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Abstract

Introduction: Increasing the shelf life of foods without the addition of
synthetic additives is a demand from both producers and consumers.
Spore-forming bacteria are a problem in the food industry. To reduce their
impact, it is necessary to use complex technologies, as well as ingredients with
antibacterial or antibiotic properties. The aim of this study was to develop in-
itial symbiotic combinations between lactic acid bacteria and berries to con-
trol food quality. The relevant ability of lactic acid bacteria in the presence of
berry additives to inhibit the growth of Bacillus strains that degrade bakery
products and dairy products was investigated. The antibacterial effect of ber-
ries on the growth of Bacillus mesentericus was studied. Methods: In this
study was used inhibition zone test, also called Kirby-Bauer Test. The growth
rate of bacteria was based on the measurement of the optical density at 600
nm (OD600). The method of Thompson ef al has been used to research the
development of ropiness disease in wheat bread samples. Results: The di-
ameter of the Bacillus pumilus growth inhibition zones under the berries ac-
tion was as follows: aronia —18.0 = 0.6 mm; raspberry —16.0 + 0.4 mm;
strawberry —15.0 £ 0.5 mm. Lactic bacteria in the presence of berry additives
showed a growth rate, measured by optical density (OD) at 600 from 0.073 to
0.651 (for aronia) from 0.071 to 0.609 (for raspberries), from 0.073 to 0.597
compared to the increase in environments without added fruit, which
amounted to —0.050 to 0.410. In the yogurt with added fruit, a synergism was
formed with Streptococcus thermophilus, Lactobacillus delbrueckii subsp.
Bulgaricus, Lactococcus lactis subsp Lactis biovar diacetilactis. The influence
of fat-soluble extracts of sea buckthorn, rose-hip, and hawthorn fruits on the
development of ropiness disease when storing wheat bread was investigated.
The general Pearson coefficient (microbial count and pH) for all fruit yogurt
samples is 0.95066. Conclusion: The combined use of lactic acid bacteria and
berries (aronia, raspberry and strawberry) had a synergistic effect on the risk
posed by Bacillus bacteria. 1% of fat-soluble extract from the vegetable matter
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reduced the risk of ropiness disease in wheat bread. This is due to the cumu-
lative effect of the berries chemical composition (antioxidants, organic acids,
etc.), increased acidity, lowered pH, and water activity of the food environ-
ment, below the development values of Bacillus.

Keywords

Risk of Bacillus, Berries, Lactic Acid Bacteria, Fermentation, Synergism, Bakery
and Dairy Products

1. Introduction

Preventing food spoilage without the addition of chemical food additives, while
increasing functional properties of wheat-based bakery products, is an increas-
ing demand by the consumers and a challenge for the food industry [1]. Func-
tional food according to the European Commission Concerted Action on Func-
tional Food Science in Europe (FuFoSE) and the International Life Sciences In-
stitute (ILSI) is a food that beneficially affects one or more target functions in the
body beyond adequate nutritional effects in a way that is relevant to either an
improved state of health and well-being and/or reduction of a disease risk [2]. A
food can be made functionally by increasing the concentration, adding, or im-
proving the bioavailability of a particular component [3]. Certainly, the last
decade, when consumer preferences have shifted to mildly processed food, new
opportunities arise for spore-forming spoilage and pathogenic organisms [4].

Bakery products have a very short shelf life. Their quality depends on the time
interval between baking and consumption [5]. Spoilage of bakery products is
mainly due to the growth of moulds, the main species belonging to the genera
Aspergillus, Fusarium and Penicillium, as well as to the roping of the bread,
caused by Bacillus sp., especially Bacillus subtilis and Bacillus licheniformis [6].
Statistics show that over the past decade, the number of small and medium-sized
enterprises engaged in the production of bread and bakery products using
non-traditional vegetable raw materials such as bran, seeds, grains, and legumes
has increased. Such products are in demand among consumers, but the raw ma-
terial is often a source of Bacillus bacteria, which requires the use of safe preser-
vatives [7]. Considering the high microbiological contamination of raw materials
(mainly flour) in the production of bread and bakery products, it is necessary to
use complex technologies, as well as products with antimibacterial or antibiotic
properties, to prevent the development of a ropiness disease and molding of
bread [8].

