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A B S T R A C T   

Jam Quality is a factor robustly influenced by storage conditions. The current research aimed to 
develop papaya jam with improved nutritional attributes, rheological profile, and shelf-life uti-
lizing date pit powder as a functional ingredient. The effect of date pit powder on the formulated 
product’s physicochemical, microbial, and organoleptic properties was analyzed. Results revealed 
that overall mineral profile (0.35–1.11%), crude fiber (0.56–2.01%), pH (3.51–3.70%), and 
antioxidant properties (22.97–30.67%) were significantly increased while water activity reduced 
(0.77–0.73). Moreover, date pit powder improved the color scores like a*(10.10–10.67), b* 
(8.13–8.78), L* (25.56–28.09), and textural attributes (Cohesiveness: 0.83–0.90; Firmness: 
6.82–6.93) of functional papaya jam. Microbial count reduced from 3.60 × 105-3.06 × 105 cfu/ml 
by adding date pit powder and staying within the acceptable limit (4.13 × 105-3.60 × 105 cfu/ml) 
during 2-month storage at refrigeration. Organoleptic evaluation depicted that samples treated 
with date pit powder scored better than the control, and a sample with 75% pectin replacement 
was considered best.   

1. Introduction 

Papaya (Carica papaya) belongs to the family Caricaceae containing 04 genera with 31 species native to America and equatorial 
Africa [1]. Carica papaya Linn is India’s most widely cultivated and renowned specie [2]. In 2018, 60% of global papaya production 
was instigated from Asia, 29% from Latin America, and 10% from Africa. India is regarded as the largest producer of Papaya around the 
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globe, having a yield share of 48%, whereas Mexico is the chief exporter of Papaya with a global share of 55%. The predominant 
importers of Papaya are the United States of America and the European Union, with an estimated 70% and 15% stake, respectively [3]. 

Papaya is a tropical fruit with exceptional nutritive constituents such as dietary fibres, minerals, polysaccharides, proteins, and 
vitamins with a diverse range of bioactive phytochemicals such as enzymes (Papain and Chymopapain), flavonoids, glycosides, and 
phytosterols [4–6]. Moreover, various parts of ripe and unripe papaya fruit exhibit extraordinary medicinal properties such as 
anti-amoebic, anti-fungal, anti-microbial [6], anti-malarial [7], anti-fertility [8], anthelmintic [9], immunomodulatory [10], and 
hepatoprotective effect [11]. Papaya is consumed in multiple ways (raw and processed) around the globe, for example, immature 
green Papaya as a vegetable, papaya snacks, papaya milkshakes, papaya medicine, papaya juice, pie, jams, and jellies [12]. 

Jam is an intermediate moisture food prepared by cooking fruit pulp with acid, pectin, sugar, and other ingredients like colors, 
flavors, and preservatives until it achieves a thick consistency [13]. Fruit jams have become more popular because of their utilization 
as a cost-effective ‘Ready to serve’ breakfast item enriched with essential nutrients [14]. Preservation of raw fruits was restricted 
because of the deprivation of facilities; thus, perishable fruits are preserved in the form of Jams and jellies. Fruit processing reduces 
post-harvest losses and contributes to a sound economy by generating for the food processing industry and farmers [15]. However, 
food processing is associated with nutrient loss, the addition of synthetic preservatives, and artificial food additives that are 
responsible for various health conditions. The primary reason to utilize natural food preservatives and additives in processed food 
products is to treat ailments and to provide nutrients along with calories [16]. 

Date palm (Phoenix dactylifera) is widely consumed around the globe in various forms. Still, it is trendy among Muslims because of 
its consumption during the sacred month of Ramadan [17]. Date pulp is used to manufacture a variety of processed products (honey, 
juice, syrups, jams, paste), value-added products (chocolates covered with nuts), fermented products (wine, liquor, vinegar), and 
by-products (sodas, biscuits, cakes, butter) [18]. However, date seeds or pits are commonly discarded as a constituent of no worth [19]. 
On the other hand, date pits can be used to manufacture various value-added products such as natural food additives [20], coffee 
substitutes [21], nutraceuticals [22], and natural gelling agent in the pharmaceutical and cosmetic industry [23,24]. These therapeutic 
and functional properties of date pit are associated with its exceptional nutritional and bioactive compounds, among them most 
prominent are dietary fibers [25] antioxidants [26], and pectins [27]. 

The literature of [28], reported that brews prepared from date pit powder were acceptable in terms of their sensory, quality, and 
microbiological attributes under predicted shelf life. Another study conducted by Ref. [29] suggested that physicochemical, quality, 
and sensory attributes of date seed powders and brews varied under various processing conditions. The study of [27], showed that date 
seed powder could be used as an adequate pectin substitute in the preparation of strawberry jam. A study performed by Ref. [30], 
reported the supplementation of date pit powder in ketchup as a fibre source along with improved quality and sensory characteristics. 
In the context of the present scenario, the current study was focused on the nutritional probing and storage stability assessment of 
papaya Jam supplemented with date pit powder as a pectin substitute. Furthermore, the physiochemical, microbiological, and 
organoleptic characteristics of papaya jam supplemented with date pit were also evaluated to predict storage stability. 

