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Given the increasing demand for functional food products and the
importance of enhancing sensory and health-related properties of
pastries, in this research, the production of functional fruit filling was
investigated using grape pomace as a substitute for pectin and grape
syrup as a natural sweetener that contained Bacillus Coagulans
probiotic bacteria. Different amounts of grape pomace (2.5, 0.5, 7.5,
and 10 g) were replaced by pectin. The grape syrup was used as a
natural sweetener and 2 strains of B. Coagulans probiotic bacteria
were used to functional the filling. The filling produced in the pastry
formulation was used and then subjected to simulated gastrointestinal
conditions (stomach and small intestine). The survival percentage of
both strains present in the fruit filling in the in vitro conditions of the
digestive system was higher than 90 %, which showed that filling can
be an important food not only for carrying Bacillus species throughout
their useful life but also for potentially guaranteeing their survival in
the conditions of the digestive system. The results of the sensory
evaluation showed that the overall acceptance of fillings containing
grape syrup and B. Coagulans (4.53) was higher than normal filling
(4.29). The results of this research showed that it is possible to
produce probiotic filling with natural sugar by using grape pomace,
grape syrup, and B. Coagulans probiotic bacteria, which leads to the
value of the by-products of the food industry.
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1- INTRODUCTION

Jam-filled nuts (fruits)'It belongs to a group of
fruit-based products that are prepared from fruit
raw materials, sugar, water and stabilizing agents
and are used in various products such as cakes,
donuts, etc. The sensory quality of jam fillings
includes characteristics such as sweet and sour
balance, color, fruit flavor, medium firmness and
homogeneous gel-like texture. One of the
components of jam filling formulations is
hydrocolloids such as pectin [1]. Pectin offers a
wide range of functional properties that can
improve viscosity, gel strength, texture, cooking
stability and thermal properties with longer shelf
life. The use of hydrocolloids can also help
produce healthier food products by reducing the
use of sugar, fat and other less healthy
ingredients while maintaining the desired
sensory properties of the fillings. Overall, the use
of hydrocolloids in jam filling production has
significant potential to improve their quality and
performance and can provide a wide range of
benefits to both producers and consumers [2].
Today, the use of waste and by-products of the
food industry as rich sources of bioactive
compounds and suitable for use in the
formulation of various food products such as jam
nuts has received attention.

grape (Vitis vinifera) is one of the most widely
cultivated products in the world. The processes
related to the grape processing industry generate
a large amount of by-products and waste, which
currently pose environmental and economic
sustainability problems for companies in this
sector. For this reason, solutions are being
investigated to develop new high-value-added
products that derive from the valorization of
these residues [3]. One of the wastes produced in
the grape processing industry is grape pomace,
which is rich in valuable compounds such as
polyphenols (anthocyanins, flavonols, flavan-3-
ols, procyanidins), phenolic acids, resveratrol,
and pectin. Grape pomace is usually used to
extract tartaric acid and colorants such as
anthocyanins. In addition to the real benefits
associated with grape pomace reuse, such as high
efficiency in disposal management and
enrichment of bioactive molecules and

1- Fruit filling
2-High-Fructose Corn Syrup
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antioxidant substances [3], recent attention has
been paid to the applications of grape pomace for
the production of extracts with antioxidant
properties, fermentation substrates, composting,
and biomass for energy production [4].

High fructose corn syrup (HFCS)?Due to their
suitable technological properties, they are used
as a sugar substitute. TodayHFCS It is used in
bakery products, dairy products, breakfast
cereals and beverages, but it has been reported
that there may be a direct relationship between
high fructose consumption and adverse health
effects such as obesity and metabolic syndrome.
Many reports published about its harmful
properties on human health have led researchers
to conduct studies in order to replace it with
natural sweeteners. One of the cases that has
shown favorable properties is various fruit juices
such as grape juice [5].

Today, food is not just considered as a nutritional
component. The general perception is that food
has a direct impact on a person's health. In fact,
food not only has the ability to satisfy hunger, but
also has the additional ability to improve
physical and mental health. Given the increase in
life expectancy and the increasing health care
costs associated with the aging population, so-
called functional foods®It has gained popularity
among health-conscious individuals. The term
“functional” is often used to refer to food
products that have specific health benefits and
are beneficial to the human body in some way.
Some functional foods are made by altering
processing methods or adding chemicals to
foods. When it comes to bioactive components,
the properties of a product can be customized to
treat a disease or help improve overall health.
Functional ingredients in foods can include the
addition of various phytochemicals such as
antioxidants, vitamins, fibers, minerals, omega-3
fatty acids, or live cells of probiotic
microorganisms. Probiotics are described as live
bacteria that, when consumed in sufficient
quantities, can prevent various diseases and
strengthen the host’s immune system by
maintaining the balance of microorganisms in the
human digestive tract [6, 7]. Grape pomace has
been studied in various studies so far [8, 9], but
its effect as a substitute for pectin and the use of
grape juice as aHFCS in the formulation of jam

