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Abstract

Papaya is a highly perishable fruit with a shelf life of only 3 to 6 days under tropical conditions, leading
to significant post-harvest losses. This study aimed to preserve papaya pulp for subsequent use in
product development. Pulp was extracted from the “Indian Red Lady Variety” of papaya and treated
with potassium metabisulphite (KMS) at concentrations of 500, 1000, and 1500 ppm. The treated pulp
was stored in a room and refrigerated at a temperature. Storage changes were monitored at 30-day
intervals for 90 days. The experiment followed completely randomized design (CRD) factorial design.
A pulp yield of 78.32% was recorded which contained total soluble solids (TSS) of 7.56°Brix, pH of
4.84, and acidity of 0.14%. Significant (p<0.05) changes in proximate composition were observed due
to the interaction effects of various treatments. Fresh pulp contained 9.39% carbohydrates, 0.55%
protein, 0.70% fiber, 0.16% fat, 0.60% ash and 88.61% moisture. Pulp treated with 1500 ppm KMS
and stored at refrigerated temperatures showed no change in fat, fiber, or protein content, while lower
concentrations of KMS resulted in reductions in these components. Moisture remained stable in pulp
with 1500 ppm KMS stored under refrigerated temperatures. Treating papaya pulp with 1500 ppm KMS
effectively minimized storage changes, particularly at refrigerated temperatures. This treatment allows
the pulp to be stored and used later for product development.

Keywords: Proximate composition, storage changes, fresh papaya pulp, stored pulp, potassium
metabisulphite treatment

INTRODUCTION

Papaya (Carica papaya L.) is a vital fruit in tropical and subtropical regions and is believed to have
originated in southern Mexico and Costa Rica. It is now cultivated in countries such as Australia,
Hawaii, the Philippines, Sri Lanka, South Africa, and India [1, 2]. The major producers of papaya
include India, Brazil, Mexico, Indonesia, and Nigeria, with global production reaching 13,822,328
metric tons in 2022, with India contributing over 38% [3]. Papaya is a nutritious fruit that is both fresh
and processed and is known for its pleasant taste and aroma [4]. It is rich in antioxidants, vitamins (C,
A, E, K), niacin, riboflavin, folate, pantothenic acid, dietary fibers, and minerals, such as potassium,
magnesium, calcium, iron, manganese, phosphorus, and zinc [5]. The fruit has various health benefits,
such as lowering cholesterol, preventing arthritis,
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before it reaches consumers [11]. These losses contribute to food, nutritional, and financial losses for
farmers and stakeholders.

Papaya processing can reduce post-harvest losses. However, the fruit-processing sector is
underdeveloped in many developing countries, including Ethiopia. Therefore, a simple and affordable
processing infrastructure is required. One option is to process papaya into pulp during the peak
harvesting seasons, preserve it in food-grade containers, and store or transport it for later use. The stored
pulp can be used in beverages, jams, jellies, marmalades, and bakery products [12]. Such infrastructure
is affordable for small entrepreneurs and low-investment processing units can be established with
minimal investment.

The present study was conducted at Arba Minch University, Ethiopia, to explore the feasibility of
processing papaya into pulp and preserving it with potassium metabisulfite (KMS) for subsequent use.

MATERIALS AND METHODS

The experiment was a completely randomized design (CRD) with three replications in a factorial
arrangement, with randomly assigned treatments. The experimental treatment comprised two storage
conditions: room temperature (25-29°) and refrigerated temperature (4 + 1°C), four different
concentrations of potassium metabisulfite (0, 500, 1000, and 1500 ppm), and three storage periods (O,
30, 60, and 90 days).