2. Materials and methods 

2.1. Materials 

Ripe Papaya fruit, Pits of date palm fruit, and sugar were taken from a Local market in Lahore, Pakistan. All Chemicals and solvents 
used in this experiment were of analytical grade purchased from Descon oxychem Ltd. (Lahore, Pakistan) and ICI Pakistan Ltd. 
(Karachi, Pakistan). 

2.2. Date pit powder (DPP) preparation 

The Mazafati cultivar of dates were procured from a local supermarket, and pits were removed from date flesh manually using a 
knife. Afterward, pits were washed and boiled at 80–90 ◦C for 10 min to remove any succulent date material and then soaked in warm 
water for softening. After soaking, pits were dried in a forced air-drying oven DOF-230 E (Bievopeak, Japan) at 50 ◦C for 30 h. Dried 
Pits were ground in mill grinder (Brand: Electronica Venetta, Treviso, Italy) and sifted using a 40-mesh sieve to obtain a fine powder 
with uniform particle size. 

2.3. Physicochemical analysis of date pit powder 

Proximate analysis was performed using the standard methods of [31]. Proximate parameters considered were moisture, ash, fat, 
and crude fiber. Antioxidant analysis was performed by assessing DPPH radical scavenging activity by the method described by 
Ref. [32] with slight modifications. Extracts were prepared using 10 ml of 50% methanol solution. A blank was used to measure control 
absorption using 3.9 ml DPPH solution (0.039 mg/ml) and 100 μl sample extracts were combined. Samples were kept in the dark for 1 
h, and absorbance was recorded at 517 nm. All samples were run in triplicates, and results were recorded in percentage of antioxidant 
potential. 

2.4. Papaya jam preparation 

Papaya jam samples were prepared by using different concentrations of date pit powder in replacement of concentrations of pectin 
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used. The papaya jam samples with 0%, 25%, 50%, 75% and 100% pectin replaced by DPP are named T0, T1, T2, T3 and T4, 
respectively. The remaining recipe was generated by adding ingredients like sugar, citric acid, and sodium benzoate for preservation. 
Fully ripe fruit was taken, washed out, and trimmed with a knife to discard deteriorated portion. Fruit puree was made by blending 
fruit chunks with small amount of water. Puree was cooked on low flame with the addition of sugar, pectin and date pit powder 
following the treatment plan provided. Citric acid and preservatives were added after cooling down the product. The samples were 
stored at 4 ◦C until further analysis were performed (Scheme 1). Analysis was performed at a storage interval of 15 days. Initial analysis 
was performed for fresh samples at day 0 and then at day 15, 30, 45, and 60. 

2.5. Physicochemical analysis 

The physicochemical composition of all the jam samples was estimated according to the methodology described by Ref. [31]. The 
nutritional profile was determined by evaluating moisture content, mineral percentage, crude fat, crude fibre, and titratable acidity of 
the jam. pH was analyzed using digital type pH meter Inolab pH 720, WTW 82362. Brix was measured by using the hand refractometer 
(Atago N1, Tokyo, Japan). Samples were also evaluated for their water activity according to the methodology described by Ref. [33], 
using an electronic water activity meter (Model Aqualab, Japan). All the samples were analyzed in triplicates, and the results were 
recorded in specified units for every parameter. 

2.6. DPPH radical scavenging activity 

The antioxidant activity of Jam samples enriched with DPP was analyzed using [34], method with slight modifications. Extracts 
were prepared by combining 20 ml methanol (50%) and 2 g sample solution. They were allowed to be set for three days, and extracts 
were filtered with Whatman filter paper No.3 until the clear liquid was obtained. A blank was used for measuring control absorption 
using a 3.9 ml DPPH (2,2-diphenylpicrylhydrazyl) solution. Reaction mixtures were run with 3.9 ml DPPH dye, kept in the dark for 1 h, 
and absorbance was recorded at 517 nm using spectrophotometer (V-730 UV–Visible Spectrophotometer, SINCO, Japan). All samples 
were run in triplicates, and results were recorded in percentage. 

2.7. Color measurements 

The color scores of Papaya Jam samples supplemented with date pit powder were analyzed using Minolta colorimeter CR-300 
(Konica Minolta Business Technologies, Inc., Germany), calibrated using a white standard porcelain plate. The scoring of color was 
obtained in L* (Lightness), a* (redness/greenness) and b* (yellowness/blueness) according to the CIELAB scale. All results were 

Scheme 1. Preparation of Papaya Jam.  
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recorded in triplicates of samples. The total color difference (△E) in samples durning storage was calculated using the CIE formula 
[35]. 

ΔE=
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where the abbreviation of color parameters represents c— sample without DPP, and cp—sample with DPP. 

2.8. Texture analysis 

Texture analysis of Papaya Jam samples supplemented with date pit powder was performed by using Texture analyzer TA. XT plus 
(Model FRTS) at room temperature. Parameters adjusted for samples of jam were firmness and cohesiveness. Results were recorded in 
triplicates for all samples. 

