dried at 55°C in cabinet dryer (model: CD-5 by model: CD-5, Shini Plastics 
Technologies India) continuously till the moisture content of product reached 20%. Changes in weight 
were noted in regular bases (every 30 min) which give moisture on wet basis (Mwb). Fick’s Second law 
of diffusion was used to interpret the experimental drying data for the determination of moisture 
diffusivity.[22] Assuming uni-dimensional moisture movement without volume change, constant 
diffusivity, uniform initial moisture distribution, and negligible resistance can be transformed in the 
form of the following equation[23,24]: 

ln MRð Þ ¼ ln
M � Me

Mo � Me

� �

¼ ln
6

π2

� �

�
π2Deff

r2
s

� �

t (1) 

by comparing the above equation 1to y ¼ mxþ c 

y ¼ ln MRð Þ (2) 

m ¼
π2Deff

r2
s

(3) 

The thickness (rs) of the sample was 0.005 m in the tray used for drying.

Proximate and chemical analysis

Moisture, crude fat, crude protein, total ash, and crude fiber content of samples were determined as 
per described by AOAC (1990),[25] while carbohydrate content was estimated by difference. Energy 
value of the fruit was expressed as Kcal/100 g and was calculated by multiplying the values of crude 
protein, lipids, and carbohydrates by recommended factors (4, 9, and 4, respectively).[26] Ascorbic acid 
was determined by using 2, 6-Dichlorophenol-Indophenol visual titration method.[27] Total soluble 
solids (TSS) of the samples were determined by using a hand refractometer, while pH was determined 
using a digital pH meter. Acidity was determined by titrimetric method,[27] and reducing sugar 
content was determined by using Fehling’s solution as described in FSSAI (2015).[28]

Extract preparation

In order to perform phytochemical analysis, lapsi pulp extract was prepared by using 80% 
ethanol.[29] To 10 g of pulp, 100 mL of 80% ethanol was added and kept at room temperature for 
12 h. It was then filtered through Whatmann no. 41 filter paper, and the filtrate was stored in screw 
capped bottles at 2–4°C until further analysis. Concentration of the extract obtained was determined 
by evaporating 10 mL of the extract to dryness at 80°C temperature and then measuring the weight 
of the residue.

Total phenolic content (TPC)

TPC was determined using the spectrophotometric method given by Waterhouse[30] with slight 
modifications. To 0.5 mL of ethanolic pulp extract, 2.5 mL of 10% Folin-Ciocalteu’s reagent (dissolved 
in water) and 2.5 mL of 7.5% Na2CO3 aqueous solution were added. The mixture was then incubated 
in an incubator (accuracy ± 1°C, MYQ engineering Pvt. Ltd) at 45°C for 45 min. Absorbance of the 
samples was determined using UV-Vis spectrophotometer (LT-2203, wavelength range 190–1100 nm, 
Labtronics, India) at 765 nm. Similarly, absorbance for standard gallic acid solutions was determined 
to construct a calibration curve. Based on the observed absorbance, total phenolic content of samples 
was expressed as mg Gallic acid equivalent per g dry extract.
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Total flavonoid content (TFC)

TFC of lapsi pulp was determined using a modified aluminum chloride assay method.[31] 1 ml of pulp 
extract was mixed with 4 mL distilled water and 0.3 mL 5% sodium nitrate. After 5 min, 0.6 mL 10% 
aluminum chloride was added to the mixture and again the mixture was allowed to stand for 5 min. 
Finally, 2 mL of 1 M sodium hydroxide was added and volume was made up to 10 mL using distilled 
water. After 15 min, the mixture was mixed properly and absorbance was measured by using a UV Vis 
spectrophotometer at 510 nm wavelength. Similarly, absorbance values were determined for standard 
quercetin solutions (20, 40, 60, 80, and 100 μg/mL) and calibration curve was drawn. The values were 
expressed as mg quercetin equivalents.

DPPH radical scavenging activity

Spectrophotometric method was used to determine the DPPH free radical scavenging activity of lapsi 
pulp extract.[32] Briefly, 1 mL of the extract was mixed with 2 mL of 0.1 mM DPPH solution (4 mg 
DPPH of 100 mL methanol). The mixture was stoppered and incubated for 30 min in dark. Then the 
absorbance was read at 517 nm wavelength using a UV Vis spectrophotometer. Finally, percentage 
scavenging activity was determined using the following equation:

% scavenging activity = (Ac − As) × l00/ Ac
where Ac and As refer to absorbance of control and test samples, respectively.