3- Functional food
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nuts, they have not been studied so far, which is and the pulp was separated after extracting the
why grape juice was used as a natural sweetener grape juice. The juicy pulp was dried for 4 hours
in the present study. Due to its unique life cycle in an oven (D-2, Sveba Dahlen, Fristad,Sweden)
in the digestive tract and probiotic at 60°C. Finally, the grape pomace was ground
effects,Bacillus Coagulanslt has shown great using a mill (GCS2700, Iran) was ground and
potential in the treatment of various human 80% of the particles passed through 200 mesh.
diseases. For example, through direct regulation
or indirect modulation by the host 2-2-Preparing jam filling with grape pomace
microbiota,Bacillus  coagulanslt  plays a powder
significant role in eliminating infections and Samples in a food processor (Qbo8¢
reducing gastrointestinal diseases and even Robogbo(Italy) equipped with temperature and
diseases of distant tissues. In addition, the stirring speed control were prepared according to
abilityBacillus coagulansIn maintaining the method of Carselli et al. (2022) with minor
homeostasis of the host microbiota, it can help modifications [16]. The first step in sample
digest daily meals and promote intestinal health preparation was to distribute the pectin well in
[10]. Although wvarious studies have been the sugar and add it to the mixture. HFCS (with
conducted on the wuse of bacteriaBacillus Brix 77), glycerin, sorbitol syrup 70%, which
coagulanshas been carried out in various was previously heated to 60 °C and spun for 5
products such as tea [11, 12], snacks [13], pasta minutes at 70rpm was stirred. Then the
[14] and curd [15], this is the first time that temperature was increased to 80°C to completely
probiotic bacteria have been usedBacillus dissolve the sugar and pectin. Calcium chloride
coagulanslt has been used as a probiotic was dissolved in a small amount of water and
functional product for the enrichment of jam added to the mixture containing pectin and
fillings and the production of flour stirring was continued for another 5 minutes. In
confectionery. Therefore, the aim of this study is the final step,pH The pH was adjusted to 3.8
to produce a functional jam filling using grape using citric acid solution (1:2 citric acid to water
pomace as a substitute for pectin and grape juice ratio) and stirring and heating were continued for
as a natural sweetener, which contains probiotic another 5 minutes. To prepare treatments
bacteria.Bacillus coagulansThey are, is. containingGPP were, pectin was not added.
LevelsGPP The used ones are given in Table 1.
2-Materials and methods The samples were transferred to different plastic
2-1-Preparation of grape pomace powder containers and stored for 24 hours at 8°C (freshly
(‘GPP) prepared samples). After 24 hours, half of each
65 kg of varietal grapesVitis Vinifera’lt was jam treatment was baked at 200°C for 10
collected directly from Malayer County (harvest minutes. Before performing the desired tests, the
season 1401) located in Hamedan Province. The samples were stabilized for 1 hour at room
grapes were washed using water and then pressed temperature.

Table 1. Formulation of fruit fillings prepared in the present study

Ingredie HFCS Glyceri  Sorbitol Suear High-methoxy GP  Citric

nts 55% n syrup 70% £ Pectin P acid

Total

(@)= 107 44.2 35 10 10 0 75 03
2-3-Preparation of jam filling containing grape disappeared.-The resulting mixture was stirred.
juice Then it was left for 6 hours to settle the
A jam core containing grape pomace and grape soil.-Settle down. In the next step, the soil was
juice was produced based on our previous results separated from the grape juice using a multi-
[17]. In order to produce grape juice, first the layered cloth. Finally, the grape juice was filtered
grapes were cleaned and dewatered. Then the and heated to obtain grape juice with a Brix of
produced grape juice was mixed with white soil 70. The jam core formulation was prepared as in
in a ratio of 1:10 and stirred until the foam step 2-2. To prepare jam core from grape juice
4.Grape pomace powder 5-Wine grapevinelL
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(20.785%),HFCS (421.11 percent) and sorbitol
syrup (99.5%). These values were based on the
optimal response of maximum tissue softness
using the simplex lattice design.’Selected.

