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Abstract: This study aimed to investigate the effects of adding probiotics, prebiotics, and different
types of jelly agents on a few key quality attributes of potentially functional mulberry jellies through-
out a 10-day storage period at 4 °C. Mullbery juice was separately fermented at 37 °C for 24 h using
Lactiplantibacillus plantarum O21; it was a favorable matrix for the proliferation of probiotics. Lactic
acid fermentation positively affected the total anthocyanin concentration of investigated products.
Also, antioxidant capacities of mulberry juices were improved by L. plantarum O21 fermentation.
The results showed that the applied prebiotic-inulin addition and agar-agar addition, as a gelling
agent in recipes of potentially functional mulberry jellies, were proved to be beneficial technological
solutions, both in fresh and stored products, and obtained an appropriate, high number of LAB
bacteria, good sensory quality, and beneficial antioxidant properties.

Keywords: mulberry juice; probiotics; lactic acid fermentation; antioxidant activity; gelatin;
agar—agar; sensory properties

1. Introduction

Customers’ appreciation of the relationship between food and wellness has resulted
in a significant shift in eating habits and lifestyle changes. The rise in consumer knowledge
has been one of the main forces behind the development of functional food products that
may satisfy both basic nutritional needs and offer health advantages. The term “functional
food” refers to natural and industrially processed foods, which “when regularly consumed
within a diverse diet at efficacious levels have potentially positive effects on health beyond
basic nutrition” [1]. One of the functional food segments is the so-called “probiotic food”.

It is generally known that lactic acid bacteria (LAB) fermentation has a considerable po-
tential to enhance the functional, nutritional, and sensory qualities of both plant-based and
animal feeds [2,3]. The definition of probiotic bacteria is “live microorganisms that, when
administered in adequate amounts, confer a health benefit on the host”. This definition cap-
tures the essence of probiotics (microbial, viable, and health-promoting) while embracing a
wide range of microorganisms and uses [4]. As of right now, probiotics for human usage
are limited to lactic acid bacteria that have been isolated from the gastrointestinal system.

However, the International Scientific Association of Probiotics and Prebiotics (ISAPP)
in a position statement [5] agreed with the definition that was offered [4]. The term
“probiotic” in this context does not refer only to traditional probiotics. Innovation will
surely lead to the isolation of promising probiotics from novel sources with intriguing new
health benefits and hitherto undiscovered functions [6]. Moreover, some authors report

Appl. Sci. 2023, 13, 12780. https:/ /doi.org/10.3390/app132312780

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app132312780
https://doi.org/10.3390/app132312780
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-1768-343X
https://orcid.org/0000-0001-7845-1352
https://orcid.org/0000-0002-4709-5399
https://doi.org/10.3390/app132312780
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app132312780?type=check_update&version=2

Appl. Sci. 2023,13, 12780

20f18

that strains considered probiotics can be extracted from fermented products of animal
origin [7-9] and plant origin [10-13]. Traditional fermented products are a rich source of
microorganisms, some of which may have probiotic properties [14]. On the other hand,
prebiotics set an example of food ingredients, which are not digested by endogenous
enzymes of the human gastrointestinal tract, but they end up intact in the colon, where they
ferment, providing food for probiotic microorganisms. In addition, prebiotics are broken
down by sucrose bacteria present in the lower gastrointestinal tract and have the ability to
stimulate their growth. Inulin and oligofructose are the most effective and most commonly
used prebiotics [15].

Growth can be noted in in the popularity of using plant diets among consumers in
the world, due to the growing level of knowledge regarding its health-promoting aspects
and the availability of products on the food market that enables the incorporation of such a
diet [16,17]. It has recently appeared that there is a modern tendency in the development of
vegan probiotic food products. The failure to comply with the criterion of “plant origin” in
the case of the probiotic bacterial strain used may deprive the final product of the status
of vegan food [18]. Considering the biochemical composition of fruits and vegetables,
it has been discovered that they are excellent starting materials for the fermentation of
probiotics. In addition to their phytochemical content, which promotes health, fruits and
vegetables also provide a number of benefits (such as being high in sugar and nutrients)
for the growth and survival of probiotics [19]. Fruits and vegetables have a limited shelf
life, thus it is critical to perform probiotic fermentation to add value and extend the shelf
life of processed foods [20]. The black mulberry (Morus nigra L.) belongs to the Moraceae
family. It is a multipurpose plant that can be used for a variety of purposes including
fuel, fodder, fiber, and fruit. It is abundant in bioactive substances, such as bioflavonoids
and non-anthocyanin, which are responsible for its medicinal properties and has earned
it a “superfood” status in European countries [21-23]. Recently, the mulberry has gained
prominence because of its phytochemical makeup and positive health impacts on humans,
including its immunomodulatory, antidiabetic, antioxidant, and anticancer qualities [24].
This plant has also been reported to be used in Chinese conventional medicine for fever
treatment, diabetes, obesity, blood pressure, urinal disorders, liver damage prevention,
atherosclerosis, inflammation, and body joint strengthening, among other things [25,26].
On the other hand, Bong et al. 2019 [27] reported that LAB-biotransformed mulberry
fruit extract showed antibacterial action by inhibiting S. Typhimurium growth and biofilm
formation, and showed an anti-inflammatory effect in the bacterially infected intestinal
epithelial cells.