2.9. Microbiological analysis 

Papaya Jam samples were tested for microbial load using the total plate count technique described by Ref. [36], with some 
modifications. Nutrient agar media was used for plate preparation, and sample dilutions were prepared up to 103. The plates were 
inoculated using the prepared dilution under sterile conditions. The plates were incubated under aerobic conditions at 37 ◦C for two 
days, and results were recorded. 

2.10. Sensory analysis 

According to the method of [37], organoleptic evaluation was performed with some modifications. A 9-point hedonic scale was 
used in the questionnaire, giving scores from 1 (very dislike) to 9 (very like) to evaluate the papaya jam samples. Five trained panelists 
evaluated the product at room temperature. Six parameters were recorded for the organoleptic evaluation of papaya jam color, aroma, 
taste, texture, mouth feel, and overall acceptability. This study was conducted with the approval of the ethical committee of 
Department of Food Sciences, University of the Punjab Lahore, and all participants provided consent prior to their participation in the 
study. 

2.11. Statistical analysis 

The research results were analyzed by applying descriptive statistics (mean, standard deviation etc.). Data were statistically 
analyzed and compared in the software SPSS version 25.0. Two-way ANOVA and LSD’s post hoc analysis were used for multiple 
comparisons. P value at p < 0.05 was considered statistically significant for all results. 

3. Results and discussion 

3.1. Physicochemical analysis of date pit powder (DPP) 

The proximate composition of date pit powder is given in Table 1. Date pit powder revealed prominent physicochemical and 
oxidative properties. Results of the current study reported that the moisture content in DPP was observed at 5.15%, ash content in DPP 
was 2.12%, fat content was at 7.83%, crude fiber content was at 10.24%, and antioxidant activity was at 45.53%. The results observed 
were found in agreement with the study conducted by Ref. [30], that moisture was in the range of 5–10%, fat content was 7–10%, ash 
was observed at 1–2%, and crude fiber was observed in the range of 10–20%. Results observed for antioxidant activity were in 
accordance with the study performed by Ref. [38], who reported that the DPPH radical scavenging activity of different date palm 
cultivars ranged from 29.44% to 62.90%. 

Table 1 
Proximate composition of Date Pit Powder.  

Composition Quantity (%) 

Moisture 5.15 ± 0.03 
Crude Fat 7.83 ± 0.04 
Ash 2.12 ± 0.01 
Crude Fiber 10.24 ± 0.02 
Antioxidant Activity 45.53 ± 0.05  
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3.2. Physicochemical analysis of papaya jam supplemented with DPP 

3.2.1. Proximate composition 
The proximate composition observed for the Papaya Jam samples supplemented with date pit powder is illustrated in Table 2. Fat 

content depicted a significant increase (p < 0.05) with DPP addition, while on the contrary, storage time displayed a non-significant 
effect. Fat content for Papaya Jam samples enriched with date pit powder was observed from 0.27% to 1.05%. The Date Pit Powder 
contains a significant amount of fat, which resulted in an increase in the overall fat content of jam samples supplemented with DPP. 
The results were in accordance with the study performed by Ref. [39], who utilized date pit powder as a functional ingredient in date 
bars and reported that in date bars with the supplementation of DPP, crude fat was increased significantly. Another study revealed that 
during storage of three months, non-significant change (p > 0.05) was observed in the crude fat content of Raspberry and peach Jams 
[40]. 

Ash content and crude fiber also significantly increased (p < 0.05) with DPP addition, while the contrast storage time showed a 
non-significant effect. Ash content for Papaya Jam samples enriched with date pit powder was observed from 0.35% to 1.11%. The 
results were in accordance with the study performed by Ref. [39], who reported that samples of date bars with the supplementation of 

Table 2 
Proximate composition and microbiological evaluation of papaya jam samples supplemented with date pit powder.  

Proximate Composition Papaya Jam samples 

Control (T0) T1 T2 T3 T4 

Fat (g/100 g) 0 day 0.27 ± 0.13e 0.46 ± 0.03d 0.64 ± 0.03c 0.83 ± 0.03b 1.05 ± 0.06a 

15 day 0.27 ± 0.13e 0.48 ± 0.03d 0.60 ± 0.03c 0.81 ± 0.03b 1.04 ± 0.06a 

30 day 0.29 ± 0.13e 0.47 ± 0.03d 0.65 ± 0.03c 0.83 ± 0.03b 1.02 ± 0.06a 

45 day 0.29 ± 0.13e 0.46 ± 0.03d 0.64 ± 0.03c 0.82 ± 0.03b 1.03 ± 0.06a 

60 day 0.28 ± 0.13e 0.47 ± 0.03d 0.60 ± 0.03c 0.83 ± 0.03b 1.05 ± 0.06a 

Ash (g/100 g) 0 day 0.35 ± 0.01d 0.57 ± 0.15cd 0.71 ± 0.14bc 0.86 ± 0.13b 1.11 ± 0.22a 

