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Abstract

:

Byproducts of second-grade dates and sweet potato tubers of noncommercial standard are produced along with the main product and are just as important as the main product but cannot be sold in the open market, as they may not be considered acceptable by consumers. Such byproducts can be valorized through the manufacture of a wide range of functional food products with high market appeal, such as jams. The research approach of this study included measuring antioxidant activity, total flavonoids, polyphenols, physicochemical and color indices, pH, and total sugar, as well as conducting a sensory evaluation, of mixed jams composed of different ratios of date jam (DFJ) to sweet potato jam (SPJ), namely, DP1 (80:20), DP2 (70:30), DP3 (60:40), and DP4 (50:50). To date, no other studies have considered producing mixed jam from dates and sweet potato byproducts. The sensory evaluation results indicated that jam DP4 (consisting of 50% date and 50% sweet potato) had the maximum overall acceptability. This investigation reveals the potential of using mixed byproducts in jams as natural functional ingredients, suggesting the economic value of valorization byproducts as low-cost ingredients to expand the properties, nutritional value, antioxidant content, and overall acceptability of jams. The discovered optimal mixed fruit jam has significant potential for further development as a commercial product.
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1. Introduction


The valorization of post-harvest and food manufacturing byproducts has captured the widespread attention of researchers, due to their potential to promote the sustainability of innovative and novel functional foods [1,2,3,4,5]. Biofortified fruits increase the number of important micronutrients in fortified foods, enhancing their nutritional value and providing extra health profits at no added risk [6,7]. Biofortification acts as a vehicle to further incorporate nutrients, accompaniments, and/or preservatives that are present in low quantities or absent in the food matrix [5,8]. Biofortification prevents nutrient insufficiencies and accompanying issues, helping to stabilize the nutrient profile and reinstate nutrients lost through processing, satisfying and gaining the acceptance of consumers looking to enhance their diets [5]. Biofortification of fruits has also been considered as a public health approach, in order to increase nutrient consumption in the population [9].



The Statistics Division of the Food and Agriculture Organization of the United Nations [10] described the worldwide production of date fruit (Phoenix dactylifera L.) as about 9.5 million tons every year [11]. Date fruit harvest leads to the production of huge amounts of date byproducts. In fact, around 30% of dates are generally wasted or used as animal feedstuff, due to undesirable texture (i.e., too hard or too soft), insect infestation, fungal contamination, or low value and quality [12]. The use of such byproducts for limited determinations comprises a significant economic loss, as they have great potential as a promising raw material for the abstraction of bioactive compounds and the creation of value-added resources [13]. The valorization of rejected second-grade date fruit for the manufacture of low-cost value-added products can benefit environmental balance-upsetting problems and inspire industrial bodies to encourage a global perception concerning the utilization and production of these ingredients. In this respect, researchers have broadly studied the characterization and extraction of several segments with high added value—including pectin, fibers, proteins, oils, sugars, and gums—from second-grade dates [14].



Sweet potato is one of the seven main essential crops globally and is presently cultivated in more than 100 countries. It plays a significant role in developing countries, due to its hardiness, low input necessities, and adaptability [15]. Sweet potatoes (Ipomoea batatas L.) are a source of phytochemicals, β carotenoids, vitamin A, and minerals which are considered significant due to their valuable effects when included in the diet [16]. One of the difficulties faced by growers around the world is post-harvest byproducts. Regarding sweet potato, parts of the tubers are regularly discarded due to their bad development, appearance, and size. Nevertheless, they remain in perfect condition for consumption by humans and are regularly free from injuries. Furthermore, the use of this type of sweet potato tuber will contribute to reducing the byproduct volume, representing a socially and economically sustainable choice [17].



The processing of fruits or byproducts into jam can greatly reduce post-harvest losses [18]. Jams are among the most prevalent and widespread preserved fruit products, which are made by heating the fruit’s flesh with sugar, citric acid, pectin, and/or other components, such as dyes, vitamin C, preservatives, and flavorings, until a rich and semisolid uniformity is attained [19]. Consequently, this research aims to investigate the possibility of using second-grade date and nonstandard sweet potato fruit as raw materials for producing novel functional jams with high nutritional and antioxidant value. Furthermore, we evaluate the physicochemical and sensory properties of mixed fruit jams in comparison with the individual fruit jams. In this way, we intend to provide a solution for valorizing the byproducts of date fruit and sweet potato, which are usually discarded or underutilized.




2. Materials and Methods


2.1. Materials


2.1.1. Plant Material


Second-grade date fruits (Phoenix dactylifera L., cv. ‘Khalas’) were used at the full ripening stage (Tamar) at the end of the collection season and were obtained from the local date processing industry of Al-Ahasa Eastern Province, Saudi Arabia. Ripe sweet potato (Ipomoea batatas L., cv. ‘Beauregard’) nonstandard tubers with orange flesh were selected and harvested freshly from an organic farm at the Station of Research and Training, King Faisal University, Al-Hasa, Saudi Arabia.




2.1.2. Study Materials


The sugar (white sugar; sucrose) was obtained from local supplier markets, Al-Hasah, Eastern Province, K.S.A. Citric acid and pectin powder additives were obtained from iHerb for Electronic Trading and Supplies, headquarters: Morenovalle, CA, USA, which certified that the additives were made from natural, non-GMO, gluten-free food ingredients. Acetonitrile, ethyl acetate, methanol (HPLC grade), 2,4,6-tri(2-pyridyl)-s-triazine (TPTZ), naphthyl ethylene, 1,1-diphenyl-2-picrylhydrazyl (DPPH●), FeSO4, HCL, AlCl3, Folin–Ciocâlteu’s phenol reagent, NaNO2, NaOH, and β-carotene were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). Standard solution (1 g/L) (calcium (Ca), sodium (Na), potassium (K), phosphorus (P), magnesium (Mg), iron (Fe), and zinc (Zn)) was purchased from Merck (Darmstadt, Germany). Transparent glass cans with screw caps, with a capacity of 150 g of paste, were bought from local supplier markets, Al-Hasah, Eastern Province, K.S.A.





2.2. Methods


2.2.1. Preparation of Paste of Date Fruits and Sweet Potato Tubers


Date fruits and sweet potato paste were prepared by optimizing the amount of water used in the cooking process to reduce the flesh/water ratio, reduce the cooking time, and increase the total soluble solids (Brix %).