Spore-forming bacteria can be a problem in the food industry, especially in
the canning industry. Spores present in ingredients or present in the processing
environment severely challenge the preservation process since their thermal re-
sistance may be very high [9].

Cow’s milk, which is one of the most complete foods [10], is at the same time
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a favorable breeding ground for microorganisms [11] [12]. The quality and
stability of dairy products are largely determined by the initial bacterial conta-
mination and the composition of the raw material microflora [11] [12] [13]. Op-
tionally anaerobic sporulating microorganisms (Bacillus subtillis, Bacillus
mesentericus (Bacillus pumilus), Bacillus megatherium, Bacillus mycoides and
Bacillus sereus) have pronounced proteolytic properties, coagulate, and pepton-
ize milk, cause hemolysis, release ammonia, hydrogen sulfide [14]. Research in
recent years has established that these are significant microorganisms of damage
to dairy products and food poisoning [15] [16]. Recent studies conducted by us
have shown that the risk control posed by bacteria of genus Bacillus could be
achieved by using berries in food manufacturing recipes. Fruits, berries medi-
cinal plants have bactericidal and bacteriostatic properties [17]-[23]. Therofere,
Pashenko ef al [24] developed a technology for producing rowan leaven, which
included rowan powder, beet sugar molasses and kefir fungus. Leaven is a wa-
ter-molasses extract fermented with kefir fungus. The symbiosis of lactic acid
bacteria and kefir yeast cells has fungicidal and bactericidal activity due to the
high content of sorbic acid, tannins, phytoncides and flavonoids.

To ensure microbiological quality and consumer safety, strict controls and
hygienic conditions are observed by the dairy industry, as recommended by
guidelines of good dairy farming [25] [26] and hygienic conditions at dairy
plants [27].

The control of environmental parameters (temperature, pH, water activity, sa-
linity, atmosphere, presence of additives) can help the control of Bacillus cereus
proliferation in foods. The ability to produce spores makes Bacillus cereus capa-
ble to escape processing conditions carried out by the food industries to preserve
products and to eliminate or reduce the bacterial number in the final product
[28]. Heat treatments commonly used by the food industry require longer
treatments to efficiently eliminate Bacillus cereus spores [29].

The objective of the study was to evaluate the antimicrobial effect of different
berries on the development of Bacillus bacteria in bakery and dairy products.
Also, it was evaluated the combined effects of pasteurization intensity (no heat
treatment and 10 min at 70°C, 80°C and 90°C), water activity (ay) (0.960 -
0.990), pH (5.5 - 7.0) and storage temperature (7°C and 10°C) on the survival
and outgrowth of psychrotolerant spores of Bacillus cereus FF119b and Bacillus
pumilus FF128a [30].

General Characteristics of Genus Bacillus

The ubiquitous soil bacterium Bacillus cereus presents major challenges to food
safety. It is responsible for two types of food poisoning, the emetic form due to
food intoxication and the diarrheal form emerging from food infections with
enteropathogenic strains, also known as toxico-infections [31]. Bacillus cereus is
a Gram positive, spore-forming and facultative anaerobic rod, which is ubiquit-

ously found in dust, ground, on plant surfaces or in the rhizosphere [32] [33]
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[34]. Bacteria of the genus Bacillus are aerobic or facultative anaerobic, Gram
positive, mostly catalase-positive and sporogenous. Cells are rod-shaped with
rounded or straight ends. In later stages of growth some species may have
Gram-variable character. Bacillus cells occur singly, in pairs, or in shorter chains.
The width and the length of cells were in the range of 0.4 - 1.8 um and 0.9 - 10 pm
[35].

The factors that influence microbes’ growth included physical and chemical
requirements [36]. The physical requirements for growth fall into three groups
namely temperature, pH and osmotic pressure [37]. The temperature optimum
of Bacillus cereus is in the range of 28°C - 35°C. The growth occurs over a wide
pH range of 4.4 - 9.3 [38]. The growth of genus Bacil/us bacteria is inhibited es-
pecially by acid pH. However, some studies showed that Bacillus cereus could be
able to survive and to grow for a certain period of time even at pH 4.2 - 4.8 [39].
Bacillus subtilis, aerobic rods which occur individually, in pairs, or exceptionally
in chains. The cell size is in range of (0.7 - 0.8) x (2.0 - 3.0) um. Endospores have
an oval to cylindrical shape, they are located centrally, paracentrally or subter-
minally and do not increase the cell diameter. The temperature optimum of Ba-
cillus subtilis is in the range of 28°C - 30°C. The growth occurs over a pH range
of 5.5 - 8.5 [35].