15 day 0.37 ± 0.01d 0.58 ± 0.15cd 0.72 ± 0.14bc 0.85 ± 0.13b 1.12 ± 0.22a 

30 day 0.35 ± 0.01d 0.57 ± 0.15cd 0.73 ± 0.14bc 0.84 ± 0.13b 1.13 ± 0.22a 

45 day 0.33 ± 0.01d 0.56 ± 0.15cd 0.71 ± 0.14bc 0.86 ± 0.13b 1.14 ± 0.22a 

60 day 0.34 ± 0.01d 0.55 ± 0.15cd 0.72 ± 0.14bc 0.85 ± 0.03b 1.16 ± 0.22a 

Crude Fibre (g/100 g) 0 day 0.56 ± 0.02e 0.85 ± 0.01d 1.31 ± 0.02c 1.67 ± 0.01b 2.01 ± 0.02a 

15 day 0.55 ± 0.02e 0.86 ± 0.01d 1.32 ± 0.02c 1.68 ± 0.01b 2.04 ± 0.02a 

30 day 0.57 ± 0.02e 0.86 ± 0.01d 1.33 ± 0.02c 1.68 ± 0.01b 2.03 ± 0.02a 

45 day 0.57 ± 0.02e 0.88 ± 0.01d 1.31 ± 0.02c 1.67 ± 0.01b 2.02 ± 0.02a 

60 day 0.56 ± 0.02e 0.87 ± 0.01d 1.33 ± 0.02c 1.68 ± 0.01b 2.03 ± 0.02a 

Brixo 0 day 65.43 ± 0.05jklm 65.30 ± 0.01lmn 65.20 ± 0.01jkl 65.10 ± 0.01no 65.00 ± 0.01◦

15 day 65.83 ± 0.11gh 65.56 ± 0.01ijk 65.40 ± 0.01m 65.33 ± 0.05klmn 65.20 ± 0.01mn 

30 day 66.30 ± 0.02de 66.10 ± 0.06fg 65.93 ± 0.05fg 65.80 ± 0.01ghi 65.50 ± 0.01jkl 

45 day 67.00 ± 0.01bc 66.80 ± 0.01c 66.40 ± 0.01d 66.10 ± 0.06ef 65.60 ± 0.03hij 

60 day 67.90 ± 0.01a 67.10 ± 0.01b 66.80 ± 0.01c 66.30 ± 0.01de 65.90 ± 0.01fg 

Water Activity 0 day 0.77 ± 0.05ab 0.76 ± 0.01b 0.75 ± 0.05cd 0.74 ± 0.01de 0.73 ± 0.05e 

15 day 0.76 ± 0.05b 0.75 ± 0.01c 0.76 ± 0.05b 0.73 ± 0.05e 0.76 ± 0.05bc 

30 day 0.76 ± 0.01b 0.75 ± 0.01c 0.77 ± 0.01ab 0.74 ± 0.01de 0.74 ± 0.01d 

45 day 0.78 ± 0.01a 0.76 ± 0.01bc 0.78 ± 0.01a 0.75 ± 0.01cd 0.73 ± 0.01e 

60 day 0.77 ± 0.01ab 0.74 ± 0.01d 0.76 ± 0.01bc 0.73 ± 0.01e 0.72 ± 0.01f 

pH 0 day 3.51 ± 0.01hi 3.58 ± 0.01e 3.63 ± 0.01c 3.68 ± 0.01b 3.70 ± 0.01a 

15 day 3.50 ± 0.01ij 3.55 ± 0.01f 3.58 ± 0.05e 3.61 ± 0.01d 3.64 ± 0.05c 

30 day 3.48 ± 0.05lm 3.50 ± 0.01hi 3.51 ± 0.01ijk 3.52 ± 0.005gh 3.53 ± 0.05g 

45 day 3.45 ± 0.05◦ 3.46 ± 0.05mn 3.47 ± 0.05lm 3.48 ± 0.005klm 3.43 ± 0.05jkl 

60 day 3.38 ± 0.05s 3.39 ± 0.05rs 3.40 ± 0.01qr 3.41 ± 0.05pq 3.42 ± 0.05p 

Titratable Acidity (%) 0 day 0.34 ± 0.06def 0.33 ± 0.03efg 0.32 ± 0.06gh 0.31 ± 0.04hi 0.30 ± 0.06i 

15 day 0.35 ± 0.06bc 0.34 ± 0.04cd 0.33 ± 0.03efg 0.32 ± 0.06gh 0.31 ± 0.03hi 

30 day 0.35 ± 0.06cd 0.35 ± 0.06bc 0.35 ± 0.06bc 0.32 ± 0.06gh 0.32 ± 0.06gh 

45 day 0.37 ± 0.06ab 0.38 ± 0.06a 0.32 ± 0.06gh 0.33 ± 0.06efg 0.32 ± 0.06gh 

60 day 0.38 ± 0.06a 0.37 ± 0.06ab 0.35 ± 0.03bc 0.34 ± 0.04cd 0.33 ± 0.06efg 

Antioxidant activity (%) 0 day 22.95 ± 0.03fg 24.54 ± 0.05e 26.80 ± 0.02cd 28.04 ± 0.03b 30.23 ± 0.02a 