2.2.2. Preparation of Date Fruit Paste


Date fruits of the Khalas variety were washed under tap water to remove dirt and dust from the fruit’s skin and were then deseeded. Next, the flesh was chopped into 0.5–1.0 cm pieces using a shredder. To prepare the date paste by cooking at 60–65 °C, water was added to the flesh at a ratio of 1:1 w/w. The mixture was gently blended until a softened texture was observed, and the total soluble solids (TSSs, Brix, using a refractometer) and cooking time were registered.




2.2.3. Preparation of Sweet Potato Tuber Paste


After cleaning and washing, the sweet potato tubers were peeled and weighed. To prepare the tuber flesh by cooking at 60–65 °C, water was added to the flesh at a ratio of 1:1 w/w, as described previously [20]. The mixing process continued for 15 min to obtain a softened texture, after which the flesh of the tuber was blended using an electric blender. Lastly, a refractometer was used to measure the blend’s total soluble solids (TSSs, Brix).




2.2.4. Combining the Sweet Potato Tuber and Date Fruit Pastes


To study the effects of the sweet potato paste combined with date fruit paste on the physiochemical and sensory properties of the jam, various ratios of the two pastes were tested to determine the optimal combination. Date fruit paste was combined with sweet potato paste in different ratios (80:20, 70:30, 60:40, and 50:50). The combined pastes were blended well using an electric mixer, and we calculated the required amount of white sugar (sucrose) to be added to obtain a final jam product concentration up to 65% ± 2% in the combined ratio, as detailed in Table 1 and Figure 1.





2.3. Physiochemical Properties of Date Fruit and Sweet Potato Tubers


2.3.1. pH


A pH meter (Benchtop pH Meter, H1110) was used for pH analysis, in order to measure the pH values of fruits and of each prepared jam treatment after calibrating with a standard buffer solution of pH 7 or 4, at or below 25 °C. The readings were taken immediately after opening the can.




2.3.2. Total Soluble Solids (TSSs)


The total soluble solids (TSSs) were calculated from the absorbance values measured using an Abbey device (Milton Roy, USA; located at 1701 West Main Street, Radnor, PA 19087) according to the following equation: TSS = (absorbance at 540 nm–absorbance at 700 nm) × 0.5. This device is capable of measuring absorbance values in the range of 0.0001 to 5.0 AU, using a xenon lamp as a light source with a spectral range of 190–1100 nm, as described previously [20].




2.3.3. Color Measurement


Observed color measurements were established using a Hunter lab colorimeter (Model D 25-2 Hunter lab, Hunter Reston, VA, USA), where lightness (L*), redness (a*), yellowness (b*), hue angle (°h), and chroma (C*) are the established color parameters using the D65 illuminant and the 10° standard observer. The lightness parameter varies from 0 (black) to 100 (white), while the redness and yellowness parameters vary from negative values (greenness and blueness, respectively) to positive values (redness and yellowness, respectively). The C* value indicates the chroma or saturation of the color, which is calculated as the square root of a2 + b2. The °h value indicates the hue. The CIE 1976 (Lab*) color system, an internationally accepted system of color measurement, was used as the basis for the color parameters [21].




2.3.4. Moisture Content


All tested samples were analyzed for moisture content in a moisture balance with a halogen lamp heating division (MS-70, A&D Instruments Company Ltd., Abingdon, UK), exposed to step heating up to 130 °C. Persistent weight was expanded at ±0.02% precision [5].




2.3.5. Total Sugars


Total sugars were determined according to the methods of the AOAC (2012) [22].




2.3.6. Total Protein


Total protein was measured by following a previously described method [23], using a Kjeldahl semiautomated Foss model 2300 (Foss Tecator, Hoganas, Sweden).




2.3.7. Ash


Ash contents were measured by carbon exclusion of 2 g of sample, which was burned and incinerated in a muffle furnace at 555 °C for 2 h. The bottle was then removed from the heat and left to cool down. Four milliliters of H2O was added, and the bottle was returned to the muffle furnace for further incineration over 1 h. The total ash is stated as a percentage of dry weight [5].




2.3.8. Total Fat


Total fat was estimated using a previously defined method [5], following the Soxhlet method (Ankom XT15 Extractor, Ankom Technology, Macedon, NY, USA; Soxtec™).




2.3.9. Total Fiber


The total fiber was estimated using an adapted version of a previously described method [23]. Briefly, 2 g of sample and 20 mL of deionized H2O were added, and the mixture was kept at 100 °C for 10 min. Then, 80 mL of 99% ethanol was added; the mixture was agitated and left in ice water for 35 min. The mixture was centrifuged using a Universal 320 R (Andreas Hettich GmbH & Co. KG, Tuttlingen, Germany) at 1500× g for 12 min at 4 °C; then, the filtrate was added to 100 mL of 85% ethanol, mixed, and centrifuged again. This step was repeated using 100 mL of 99% ethanol. Lastly, the filtrate was dehydrated at 80 °C for 24 h and assessed.




2.3.10. Minerals


Date fruit, sweet potato, and jam samples were prepared for the determination of minerals, as defined previously [23]. The minerals were determined through inductively coupled plasma atomic emission spectrometry (Varian-Vista-MPX; Varian, Inc., Palo Alto, CA, USA), as outlined in the manufacturer’s manual.





2.4. Bioactive Compounds and Antioxidants


2.4.1. Extraction of Carotenoids


Carotenoids in date, sweet potato, and jam samples (5 g) were liquified in a 45 mL hexane/acetone (60:40) solution. The mixture was homogenized with constant shaking for at least 15 min, with the addition of 5 mL of water. Then, a 750 W ultrasonic processor (VC 750, Sonics and Materials Inc., Newtown, CT, USA) was used for 17 min and at a temperature of 32 °C. The mixture was then filtered through a Whatman 150 mm, No. 42 filter paper, and the filtrate was composed and dried under N2. After complete drying, the residue was redissolved in 2 mL of the mobile phase containing acetonitrile, methanol, and ethyl acetate (730:200:70 mL) and filtered through a 0.45 µm syringe filter into vials, set for injection in a Waters ACQUITY UPLC with TUV. The injection volume was 10 µL, and separation was carried out in an ACQUITY UPLC BEH Amide Column C18 (2.1 × 50 mm, 1.7 µm), maintained at 30 °C with a run time of 10 min. The mobile phase was run at a flow rate of 0.2 mL/min. An ACQUITY UPLC PDA detector was used at 450 nm [24].