Sensory evaluation

Sensory analysis of prepared lapsi leather samples was performed by using 9-point hedonic rating 
system as defined by Ranganna (1987). Twenty-five healthy panelists (20–35 years old) were trained 
for 4 days (2 h each day) to familiarize panel members with sensory attributes. The panelists were then 
provided with uniform quantity of prepared samples from stainless steel plate and evaluation of 
appearance, texture, taste, flavor, and overall acceptability was done.

Statistical analysis

Each analysis was performed in triplicates, and the values were subjected to one-way analysis of 
variance (ANOVA) using Genstat Release 12.1 (Copyright 2009, VSN International Ltd.). Means were 
separated using Tukey’s HSD post hoc test at 5% level of significance.

Results and discussion

Yield and weight distribution

Each kg of lapsi fruit contained 450 g pulp, 200 g peel, and 350 g seed, while the yield of dried leather 
was found to be 57.51%. Similar weight distributions were reported by Paudel et al.[15] and Shrestha 
et al.[33]

Nutritional, chemical, and organoleptic evaluation of fresh lapsi pulp

Lapsi pulp obtained after removing of peels and stone was grayish white in color, sour in taste, and 
slippery to touch. The proximate and chemical constituents of the pulp are shown in Tables 2 and 3 
respectively. Moisture content of the pulp was found higher than reported by Rai et al.,[34] Paudel 
et al.,[15] and Chen et al.,[35] while slightly lower values have been mentioned by DFTQC.[36] TSS was 
found to be 10.5%, which is higher than the findings of Paudel et al.[15] Crude protein content was 
found to be greater than reported by Chen et al.,[35] DFTQC,[36] Bajracharya,[37] and Rai et al.[34] 

whereas less than the findings of Bhutia et al..[38] Lapsi fruit is reported to be rich in several amino 
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acids like arginine, glutamic acid, glycine, and lysine.[15] Crude fat content was found to be similar to 
that of Rai et al.[34] but greater than recorded by DFTQC[36]and Chen et al.[35] Crude fiber was found 
to be significantly greater than the values reported by Chen et al.[35] and DFTQC.[36] Regarding total 
ash content, findings of this study were significantly higher than the values reported in DFTQC[36] and 
Bajracharya.[37] The values for titratable acidity were comparable with the findings of Paudel et al.[15] 

but significantly greater than the values reported by Chen et al.[35] The pH value of the pulp was 
2.9 ± 0.1 which indicates acidic nature of the pulp, due to which it has a strong sour taste. Total 
carbohydrate content was found to be significantly lower than the values reported by DFTQC[36] and 
Paudel et al.[15] The pectin content in lapsi fruit pulp was found to be 1.7 ± 0.26 g/100 g pulp. Pectin is 
used in fruit leather production to thicken the pulp, modify the flexible texture, and ensure shape 
retention of the leather.[21] So, presence of pectin in lapsi fruit pulp might contribute to the quality of 
fruit leather produced. The variation in chemical parameters is a result of genetic diversity of the trees, 
elevation, light availability, and water availability.[19,39,40]

Phytochemical and DPPH inhibition of fresh lapsi pulp

Lapsi is a rich source of Vitamin C.[11] The Vitamin C content in this study was found to be 
130 ± 2.64 mg/100 g, which is higher than the value reported by DFTQC.[36] The average recom
mended intake of Vitamin C for an adult man is 110 mg per day.[41] A large portion of this 
recommended level can be fulfilled by the consumption of a small quantity of lapsi pulp products.

Similarly, lapsi fruit is said to possess medicinal value due to the presence of several flavonoid and 
phenolic compounds,[16] because of which it has been used to treat heart diseases for centuries in 
Mongolia. The TPC of lapsi fruit pulp was found to be 118 ± 1.3 mg GAE/g dry extract (Table 3). 
A wide variation in TPC of lapsi fruit has been reported.[14,16,42] Likewise, TFC of the fruit pulp was 
found to be 63 ± 1.7 mg QE/g dry extract. Much smaller findings have been reported by other 
workers.[14,16] Concentration of phenolic compounds in plants can be affected by genetic 

Table 3. Chemical, phytochemical analysis, and anti-oxidant activity of lapsi fruit pulp.

