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ENSURING MICROBIOLOGICAL SAFETY OF BREAD WITH THE ADDITION OF CRUSHED
JUNIPER FRUIT

Abstract: This study investigates the impact of incorporating powdered juniper berries into the
formulation of wheat-based bakery products on their microbiological stability during storage. Juniper berries
are rich in natural antimicrobial and antioxidant compounds, which makes them promising as a functional
ingredient in food production. The aim of the research was to evaluate the effectiveness of adding 3%
powdered juniper berries to wheat bread. A comparative analysis was conducted between a control sample
(without additives) and an experimental sample containing the juniper berry powder. Microbiological indicators
were assessed under room temperature conditions and at elevated temperature (37 °C) over a defined storage
period. No signs of "potato disease" caused by Bacillus subtilis and Bacillus mesentericus were observed in
the experimental samples. Furthermore, compared to the control, the juniper-enriched bread showed a
significant reduction in the total count of mesophilic aerobic and facultative anaerobic microorganisms (TAMC),
mold fungi, and coliform bacteria. The results confirm that the use of powdered juniper berries contributes to
enhanced microbiological safety and prolonged shelf life of bread products without the need for synthetic
preservatives. The obtained results open up prospects for the development of functional bakery products with
enhanced hygienic, technological, and consumer characteristics, aligned with the principles of healthy nutrition
in the baking industry.

Key words: juniper berries, bakery products, microbiological stability, antimicrobial activity, shelf life.
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Introduction

One of the key strategic directions of the state policy in the Republic of Kazakhstan is the
promotion of principles of rational and balanced nutrition aimed at protecting public health and
ensuring food security. In this context, the expansion of the range of high-quality and
microbiologically safe bakery products becomes particularly important. According to expert
estimates, approximately 25% of food products become unsuitable for consumption annually due to
the activity of microorganisms. This is especially true for bakery products, which serve as a favorable
nutrient medium for microbial growth [1, 2, 3].

Food safety concerns arising from microbial contamination and the resulting spoilage of
products are common and present a major challenge. Most control measures are focused on
extending shelf life and ensuring the microbiological safety of food products. Prioritizing food safety,
many microbiologists working in the food industry dedicate significant time to studying spoilage
microorganisms [4, 5, 6].

Although the exact economic losses due to food spoilage are difficult to quantify, they are
undoubtedly substantial. According to some estimates, up to one-quarter of the global food supply
is lost due to microbial activity [7]. For cereals and legumes, global losses are estimated to account
for at least 10% of agricultural production, while losses for grains, vegetables, and fruits can reach
up to 50%. The range of microbial contamination is extensive. Bacteria are the main cause of
spoilage in protein-rich foods such as meat, poultry, fish, milk, and dairy products [8, 9, 10].

The primary spoilage organisms include Gram-negative rods (e.g., Pseudomonas,
Shewanella), Gram-positive spore-forming bacteria (Bacillus, Clostridium), lactic acid bacteria, and
other Gram-positive bacteria (Brochothrix, Micrococcus). Additionally, Enterobacteriaceae represent
a large group of bacteria that include both spoilage and pathogenic strains. These bacteria are often
used as indicators of quality and food safety [11].

Although the growth of yeasts and molds is generally slower than that of bacteria, they can
survive under harsher conditions and are thus considered potential hazards in food spoilage.

The causes of microbiological spoilage of food can be categorized as «intrinsicy», «extrinsic»,
«technological», and «latent». Intrinsic factors include the physicochemical and structural properties
of the food (e.g., water activity, pH, redox potential, availability of nutrients for microorganisms, and
natural antimicrobial compounds). Extrinsic factors refer to storage conditions such as temperature,
humidity, and the composition of the surrounding atmosphere. Technological factors involve
physicochemical processing methods that influence the properties of the food and its microbiota.
Latent factors are related to the interactions between microorganisms under the influence of the
above-mentioned conditions, including symbiotic, synergistic, and antagonistic relationships [12, 13].

Technologies that ensure food safety and prevent foodborne illness play a vital role in
improving the nutritional value of food products. On a global scale, the control and regulation of
microbiological contamination remain a pressing issue [14].

The quality of bakery products depends on the properties of the ingredients used, the
processes of dough preparation and baking, and storage conditions. During storage, adverse
microbiological processes may occur, leading to a significant decline in product quality. Microbial
spoilage of bread is commonly referred to as «bread disease».

