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A B S T R A C T   

This research aimed to develop a jam using orange-fleshed sweet potato puree (OFSPP) and pineapple pulp (PP) 
and to assess nutritional, gelling, sensory, and microbiological qualities. Four jam formulations of OFSPP: PP 
(70%:30, 50%:50%, and 30%:70) and 100% PP were developed and evaluated. Increasing the level of OFSPP 
resulted in a significant (P<0.05) decrease in moisture content (34.39–23.70%), but increased the fat 
(0.16–0.18%), ash (0.35–0.40%), protein (0.93–1.57%), and carbohydrates (61.70–67.69%) content. The con-
centration of β–carotene decreased with a reducing OFSPP fraction (P<0.05). After 12 weeks of storage, the 50% 
OFSPP and 50% pineapple jam had a total plate count of 4.50 CFU/g, although coliform and mould were not 
present in all the processed jam samples. The mixed jam with 50% OFSPP: 50% PP had a higher sensory 
acceptance. These results indicate that food processors could develop OFSP-PP jams as a β–carotene enriched 
functional food.   

1. Introduction 

Sweet potato (Ipomoea batatas, L.) is an American plant discovered in 
Africa in the 1500s [1]. The crop is widely grown in Africa and is 
recognized as drought-resistant and a food security crop with an annual 
yield of roughly 24.2 million tons [1]. Orange-Fleshed Sweet Potato 
(OFSP) is a bio-fortified sweet potato with β–carotene [2]. The OFSP has 
a characteristic sweet flavour and a pleasing yellow-to-orange appear-
ance. In Sub-Saharan Africa, it is promoted as a food-based method to 
alleviate Vitamin A Deficiency [1]. Vitamins, minerals, non-digestible 
dietary fibre, polyphenols, antioxidants, and anthocyanin are abun-
dant in sweet potatoes [2,3]. The roots of sweet potatoes also contain 
water-soluble pectin, making them a viable raw material for jams and 
jellies [4]. Additionally, consuming cooked pureed OFSP daily may 
benefit vitamin A reserves in populations at risk of deficiency [5]. 

OFSP has been used to refine existing recipes for bread, snack, con-
fectionery products, and complementary foods [2,6]. Fresh OFSP roots 
are usually boiled, baked, roasted, or fried, and they are occasionally 
sliced to form chips or added to salads [1]. OFSP is currently in high 
demand due to its high level of carotene and non-provitamin carotenoids 
and its anti-carcinogenic and cardiovascular disease inhibitory proper-
ties [1,2,7,8]. Again, β-carotene increases humoral cell-mediated im-
munity and phagocytosis, inhibits lipid peroxidation regulates the 

formation and function of prostaglandins, thromboxanes, and leukotri-
enes [9]. As a result, diversifying the utilization of OFSP through recipe 
refinement could be effective strategy to assure the populace of the 
benefits of OFSP [1]. In this research, pineapple was used together with 
OFSP [4] to make jam. 

The setting of jam depends on the presence of pectin [10]. However, 
commercial pectin, used in producing fruit preserves in Ghana, is highly 
expensive and its supply is limited. The high cost and limited supply of 
pectin have led to the search for other suitable and cheaper gelling 
agents in the production of jams [11]. Besides, pineapple is a tropical 
fruit preferred by consumers and has an abundance of bioactive com-
pounds, aroma compounds, and nutrients [12], which may assure con-
sumers of nutrient and health adequacy. Also, utilizing OFSP and 
pineapple in jam making may cause a drop in post-harvest losses asso-
ciated with these seasonal crops [13]. Also, it may boost the income 
levels of farmers who are into the cultivation of these crops. 

