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Abstract: The aim of this study was to evaluate the influence of sous vide technology on the chemical
properties of fruit jams produced with medlar fruit (Mespilus germanica L.). The fruit jams were
produced using sous vide technology at different temperatures: 60 ◦C, 70 ◦C, and 80 ◦C. The fruit jams
were also produced at 100 ◦C using the traditional cooking method. Experimentally produced samples
were evaluated by the following methods: total polyphenols content, ferric reducing antioxidant
power assay (FRAP), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and organic acid determination. Among
sous vide-processed samples, the samples with the highest (p < 0.05) antioxidant activity were
processed at 80 ◦C, containing pectin; the results were the following: phenols content 0.56 ± 0.01 mg
gallic acid/kg; FRAP antioxidant activity 0.32 ± 0.01 µmol Trolox/g; DPPH antioxidant activity
21.39 ± 0.33%. The obtained results showed that fruit jam production with the use of sous vide
technology can affect antioxidant capacity of this food commodity. The research also provided
important information about non-traditional fruit, such as medlar fruit (Mespilus germanica L.), and its
processing by sous vide technology. Certainly, more analyses are necessary to give a clearer picture of
the changes in medlar fruit during processing at different temperatures, and processing technologies,
especially because there are presently no publications about the use of medlar fruit as a raw material
in fruit jam preparation.

Keywords: medlar (Mespilus germanica L.); sous vide; jam; antioxidant activity; organic acids; polyphenols

1. Introduction

Fruits are an integral part of the human diet and represent an irreplaceable source
of nutrients. The most sought-after and most consumed is fresh fruit, which is also the
most valuable for its share of vitamins and other ingredients. When stored improperly,
however, it is easily subject to decay or undesirable changes. These processes can cause
the loss of nutrients. Therefore, fruit is often processed by preservation. Food preservation
means extending its shelf life for the purpose of later consumption. One of the best-known
methods of fruit preservation is the production of jams. This method preserves the health
benefits as well as the taste of the fruit [1].

A method of food preparation that has become popular in recent years is sous vide,
which is a technique of cooking food using vacuum bags at strictly controlled temperatures.
The French name sous vide means “in a vacuum”. Vacuum cooking is gaining attention
as an alternative cooking technique, thanks to its ability to preserve or even improve the
nutritional and organoleptic properties of food [2].

The principle of the method is the hermetic sealing of the raw material in a plastic bag
and subsequent cooking in a water bath with a constant temperature, which rarely exceeds
85 ◦C [3]. The main reason for vacuum-sealing is the removal of oxygen from the food
environment, as the absence of oxygen significantly reduces the activity of many bacteria,
which are responsible for food degradation [4]. During the treatment of foodstuffs of plant
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origin by the sous vide method, the walls of the plant cells remain intact in most cases, and
the fineness of the fruit is increased by dissolving the pectin, which has the task of holding
the cells together [5].

The advantage of this method is the transfer of heat from water to food and the
elimination of the risk of re-contamination during storage, thus prolonging its shelf life.
There are minimal changes in the processed food, and it helps ensure maximum natural
taste and prevent the degradation processes of nutritionally important substances, such
as minerals and vitamins. As the food is prepared vacuum-packed, there is no loss of
juiciness or taste like when in contact with the surface of the heat source [4,6]. The use of
this method is advantageous for fruit which is particularly sensitive to rapid oxidation
and colour change and is not subject to the Maillard reaction when using the sous vide
method [7].

Common medlar (Mespilus germanica L.) comes from Asia Minor, the Caucasus, and
northern Iran, and it is one of the non-traditional types of pip fruit that is very popular for
its appearance, juicy taste, and nutrient content. According to the literature data, common
medlar fruits represent good sources of soluble fibre, vitamins, carotenoids, antioxidants,
and minerals, such as calcium, potassium, phosphorus, and magnesium [8,9]. Medlar can
be eaten raw, or its shelf life can be prolonged with the preparation of fruit jams that can be
defined as non-traditional jams [10].

This study was focused on assessing the antioxidant properties and total polyphenolic
content of common medlar (Mespilus germanica L.) jam produced using sous vide technology.