Preparation of Pulp

Papaya fruit (Indian Red Lady Variety) of uniform maturity was procured from the Arba Minch
Omotic Farm. Preliminary trials were conducted to standardize the pulp-extraction procedure. The steps
for pulp preparation were as follows:

1. The fruits were dipped in boiling water and then washed in cold water.

2. They were sliced longitudinally into four pieces, peeled, and seeds removed.
The peeled fruit was cut into slices and immersed in water, to which food-grade citric acid was
added to reduce the pH to approximately 3.4.
The slices were blanched at 80-85°C for 2 min and then converted into pulp using a mixer.
The pulp was sieved through a stainless-steel sieve and heated to 85°C.
The pulp was cooled to 55-60°C and divided into three lots.
Potassium metabisulfite (KMS) at concentrations of 500, 1000, and 1500 ppm was added
uniformly to the three lots, with an additional lot serving as a control (0 ppm KMS).
8. The pulp was filled into jars, which were sealed airtight and stored until further analysis.

w

No os

Study of Storage Changes

The pulp was stored at room temperature (25-29°C) and refrigerated (4 £ 1°C). Visual observation
of the packed pulp was performed daily to check for fermentation or gas formation. The stored pulp
was analyzed for proximate composition at 30-day intervals over 90 days using standard procedures
described in the Association of the Official Analytical Chemists (AOAC) [13].

Total Soluble Solids

The total soluble solids (TSS) were determined using a hand refractometer (Erma, Japan). A drop of
homogenized papaya pulp/juice was placed on the cleaned prism of the calibrated refractometer, the lid
was closed, and the TSS was read on a scale and expressed in degrees Brix (°B).

Titratable Acidity
Titratable acidity in papaya pulp was determined by titration with 0.1N NaOH. The results were
expressed as a percentage of citric acid, calculated using the formula provided by the AOAC [13].

Total Sugars
Total sugar content was estimated using the Lane and Eynon method, as described in the AOAC [13].
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Vitamin C
Ascorbic acid content was determined using the method described by Ranganna [14] using 2,6-
Dichlorophenol-Indophenol Visual Titration Method.

Moisture

The moisture content was determined according to AOAC [13]. The samples were dried at 70°C to
a constant weight, and the moisture content was calculated as the difference in weight between the
initial and completely dried samples. The percentage of moisture was calculated based on the original
sample.

Ash

The ash content was determined according to AOAC [13]. The clean crucible was then dried, cooled,
and weighed. A weighed sample was then added to the crucible and placed in a muffle furnace at 550°C
for five hours. After cooling in a desiccator, the crucible with the ash was weighed, and the ash content
was expressed as a percentage of the initial sample weight.

Crude Fat
The crude fat content was determined using AOAC [13]. Method using a Soxhlet apparatus and n-
hexane for extraction. The solvent was removed by distillation, and the oil was dried.

Crude Fiber

Crude fiber content was estimated following AOAC [13]. Procedures—a weighed sample was boiled
with 200 mL of 1.25% sulfuric acid for 30 min, filtered, and the residue washed with distilled water.
The residue was boiled with 200 mL of 1.25% sodium hydroxide for 30 min, filtered, washed, dried,
cooled, and weighed. The residue was ashes at 550°C for three hours, cooled, and weighed again. The
fiber content was calculated as the difference in weight before and after ashing.

Crude Protein

Total nitrogen was determined using the micro-Kjeldahl method according to AOAC [13]. by using
an automatic digestion and distillation system (Model UDK-142, Europe). The sample was digested
with a catalyst mixture of K;SO4, CuSQOs, and sulfuric acid, followed by distillation and titration with
0.1N HCI. Protein content was calculated from the nitrogen percentage using a conversion factor of
6.25.

Carbohydrates
Carbohydrate content was determined by subtracting the sum of percentages of moisture, protein, fat,
fiber, and ash from 100, as recommended by the AOAC [13].

Statistical Analysis

The experimental data were subjected to analysis of variance (ANOVA) usingStatistical Analysis
System (SAS) software version 9.1. Mean comparisons were carried out using Duncan’s multiple range
test (DMRT) to separate means at a 5% level of significance. The interaction effect of KMS
concentrations, storage conditions, and storage periods on the proximate composition of papaya pulp
was observed from the statistical analysis.