Pineapple (Ananas comosus) is a tropical and sub-tropical plant that 
belongs to the Bromeliaceae family and contains essential phytochemi-
cals including carotene, bromelain, vitamins (A and C), minerals, and 
organic acid; also it is known to possess a variety of beneficial biological 
activities including anti-browning, anti-inflammatory and antiplatelet 
properties [10,12], for instance, bromelain present in the fruit promotes 
iron absorption and regulates blood pressure and heart rate [14]. More 
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so, Due to its high bromelain content, which aids in lipolysis and lessens 
the severity of cardiovascular syndromes, pineapple has evolved as a 
fruit that is beneficial in the treatment of obesity and dys-lipidemia [15]. 
Fresh fruits have a documented protective effect against cardiovascular 
disorders [15]. Illnesses including Type 2 diabetes, osteoarthritis, and 
cardiovascular conditions can all be attributed to obesity [15]. However, 
pineapple juice might fight obesity and has no negative side effects [15]. 
Treatment with a hydro-alcohol Ananas comosus extract reduced serum 
levels of total cholesterol, LDL cholesterol, and VLDL cholesterol, ac-
cording to research [16]. In addition, pineapple reduced total choles-
terol, triacylglycerol, and LDL-cholesterol in rats and mice, according to 
Ref. [16]. The result was attributed to bromelain’s presence, which 
possesses lipolytic and proteolytic activity, and to the raw juice’s high 
fibre content, which had a hypo-cholesterolemic impact [16]. The risk of 
lipid-related disorders may be reduced by pineapple [17]. It is important 
to note that pineapple includes a significant quantity of vitamin C, which 
is used in antioxidant-based therapies to combat the negative effects of 
obesity-related fat build-up [15]. Additionally, the anti-obesity action of 
pineapple juice may be attributed to the phenolic chemicals in pineapple 
[18]. In obese mice, gallic acid decreased serum triacylglycerol and 
body weight [19]. By controlling lipid metabolism, syringic acid has 
anti-obesity and anti-steatosis properties [20]. By modifying enzymatic, 
hormonal, and inflammatory responses, ferulic acid has been shown to 
reduce the risk obesity [21]. It has been suggested that pineapple may 
offer protection against the onset of insulin resistance brought on by 
obesity [16]. 

Jams are a widely accepted commodity, and the market for jam, jelly, 
and preserves is expanding at a faster rate [22]. The world’s largest 
producer and consumer of jam is France [23]. About 3.36 billion tons of 
jams were consumed and around 4000 tons were manufactured in 2016 
[Centre for the Promotion of Imports from Developing Countries (CBI) 
[24]. Jam production is particularly notable in Turkey, Spain, Chile, 
India, China, the United States, and Brazil [23]. In Brazil, 15.5 million 
tons of jam were produced in 2017 [25]. The jams prepared from 
strawberries, oranges, grapes, apricots, blueberries, mangoes, and 
pomegranates are the most popular and widely manufactured [26–28]. 
With around 485,000 tons of jams and fruit preserves produced each 
year, industrial production of jams and spreads in Europe is highly 
significant economically [28]. Additionally, Data Bridge Market 
Research’s analyses showed that during the forecast period of 
2022–2029, the global market for jam, jelly, and preserves expanded at a 
CAGR of 4.25% [29]. The market for jam, jelly, and preserves will in-
crease at a faster rate due to the growing popularity of jams among 
young people [30]. Hence, this study aims to develop a jam using 
orange-fleshed sweet potato puree (OFSPP) and pineapple pulp (PP) and 
assess nutritional, gelling, sensory, and microbiological qualities. 