2. Materials and Methods

The medlar (Mespilus germanica L.) fruits used for the analysis were harvested in
November 2019 in Zlín (city in eastern Czech Republic). The fruits were cleaned, weighed,
and blended. The resulting mass was weighed (150 g) into vacuum bags (the vacuuming
was done by the following vacuum device: Gorenje VS120W) and 120 g of sugar (granulated
sugar, manufacturer: Korunní, Česká republika) was added to each sample. The experiment
consisted of 8 treatments based on the addition of pectin to samples; 4 samples contained
added citrus pectin (1.5 g, produced by Grešík Valdemar) and the remaining 4 were
prepared without pectin. The prepared samples were sealed and homogenized by hand.
This was followed by cooking in a sous vide device (Sous-Vide Garer, Steba, Strullendorf,
Germany) two samples at a time, one pectin-free and one containing pectin, according to
the manufacturer’s instructions at temperatures of 60, 70, and 80 ◦C for 35 min.

The last two samples (7, 8) were processed in the traditional way at a temperature
of 100 ◦C. First, the mass was boiled for 3 min, then 120 g of sugar was added, as well as
the above amount of pectin to the second sample, and boiled again for 3 min. This was
followed by placing into sealable glass containers. The samples were stored in the freezer.
They were left at room temperature for about an hour before each analysis. The description
of samples preparation is given in Table 1.

Table 1. The description of samples preparation.

Sample Number Temperature (◦C) Processing and Pectin Addition

1 60 ◦C sous vide with pectin
2 60 ◦C sous vide without pectin
3 70 ◦C sous vide with pectin
4 70 ◦C sous vide without pectin
5 80 ◦C sous vide with pectin
6 80 ◦C sous vide without pectin
7 100 ◦C traditional with pectin
8 100 ◦C traditional without pectin
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The following parameters (in at least triplicates) were determined for individual
samples: total polyphenol content spectrophotometrically, antioxidant activity by FRAP
method, antioxidant activity by DPPH method, content of organic acids by HPLC.

2.1. Determination of Total Polyphenols Content Spectrophotometrically

The total polyphenol content was determined on the Cecil Instruments CECIL CE
7210 spectrophotometer (Cecil instruments, CE7210 DIET-QUEST, Cambridge, UK) at
a wavelength of 765 nm. The concentration was measured using the Folin–Ciocalteu
test. The FC test (Folin–Ciocalteu) is generally used to measure the total concentration
of polyphenols in natural products, but its mechanism is the redox reaction, so it can be
considered as another way of measuring the antioxidant activity.

Samples for analysis were prepared from 1 g of jam sample and 10 mL of water, then
filtered, and 1 mL of the sample was transferred to a 25 mL volumetric flask. Subsequently,
5 mL of FC reagent was added, which was diluted 1:10 with water. Then, 4 mL of sodium
carbonate was added. The samples were incubated in the dark for 30 min at room tempera-
ture. After incubation, the samples were supplemented with distilled water and then the
absorbance was measured on a UV spectrophotometer at a wavelength of 765 nm against a
blank. The results are expressed as mg/g of gallic acid equivalent (GAE), since gallic acid
was used to obtain the calibration curve [11].

2.2. Determination of Antioxidant Activity by the FRAP Method (Ferric Reducing Antioxidant
Power Assay)

This method is based on the principle of redox reaction which uses the ability of
antioxidants to reduce iron complexes. The measured parameter is the reduction rate of the
TPTZ iron complex (2,4,6-tripyridyl-S-triazine), which has no colour, but is measured by
reduction to the iron form producing a blue colour. The increase in absorbance at 593 nm
corresponds to the amount of Fe2+ complex [12,13].

Samples for the analysis were prepared from 0.1 g of jam sample with the addition
of 20 mL of 75% methanol, then extracted for 30 min in an ultrasonic bath in the dark.
A blank was prepared from 960 µL H2O + 7.2 mL of the working solution (composed of
50 mL of acetate buffer + 5 mL of the TPTZ solution + 5 mL of the FeCl3·6H2O solution).
The blank was then incubated for 8 min without access to light and then used to zero the
spectrophotometer at 593 nm.

An amount of 180 µL of the sample + 300 µL H2O + 3.6 mL of the working solution
was used for sample preparation. After incubating the samples for 8 min without access to
light, the absorbance at 593 nm was measured. The results are expressed as µmol Trolox/g
since Trolox was used to obtain the calibration curve.