2.4.2. Extraction of Phenols


To extract phenolic compounds for HPLC analysis, accelerated solvent extraction (ASE, 350, Dionex Co., Thermo Scientific, Carlsbad, CA, USA) was utilized. Stainless-steel extraction cells (11 mL) and amber collection vials (40 mL) were employed, along with ASE Prep DE. The extraction was conducted at a temperature of 25 °C and a pressure of 1500 psi, with a static time of 5 min, four static cycles, a flush of 75%, and a purge of 90 s, following the manufacturer’s instructions with some modifications. Acidified water (adjusted to pH 2 with HCl) was used for the extraction. The entire phenolic fraction was eluted with methanol (300 mL) and then reduced to dryness under reduced pressure (50 °C). The residue was resuspended in 5 mL of distilled water and extracted three times with 5 mL of diethyl ether. The ether extracts were combined, concentrated under nitrogen, and dissolved in 1 mL of a 50:50 (v/v) methanol/water solution. Lastly, all extracts were filtered using a 0.45 µm mesh and analyzed by HPLC.




2.4.3. Total Phenolics


The total phenolics were evaluated by conducting spectrophotometric analysis using Folin–Ciocâlteu’s phenol reagent, as previously reported [25]. The standard curve for total phenolics was calculated using a standard solution (0–100 mg/mL) of gallic acid, and the total phenolic content is stated as mg of gallic acid equivalent (GAE) per 100 g of sample.




2.4.4. Total Flavonoids


Total flavonoid content was assessed using a previously reported method [26]. An aliquot (250 μL) of the extract or standard solution was mixed with 75 μL of a 5% NaNO2 solution and 1.25 mL of H2O. After 6 min, 150 μL of a 10% AlCl3 solution was added. After 5 min, 1 M NaOH solution (0.5 mL) was added, and the total volume was brought to 2.5 mL with H2O. The absorbance of the blank was measured at a wavelength of 510 nm. The results are stated in terms of mg of rutin equivalent (RE) per 100 g of sample.




2.4.5. DPPH• Free Radical-Scavenging Assay


A DPPH• free radical-scavenging assay was performed to determine the activity of the samples against 1,1-diphenyl-2-picrylhydrazyl radicals. The percentage inhibition of these radical compounds was calculated using the following equation:


% Inhibition DPPH• = (Abs. control − Abs. sample)/Abs. control × 100,



(1)




where Abs. control denotes the absorbance of the DPPH solution without the test sample. The absorbance was measured using a Varian CARY 50 Scan UV/Vis spectrophotometer with a Cary 50 Microplate Reader Accessory (Varian, Inc., Walnut Creek, CA, USA) [27].




2.4.6. ABTS• Free Radical-Scavenging Assay


The ABTS• free radical-scavenging assay was conducted to evaluate the ability of the samples to scavenge ABTS• radicals. The results were compared with a previously reported method [28], and the percentage inhibition of these radical compounds was determined using Equation (1), as described above.




2.4.7. Ferric-Reducing/Antioxidant Power (FRAP) Assay


The samples were subjected to the ferric-reducing/antioxidant power (FRAP) assay, following a previously reported method [28]. The FRAP reagent was prepared by mixing 10 mM TPTZ solution in 40 mM HCl, 20 mM FeCl3, and 0.3 M acetate buffer (pH 3.6) in a 1:1:10 (v/v/v) proportion. Next, 1 mL of the tested sample was mixed with 2 mL of freshly prepared FRAP reagent and incubated for 30 min at 37 °C. The absorbance was measured at 593 nm using a Varian CARY 50 Scan UV/Vis spectrophotometer with a Cary 50 Microplate Reader Accessory (Varian, Inc., Walnut Creek, CA, USA). A blank was prepared using deionized water, and FeSO4 was used to create the calibration curve. The FRAP values are reported in terms of µmol of Fe(II).




2.4.8. Superoxide Anion Radical-Quenching Assay


The superoxide radical (O2•−)-scavenging capacity was measured through the amount of purple-colored diformazan formed from the NBT reduction encouraged by a superoxide radical-scavenging capacity nonenzymatic NADH/PMS/O2 system, which was used to generate O2•− following a procedure reported previously [29]. Optical density was read at 560 nm for 5 min, and the results are stated as the percentage of inhibition.





2.5. Sensory Evaluation


Ethical considerations: For this study, we obtained the approval of the Ethics Committee of the Deanship of Scientific Research, King Faisal University (Protocol KFU-REC-2022-SEP–ETHICS192), as well as the approval of trained sensory evaluators who participated in the study.



Sensory analysis was conducted with panels consisting of a panel leader and 20 panel members who evaluated differently prepared jam samples from the Date Palm Research Center of Excellence and the Food and Nutrition Department, College of Agricultural, and Food Sciences, King Faisal University, KSA. The sensory profile assessment of the jams was carried out by a semitrained panel utilizing a hedonic scale from 1 to 9, where appearance, color, odor, taste, and overall acceptability were evaluated as key characteristics, with 9 and 1 representing ‘like extremely’ and ‘dislike extremely’, respectively [30]. In addition, the prepared samples were compared with a sample of commercial date jam purchased from a local market, Al-Hasah, KSA. Samples were evaluated for taste, color, odor, and appearance.



Water was used to wash the mouths of participants twice in between assessments. All sessions of the evaluation process were conducted in a climate-controlled sensory analysis booth (i.e., 20 °C room temperature, positive air pressure) and under white, fluorescent lighting [5].




2.6. Statistical Analysis


All analyses were conducted in triplicate (n = 3). Statistical evaluations were carried out using SPSS for Windows (version 26; SPSS Inc., Chicago, IL, USA). The variances in mean values across samples were determined (p < 0.05) using a one-way analysis of variance (ANOVA). Separation of means was also completed using Tukey’s multiple range tests. Values for the mean ± standard deviation were also obtained.





3. Results and Discussion


3.1. Physicochemical Properties of Raw Materials


The results in Table 2 indicate that the date fruit had a lower moisture content, higher carbohydrate content, and higher total fiber content, compared to sweet potato. Sweet potato, on the other hand, had a higher moisture content, lower carbohydrate content, and lower total fiber content. The protein and fat contents were higher in sweet potato, compared to date fruit. The pH value of sweet potato was significantly higher than that of date fruit, indicating that sweet potato is more alkaline. Additionally, sweet potato had a lighter color compared to date fruit. Parallel findings have previously been described [12,21,31,32,33,34,35,36]. The inconsistencies detected between our results and other results published in the literature are likely due to differences in fertilizer, maturity, geographic origin, season, growing and storage conditions, soil type, disease, and analysis methods [37,38,39]. These results suggest that date fruit and sweet potato have different nutritional profiles and can provide complementary benefits when mixed together in a balanced diet.