2. Materials and methods 

2.1. Sources of raw materials 

OFSP roots [29] were purchased in Kushebu, Ghana’s Northern Re-
gion, and carried in sacks to the Faculty of Agriculture, Food, and 
Consumer Sciences, Food Production Laboratory. The smooth cayenne 
pineapple and yellow lemon were purchased from a fruit trader in 
Tamale Municipality. Whiles the sugar was bought from a supermarket 
in Tamale Municipality. The roots of OFSP and the pineapple fruits were 
washed under running water and air-dried for 5 min. Clean, fresh, and 
undamaged OFSP roots (5400 g) were diced into an unvarying size of 
2.50 cm with a sterile knife. The chopped roots were wet-cooked for 30 
min after boiling using Delron: Model No.: DGS- 002AS stove with 
enough water that covered at least 1 inch of the OFSP; it was then 
allowed to cool for 5 min. The boiled OFSP roots were pureed (OFSPP) 
using a mashed potato equipment. The clean and undamaged pineapple 
fruits (8600 g) were peeled using a sterilized YKC hot chef stainless steel 
knife, then chopped into pieces and pulped (PP) with a mixer (Binatone: 

Model No.: BLG-402). 

2.2. Jam processing 

Based on preliminary research [31], the OFSPP and PP were mixed in 
proportions OFSPP: PP (70%:30, 50%:50%, and 30%:70) and 100% PP) 
using the classic method of jam making described by Ref. [14] with 
minor modifications, since sweet potato contains pectin [4], additional 
pectin was not added to the OFSPP and PP mixed jam, except for the 
100% PP. The jams were processed in an open stainless-steel pan on a 
stove (Delron: Model No.: DGS- 002AS) for 30 min at 95 ◦C. The acidity 
was attuned to a pH of 3.0–3.2 by adding lemon juice of 0.3%. Sugar 
(15%) was added and the mixture was cooked to 64.56 to 65.40 ◦Brix. 
Afterwards, the jams were poured hot into 300-mL sterilized glass bot-
tles (weighing 200 g) with metal covers and allowed to cool before being 
analysed. 

2.3. Compositional analysis and the energy value of the formulated jams 

The methods described in the Official Methods of Analysis of the 
Association of Official Analytical Chemists [32] were used to determine 
the amount of moisture (AOAC 925.10), crude protein (AOAC 960.52), 
and crude fat (AOAC 922.06) in all the jam formulations. Total dietary 
fibre was determined by the enzymatic-gravimetric method (AOAC 
991.43), and carbohydrate content was calculated by adding protein, 
fat, moisture, ash, and total dietary fibre and subtracting it from 100% 
[33]. As indicated by Ref. [33], the energy content of the formulated 
jams was determined using the Atwater factor, where 4 = carbohydrate, 
9 = fat, and 4 = protein. 

2.4. β-Carotene and ascorbic acid determination 

The determination of β-carotene was carried out using a UV/vis 
Spectrophotometer V-530 (Jasco, Madrid, Spain), according to the 
procedure reported by Ref. [34]. Five (5) grams of jam sample were 
weighed into a 50-mL centrifuge tube. It was allowed to stand for 15 min 
at 41 ◦C with intermittent shaking before vortexing for 15 min. Finally, 
the samples were centrifuged for 10 min at 1370 g. The recovered su-
pernatant was transferred to a new test tube. The β-carotene was 
re-extracted with 5 mL acetone, then centrifuged using the same set-
tings. The supernatants were mixed and then filtered through No. 42 
Whatman filter paper. A UV/Vis spectrophotometer was used to mea-
sure the absorbance of the filtrate at a wavelength of 449 nm, while the 
2, 6- dichlorophenol indophenol titration method was used to determine 
ascorbic acid [35]. 

2.5. pH and total soluble acids (◦Brix) 

A calibrated “Crison” pH meter was used to determine the pH of the 
jam at 4.01, 7.00, and 9.21. The pH meter electrodes were dipped into a 
20 mL jam sample for 15 s, and the pH value was recorded. A Reichert 
hand refractometer (AR200TM) was used to record total soluble solids 
(◦Brix), which was calibrated with distilled water. Using a pipette 
dropper, 2–3 drops of the sample were transferred to the refractometer 
prism. After that, the degree Brix was recorded. 