15 day 22.78 ± 0.02fg 24.18 ± 0.06f 26.02 ± 0.03cd 27.99 ± 0.03bc 29.12 ± 0.01b 

30 day 21.63 ± 0.01h 23.20 ± 0.05fg 25.21 ± 0.02c 26.93 ± 0.02c 28.83 ± 0.02b 

45 day 20.87 ± 0.01i 22.03 ± 0.02g 24.01 ± 0.04de 26.13 ± 0.01cd 28.10 ± 0.03b 

60 day 19.48 ± 0.01j 21.28 ± 0.01h 23.19 ± 0.04de 25.16 ± 0.03d 27.96 ± 0.01bc 

Total Plate count (CFU x 105/ml) 0 day 3.60 ± 0.04d 3.46 ± 0.23e 3.33 ± 0.23f 3.20 ± 0.04g 3.06 ± 0.06h 

15 day 3.73 ± 0.46cd 3.60 ± 0.04d 3.46 ± 0.23e 3.33 ± 0.03f 3.20 ± 0.04g 

30 day 3.86 ± 0.23c 3.73 ± 0.46cd 3.60 ± 0.04d 3.46 ± 0.03e 3.33 ± 0.06f 

45 day 4.00 ± 0.04b 3.86 ± 0.23c 3.73 ± 0.23cd 3.60 ± 0.04d 3.46 ± 0.03e 

60 day 4.13 ± 0.46a 4.00 ± 0.04b 3.86 ± 0.23c 3.73 ± 0.06cd 3.60 ± 0.04d 

Mean values ± SD with different letters in a row are significantly different (p < 0.05). 
Control: Papaya Jam without DPP; T1: Papaya jam with 25% DPP; T2: Papaya jam with 50% DPP; T3: Papaya jam with 75% DPP; T4: Papaya jam with 
100% DPP. 
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DPP and soy protein isolate showed significant enhancement in ash content. Another study revealed that during storage of three 
months, non-significant change (p > 0.05) was observed in the ash content of mixed araca and marola Jam [41]. Crude fiber content 
for Papaya Jam samples enriched with date pit powder was observed from 0.56% to 2.01%. The results were in accordance with the 
study performed by Ref. [39], who reported that samples of date bars with the supplementation of DPP and soy protein isolate showed 
significant enhancement in crude fiber content. Another study revealed that during storage, non-significant change (p > 0.05) was 
observed in the crude fiber content of nutrient bars [42]. 

The addition of date pit powder in Papaya Jam depicted a significant effect (p < 0.05) on the degree of Brix during the treatments 
and storage. The maximum value of Brix recorded on day 60 in T0 was 67.90, while the lowest Brix was recorded on 0 days in T4, which 
was 65.00. The previous findings of [27], revealed that during six months, the dry matter was increased in formulated Strawberry Jam 
replacing pectin with DPP because of the solubilization of Jam ingredients. Polysaccharides undergo acid hydrolysis during storage, so 
soluble sugars are released in the food product, causing an increase in total soluble solids [43]. In ripe and unripe Papaya, a significant 
increase in Total Soluble Solids (TSS) was observed for 60 days [44]. 

The addition of date pit powder in Papaya Jam depicted a significant change (p < 0.05) in water activity during the treatments. At 
the same time, the contrast storage time showed a non-significant effect. Water activity for Papaya Jam samples enriched with date pit 
powder was observed from 0.77 to 0.73%. The results were in accordance with the study performed by Ref. [39], who reported that 
DPP is a stable food product with low moisture content. Resultantly the treatments of date bars formulated with date pit powder 
depicted less moisture content and caused the reduction in water activity of samples supplemented with DPP. The previous study 
conducted by Ref. [45], was in correspondence of the statistical results of the current research that depicted a non-significant (p >
0.05) effect of storage on the water activity of guava Jam. 

The acid content of Papaya Jam samples supplemented with DPP was revealed in Table 2. The addition of date pit powder in Papaya 
Jam depicted a significant change (p < 0.05) in Titratable acidity during the treatments and storage. Titratable acidity values were 
observed in the range of 0.34–0.38% for fresh samples and decreased to 0.30–0.33% with the addition of date pit powder. As from the 
previous findings of [27], it was revealed that titratable acidity was increased in formulated Strawberry Jam replacing pectin with DPP 
during six months [45]. showed the conversion of pectin to pectic acid and oxidation of reducing sugars was increased during storage. 
The results were in accordance with the study performed by Ref. [46], who reported that in apricot and apple Jam, acidity was 
increased from 0.65 to 0.74 during storage of 60 days. 

The addition of date pit powder in Papaya Jam depicted a significant effect (p < 0.05) on pH during the treatments and storage. pH 
values were observed in the range of 3.51–3.38 for fresh samples and increased to 3.70–3.42 for T4 sample with maximum concen-
tration of date pit powder. Because of the conversion of sugar into acids, the pH value can be reduced during the storage period [47]. 
The results were in accordance with the study performed by Ref. [48], who reported that in diet, apple Jam pH was reduced from 4.34 
to 3.01 during storage of three months. 