Fruits of the black mulberry (Morus nigra L.) have a distinct flavor with juicy and
acidic qualities and high staining activity, and are therefore attractive for usage in the
food processing industry. Mulberry-based products such as fruit juice [28], liquor [29] ice
cream, jam or muffins have been developed and manufactured [30]. Mulberry fruits, due
to their mouth-watering taste, are a plant used both fresh and added to food products
such as yoghurt, vegetables or muesli [31,32]; they also have a culinary use [33]. By the
relatively high water activity (A,) and low acidity, mulberry fruits are difficult to preserve.
Due to this, there is a great need to use technologies to extend the mulberry fruit’s shelf
life and improve its nutritional, organoleptic, and health benefits in order to increase the
commercial production for benefits to both the economy and public health. In recent years,
researchers have demonstrated that mulberry fruit can be also a healthy food matrix for
probiotic delivery [34-37].

In light of this, the objective of this study was to estimate the possibility of developing
potentially functional mulberry jellies based on a probiotic bacterial strain isolated from
traditional plant food and impact of the type of jelly agent used for the selected quality
properties of these products during 10 days of refrigerated storage.
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2. Materials and Methods
2.1. Materials

Mulberry (Morus nigra L.) pasteurized juice (Eka Medica Co., Kozy, Poland), inulin
(Frutaﬁt® Tex, Roosendaal, The Netherlands), agar—agar (Agnex, Biatystok, Poland), and
Sucrose (Diamant, Gostyn, Poland) were purchased at the local market in the city (Warsaw),
Poland. Distilled water was used in the preparation of the products.

2.2. Preparing of Bacterial Cultures

In this study, one bacterial strain with probiotic properties—Lactiplantibacillus plan-
tarum O21 (GenBank accession KM 186159)—was applied. It was obtained from a pure
culture maintained in the collection of the Department of Food Gastronomy and Food
Hygiene, Institute of Human Nutrition Sciences at Warsaw University of Life Sciences.
Some probiotic properties of the used strain were previously described [38].

The bacterial strains were cultured by a two-fold passage in modified Vegitone MRS
broth (Sigma-Aldrich Co., Darmstadt, Germany) with 2% (v/v) of inoculum after being
kept at —80 °C in 20% (m/w) glycerol.

For 5 min, the bacterial culture was centrifuged at 10,000 x g. After obtaining the cell
pellets, they were cleaned and resuspended to their original volume in 10 mL of sterile
0.85% saline solution. The ready bacterial culture was then added to 400 mL of mulberry
juice that contained 5% v/v sucrose.

In the prepared starting culture, there were roughly 9.75 log CFU (colony forming
units) mL~! of probiotic bacteria. A volume of mulberry juice containing 2% (v/v) of the
bacterial strain was added (Table 1).

Table 1. Mulberry jelly formulations.

Formulation Ingredient [% w/v]
Inulin Agar-Agar Gelatin Mulberry Juice Distilled Water Inoculum Sucrose
GOoP 0 0 2 70 21.0 2 5
GI1 1 0 2 70 20.0 2 5
GI3 3 0 2 70 18.0 2 5
AQP 0 2 0 70 21.0 2 5
Al-1 1 2 0 70 20.0 2 5
Al-3 3 2 0 70 18.0 2 5

Explanatory notes: G—product based on gelatin; A—product based on agar-agar; 0P—no addition of prebiotics;
I-1—with 1% w/v of inulin addition; I-3—with 3% w/v of inulin addition.

Every determination was made three times. The results that were collected were
presented as mean =+ standard deviation (SD).

2.3. Preparing of Jelly Formulations

For the study, a total of 6 formulations of jellies were produced: 3 samples with a
gelatin addition and 3 samples with an agar—agar addition (I-1 with 1% of inulin addition;
I-3 with 3% of inulin addition; 0P—no addition of prebiotics). All manufactured samples
are shown in Table 1. All mixtures contained mulberry juice (70% v/v), sucrose (5% w/v),
1% (w/v) or 3% (w/v) of a prebiotic addition or without a prebiotic addition, and 2% (v/v)
of an inoculum addition, respectively. It was fermented using the potentially probiotic
bacterial strain L. plantarum O21 strain, at 37 °C for 24 h. Gelatin and agar-agar were used
as the gelling agents.

The fermentation process was carried out in sterile, glass vessels of a 500 mL capacity.
The fermented juices were then combined with the other recipe ingredients; gelatin (2% w/v)
or agar-agar (2% w/v) prepared with distilled water, with a final volume of 400 mL.

The samples were prepared as follows:



Appl. Sci. 2023,13, 12780

40f18

Gelatin: gelatin was thoroughly dissolved in a suitable portion of hot water, cooled
and added to fermented juice. Then, 200 mL were placed in plastic vessels and cooled.
After 3 h, it was placed at 4 °C.

Agar—agar version: a large portion of agar-agar was poured into a suitable portion
of cold water and left until it swelled (approximately, 10 min.). Then, it was transferred
to a small pot and heated until boiling (90-100 °C), dissolving the agar—agar. Then, it was
cooled and other ingredients were added. Finally, the mixtures were divided into 200 mL
pieces, each of which were put into a plastic container.

The product remained at room temperature (22 °C to concentration; after 3 h, it was
placed in the above-refrigerated conditions, at 4 °C).

The investigated samples were stored at refrigerated conditions for 24 h. Next, the
particular determinations were performed.

All determinations were performed in triplicate. The obtained results were expressed
as a mean =+ standard deviation (SD).