2.6. The gel profile of the processed jam samples 

Using a standard technique two outlined by Ref. [36], a Rapid 
Visco-Analyzer (RVA) (RVA Model 4500, Perten Instruments, Australia) 
was used to analyse the gelling characteristics of the processed jam. 
Briefly, a 23-min heating and cooling cycle were configured to hold the 
sample mixtures (3.5 g sample/25 g water) at 50 ◦C for 1 min, then heat 
to 95 ◦C for 5 min, then cool to 50 ◦C for 7.5 min, and hold for 1 min. 
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2.7. Microbial analysis 

The jams were assessed after preserving at room temperature for 12 
weeks, and the total plate count, yeast, mould counts, and total coliform 
counts were measured. 

2.7.1. Total plate count 
The total plate count was determined according to Ref. [33]. In brief, 

equipment for sampling and plating was dried and heated in a hot air 
oven at 160 ◦C for 2 h to disinfect it. Rubber corks were autoclaved for 
15 min at 121 ◦C. Tryptone, yeast extract, glucose, sodium chloride, 
Agar bacterial grade, and distilled water were combined to create a 
growth medium. Hydrochloric acid and sodium hydroxide (1 N) was 
used to alter the medium’s pH. (1 N). The medium was put into bottles 
that were autoclaved and was refrigerated. After sterilization, each 
dilution bottles were filled with phosphate buffer with each having 99 
mL of blanks. A pipette was used to add 1 mL of the substance to the first 
dilution, resulting in a 1:100 dilution. Taking 1 mL from the previous 
bottle and adding it to the new one produced a subsequent dilution of 
1:1000. The growth medium present in the ampoule was liquefied over 
hot water. The plates received around 15 mL of the liquefied liquid at 
44 ◦C. Each plate was carefully mixed with the test portions in the petri 
dish. The mixture was allowed to congeal. The plates were then inverted 
and placed in the incubator. For 48 h, plates were incubated at 37.0 ±
0.51 ◦C. All colonies were counted and recorded after incubation. 

2.7.2. Yeast and mould 
The [37] technique was employed for the test for yeast and mould. 

The jam sample was diluted 10− 1 times with water that contained 0.1% 
peptone. It was homogenized and pipetted to 15.0x100.0 mm Petri 
plates with labels already on them. The plates were filled with dichloran 
18% (DG18), agar (184), and the contents were mixed before the plates 
were incubated for five days in the dark at 250 ◦C. Growth was then 
measured. 

2.7.3. Coliforms 
The coliforms in the jam products were examined using [38], 990.11 

Official Methods of Analysis. Equipment for sampling and plating was 
dried and heated in a hot air oven at 160 ◦C for 2 h to disinfect it. Using 
an autoclave set at 121 ◦C for 15 min, media and materials like rubber 
cork were disinfected. 

2.8. Sensory evaluation 

The sensory test was done at the University for Development Studies’ 
Department of Food Science and Technology’s food processing sensory 
room by the methods described by Ref. [39]. Before the sensorial 
studies, the jams were held at 28 ± 2 ◦C for 24 h. Each panellist was 
offered 45 g of the jam placed in a 40 mL transparent plastic plate 
branded with random 3-digit figures. The panellists received water and 
unsalted crackers as palate cleaners in between samples [40,41]. After 
getting the panellists’ informed consent, 87 untrained students—60 men 
and 27 women—enrolled in the Food Science and Technology program 
who are familiar with jams and can eat them without experiencing an 
allergic response were enlisted to take part in the sensory evaluation 
trials. furthermore, the panellists were again screened based on [40,41] 
screening procedure. The sensory test was performed in a room with 
cool, well-lit light-emitting diodes, and evaluations were carried out at a 
table with privacy dividers. Based on taste, colour, aroma, and overall 
product acceptance a five-point hedonic scale (5 = like extremely, 4 =
like moderately, 3 = neither like nor a dislike, 2 = dislike considerably, 
1 = dislike) was used instead of a nine-point hedonic scale, because the 
five-point hedonic scale is easy to adopt without additional training, also 
in terms of sample preference five-point hedonic scale and the 
nine-point hedonic scale showed no difference [42]. Before tasting the 
products, the panellists were instructed to assess the colour and aroma of 

the jam. To prevent biases, specific information on the different types of 
the jam was kept from the panel members during the study. Using Latin 
square investigative design, the jam samples were presented in a 
sequential monadic pattern [40,43,44]. 