One of the most well-known forms of bread spoilage is «potato disease», caused by spore-
forming bacteria such as Bacillus mesentericus and Bacillus subtilis. These microorganisms are
widely distributed in nature (in air, soil, plants) and are commonly found in grain and flour. The spores
remain viable during baking (surviving heating up to 130 °C or up to 6 hours at 100 °C). Conditions
favorable for their germination include high moisture content, neutral pH, and temperatures of 37-
40 °C. These bacteria possess strong amylolytic (e.g., a-amylase) and proteolytic (e.g., protease,
polypeptidase, dipeptidase) enzyme complexes, which cause noticeable structural changes in bread
crumb during spoilage [15].

Initially, affected bread loses its characteristic flavor and aroma. As spoilage progresses, the
odor becomes more intense and unpleasant. The crumb turns sticky and viscous, producing slimy
threads when torn apart. For this reason, the disease is also known as «ropy bread».

This condition is also referred to as «mucous bread disease» (E. Boyko, 1936) or «bread
chain disease» (S. A. Balakshin, K. A. Popov, 1933). The disruption of bread structure is the result
of the bacteria’s ability to hydrolyze starch into soluble carbohydrates, sugars, and dextrins.
According to V. A. Nikolaev (1932), in heavily spoiled bread, starch content can drop from 63% to
as low as 16%. Other components of bread also undergo changes [16].
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Several causes of potato disease in bread can be identified: high spore count of Bacillus
mesentericus and Bacillus subtilis (1-5 thousand spores per gram of wheat flour); use of
contaminated flour and inadequate sanitation practices at baking facilities; reuse of contaminated
bread; violation of technological parameters during production (e.g., acidity, moisture, crumb
structure); Improper storage conditions (e.g., storing warm, uncooled bread in high-humidity
environments).

The potential impact of spore-forming bacteria on human health is a serious concern. Potato
disease alters the physicochemical, biological, and organoleptic properties of bread, rendering it
nutritionally deficient and unfit for consumption. Spoiled bread has been shown to be toxic, causing
death in up to 70% of experimental animals (mice) [17].

Therefore, technologies aimed at improving the nutritional quality of food must also ensure
microbiological safety and prevent foodborne illnesses. To prevent bread spoilage, it is essential to
monitor raw materials and finished products for microbial contamination. A variety of technological,
bacteriological, physical, biochemical, and other methods are used to ensure microbiological safety.

Various methodological approaches are used to assess resistance to microbiological
spoilage, as shown in Figure 1.

«this method involves experimental baking of bread samples
in accordance with GOST 27669-88. Its disadvantages
include subjectivity, the lack of quantitative assessment of
contamination by spore-forming bacteria, and the long
duration of the identification process (24 hours).

«bacteriological methods are based on the isolation of
spores of pathogenic bacteria from the tested samples —
through contamination of flour and finished products —
onto solid and liquid nutrient media, followed by the
determination of their quantitative composition.

«physical methods are associated with determining the
response of microbial cells to external stimuli such as
ultraviolet radiation, electric current, thermal effects, and
other physical factors.

«biochemical methods are based on the detection of the
hydrolysis of proteins and carbohydrates in flour and bread
caused by the enzymes of spore-forming bacteria.

+the use of natural raw materials with antiseptic properties
is based on the bactericidal compounds they contain.

Figure 1 — Main methods for evaluating the microbiological stability of bread

Materials and methods

In the study of the microflora of long shelf-life products, classical microbiological methods
were employed, including sampling and preparation techniques for microbiological analysis, as well
as methods for cultivating microorganisms. Investigations were conducted to detect coliform bacteria
(Coliforms), pathogenic microorganisms including Salmonella, and molds [18].

The total number of mesophilic aerobic and facultative anaerobic microorganisms (MAFAM)
was determined in accordance with GOST 10444.15-94. The count of coliform bacteria (Coliforms)
was determined following GOST 10444.2-94. Detection of pathogenic microorganisms, including
Salmonella, was carried out in accordance with GOST 31747-2012.

