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Excessive consumption of refined sugar widely used for its sweetening 
and preserving properties, poses significant health risks, leading to a 
global shift toward healthier alternatives like natural sweeteners. 
Transforming papaya into jam effectively reduces postharvest losses 
by extending the shelf life of papaya highly perishable fruit. This study 
objective is to replace normal sugar with allulose and conduct 
physicochemical and sensory analyses. Ripe papayas were selected, 
washed, peeled, and treated to inhibit papain activity using methods 
such as steaming, steaming with vinegar, steaming with vitamin C, and 
steaming with Sunquick. Allulose was added to the papaya pulp, and 
citric acid was used to adjust the pH before storing the jam in jars. The 
chosen method was applied to the jam production process again with 
different concentrations of allulose (150 g, 190 g, 225 g, 300 g). Among 
the tested methods, steaming was the most effective method to 
eliminate unwanted odours produce by papain while preserving 
natural flavours and nutritional value of papaya. Detailed analyses 
evaluated total dissolved solids (Brix), pH, moisture content, viscosity, 
and sensory attributes like colour, odour, texture, taste, and overall 
acceptance. The 190 g sample achieved the highest overall acceptance 
score of 6.520, attributed to its balanced sweetness (Brix value of 
67.10) and optimal viscosity (12,587.00). In contrast, the 300 g sample, 
with a Brix value of 74.80 and high viscosity (26,426.70), was less 
preferred due to excessive sweetness and thickness. Sensory 
evaluation showed the 190 g sample scored highest for overall 
acceptance (6.520), colour (7.540), texture (7.020) and taste (6.620). 
These findings highlight the importance of optimizing allulose levels to 
balance physicochemical properties and sensory appeal, creating a 
sustainable, nutritious, and consumer-friendly product. 
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1. Introduction 

Papaya (Carica papaya) is a tropical fruit known for its exceptional nutritional value, featuring high levels of fibre, 
water, antioxidants and vitamins such as vitamins A, C, E, and K, which support digestion, boost immunity, and 
reduce oxidative stress [1]. Additionally, bioactive compounds like zeaxanthin and lutein contribute to lowering 
the risk of chronic diseases such as heart disease and cancer. [2] Converting papaya into jam is a traditional 
preservation method that extends its shelf life while retaining its nutritional benefits, addressing post-harvest 
losses, and ensuring its availability year-round [3]. 
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In response to the growing awareness of health risks associated with excessive added sugar consumption 
such as obesity, type 2 diabetes and dental decay, there has been a global push toward reducing sugar in food 
products, driven by public health policies and evolving consumer preferences [24].  A study in Public Health 
Nutrition found a 36% rise in natural sweetener use in beverages and a 22% decline in added sugar sales in high-
income countries, highlighting growing demand for healthier, low-calorie alternatives [24. This makes it a 
healthier option for individuals managing sugar intake or adhering to dietary restrictions [6]. Study found that 
jams made with allulose exhibited improved spread ability and reduced stickiness compared to traditional 
sucrose-based jams [26]. Moreover, these jams retained moisture more effectively during storage, which is critical 
for preserving quality over time [26]. Despite studies on natural sweeteners in other food products, limited 
research exists on their impact on the physicochemical and sensory qualities of papaya jam. This study aims to 
bridge that gap, focusing on developing healthier, consumer-friendly papaya jam formulations that align with 
modern dietary trends. 

