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ABSTRACT
The aim of this study was to investigate the chemical composition, sensory 
attributes, texture properties (Back extrusion test), antioxidant activity, and 
phenolic compounds of black plum peel jam as a function of black plum 
puree (40, 50, and 60%) and pectin (0, 0.1, 0.2, 0.3, and 0.4%). Instrumental 
texture evaluation showed that increasing the pectin level increased texture 
parameters (firmness, cohesiveness, consistency, and index of viscosity), 
nonlinearly. Sensory evaluations showed that total acceptance decreased 
by black plum peel puree. It seems that brighter samples received more 
acceptance for panelists. Black plum peel jam including 40% puree and 
without pectin was determined as the best formulation among the samples. 
Antioxidant capacity and total phenolic compounds of black plum peel jam 
picked up with increasing the puree concentration. PLS analysis showed that 
the results of sensory and instrumental properties were in agreement with 
each other.
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Introduction

Plum (Prunus subg. Prunus) is one of the important fruits of moderate regions. This fruit originated in 
the area bordering the Caspian Sea. It is a single-core fruit of the apricot and peach family, with 
a varied flavor (from sour to sweet) and yellow, green, red, and purple colors that are present in more 
than thousands of varieties of fruit in color, size, and shape.[1,2] Plum is a rich source of carbohydrates 
and sugars, amino acids, vitamins (vitamins A, B2, C, and PP), minerals (iron, calcium, phosphorus, 
magnesium, manganese, fluorine, sulfur, and potassium), dietary fibers (specially pectin), and phe-
nolic compounds .[3–6] Studies have shown that this fruit has antioxidant, anticancer, antihypergly-
cemic, antihyperlipidemic, antihypertensive, antiosteoporosis, and laxative activities.[7,8] Also because 
of sorbitol, pectin, and its phenolic compounds like anthocyanins, flavonols and carotenoids, it can be 
useful for human diet.[9–12] Dietary fiber of plum, especially soluble fiber appears to have health- 
beneficial properties, like lowering LDL cholesterol, improving glucose tolerance, and promoting 
Bifidobacteria in gut.[13,14]

Plum fruit is processed into foods contain, jam, marmalade, prune juice, and beverage. However, 
drying is the oldest and most common way of plum processing.[12] According to the FAO, the amount 
of plums produced in Iran in 2018 was 313,103 tons.[15] In general, every five kilograms of black plum 
contain one kilogram of peel. Therefore, more than 62,000 tons of plum peel was produced in Iran. 
During the plum drying process, a considerable amount of plum peel remains. They can pollute the 
environment and impose environmental cleanup costs, while it contains all the nutritional properties 
of plums and can be used to produce new food products.[2]
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Jam is a product derived from cooking fruits with sugar, water, acid and gelling agents such as 
pectin.[16] In some cases, fruit byproducts are used for jam production.[17–20] Literature review shows 
that there have been lots of research into the quality of jams.[19,21–31][20, 32–38] However, to our 
knowledge, there is no study available concerning about the physicochemical and sensory properties 
of black plum peel jam. The purpose of this study was to use the black plum peel for jam production 
and to study the chemical properties (acidity, pH, brix and moisture content), sensory attributes 
(flavor, color, consistency, firmness, adhesiveness, and total acceptance), texture characteristics (firm-
ness, cohesiveness, consistency, and index of viscosity), antioxidant capacity, and total phenolic 
compounds of black plum peel jam in different levels of pectin and black plum peel. In the end, 
antioxidant capacity and phenolic compounds of black plum peel jam were compared with six jams 
(raspberry, strawberry, sour cherry, plum, carrot, and rose petals) in the markets. Black plum peel jam 
is a novel food that uses the by-product of plum processing and helps to reduce environmental 
pollution and improve the agricultural economy.

Materials and methods

Raw materials

Raw materials were frozen black plum peel, water, pectin, sugar, and citric acid. Plum peel was 
obtained from plum processing factories, Neyshabur, Iran, pectin (Green Ribbon, Citrus, 57–62% 
degree esterification, NATUREX, Switzerland), citric acid (Jovein, Sabzevar, Iran), and sugar from 
Neyshabour supermarkets, Khorasan Razavi, Iran.