S.N. Chemical and phytochemical contents Lapsi fruit pulp

1 Acidity (% citric acid) 4.80 ± 0.96
2 pH 2.8 ± 0.1
3 TSS (°BX) 10.5 ± 0.78
4 Vitamin C (mg/100 g) 130 ± 2.64
5 Reducing sugar (%) Traces
6 Total phenolic content (mg GAE/g dry extract) 118 ± 1.3
7 Total flavonoid content (mg QE/g dry extract) 63 ± 1.7
8 Percent DPPH inhibition (%) 53 ± 2.5

Values are means of triplicate analysis ± standard deviations.

Table 2. Proximate composition of lapsi fruit pulp.

Chemical composition Values

Moisture (%) 81.26 ± 1.1
Total ash (db %) 5.76 ± 0.28
Crude fat (db %) 4.63 ± 0.61
Crude protein (db %) 18.39 ± 1.93
Crude fiber (db %) 54.9 ± 0.9
Total carbohydrate (db %) 16.2 ± 2.54
Pectin as calcium pectate (%) 1.7 ± 0.26
Total energy (Kcal/ 100 g) 33.73 ± 1.84

Values are means of triplicate ± standard deviations.
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backgrounds, agronomic practices, as well as several environmental factors, such as soil composition, 
temperature, rainfall, and ultraviolet radiation.[43–45] The concentration of phenols and flavonoids also 
depends on the polarity of the solvents used for their extraction.[46]

Similarly, lapsi fruit pulp also exhibited antioxidant activity and was found to show DPPH 
inhibition of 53%. Slightly higher percent inhibition was reported by 80 μg/ml ethanolic extract of 
Choerospondias axillaris.[47] Natural antioxidants present in plants are responsible for preventing 
harmful consequences of oxidative stress.[48] Presence of polyphenols, flavonoids, and phenolic 
compounds in plants are mainly responsible for their antioxidant activity as they act as reducing 
agents, hydrogen donors, and are capable of scavenging free radicals.[49,50]

Drying behavior of fruit leather

The initial moisture content of lapsi fruit pulp was found to be 433.7 (db). The moisture content (db) 
of all the samples of leather decreased with increase in drying time (Figure 2). Drying rates of all 
samples are shown in Figure 3. It was clear that drying of fruit leather falls in falling rate period. That 
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e. Sample E
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Figure 2. Variation of experimental moisture ratio (MR) with time for samples A, B, C, D, and E, respectively.
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means, critical moisture content was not found on the drying rate curve. The drying rate was 
decreased, and less moisture was available at the surface to evaporate. Time taken to reach the final 
moisture of 20% (wb) was 8.83 h and 7.33 h for sample A and sample B, respectively. Interval of 30 min 
was used to record the weight after drying. This showed that the drying time of sample C was 8.17 h. 
Similarly, Sample D and sample E were dried to final moisture of 20% (wb) at 8.17 h. Sugar might have 
increased the drying time due to the increase of total solids and binding of water molecules.[22] Gowda 
et al.[51] also concluded that addition of sugar increased drying time, yield, moisture, and sugar content 
in the mango fruit bar. The graphical representation of ln (MR) and time for drying of fruit leather 
samples is used in determining the moisture diffusivity as shown in Figure 4. The experimental 
effective moisture diffusivity for the drying of lapsi fruit leather was calculated from the law of 
diffusion (Eq. 1). Its value represents the moisture movement and a key parameter in drying process. 
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Figure 3. Drying rate curve for fruit leather samples A, B, C, D, and E, respectively.
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Table 4. Nutritional analysis of different samples of lapsi fruit leather.

Samples Crude fat (db %) Crude protein (db %) Crude fiber (db %) Total ash (db %) Carbohydrate (db %)
Energy value 
(Kcal/ 100 g)

A 0.52 ± 0.03d 2.3 ± 0.03b 6.6 ± 0.21d 0.65 ± 0.03e 89.92 ± 0.24a 298.5 ± 1a

B 0.88 ± 0.01a 3.87 ± 0.11a 10.95 ± 0.42a 1.09 ± 0.01a 83.21 ± 0.51d 283.9 ± 1.06d

C 0.63 ± 0.03c 2.63 ± 0.08b 8.12 ± 0.22c 0.77 ± 0.03d 87.84 ± 0.3b 293.8 ± 0.81b

D 0.77 ± 0.01b 3.07 ± 0.66ab 10.03 ± 0.25b 0.98 ± 0.01b 85.15 ± 0.45c 287.3 ± 1.92c