2-4- Functional Jam Brain Preparation
2-4-1-CultivationBacillus coagulans

In order to obtain spores from commercial
strainsBacillus (Bacillus Coagulance
BC99andBacillus Coagulance FC) First, the
plants were grown in nutrient broth
medium.’They were grown at 37°C for 2 days
and the active cultures were transferred to 50 ml
of nutrient broth medium and incubated at 37°C
for 12 hours. Then, the cultures were transferred
to 250 ml of sporulation medium (0.2% glucose,
0.05% sulfate). Nizim 7 water, 0.6% dipotassium
hydrogen phosphate, 0.5% meat extract, 0.3%
peptone) and incubated at 37°C for 5 days. After
incubation, the cultures were kept at 80°C for 15
minutes and then washed with distilled water.
For this purpose, the cultures were centrifuged at
4°C and 5000 rpm for 15 minutes and the spores
were precipitated. After that, the supernatant was
discarded and the precipitate was washed with 10
ml of sterile distilled water and centrifuged
again. This process was repeated 3 times. Then
the obtained precipitate was dissolved in 5 ml of
sterile distilled water and stored at 4°C for use in
the next steps [18].

2-4-2- Jam-like brain formulation containing
probiotic bacteria

After producing a jam base with grape
juice, HFCS and fructose syrup in the second
stage, jam core containing probiotic bacteria was
produced in  this stage. = Commercial
strainsBacillus coagulanswas used as a probiotic
bacteria to produce a functional product. A jam
core was produced similar to the previous step.
For this purpose, before the final cooking step,
bacterial spores (103-10'°SporeBacillusper 500 g
of product) were added to the mixture at a
temperature of 45-50 °C [18].

To prepare flour cookies, first, fat (9%), sugar
(12%), and soy lecithin (0.15%) were mixed by a
mixer (2z, Tabriz Machine Rotation, Iran) for 5
minutes at a speed of 40 rpm, and then
bicarbonate was added.- Monium (0.6%) and

6-Simplex lattice
7-Nutrient broth
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water (17%) were added and mixed for 2 minutes
at 30 rpm. Finally, flour (60.83%) was added
along with protease enzyme (0.02%) and salt
(0.4%) and mixed for 10 minutes at 40 rpm. The
final dough was then drained and allowed to rest
for 10 minutes until ready to use. The dough was
poured onto it using a wide roller and a jam
filling at a ratio of 30 to 70%, and another layer
of dough was placed on top of the jam filling. The
flour pastry samples were baked for 9 minutes at
200°C. Various tests were performed on the
samples after they had cooled.

2-4-3-Evaluation of the of

strainsBacillus

viability

Probiotic strainsBacilluswere measured in the
culture medium. The diluted samples were
placed in nutrient agar by the dropwise method
and the Petri dishes were incubated at 37°C for
24 hours. The survival of the speciesBacillusThe
shelf life of flour confectionery was determined
up to 12 months at room temperature.

2-4-4-Extra-vitro simulation of gastrointestinal
conditions

Analysis of the stability of microorganisms in the
digestive tract under conditionslt was % s »
determined  according to the method
recommended by Biuriti et al. (2010) [19]. 10 g
of the sample was exposed to treatment with
solutions of pepsin (3 g/L) and lipase (0.9 g/L)
withpH was adjusted to 2 with the help of sterile
1 M hydrochloric acid solution to simulate the
gastric phase. To simulate the first intestinal
phase, bile salts solution (10 g/L) and pancreatin
(1 g/L) were added andpH It was adjusted to 6.5
using an alkaline solution (150 ml of 1 M sodium
hydroxide solution per liter, 14 g of monosodium
phosphate). Finally, to simulate the second phase
of the intestine, 10 g/l of bile salts and 1 g/l of
pancreatin  solution were added after
adjustment.pH Zinc 2.7 was added to the samples
again. Each solution of the three phases was kept
for 2 hours at 37 °C in a shaker. For spore
counting, 1 ml of the solution was collected at the
initial time and after 6 hours and placed on
nutrient agar for counting. The survival rate of
probiotic strains at the initial time and after a
specified time was calculated based on equation
I:

8-In vitro
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Survival (percentage)

__Determine the time elapsed after the number>< (1)
Initial time in number

100

Stability analysis in conditions.- s sThe

digestive tract was examined during the storage
period.

2-4-5-Detect the presence of probiotic bacteria

To detect the presence of probiotic bacteria, the
bacterial strain was combined with fluorescein
dye, added to the brain, and examined under a
fluorescence microscope at a wavelength of 521
nm. At this wavelength, the fluorescein dye
reflects green light.