2. Methodology 

2.1 Methodology overview 

This study details the methodology for preparing and analysing papaya jam sweetened with allulose. The process 
began by selecting ripe papayas, which were washed, peeled, and then steamed for 10 minutes at 100℃ before 
being pulped [8][9]. During the pulping stage, three samples were treated with vinegar, vitamin C, and Sunquick 
respectively, while one sample was left untreated as a control. Allulose was added to the pulp, and the mixture 
was boiled, with additional citric acid [8][11]. The jam was then filled into sterilized jars for storage [8]. 
Organoleptic testing was carried out on all four samples to assess taste and aroma, while physicochemical analysis 
focused on measuring Brix and pH levels. From four methods that were tested, one was selected for further 
analysis. The chosen method was applied to the jam production process again, followed by additional 
physicochemical and sensory evaluations with different concentrations of allulose. The physicochemical analysis 
measured Brix, pH, moisture content, and viscosity, while sensory evaluations assessed consumer acceptance 
based on colour, odour, texture, taste, and overall acceptance of the allulose-sweetened papaya jam. 

2.2 Formulation of papain treatment method 

Table 1 Formulation for papain treatment 

 

Ingredient 

Method 

F1 F2 F3 F4 

Papaya pulp 600 g 600 g 600 g 600 g 

Allulose 150 g 150 g 150 g 150 g 

Citric acid 3 ml 3 ml 3 ml 3 ml 

Vinegar - 10 ml - - 

Vitamin C - - 10 ml - 

Sunquick - - - 10 ml 

*F1 (Steaming); F2 (Steaming + vinegar); F3 (Steaming + vitamin C); F4 (Steaming + sunquick) 

2.3 Formulation of papaya jam of selected method 

Table 2 Formulation of papaya jam for selected method 

Ingredient 
Sample 

1 2 3 4 

Papaya pulp 600 g 600 g 600 g 600 g 

Allulose 150 g 190 g 225 g 300 g 

Citric acid 3 ml 3 ml 3 ml 3 ml 

 
The selection of 150 g, 190 g, 225 g, and 300 g of allulose was based on findings from preliminary trials that 
evaluated sweetness intensity and its impact on papaya flavour. At 150 g, the sweetness level was low, preserving 
the natural papaya aroma. At 190 g, the sweetness increased slightly without masking the papaya flavour. At 225 
g, the sweetness was higher, with a slight masking of the papaya flavour, while 300 g provided the highest 
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sweetness level, significantly masking the papaya notes. These four levels were chosen to assess consumer 
preferences for different sweetness intensities in papaya jam. 

2.4 Physicochemical analysis 

2.4.1 TSS: Brix 

The Brix measurement of the jam was conducted using a refractometer. The jam sample was homogenized, and 
the refractometer was calibrated according to the manufacturer's instructions [12]. A drop of the homogenized 
sample was placed on the refractometer prism, equilibrated, and the Brix value was recorded. The prism was 
cleaned and dried between measurements to ensure accuracy [12]. 

2.4.2 pH 

The acidity of the jam was determined using a pH meter calibrated according to the manufacturer’s instructions 
[13]. The jam sample was homogenized, and a calibrated pH electrode was immersed in the sample. After 
stabilization, the pH reading was recorded. Multiple measurements were taken across different sample areas to 
ensure accuracy. 

2.4.3 Viscosity 

Viscosity of papaya jam sweetened with allulose were determined by using the viscometer (Brookfield Digital 
Viscometer) with the viscometer first calibrated according to the manufacturer's instructions. The viscosity of 500 

ml of papaya jam was measured by using this method. Spindle 07 was used to take measurement at 100 rpm. The 
process was conducted at a consistent temperature to prevent variations in viscosity due to temperature changes 
[14]. Finally, the viscosity data obtained were analysed to assess the texture of the jam. 