E 0.72 ± 0.01b 2.8 ± 0.19b 9.53 ± 0.11b 0.87 ± 0.01c 86.08 ± 0.1c 288.9 ± 0.54c

Values are means of triplicate determinations ± standard deviations. Values in the columns bearing the different superscripts are 
significantly different (p < 0.05).
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Figure 4. Graphical representation of ln(MR) vs. time for fruit leather samples A, B, C, D, and E, respectively.
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Sample A, which took longer time to dry, has low moisture diffusivity, i.e., 8.723 × 10−7 m2/sec while 
sample B, which took shorter time of 7.33 h, has effective moisture diffusivity of 10.1 × 10−7 m2/sec. It 
was found to be 9.9 × 10−7, 9.76 × 10−7 , and 9.83 × 10−7 m2/sec for sample C, sample D, and sample E, 
respectively.

Nutritional, phytochemical, and DPPH inhibition of lapsi fruit leather

The proximate composition of lapsi fruit leathers prepared by varying the composition of pulp and 
sugar is shown in Table 4. On increasing the proportion of pulp in the leather, proximate constituents 
were found to increase significantly. Sample A contained the least crude fat, protein, fiber, and ash 
content, while sample B was found to have the highest level of proximate constituents among the 
samples. Fruit leathers are generally considered a healthy snack as they are naturally high in fiber and 

Figure 6. Acidity and pH of the different samples of lapsi fruit leather. *Vertical error bars show standard deviation and error bars 
bearing different superscripts are significantly different (P < .05).

Figure 5. TSS (°BX) of the different samples of lapsi fruit leather. *Vertical error bars show standard deviation and error bars bearing 
different superscripts are significantly different (P < .05).
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carbohydrates, whilst low in fats.[41] All of the lapsi fruit leathers can be considered healthy owing to 
their lower fat content as well as higher fiber content. On the contrary, sample A had the highest 
energy value among the leather samples, which is obviously due to higher proportion of sugar in that 
sample. Increasing the proportion of sugar in lapsi fruit leather significantly increased the TSS content 
of the product (Figure 5). It is obviously due to high TSS in sugar in comparison to very low TSS of the 
fruit pulp. Similarly, increasing the proportion of fruit pulp increased the acidity of lapsi leather 
significantly (P < .05), with a simultaneous decrease in pH (Figure 6). Although no work has been done 
yet to identify different acids present in lapsi fruit pulp, the acidity is obviously contributed by different 
organic acids present in lapsi fruit pulp. The vitamin C content (Figure 7), TPC and TFC of lapsi fruit 
leather samples increased significantly on increasing the proportion of lapsi pulp in leather (Table 5). 
From the obtained values of fresh lapsi pulp, the proportionate values of vitamin C, TPC, and TFC 
should have been higher. For instance, sample A must have contained 65 mg/100 g Vitamin C, 54 mg 
GAE/100 g TPC, and 31.5 mg QE/100 g TFC owing to the proportion of lapsi fruit pulp used. But the 
actual values were found to be significantly lower. This indicates a drastic reduction of phytochemicals 
during processing to produce lapsi fruit leather, although the topic seeks further research for more 

Figure 7. Vitamin C (mg/100 g) of the different samples of lapsi fruit leather. *Vertical error bars show standard deviation and error 
bars bearing different superscripts are significantly different (P < .05).

Table 5. Phytochemical analysis and anti-oxidation activity of different samples of lapsi fruit leather.

Samples Vitamin C (mg/ 
100 g)

Vitamin C (mg/ 
100 g)

Total flavonoid content (mg QE/g dry 
extract)

Percent DPPH inhibition 
(%)

A 35 ± 2.1e 58.33 ± 1.17e 25.70 ± 0.65d 25.10 ± 0.85e

B 67 ± 2a 88.33 ± 1.33a 37.57 ± 0.40a 43.17 ± 1.04a

C 41.33 ± 1.15 d 65.27 ± 2.00d 26.30 ± 0.45d 30.23 ± 1.24d

D 54.67 ± 0.6b 78.90 ± 1.47b 32.60 ± 0.65b 38.80 ± 1.31b

E 46.67 ± 3.11c 73.93 ± 1.67c 28.77 ± 0.30c 34.17 ± 0.86c

Values are means of triplicate ± standard deviations. Values in the columns bearing the different superscripts are significantly 
different (p < 0.05).
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clarity. Studies have shown that ascorbic acid is highly unstable and is easily oxidized to dehydroas
corbic acid.[52] Similarly, degradation of heat labile polyphenols during high temperature drying might 
have lowered the TPC and TFC.[53] Similarly, the fruit leather samples containing higher proportion of 
lapsi pulp demonstrated greater DPPH inhibition activity. It might be due to higher TPC in those 
samples. A strong relationship between total phenolic content and antioxidant activity in fruits has 
been well reported.[54–56]