2.4. Microbiological Analysis

The TEMPO® System, an automated quality indicator system (used by BioMérieux,
Mercy Etoile, France), performed the analyses. The TEMPO® System was used to calculate
the amount of LAB bacteria present in investigated samples (log CFU g~!). The most
probable number (MPN) algorithm was used to create this system. The samples were
diluted by 1/400 in a single vial. The Tempo Filler moved the inoculated medium into the
Tempo card.

The cards were incubated at 37 °C for 48 h before the Tempo LAB test was able to
obtain performance levels that were comparable to the NF ISO15214: 1998 standard [39].
The data were automatically processed by the software system that determines which of the
wells tested positive. The volume of wells and sample dilution used to count the positive
wells allowed for an automatic conversion of the results to log CFU g~ 1.

All determinations were performed in triplicate. The obtained results were expressed
as a mean =+ standard deviation (SD).

2.5. Acidity Analysis (pH)

Using a pH meter, the studied jellies” pH values were determined three times. (EI-
metron, CP551, Zabrze, Poland). A total of 20 g of the product sample was utilized for each
measurement. The acquired results were interpreted with 0.001 accuracy.

All determinations were performed in triplicate. The obtained results were expressed
as a mean = standard deviation (SD).

2.6. Total Anthocyanin Concentration

The total anthocyanin concentration (TAC) was determined by a pH differential
method, which was adapted from the methods described by Tchabo et al., 2017 [40]. Two
buffer solutions were prepared: CH3COONa (0.4 mol/L) at pH 4.5; KC1 (0.025 mol/L) at
pH 1. Two sets of trials were prepared. A total of 100 uL was measured. All determinations
were performed in triplicate. The obtained results were expressed as a mean + standard
deviation (SD).

2.7. Extract Preparation

The extraction of gels was conducted before the total anthocyanin content and an-
tioxidant activity were assessed. Then, 2 g of gels with 20 mL of acidified methanol (the
HCI: methanol ratio was 1:99) were mixed and homogenized. After the homogenized
mixture was filtered and allowed to stand for 24 h, the extracted mixture was utilized for
the aforementioned analyses.

Cyanidin-3-glucoside chloride was used to express the results because it is the most
common anthocyanin in plants. A 2 mL buffer with pH =1 (KC1/HCI) was added to the
sample, and the absorbance of the solution at 520 nm and 700 nm was measured by using
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the spectrophotometer Genesys TM 20 (Thermo Scientific Co., Waltham, MA, USA). The
2 mL buffer with a pH (4.5) CH3COONa/CH3 COOH = was added to the second portion
of the sample.

The TAC was expressed as milligram equivalent of cyanidin 3-gucoside per mL of
juice. It was calculated according to the following Equation (1):

MW x DF x 102
e x L

TAC = [(A1 — A) — (A3 — Ay)] ¥ @
where A; stands for the absorbance at 520 nm with pH 1.0; A, stands for the absorbance
at 700 nm with pH 1.0; A3 stands for the absorbance at 520 nm with pH 4.5; A4 stands for
the absorbance at 700 nm with pH 4.5; MW—molecular weight of cyanidin-3-glucoside
(449.2 g/mol); DF—dilution factor (100); L—path length (1 cm); e—molar extinction coeffi-
cient for cyanidin-3-glucoside (26.900 L/mol-cm).

All determinations were performed in triplicate. The obtained results were expressed
as a mean =+ standard deviation (SD).

2.8. Determination of Antioxidant Activity
2.8.1. DPPH Radical Scavenging Assay

The antioxidant activity was determined by updated existing methods for measuring
Alothman, Bhat, and Karim (2009) [41] and Brand-Wiliams et al. (1995) [42]. 2-diphenyl-
1-picrylhydrazyl (DPPH), a synthetic radical, was used in the procedure (Sigma—Aldrich,
Darmstadt, Germany). A total of 0.012 g of DPPH (M = 394.32 g /mol), produced as a DPPH
solution, was dissolved in 100 cm?® of ethanol. Crushed bar samples weighing 25 g were
added to 100 mL of ethanol to create extracts. The solution was shaken. Then, after 20 h, it
was filtered.

The solution was kept in a dark place. By mixing up to 0.2 cm® of DPPH solution
with 0.8 cm? of ethanol, the absorbance A0 was calculated. A total of 0.2 cm?® of DPPH
solution, 0.6 cm® of ethanol, and 0.2 cm? of the test extract were all present in the test
sample. The absorbance was measured at 517 nm using a spectrophotometer GenesysTM
20 (Thermo Scientific Co., Waltham, MA, USA). A measurement of absorbance (A) was
made 5 and 30 min. after the process started. The solution’s mean absorbance value (AR)
was computed after three repetitions of each measurement. When the DPPH solution was
lowered by test samples of bars, the violet color vanished.

The spectrophotometer at wavelength = 517 nm captured the reduction in absorbance.
Ethanol was used to calibrate the utilized machinery. Applying the subsequent Equation (2),
the inhibition % of the DPPH radical discoloration was determined:

% Inhibition = 100 (Ag — Ar)/Ag @)

where Ay is the absorbance of the control; Ar is the absorbance of the extract.
All determinations were performed in triplicate. The obtained results were expressed
as a mean =+ standard deviation (SD).