3.3. DPPH radical scavenging activity 

The antioxidant activity analyzed using DPPH (2,2-diphenylpicrylhydrazyl) radical scavenging activity is presented in Table 2. As 

Table 3 
Color parameters of papaya jam samples supplemented by date pit powder.  

Color Parameters Papaya Jam samples 

Control (T0) T1 T2 T3 T4 

L* 0 day 25.56 ± 0.06f 26.03 ± 0.04e 26.93 ± 0.04d 27.69 ± 0.15c 28.09 ± 0.07a 

15 day 25.53 ± 0.03fg 26.01 ± 0.01e 26.91 ± 0.01d 27.67 ± 0.02c 28.07 ± 0.05ab 

30 day 25.52 ± 0.01fg 25.96 ± 0.01e 26.89 ± 0.01d 27.65 ± 0.02c 28.06 ± 0.03ab 

45 day 25.50 ± 0.02fg 25.97 ± 0.02e 26.86 ± 0.02d 27.63 ± 0.02c 28.03 ± 0.01ab 

60 day 25.47 ± 0.02g 25.94 ± 0.02e 26.84 ± 0.02d 27.60 ± 0.03c 28.03 ± 0.05b 

a* 0 day 10.10 ± 0.01j 10.25 ± 0.01g 10.41 ± 0.05e 10.56 ± 0.01c 10.67 ± 0.01a 

15 day 10.08 ± 0.01jk 10.24 ± 0.05g 10.40 ± 0.05e 10.55 ± 0.01c 10.66 ± 0.01ab 

30 day 10.07 ± 0.01jk 10.24 ± 0.01gh 10.39 ± 0.01ef 10.53 ± 0.01c 10.65 ± 0.01b 

45 day 10.06 ± 0.02kl 10.22 ± 0.01hi 10.39 ± 0.01ef 10.54 ± 0.01cd 10.63 ± 0.01b 

60 day 10.05 ± 0.03l 10.21 ± 0.01i 10.37 ± 0.01f 10.52 ± 0.05d 10.64 ± 0.01b 

b* 0 day 8.13 ± 0.02j 8.25 ± 0.01g 8.40 ± 0.01e 8.56 ± 0.02c 8.78 ± 0.02a 

15 day 8.11 ± 0.02jk 8.24 ± 0.01gh 8.38 ± 0.05e 8.50 ± 0.02c 8.76 ± 0.02a 

30 day 8.10 ± 0.01k 8.23 ± 0.05gh 8.37 ± 0.01ef 8.54 ± 0.02cd 8.77 ± 0.02a 

45 day 8.09 ± 0.01k 8.21 ± 0.01hi 8.36 ± 0.01ef 8.53 ± 0.01d 8.75 ± 0.01ab 

60 day 8.10 ± 0.01k 8.22 ± 0.01i 8.35 ± 0.01f 8.52 ± 0.01d 8.73 ± 0.05b 

ΔE 0 day – – – – – 
15 day 0.041 ± 0.01c 0.024 ± 0.02g 0.030 ± 0.01f 0.064 ± 0.01a 0.030 ± 0.02f 

30 day 0.017 ± 0.02h 0.041 ± 0.01c 0.024 ± 0.02g 0.049 ± 0.02b 0.017 ± 0.03h 

45 day 0.024 ± 0.01g 0.030 ± 0.03f 0.032 ± 0.01e 0.033 ± 0.02de 0.024 ± 0.02g 

60 day 0.044 ± 0.01bc 0.024 ± 0.02g 0.030 ± 0.01f 0.030 ± 0.01f 0.030 ± 0.01f 

Mean values ± SD with different letters in a row are significantly different (p < 0.05). 
Control: Papaya Jam without DPP; T1: Papaya jam with 25% DPP; T2: Papaya jam with 50% DPP; T3: Papaya jam with 75% DPP; T4: Papaya jam with 
100% DPP. 
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predicted the addition of date pit powder significantly improved the antioxidant activity of Papaya Jam samples. A non-significant (p 
> 0.05) change was observed regarding storage days on the antioxidant activity of jam. Compared to the control sample, samples with 
DPP have significant antioxidants because of the elevated levels of bioactive components found in date palm and pits. Antioxidant 
activity was observed in the range of 22.95–19.48% for control samples and increased to 30.23–27.96% for samples with a maximum 
concentration of date pit powder. A study conducted by Ref. [39] found that the DPPH radical scavenging activity in date bars 
decreased over a 90-day storage period. This reduction is likely due to the breakdown of phenolic compounds, which occurs more 
rapidly in processed products exposed to high temperatures, as reported by Ref. [49]. During storage, phenolic compounds are easily 
oxidized and become the reason for the reduction of antioxidants. In Jam processing, cell structure gets disrupted, so phenolic 
compounds become more prone to non-enzymatic oxidation [50]. Results matched the findings conducted by Ref. [51], on strawberry 
fruit and jam in that after the processing of fruit, DPPH% inhibition was reduced significantly and in the storage of strawberry jam, 
non-significant (p > 0.05) change was observed. 