2.3. Determination of Antioxidant Activity Using DPPH (2,2-Diphenyl-1-picrylhydrazyl)

The presence of antioxidants with antiradical activity causes the reduction of the
coloured (λmax = 517 nm) DPPH stable radical to a colourless neutral molecule. The rate
and extent of discoloration (decrease in absorbance) are proportional to the antioxidant
activity of the analyte.

An amount of 20 mL of ethanol was added to 0.1 g of the homogenized sample; the
sample was extracted for 30 min in an ultrasonic bath and filtered.

An amount of 0.1 mM ethanolic solution of DPPH was added to the prepared extract.
Next, a reference solution was prepared from ethanol + 0.1 mM DPPH. Subsequently, the
values were read on a spectrophotometer using ethanol as a blank [12,14].

Calculation:

DPPHscavenging activity (%) = [(ADPPH − Asample)/ADPPH] × 100
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2.4. Determination of Organic Acids by HPLC

Samples for the determination of organic acids were prepared from 10 g of mass and
50 mL of distilled water. After centrifugation, the samples were filtered through a 0.45 µm
nylon filter, and the supernatant was used for the analysis. Organic acids were analysed
using a Razex ROA-Organic Acid Column H + (300 × 7.8 mm; BioRad, Agilent, Santa Clara,
CA, USA). The column with 8 µM particles was maintained at a temperature of 65 ◦C,
with a flow rate 0.6 mL per min. The injection volume was 20 µL. A UV detector with a
wavelength set to λ = 210 nm was used. The mobile phase consisted of 4 mM sulfuric acid,
and the elution method was isocratic. Agilent ChemStation software (Agilent, Santa Clara,
CA, USA, revision: B.04.02) was used for results’ analysis. The following type of HPLC
was used: HPLC 1260 Infinity (Agilent Technologies, Santa Clara, CA, USA). A modified
method was used in the test, according to the study of Akagić et al. (2019) [15].

2.5. Statistical Evaluation

The resulting values of the individual analyses (all samples were analysed at least in
triplicates) were shown in tables as the mean ± standard deviation. IBM SPSS software
(version 23.0, SPSS, Chicago, IL, USA) was utilized. One-way ANOVA was used for the
analysis, where the homogeneity of the results was determined using the Levene test. At
p < 0.05, the Gamel–Howell test was used, and the difference was statistically significant.
Otherwise, the TUKEY test was used at p > 0.05, and this was a statistically insignificant
difference. Overall differences between samples were assessed according to PCA analysis.

3. Results and Discussion
3.1. Antioxidant Activity

It is not appropriate to use only one method of assessment to evaluate the antioxidant
capacity of vegetables, fruits, and plants, because different antioxidant compounds may act
by different mechanisms, such as hydrogen atom transfer, single electron transfer, power
reduction, and metal chelation [16]. For this reason, multiple antioxidant tests with different
mechanisms are used to determine the antioxidant capacity of samples [17].

Many studies have also focused on the role of pectin in the investigated matrix. Basic
knowledge of the interactions between pectin and phenolic acids, and of antioxidant
capacity, is very important because they are commonly consumed together [18].

FRAP is one of the reliable methods for studying the antioxidant activity of various
compounds. This method is often used to quickly evaluate the overall antioxidant capacity
of various foods and beverages, as well as various plant extracts [19]. The results of the
antioxidant capacity determination using the FRAP method in samples of medlar jam
prepared by the sous vide method at 60, 70, and 80 ◦C, and in the traditional way at 100 ◦C,
are shown in Table 2.

Table 2. Influence of cooking on the value of antioxidant activity of medlar jam prepared by the sous
vide method and the classic cooking method using the FRAP and DPPH methods.

Sample Number Temperature (◦C) and Sample Description FRAP (µmol Trolox/g) DPPH (%)