2.4.4 Moisture content 

The moisture content in jam was determined using a moisture analyser. The device was calibrated according to 
the manufacturer's guidelines to ensure accuracy. A 2-5 g representative sample was placed on the sample pan, 
and the analysis was conducted by heating the sample to 160°C to evaporate water while monitoring weight loss. 
The process concluded upon reaching a stable weight, indicating complete evaporation. The moisture content was 
calculated as a percentage based on the initial and final weights, following the equation (1) [15] 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 =  
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 − 𝑓𝑖𝑛𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡

𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑤𝑒𝑖𝑔ℎ
× 100 

 
(1) 

2.5 Sensory Evaluation 

2.5.1 Organoleptic test 

A sensory evaluation of papaya jam sweetened with allulose was conducted using the organoleptic test. The jams 
prepared using the four methods are used in this test. A panel of 10 untrained panellists, recruited from Universiti 
Tun Hussein Onn Malaysia (UTHM), Food Technology students, was selected to represent the target consumer 
demographic. Each panellist evaluated four samples based on key sensory attributes, which included odour and 
taste. The panellists were instructed to drink water to neutralize their palates between tastings. 

2.5.2 Hedonic test 

A sensory evaluation of papaya jam sweetened with allulose was conducted using a 9-point hedonic test to assess 
sensory attributes such as appearance, texture, flavour, colour, odour, and overall acceptability [16]. The 
evaluation involved 50 untrained panellists from UTHM, representing the target consumer demographic. To 
minimize bias, the samples were anonymized with random codes [16]. The evaluation was carried out in a 
controlled environment with adequate lighting and ventilation [16]. Panellists were instructed to cleanse their 
palate with water between samples, and a small reward was provided for their participation. Data on sensory 
scores and comments were collected for further analysis [16]. 

2.5.3 Statistical analysis 

Every parameter was subjected to a triplicate analysis, and the outcomes of these analyses were reported as mean 
± standard deviation (SD). Statistical analysis carried out using the Minitab software, utilizing one-way analysis of 
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variance (ANOVA). A post-hoe test was conducted using a significance level of p < 0.05 to determine statistical 
thresholds, with p-values at or below this level regarded as statistically. 

3. Result & Discussion 

3.1 Screening of papain inhibitors 

To inhibit papain activity in the production of papaya jam, four methods were evaluated: steaming, steaming with 
vinegar, steaming with vitamin C, and steaming with Sunquick. Vitamin C and Sunquick methods were selected 
due to their high vitamin C content, which is known to inhibit papain activity through a similar mechanism [17]. 

Table 3 Effects of various papain inhibitor methods on the physicochemical and organoleptic properties of 
papaya jam 

Method 
Physicochemical Organoleptic 

Brix pH Smell Taste 

F1 67.10± 0.0577c 5.40± 0.252a No off flavour palatable 

F2 68.40± 0.1000b 4.60± 0.0577c Off flavour Unpalatable 

F3 68.80± 0.208b 5.30± 0.0577ab Off flavour palatable 

F4 73.50± 0.1528a 5.00± 0.1528b Off flavour palatable 

*F1 (Steaming); F2 (Steaming + vinegar); F3 (Steaming + vitamin C); F4 (Steaming + sunquick) ** Data show in mean ± standard deviation ***In each column, 
means with the same letters had no significant difference with each other (p < 0.05) 

Steaming (F1) was identified as the most effective method for inhibiting the unpleasant odor caused by papain 
in papaya jam while preserving its natural taste and nutritional value. This method achieved a Brix value of 67.1 
and a pH of 5.4. Heat treatment, such as steaming, effectively denatures and inactivates the papain enzyme, which 
releases sulphur-containing compounds responsible for undesirable odors. Steaming with vinegar (F2) resulted 
in a higher Brix of 68.4 but introduced an undesirable acidic profile and pungent taste due to the acetic acid in 
vinegar, commonly used for its enzyme-denaturing properties in food preservation. Steaming with vitamin C (F3) 
achieved a Brix of 68.8 and a pH of 5.3 but did not fully inhibit papain, leaving a residual unpleasant odor. However, 
the antioxidant properties of vitamin C may help reduce odors by neutralizing reactive sulphur compounds, 
enhancing sensory quality. Steaming with Sunquick (F4) produced the highest Brix of 73.5 and a pH of 5.0, masking 
the papaya scent with an orange-like aroma and sweeter taste. However, the sucrose content in Sunquick 
conflicted with the objective of creating a low-calorie jam. Overall, F1 was concluded to be the optimal method for 
papain inhibition in papaya jam production based on sensory evaluation, Brix, and pH results. 