Results

To confirm the feasibility of incorporating juniper (Juniperus) into the formulation of wheat
bread in order to enhance its microbiological stability, experimental laboratory trials were conducted.
The trials involved inducing Bacillus subtilis and Bacillus mesentericus spore-forming bacteria,
based on a total spore count of 102 spores/g of wheat flour. After baking, the bread samples were
wrapped in moist paper and incubated at a temperature of 37 °C and a relative humidity of 85-90%
for 36 hours. Following incubation, the development of potato disease in the bread was assessed
organoleptically. The results are presented in Table 1.

According to the organoleptic evaluation, no signs of potato spoilage were observed in the
bread sample made with contaminated flour supplemented with juniper. In addition to improving
microbiological stability, the incorporation of 3% juniper berry powder positively influenced the
sensory characteristics of the product. The bread with juniper demonstrated a more pronounced
pleasant aroma with subtle resinous and spicy notes characteristic of juniper berries. The crumb had
a light brownish hue, uniform porosity, and a slightly firmer texture compared to the control, while
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maintaining elasticity and freshness throughout storage. The taste was harmonious, mildly tart, and
refreshing, without bitterness or off-flavors.

Overall, the inclusion of juniper berry powder not only suppressed the development of
Bacillus-related «potato disease» but also enhanced the sensory appeal of the bread, contributing
to a distinctive flavor profile and improved freshness perception.

Table 1 — Organoleptic evaluation of potato spoilage manifestation in bread

Sample name Potato disease symptoms
Characteristic aroma of wheat bread; no signs of
disease in the crumb.

Bread baked from wheat flour

Bread baked from wheat flour

(103 spores/g flour)

Bread with the addition of 3% juniper powder
(103 spores/g flour + ground juniper berries)

Sticky crumb; presence of specific off-odor.

No signs of disease in the crumb.

To determine the inhibitory effect of plant ingredients, the quantitative composition of Bacillus
subtilis and Bacillus mesentericus colonies was assessed using a bacteriological method. This
method is based on determining the number of visible colonies growing in the sample by inoculating
it onto a solid nutrient medium. The results are presented in Table 2.

Table 2 — Number of visible colonies of Bacillus subtilis and Bacillus mesentericus in the
samples

Wheat flour bread<br>(10° spores/g flour +

Dilution Wheat flour bread<br>(102 spores/g flour) L .
und juniper berries)
101 confluent confluent
growth growth
102 99 11
103 27 3

Based on the evaluation of the data presented in Table 2, the following conclusion can be
drawn: the addition of ground juniper berries to the formulation of wheat flour bread contributes to
the reduction of potato disease pathogens. This effect may be associated with the increased acidity
of the dough containing ground juniper berries, as the organic acids present in juniper act as natural
preservatives.

The baked bread samples were stored under ambient conditions (t = 20 + 25 °C) and under
induced spoilage conditions (t = 37 + 38 °C, high humidity).

The results obtained are presented in Table 3.

The results of the conducted study (Table 3) showed that in the bread sample containing 3%
ground juniper berries, no mesophilic aerobic and facultative anaerobic microorganisms (MAFAM)
were detected after 72 hours of storage. In contrast, in the control sample, the growth of MAFAM
was observed after just 24 hours of storage. Mold development was first noted on the control sample
after 2 days, whereas in the sample containing 3% ground juniper berries, mold appeared on the 4th
day, yet did not exceed the permissible limits established by TR CU 021/2011. After 72 hours of
storage, the total viable bacterial count (TVBC) in the control sample remained within acceptable
limits, whereas in the sample with 3% ground juniper berries, the TVBC remained below the
regulatory threshold even after 96 hours. These findings demonstrate the positive effect of juniper
on the microbiological safety of bread products.
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Table 3 — Changes in microbiological indicators of the test samples during storage (R=0.95,
n=3)

Bread samples
. . L . TR CU 021/2011
Microbiological indicator Control Bregd \_N|th 3% ground requirements
juniper berries
the number of mesophilic 24 h not found not found
aerobic and facultative 48 h (5,0£0,5)%10? not found
anaerobic microorganisms, 72 h (2,5+1,5)x104 not found 5,0x103
expressed in colony-forming R )
units per gram (CFU/g) 96 h (8,5+1,5)x10 (5,3+0,4)x10
24 h not found not found
48 h <10 not found
Mold, CFU/g 72h (80£7) not found 50
96 h (135+15) <30
24 h not found not found
. . . 48 h 0,01 not found
Coliform bacteria (Coliforms), g 751 01 not found 1,0
96 h 1,0 0,01

The results obtained indicate that the inclusion of ground juniper berries in bread not only
enhances the nutritional value of the final product but also extends its shelf life. Thus, bread products
containing ground juniper berries can be stored safely for up to 72 hours.