Some reports implied growth of Bacillus thuringiensis in soil by suggesting
germination in soil at a pH above 6.0 and temperatures above 15.5°C [40]. Table
1 includes the results of the study conducted by Isnawati and Trimulyono [37].

Table 2 includes the characteristics of Bacillus species based on studies by [35]
[39] [41].

2. Materials and Methods

2.1. Bacillus mesentericus (Bacillus pumilus)

For research Bacillus pumilus was grown in laboratory conditions, the isolation
medium served the potato. Appropriate solutions were prepared from pure culture.
2.2. Preparation of Fruits Pulp

Freshly ripened berries (aronia, raspberry and strawberry) were gently washed
under water and cleaned with an aseptic knife. The fruits were processed by
scalding at 95°C for 5 min, packed in glass jars and stored at 4.0°C = 1.0°C.

Table 1. The turbid score of indigenous bacterials that was grown at pH 6 and various

temperatures.
Species of Turbid Temperature, °C
indi b ial pH value
indigenous bacterials score 4 30 50
1. Bacillus subtilis 6 0.343 Grow Grow Grow
2. Bacillus pumilus 6 0.629 Grow Grow None
3. Bacillus cereus 6 0.288 None Grow Grow
DOI: 10.4236/fns.2021.126042 560 Food and Nutrition Sciences


https://doi.org/10.4236/fns.2021.126042

E. Sandulachi et al.

2.3. Preparation of Fat-Soluble Extracts of Sea Buckthorn,
Rose-Hip, and Hawthorn Fruits

Sea buckthorn, rosehip and hawthorn fruits were dried at 65°C + 1°C to a moisture
content of 8.3% + 0.2% and ground to a powder. The fat-soluble extracts were ob-
tained from powders of sea buckthorn, rose-hip, hawthorn and refined deodorized
sunflower oil in a ratio of 1:12, 1:14, 1:20, respectively, at temperature of 45°C in
time of 90 min, under mechanical agitation 60 rpm, in limited conditions of light
penetration. The fat-soluble extracts were filtered and stored at 4°C + 1°C.

2.4. Yogurt Assortment

For the yogurt manufacture the Lyofast YAB 205 starter culture was used for in-
oculation, which contain Streptococcus thermophilus, Lactobacillus delbrueckii
subsp. Bulgaricus, Lactococcus lactis subsp Lactis biovar diacetilactis, sucrose
and maltodextrin. The yogurt assortment obtained in laboratory conditins is
presented in Table 3.

2.5. Bread Making

Samples of wheat bread were made using 1% and 2% fat-soluble extracts of sea

buckthorn, rose-hip, and hawthorn fruits. The control sample was prepared

Table 2. The characteristics of Bacillus species.

The characteristics Bacillus cereus  Bacillus pumilus  Bacillus subtilis
Anaerobic growth + - —
Voges-Proskauer test + - -
Glucose utilization + + +/—
Lactose utilization - - +/—
Maltose utilization + - +/—
Arabinose utilization - + +/—
Casein hydrolysis + + +
Nitrate reduction + - +
Growth at 50°C - +/—- +/—

Growth at 60°C - - -

Growth in 7% NaCl +/— + +
Growth in presense of lysosyme + +/—- +/—
“+” positive; “-” negative; “+/=" variable within species.

Table 3. Notify the probe.

Sample code Sample description
P1 50% goat’s milk + 50% cow’s milk, control sample
P2 45% goat’s milk + 45% cow’s milk + 10% aronia
P3 45% goat’s milk + 45% cow’s milk + 10% raspberries
P4 45% goat’s milk + 45% cow’s milk + 10% strawberry
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without adding any fat-soluble extracts of vegetal material. The wheat bread
samples were baked from dough prepared by direct method with the addition of
sourdough (control sample) in an amount of 10%.