2.6- Sensory evaluation

In order to evaluate the sensory characteristics of
the jams produced, 20 trained evaluators were
used at Zarnam Company, 10 of whom were
female and 10 were male. The evaluators' ages
ranged from 27 to 51 years. The samples were
presented to the evaluators in sealed, odorless
plastic containers with three-digit random
numbers at room temperature. The evaluators
were asked to examine the samples and evaluate
the characteristics of color, odor, taste, texture,
and overall acceptability using a five-point
hedonic scale (from 1 = unacceptable to 5 = very
acceptable).

2-7-Statistical analysis

The tests were conducted in a completely
randomized design. Analysis and evaluation of
variance’(ANOVA) using statistical
software'’'SAS At the 95% confidence level and
Duncan's multiple range test''To confirm the
existence of differences between the means, all
measurements of these sections were performed
in triplicate.

3-Results and Discussion

3-1-Nutritional properties of probiotic jam in
flour confectionery

3-1-1-Stability of probiotic bacteria during
product storage

Two-strain probiotic bacteria countBacillus
coagulansin the jam kernels produced are shown
in Table 2. According to the results, a decrease of
approximately 2 logarithmic units in the number
of microorganisms was observed during the
production process. The minimum number of
probiotic microorganisms required to provide
health benefits to the consumer should be more
thanCFU/g 10°[18]. According to the results of
bacterial counting on the first day, it was
observed that the jam samples had reached the
required level. In the case of jam samples
containingBacillus coagulans BC99 Number of
colonieslog CFU/g 11/8 and for the
strainBacillus  coagulansFC  Equal tolog
CFU/gwas 6.61, which after 12 months of
storage, these values werelog CFU/g08/7 andlog
CFU/g81.5 received. Jam nuts containing
strainBacillus coagulans BC99 It has maintained
its probiotic properties throughout the storage
period. However, the number of strainsBacillus
coagulansFC was lower than desired. Since the
production of jam kernels is carried out at high
temperatures, it is very important to maintain the
viability of probiotic bacteria used in the product
formulation during production and storage.
Bacterial spores are produced as a means of
survival under extreme environmental conditions
[20]. Thermal stability and the ability of
strainsBacillusTo survive in harsh conditions,
they have become a suitable option for use in
various food formulations [21]. Dacostacardoso
et al. (2024) wused flour containing
bacteriaBacillus CoagulansThey used it to
produce porridge. The survival of the probiotic
until the end of the storage period was high.log
CFU/gwas 7.13 [22]. Angul et al. (2023) used
dried grape pomace containing probiotic lactic
acid bacteria as a sugar substitute and reported
that the probiotic survival rate after 14 days of
storage at 4°C was 13.7% in dry weight.log
CFU/g7 has arrived [8].

Table 2. The count of B. Coagulans in different fruit fillings during storage at room temperature

(LogCFU/g)

Treatments Before

After cooking (at 45-50 °C) and during storage

9-Analysis of variance

10-Statistical Analysis System

11-Duncan
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cooking

(4 °C) Day 1 Month 3 Month 6 Month 12
Control 0 0 0 0 0
BC99 1.08 £0.15% 8.11+0.25%  7.86 +£0.20N"  7.59 +0.09™  7.08 + (.07
FC 8.45 +0.06" 6.61 £045%°  6.01 £0.132°® 593 +0.17C™ 5.81 +0.15""

Different lower- and upper-letter indicate statistically significant differences (p<0.05) between
samples at the same time and the same sample at various times.

3-1-2-Sustainability of speciesBacillusIn vitro strainsBacillusIn vitro, the gastrointestinal tract
gastrointestinal tract was always above 83% [26]. As a spore-forming

probiotic bacterium,Bacillus coagulanslt is very
Resistance to enzymes andpH Simulated important due to its high tolerance to harsh
stomach and intestinal fermentation is one of the environmental  conditions and  probiotic
most recommended in vitro tests for evaluating properties. Firstly,Bacillus coagulanslt can help
the probiotic potential of microbial strains [19, improve intestinal digestion. Secondly,Bacillus
23, 24]. Controlling the tolerance of probiotic coagulanslt can regulate the host's symbiotic
microorganisms in the final product to digestive microbiota and prevent the growth of pathogenic
conditions can help in selecting the appropriate  pacteria. Finally, due to its ability to normalize
feedstock, especially for bacteria that are more quantitative parameters of the immune system
sensitive to digestive conditions, and may also be and the functional activity of immune
effective in increasing their survival [19, 25]. The cells,Bacillus coagulanscan be significantly
survival rate of strainsBacillusThe properties of beneficial to the host immune system [10]. In
probiotics added to jam kernels exposed to in general, the survival rate of the strainBacillus
vitro conditions of the gastrointestinal tract Coagulans FC Relative toBacillus Coagulans
during the product storage period were  B(C99 Both at the beginning of the study and after
determined (Table 2). The survival percentage of 12 months, the survival was lower, but this
both probiotic strainsBacillusThe content of  difference was not significant. After certain time
probiotics in jam kernels was above 90% intervals, in both directionsBacillusA slight
throughout the study period. In a study conducted decrease was observed at months 3, 6, and 12, but
by Suarez et al. (2019) in which probiotic no significant difference (p>0.05These findings
bacteria were used in different food products (as showed that grape pomace-based jam using
carriers), it was found that natural sweetener (grape juice) could be an
probioticsBacillusThey show higher survival important food not only for carrying
than probiotic strains of Bifidobacterium and speciesBacillusthroughout their useful life, but
Lactobacillus regardless of the food ingredient could potentially ensure their survival in the
studied, and the survival rate of the conditions of the digestive tract.

