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Abstract. Climate change issues currently define a set of problems for producers of food raw 

materials in the agro-industrial sector. Scientific understanding of the relationship between climate 

change and foodborne diseases is crucial for the development of new methods of mitigation and ad-

aptation of processors. Tracking the risk in the process flow allows to minimize the portion of food 

products that determines the impact on the food industry. Low quality of food raw materials, the 

presence of negative factors leads to the formation of waste, the amount of waste worldwide remains 

critically high, accounting for a third of all food production. Global warming against the background 

of rising temperatures reduces the availability of food in regions such as the Mediterranean and Eu-

rope, forming the difficulty of ensuring stability in the field of food. The current review takes into 

account climatic conditions and biosafety of grain raw materials, in particular the risk of bacterial 

contamination and the occurrence of diseases causing bacterial spoilage of products. The most criti-

cal is the development of potato disease of wheat bread, the finished product during storage, darken-

ing and destruction of the crumb is visualized, a pungent odor appears. Bacillus ssp can contaminate 

grain raw materials during harvesting, storage, flour processing and finally baking. The proposed 

review attempts to explain that climate change, particularly global warming, may be associated with 

the occurrence of heat-induced bacterial contamination and the occurrence of diseases causing bac-

terial spoilage of bread. In addition, the current strategy adopted to prevent this microbiological dis-

ease in bakery products was described. 
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Impact of climate change on food spoilage 

Ecosystems are greatly impacted by climate 

change, which increases the number of harmful 

microorganisms that contaminate food, endanger-

ing food security and subsequently human health 

[1]. It affects food systems, quality, and safety, 

including the prevalence of food-borne pathogens 

[2]. Evidence suggests that climate change affects 

not only food yields but also food quality and 

safety. The majority of research on the effects of 

climate change focus on how primary food pro-

duction will be affected, as well as how this 

would affect food security, safety, and nutrition. 

Conversely, there is insufficient evidence to sup-

port the idea that food spoilage is a result of cli-

mate change [1].  

The process that makes food unpalatable to 

the consumer is known as food spoilage. The 
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Аннотация. Проблемы изменения климата в настоящее время определяют комплекс 

проблем для производителей продовольственного сырья агропромышленного сектора.  На-

учное понимание связи между изменением климата и болезней пищевого происхождения 

имеет решающее значение для разработки новых стратегий для смягчения последствий и 

адаптации к ним переработчиков. Прослеживание миграции рисков в технологическом по-

токе позволит минимизировать порчу продуктов питания, которая обусловливает значи-

тельное воздействие на пищевую промышленность. Низкое качество продовольственного 

сырья, присутствие негативных факторов приводят к образованию пищевых отходов, коли-

чество которых во всем мире остается критично высоким, на долю которых приходится 

треть всего производства продуктов питания. Глобальное потепление на фоне повышения 

температуры сокращает доступность продовольствия в таких регионах, как Средиземномо-

рье и Европа, формирует сложности для обеспечения продовольственной стабильности. В 

текущем обзоре освещена связь между климатическими условиями и биобезопасностью 

зернового сырья, в частности рисков бактериального загрязнения и развитием заболеваний, 

вызывающих бактериальную порчу продуктов переработки. Наиболее критичным является 

развитие картофельной болезни пшеничного хлеба, проявляющееся в готовом продукте при 

хранении, визуализируется потемнение и разрушение мякиша, появляется специфический за-

пах. Bacillus ssp могут загрязнять зерновое сырье во время уборки урожая, хранении, при пе-

реработке в муку и, наконец, выпечке. В предлагаемом обзоре сделана попытка объяснения 

как изменение климата, в частности глобальное потепление, может быть связано с увеличени-

ем бактериального загрязнения и развитием заболеваний, вызывающих бактериальную порчу 

хлеба. Кроме того, была описана текущая стратегия, принятая для предотвращения этого мик-

робиологического заболевания в хлебобулочных изделиях. 