2.8.1. Permission, ethical approval, and consenting 
Consent to participate in the study was obtained from the panellists. 

Permission and ethical approval to conduct the study was obtained from 
the Department of Food Science and Technology. Faculty of Agriculture, 
Food and Consumer Sciences, University for Development Studies. 

2.9. Statistical analysis 

Using Xlstats Statistical Software version 21, the data were subjected 
to one-way ANOVA, with significance set at a 95% confidence level. 
When a significant difference (P<0.05) was found, a post hoc test (LSD) 
was performed. The findings are summed up and presented as means in a 
table or graph. The correlation matrix of the physico-chemical charac-
teristics and the standardized sensory responses underwent a principal 
component analysis (PCA). A combined data with the processed jam- 
type (scores) and their properties were used for this investigation 
(loadings). The outcomes were displayed as 3D plots, where both the 
properties (loadings) and processed jam type (scores) were plotted. It 
was done with the statistical software Origin-Pro 2021. 

3. Results and discussion 

3.1. Energy value and the nutritional composition of the jam formulations 

The results in Table 1 show the energy value and nutrient compo-
sition of the jam samples. In this study, it was discovered that the OFSPP 

Table 1 
Physicochemical and microbiological properties of different OFSPP and PP jam 
formulations.  

Parameter 70% 
OFSPP: 
30% PP 

50% 
OFSPP: 
50% PP 

30% 
OFSPP: 
70% PP 

100% PP P- 
value 

Energy (Kcal) 279.74 ±
0.14a 

262.60 ±
0.11b 

252.05 ±
0.10c 

256.85 
± 0.03c 

0.021 

Moisture (%) 23.70 ±
0.54c 

30.60 ±
0.30b 

34.39 ±
0.31a 

35.31 ±
0.20d 

0.031 

Ash (%) 0.40 ±
0.05a 

0.35 ±
0.05a 

0.31 ±
0.06a 

0.29 ±
0.07a 

0.001 

Fat (%) 0.18 ±
0.00d 

0.16 ±
0.00b 

0.17 ±
0.00bc 

0.25 ±
0.01d 

0.021 

Protein (%) 1.84 ±
0.18a 

1.57 ±
0.01b 

0.93 ±
0.01c 

0.41 ±
0.04d 

0.002 

Carbohydrate 
(%) 

67.69 ±
0.68a 

63.72 ±
0.26b 

61.70 ±
0.25c 

63.23 ±
0.24d 

0.001 

Total dietary 
fibre 

6.19 ±
0.21a 

3.60 ±
0.38b 

2.50 ±
0.28b 

0.51 ±
0.32d 

0.040 

Vitamin C (%) 19.20 ±
3.79b 

22.68 ±
3.87a 

25.30 ±
1.82a 

30.20 ±
1.83a 

0.001 

Beta Carotene 
(μg/100g) 