The results provided in Table 3 indicate that date fruit is a rich source of macrominerals such as potassium, phosphorus, and magnesium, with significantly higher contents compared to sweet potato. Potassium is an essential mineral that plays a vital role in various body functions, including regulating blood pressure, maintaining fluid balance, and supporting muscle and nerve function. Phosphorus is also essential for healthy bones and teeth, while magnesium is involved in many biochemical reactions in the body, including energy production and protein synthesis. The higher contents of these minerals in date fruit make it a highly nutritious food. From the data, it is clear that the date fruit is rich in macrominerals and microminerals, except for its calcium content. Comparable conclusions have previously been stated [12,21,31,32,33,34,35,36,40]. Again, the inconsistencies detected between our results and other results published in the literature are likely due to differences in fertilizer, maturity, geographic origin, season, growing and storage conditions, soil type, disease, and analysis methods [37,38,39].




3.2. Raw Material Bioactive Compounds and Antioxidant Activity


Phenolic and flavonoid compounds are the major antioxidants found in fruits and vegetables [41,42,43,44,45]. The bioactive compounds present in and antioxidant activity of the tested date fruit and sweet potato are presented in Table 4. The total phenolics in date fruit and sweet potato were 387.54 ± 2.23 and 187.67 ± 0.13 mg of gallic acid equivalent (GAE) per 100 g, respectively, while total flavonoids were 74.46 ± 0.71 and 68.57 ± 0.24 mg of rutin equivalent per 100 g, respectively. Thus, the date fruit had higher total phenolic and flavonoid contents than the sweet potato.



Moreover, the phenolic profile of date fruit regarding gallic, syringic, coumaric, caffeic, and ferulic acid, as well as catechin, epicatechin, and β-carotene, was 16.22 ± 0.26, 9.39 ± 0.17, 6.74 ± 0.21, 13.96 ± 0.52, 18.02 ± 0.37, 4.89 ± 0.34, 6.56 ± 0.19, and 0.39 ± 0.02 mg/100 g fresh weight, respectively; in sweet potato, the phenolic profile regarding gallic, coumaric, caffeic, and ferulic acid, as well as epicatechin and β-carotene, was 2.08 ± 0.14, 1.39 ± 0.41, 1.48 ± 0.36, 28.06 ± 0.72, 0.34 ± 0.01, and 518.94 ± 0.64 mg/100 g fresh weight, respectively. Syringic acid and catechin were not detected in sweet potato, and the levels of phenolic contents were lower than in date fruit, except for ferulic acid and β-carotene.



The antioxidant activities of date fruit and sweet potato, in terms of FRAP (mmol ferrous equivalents/100 g), DPPH, ABTS, and superoxide percentage inhibition, are detailed in Table 4. In date fruit, the FRAP value was 907.12 ± 2.74 ferrous equivalents/100 g fresh weight, lower than that in sweet potato (1024.64 ± 6.24 mmol). Nevertheless, the percentage inhibition of DPPH, ABTS, and superoxide for date fruit was 5.27% ± 0.42%, 67.51% ± 1.08%, and 19.19% ± 0.74%, respectively, while that for sweet potato was 78.31% ± 0.75%, 82.47% ± 2.36%, and 42.14 ± 0.86%, respectively. The higher values in sweet potato were due to the higher content of β-carotene than in date fruit, exhibiting radical-scavenging capacity from DPPH, ABTS, and superoxide. A comparison with previous studies revealed that the differences in antioxidant activity in our data were typically in the same range, with some exceptions [12,21,31,32,33,34,35,36,40]. Variations in phenolic compound structures and antioxidant activity can be influenced by the fruit variety, climatic conditions, geography, soil, fertilization, degree of ripeness, cultivation practices, and extraction method [46,47,48,49]. The variations in the results for antioxidant activity may have been due to several factors, e.g., the genetic potential of individual species for polyphenol biosynthesis. In addition to the genetic (varietal) factors, the ripening stage may be critical [50].




3.3. Physicochemical Properties of Jams


Jams were made with different proportions of date fruit and sweet potato (DP1–DP4), as detailed in Table 5. We found that, as the proportion of sweet potato increased, the moisture content also increased, while the total fiber content decreased. DP1 had the highest carbohydrate content at 71.83% ± 0.40%, while DP3 had the lowest carbohydrate content at 65.93% ± 0.24%. DP3 had the lowest protein content at 0.62% ± 0.01%, while DP1 had the highest protein content at 0.96% ± 0.02%. The fat content varied slightly among the different jams, with DP2 having the lowest fat content at 0.16% ± 0.02%, but DP1 having the highest fat content at 0.15% ± 0.01%. The ash content varied among the different jams, with DP3 having the lowest ash content at 1.03% ± 0.03%, but DP1 having the highest ash content at 1.41% ± 0.03%. The pH values were similar among the different jams, ranging from 3.61 ± 0.05 to 3.98 ± 0.03. These results corroborate previous findings in other fruit jams [51,52,53,54]. The results indicate that the proportion of sweet potatoes used in the jam affects the nutritional composition of the final product. Jams made with a higher proportion of sweet potato had a higher moisture content, lower total fiber content, and lower protein content, while the carbohydrate and ash contents varied among the different jams. The results suggest that the proportion of sweet potatoes used in the jam-making process can be adjusted to achieve the desired nutritional composition. Additionally, the pH values of all the jams were acidic, which is important for the preservation of the jam.



Overall, the results of this study demonstrate that mixing sweet potato with date fruit is a viable option for making jams.




3.4. Color Parameters of Formulated Jams


Color is one of the most significant quality considerations that affects consumers in judging the acceptability and overall quality of jam. The color properties of the jams were analyzed, and the results are presented in Figure 2 and Figure 3. The L* value of DFJ was 28.50 ± 0.88, while SPJ had a significantly (p ≤ 0.05) higher L* value of 53.84 ± 2.61. Among the jams made with different proportions of date fruit and sweet potato, DP2 had the lowest L* value at 10.85 ± 0.66, while DP1 had the highest L* value at 23.86 ± 4.60. The a* value of DFJ was 5.35 ± 0.40, while SPJ had a significantly (p ≤ 0.05) higher a* value of 30.73 ± 1.48. Among the jams made with different proportions of date fruit and sweet potato, DP2 had the highest a* value at 16.07 ± 1.02, while DP1 had the lowest a* value at 6.89 ± 1.56. The b* value of DFJ was 6.12 ± 0.29, while SPJ had a significantly (p ≤ 0.05) higher b* value of 65.52 ± 9.47. Among the jams made with different proportions of date fruit and sweet potato, DP3 had the highest b* value at 22.6 ± 1.70, while DP4 had the lowest b* value at 22.51 ± 1.76.