2.6. Media

MRS-broth (medium of Man, Rogosa, Sharpe) (Scharlau); MRS-agar. Composi-
tion (g/dm?): MRS-broth (Scharlau), agar, 20; MRSc = MRS-broth + 10% aronia;
MRSr = MRS-broth + 10% raspberry; MRSs = MRS-broth + 10% strawberry.

The studied strains of microorganisms were cultured in a liquid medium
(MRS-broth) and on an agar medium (MRS-agar) at 37°C to examine the effect
of berries and lactic acid bacteria on growth. The agar diffusion method was
used to determine the antimicrobial activity of three prepared fruit supplements.

Nutrient broth Mueller Hinton broth (MHB), use in diffusion method for de-
termining the antimicrobiological properties of berries.

2.7. The Diffusion Method in Nutrient
Broth Mueller Hinton Broth (MHB)

In this study we used inhibition zone test, also called Kirby-Bauer Test. It is a
qualitative method used to measure and compare the inhibitory activity levels of

the tested substances (berries puree) [42].

2.8. Growth Rate of Bacteria

The methodology for this experiment was based on the work of Lambert et al The
most common way to assess microbial growth in solution is the measurement of
the optical density at 600 nm (ODsg). The method was based on absorbance de-
tection mode and basically determines which portion of light passes through a

sample, more specifically through a suspension of microorganisms [43].

2.9. The Study of Ropiness Disease Development
in Wheat Bread Samples

The method of Thompson et al [44] has been used to research the development
of ropiness disease in wheat bread samples.

2.10. Statistical Analysis

The variance analysis of the results was carried out by least square method with
application of Student test and Microsoft Office Excel program version 2010.
The differences were considered statistically significant if probability was greater
than 95% (p-value < 0.05). All assays were performed in triplicate. The experi-
mental results were expressed as average + SD.

3. Results and Discussions

3.1. Infection Incidence of Products with Bacillus

Bacillus cereus is an endospore-forming, Gram-positive bacterium able to cause
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foodborne diseases. Bacillus cereus is also a food poisoning bacterium that can
occasionally be an opportunistic human pathogen [45]. The data presented by
Branda et al [46] support the older school of thought, namely that Bacillus ce-
reus is a saprophytic bacterium that is able to grow in the soil and, in addition, is
adapted to translocate through the soil. Members of the aerobic spore-forming
genus Bacillus are commonly isolated from many types of soil at a range of
depths and altitudes, and under various climatic conditions [33] [34] [47] [48].
Bacillus was reported to occur in soil as spores, germinating and becoming ac-
tive only when readily decomposable organic matter was available [49]. Vegeta-
tive cells and especially spores can easily enter the food chain via crop plants.
According to this, the range of foods in which Bacillus cereus is detected is
broadly diversified [50].

Bacteria of Bacillus cereus and Bacillus pumilus were found in whole wheat
flour. Spores of the genus Bacillus, which enter the human body, can cause sig-
nificant dysfunction of the immune system, gastrointestinal tract, liver, respira-
tory system, and nervous system. Therefore, even if spore bacteria do not cause
ropiness disease in bread, it is better not to have them in the finished product.
They may be present in large fractions of whole grain breads. The source of in-
fection may be the air in the bakery [7]. Ropiness disease is mainly due to natu-
ral microflora and in particular to Bacillus subtilis or Bacillus pumilus. In the
process of baking wheat bread, the bacteria are destroyed, but part of its spores
can remain viable. The specific feature of ropiness disease is that its manifesta-
tion is most often visible to the user during the summer months when tempera-
tures are noticeably higher, which is a prerequisite for activating it.

It has been found that biological methods of microbial decontamination,
namely the use of natural biological substances from leavens have wide technol-
ogical potential not only to prevent the most dangerous types of bread spoilage,
such as ropiness disease, but also as natural additives, improvers of bread quality
with intensive methods of its production [8]. Neysens and De Vuyst [51] used a
modeling approach to describe the kinetics and production of L471 amylovorin
of Lactobacillus amylovorus DCE 471, given its application during the produc-
tion of type II rye dough. Influence of temperature, pH and undissociated lactic
acid concentration on inhibition of Lactobacillus sakei CTC 494 growth in MRS
broth.