Sample preparation

Black plum peels were sorted to remove impurities. After that, they were washed, crushed, and frozen. 
For jam production, the crushed peel mixed with water at a ratio of four times and passed through the 
filter to obtain a uniform material that named black plum puree. Brix and pH of black plum puree were 
24 and 3.79, respectively. Black plum peel fragments (10%) with a length of 2 mm and a width of 1 mm 
was added to the plum puree and was heated with sugar to 60° Brix. Then, pectin and citric acid were 
added and the heating process was continued to 65–70° Brix and pH = 2.8–3.5. After that, jam samples 
were filled in glassware and placed at room temperature (25°C ±2) for 24 hours to perform the gelation 
process. Figure 1 shows images of black plum, dried plum, and black plum peel jam. The components 
of the black plum peel jam were plum puree (40, 50, and 60%) and pectin (0, 0.1, 0.2, 0.3, and 0.4%).

Chemical composition

Chemical compositions of the black plum peel jam samples were pH, Brix, acidity, and moisture 
content. The acidity was measured according to AOAC official method 942.15.[39] Soluble solid (Brix) 
was measured using a refractometer (RHBO_80, Link, Fuzhou, China). The pH was controlled by 
a pH meter (Sartorius PB_11, Göttingen, Germany), moisture content was measured by an oven (Fan- 
Azma-Gostar, Iran at 70°C). Chemical measurements were performed at three replications.

Instrumental textural properties

Texture properties of the jam samples were obtained from a backward extrusion test using a TA.XT 
Plus Texture Analyzer (Stable Micro Systems, England, UK). Backward extrusion quipped with a disc 
(45 mm diameter) was used for evaluating the textural attributes of black plum peel jam. Tests were 
carried out in a standard size container with 50 mm diameter and 70 mm height. During the test, the 
disc was displaced to a depth of 50% at 60 mm/min test speed. At this point (most likely to be the 
maximum force), the probe returned to its original position. The textural parameters of jam expressed 
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as firmness (N), (The maximum force of graph), cohesiveness (N) (The maximum negative force), 
index of viscosity (The negative area of graph) (N.s), and consistency [N.s] (The positive area of 
curve). Back extrusion test was performed in three replications. Figure 1 shows back extrusion test and 
a typical curve of black plum peel jam.

Sensory properties of black plum peel jam

Sensory properties of jam were performed by 14 panelists (7 men and 7 women, 20–40 years old) from 
students and staff of Neyshabur University of Medical Sciences, Iran). Initially, the sensory character-
istics of plum peel jam was explained to the panelists. As regards, the panelists were familiar with plum 
jam, so, they knew the sensory properties of the black plum peel jam, very well. Triangle test was used 
to identify sensory differences between the samples. Sensory attributes were evaluated by panelists 
according to Bourne.[2002,40] Evaluations were done at room temperature and under white fluorescent 
light. The nine-point hedonic scale[41] (1 = Dislike extremely, 9 = like extremely) was used to assess the 
sensory attributes of black plum peel jam. Seven black plum peel jam factors including flavor, color, 
consistency, firmness, adhesiveness, spreadability, and total acceptance were evaluated.

Antioxidant activity (AO) and total phenolic compounds (TPC)

Antioxidant compounds extracted by the method of Ref.[42] Five gram of each sample was weighed 
and extracted with 20 ml methanol/water solvent mixture under stirring for one hour. The extract was 
filtered by Whatman filter paper. The obtained extract was used to determine total phenolic com-
pounds and antioxidant activity. Total phenolic compounds were determined using the Folin– 
Ciocalteu method reported by Ref.[43] The absorbance was measured at 765 nm using UV/Vis 
(Jenway 7315 model, U.K.) spectrophotometer. The results were expressed based on different con-
centrations (10–100 ppm) of gallic acid using calibration curve.

Figure 1. Black plum and plum peel, black plum peel jam and an example of Back extrusion curve.
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Antioxidant activity was determined using 2,2-DiPhenyl-1-PicrylHydrazyl (DPPH) method.[44] Six 
different concentrations of each jam extract were used. The absorbance of the samples was measured at 
517 nm at UV/Vis spectrophotometer. Antioxidant activity and phenolic compounds were measured 
at three replications. It should be noted that antioxidant activity and phenolic compounds of various 
kind of jams in the markets including raspberry, strawberry, sour cherry, plum, rose petals, and carrot 
were also measured and compared with black plum peel jam.

Statistical analysis

Data were analyzed using the general linear model procedure with Minitab statistical software 
(Version 16, USA, 2010). Means were separated by Tukey analysis at a least significant difference of 
P ≤ 0.05 value. Partial Least Square (PLS) was applied to explore relationships between sensory 
attributes, textural properties and antioxidant activity of black plum peel jam. GraphPad Prism 
(Version 8.0.1, USA) also utilized to plot the curves.