RESULTS AND DISCUSSION
Pulp Yield and Composition

Pulp yield is a critical factor in the assessment of the feasibility of processing fruits for pulp and
related products. In this study, pulp and processing waste data were recorded (Table 1). The study
reported a pulp yield of 78.32% and wastage (peel and seed) of 21.68%. This yield is comparable to the
75% pulp yield from a pure line selection of a local type variety reported by Tamil Nadu Agriculture
University (TNAU) (https://agritech.tnau.ac.in/horticulture/horti_ TNAU_varieties_fc_papaya.html)
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[15]. The total wastage (21.68%), consisting of 12.24% peel and 9.44% seed, was also expected to be
comparable. Minor variations in pulp yield could result from varietal differences or differences in pulp-
extraction procedures.

Table 1. Composition and yield of papaya components.

S.N. Attribute Content

1 Peel, % 12.24

2 Seeds (including mucilage covering seeds), % 9.4

3 Pulp, % 78.32

4 Total soluble solids,° B 8.65

5 Total sugars, % 7.56 +£0.02
6 Titratable acidity, expressed as citric acid, % 0.14 +£0.01
7 pH 4.84+0.01
8 Vitamin C, mg100g™* 43.12 +0.02
9 Total carotenoids, pg100g™ 1613.33 £1.52

The TSS of the pulp were recorded at 8.65° Brix, closely matching the 9.0° Brix value reported by
Zaman et al. [16] for the Shahi Red variety of papaya. These minor TSS variations could be due to
varietal differences, cultural practices, or other factors. A pulp pH of 4.84, as observed in the present
study, is comparable to the pH value of 4.5 as reported earlier [16] for the Shahi (yellow) variety of
papaya. Similarly, the titratable acidity of 0.14% observed in the present study falls within the acidity
range of 0.08% to 0.18% reported by Othman [17] for papaya collected from different locations. The
pulp extracted from the fruit contained 7.56% total sugar. Zaman et al. [16] analyzed different varieties
of papaya for total sugars and reported a range of 6. 6% to 10.5%. The present values of total sugars
(7.56%) were within the range reported by these researchers.

Vitamin C content of 43.12 mg100g™ was recorded in the pulp which was comparable to the range
of 41.0 to 42.4 mg 100g™ reported earlier [16]. A total carotenoid content of 1613.33 pg 100 g* was
observed in the present study, which falls within the range reported by Adetuyi et al. [18], who stated
that the total carotenoid content of papaya ranges from 321.2—-7210 ug 100 g*.

Effect of KMS Treatments on Preventing Pulp Spoilage

The papaya pulp preserved in this study was monitored regularly for signs of spoilage or
fermentation. Pulps without any potassium metabisulfite (KMS) treatment (O ppm, or control) stored at
room temperature showed fermentation signs on the second day, with gas bubbles and fermentation
smell indicating spoilage. However, under refrigerated conditions, the control pulp did not show signs
of spoilage until the sixth day. Low temperatures slow the growth and multiplication of microorganisms
and decrease the rate of chemical changes. As a result, the pulp without potassium metabisulfite (KMS)
remained relatively stable for a few days when stored at refrigerated temperatures compared to room
temperature. Pulps treated with KMS showed no visible fermentation or off-smells during the entire
storage period. Therefore, papaya pulp without any preservative cannot be stored at room temperature
beyond one day but can be stored under refrigeration for up to five days. This observation aligns with
those of Mutaku et al. [19] and Yadav et al. [20], who reported similar spoilage timelines for papaya
pulp and mulberry juice without preservatives.