Conclusion

The conducted research demonstrated that the addition of 3% juniper berry powder to the
wheat flour bread formulation exhibits a pronounced antimicrobial effect. Microbiological analysis
revealed that in the experimental bread sample, no growth of mesophilic aerobic and facultative
anaerobic microorganisms (Total Viable Count, TVC) was observed during 72 hours of storage,
whereas active microbial growth in the control sample began as early as 24 hours. Moreover, mold
development in the control bread occurred after 48 hours, while in the juniper-enriched sample it
appeared only after 96 hours, and the levels did not exceed the limits established by TR CU
021/2011. It was also found that the addition of juniper powder inhibited the manifestation of «potato
disease» symptoms: the treated sample showed no crumb stickiness or off-odors.

Thus, the results confirm that incorporating juniper berry powder into bread formulations not
only improves microbial resistance and safety but also contributes to extending shelf life. The
practical significance of the study lies in the potential industrial application of juniper berry powder
as a natural preservative and functional additive in bakery production. This approach can support
the development of clean-label bakery products with enhanced quality and extended freshness.
Further research should focus on optimizing dosage levels, studying the impact on sensory
characteristics, and assessing scalability in industrial baking conditions.
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¥HTAKTANFAH APLUA XXEMICI KOCbIJ1TFAH HAHHbIH MMKPOBUOJTIOIUANDbIK KAYINCI3AITHIH
KOPCETKILUTEPI

byn 3epmmeyde budal yHbiHaH XacarfaH HaH 6HIMOEPIHIH cakmay Mep3iMiHiH MUKPOBUOI02UsIIbIK
mypaKkmblifibifblHa yYHmMakmarfaH aplia XeMiciH Kocy acepi KapacmbipbliiObl. Apwa xemicmepi maburu
aHMUMUKpPOBMbIK XX8He aHmMuoKcudaHmMmbIK Kocbklibicmapra 6al 6osiraHObIKMaH, onapdbl maram
eHOIpiciHOe yHKUuoHanobIK uHepedueHm pemiHOe KondaHy rniepcriekmusarnbl 6afbim 601bin mabbliadsi.
3epmmeydiH makcambl — 6udall HaHbIHbIH KypaMbiHa 3% yHmakmarfaH apuia XeMiciH KocyObliH muiMoiniaiH
baranay. Kocnacbi3 OalibiHOanraH b6aKbinay VyreiciMeH XeHe yHmakmarfaH apuia Xemici KocblrfaH
maxipubenik yneimeH canbicmbipmarnsl manday Xypaisindi. MukpobuonoausnbiK Kepcemkiwmep berme
memnepamypacbiHOa xoHe 37 °C xorapbi memnepamypada berneini b6ip cakmay mep3imiHOe barasaHObI.
Toxipubenik ynzinepde Bacillus subtilis »xoHe Bacillus mesentericus 6akmepusinapbl mybiHOamambiH
«Kapmon aypybiHbiH» beneinepi 6atikanvadbl. CoHbiMeH Kamap, bakblnay yrneicimeH canbicmblpraHda, apuwa
KocbiniFaH HaH mMe3ogunb0i aspobmel xeHe hakynbmamuemi aHa3pobmbl MUukpoopaaHusmoepOiH xarrbl
caHbiHbIiH (MAX®AMC), 3eH caHblpayKyriakmapbiHbIiH XOHe iweK maskKwacbkl mobbl bakmepusinapbiHbIH
alimapnblKmall asalobiH Kepcemmi. AfbiHFaH HamuXernep yHmMakmarnfsaH apuwa XewmiciH KorndaHy
cuHmemukarblK KOHcepeaHmmapObl natidanaHbacmaH, HaH eHIMOepIHiH MUKpobuonoausinblK KayincizdiaiH
apmmblpyfa XeHe cakmay Mep3iMiH y3apmyfa biKnan ememiHiH danendelidi. AnbiHFaH Hemuxernep HaH
6HiMOepiH eHOipy canacblHOa KOfapbl 2u2uUeHarslblK, MEeXHOMO2USMbIK XOHe  MmYyMmbIHYWbINbIK
cunammamanapsa ue, canayammbl mamakmaHy kKarudammapbiHa cal KesremiH (QyHKUUOHanObIK HaH-
mokaw eHimoepiH a3ipreydiH nepcriekmuganapbiH alikbiHOalobI.