Ключевые слова: грибковая болезнь, bacillus ssp, хлеб, изменение климата, глобальное 

потепление, порча продуктов питания 
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spoiling process most frequently results from mi-

crobiological deterioration [3]. Specific Spoilage 

microorganism such as bacteria can produce sen-

sory defects that impact a food product's appeal 

to consumers. These flaws include off-flavours, 

off-odours, visible microbial growth, and texture 

alterations. Temperature, humidity, and periods 

of intense precipitation are examples of climate 

conditions that are anticipated to impact food 

spoiling microorganisms and raise the risk of 

food spoilage [1, 4].  

Climate change is thought to be especially 

vulnerable to the spoiling effects of a wide range 

of food products and raw materials, including 

bulk dried foods like cereal grains [5]. This is 

because changes in temperature, humidity, and 

precipitation can alter intrinsic or extrinsic fac-

tors, which in turn can influence the growth of 

spoilage bacteria [6]. 

Food spoilage significantly impacts the food 

industry and contributes to global food waste, 

accounting for one-third of all food production 

[7]. With rising temperatures reducing food 

availability in regions like the Mediterranean and 

central Europe, ensuring food security is crucial 

to maintain food stability. 

Ropiness in bread: a spoilage phenome-

non induced by potato bacteria (Bacillus ssp) 

A major microbiological quality issue affect-

ing bread is ropiness disease, also known as pota-

to disease or mesenteric disease [8]. Rope for-

mation occurs in high-moisture bread loaf re-

gions as a result of volatile molecules that cause 

patchy discolouration, stringy crumb, and an un-

pleasant sweet odour similar to that observed in 

rotting melons or pineapples. 

A comparatively diverse microbial popula-

tion of bacteria from the genus Bacillus is the 

source of this quality problem in bead [8, 9]. 

While Bacillus mesentericus is commonly 

thought of as the infectious agent, research has 

shown that other related bacteria, including B. 

subtilis, B. licheniformis, B. pumilus, B. cereus, 

B. megatherium, etc., are also involved [10, 11].  

The potato is one of the most common vec-

tors of this bacteria, which is why it was given 

one of the names listed above. Most writers be-

lieve that meteorological circumstances during 

harvesting (drought, dust, wind) and wheat stor-

age conditions contribute to increased B. 

mesentericus infection. 

The importance of climate conditions in 

the contamination of bread primary material 

(cereals grain) by Bacillus ssp 

Contamination of cereals grain by bacillus 

ssp from the soil during harvesting process: 

Gram-positive, rod-shaped, aerobic or 

facultatively anaerobic, motile, endospore-

forming bacteria are known as Bacillus species. 

These bacteria cannot grow on the surface of ce-

real plants because they are not a component of 

their epiphytic microbiota. The genus Bacillus 

contains very little bacteria (approximately 5 

cfu/g) on the surface of cereal plants, but these 

bacteria are present in the soil (Fig.  1), where 

their concentration can reach 105 cfu/g [12]. The 

primary means by which these bacteria enter the 

grain mass is through dust particles that adhere to 

the grains during wheat harvesting and primary 

processing (Fig.  1).  

Research studies indicated that wheat from 

hotter, wetter regions has higher microbial loads, 

while wheat grown in warm, dry conditions has 

lower bacterial counts [13]. Temperatures be-

tween 13.7 °C and 31.5 °C and low humidity lev-

els (bellow 55 %) reduce microbial loads [13]. 

Contamination of cereals grain by bacillus 

ssp during storage: 

A wheat grain storage system is an artificial 

ecosystem where deterioration occurs due to abi-

otic physical, chemical, and biotic factors, includ-

ing temperature, moisture, storage structure, mi-

croorganisms, insects, and birds [14]. 

The higher ambient temperature brought on 

by climate change would directly affect the stor-

age temperature in conventional wheat storage 

systems, where temperature regulation may only 

be accomplished by aeration [15]. The amount of 

Bacillus spores increased during storage due to 

an increase in ambient temperature (Fig.  1). 