Effect of Different Treatments on Proximate Composition

The proximate composition of the stored papaya pulp, influenced by different KMS treatments,
storage conditions, and storage periods, is presented. Initially, the pulp contained 0.55% crude protein,
0.16% crude fat, 88.61% moisture, 0.70% crude fiber, 0.60% ash, and 9.39% carbohydrates. These
findings align with those of the earlier studies by Chukwuka et al. [21].
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Crude Protein

As shown in Table crude protein content decreased from 0.55% to 0.37% by the 90th day in pulp
treated with 500 ppm KMS and stored at room temperature. Higher KMS concentrations (1000 and
1500 ppm) and refrigerated storage improved the protein content. As storage time increased, the protein
content decreased, particularly at lower KMS concentrations and room temperature. Pulps treated with
1500 ppm KMS and stored at refrigerated temperatures showed prolonged protein stability compared
to pulps with lower concentrations of KMS and/or stored at room temperature. Between the two storage
temperatures, the retention of crude protein was better at refrigerated temperatures. Thus, higher
concentrations of KMS (1500 ppm) and low storage temperatures were more effective in retaining crude
protein than low concentrations of KMS and room temperature. The decrease in protein at lower KMS
concentrations and room temperature may be due to the Maillard reaction between amino acids and
sugars, as noted by Anju et al. [22]. Germain et al [23] and Onyechi et al [24] also reported that
preservatives, storage temperature, and time significantly influenced protein content. Thus, the present
findings are consistent with those of earlier studies.

Crude Fat

The crude fat content was significantly reduced in all treatments during storage, except in pulp treated
with 1500 ppm KMS and stored under refrigerated conditions. The maximum reduction was observed
on the 90th day in the pulp with 500 ppm KMS stored at room temperature. Higher KMS concentrations
and lower storage temperatures were effective for fat retention, and an increase in the storage period
resulted in an increased reduction in fat content. Storage time and temperature lead to lipid oxidation
during storage, which in turn results in undesirable flavors, rancidity, and discoloration [25]. The
reduction in fat content might be due to the hydrolysis and oxidation of fats, as previously reported [26].
Storage at low temperatures reduces fat loss compared to storage at room temperature. These findings
were supported by those of Germain et al. [23] and Onyechi et al [24] who noted the impact of storage
conditions on fat content and the role of lipid oxidation in causing undesirable flavors or rancidity.

Moisture Content

Moisture content increased in all treatments, except in the pulp treated with 1500 ppm KMS and
stored at refrigerated temperatures. The results in reflect that the maximum increase occurred in the
pulp with 500 ppm KMS, stored at room temperature. The moisture content was best maintained in the
pulp treated with 1500 ppm KMS and stored at refrigerated temperature. Initially, the moisture content
of the pulp was 88.61%, which is comparable to the findings of earlier researchers [21], who reported
amoisture content range of fresh papaya pulp from 86.9% to 89.8%. Kabir [27] also reported an increase
in the moisture content of guava juice with storage time (Table 2).

Table 2. Interaction effect of KMS concentrations, storage conditions, and storage period on proximate
composition of papaya pulp.

Treatment Proximate compositions (%)

SP SC KMS (ppm) Protein Fat Moisture

Initialday | RT 0 0.55 +0.01° 0.16 £0.01° 88.61 +£0.019
500 0.55 +0.01° 0.16 +£0.012 88.61 +0.019
1000 0.55 +0.01° 0.16 £0.01° 88.61 +£0.019
1500 0.55 +0.01° 0.16 £ 0.012 88.61 +0.019

Re.T 0 0.55 +0.01° 0.16 £0.01° 88.61 +£0.019

500 0.55 +0.01° 0.16 +£0.012 88.61 +0.019
1000 0.55 +0.01° 0.16 +£0.012 88.61 +0.019
1500 0.55 +0.01° 0.16 £0.01° 88.61 +£0.019