Results and discussion

Chemical properties

The results of chemical properties of black plum peel jams are presented in Table 1. The Brix and pH 
of the samples were controlled within a specified range, so, no statistical analysis was performed on 
them. The results showed that the Brix and pH of the samples were in the range of 70–75% and 
2.80–4.00, respectively.

Increasing the concentration of black plum peel puree rose acidity that can be due to the low pH of 
the black plum peel (pH = 3.79). The acidity declined with increasing pectin content Table 1. 
Increasing the concentration of pectin caused to form a tighter gel network and kept the acid inside. 
Therefore, the amount of acid in the aqueous medium decreased and acidity was reduced. The acidity 
of jams varied from 0.38–0.58%.

The results indicated that significant decrease (P < .05) in moisture content when the black plum 
peel level was increased that is due to tighter texture in samples with higher black plum peel Table 1. 
The moisture content of samples varied from 28.25 to 34.45%.[24] reported Brix = 68, pH = 3.42 and 
acidity = 0.34 for black plum (Vitex doniana) jam. The result of their study was a little different from 
the results obtained in this study, which is due to the difference in variety (Vitex doniana) and 
composition of black plum that they used. In other study[25] reported pH = 3.39–4.05, acidity = 0.84–-
2.32, dry matter = 49.01–63.7% and soluble dry matter = 42.57–68.13% for sugar free traditional 
plum jam.

Table 1. The effect of pectin and puree concentrations on chemical properties, antioxidant activity and phenolic compounds of black 
plum peel jam.

Variable
Concentration 

(%) Brix (%) pH Acidity (%)
Moisture content 

(%) AO (%)
TPC (mg GAE/100 g 

FW)

Pectin 0 74.3 ± 0.2 3.16 ± 0.08 a0.52 ± 0.02 28.43 ± 2.00 a30.00 ± 2.01 432 ± 12
0.1 70.0 ± 0.5 3.16 ± 0.09 b0.48 ± 0.02 31.85 ± 1.00 b27.30 ± 3.56 400 ± 17
0.2 70.0 ± 0.5 3.22 ± 0.10 ab0.47 ± 0.01 30.74 ± 1.02 b27.71 ± 3.42 392 ± 11
0.3 70.0 ± 0.5 3.20 ± 0.04 ab0.45 ± 0.02 30.74 ± 1.45 b27.71 ± 3.78 378 ± 8
0.4 71.0 ± 0.6 3.19 ± 0.04 b0.40 ± 0.01 31.83 ± 2.04 c25.87 ± 3.12 372 ± 10

Black plum 
peel

40 71.0 ± 0.6 3.23 ± 0.07 b0.45 ± 0.03 a31.06 ± 1.26 c20.94 ± 3.04 c304 ± 10
50 71.4 ± 0.5 3.17 ± 0.07 a0.50 ± 0.04 b29.48 ± 2.03 b28.13 ± 4.02 b402 ± 14
60 70.8 ± 0.6 3.16 ± 0.12 a0.49 ± 0.55 b29.33 ± 1.14 a34.08 ± 5.02 a487 ± 16
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Instrumental textural properties

Texture is an important parameter for sensory acceptance and depends on the composition of raw 
materials. Texture analysis can be considered as an imitation of the mastication operation and may be 
used to predict the behavior of a semisolid food in mouth.[40] The graph of a typical back extrusion test 
for black plum peel jam is shown in Figure 1.

Firmness, or the resistance of the food to deformation under an applied force, is one of the most 
researched texture attributes for a wide variety of foods. It can be determined either by human senses 
using touch or sight or instrumentally.[40] Significant increase (P < .05) in the firmness of samples was 
observed with increase in pectin concentration Figure 2. As the pectin concentration increases and the 
pH reduces, the number of H+ in the methyl groups of pectin structure increased, leading to 
a decreased interchain repulsion. So, the binding of pectin with sugar increases and the denser and 
tighter gel network is formed and firmness increases. This result was similar to the findings of[25] for 
sugar-free traditional plum jam.

Cohesiveness is the negative force for the first bite representing the force required to pull the 
plunger away from the food.[40] The results showed that cohesiveness increased non-linearly with 
increasing the level of pectin (P < .05) Figure 2. It seems that increasing the level of pectin and 
interaction with crude fiber and carbohydrates in black plum peel causes to increase the amount of 
bonding between components in the formulation and the cohesiveness increased.