3.4. Microbiological evaluation 

The data presented in Table 2 reveals the impact of date pit powder on the microbial load of Papaya Jam samples. As predicted, the 
total plate count observed for the control sample was higher than supplemented with DPP. The addition of date pit powder in Papaya 
Jam depicted a significant change (p < 0.05) in Total plate count during the treatments and in the storage but was observed within the 
acceptable range. However, the increase in the microbial population of samples supplemented with date pit powder was relatively less 
compared to the control sample, which can be attributed to the low moisture in samples supplemented with DPP and the anti-microbial 
properties of DPP. Total plate count was observed in the range of 3.60–4.13 × 105 cfu/ml for fresh samples and decreased to 3.06–3.60 
× 105 cfu/ml on 60 days for control sample. It was observed that DPP has natural antioxidants that make DPP a natural preservative so 
that it will improve the stability as well as the shelf life of Jams and jellies [52]. Similar findings found that during storage of 60 days at 

Fig. 1. Texture of papaya jam samples supplemented with date pit powder. Control: Papaya Jam without DPP; T1: Papaya jam with 25% DPP; T2: 
Papaya jam with 50% DPP; T3: Papaya jam with 75% DPP; T4: Papaya jam with 100% D. 
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refrigeration temperature, there was a slight increase of microbial load in ripe papaya jam. However, this microbial load was within 
acceptable limits [53]. Similar findings conducted by Ref. [39], depicted that in 2 months of storage, there was a significant increase in 
TPC. However, the increase in the microbial load of samples supplemented with date pit powder remained within acceptable limits. 

3.5. Color parameters (L*, a*, b*) 

The CIELAB color system was used to record the chromatic data expressing the results as L*, a*, and b*, and the color scores 
observed are presented in Table 3. Color scores of Papaya Jam samples showed a significant variation with the addition of date pit 
powder. During storage intervals, a significant reduction (p < 0.05) was observed in the L*, resulting in a product with a darker color. 
The addition of DPP L* value was observed in the range of 25.56–25.47 for fresh samples and increased to 28.09–28.03 for T4. The 
results of the present study correspond with [30], which depicted that lightness in strawberry jams decreased during storage of 6 
months, so the strawberry Jam turned into dark color by adding DPP, which can be due to non-enzymatic browning. Moreover, with 
the addition of DPP lightness of the jam was increased because the addition of DPP increased the reflectance of the Jam [16]. If all the 
parameters are in red and yellow quadrants, then the a* and b* values will be positive. A significant reduction (p < 0.05) was observed 
in a*during storage intervals. A* value was observed in the range of 10.10–10.05 for fresh samples and increased to 10.67–10.64 with 
the addition of100% DPP. The present study’s results correspond with [54], that there is a positive correlation between the addition of 
fiber and the redness of jam. According to Ref. [55], water binding materials act as co-pigment and lead to an increase in a* value. The 
highest a* value exhibited an excess amount of anthocyanin content that reduced to yellowish content at the end of storage that 
occurred as by Maillard reaction brown pigment can be produced and anthocyanin degradation [13]. A significant reduction (p < 0.05) 
was observed in b*during storage intervals. The addition of DPP b* value was observed in the range of 8.13–8.10 for fresh samples and 
increased to 8.78–8.73 on day 60. The present study’s results correspond with [56], that yellowness in Aloe Vera-based pineapple Jam 
was decreased with time because of more processing time and loss of anthocyanin, and jam became dull at the end of storage. Results 
also matched with [57], that the anthocyanin content of jam was lost in tart cherry Jam, and b* value was reduced during storage, and 
the processing of jam significantly changed. 

3.6. Texture parameters 

The texture analysis of Papaya Jam supplemented with date seed powder has two additional parameters: firmness and cohesive-
ness. Moreover, the scores of the parameters of texture observed are in Fig. 1. The firmness and Cohesiveness of Papaya Jam samples 
showed a significant variation with the addition of date pit powder. During storage intervals, a significant enhancement (p < 0.05) was 
observed in the Firmness and Cohesiveness. Firmness was observed in the range of 6.82 N–6.87 N for fresh samples and increased to 
6.93N–6.95 N for T4, with the addition of DPP [30]. reported similar findings that adding DPP to strawberry jam increased its firmness 
during storage. The results of this study were consistent with [58], who suggested that replacing pectin with DPP fiber is beneficial 

Fig. 2. Sensory Evaluation scores of papaya jam samples supplemented with date pit powder. Control: Papaya Jam without DPP; T1: Papaya jam 
with 25% DPP; T2: Papaya jam with 50% DPP; T3: Papaya jam with 75% DPP; T4: Papaya jam with 100% DPP. 
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because it increases active polymeric chains and elasticity in the structure of pectin. Fiber particles act as a lubricant and incorporate 
into the pectin network of jam. Similar findings found by Ref. [59] that with the addition of mosambi peel powder, the firmness value 
was increased in jam samples. Cohesiveness observed for the fresh sample was in the range of 0.83N–0.87 N and increased to 
0.90N–0.95 N for T4, with the addition of DPP. The results of the present study correspond with [30] that during storage of 6 months, 
the cohesiveness of strawberry Jam supplemented with DPP was increased with the addition of date seed powder. This happened 
because DPP fiber matrix has hydration attributes. Similar findings were found by Ref. [16] that the addition of fiber supported a 
network of pectin formed in a jam. 