There are many benefits of the sourdough application in bread making: im-
provements in the volume of the bread and the structure of the crumb [52] [53],
the flavour [54], the nutritional value [55] [56] and shelf life [57] [58] [59], due to
the delay of the staling process and the prevention of mould and bacterial spoilage,
against saprophytic microorganisms: Bacillus subtilis, Bacillus mesentericus, As-
pergillus niger, Penicillium sp. and Rhizopus sp., but none of them inhibited the
growth of bakery yeasts Saccharomyces cerevisiae [52] [60]. The addition of
sourdough is the best technique to keep the bread from spoilage meeting con-

sumer’s demand for natural food without additives [61]. Sourdough is a mixture
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of flour (from wheat, rye, rice, etc.) and water, which is fermented by the action
of lactic acid bacteria and yeasts [61]. These microorganisms usually come from
flour, dough ingredients or the environment.

The objectives to be achieved by the use of sourdough are a significant in-
crease in the shelf life and the nutritional value of bread and improvement of the
organoleptic properties of bread. The increase in the retention time of the sour-
dough bread is due to the higher levels of acidity and the higher concentration of
produced organic acids in comparison to the commercial bread produced by
using only yeasts [2].

With the inclusion of starter cultures, the pH falls very quickly, so the whole
manufacturing process is accelerated, which leads to economic benefits for the
producer. The secondary effects of the acidification and the fermentation time ac-
celeration include changes in the enzymes activity of the cereal substrates or the
bacterial strains [6]. These positive effects are associated with the metabolic activi-
ty of the selected pure cultures, yeast and homo- and heterofermentative lactic acid
bacteria in the composition of the sourdough, e.g. lactic acid fermentation, pro-
teolysis, exopolysaccharide production and synthesis of volatile and antimicrobial
compounds [52]. Bacillus cereus is an endospore-forming, Gram-positive bacte-
rium able to cause foodborne diseases. Lactic acid bacteria (LAB) are known for
their ability to synthesize organic acids and bacteriocins, but the potential of
these compounds against Bacillus cereus has been scarcely documented in food
models [45].

Various methods to prevent microbiological infection of bread have been de-
veloped: technological, chemical, physical, biological and combined [7] [8] [51]
[62] [63]. The study by Black et al [64], includes factors analysis influencing the
germination rate of Bacillus subtilis spores by very high pressure. Ropiness dis-
ease is mainly due to natural microflora and in particular to Bacillus subtilis or
Bacillus mesentericus. When grinding the grain, it is transferred to the result-
ing flour. In the process of baking wheat bread, the bacteria are destroyed, but
part of its spores can remain viable. The specific feature of ropiness disease is
that its manifestation is most often visible to the user during the summer
months when temperatures are noticeably higher, which is a prerequisite for ac-
tivating it [37].

Despite developments in the dairy industry, premature milk spoilage due to
the contamination by Bacillus cereus continues to be a problem and causes con-
siderable economic losses. Bacillus cereus is ubiquitously present in nature and
can contaminate milk through a variety of means from the farm to the processing
plant, during transport or distribution [28]. Bacillus cereus was isolated from 9%,
35%, 14% and 48% of raw milk, pasteurized milk, Cheddar cheese and ice cream
samples, respectively. Bacillus cereus was not recovered in yogurt. The level of
contamination with Bacillus cereus did not exceed 100/mL in raw milk, 1000/mL
in pasteurized milk, 200/g in Cheddar cheese and 3800/g in ice cream [65]. In

spite of the frequency with which dairy farms are contaminated with Bacillus
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cereus, no outbreaks of food poisoning have occurred from consumption of milk
and milk products, except for a few cases caused by cream and certain desserts.
Bacillus cereus can multiply during cheese manufacturing [66], a point that
warrants further investigation. Bacillus cereus may contaminate other foods, if
milk or a milk product is one of their ingredients, and, if conditions are right,
multiply rapidly and produce sufficient toxin to induce symptoms of food poi-
soning. The possible presence of toxigenic Bacillus cereus is another reason why
dairy foods and other foods should be handled appropriately both during
processing and in the home. Eleven strains of Bacillus cereus isolated from milk
and meat products have been used to study growth and sporulation profiles in
detail [50].