30 day RT 0 * * *
500 0.52 £0.017 0.13 + 0.05b« 88.64 + 0.005°
1000 0.54 + 0.0%¢ 0.15 +0.05% 88.63 + 0.01¢f0
1500 0.55+0.012 0.15+0.012 88.62 + 0.011
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Treatment Proximate compositions (%6)
SP SC KMS (ppm) Protein Fat Moisture
Re.T 0 * * *
500 0.54 + 0.02b¢ 0.15 £ 0.005? 88.62 + 0.01¢f
1000 0.55 £ 0.012 0.16 £ 0.012 88.61£0.019
1500 0.55+0.012 0.16 £0.012 88.61£0.019
60 day RT 0 * * *
500 0.49 +0.005° 0.11 £0.005¢ 88.75+0.01°
1000 0.54 +0.01% 0.13 +0.0.5° 88.64 £0.005°
1500 0.54 +0.005% 0.14 + 0.005® 88.62 + 0.01°f
Re.T 0 * * *
500 0.52 +0.020«d 0.14 +0.05% 88.67 +£0.02¢
1000 0.54 +0.013¢ 0.15+0.012 88.62 +0.01
1500 0.55+0.012 0.16 £0.012 88.61 +0.019
90 day RT 0 * * *
500 0.37 £0.02f 0.05+0.005f 88.83 £0.01°
1000 0.53 + 0.005%¢ 0.12 + 0.005% 88.64 +£0.01°
1500 0.54 +0.013¢ 0.13+0.01 88.63 + 0.005°
Re.T 0 * * *
500 0.50 + 0.005¢% 0.12+0.05% 88.71£0.01°¢
1000 0.54 +0.017¢ 0.14 + 0.05%¢ 88.64 + 0.01¢f
1500 0.55 +0.00? 0.16 £0.012 88.61+£0.019
CV (%) 2.02 5.82 0.01

NB: Means followed by the same letter(s) within a column are not significantly different at p < 0.05, SC; Storage condition,
SP: Storage Period, KMS: Potassium meta bisulphite, RT: room temperature, Re.T: Refrigerated temperature, CV: coefficient
of variation, *; already spoiled and discarded.

Crude Fiber

The crude fiber content decreased in all treatments during storage, except in pulp treated with 1500
ppm KMS and stored at refrigerated temperatures (Table 3). The lowest fiber content (0.58%) was
recorded on the 90th day in the pulp with 500 ppm KMS stored at room temperature. Higher KMS
concentrations and lower storage temperatures were effective in maintaining the crude fiber. It is
observed that the effect on the fiber is more pronounced at higher (room) temperatures than at low
(refrigerated) temperatures. This finding is supported by previous researchers [28, 29] who reported
that the rate of fiber breakdown was higher at room temperature than in refrigerated storage. Fruit juices
stored at refrigerated temperatures juices stored at ambient temperatures [30]. Significant effects of
preservatives, storage temperature, and storage time on fiber content have been reported previously
[23, 24].

Table 3. The crude fiber content decreased in all treatments during storage, except in pulp treated with
1500 ppm KMS and stored at refrigerated temperatures.