1 60 ◦C, sous vide with pectin 0.17 ± 0.01 a 7.49 ± 0.01 a

2 60 ◦C, sous vide without pectin 0.18 ± 0.01 a,e 8.34 ± 0.22 b

3 70 ◦C, sous vide with pectin 0.30 ± 0.01 b,d 9.99 ± 0.15 c

4 70 ◦C, sous vide without pectin 0.31 ± 0.01 d,c,f,g 13.81 ± 0.21 d

5 80 ◦C, sous vide with pectin 0.26 ± 0.01 e 14.37 ± 0.28 e

6 80 ◦C, sous vide without pectin 0.32 ± 0.01 f,g 21.39 ± 0.33 f

7 100 ◦C, traditional with pectin 0.42 ± 0.02 g,b,c 28.68 ± 0.24 g

8 100 ◦C, traditional without pectin 0.44 ± 0.01 c 17.02 ± 0.18 h

Explanatory notes: Lowercase letters (a–h) in the superscript indicate a statistically significant difference (p < 0.05)
within one column.
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An exponential increase of antioxidant activity with increasing temperature was
observed for samples with added pectin, for both processing methods. On the other hand,
not adding pectin for the sous vide method increased antioxidant activity (measured by
the DPPH method) by a significant amount. The addition of pectin significantly decreased
antioxidant activity. This leads to the conclusion that, for the traditional method, the
addition of the pectin is essential, whereas for sous vide, it is not necessary for improving
antioxidant activity, according to the DPPH measurements. On the contrary, antioxidant
activity reported according to the FRAP assay yielded the opposite observation. The
study conducted by Araya et al. (2009) stated that the sous vide method is a promising
strategy for maintaining a number of parameters (colour stability, flexibility, more fibres,
and crunchiness) in carrots [20].

Another suitable method for determining antioxidant activity is the method using
DPPH radical. It is a relatively simple and inexpensive test, with low reagent and sample
consumption and high-performance antioxidant activity analysis [21].

The results of the analysis (Table 2) indicate that the highest antioxidant activity was
demonstrated in sample No. 7, namely 28.68 ± 0.24%; on the other hand, the lowest
antioxidant activity was recorded in sample No. 1, namely 7.49 ± 0.01%.

Pectin is an important component in jam production technology, and recent studies
have also highlighted that pectin has various biological properties, such as antitumor,
anti-inflammatory, and antioxidant effects [22]. Higher values of antioxidant activity could
be caused by the Maillard reaction, in which the level of natural antioxidants decreases,
but it creates new products with antioxidant properties. In our study, the samples without
pectin showed higher antioxidant properties, and only the samples without pectin pre-
pared at 100 ◦C (antioxidant capacity measured with the DPPH method) showed lower
antioxidant capacity. This is probably because samples prepared by the traditional method
are more exposed to the air. However, this statement should be supported by further
experiments [16].

In a study by Kopjar et al. (2009), the highest content of anthocyanins and the total
content of phenols in the samples of strawberry jam with a low content of methoxy amid
pectin were found [23]. Kopjar et al. (2007) also achieved the same results in a study with
raspberry jam [24].

On the other hand, Poiana et al. (2013) reported that the retention of bioactive com-
pounds stability was strongly dependent on the pectin type and dosage in blackberry jam.
The losses recorded in response to processing and storage could be limited by a proper
selection of pectin type and dose [25].

In their study, Isbilir et al. (2019) reported values of antioxidant activity in fruit extract
from medlar at 39.3 ± 3.9% [17]. Nabavi et al. (2011) studied antioxidant activity in Mespilus
germanica L. in methanol and aqueous extracts obtained from leaves, fruits, and bark. Anal-
yses were performed using the DPPH•, NO, H2O2, and ferric thyocyanate methods. The
highest values were recorded in tests with methanol and aqueous bark extracts determined
by the DPPH method (10.7 ± 0.6 and 11.4 ± 0.8 µg/mL). The methanol extract from the
fruit showed higher values in the nitric oxide capture model (247 ± 12.2 µg/mL) [26]. In
their study, Ercisli et al. (2012) determined the antioxidant properties of eleven medlar
genotypes using the β-carotenic linoleic acid test, the DPPH test, and the overall phenolic
test. In the β-carotene linoleic acid test, the antioxidant activity in all eleven genotypes was
about 80.8% or 46.6 µg/mL FW DPPH [8]. As argued by Miser-Salihoglu et al. (2013), in
general, the antioxidant activity of plants is related to the content of phenolic substances.
As a result, he found that medlar extract with a high content of phenols and flavonoids has
a higher antioxidant capacity [27].