Table 3. The stability of B. Coagulans of different fruit fillings during storage in the gastrointestinal
tract (%)

Treatments Day 0 Month 3 Month 6 Month 12
BC99 97.56 £1.45% 96.37 £1.11N 95.78 £0.98™at 9534 + 1,014
FC 97.01 £1.234° 95.98 +1.138° 94.86 £1.36° 9479 +1.17°°

Different lower- and upper-letter indicate statistically significant differences (p<0.05) between
samples at the same time and the same sample at various times.

3-1-2-Detect the presence of probiotic bacteria and red dots correspond to dead bacteria. As can

be seen, in both types of probiotic bacteria used,
Confocal laser scanning microscope images at the number of green dots is higher on day zero
the beginning and end of the brain preservation and after 12 months of storage, the number of red
period-The jams in flour pastries are shown in dots has increased, indicating the viability of
Figure 1. Green dots correspond to live bacteria probiotic  bacteria. Strain  viabilityBacillus
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Coagulans BC99It was more over time. Rubel et
al. (2010) presented similar results to the present
study and showed that over time the viability of

probiotic bacteria decreases and the number of
red dots increases [27].

Fig. 1. Confocal laser microscopy of fruit fillings in biscuits. a) FC and b) BC99 at day 0, ¢) FC and d)

BC99 at month 12.

3-1-2-Sensory evaluation

The results of the sensory evaluation of the jam
kernels produced are shown in Figure 2. The
overall acceptance was higher for kernels
containing grape juice (i.e. functional jam
kernels). However, there was a difference
between the overall acceptance of functional
kernels containingBacillus Coagulans BC99
andBacillus  Coagulans FC  Statistically
significant difference (p<0.05) was not present,
which indicates that the presence of probiotic
strains does not affect product acceptance and the
reason for the greater preference of evaluators for
functional jam cores was the presence of grape
juice in them instead of fructose syrup. It is likely
that the greater desirability of taste and smell in
functional jam cores led to an increase in their
overall acceptance. However, the color of the
control sample received more points and
desirability than the functional cores. According

42

to the results of statistical analysis between the
samples, there was no significant difference
between the samples in terms of color, taste and
smell, texture and overall acceptance during
storage, which indicates the stability of the
characteristics of the formulated jam cores
during storage. In a study, according to the report
of Kahraman et al. (2023), the addition of
probiotic bacteria of different
strainsBacillusSignificant effect (p>0.05) had no
effect on overall acceptance and other sensory
evaluation indices of the candy [18]. Afionizadeh
and Goli (2022) used stevioside-isomalt, whey
protein  concentrate along with Bacillus
coagulans bacteria in the muscat formulation.
The results showed that the aforementioned
compounds had no effect on the taste, but other
organoleptic characteristics of the produced
probiotic muscat samples were significantly
changed [28].
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Fig. 3. Sensory properties of flour pastry samples during 12-month storage. a) day 0, b) month 3, c)

month 6, and d) month 12.
4-Conclusion

In this study, a functional jam core containing
two strains of the probiotic bacterium Bacillus
coagulans was produced. Different amounts of
grape pomace (2.5, 0.5, 7.5, and 10 grams) were
used as a substitute for pectin and grape juice as
a natural sweetener. Then, this core was used in
the production of flour confectionery. The
results showed that the survival percentage of
both strains in the jam cores under conditions
The gastrointestinal tract bioavailability is
above 90%, confirming that jam kernels can be
useful for transporting Bacillus species.
Therefore, considering that in terms of sensory
evaluation, the overall acceptance of kernels
containing grape juice and Bacillus coagulans is
higher than that of regular kernels, the use of
grape juice (20.785%),HFCS (421.11 percent)
And sorbitol syrup (99.5%) is recommended as
a functional product for preparing jam fillings.
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