Treatment Proximate composition
ST SC | KMS (ppm) Fiber Ash Carbohydrate
Initial day | RT 0 0.70 £0.01° 0.60 £ 0.012 9.39 £0.01°
500 0.70 £0.01° 0.60 £ 0.012 9.39 £0.01°
1000 0.70 £0.01° 0.60 +0.012 9.39 +0.01¢
1500 0.70 £0.01° 0.60 +0.012 9.39 +0.01¢
Re.T 0 0.70 £0.01° 0.60 +0.012 9.39 +0.01¢
500 0.70 £0.01° 0.60 £ 0.012 9.39 £0.01°
1000 0.70 £0.01° 0.60 £ 0.012 9.39 £0.01°
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Treatment Proximate composition
ST SC KMS (ppm) Fiber Ash Carbohydrate
1500 0.70 £0.01° 0.60 = 0.01° 9.39 £0.01°
30 day RT 0 * * *
500 0.68 £0.01%c | 0.59+0.012 9.44 £ 0.002
1000 0.69 + 0.05% 0.60 £ 0.012 9.40 +0.00%
1500 0.70 £0.022 0.60 £0.00% 9.39£0.00°®
Re.T 0 * * *
500 0.70 £ 0.022 0.60 £0.012 9.40 + 0.00%
1000 0.70 £0.01® 0.60 £0.00% 9.39 £0.00°
1500 0.70 £0.01° 0.60 £0.00° 9.39 £0.00°
60 day RT 0 * * *
500 0.66 £0.01¢ 0.57£0.01° 9.34£0.029
1000 0.69£0.01® | 0.59+0.01°2 9.41+0.00
1500 0.69£0.02% | 0.60+0.01°2 9.40 +0.00%
Re.T 0 * * *
500 0.68 £0.01%c | 0.59+0.012 9.43 +0.00®
1000 0.70 £0.022 0.60+0.02 9.40 + 0.00%
1500 0.70 £0.032 0.60+0.012 9.39 £0.00°
90 day RT 0 * * *
500 0.58 £0.014 0.51+0.01¢ 9.16 £0.01"
1000 0.68 £0.01%¢ | 0.58+0.012 9.41 +0.00
1500 0.68 £0.01%¢ | 0.59+0.01% 9.41 +0.00
Re.T 0 * * *
500 0.67 £0.01% 0.56 +0.01° 9.36 +0.01f
1000 0.69 £0.005® | 0.59 +0.005° 9.41 + 0.00«
1500 0.70 £0.032 0.60 £0.012 9.40 + 0.00%
CV (%) 2.25 1.63 0.10

NB: Means followed by the same letter(s) within a column are not significantly different at p < 0.05, SC; Storage condition,
SP: Storage period, KMS: Potassium meta bisulphite Rt: room temperature, Ref; Refrigerated temperature, CV: coefficient of
variation, *; spoiled sample/ rejected sample.

Ash
Carbohydrates

Fresh papaya pulp had an ash content of 0.60%. As shown in Table 2, there was no significant change
in ash content in pulps treated with 1000 and 1500 ppm KMS, even after 90 days of storage under both
storage conditions. However, pulp treated with 500 ppm KMS showed a significant decrease in ash
content at room temperature after 30 days, while refrigerated pulp remained unchanged. In the present
study, it is suggested that 500 ppm of KMS was insufficient to completely inhibit the growth and
multiplication of microorganisms. As a result, the microbial population likely increased and utilized the
mineral components, leading to a reduction in ash content. This observation is supported by Abbo et al.
[30], who stated that a reduction in ash content at lower KMS concentrations may be due to the
utilization of minerals by microorganisms for growth.

Initially, the carbohydrate content was 9.39%, which is comparable to that reported as 8.30% [31].
As observed in pulp with 500 ppm KMS showed an initial increase in carbohydrates during the first 30
days, followed by a reduction on the 60th and 90th days at room temperature, and on the 90th day under
refrigeration. Higher KMS concentrations and refrigerated storage minimized changes in carbohydrate
content. The initial increase in carbohydrates might be due to starch transformation into sugars, whereas
the subsequent reduction could be due to microbial utilization of sugars, as noted by Wisal et al. [32].
Maximum carbohydrate reduction occurred in the pulp with 500 ppm KMS stored at room temperature.
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Upon reviewing it is evident that there was no reduction in carbohydrates in the pulps treated with 1500
ppm KMS, even after 90 days of storage. This observation supports the hypothesis that the reduction in
carbohydrates in pulps treated with lower concentrations of KMS may be due to the utilization of sugars
by microorganisms that proliferate under those conditions.

CONCLUSION

Papaya is a delicate fruit that cannot be stored at room temperature for long periods. Significant post-
harvest losses occur, especially in developing countries that lack adequate processing facilities. The
conversion of papaya to pulp, which can be preserved with potassium metabisulfite (KMS), offers a
solution. This study demonstrated that 1500 ppm KMS effectively minimized storage changes,
particularly under refrigerated conditions. However, the KMS-treated pulp can be stored at room
temperature for commercial product development. This approach can benefit developing countries by
enabling pulp production with minimal investments and infrastructure.
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