In a study by Gruz et al. (2011), a decrease in phenols and antioxidant capacity of med-
lar fruits during ripening was reported, and therefore it is recommended to pay attention
to different storage methods in order to minimize the loss of quality and nutritional value
of fruit [28].
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In a study by Kosewski et al. (2018), the authors measured antioxidant activity
in 22 different vegetable samples after conventional and sous vide cooking, not every
sample had a higher antioxidant activity after the sous vide method, which is present as a
gentler technology [29]. On the other hand, a study by Rinaldi et al. (2021) confirmed the
significant extraction of polyphenols, especially gallic acid and naringenin, using the sous
vide cooking method.

According to these findings, together with observed findings presented in this study,
the determining factor is the type of matrix used for the conventional or sous vide method,
and in some cases the conventional method can show a higher antioxidant activity than
the sous vide method. These results can be also caused by longer exposure to lower
temperature, which can also lead to the reduction of bioactive compounds [28].

Another reason why the antioxidant capacity can be higher in samples prepared by
traditional cooking is that during this cooking method the water can be evaporated and
then the antioxidant compounds can be more concentrated in the samples [28].

Manach et al. (2004) have reported that the content of polyphenols in foodstuffs is
affected by their storage, during which oxidative reactions can occur, which lead to the
formation of polymerized substances that cause a change in food quality, especially colour
and organoleptic properties. Such changes can be beneficial or harmful (browning of the
fruit) [30].

Many studies have indicated that polyphenols in fruits and vegetables play an impor-
tant role in preventing and alleviating diseases, due to their antioxidant, antidiabetic, and
anti-inflammatory activity. These compounds also act significantly in the gastrointestinal
tract, where bioavailability is an important task. It has been shown that the bioavailability
of polyphenols from homogenised plant matrices can range from 30 to 100% [30,31].

In a study by Kedzierska-Matysek et al. (2021), the measurement results showed the
relationships between antioxidant activity and the content of phenolic compounds. The
samples showed the strongest antioxidant activity, probably because they had the highest
concentrations of total phenols, total flavonoids, and acids [32].

In a study by Molaveisi et al. (2019), Iranian jujube honey was heated at a high
temperature for 10 days, and antioxidant activity and total phenol content were evaluated.
In general, the increase in the values of all parameters was more pronounced at the highest
temperature, indicating a strong dependence of all parameters on temperature [33].

Rinaldi et al. (2021) confirmed that using the sous vide method of food preparation is
significant for extraction of polyphenols, especially gallic acid and naringenin [2].

When determining the total content of polyphenols in the samples (Table 3), significant
(p < 0.05) differences were observed between all samples, with and without added pectin.
In addition, it seems that the main driver of changes in polyphenol content is not the
processing method, but temperature.

Table 3. Influence of cooking on the total polyphenol content in medlar jam prepared by the sous
vide method and the classic cooking method, spectrophotometrically.

Sample Number Temperature (◦C) and Sample Description Total Polyphenol Content (Gallic Acid in mg/g)

1 60 ◦C, sous vide with pectin 0.31 ± 0.01 a

2 60 ◦C, sous vide without pectin 0.30 ± 0.01 b

3 70 ◦C, sous vide with pectin 0.51 ± 0.01 c

4 70 ◦C, sous vide without pectin 0.49 ± 0.01 d

5 80 ◦C, sous vide with pectin 0.56 ± 0.01 e

6 80 ◦C, sous vide without pectin 0.56 ± 0.01 f

7 100 ◦C traditional with pectin 0.67 ± 0.01 g

8 100 ◦C traditional without pectin 0.70 ± 0.01 h

Explanatory notes: Lowercase letters (a–h) in the superscript indicate a statistically significant dif-ference
(p < 0.05) within one column.

In a study by Ercisli et al. (2012), the authors noted a total phenolic content in a sample
of medlar in the range of 1.14 to 2.93 g GAE/kg fresh weight [8].
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In their study, Gülçin et al. (2011) reported the content of phenolic compounds (mg/g)
in lyophilized aqueous medlar fruit extract as milligrams of gallic acid equivalents (GAE),
and the total of phenolic compounds amounted to 25.08 mg GAE [19].

In their work, Kamiloglu et al. (2015) presented the results of the influence of different
processing and storage conditions on the content of polyphenols in red carrot jams. Accord-
ing to these results, the decrease in polyphenols was caused by the disruption of the cell
structure during the processing of the raw material into jam, and thus they became more
prone to non-enzymatic oxidation, which could be one of the reasons for the loss of total
polyphenols. In our study heated samples showed higher polyphenolic content, but they
were not exposed after the heating to the possible oxidation processes [30].