Sensory evaluation of lapsi fruit leather

Lapsi fruit leather samples were subjected to sensory evaluation based on a 9-point Hedonic scale 
(Figure 8). Altering the proportion of fruit pulp and sugar did not affect the color of fruit leathers 
significantly (P > .05). Although there was no significant difference in color, the panelists preferred 
lighter color of lapsi fruit leather containing lower proportion of fruit pulp. Sugar might have acted as 
a diluent to make the product color lighter. Similar findings have been reported for mango fruit leather 
where increasing sucrose proportion increased lightness and thus improved the color of the leather.[57] 

Samples B and D, had a higher proportion of lapsi pulp, exhibited brownish color which was not 
preferred by the panelists. Thermal treatment of fruits causes degradation of color pigments and 
formation of brown pigments by enzymatic as well as non-enzymatic browning reactions.[58]

Similarly, it was observed that increasing the proportion of lapsi fruit pulp in the fruit leathers 
resulted in a significant decrease (P < .05) in scores of texture and the panelists reported a softer 
texture in samples containing higher proportion of sugar, thereby making the sample less chewy. 
Similar findings have been reported by Gujral & Khanna[57] for mango leather, where increasing the 
proportion of sucrose decreased the extensibility of leather, thus making the product softer and brittle. 
However, in a study by Mardhatilah et al.,[59] sensory panelists preferred the texture of dragon fruit 

Figure 8. Sensory analysis of the different samples of lapsi fruit leather. *Vertical error bars show standard deviation and error bars 
bearing different superscripts within the same sensory parameter are significantly different (P < .05).**Lapsi fruit pulp to sugar ratio 
(w/w): A- 50:50, B- 80:20, C-57.5:42.5, D-72.5:27.5, and E-65:35
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leather containing higher proportion of fruit pulp. Pectin is present in lapsi pulp. Pectin has 
a significant impact on the texture of fruit leathers and it increases the hardness, cohesiveness, 
springiness, and chewiness of the products.[60] Higher pectin content in samples B and D might be 
the reason for hard texture, which was not preferred by the panelists. Taste and flavor were signifi
cantly (P < .05) affected by the proportion of lapsi fruit pulp and sugar. Sample C had significantly 
higher scores than other samples. This might be due to a perfect balance between acidity and sweetness 
in the sample. The balance between sweetness and acidity is a basic perception through which a person 
judges the quality of many fruits and fruit products.[61] Thus, sugar–acid balance is an important 
quality criterion for consumer acceptance.[61] Panelists reported very sour and astringent taste for 
samples B and D, which might be due to higher acidity and presence of phenolics in those samples. 
Similarly, sugars, acids, phenolics, and hundreds of volatile compounds present in the pulp contribute 
to the flavor of the fruit in conjunction.[62] Majority of the flavor must have been contributed by the 
acids and phenolics present. Regarding overall acceptability, the fraction of pulp and sugar used had 
a significant impact on the overall acceptability scores. Samples A, C, and E (with lower pulp content) 
received higher sensory scores than samples B and D with higher pulp content. Similar findings have 
been reported for soursop fruit leather[63] and mango fruit leather.[57]

Conclusion

Lapsi is an underutilized wild fruit in Nepal that is enriched with vital nutrients and thus bears the 
potential to uplift the economic status of farmers. Drying of lapsi pulp to produce lapsi leather is 
a simple and effective technique for preservation. As practiced in Nepal, lapsi leather can be mixed 
with sugar during leather making to make it more appealing to consumers. The nutritional quality, 
phytochemical contents, and antioxidant activity of the product increased with the level of lapsi pulp 
in the formulation. Thus, for maximum nutritional benefits, the formulation with the highest level 
of pulp (80% pulp, 20% sugar) is recommended. However, lapsi leather with 57.5% pulp and 42.5% 
sugar was more appealing to consumers in terms of sensory quality. These findings could be helpful 
for small- and medium-scale industries and could aid in providing nutritional delicacy to the 
consumers.
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