0.75 ±
0.01a 

0.29 ±
0.00b 

0.04 ±
0.01c 

nd 0.023 

◦Brix 64.56 ±
0.30d 

64.68 ±
0.29c 

64.79 ±
0.93b 

65.40 ±
0.10a 

0.001 

pH 3.02 ±
0.01b 

3.04 ±
0.01a 

3.1 ±
0.01c 

3.20 ±
0.03d 

0.034 

Total plate count 
(CFU)/g 

4.50 ±
0.03a 

4.50 ±
0.12a 

6.50 ±
0.07a 

8.00 ±
0.32a 

0.001 

Yeast and mould 
(CFU)/g 

nd nd nd nd – 

Coliform (CFU)/ 
g 

nd nd nd nd – 

Values are mean ± standard deviation. Values with the different superscripts 
within the same row are significantly different (P <0.05). nd: non-detected: 
OFSPP (Orange-fleshed sweet potato pulp); PP (pineapple pulp); Results on 
the jam nutrient composition are on a dry matter basis. 
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throughout the jam-making process substantially impacted the energy 
content of three OFSPP-PP jams. The energy content of each OFSPP-PP 
jam under investigation varied significantly (Table 1), with a mean 
value ranging from 252.1 to 279.7 kcal/100 g. The lowest value was 
found in the 30% OFSPP-PP jam, whereas the mean energy content of 
the 70% OFSPP-PP jam was considerably (P<0.05) higher than that of 
other processed OFSPP-PP Jam. Jam produced with 70% OFSPP also 
had significant calorie and carbohydrate levels. As a result, OFSP, like 
other starchy root and tuber crops, can provide ingredients for dietary 
energy-producing foods for humans and animals [45,46]. The 
OFSPP-PP’s jams different protein and fat contents may have contrib-
uted to the observed variances in energy content in the OFSPP-PP jam 
[45]. 

All the jams examined had varying levels of moisture (P<0.05), 
ranging between 23.7 and 35.3%, corroborating other findings from 
roselle [47] and other fruit jams [48]. Also, there was a reduction in 
moisture with an increasing level of OFSPP incorporation as compared 
with that of 100% PP. 

Compared to other jams with varying OFSPP concentrations, the fat 
level of the 100% PP formulation was significantly different (Table 1), 
showing a higher fat (0.25%) content. In general, jam products with 
OFSPP had a significantly (P<0.05) lower fat content than jams with 
100% PP but were still within the range of fruit jam fat of 0.1–0.2 g/100 
g [23,24]. 

The processed jams’ protein content ranged from 0.93% to 1.84%. In 
addition, the treated jams differed significantly (P<0.05). The protein 
level of those prepared with 30% OFSPP was 0.93%. The protein content 
of the processed jams increased significantly (P<0.05) as the concen-
tration of OFSPP increased. The greater protein content could be due to 
the OFSP peels, which likely kept the protein in the boiling OFSP [49]. In 
comparison to this study, the protein content of other jams was 0.27 
g/100 g for grape jam, apricot jam (0.43 g/100 g), blueberry jam (0.31 
g/100 g), strawberry jam (0.41 g/100 g), jackfruit (0.19 g/100 g), and 
pineapple jam (0.46 g/100 g) [23,50]. 

The processed jams differed considerably (P<0.05) in carbohydrate 
content. However, compared to the other processed jams, it was shown 
that 70% of OFSPP had the most significant total carbohydrate load 
(67.69%). These results revealed that jams with a more significant 
proportion of OFSPP had a higher total carbohydrate content during the 
jam-making process. The quantity of sugar >50 g/100 g in jams may be 
connected to higher carbohydrate content [48]. Ref. [51] found that the 
carbohydrate content of pineapple and jackfruit jams ranged from 14 to 
48 g/100 g. 

The 70% OFSPP formulation had a significantly (P<0.05) higher TDF 
concentration than the 100% PP jam in terms of TDF. This could be 
attributed to the jam’s high concentration of OFSPP, which likely 
enhanced the jam’s dietary fibre level [2]. Formulations containing 50% 
OFSPP and 30% OFSPP, on the other hand, were not substantially 
different at P<0.05. According to another study, jams made with grape, 
strawberry, and blueberry TDF contained 1.3 and 3.8 g/100 g of TDF 
[52]. TDF values for orange, plum, and guava jams were 0.3–5.2 g/100 g 
[53]. 

Concerning ash content, jams made from 100% PP had a consider-
ably (P<0.05) lower ash (0.29%) content than jams made from OFSPP: 
PP, which varied from 0.32 to 0.40%. Even though the ash content in 
this study ranged from 0.29% to 0.40%, it was equivalent to the ash 
content in jack fruit pineapple jam [51]. 