2.8.2. ABTS Radical Scavenging Assay

Following Re et al., 1999 [43], the radical scavenging assay for ABTS (2,2'-azino-bis
3-ethylbenzothiazoline-6-sulphonic acid, Sigma Aldrich, Darmstadt, Germany) was carried
out. After 6 min of incubation with the extracts, fluctuations in the concentration of
the ABTSe+ radical cations were assessed using a spectrophotometer, the GenesysTM 20
(Thermo Scientific Co., Waltham, MA, USA). The decrease in the absorbance of the solution
at a 734 nm wavelength indicates that the antioxidative characteristics of these extracts
have lowered the levels of ABTSe+. Equation (2) is used to calculate the extracts’ capacity
to thwart the oxidation reaction based on the formula.

All determinations were performed in triplicate. The obtained results were expressed
as a mean =+ standard deviation (SD).
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2.9. Color Measurement

The Konica Minolta CM-2300d spectrophotometer (Konica Minolta Business Tech-
nologies, Inc., Osaka, Japan) was used to measure the CIE color parameters (L*, a* and b*)
according to the method described by Fazaeli et al., 2013 [44]. A white reference tile was
used to calibrate the spectrophotometer.

e The relative color difference index (AE) and the index of the hue angle (H°) were
calculated according to the following Equation (3):

AE = [Lo— L) + (ap —a)* + (b~ b)?] )

where:

Parameter L*—lightness coefficient (L* = 0 indicates black and L* = 100 indicates white
[dimensionless value));

Parameter a*—red color coefficient (dimensionless value);

Parameter b*—yellow color coefficient (dimensionless value);

L*0, a*0, b*0—color coefficients related to for unfermented juice (dimensionless value).

e  The index of hue angle (H), Equation (4):

HO = tanfl(b* /ax) 4)
e  Chroma (C), Equation (5):

C=(a? +b?)1/2 (5)

All determinations were performed in triplicate. The obtained results were expressed
as a mean = standard deviation (SD).

2.10. Sensory Analysis

The quantitative descriptive analysis (QDA) following the ISO procedure [45] was
performed to evaluate the sensory characteristics of the investigated jellies. The sensory
estimation of the products was carried out, 1 day after the manufacturing process and
10 days after the refrigerated storage. Ten panelists of WULS’s Department of Food
Gastronomy and Food Hygiene took part in the sensory evaluation. The panelists received
instruction in the fundamentals of sensory evaluation methodology [46]. Experts in an age
range from 22 to 55 who possessed strong expertise in sensory assessment techniques, such
as estimating the profiles of frozen delicacies such as fruit jellies, were included.

The chosen sensory attributes of mulberry jellies fermented by Lactiplantibacillus
plantarum O21 were as follows: color, compactness, smoothness, watery, sweet odor, bitter
odour, acid odor, other odor, sweet taste, bitter taste, acid flavor, and other flavors as well
as overall quality.

The panelists’ task was to mark the intensity of each of the quality attributes and
conduct their assessment on an appropriate scale (linear graphical scale of 0 (low)-10 (high)
conventional units (c.u.).

All determinations were performed in triplicate. The obtained results were expressed
as a mean = standard deviation (SD).

2.11. Statistical Analysis

All measurements were performed in triplicates. A one-way analysis of variance
(ANOVA) test was followed by Fisher NIR test, with the overall significance level set
to 0.05.

Pearson’s correlation was used to identify the correlation of TAC and different color
values (L* a* b* H? C AE) in investigated samples.

Principal component analysis (PCA) is a statistical method of reducing the dimension-
alities of high-dimensional datasets in a variety of research areas [47]. In this study, the PCA
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method was used to estimate the changes in the sensory quality of potentially functional
mulberry jellies during storage and to interpret the overall sensory quality, color evaluation,
antioxidant activity, and the total anthocyanin content results of investigated products.

All statistical analyses were performed using STATISTICA 13.3 PL software (StatSoft,
Krakow, Poland).

3. Results
3.1. Microbiological Analysis

At the first stage of the study, during the fermentation process and as a result of the
metabolic activity of Lactiplantibacillus plantarum O21, a decrease in pH values in each
sample was noted. The pH of fermented mulberry juice dropped from the initial 4.8 to
3.94 (juice with 3% of inulin addition), and then to 4.09 (control sample, without prebiotic
addition), respectively.

The results of the study indicate that the highest significant count of LAB bacteria
(p < 0.05) among all fermented samples of fruit juice was observed in juice with a 3% of
inulin addition at 9.35 log CFU g~ !, respectively. On the other hand, in the case of the
control sample, the lowest level of the count of bacteria was noted at the level of 9.05 log
CFU g, respectively. These determinations were the initial stages necessary to select
fermentation conditions and to determine additive levels. However, they were not critical
to the aim of this study.

The results of changes in the pH value and the count of LAB bacteria in potentially
functional mulberry jellies fermented by Lactiplantibacillus plantarum O21, based on different
gelling agents during 10 days of storage at 4 °C, are shown in Figure 1a,b.

As a result of the fermentation process and the addition of fermented mulberry
juice into the jelly recipes, the pH decrement was accompanied by culture growth in the
investigated products (Figure 1a). As illustrated in Figure 1, the statistically significant
highest count of LAB bacteria was obtained in sample AI-3 (with 3% w/v of inulin addition;
2% w/v agar-agar; 7.5 log CFUg 1), respectively. In addition, this results in a pH value
that is noticeably lower (3.6), respectively (Figure 1a), when compared to other investigated
products. A similar trend in the pH value and bacterial count was also observed in the
stored products (Figure 1b).