A recent example of a microorganism causing undesired growth in consumer
milk is Bacillus sporothermodurans producing highly heat-resistant spores
(HRS) which may survive ultra-high temperature (UHT) treatment or industrial
sterilization [67]. Cortezzo et al. [68] in their studies showed that treatment with
oxidizing agents affects the inner membrane of Bacillus subtilis spores and sensi-
tizes the spores to subsequent stress. Treatment of spores with oxidizing agents
has been suggested to cause damage to the spore’s inner membrane, a membrane

whose integrity is essential for spore viability.

3.2. Results

Microorganisms of genus Bacillus, which are incidental in food, but affecting
their quality, are increasingly becoming the object of research. This study aimed
to characterize the berries potential on reducing the Bacillus pumilus risk in
fermented foods. In this study, a three-phase experimental descriptive method
was applied on a laboratory scale. The first phase was the observation of the Ba-
cillus pumilus bacterial growth curve and the influence of temperature on the
microorganisms’ growth rate (Figure 1 & Figure 2). The second phase was the
study of the berry additives influence on reducing the Bacillus pumilus risk in-
fection (Table 4, Figure 3). The third phase was the berry additions influence on
the ropiness disease development during the wheat bread storage and in the
process of lactic acid fermentation (Table 5, Figure 4). The number of growing
bacterial colonies was calculated using the total plaque counting method. The
results showed that Bacillus subtilis had an optimal growth point at the eighth
hour, achieving a total population of 6.1 x 10" CFU/mL. The temperature of
37°C gave a growth rate higher than 4.6 compared to the temperature of 20°C,
which is 3.2.

Results of studying the bacteriostatic properties of aronia, strawberry and
raspberry in experiments with Bacillus pumilus are presented in Table 4.

A knowledge of the combined technologies with the appropriate concentra-
tions of the “hurdles” in combination can contribute to the process design and
control in order to assure the safety and quality of the products demanded by the

consumer market. Activity of Lactobacillus cultures against bacteria and fungi is
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widely observed and frequently reported [69] [70]. Isolation of antimicrobial
compounds from cell-free supernatant identified lactic acid, phenyllactic acid
and the two cyclic dipeptides cyclo (I-Leu-1-Pro) and cyclo (I-Phe-1-Pro) are the
major components responsible for this activity [71] [72]. These data are in
accordance with results reported by Arena et al [73], in which the production of

antimicrobial compounds varied between Lp. plantarum strains. In general, Lp.
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Figure 1. Growth curve studies of Bacillus pumilus (errors bars represent the standard
deviation of three determinations).
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Figure 2. Modification of ODsoo in samples tested for Bacillus pumilus incubated at dif-
ferent temperatures (errors bars represent the standard deviation of three determina-
tions).

Table 4. Antimicrobial activity of berries.

The zones diameter of the microorganism growth
Microorganism strain inhibition under the berries action, mm

Aronia Raspberry Strawberry

Bacillus pumilus 18.0 £ 0.6 16.0 £ 0.4 15.0£0.5
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Figure 3. The impact of berries on Bacillus pumilus germination and out growth. With-
out * refers to ODgoo and with * to % initial ODso. MRSc = MRS-broth + 10% aronia;
MRSr = MRS-broth + 10% raspberry; MRSs = MRS-broth + 10% strawberry.

plantarum 56.3 and $10.12 exhibited the highest inhibitory capability (diameter
23 mm) against Bacillus cereus DSM31.

The ability of selected lactic acid bacteria to inhibit the growth of rope-forming
Bacillus strains in laboratory experiments and in wheat bread was investigated.
Growth of Bacillus subtilis and Bacillus licheniformis was inhibited by Lactoba-
cillus plantarum VTT E-78076 and Pediococcus pentosaceus VTT E-90390 in an
automated turbidometry assay and in test bakings [74].

The introduction of berries into the Bacillus pumilus growth medium reduced
the germination rate of bacteria during 8 hours as follows: for aronias up to
37.50%, for raspberries up to 37.78%, and for strawberries up to 36.0%. In the
samples without the berries addition, the bacteria germination and growth oc-
curred more during the whole tested period, Figure 3.

The objective of our previous research was to improve the quality of wheat
bread and ensure its microbiological stability by using berry additives. The influ-
ence of berries (in the form of fat-soluble extracts) on stopping the wheat bread
spread ropiness disease was investigated. The results are presented in Table 5.