3.7. Organoleptic evaluation 

The sensory attributes of Papaya Jam samples supplemented with date pit powder are provided in Fig. 2. The sensory charac-
teristics of the Jam samples improved significantly (p < 0.05) with the increasing concentrations of DPP. On the contrary, the storage 
time depicted a non-significant (p > 0.05) effect on the sensory attributes of Papaya Jam samples indicating that the product was 
organoleptically acceptable at 60 days. The samples treated with date pit powder were better perceived and scored higher than the 
control sample. Although all the samples of jam are bright red, the score was enhanced with the supplementation of DPP. Taste, 
mouthfeel, aroma, and texture were also perceived better for samples supplemented with date pit powder. The increase in taste score 
might be because of increasing the total soluble solids content, reducing sugars, and the hydrolysis of carbohydrates to simple sugars. 
Date pit powder helped in giving the jam a characteristic mouthfeel because of its good particle size. Thus, the T3 treatment with 75% 
replacement of pectin with date pit powder received the highest sensory scores and was perceived as best. The present results were 
found, like the previous study conducted by Ref. [30], that overall acceptability was higher in the samples of tomato ketchup that were 
0.5% and 1% supplemented with date pit powder. 

Fig. 3. Heat Map illustrating the correlation of all parameters in date pit powder supplemented papaya jam samples during 60 days of storage.  
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3.8. Heat map and hierarchical analysis 

For further analysis of parameters relating to storage time and date pit powder concentration heat map was constructed (Fig. 3). 
The results can be made more instinctive through color comparison as well as data classified by heat map. For diverse parameters, 
different clusters were detected, signifying the variations between these parameters. Overall, the maximum quantity was detected by 
the darkest red color for pH of treatment T4 (with 100% DPP replacing pectin) and T3 (with 75% DPP replacing pectin) at 0 days, along 
with sensory attributes (Aroma, Mouthfeel, and Texture). The control sample showed the maximum quantity of Water activity on the 
45th day, while Acidity, Brix, and TPC were on the 60th day of storage. For the parameter of the T4 sample slightly red color was 
observed, indicating the maximum quantity of Fat, Crude fiber, Antioxidants, Ash, L*, a*, b*, Firmness, and cohesiveness, indicating 
the maximum concentration of Date Pit powder during the storage of 60 days. Moderate quantities of Taste, Color, Overall accept-
ability, and texture were observed for sample T3 for 60 days of storage. Neutral Clusters were detected for T2 on all days depicting the 
lower values of Crude fiber, Antioxidants, Fat, moisture, and Ash. The blue color represents the negative values, and minimum 
quantities were observed for moisture content, Water activity, taste, color, Mouth feel, texture, and overall acceptability of the T4 
sample throughout the storage period of 60 days. 

3.9. Correlation 

Regression analysis was performed to evaluate the correlation among the results of conducted assays on Papaya Jam samples 
supplemented with DPP (Fig. 4). A highly significant correlation was found between Fat, Ash, Antioxidant activity, Crude fiber, 
Firmness, Cohesiveness, L*, a*, and b*. A significant correlation was observed between the sensory characters (Color, Aroma, Taste, 

Fig. 4. Correlation among different parameters of date pit powder supplemented papaya jam samples during 60 days of storage.  
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Mouthfeel, Texture and Overall acceptability). For Brix, acidity and TPC also showed a positive correlation. Neutral clusters were 
found between the parameters of moisture and water activity. Between the sensory parameters, Brix and pH slightly negative cor-
relation was detected. A significant negative correlation was found among Fat, Ash, crude fiber, antioxidant activity, waster activity, 
Brix, L*, a*, b*, firmness, and cohesiveness. A strong significant negative correlation was observed between the parameters of Acidity, 
TPC, and moisture content. 

4. Conclusion 

The current study reported a detailed insight into the effect of date pit powder on papaya jam’s physicochemical, microbial, and 
sensory attributes during a storage time of 2 months. Results observed during this study revealed that supplementation of date pit 
powder significantly improved the mineral content, crude fiber, total soluble solids, and antioxidant potential of formulated papaya 
jam. Microbial evaluation illustrated that date pit powder had substantial anti-microbial properties and reduced the total bacterial 
count to a significant level. Organoleptic evaluation depicted that during a storage time of 2 months, no significant effect was observed 
on the sensory parameters comprising aroma, texture, taste, color, and overall acceptability. Present research findings supported the 
practical application of date pit powder in jam, jellies, and confectionery as a potential pectin replacer, nutrient enhancer, and 
preservative. 
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