Overall, the results showed that the sweet potato-based jam (SPJ) had significantly higher L*, a*, and b* values than the date fruit-based jam (DFJ) and jams made with different proportions of date fruit and sweet potato (DP1–DP4). The higher L* value of SPJ indicated a lighter color, while the lower L* values of DFJ and DP1–DP4 indicated darker colors. The higher a* value of SPJ indicated a more intense red color, while the lower a* values of DFJ and DP1–DP4 indicated a less intense red color. Lastly, the higher b* value of SPJ indicated a more intense yellow color, while the lower b* values of DFJ and DP1–DP4 indicated a less intense yellow color. The results also demonstrate that the samples vary in their lightness (L*) values, with some samples presenting darker (e.g., DP2 and DP3) and others presenting lighter (DFJ and SPJ). Similarly, the chroma values also vary between samples, with some samples having higher chroma values (SPJ) and others having lower chroma values (DP1).



The hue angle (°h) values specify the path of the color shift in each sample. Some samples demonstrate a shift near green (DP2) or yellow (DP4), while others demonstrate a shift in the direction of blue (SPJ). The hue angle values can help in defining the nature of the color difference between two samples.



It is important to note that the color properties of jams can also be influenced by factors such as the ripeness of the fruit, pH, and processing methods such as nonenzymatic browning, mostly caused by the caramelization of sugar and Maillard reactions [55].



Overall, the results highlight the differences in color properties between jams made with date fruit and sweet potato. These differences could influence consumer acceptance and preferences for these products. Further studies may explore the impact of color properties on consumer acceptance and preference for jams made with date fruit and sweet potato.




3.5. Mineral Content of Jams


The mineral contents of the formulated jam samples are presented in Figure 4. The mineral profile indicated the presence of beneficial mineral elements, such as the macrominerals sodium (Na), potassium (K), calcium (Ca), phosphorus (P), and magnesium (Mg), as well as the microminerals zinc (Zn) and iron (Fe), which varied significantly (p ≤ 0.05) in the date fruit and sweet potato formulations: 4.77 ± 0.10 to 7.68 ± 0.17, 321.74 ± 0.90 to 64.51 ± 0.17, 21.88 ± 0.13 to 67.25 ± 0.18, 14.05 ± 0.18 to 31.39 ± 0.32, and 0.12 ± 0.01 to 26.87 ± 0.14 mg/100 g jam, respectively, for the macrominerals in formulated jams, and 0.01 ± 0.00 to 0.67 ± 0.01 and 0.47 ± 0.03 to 0.97 ± 0.03 mg/100 g jam, respectively, for the microminerals. The lowest values of minerals were presented in SPJ, while the highest values were in DFJ (except for calcium content, which was the highest in SPJ). Mineral contents were found to decrease slightly but significantly (p ≤ 0.05) in DP1–DP4 compared to DFJ and SPJ. Likewise, the results for jams comprising a mixture of date fruit and sweet potato demonstrate that they are good sources of minerals and are within the recommended values for healthy living [18].




3.6. Bioactive Compounds in Formulated Jams


Table 6 shows the total phenols, total flavonoids, and phenolic profile for DFJ, SPJ, and the mixed jams DP1–DP4 with different proportions of DFJ and SPJ. The raw materials of the date fruit and sweet potato had higher phenolic content than the developed jams. It was also noted that the heat treatment used to produce the jams slightly decreased the phenolic content of date fruit and sweet potato. Interestingly, the 100% date fruit and sweet potato jams showed higher total phenol content than the mixed jams: 232.74 ± 1.25 and 114.05 ± 1.87 mg GAE/100 g, respectively, while DP1–DP4 ranged from 208.60 ± 1.37 to 172.89 ± 1.56 mg GAE/100 g. The same pattern was observed in the total flavonoid content.



Moreover, the phenolic profile of DFJ regarding gallic, syringic, coumaric, caffeic, and ferulic acid, as well as catechin, epicatechin, and β-carotene, was 8.90 ± 0.16, 5.07 ± 0.13, 3.64 ± 0.12, 7.81 ± 0.18, 10.61 ± 0.37, 2.40 ± 0.39, 4.54 ± 0.21, and 0.17 ± 0.00 mg/100 g jam, respectively; in SPJ, the phenolic profile regarding gallic, coumaric, caffeic, and ferulic acid, as well as epicatechin and β-carotene, was 1.15 ± 0.07, 0.90 ± 0.03, 0.83 ± 0.05, 15.33 ± 0.36, 0.18 ± 0.00, and 310.77 ± 1.68 mg/100 g jam, respectively. Syringic acid and catechin were not detected in SPJ, and the levels of phenolics in SPJ were lower than in DFJ except for ferulic acid and β-carotene. The phenolic profile in DP1–DP4 jams was significantly (p ≤ 0.05) lower than in DFJ, but increased significantly (p ≤ 0.05) compared to SPJ. This indicates that the mixing of DFJ and SPJ significantly increased (p ≤ 0.05) the nutritional value of DP1–DP4.




3.7. Antioxidant Activity of Jams


The antioxidant activity of DFJ and SPJ, in terms of FRAP (mmol ferrous equivalents/100 g), DPPH, ABTS, and superoxide percentage inhibition is illustrated in Figure 5 and Figure 6. In DFJ, the value of FRAP (601.28 ± 2.59) was insignificantly (p ≥ 0.05) lower than that in SPJ (613.28 ± 24.31 mmol ferrous equivalents/100 g jam). The mixed jams DP1–DP4 presented significantly reduced (p ≤ 0.05) values, compared to DFJ and SPJ, but with insignificant (p ≥ 0.05) variation among them.



Nevertheless, the percentage inhibition of DPPH, ABTS, and superoxide for DFJ was 3.19% ± 0.23%, 35.66% ± 0.40%, and 10.67% ± 0.40%, respectively, while that for SPJ was 51.58% ± 0.40%, 43.93% ± 0.46%, and 28.74 ± 0.31%, respectively. The higher percentage inhibition of SPJ was considered to be due to its higher content of β-carotene than DFJ, which has the ability to scavenge DPPH, ABTS, and superoxide.



On the other hand, the mixed jams DP1–DP4 showed significantly reduced (p ≤ 0.05) values, compared to DFJ and SPJ, but they increased significantly (p ≤ 0.05) on a gradual basis with an increase in the percentage mixing with SPJ, due to the increasing percentage of β-carotene.