TyldiH ce30ep: apwa xemicmepi, HaH ©HIMOepi, MUKPOBUOMO2USbIK  MypakmblibiK,
aHMUMUKpobmabIK 6ericeHdirniK, cakmay Mep3imi.
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NMOKA3ATENN MUKPOBMOJNIOMMYECKOWN BE3ONACHOCTU XJNEBA C IOGABJIEHMEM NMOPOLLKA
nnoaoB MOXXXEBENTbHUKA

B daHHomM uccriedosaHuu paccmampueaemcs enusiHue 0obasrieHus NopowKa 51200 MOXKe8eIbHUKa
8 peuenmypy xnebobynoyHbix uzdenul U3 NWeHUYHOU MyKU Ha UX MUKPOBUOI02UuYeCcKy ycmolvyueocms 8
npoyecce  xpaHeHusi. 5leoObl  MoOXKeeesibHUKa  60oe2ambl  MNPUPOOHBIMU  @HMUMUKPOOHbIMU U
aHMuoKcudaHMHbIMU COeOUHEHUSIMU, 4mo deflaem ux NepcrnekmueHbIM OyHKUUOHaIbHbIM UHE2pedUeHmMoMm
8 nuw,esom ripoussodcmee. Llenbto pabomsi 6bir10 oueHUMb 3¢hghekmueHocmb 8HeceHUs1 3% rnopouwika 51200
MOXOKeeesIbHUKa 8 cocmas nuweHu4YHozo xneba. NposedeH cpasHUmMesnbHbIl aHanu3 Mexoy KOHMPOsIbHbIM
obpasyom (6e3 dobasoK) U onbiMHbIM o0bpa3uoM c dobasrieHUEM MOPOWKa MOXXKe8esIbHUKA.
Mukpobuonoesu4eckue nokasamesiu OUeHUBasucCb Mpu KOMHamHOU memMrepamype U [pu o8bileHHOU
memnepamype (37 °C) 8 meyeHue ycmaHO8/1IeHHO20 CPOKa XpaHeHusi. B onbimHbix obpa3syax He 8bisi8rieHO
rpusHakoe paszsumusi «kapmogbesnbHolU 6one3Hu», ebi3bisaemoli Bacillus subtilis u Bacillus mesentericus.
Kpome moeo, no cpasHeHuto ¢ KOHmMporeM, xneb ¢ MOXXe8e/IbHUKOM oKa3as 3Ha4qumesibHoe CHUXeHUe
obweao Konudecmea Me30QhusbHbIX a3pOobHbIX U haKyibmamueHO-aHasPOOHbIX MUKPOOp2aHU3Mo8
(KMA®AHM), nneceHell u bakmepul epynnbl KuweyHoU nasodku. [lonyyeHHbie pe3yrnbmamel
noomsep>0arm, 4Ymo UCM0/b308aHUE [OpowKa 5200 MOXKeeerbHUKa crocobcmeyem Mo8bIlUeHUI0
Mukpobuoroeudeckoli be3onacHoCMU U y8eslU4eHUr cpoka e2o0Hocmu xinebobyrioyHol npodykyuu 6e3
MPUMEHEeHUsI CUHMEeMmUYeCKUX KoHcepeaHmos. [1ony4yeHHbIe pe3yibmambl OMKPbI8aom nepcrekmueabi 0is
paspabomku ¢hyHKUUOHarbHbIX X/1€606ymoYHbIX U30enul, omauqyarouuxcs 8bICOKUMU 2u2UeHUYeCKUMU,
MexXHO/I02u4YecKUMU U nompebumesisCKUMU  XapakmepucmukaMu, a makkXe OpUeHmMuUpPOB8aHHbIX Ha
npuUHYyUNsLI 300p08o20 numaxus 8 xmebornexkapHoU ompacsu.