Results of ANOVA showed that pectin concentration had significant effect (P < .05) on consistency 
of samples. Generally, the more the pectin concentration, the higher the consistency Figure 2. It may 
be due to increase in firmness of samples with increasing the pectin concentration. Index of viscosity 
defined as the degree of resistance to flow. The results of texture measurement showed that increasing 
the pectin concentration increased the index of viscosity, nonlinearly Figure 2.

Figure 2. The effect of pectin concentration on textural properties of black plum peel jam.
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The effect of black plum peel level on firmness, cohesiveness, consistency and index of viscosity was 
not dramatic (P > .05). The firmness, cohesiveness, consistency and index of viscosity of black plum 
peel jam samples ranged 0.65–2.21 N, 1.63–7.94 N, 10.72–39.29 N.s, and 2.52–39.29 N.s, respectively.

Sensory evaluation

Sensory properties of foods is affected by many factors contain kind of food, the environment and 
individual as a consumer. For semisolid foods, in addition to price, consumer acceptability is 
determined by food sensory attributes including flavor, texture, appearance, and packaging. 
Acceptability is a subjective measure based on hedonics (pleasure) and it can be influenced by the 
sensory properties of the food, expectations of consumer, culture, physiological status like hunger, 
thirst, illness, and many other factors .[45–47]

Color is the first feature that motivates and attracts buyers to buy food. Environment doesn’t play 
important role in conveying information about color and awareness of color is deeply engrained in our 
genes.[48] Results of ANOVA showed that black plum peel puree concentration had significant effect 
(P < .05) on color acceptance of samples. Generally, the more the puree concentration, the less the color 
acceptance jams Figure 3. From the panelists’ point of view, brighter examples seem to be more 
acceptable. The samples containing 0.2% pectin, 40% plum peel, and 0.3% pectin, 60% plum puree 
had the highest and lowest color score, respectively.

Firmness is the force to compress semisolid foods partially.[40] Similar to instrumental measurement, 
panelists’ perception of firmness increased significantly (P < .05) with increase in pectin level. Effect of black 
plum peel puree on firmness was not significantly important (P > .05). The results showed that the samples 

Figure 3. The effect of black plum peel puree and pectin concentrations on sensory properties of black plum peel jam.
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containing 0.4% pectin, 50% plum peel and 0.1% pectin, and 40% plum puree had the highest and least 
firmness score, respectively.

Spreadability is the ease of moving of food product in term of viscosity and it’s evaluated using circular 
and gentle motion.[40] The general acceptance of jam by consumers depends on how it is deformed and 
spread on the bread.[49] Increasing the black plum peel puree and pectin level significantly reduced the 
spreadability of samples (P < 0/05) Figure 3. It seems that increasing pectin level and interaction between 
pectin with carbohydrates and crude fiber of black plum peel caused to form the stiffer and stronger gel 
network and spreadability was decreased. The samples without pectin, 40% black plum peel, and 0.4% 
pectin, 60% black plum puree had the highest and lowest spreadabilty score, respectively.

The sensory acceptability of foods are extremely important because people obtain great enjoyment 
from eating their food and, furthermore, the enjoyment of food is a sensory pleasure that is 
appreciated from the cradle to the grave.[40] Results of ANOVA showed that increasing the concen-
tration of black plum peel puree decreased the acceptability of samples Figure 3. This can be due to the 
darkening of the color, a decrease in transparency and tightening of its texture with an increase in 
black plum peel puree concentration. The sample with no pectin and 40% black plum peel had the 
highest total acceptance and the sample without pectin and 50% black plum puree had the lowest total 
acceptance. Sensory evaluation indicated that black plum peel jam was acceptable to consumers.[25] 

used to plum for sugar free traditional jam production. The results of their study showed that plum 
sugar free jam had good taste, moderate sweetness and sourness, very dark color and very hard 
consistency. According to panelists plum jam was acceptable.[24] reported that black plum jam had 
good color, high flavor and spreadability and acceptable with panelists.