The vitamin C concentration of the jam samples ranged from 19.2% 
to 30.2%, with 100% PP formulations having a higher (30.21%) vitamin 
C content than OFPP: PP jams (Table 1). Because PP is a potential source 
of vitamin C, this was expected. However, it was clear that lowering the 
concentration of OFSPP while increasing the concentration of PP 
enhanced the amount of vitamin C in the OFSPP: PP jams. In terms of 
β–carotene concentration, the jam manufactured with 70% OFSPP had 
the highest (0.75 g/100 g) β–carotene level compared to the other jam 
formulations. An increase in the amount of OFSPP in a jam resulted in an 

increase in the amount of β-Carotene in a jam. This may be owing to the 
high β–carotene content of OFSP [28,30], which likely contributed to 
the increase in β–carotene concentration in the OFSPP: PP jams. 

3.2. Total soluble solids (◦Brix) and pH of the jam 

The total soluble solids (◦Brix) content of the jams ranged from 64.79 
to 65.40◦ Brix, with the 100% PP jam having the highest. Among the 
OFSPP incorporated level, increasing levels led to higher ◦Brix. The ◦

Brix content of the OFSPP: PP jam was lower than that of fruit jams. The 
TSS of Jamun jam, for example, was reported to be 68.3◦ Brix by 
Ref. [54]. 

The pH of the OFSPP: PP jam ranged from 3.1 to 3.2, with a signif-
icant difference at P< 0.05, as indicated in Table 1. This result is com-
parable to Ref. [55] findings on jams. Compared to jams created with 
30% and 50% PP, an increase in the PP (70%) resulted in a dip in the pH 
value. The jam made entirely of PP had a pH value of 3.2. The pH of the 
jam is crucial in achieving the best gel state [56]. This study’s pH value 
is acidic, which may help preserve the jam products [57]. 

3.3. Gelling properties of the formulated jams 

The formulated jams’ ability to gel suggests the existence of pectin, 
which can gel, in OFSPP [4] and PP [58,59]. As a result, the gel strength 
shown (Table 2 & Fig. 1) may depend on the concentration of pectin in 
the OFSPP [4] and the PP [58,59]. Most likely, as pectin concentration 
increased, the number of carboxylic-acid groups of the pectin molecules 
rose as well, reducing repulsive forces and allowing hydrogen bonds to 
form, which probably strengthened the gelation network [60]. In a 
study, it was found that jam’s ability to gel improved as the pectin 
proportion increased [61], besides it is frequently mentioned in the 
literature that an increase in gel strength depends on the rising pectin 
concentration [60,62]. 

3.4. Microbial quality of the jam 

After the 12th week of storage, the processed jams were tested for 
microbiological quality, as shown in Table 1. For processed jams, the 
total plate count was within the permitted limit of colony-forming units 
[63]. In addition, no coliforms, yeast, or mould were found in any of the 
processed jam samples [33,35,36]. suggest that the presence of 
β-Carotene and acidic characteristics in processed jams may prevent the 
growth of microbes. Furthermore, this finding shows that the processed 
jams meet health and hygienic standards for jam processing. 

3.5. Sensory properties of jam 

As shown in the radar plot (Fig. 2), all processed jams tasted 
considerably different, but the formed jam made up of 50% OFSPP had 
the greatest mean taste score (4.08) compared to 100% PP, which had 
the lowest mean taste score of 2.43. This demonstrates that a 50% 
OFSPP congestion was selected. OFSPP (50%) jam scored higher in 
terms of colour (4.07). OFSPP (70%) got the lowest score value of 3.10 
when it came to the aroma of the jams (Fig. 2). The fragrance with the 

Table 2 
Viscosity values of the formulated jam.  