3.2 Physicochemical properties of papaya jam 

Table 4 Physicochemical properties of papaya jam sweetened with allulose 

Sample 
Physicochemical Analysis 

Brix pH Viscosity (cP) Moisture (%) 

1 59.13 ± 0.0577a 5.31 ± 0.0040a 9150.30 ± 56.2a 25.54 ± 0.0461a 

2 67.10 ± 0.5570b 5.38 ± 0.0162a 12587.00 ± 251.0b 26.94 ± 0.0122b 

3 69.93 ± 0.0577c 5.43 ± 0.0197b 18603.30 ± 40.4c 23.18 ± 0.0244c 

4 74.80 ± 0.2650d 5.41 ± 0.0023c 26426.70 ± 61.1d 26.82 ± 0.0182d 

*Sample 1 (150 g); Sample 2 (190 g); Sample 3 (225 g), Sample 4 (300 g) **Data show in mean ± standard deviation ***In each column, means with the same 
letters had no significant difference with each other (p < 0.05) 

3.2.1 TSS: Brix 

Total Soluble Solids measured as Brix value, is a vital parameter in papaya jam production, reflecting the 
concentration of sugars, acids, and other soluble substances that influence the product's sweetness. TSS levels 
were assessed in jam samples with varying allulose amounts (150 g, 190 g, 225 g, and 300 g). Results showed a 
direct increase in Brix values with higher allulose content, ranging from 59.1 to 74.8. The 150 g sample failed to 
meet the legal minimum of 65 Brix set by the Food Act 1983, while the other samples (190 g, 225 g, 300 g) 
complied [18]. Statistical analysis confirmed significant differences (p < 0.05) among all samples. When compared 
to prior research, which reported typical jam Brix values between 67.0 and 71.0, the 190 g and 225 g samples 
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aligned with this range [19]. Despite allulose being 70% as sweet as sucrose, its similar physicochemical 
properties enabled the jams to achieve Brix values exceeding the regulatory threshold of 65 [10][20]. 

3.2.2 pH 

The pH values of papaya jam sweetened with allulose range from 5.305 to 5.434, with specific measurements of 
5.305 for the 150 g sample, 5.376 for the 190 g sample, 5.434 for the 225 g sample, and 5.411 for the 300 g sample. 
Low standard deviations, particularly for the 150 g (0.004) and 300 g (0.003) samples, indicate high measurement 
consistency. Tukey's post hoc analysis (p < 0.05) showed significant differences, grouping the 150 g and 190 g 
samples as "a," the 225 g sample as "b," and the 300 g sample as "c." However, these pH values are notably higher 
than the typical jam range of 3.0–3.8, which is crucial for microbial stability, tangy flavour, and preservation 
[19][25]. The elevated pH could compromise shelf stability and flavour by reducing acidity, thus creating 
conditions favourable for microbial growth, fermentation, mold, and spoilage, ultimately shortening shelf life 
[19][25]. Additionally, pH affects the gelation process of pectin, with an optimal range around 3.2 for proper gel 
formation [19][25]. A higher pH can weaken the gel structure, resulting in a runny or improperly set jam [19][25]. 