Knroyeenbie criosa: 520061 MOXxKeeeflbHUKa, Xn1ebobynoyHble u3denus, MuKpobuornozuvyeckas
ycmou4queocmb, aHMUMUKPOOHas akmueHOCMb, CPOK 200HOCMU.
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NMPUMEHEHWE NPUPOAHbLIX COPEEHTOB B YCOBEPLUEHCTBOBAHHOW YCTAHOBKE
AnA O4YUCTKU MOJIOKA OT TOKCUYHbIX 3JIEMEHTOB

AHHOmMauyus: Mornoko sensemcss oOHUM u3 Haubosiee 3Ha4YuMbIX U numMameribHbIX MPooyKmMoa
numaHusi, 00HaKo e20 Kayecmeo 80 MHO20M 3asUucum Oom 3Kofo2udeckoli 0bcmaHO8KU. 3azgpsi3HeHue
OKpyxatouwjel cpedbl nMpueoOUM K HaKOMIEHUK MSXKENbIX Memarsnrnoe 8 nuwiesol npodykyuu, 4mo
npedcmaernsiem yepo3y 05nd 300p08bsi HaceneHus. Cpedu Hux HaubosnbWy onacHoCcmb npedcmassnsom
csuHey (Pb), kadmui (Cd), mbiwbsk (As) u Opyeue anemeHmbl. Llenbio pabomei s6n1510ck onpederneHue
colepxaHusi CeUHUa, KaOMusi U Mbllibsika 8 obpasuax CbIpo20 KOPOB8be20 MOJIoKa U uccriedosaHue
agpgpekmusHocmu adcopbyUoHHOU O4YUCMKU C UCMofIb308aHUeM rpupoOHbIx copbeHmos. AHanu3 rpob u3
mpéx HacesnéHHbIX MyHKMOo8 po8odusicsi MemoOOM UHBEPCUOHHO-80/IbMaMnepoMempuu. YcmaHOo8/1eHO,
ymo codepxaHue kaOMusi 8 MosloKe u3 cenia Capxxarn npesbiwiaem rpedesibHO 00nyCmMUMYy KOHUEHmMpauuto
(0,067 me/ke npu Hopme 0,03 ma/ke), moeda KaK ypo8HU C8UHUa U MbllWbsiKa Haxodunuck 8 rpedernax HOPpMhbl.
Mns oyucmku Morioka MpUMEHsIack yCo8epLUIEHCMB08aHHas dKCriepuMeHmarbHasi ycmaHoeka C mpemsi
COPBYUOHHBIMU KOJTOHHaMU, 3a2pyXeHHbIMU WYHaUMmMOoM, UeOsUumoM U KOKOCO8bIM aKmugupO8aHHbIM yeriém.
Haubonbwas agpgpekmusHocmb GocmueHyma npu KombuHayuu 1+3 KOMoHHa (WwyHaum + KOKOCO8bIU
aKkmueuposaHHbIl y2051b), obecrieyusuwel CHUXeHUe KOHUeHmpauyul ceuHua Ha 91 %, kaOmusi Ha 75 % u
Mbiwbsika Ha 84 %. [lonydyeHHble pe3ynibmambl nodmeepxdaom yerecoobpasHocme MPUMEHEHUS
npupodHbix copbeHmoe 0711 0HUCMKU MOJIoka U OeMOHcmpupyrom repcriekmugHocmes pa3pabomaHHoU
ycmaHo8KuU OJ151 UCIMOoJIb308aHUS 8 1abopamopHbIX U MasibiX MPou3800CMEEHHbIX yCIT08USIX.

Knroyeeble csioga: cCbipoe KOpPOBbE  MOJIOKO, MSXKEnble  Memarsbl, UHBEPCUOHHO-
go/ibmamnepoMempuyeckuli Memod, WyHaum, Ueosum, KOKOCO8bIl akmueupo8aHHbIU yeorib.

BBepeHue

CoBpemeHHasi MONoYHass NPOMbILLNEHHOCTb CTankMBaeTcsa ¢ npobnemamu npovsBoacTea
aKkonorudeckn 6GesonacHonm npoaykumm, YTO BO MHOMOM CBSI3@aHO C BO3MOXHbIM 3arpsi3HEHUEM
MOJIOYHOIO CbIpbsi TOKCUYHbIMM anemeHTamu [1]. KopoBbe MOMOKO paccmaTpuBaeTcs Kak
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