In summary, regardless of the recipe composition and storage time, each of the eval-
uated products had a sufficient amount of LAB probiotic bacteria in their concentration
(higher than 6.5 log CFU g~ !, respectively) at a minimum level of 6 log CFU g~ 1.
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Figure 1. Changes in pH value and the count of LAB bacteria in investigated mulberry jellies
fermented by Lactiplantibacillus plantarum O21, based on different gelling agents during 10 days of
storage at 4 °C ((a)—fresh products; (b)—stored products). ** Explanatory notes: The presented
samples are coded according to Section 2, Table 1. The results are expressed as the mean =+ standard
deviation (n = 3). Mean values denoted by the same letters (upper case letters—in regards to the LAB
count, and lower case letters—in regards to the pH value) do not differ significantly (p > 0.05).

3.2. Color Measurement and Total Anthocyanin Concentration

The changes in total anthocyanin content and color values (L* a* b* H? C AE) in the
investigated samples of fruity jellies are shown in Table 2. The effect of fermentation on
color properties of investigated samples was examined along with the following color
features (L*, a* and b*) and the total color difference (AE).

Table 2. Changes in total anthocyanin concentration and color values (L* a* b* H? C AE) in inves-
tigated mulberry jellies fermented by Lactiplantibacillus plantarum O21, based on different gelling
agents during 10 days of storage at 4 °C.

Total Anthocyanin

Sél:é)ele Con:;gté;tion L* a* b HO c* AE
(mg/mL)
UuMJ 0.90 = 0.24 10.5 + 0.10 31.50 & 0.13 9.80 £ 0.16 17.28 £0.16 32.90 £ 0.11 -
FMJ 1.70 £+ 0.12 10.00 & 0.14 31.82 + 0.10 9.45 4 0.17 16.54 +0.13 33.19 £ 0.12 0.72 +0.16
GOP 1.20 + 0.55 AP 9504010  3230+1.144*  910+0.15% 15754009 3354 0.90 4P 1.46 4 0.85 A2
GOP ** 0.95 + 0.03 2b2 10.45 4 0.14°>  31.80 +0.14 2 815+0.10% 1457 +0.08%  32.8240.0942 235+ 0.15¢b
Gn 1.40 £ 0.41BP 9.31 +0.06 B2 32.80 + 0.09 8804012  15114+013P*  3396+090FF  1.83+0.08
GI1 * 1.254+0.21 @ 9714011  3240+0.09°® 92040099 1580+ 0.099%  33.68+0.90" 1.86 +0.32 b2
GI3 1.55 4+ 0.11 Cab 92640234 33584019 865+ 1238 14574011 322640904  235+0.10P°
GI3 ** 1.50 4 0.25 € 9.75 + 0.22 edb 32.80 & 0.0 92 8954019 1521 +£0.09P" 34004009 2374012
AOP 1.25 + 0.06 ABP 935+0218 33214009  895+028P* 1559 +0.09F 333240228 1.55 4 0.10 BP
AQP ** 0.90 4+ 0.18 2 10.22 +0.21¢¢ 3260+ 018 9554021 16174012 3394 +0.11 1.14 +0.11 2
ATl 1.40 4 0.09 B° 9.25+0.2642 3350+ 0.19 PP 8.60 £0.61 B2 1441 +£0.108 34,60 4 0.03 P2 2.65 + 0.15 EP
AIl ** 1.15 +0.19 b2 9.55 + 0.09 PP 3335+0.08%  895+0.13%° 1537 +£0.11% 3450 4 0.09 9 222 +0.09 ©
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Table 2. Cont.

Sample

Total Anthocyanin
Concentration

Code (TAC) L at b* He ¢ AE
(mg/mL)
AI3 1.63 4 0.03 PP 931+£0.158  3360+0.11PF  850+0.104%  1420+0.114* 34.65+0.11PE 2744 0,07
AIB ** 1.45 + 0.06 92 9364+ 0.09%P 3340+ 0.05f7 8704+ 021 1457 +0.132> 3451 +0.05 9 247 +0.11

Explanatory notes: The presented samples are coded according to Section 2, Table 1. **—product stored during
10 days storage at 4 °C. The results are expressed as the mean + standard deviation (1 = 3). Values denoted by
different letters differ significantly (p < 0.05). UMJ—unfermented mulberry juice; FM]—fermented mulberry juice;
TAC—Total anthocyanin concentration; L*—Lightness; a*—Redness; b*—Yellowness; C*—Chroma; H°—Hue
angle; AE—Relative color difference index. Values denoted by different capital letters in the fresh products, differ
significantly (p < 0.05). Values are denoted by different lowercase letters in the stored products, significantly
(p < 0.05). Values are denoted by different color lowercase letters in the same fresh and stored batch products,
significantly (p < 0.05).

Results posted in Table 2 allow for an estimation of the impact of the fermentation
process on color properties of investigated products. The recorded color parameters in the
case of fruity jellies based on fermented mulberry juice, testify to the greater saturation
of the red component—the value of the parameter a* (+31.8—+33.6) and lower yellow
saturation (parameter value b* (+8.15—+9.55) (Table 2).