In a work by Rababah et al. (2011), the authors found the total content of polyphenols
in apricot jams from 20.14 ± 0.12 mg/100 g to 51.48 ± 5.12 mg/100 g. They also noted a
higher total content of polyphenols in cherry jams, where the amount of polyphenols was
around 50 mg/100 g [34].

In a study by Amakura et al. (2000), the total polyphenol content of jams made from
nine types of berries (blackcurrants, blackberries, blueberries, cranberries, raspberries,
redcurrants, and strawberries) changed negligibly during cooking [35].

In contrast, Scibisz et al. (2009) reported a loss of total polyphenols after heat treatment
of blueberries of 7–10%, compared to fresh fruit. Blackcurrant and blackberry jams were
found to lose 26, 49, and 80% compared to fresh fruit. This suggests that cooking has an
adverse effect on the total polyphenol content. These findings are also not in accordance
with our results, though our experimentally produced jams were not exposed to the
oxidation processes [36].

In their work, Kovacevic et al. (2009) studied the effect of heat treatment on the
total content of polyphenols in low-calorie jam prepared from three different strawberry
cultivars, and the results show a loss of 45, 49, and 63% [37]. Likewise, in the work by
Rababah et al. (2011), the authors reported that the cooking of strawberry, cherry, apricot,
fig, and orange jams caused a significant loss of total polyphenol content of 93, 88, 72, 76,
and 69% (p < 0.05), respectively, which could be due to cellular structure disruption during
processing, possibly by reducing the content of ellagic acid [34]. Selcuk and Erkan (2015)
stated that the total phenolic content in the medlar was affected by the storage time. With
longer storage time, the initial value of 763.03 mg GAE 100 g−1 decreased to 81.15 mg GAE
100 g−1 after 60 days [38]. The study suggests that the total phenol content of fruit can vary
depending on harvest time and storage time [39].

3.2. Organic Acid Content

An important component of many foods are naturally occurring organic acids, which
greatly affect the acidity of the fruit. Phenolic acids, along with other phenolics, are
associated with the colour, taste, and nutritional properties of the fruit. They can also
help protect them from animals and microbes [40,41]. Studies show that consumption of
foods fortified with phenolic acids is associated with a reduced risk of several diseases,
such as dyslipidemia, atherosclerosis, and diabetes [42]. The possibility of increasing
the intake of phenolic acids is reason for the preparation of concentrated fruit products.
According to Cheng et al. (2014), some of the phenolic acid compounds showed very
minor decomposition at 200 ◦C. The results showed that these compounds are relatively
thermostable, and by adjusting the temperature, the extraction of phenolic compounds can
be controlled [43].

The most common organic acids in fruit are malic, citric, oxalic, and quinic acids. Their
content is known to decrease during maturation [30].

Organic acids are important in the food industry, especially in the process of the
solidification of pectin. The COOH groups in pectin are usually ionized, and the negative
charges on the molecules caused by this ionization can cause repellence and prevent pectin
chains from forming a gel network. To prevent this, the pH of the mixture needs to be
in the range of 2.8–3.3. At such a pH, COOH groups are not ionized, which reduces the
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magnitude of repulsive forces [40,41]. The oxalic and malic acid contents are shown in
Table 4.

Table 4. Influence of cooking on the total oxalic acid and malic acid content in medlar jam prepared
by the sous vide method and the classic cooking method.

Sample Number Temperature (◦C) and Sample Description Oxalic Acid (mg/kg) Malic Acid (mg/kg)

1 60 ◦C sous vide with pectin 8.26 ± 0.01 a 11.04 ± 0.01 a

2 70 ◦C sous vide with pectin 3.15 ± 0.01 b 5.36 ± 0.01 c

3 80 ◦C sous vide with pectin 6.80 ± 0.01 c 11.93 ± 0.01 a

4 100 ◦C traditional with pectin 8.40 ± 0.01 a 22.34 ± 0.01 b

5 60 ◦C sous vide without pectin 1.76 ± 0.01 a 4.94 ± 0.01 a

6 70 ◦C sous vide without pectin 1.49 ± 0.01 b 6.33 ± 0.01 b

7 80 ◦C sous vide without pectin 1.65 ± 0.01 a 10.25 ± 0.01 c

8 100 ◦C traditional without pectin 1.16 ± 0.01 c 13.68 ± 0.01 d

Explanatory notes: Lowercase letters (a–d) in the superscript indicate a statistically significant difference (p < 0.05)
within one column.