The analysis of the results showed that 1% of fat-soluble extract from the veg-
etable matter reduced the ropiness disease risk in wheat bread. For bread sam-
ples with 1% of rose-hip, hawthorn and sea buckthorn fruits fat-soluble extracts
the spoilage appeared after 96 hours and 120 hours respectively. The manifesta-
tion of ropiness disease signs is observed in wheat bread with low acidity. In
order to prevent the bread disease with ropiness, lactic bacteria are introduced
during the fermentation of wheat dough. Lactic acid bacteria Lactobacillus in the

process of development from nutrient mixture carbon-containing components
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Table 5. Influence of rose-hip, sea buckthorn and hawthorn fruits fat-soluble extracts on
the ropiness disease development when storing wheat bread products

Shelf life of wheat bread Fat-soluble Fat-soluble Fat-soluble
extract extract of sea extract of

samples until the
Control  of rosehip fruits buckthorn fruits hawthorn fruits

appearance of ropiness

signs, hours 1% 2% 1% 2% 1% 2%
24 - - - - - - -
48 - - - - - - -
72 + - - - - - -
96 ++ + + + - + +
120 +++ +++ +++ e+ + e+ +++
144 e+ e+ +++ e+ + e+ e+

“~” no signs of microbial spoilage; “+” initial signs of ropiness development; “++” average intensity of ro-
piness development (stickiness, odor); “+++” intense of ropiness development (consolidation of unpleasant

odor, stickiness).
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Figure 4. Growth rate of lactic acid bacteria in modified de Man, Rogosa, and Sharpe
(mMRS) (errors bars represent the standard deviation of three determinations).
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Figure 5. Change in pH and optical density at 600 nm (ODse) during fermentation of the
tested yogurt samples (errors bars represent the standard deviation of three determina-
tions). P1 - 50% goat’s milk + 50% cow’s milk, control sample; P2 - 45% goat’s milk +
45% cow’s milk + 10% aronia; P3 - 45% goat’s milk + 45% cow’s milk + 10% raspberries;
P4 - 45% goat’s milk + 45% cow’s milk + 10% strawberry.
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form organic acids. The latter reduces active acidity and prevents the reproduc-
tion of unwanted microflora. Figure 4 shows the results of the berries influence
on the lactic acid bacteria growth.

Growth rate of lactic acid bacteria in modified de Man, Rogosa, and Sharpe
(MRSc, MRSr, MRSs) was significantly higher by the 12 h time point compared
with traditional de Man, Rogosa, and Sharpe (MRS) broth. Lactic bacteria in the
berry additives presence showed a growth rate, measured by OD at 600 from
0.073 to 0.651 (for aronia), from 0.071 to 0.609 (for raspberries), from 0.073 to
0.597 compared to the increase in environments without added fruit, which
amounted to —0.050 to 0.410 (Figure 5).

The pH results obtained for the yogurt samples during fermentation varied in
each sample, P2 (5.31 - 4.28), P3 (5.27 - 4.25), and P4 (5.19 - 4.27) relative to P1
(5.63 - 4.38). The optical density during fermentation was increased for all yo-
gurt samples tested. The largest share of the increase in optical density was
found in the berries yogurt samples. So in the fruit yogurt samples a synergism
was created between the lactic bacteria and the chemical composition of the ad-
ditions of raspberry, strawberry and aronia, which keeps under control the risk
of Bacillus products infestation.

The pathogen Bacillus pumilus, which is associated with many foods includ-
ing dairy products, was studied for its response to acid stress during the expo-
nential phase. Lactic acid bacteria (LAB) are known for their ability to synthesize
organic acids and bacteriocins, but the potential of these compounds against Ba-
cillus cereus has been scarcely documented in food models [44].

The results of this research showed that the combined use of lactic acid bacte-
ria with the berries addition (aronia, raspberry and strawberry) had a synergistic
effect, as expected, on the risk posed by Bacillus bacteria in food. Aronia was the
most effective natural preservative, from the tested fruits, to prevent the damage
of yogurt from cow’s and goat’s milk by Bacillus.

Knowledge of the combined technologies with the appropriate concentrations
of “obstacles” in combination can contribute to the design and process control,
to ensure the products safety and quality required by the consumer market [75]
[76].