Due to the process of fermentation, there was an increase in the content of the total
anthocyanin concentration (TAC) in mulberry juice, from 0.90 mg/mL to 1.70 mg/mL, re-
spectively. Despite a slight decrease in the TAC content following the combination of all the
recipe’s ingredients, in fresh jelly samples, significantly higher (p < 0.05) (1.20-1.55 mg/mL)
TAC compared to the sample of unfermented juice (slightly higher values were obtained
for agar-concentrated samples—AI 1 and Al 3). Regardless of the gelling agent used, the
inulin addition statistically and significantly influenced (p < 0.05) the increase in TAC
content in fresh products, which, at the same time, corresponded to the increased number
of bacteria Lactiplantibacillus plantarum O21 in these samples (Figure la). As a result of
the refrigerated storage, TAC content significantly decreased (p < 0.05), regardless of the
product type (prebiotic addition; used gelling agent). Also note that the used gelling agent
and prebiotic addition affect TAC content after the refrigerated storage. In products based
on gelatin, with the addition of a prebiotic (regardless of the added level), a smaller loss of
TAC content (Table 2) was observed as compared to agar—agar-based tests.

In the finished goods, a slight decrease in L * was observed in fermented mulberry
juice (p < 0.05), which indicated the darkening of the color after combining all recipes. The
values of the L* and b* parameter decreased during juice fermentation and during the
production of potentially functional jellies. An increase in the color parameter—a* was also
observed in finished products compared to the fermented intermediate—mulberry juice
(Table 2).

There was an increase in the value of the AE parameter as a result of combining all
components and obtaining mulberry jelly tests. Fresh products based on both agar and
gelatin (GO1, GI3, All, and AI3), with the addition of a prebiotic, displayed noticeably
greater AE values (p < 0.05) in relation to control tests (GOP and AOP). However, significantly
higher values of the AE parameter were recorded for the jelly agar-agar-based tests. As a
result of the refrigerated storage, there was a slight but statistically significant (p < 0.05)
reduction in these values in the case of the agar-agar product-based and the control sample,
GOP (Table 2).

Results shown in Table 2 are verified by a noteworthy inverse relationship between
parameters L* and TAC (R2 = —0.763; p < 0.05), and b* and TAC (R2 = —0.353; p < 0.01), as
well as between H? and TAC (R2 = —0.649; p < 0.05) (Table 3). Nevertheless, the parameters
b* and L are positively related to the color value HY, with coefficients (R2 =+0.896; p < 0.05;
R2 = +0.412; p < 0.01), respectively.
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Table 3. Pearson’s correlation coefficients of total anthocyanin concentration and color attributes
of investigated mulberry jellies fermented by Lactiplantibacillus plantarum O21, including refriger-
ated storage.

TAC L* a* b* HO C*
TAC 1
L* —0.763 * 1
a* 0.282 —0.121 1
b* —0.358 ** 0.232 0.353 1
HO —0.649 * 0.412 ** 0.017 0.896 * 1
Cc* 0.216 —0.206 0.192 0.136 —0.097 1

Explanatory notes: TAC—Total anthocyanin concentration; L*—Lightness; a*—Redness; b*—Yellowness;
C*—Chroma; H—Hue angle; AE—Relative color difference index. * Correlation is significant at p < 0.05.
** Correlation is significant at p < 0.01.

3.3. Determination of Antioxidant Activity

The changes in antioxidant activity of the investigated functional mulberry jellies
fermented by Lactiplantibacillus plantarum O21 are presented in Figure 1a,b.

The obtained results illustrate the positive effect that lactic acid fermentation had
on the scavenging activities of the DPPH and ABTS radical. Regardless of the gelling
agent utilized, the lactic fermentation procedure produced fermented mulberry jellies with
antioxidant activity that was roughly two to three times higher than unfermented mulberry
juice. Regardless of the level used, fresh and inulin samples after storage had a higher
antioxidant activity value on the DPPH and ABTS assay.

The DPPH activity of fresh fruity jellies, referred to as % DPPH inhibition, ranged from
55.0% (sample GOP) to 81.0% in the sample GI3, respectively (Figure 2a). In stored products,
regardless of the gelling agent used, these values have changed significantly (p < 0.05) and
have decreased. In both gelatin and agar-agar-based trials, the trend in assessing fresh
products in the antioxidant capacity detected by the DPPH and ABTS assay continued. For
stored samples with a 1% and 3% inulin addition, statistically significant higher values of
antioxidant activity (p < 0.05) were reported.

100

M fresh sample
of jellies

m sample after
10 days
storage at
4°C

% of inhibition of DPPH

umJ GOP Gl-1 GI-3 AOP Al-1 Al-3

(@)

Figure 2. Cont.
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Figure 2. Changes in antioxidant activity of functional mulberry jellies fermented by Lactiplantibacillus
plantarum O21, based on different gelling agents stored at 4 °C during 10 days: (a) % inhibition of
DPPH; (b) % inhibition of ABTS. Explanatory notes: Data are expressed as mean values + standard
deviations. Refer to Table 1 for identification of test samples. Values denoted by different capital
letters in the fresh samples differ significantly (p < 0.05); n = 3. Values denoted by different lowercase
letters in the samples after 10 days of storage at 4 °C differ significantly (p < 0.05); n = 3.

When comparing the results of the DPPH assay to the results of the ABTS assay, the
antioxidant capacity of the examined unfermented mulberry juice, and fresh and preserved
functional jellies, was slightly greater (Figure 2a,b).