The oxalic acid content determined in samples of medlar fruit jam after various
methods of cooking is described in Table 4. The amount of oxalic acid in samples 1, 3, 5,
and 7 indicates that the addition of pectin is extremely beneficial for the preservation of
this compound. A local minimum of oxalic acid content was observed for processing at a
temperature of 70 ◦C, independently of added pectin, which indicates that this acid is most
unstable at this temperature.

Silva et al. (2002) have stated that quince jam (Cydonia oblonga), belonging to the
Rosaceae family like medlar, also contained a small amount of oxalic acid [44]. The oxalic
acid content of the fruit may also be affected by the conditions under which the fruit was
grown, stored, or processed after being harvested. For example, oxalic acid has been found
to delay banana ripening and maintain the post-harvest quality of peaches and plums [45].

The content of malic acid in the jam samples after different cooking methods is given
in Table 4.

The addition of pectin again introduces a local minimum for a temperature of 70 ◦C.
On the other hand, the absence of pectin shows the direct dependence of the preserved
content of acid on increasing temperature. In addition, the data indicate that the processing
method has no significant impact on acid content when no pectin is added.

Out of the samples without added pectin, the highest values were reported in sample No. 8,
which was cooked in the classic way at a temperature of 100 ◦C (13.6771 ± 0.01 mg/kg). The
lowest values of malic acid were determined for sample No. 2, which was cooked at 60 ◦C in a
sous vide device.

The main organic acids that have been identified in medlar fruit are malic acid and
oxalic acid. The presence of these antioxidant compounds can be considered as a quality
parameter for edible medlar fruits [19]. Romero-Rodriguer et al. (1992) report malic, quinic,
and tannic acids as the main acids during the ripening of medlar fruit, with malic acid being
the highest during ripening [46]. Similarly, according to Gülbahar Cevahir and Saim Zeki
Bostan (2021), the malic, succinic, and citric acid contents of the medlar genotypes were
between 590.5 and 1074.5 mg 100 g−1, 127.0–419.0 mg 100 g−1, and 2.0–32.0 mg 100 g−1,
respectively [39].

In their work, Ozturk et al. (2019) pointed out that the most abundant organic acid in
medlar fruit was also malic acid, which corresponds to the results of measurements in the
present study [47].

3.3. Principal Components Analysis-PCA

A principal components analysis (PCA) was conducted, and it is shown in Figure 1.
The values of all determined parameters of medlar jam produced at different temperatures
and technologies were used to create Figure 1. The PCA revealed three clusters (according
to Eigen value): the first cluster (Samples 2 and 8; 83.03% of cumulative variance) contained
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medlar jams processed at 100 ◦C and 60 ◦C; the second cluster (Samples 5, 6, and 7; 98.73%
of cumulative variance), the medlar jams processed at 80 ◦C and 100 ◦C; the third cluster
(Samples 1, 3, and 4; 99.99% of cumulative variance), the medlar jams processed at 60 ◦C
and 70 ◦C. It is notable that clusters were formed according to temperature treatments, and
differences (p < 0.05) are observable. However, no highly observable differences between
sous vide preparation and traditional preparation were observed (Figure 1).
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Figure 1. Principal Components Analysis (PCA) of medlar jam–all determined parameters. Ex-
planatory notes: A70p—cont. pectin, 70 ◦C; A70—pectin—free, 70 ◦C; A60p—cont. pectin, 60 ◦C;
A60—pectin—free, 60 ◦C.

4. Conclusions

This study was focused on monitoring chemical changes in fruit jams, experimentally
produced from medlar fruit (Mespilus germanica L.), with the use of sous vide technology.
The results of the research showed higher antioxidant properties in samples processed at
higher temperatures. From a gastronomic point of view, sous vide represents a new way of
making jam that can be attractive to consumers. However, sous vide technology cannot be
considered beneficial from the point of antioxidant capacity and phenols content. Certainly,
additional studies are necessary to get the full picture on the possibility of applying sous
vide technology in the production of fruit jams, especially with the use of non-traditional
fruits, such as medlar fruit (Mespilus germanica L.). Above all, the sensory properties of
these kinds of products may affect consumers’ acceptance.
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