3.2.3 Viscosity 

The viscosity of papaya jam sweetened with varying levels of allulose was measured and analysed through mean 
viscosity, standard deviation, and Tukey’s grouping (p < 0.05). The 150 g sample had the lowest viscosity 9150.3 
cP, while the 300 g sample had the highest 26426.7 cP.  Low standard deviations indicated precise measurements, 
and Tukey’s grouping (p < 0.05) revealed significant differences between all the samples. Viscosity is a critical 
factor influencing jam texture, spread ability, and consumer appeal, and is influenced by variables such as fruit 
type, sugar concentration, pectin levels, and pH. Typical jam viscosities range from 1,000 to 10,000 cP, which are 
ideal for spreadable products [21]. However, jams with higher pectin content or specific fruit types, such as jamun 
jam, can have viscosities exceeding 50,000 cP [21]. The viscosities of papaya jam samples in this study range from 
moderate below 20,000 cP for the 150 g, 190 g, and 225 g samples, to high viscosity above 25,000 cP for the 300 
g sample, highlighting the impact of allulose concentration on viscosity. 

3.2.4 Moisture content 

The mean moisture content of the papaya jam samples ranged from 23.1770% to 26.9411%, with the highest 
moisture content in the 190g sample 26.9411%, potentially enhancing texture and spread ability. The 225g 
sample showed the lowest moisture content 23.1770%, which may improve shelf stability by reducing water 
activity and minimizing microbial growth risks. The 150g and 300g samples had intermediate moisture values of 
25.5361% and 26.8156%, respectively. Compared to previous research, the moisture contents align with typical 
ranges of 23% to 49% [22]. Low standard deviations 0.0122% to 0.0461 indicate consistent, reliable 
measurements, while Tukey’s test (p < 0.05) reveals significant differences in moisture content among all the 
samples, emphasizing the impact of allulose on moisture retention. 

3.3 Sensorial properties of papaya jam 

Table 5 Physicochemical properties of papaya jam sweetened with allulose 

Sample 
Sensorial Properties 

Colour Odour Texture Taste Overall Acceptance 

1 7.400 ± 1.512a 6.200 ± 1.726a 6.860 ± 1.443a 6.060 ± 2.152a 6.420 ± 1.819a 

2 7.540 ± 1.515a 6.440 ± 1.606a 7.020 ± 1.363a 6.620 ± 1.627a 6.820 ± 1.453ab 

3 7.060 ± 1.743a 6.180 ± 1.699a 6.680 ± 1.463a 6.180 ± 1.687a 6.520 ± 1.515ab 

4 7.140 ± 1.726a 6.500 ± 2.003a 4.520 ± 2.270b 5.840 ± 2.113a 5.800 ± 1.927b 

*Sample 1 (150 g); Sample 2 (190 g); Sample 3 (225 g), Sample 4 (300 g) **Data show in mean ± standard deviation ***In each column, means with the same 
letters had no significant difference with each other (p < 0.05) 
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Fig. 1 Illustration of papaya jam sweetened with allulose 

3.3.1 Colour 

The 190 g sample achieved the highest mean colour score of 7.540, followed closely by the 150 g sample with a 
score of 7.400. Both samples were grouped under "a" in Tukey’s analysis, indicating no significant difference in 
colour perception. The 225 g sample, with a mean score of 7.060, and the 300 g sample, which scored 7.140, also 
fell within the same grouping, showing no significant differences (p < 0.05) in colour among all samples. Compared 
to previous research, where colour scores ranged from 8.0 to 8.3, the current samples had lower sensory 
acceptance, although still in the like moderate category [23]. 

3.3.2 Odour 

The sensory evaluation of odour in papaya jam samples revealed varying mean scores across different sample 
weights. The 225 g sample had the lowest mean score 6.180, while the 300 g sample recorded the highest 6.500. 
Despite these numerical differences, all samples were grouped within the same Tukey category "a", indicating no 
significant differences (p < 0.05) in odour perception. These results highlight the consistency of odour quality 
across the samples. Compared to previous research which reported higher hedonic scores 7.2 to 7.7, the current 
study suggests potential for enhancing the sensory appeal of papaya jam formulations through recipe adjustments 
or process modifications [24]. 