3.4. Sensory Characteristics of Functional Mulberry Jellies

The changes in sensory profiles of investigated mulberry jellies fermented by Lacti-
plantibacillus plantarum O21 are shown in Figure 3a,b.
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Figure 3. Sensory profile of functional mulberry jellies fermented by Lactiplantibacillus plantarum O21,

based on different gelling agents: (a) fresh mulberry jellies; (b) products stored at 4 °C during 10 days.
** Explanatory notes: The presented samples are coded according to Section 2, Table 1.

The highest value was the smoothness (8.60-9.23 c.u.), and intensity of the sweet taste
sensation (6.0-7.5 c.u.) of functional jellies with the addition of inulin (I-1; AI-3) (Section 2,
Table 1), regardless of the level of the additive and gelling agent used. In contrast, in the
control tests of the G (GOP) (Section 2, Table 1), a gelatin-based series, the highest level of
intensity of the consistency distinguishing feature, i.e., “watery”, was recorded at 0.1-0.15,
respectively (Figure 3a,b).

Gelatin-based samples (GOP; GI-1, GI-3) (Section 2, Table 1) obtained slightly higher
color distinguishing values (Figure 3a). However, these differences were not statistically
significant (p > 0.01).

In agar-agar-based trials (AOP; Al-1; AI-3) (Section 2, Table 1), the highest intensity
of the sour taste sensation was noted. All treatments of investigated products were char-
acterized by a good overall quality (meaning higher than 7.5 c.u.). All of the samples in
the A series (agar—agar-based) and products that were gelatin-based with the prebiotic
addition (GI-1, GI-3) (Section 2, Table 1) showed the highest level of overall quality intensity
(8.0—9.2 c.u.), which can be attributed to the high intensity of positive sensory factors such
as sweet taste and smoothness (Figure 3a).

During storage, the value of the assessed sensory quality characteristics of innovative
mulberry jellies has not changed significantly (p > 0.01), and therefore the sensory overall
quality has not significantly deteriorated either. However, the overall quality of stored
products was rated at 7.1-9.2 c.u., respectively (Figure 3b).

The results of the sensory evaluation of potentially functional mulberry jellies fer-
mented by Lactiplantibacillus plantarum O21 during refrigerated storage were also elaborated
by the PCA method. The PCA graph of the selected sensory attributes in investigated
products is shown in Figure 4.

The analysis of the study’s collected results employed the sum of the first two principal
components. The first two main components accounted for 42.2% of the difference between
the samples, according to a multivariate analysis of the data. The investigated products
were grouped into four clusters with their substance gell and inulin addition (Figure 4).
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Figure 4. Principal Component Analysis (PCA) graph of the selected sensory attributes and overall
quality in investigated samples of mulberry jellies fermented by Lactiplantibacillus plantarum O21,
based on different gelling agents. ** Explanatory notes: The presented samples are coded according
to Section 2, Table 1.

The first component explained 27.2% of the total variability and was mainly related
to “color”, “compactness”, “smoothness”, “bitter odor”, “sweet taste”, “acid flavor”, and
“overall quality”. However, the second component explained 15.0% of the total variability
and was mainly related to for such distinguishing features as “watery”, “other flavor”, or
“acid flavor” (Figure 4).

Analyzing the arrangement of tested samples in the space of the plot, it can be con-
cluded that the gelling agents differentiated the products located on the right side (A series;
Section 2, Table 1) and the left side (G series; (Section 2, Table 1) of the plot (Figure 4).

The first homogeneous group, in terms of quality, were fresh and stored jelly samples
based on gelatin (G OP; GOP**) (Section 2, Table 1). These samples were characterized by a
high intensity of “watery” and low intensity of “acid odor” (Figure 4).

On the other hand, the second group consisted of fresh and stored jellies that are
agar—agar based (A OP; AOP**) (Section 2, Table 1). These samples received the highest marks
among the products evaluated, in the case of the “compactness” distinguishing feature.

The third cluster is constituted of fresh and stored samples of agar-agar-based jellies
(Section 2, Table 1). This region of the plot’s properties shows that the goods under inves-
tigation share similar qualities, including the strongest overall quality intensity, sweetest
flavor, and strongest color notes.

The fourth indicated cluster was fresh and stored gelatin-based products, seria G
(Section 2, Table 1). These goods are distinguished by their strong “sweet odor”. Also in the
GI3 sample, the highest value for the “other odor” distinguishing feature was recorded,
which was described by the evaluators as “meaty”.

4. Discussion

New carriers introduce beneficial bacteria into the diet, which makes us enrich and
rebuild our microbiome. Bioactive ingredients contained in food support the survival and
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growth of microorganisms in the intestines. Currently, there is a high demand for this type
of food.

The probiotic features and health benefits conferred are known to be LAB-strain-
specific [48]. Probiotic food products must have a high concentration of microorganism
cells [>10% CFU mL~!], or between 108 and 10'! CFU per day, to have the required positive
impact [49]. In our study, all investigated, fresh, and stored samples of developed mul-
berry jellies contained an appropriate and high number of LAB bacteria Lactiplantibacillus
plantarum O21, which was higher than 6.5 log CFU g~ ! of product. The addition of inulin
significantly affected p < 0.05 (Figure 1a,b) to increase this number. This is in accordance
with Farinha et al., 2015 [50], who reports that to improve probiotic survival, prebiotic
ingredients can be added to food preparations containing probiotic microbiota. Moreover,
our results are in agreement with the report of other authors, who confirmed that the
addition of agar—agar into fermented coconut jelly can improve probiotics’ survivability,
and phenolic and antioxidant compounds during in vitro digestion [51].