In studies conducted by [77] it was revealed that Bacillus subtilis were intole-
rant to acidic condition. During co-culture of Lactobacillus (five strains) or Lac-
tococcus (two strains) with Bacillus cereus, organic acids and other potentially
antimicrobial metabolites are produced. The strains that produced lactic acid
fastest inhibited Bacillus cereusbest [78].

The Pearson correlation [79] between the pH and the lactic acid bacteria
growth in the classic yogurt samples fermentation process and with the berries
addition was calculated. A high correlation was found a close relationship be-
tween variables, inversely proportional, because the values were obtained nega-
tive. The results are presented in Table 6.

The interdependence between pH and ODsggy and the interdependence between
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Table 6. Pearson correlation between fermentation parameters in fruit yogurt.

Pearson coefficient (Pc)

Indicator
P1 P2 P3 P4

-0.99672 —-0.99436 -0.9782 —-0.96873
Pc = £ (pH/CFU) General Pearson coefficient for all fruit yogurt samples

—-0.95066
0.949961 0.96041 0.973807 0.948529
Pc = £(CFU/ODew) General Pearson coefficient for all fruit yogurt samples
0.948124
—0.94895 —-0.95951 -0.92549 -0.87325

Pc = £ (pH/ODsw) General Pearson coefficient for all fruit yogurt samples

~0.88087
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Figure 6. The interdependences between pH ODsoo and pH, the lactic acid bacteria num-
ber in fruit yogurt.

pH and the lactic acid bacteria number in fruit yogurt are shown in Figure 6.

To control the Bacillus bacteria risk in food first is the in-depth knowledge
about the survival and growth of Bacillus cereus, Bacillus pumilus and Bacillus
subtilis in different food matrices, which depend mainly on pH and a,, (water ac-
tivity), processing and storage temperatures, oxygen availability and the micro-
flora presence, but also in their production of bacteriocins, diacetyl, carbon dio-
xide, hydrogen peroxide, ethanol or other food additives [31] [80] [81] [82] [83].

Bacillus cereus was found to adapt to acid stress (pH 4.6) when pre-exposed to
a non-lethal, inducing pH of 6.3 or to inducing concentrations of heat, ethanol,
salt or hydrogen peroxide. Cells were found to maintain their internal pH at a
higher level than the external acid pH and adapted cells had a higher internal pH
than unadapted cells [84]. Optimum medium condition of Bacillus subtilis was
reached at 37°C and pH 5.5 [85]. Its ability to form spores makes the bacterium
highly resistant towards environmental impacts such as drought, heat or radia-

tion, as well as low pH values or chemical conservation [86].

4. Conclusions

The results of this research showed that the combined use of lactic acid bacteria
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and berries (aronia, raspberry and strawberry) of foods had a synergistic effect,
as expected on the risk posed by Bacillus bacteria. Aronia was the most effective
natural preservative, from the tested fruits, to prevent damage to yogurt from
cow’s and goat’s milk by Bacillus. Knowledge of the combined technologies with
the appropriate concentrations of “obstacles” in combination can contribute to
the design and process control, to ensure the products safety and quality re-
quired by the consumer market.

Based on research, berries have been found to be an excellent means of con-
trolling the food contamination with Bacillus risk. This is due to the cumulative
effect of the berries chemical composition (content of antioxidants, organic ac-
ids, etc.), increased acidity, lowered pH and water activity of the food environ-
ment into which it was introduced, below the development values of Bacillus.

The antimicrobial berries properties were evaluated using the standard Kir-
by-Bauer disc diffusion method. It was found that berries (aronia, raspberry and
strawberry) increase the growth rate of lactic acid bacteria forming a bactericidal
synergism in fermented products (bread and yogurt). The results showed that
1% of fat-soluble extract from the vegetable matter reduced the ropiness disease
risk in wheat bread.

From a microbiological point of view, in storage, all fruits formed an associa-
tion to control the yogurt microbiological risk and stability, possess antimicrobial
properties and fruit yogurt formed a synergism with Streptococcus thermophilus,
Lactobacillus delbrueckii subsp. Bulgaricus, Lactococcus lactis subsp Lactis biovar
diacetilactis. The general Pearson coefficient (microbial count and pH) for all

fruit yogurt samples is 0.95066.
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