3.3.3 Texture 

The highest texture score 7.020 was observed for the 190 g sample, indicating favourable acceptance, while the 
150 g sample followed closely with a score of 6.860, both within the same Tukey grouping "a". The 225 g sample, 
with a mean score of 6.680, also fell within grouping "a", showing no significant difference (p ≤ 0.05) from the 150 
g and 190 g samples. In contrast, the 300 g sample recorded the lowest texture score 4.520, which was statistically 
distinct, indicated by its unique Tukey grouping "b" (p < 0.05). These scores align with previous studies, where 
hedonic texture scores ranged from 6.6 to 8.2 except 300 g sample [23][24]. The texture and viscosity data 
revealed that higher viscosity, particularly in the 300 g sample, led to lower sensory acceptance. Jams with lower 
viscosity, such as the 150 g, 190 g, and 225 g samples, were preferred by panellists. 

3.3.4 Taste 

The 150 g sample had the lowest mean taste score 6.060, but no significant differences (p < 0.05) were observed 
across the samples, as indicated by Tukey's grouping "a". The 190 g score the highest which is 6.620 followed by 
225 g score 6.180, showing consistency and also falling within the same grouping (p < 0.05). The 300 g sample 
had a slightly lower score of 5.840 but remained within the same group, suggesting no notable variation in taste 
perception. Compared to previous studies where hedonic scores ranged from 7.2 to 7.9, the taste scores in this 
study were slightly lower [23][24]. However, the scores for the 150 g, 190 g, and 225 g samples are still within an 
acceptable range, with potential for improvement in future investigations. 

3.3.5 Overall acceptance 

The sensory evaluation of papaya jam samples revealed that the 190 g sample achieved the highest overall 
acceptance score 6.820, followed closely by the 225 g sample 6.520, with no significant difference (p < 0.05) 
between them. The 190 g sample was preferred for its balanced sensory properties, including colour, texture, and 
taste, while the 225 g sample was particularly favoured for taste. The 150 g sample 6.420 was placed in a distinct 
Tukey grouping "a" and showed similar overall acceptance despite slight differences in sensory attributes. The 
300 g sample had the lowest score 5.800 and was categorized in a separate Tukey grouping "b" (p < 0.05). 
Compared to previous studies reporting higher hedonic scores for papaya-based jams 7.2–8.2, the samples in this 
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study had lower sensory acceptance, although they still fell within the "slightly acceptable" category [23][24]. 
Differences in formulation, sweetener type such as allulose, and panel preferences may explain this variation 

4. Conclusion 

In conclusion, the study on papaya jam sweetened with allulose provided valuable insights into both 
physicochemical and sensory properties across various formulations. Steaming was identified as the most 
effective method for inhibiting papain activity, successfully eliminating undesirable odours while preserving the 
fruit's natural flavour and nutritional value. The physicochemical analysis revealed a correlation between 
moisture content, viscosity, and allulose concentration, with lower viscosity linked to higher sensory acceptability. 
Sensory evaluations showed that the 190 g sample was the most preferred, achieving the highest scores in colour, 
taste, and overall acceptance while maintaining a balanced texture. In contrast, the 300 g sample, with higher 
viscosity, received the lowest acceptance scores, highlighting the negative impact of excessive viscosity. The global 
market is witnessing a surge in demand for healthier food alternatives, with consumers increasingly seeking 
products that align with their dietary preferences and health goals. If the product enters the market, it can capture 
consumer attention due to the advantages it offers, such as allulose not raising blood glucose or insulin levels, 
making it suitable for individuals managing diabetes or those seeking to maintain stable blood sugar levels. 
However, the price of the jam is expected to be relatively high due to the cost of raw materials, as allulose is an 
expensive natural sweetener. Future studies could explore additional papain inhibitors beyond steaming to 
further reduce undesirable odours, conduct a comprehensive nutritional analysis of papaya jam sweetened with 
allulose focusing on key components such as sugar content, caloric value, and vitamin C levels and undertake 
broader sensory evaluations with a diverse panel to provide deeper insights into consumer preferences. 
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