Plants are valuable raw materials for the fermentation of food, due to them being rich
in bioactive ingredients that can increase the survival rate of probiotics. On the other hand,
probiotic bacteria can affect the higher content of polyphenols and antioxidant activity.

An increase in the antioxidant activity of plant-based foods as a result of lactic fermen-
tation occurs due to an increase in the release of antioxidant compounds, mainly due to an
increase in phenolic compounds and flavonoids via microbial hydrolysis [52]. Changes in
the level of antioxidant activity compounds’ production during lactic acid fermentation
may be at different levels, which depends on used microorganisms, cultivation medium,
pH, temperature, inhibitors, stimulators, or the atmosphere. Rodriguez et al., 2009 noted
that L. plantarum was able to break down several phenolic compounds found in food,
producing molecules that affect the aroma of the meal as well as compounds with higher
antioxidant activity [53]. In turn, it was also found that a prebiotic addition can affect the
antioxidant activity of plant-based food. For example, Michalska et al., 2019 [54] suggested
that inulin is a better protection agent for anthocyanins than maltodextrin, except for
vacuum drying at 90 °C, which probably causes inulin to form 5-(Hydroxymethyl)furfural
(HME), thus limiting its ability to protect anthocyanins. The authors suggest that the higher
pace of the process meant a stronger anthocyanin degradation. In our study, regardless
of the gelling agent used, significantly higher (p < 0.05) antioxidant activity values were
observed in samples with the addition of a prebiotic assessed by two methods, DPPH and
ABTS, while maintaining this trend after refrigerated storage.

Phenolic compounds are closely related to the sensory quality of food, through the
impact on such distinguishing features as astringency, color, and flavor [55]. The color
of mulberry fruit-based products is mainly dependent on the level of anthocyanins [56].
In all fruity jellies based on fermented juice, a slight increase in (b) and a decrease in (L)
and (b) was observed compared to unfermented mulberry juice [57] (Table 2). Our results
were in agreement with Kwaw et al. 2016 [34], who also demonstrated that an effect of
lactic fermentation on mulberry juices” quality includes a color assessment. The reason for
such changes may be the increase in the monomeric anthocyanin concentration in attempts
based on fermented juice. As reported by Boranbayeva et al. 2014 [58], antioxidant activity
in black mulberry juice is correlated with total monomeric anthocyanins.

It is well known that variations in the products’ sensory profiles are caused by the
fermentation technique used to produce fermented goods, in addition to the ingredients in
the recipe [59]. According to Tkacz et al. 2021 [59], in assessing the sensory quality of novel
functional products, the differentiating factor was the intensity of the sour taste sensation.
In our study, in agar—agar-based trials, especially in (AI-1; AI-3) (Section 2, Table 1) with
the addition of inulin, the highest intensity of the sour taste sensation was observed, which
at the same time was correlated with a significantly (p < 0.05) higher number of bacteria
Lactiplantibacillus plantarum O21 in these products (Figure 1a,b). Inulin as a prebiotic is
used by probiotic bacteria as a source of carbon. Because probiotics selectively break down
inulin, they can increase their population in the environment. A negative consequence
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of this process from the point of view of product quality is the overproduction of organic
acids by LAB bacteria, mainly lactic acid, and their accumulation in food. The metabolic
activity of bacteria can be reduced, for example, by storing food in refrigerated conditions.

Because of its technological qualities, inulin is also employed in food technology as
a low-calorie sweetener, fat substitute, and texture adjuster [60]. In the present study, the
highest values of the texture distinguishing feature—smoothness and the intensity of the
sweet taste sensation—was noted in the case of mulberry jellies with the addition of inulin
(GO-1, GI-3; AI-1; AI-3) (Section 2, Table 1), regardless of the level of this additive used
and the gelling agent used. Moreover, the results showed that agar-agar-based samples of
jellies were best evaluated in terms of the texture-distinguishing feature, “compactness”
(Figure 3a,b). Dominguez-Murillo and Urias-Silvas, 2023, suggested that the addition of 1%
of agar to samples of coconut jellies presented the maximum hardness (p < 0.05), due to
more bonding points and intermolecular interactions [51]. It can be concluded that inulin
can be a good alternative for sucrose, which is in line with current food design trends.
In contrast, the addition of agar is both texture-forming and protective against probiotic
bacteria at the same time. The above properties of these additives are conducive to their
use in the production of jellies.

5. Conclusions

This study demonstrated the use of a half-product in the form of mulberry juice fer-
mented with the Lactiplantibacillus plantarum O21 strain with probiotic properties, including
such additives as: the gelling agent (gelatin; agar—agar), prebiotic (inulin), impact on the
color parameters, TAC content, antioxidant activities, and sensory quality of final products,
such as functional jellies.

Results generated in this study suggest that the agar—agar-based products with the
addition of inulin were characterized by high parameters in the field of microbiological
assessment (significantly higher numbers of LAB), antioxidant activity values, and good
notes in sensory evaluation—"overall sensory quality”. However, the use of gelatin and
a higher 3% level of an inulin supplement as the gelling agent means that the sensory
evaluation of this product variant could taste a bit “meaty”.

It should be further noted that the functional mulberry jellies in the agar-agar-based
version can be beneficial alternatives for a wide range of consumers, for example: people
with milk protein allergy, lactose intolerance, and vegans, as well children. In conclusion,
our research will continue in order to refine production technology, as well as optimize
parameters to obtain a symbiotic product.
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