According to a comparison with previous studies, our data showed a similar range of antioxidant activity [12,21,31,32,33,34,35,36,40]. However, there were some variations in the results. These discrepancies may have been due to differences in phenolic compound structures and antioxidant activity, which can be influenced by various factors such as fruit variety, climatic conditions, geography, soil, fertilization, degree of ripeness, cultivation practices, and extraction methods [46,47,48,49]. The differences in antioxidant activity could also be attributed to the genetic potential of individual species for polyphenol biosynthesis. Furthermore, the ripening stage of the fruit may also play a critical role [50].




3.8. Correlation Analyses


The Pearson correlations were calculated in order to understand the impact of the phenolic compounds and flavonoids on the antioxidant effects of the formulated jams. In this situation, a positive correlation would be the necessary conclusion. Figure 7 represents the Pearson correlations among the results for TPC, TFC, phenolic compounds, and antioxidant activities, evaluated as a correlation heatmap.



As illustrated in Figure 7, the TP analysis accomplished very strong positive correlations with TF (r2 = 0.978), gallic acid (r2 = 0.992), syringic acid (r2 = 0.982), coumaric acid (r2 = 0.941), caffeic acid (r2 = 0.991), catechin (r2 = 0.912), and epicatechin (r2 = 0.971). These results indicated that an increase in TP led to enhanced antioxidant responses, with the polyphenols from the jams as the main bioactive compounds contributing to the antioxidant activities of the functional jams. In contrast, strong negative correlations with ferulic acid (r2 = −0.973), β-carotene (r2 = −0.999), DPPH (r2 = −0.999), ABTS (r2 = −0.981), and superoxide (r2 = −0.997) were observed, while TP had a weak negative correlation with FRAP (r2 = −0.344). These results indicate that a higher scavenging activity against this reactive species was accomplished by TP, such as in functional jams. Furthermore, for TF, gallic acid, syringic acid, coumaric acid, caffeic acid, catechin, and epicatechin had the same strong positive and strong negative trends as TP. However, while ferulic acid had a strong negative correlation with TP, for TF, negative correlations were observed for gallic, syringic, coumaric, and caffeic acids, as well as catechin and epicatechin (r2 = −0.973, −0.938, −0.941, −0.921, −0.855, −0.940, −0.816, and −0.898, respectively), while strong positive correlations with β-carotene, DPPH, ABTS, and superoxide (r2 = 0.974, 0.976, 0.975, and 0.983, respectively) were observed. Furthermore, TP also had a weak positive correlation with FRAP (r2 = 0.324). Nevertheless, FRAP only showed weak positive correlations with ferulic acid (r2 = 0.324), β-carotene (r2 = 0.359), DPPH (r2 = 0.367), ABTS (r2 = 0.443), and superoxide (r2 = 0.379), but weak negative correlations with TP (r2 = −0.344), TF (r2 = −0.258), gallic acid (r2 = −0.348), syringic acid (r2 = −0.327), coumaric acid (r2 = −0.326), caffeic acid (r2 = −0.336), catechin (r2 = −0.322), and epicatechin (r2 = −0.356).




3.9. Sensory Evaluation


Sensory challenges were conducted to evaluate the qualities of a food product with respect to the five senses (smell, hearing, sight, touch, and taste), facilitating the consumer-oriented creation of new functional products. The nine-point hedonic scale is an operative and simple unconditional measurement tool that has been extensively used to discover sensory differences among foods and beverages; it is regularly used to predict the acceptance of novel functional food products by potential consumers.



Figure 8 illustrates the sensory analysis, which involved preference tests regarding the taste, color, odor, appearance, and overall acceptability. The SPJ containing 100% sweet potato had the lowest score in all preferences tested (5.25 ± 0.79, 5.65 ± 0.81, 5.35 ± 0.81, 5.30 ± 0.92, and 5.20 ± 0.77 for taste, color, odor, appearance, and overall acceptability, respectively), followed by DFJ, while the mixed formulations of the jams increased in score gradually with an increased percentage of mixing. DP4, which had 50% DFJ and 50% SPJ, presented the best product scores in all tested sensory preferences (7.35 ± 1.53, 7.75 ± 091, 7.65 ± 0.99, 7.15 ± 1.18, and 7.60 ± 1.23, respectively).




3.10. Correlation Analysis of Color Results Determined Instrumentally and Evaluated Sensorily


The results in Figure 9 show that there was a strong positive correlation between L* and a* values (r = 0.676) and a very strong positive correlation between a* and b* values (r = 0.967 **). There was also a strong positive correlation between L* and b* values (r = 0.780). These results suggest that, as the L* value increased (i.e., the color became lighter), the a* and b* values also tended to increase (i.e., the color became more red and yellow, respectively). Additionally, as the a* value increased (i.e., the color became redder), the b* value also tended to increase (i.e., the color became more yellow). These relationships are commonly observed in color science, and they are known as opponent process theory.



The results also indicated a strong negative correlation between the L* value and the sensory evaluation of color (r = −0.781), indicating that, as the L* value increased (i.e., the color became lighter), the sensory evaluation of color tended to decrease (i.e., the color was perceived as less intense). There was also a moderate negative correlation between the a* value and sensory evaluation of color (r = −0.643), as well as a weak negative correlation between the b* value and sensory evaluation of color (r = −0.623), indicating that, as the a* and b* values increased (i.e., the color became more red and yellow, respectively), the sensory evaluation of color tended to decrease (i.e., the color was perceived as less intense).




3.11. Correlation Analysis of Color Parameter and Antioxidant Activity


Figure 10 illustrates that L* is significantly correlated with a* (r = 0.652 **) and b* (r = 0.749 **), indicating that the lightness of a substance is related to its redness and yellowness. C* is also significantly correlated with a* (r = 0.975 **) and b* (r = 0.994 **), suggesting that the chroma of a substance is strongly related to its colorfulness. Furthermore, the DPPH is strongly correlated with ABTS (r = 0.893 **) and superoxide (r = 0.999 **), indicating that these assays are highly related and may be used interchangeably. However, it should be noted that ABTS is negatively correlated with superoxide (r = −0.502 *), suggesting that these assays may not always afford identical results. Remarkably, the hue angle of a substance is only weakly correlated with the other variables. Lastly, the FRAP is strongly correlated with L* (r = 0.811 **), a* (r = 0.414), b* (r = 0.462), and C* (r = 0.454). This suggests that color and antioxidant capacity may be related in complex ways and that different colorimetric variables may be more or less important depending on the specific test being used.



In conclusion, the results of this study provide valuable information about the relationships between colorimetric variables and antioxidant capacity. While some variables are strongly correlated, others are only weakly related, suggesting that different aspects of color perception may be more or less important for determining antioxidant capacity depending on the specific assay being used. Further research is needed to confirm these findings and better understand the complex relationships between color and antioxidant capacity.