Antioxidant activity and phenolic compounds

Significant increase (P < .05) in the antioxidant activity and total phenolic compounds of samples was 
observed with increase in black plum peel puree concentration Table 1. Most of phenolic compounds 
especially anthocyanins and neochlorogenic acid are concentrated in the plum peel, moreover, 
antioxidant activity, and phenolic compounds have strong correlation with each other .[50–54] The 
results of this study showed that total phenolic compounds of jam samples are excellent and higher 
than plum fruit.[55] reported the average TPC in 13 plum cultivars as 370 mg GAE/100 g FW, while, 
TPC of black plum peel jams varied from 242 to 670 mg GAE 100/g FW. It’s reported that plum fruit 
with dark purple color contained over 200% higher TPC than others.[53] So it’s logical to increase TPC 
and AO by increasing black plum peel puree concentration. The results showed that AO decreased 
with increasing the pectin concentration (P < .05) Table 1. It maybe, increasing the pectin level 
increased the amount of bonding water and components in the formulation and AO and TPC were 
trapped in the gel network. Increasing pectin concentration had no significant effect on phenolic 
compounds (P > .05). Antioxidant activity of black plum peel jam ranged 15.43–45.54%. The TPC of 
black plum peel jam was higher than bilberry jam[30] and gabiroba jam[29] and lower than strawberry 
and cherry[28] and seabuckthorn[27] jams.

Table 2 shows the antioxidant activity and phenolic compounds of raspberry, strawberry, cherry, 
plum, rose petals and carrot jams in the markets and in comparison with the best black plum peel jam 
formulation (without pectin and 40% black plum peel). It can be seen, rose petals, and raspberry jam 
had the highest AO and TPC, respectively. Antioxidant capacity and total phenolic compounds of 
black plum peel jam was higher than carrot jam and close to the plum jam.

Correlation between sensory and instrumental variables

Texture evaluation is very important in developing and optimizing the processing of new foods. Both 
sensory evaluation and instrumental measurements are used in food texture researches. The sensory 
attributes of semisolid foods are texture dependent. Correlation are generally used to assess the 
relationship between the instrumental measurement and sensory perception in order to predict 
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consumer responses or to evaluate quality control tools or parameters.[56] Obtaining a high correlation 
between textural and sensory properties has been the goal of scientists include food scientists, 
physicists, psychologists and dentists.[40,46]

Figure 4a shows the results from PLS2 regression analysis, which describe the relationship 
between instrumental and sensory properties. It can be seen, color-spreadability, sensory 
consistency-total acceptance, instrumental firmness-instrumental consistency, and cohesive-
ness-index of viscosity are highly correlated, because angles between them are small. It 
seems that all parameters have the same importance, becase the length of the lines is almost 
the same. The first and second PLS represented 63% and 61% of the variations fore pectin and 
puree, respectively. Sensory properties contain color, total acceptance, flavor, consistency, and 
spreadabiliy were positively correlated together and negatively correlated with sensory firmness 
and adhesiveness, texture parameters, AO and TPC. That is to say, the lower the textural 
values, AO, TPC, adhesiveness, and sensory firmness, the higher acceptance scores and total 
acceptability. In other words, the panelists preferred softer and brighter samples with lower 
texture parameters, AO and TPC. This finding is similar to the results of Ref.[25] According to 
their results good correlation was found between the textural properties and sensory attributes 
of sugar-free plum jam

Table 2. Antioxidant activity and phenolic compounds of different jams in the markets in 
comparison with the best formulation of black plum peel jam.

Jam AO (%) TPC (mg GAE/100 g FW)

Black plum peel (Best formulation) 26.56 ± 2.00 338.75 ± 10.65
Raspberry 52.24 ± 4.25 1384.94 ± 10.25
Strawberry 40.87 ± 3.18 1068.09 ± 11.20
Sour cherry 48.40 ± 4.23 1122.02 ± 9.89
Plum 18.59 ± 2.35 342.25 ± 3.56
Carrot 2.56 ± 0.20 182.70 ± 4.25
Rose petal 79.64 ± 4.35 1043.37 ± 10.25

Figure 4. Correlation between sensory and instrumental properties of black plum peel jam.
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Conclusion

Black plum peel is the by-product of black plum drying, which has nutritional properties such as 
vitamins, minerals, carbohydrates, and crude fibers. It is a wealthy source of antioxidant activity and 
phenolic compounds and it can be used to produce novel foods. In this study, chemical, sensory and 
textural properties, antioxidant capacity, and phenolic compounds of black plum peel jam in different 
levels of black plum puree and pectin was studied. Sensory evaluations showed that the sample 
containing 40% black plum peel puree and without pectin had the highest acceptance. Increasing 
black plum puree decreased the total acceptance of the samples. Texture measurement showed that 
increasing the pectin concentration increased all texture parameters nonlinearly. Black plum peel jam 
is a novel food that uses the by-product of plum processing and helps to reduce environmental 
pollution and improve the agricultural economy.
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