Jam type Peak viscosity [Pa*s] Final viscosity [Pa*s] 

70% OFSPP: 30% PP 1.041 ± 0.00a 7.685 ± 0.00e 

50% OFSPP: 50% PP 9.240 ± 0.00b 7.409 ± 0.00f 

30% OFSPP: 70% PP 8.617 ± 0.00c 6.610 ± 0.00g 

100% PP 5.390 ± 0.00d 4.798 ± 0.00h 

Values are mean ± standard deviation. Values with the different superscripts 
within the same column are significantly different (P <0.05); OFSPP (Orange- 
fleshed sweet potato pulp); PP (pineapple pulp). 
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highest score (3.79) was 50% OFSPP jam. In terms of overall consumer 
liking, the 30%, 50%, 70%, OFSPP jam, and 100% PP jam obtained 
overall liking scores of 3.88 ≈ 4.00; 4.18; 3.85 ≈ 4.00; and 3.49 ≈ 4.00 
respectively, 30% OFSPP; 50% OFSPP; 70% OFSPP, and 100% PP jams 
were located in the “like moderately’ ’region of the hedonic scale. In 
terms of overall jam acceptability, 50% of OFSPP received the highest 
grade (4.18) at a significant difference of P< 0.05. 

3.6. Principal component analysis (PCA) of the processed jam 

PCA was performed using all of the physiochemical parameters 
evaluated to emphasize the distinctive characteristics of each jam 
(Fig. 3) More than 93.76% of the total variation could be explained by 
the first two PCs’ (PC1 and PC2) highest eigenvalue. In actuality, PC1 
accounted for 62.48% of the total, while PC2 made up 31.28%. The jams 

were thus separated into four groups based on the loading values of the 
physicochemical and sensory attributes by the correlation between 
processed jams (scores) and their properties (loadings), as shown in 
Fig. 3. As a result, PC1 and PC2 were favourable for the first group. It 
contained the 50:50% OFSPP: PP jam, which was distinguished by 
having the highest pH, a substantial amount of protein, and the highest 
level of overall acceptance with the best taste and consistency. 

The second group, which had the 70% OFSPP: 30% PP jam, was 
generated by the jam that was on the opposite side of PC1 and PC2. The 
highest levels of energy, ash, carbohydrate, total dietary fibre, and beta 
carotene were found in this jam. The third group, which consisted of 
30% OFSPP: 70% PP jams and was located on the positive side of PC2 
and the negative side of PC1 was distinguished by its moisture and 
vitamin C as well as a relatively high level of colour and aroma. The last 
group, which consisted of jams made entirely of pineapple fruit and 

Fig. 1. Gel profile of the processed (70% OFSP puree and 30% Pineapple pulp) jam (A); Gel profile of the processed (50% OFSP puree and 50% Pineapple pulp) jam 
(B); Gel profile of the processed (30% OFSP puree and 70% Pineapple pulp) jam (C); Gel profile of the processed (100% Pineapple) jam (D). 

Fig. 2. Sensory attributes of OFSPP-PP jam.  
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located on the negative side of PCs 1 and 2, was distinguished by having 
the highest ◦Brix and lowest fat level. 

4. Scope and limitations of the research 

The experimental production of jam using OFSPP and pineapple is 
described in this work along with the resulting nutritional, physical, 
gelling, microbiological, and sensory properties of the PP and OFSPP 
jam. Additional research must be done on the specific water-soluble 
vitamins, the composition of amino acids, and the HPLC/MS evalua-
tion of the phytochemical elements of the jam. Additionally, it’s 
important to research the processed jam’s antioxidant capacities. 

5. Conclusions 

In conclusion, using OFSPP and PP in jam production improved the 
fat, TDF, protein, β-Carotene, gelling and sensory properties of the jams, 
while the PCA revealed that incorporation of OFSPP altered the physical 
and sensorial properties of the jam, it can be assumed that the best 
formulation of the jam was 50% OFSP: 50% PP. Also, the microbiolog-
ical quality of the jams was adequate. 
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