4. Conclusions


The results confirmed the potential of using second-grade date fruit and nonstandard sweet potato tubers as raw materials for producing novel functional jams with high nutritional and antioxidant value. The optimal ratio of date fruit paste and sweet potato paste was found to be 50:50, which resulted in the highest overall acceptability among the sensory panelists. The mixed fruit jam also showed a high content of bioactive compounds, including phenolics, flavonoids, and β-carotene, which have various health benefits. The results of this study suggest that valorizing the byproducts of date fruit and sweet potato can provide a sustainable and economical way of developing value-added products that can enhance food security and diversity in the region. Therefore, it is recommended that further research be conducted to optimize the processing conditions and shelf-life of the mixed fruit jam, as well as evaluate its impact on human health and consumer preference.
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Figure 1. Flowchart of manufacturing process using date fruit and sweet potato pastes. 
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Figure 2. Color parameters for the formulated jams. Data are presented as the mean ± standard deviation (n = 3). Values with different letters indicate a significant difference according to Tukey’s test (p ≤ 0.05). 
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Figure 3. The visual appearance of the formulated jams incorporating SPJ and DFJ at different ratios. 
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Figure 4. Heatmap showing the relative contents of minerals in the jams (n = 3). The results are reported on a wet basis. 
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Figure 5. Ferric-reducing antioxidant power (FRAP) activity in jams (n = 3). The results are reported on a wet basis. Values with different superscript letters indicate a significant difference according to Tukey’s test (p ≤ 0.05). 
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Figure 6. Antioxidant activity of jam, with respect to DPPH, ABTS, and superoxide (n = 3). The results are reported on a wet basis. Values with different superscript letters indicate a significant difference according to Tukey’s test (p ≤ 0.05). 
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Figure 7. Correlation heatmap among the contents of TP, TF, phenolic compounds, and antioxidant activity in jams, evaluated using a color diagram. 
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Figure 8. Radar plot describing sensory evaluations of jams formulated by mixing date fruit and sweet potato (n = 20). 
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Figure 9. Heatmap graph depicting the color results determined instrumentally and evaluated sensorily in jams, using a color diagram. 
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Figure 10. Heatmap graph depicting the color parameters and antioxidant activity evaluated using a color diagram. 
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Table 1. Ingredients and experimental design of date fruit and sweet potato tuber pastes per 100 g of combined paste to determine the optimal jam treatment.






Table 1. Ingredients and experimental design of date fruit and sweet potato tuber pastes per 100 g of combined paste to determine the optimal jam treatment.





	
Ingredients/100 g Jam

	
Khalas Date Fruit

	
Control Treatments




	
DP1

	
DP2

	
DP3

	
DP4

	
DFJ

	
SPJ






	
Date fruit

	
40%

	
35%

	
30%

	
25%

	
50%

	
0.0%




	
Sweet potato

	
10%

	
15%

	
20%

	
25%

	
0.0%

	
50%




	
White sugar, sucrose

	
11%

	
13.5%

	
16.5%

	
17.5%

	
20%

	
65%




	
Citric acid

	
0.030%

	
0.030%

	
0.030%

	
0.030%

	
0.030%

	
0.030%




	
Ascorbic acid

	
0.035%

	
0.035%

	
0.035%

	
0.035%

	
0.035%

	
0.035%




	
Sterile distilled water

	
50%

	
50%

	
50%

	
50%

	
50%

	
50%




	
Total water loss

	
11%

	
13.5%

	
16.5%

	
17.5%

	
20%

	
65%




	
Total

	
100.065

	
100.065

	
100.065

	
100.065

	
100.065

	
100.065
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Table 2. The physicochemical properties and color of date fruit and sweet potato [20,21].
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Contents

	
Date Fruit

	
Sweet Potato




	
(g/100 g wt.)






	
Moisture %

	
22.07 ± 0.18

	
71.17 ± 0.22




	
TS %

	
77.93 ± 1.01

	
28.83 ± 0.37




	
Carbohydrate %

	
66.51 ± 0.28

	
20.57 ± 0.16




	
Protein %

	
2.35 ± 0.28

	
3.64 ± 0.24




	
Fat %

	
0.16 ± 0.02

	
0.36 ± 0.01




	
Total fiber %

	
7.35 ± 0.40

	
2.81 ± 0.73




	
Ash %

	
1.56 ± 0.11

	
1.44 ± 0.41




	
pH

	
5.83 ± 0.07

	
7.17 ± 0.05




	
a*

	
13.75 ± 0.13

	
−1.08 ± 0.81




	
b*

	
20.23 ± 0.11

	
18.54 ± 0.99




	
L*

	
26.57 ± 0.08

	
79.17 ± 1.35




	
°h

	
55.70 ± 027

	
93.30 ± 2.04




	
C*

	
24.50 ± 0.78

	
18.50 ± 0.69








Data are presented as the mean ± standard deviation (n = 3). L*, lightness; a*, redness; b*, yellowness, °h, hue angle, C*, chroma.
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Table 3. Macromineral and micromineral contents in the raw material of date fruit and sweet potato.
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Minerals

	
Date Fruit

	
Sweet Potato




	
(mg/100 g)






	
Na

	
8.71 ± 0.31

	
5.33 ± 0.41




	
K

	
402.32 ± 3.22

	
76.34 ± 1.02




	
Ca

	
39.82 ± 0.68

	
84.23 ± 0.83




	
P

	
57.37 ± 0.74

	
27.18 ± 0.48




	
Mg

	
53.23 ± 0.48

	
0.18 ± 0.03




	
Zn

	
1.43 ± 0.08

	
0.07 ± 0.01




	
Fe

	
1.84 ± 0.12

	
0.95 ± 0.02








Data are presented as the mean ± standard deviation (n = 3). The results are reported on a wet basis.
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Table 4. Bioactive compounds and antioxidant activity of raw material.
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Contents

	
Date Fruit

	
Sweet Potato




	
(mg/100 g)






	
Total phenolics (mg of gallic acid equivalent (GAE)/100 g)

	
387.54 ± 2.23

	
187.67 ± 0.13




	
Total flavonoids (mg of rutin equivalent/100 g)

	
74.46 ± 0.71

	
68.57 ± 0.24




	
Gallic acid

	
16.22 ± 0.26

	
2.08 ± 0.14




	
Syringic acid

	
9.39 ± 0.17

	
ND




	
Coumaric acid

	
6.74 ± 0.21

	
1.39 ± 0.41




	
Caffeic acid

	
13.96 ± 0.52

	
1.48 ±0.36




	
Ferulic acid

	
18.02 ± 0.37

	
28.06 ±0.72




	
Catechin

	
4.89 ± 0.34

	
ND




	
Epicatechin

	
6.56 ± 0.19

	
0.34 ± 0.01




	
β-Carotene

	
0.39 ± 0.02

	
518.94 ± 0.64




	
FRAP (mmol ferrous equivalents/100 g)

	
907.12 ± 2.74

	
1024.64 ± 6.24




	
DPPH (inhibition %)

	
5.27 ± 0.42

	
78.31 ± 0.75




	
ABTS (inhibition %)

	
67.51 ± 1.08

	
82.47 ± 2.36




	
Superoxide (inhibition %)

	
19.19 ± 0.74

	
42.14 ± 0.86








Data are presented as the mean ± standard deviation (N = 3). ND, not detected. The results are reported on a wet basis.
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Table 5. Physicochemical properties of jams.
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Physicochemical Properties of Jams




	
Jams

	
Moisture

%

	
TS

%

	
TSS (°Brix)

%

	
Carbohydrate

%

	
Protein

%

	
Fat

%

	
Total Fiber

%

	
Ash

%

	
pH






	
DFJ 100%

	
25.89 ± 3.52 a

	
74.11 ± 3.52 b

	
64.00 ± 0.70 b

	
67.00 ± 0.26 c

	
1.30 ± 0.03 d

	
0.12 ± 0.02 a

	
4.62 ± 0.20 e

	
1.78 ± 0.04 d

	
3.19 ± 0.04 a




	
SPJ 100%

	
28.87 ± 0.18 ab

	
71.13 ± 0.18 ab

	
66.00 ± 0.27 c

	
69.00 ± 0.17 d

	
1.59 ± 0.40 e

	
0.23 ± 0.02 c

	
1.62 ± 0.05 a

	
1.91 ± 0.03 e

	
3.18 ± 0.08 a




	
DP1 80:20

	
33.16 ± 1.58 b

	
65.84 ± 1.58 a

	
64.00 ± 0.22 b

	
71.83 ± 0.40 e

	
0.96 ± 0.02 c

	
0.15 ± 0.01 ab

	
3.62 ± 0.17 d

	
1.41 ± 0.03 c

	
3.61 ± 0.05 b




	
DP2 70:30

	
31.46 ± 0.88 b

	
68.54 ± 0.88 a

	
62.00 ± 0.41 a

	
68.53 ± 0.19 d

	
0.79 ± 0.03 b

	
0.16 ± 0.02 ab

	
3.12 ± 0.15 c

	
1.22 ± 0.02 b

	
3.77 ± 0.06 c




	
DP3 60:40

	
32.77 ± 2.84 b

	
67.23 ± 2.84 a

	
63.00 ± 0.19 ab

	
65.93 ± 0.24 b

	
0.62 ± 0.01 a

	
0.17 ± 0.01 b

	
2.62 ± 0.13 b

	
1.03 ± 0.03 a

	
3.96 ± 0.04 d




	
DP4 50:50

	
34.34 ± 3.52 b

	
65.66 ± 0.78 a

	
63.00 ± 0.50 ab

	
60.63 ± 0.71 a

	
0.95 ± 0.01 c

	
0.18 ± 0.01 b

	
2.62 ± 0.12 b

	
1.35 ± 0.03 c

	
3.98 ± 0.03 d








Data are presented as the mean ± standard deviation (n = 3). Values with the different superscript letters within the same column indicate a significant difference according to Tukey’s test (p ≤ 0.05). The results are reported on a wet basis.
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Table 6. Bioactive compounds in formulated jams.
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Bioactive Compounds mg/100 g of Jams




	
Jams

	
TPC

	
TFC

	
Gallic

Acid

	
Syringic

Acid

	
Coumaric

Acid

	
Caffeic

Acid

	
Ferulic

Acid

	
Catechin

	
Epicatechin

	
β-Carotene






	
DFJ 100%

	
232.74 ± 1.25 f

	
44.68 ± 0.48 e

	
8.90 ± 0.16 f

	
5.07 ± 0.13 e

	
3.64 ± 0.12 e

	
7.81 ± 0.18 f

	
10.61 ± 0.37 a

	
2.40 ± 0.39 d

	
4.54 ± 0.21 e

	
0.17 ± 0.00 a




	
SPJ 100%

	
114.05 ± 1.87 a

	
38.80 ± 0.45 a

	
1.15 ± 0.07 a

	
ND a

	
0.90 ± 0.03 a

	
0.83 ± 0.05 a

	
15.33 ± 0.36 d

	
ND a

	
0.18 ± 0.00 a

	
310.77 ± 1.68 f




	
DP1 80:20

	
208.60 ± 1.37 e

	
43.11 ± 0.32 d

	
6.95 ± 0.11 e

	
3.66 ± 0.10 d

	
2.69 ± 0.09 d

	
6.01 ± 0.14 e

	
11.15 ± 0.23 ab

	
1.77 ± 0.19 c

	
3.27 ± 0.17 d

	
61.89 ± 0.34 b




	
DP2 70:30

	
196.53 ± 1.43 d

	
42.32 ± 0.25 cd

	
5.98 ± 0.09 d

	
2.95 ± 0.09 c

	
2.22 ± 0.08 c

	
5.11 ± 0.11 d

	
11.42 ± 0.16 b

	
1.08 ± 0.27 b

	
2.63 ± 0.15 c

	
92.75 ± 0.50 c




	
DP3 60:40

	
184.46 ± 1.49 c

	
41.53 ± 0.19 bc

	
5.00 ± 0.07 c

	
2.24 ± 0.08 b

	
1.74 ± 0.07 b

	
4.22 ± 0.09 c

	
11.69 ± 0.09 b

	
0.77 ± 0.10 b

	
2.00 ± 0.12 b

	
123.61 ± 0.67 d




	
DP4 50:50

	
172.89 ± 1.56 b

	
41.24 ± 0.16 b

	
4.53 ± 0.04 b

	
2.04 ± 0.07 b

	
1.77 ± 0.05 b

	
3.82 ± 0.07 b

	
12.47 ± 0.05 c

	
0.80 ± 0.08 b

	
1.86 ± 0.10 b

	
154.97 ± 0.84 e








Data are presented as the mean ± standard deviation (n = 3). Values with different superscript letters within the same column indicate a significant difference according to Tukey’s test (p ≤ 0.05). TPC, total phenolic content (mg of GAE/100 g); TFC, total flavonoid content (mg of rutin equivalent/100 g). The results are reported on a wet basis.
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