Dry grains are often kept in environments 

that inhibit the growth of microorganisms. As a 

result, bacterial spores cannot germinate until the 

temperature and moisture content of the grain rise 

[8]. In fact, wheat postharvest losses and grain 

storage length are significantly influenced by 

grain moisture, which has to be less than 14.5 % 

(w/w). As a result, during cereal storage, the ex-

cessive moisture and temperature rise within the 

grain may cause bacterial spore germination [6].  

Then, when the grains are ground, these bac-

teria – which now form a component of the cereal  
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microbiota – find their way into the flour [8]. 

Flour with a high level of microbial contamina-

tion is obtained by inadequate cleaning of the 

grain surface prior to the grinding process [16]. 

Contamination during grinding process of 

the cereals grain by bacillus ssp:  

During the grinding process, flour can be 

contaminated by bacteria due to equipment, with 

high microbial counts in tempering bins [17]. 

Therefore, in some cases, flour may be more con-

taminated with spore-forming bacteria than the 

original grain [18]. Second-grade flour often con-

tains more spore-forming bacteria than higher-

grade flours [13].  

This contamination increases the risk of po-

tato pathogens in bread. Flour, does not support 

bacterial growth and is considered as microbio-

logically safe. However, the high bacterial 

dormant spore concentrations in the obtained 

floor after grain grinding, can endanger bread 

quality and shelf life [8, 19]. 

Germination of bacillus spore during baking 

process: 

Bacillus endospores are thermally stable, ca-

pable of withstanding baking in the midst of 

bread crumb [20]. In such suitable conditions 

(temperatures over 25 °C combined with an aw ≥ 

0.95 and pH > 5) bacterial species that form 

ropes begin to proliferate and create proteolytic 

and amylolytic enzymes, which cause the bread's 

crumb to break down and cause ropiness or pota-

to diseases [8, 20] (Fig. 1). 

Food Safety Concerns due to ropiness 

spoilage of the wheat bread 

Bread with high levels of Bacillus species, 

such as B. cereus, can be dangerous for patients 

in hospitals, persons with pre-existing diseases, 

and people of all ages [21]. Elevations of B. 

subtilis or B. licheniformis have been associated 

with foodborne outbreaks and have been known 

to induce vomiting or diarrhoea [22, 23]. Toxins 

such lichenysin A, amylisin, and pumilacidin are 

produced, for instance, by B. licheniformis, B. 

subitilis, B. mojavenis, and B. pumilus. Moreo-

ver, amylosin production by B. amylo-

liquefaciens has been reported [22]. While iso-

lates of Bacillus amyloliquefaciens kept their cy-

totoxic action and nearly all survived heat treat-

ment, de Bellis et al. [22] observed that 30 % of 

the strains belonged to other Bacillus species. 

Prevention against ropiness spoilage of the 

bread 

Bread frequently suffers from ropiness spoil-

ing, thus it's critical to properly preserve the 

goods. There are several ways to increase the 

shelf life of bread, such as the use of active pack-

 

Fig. 1. Contamination of bread primary material (cereals grain) by Bacillus ssp during harvesting,  
storage, grinding, baking process and the implication of climatic factors. Created with BioRender.com 
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aging systems, modified environment packaging, 

natural antimicrobials, and preservatives [24].  

Disinfection of the primary material (cereal 

grains) using novel technology: 

In order to maintain food grains clean and 

uncontaminated, and ultimately to maintain the 

food products' safety, freshness and nutritional 

value, a number of food processing techniques 

have been researched and put to use. Due to their 

capacity to drastically cut processing times over-

all while consuming very little energy, non-

thermal techniques like cold plasma, irradiation, 

ozonation, microwave, radiofrequency, infrared, 

ohmic heating, and nanotechnology have drawn a 

lot of attention among these technologies [25, 

26]. 

Maintaining a low PH medium using organ-

ic preservatives: 

In rope formers, ropiness can be avoided by 

using preservatives such as organic acid (calcium 

propionate, acetic acid…). This finding was ex-

plored in vitro on Bacillus strains from ropy 

bread by Pattison et al. [27] who discovered that 

the above-mentioned organic acids halted the 

bacterial growth. The efficiency of a preservative 

dropped when the pH was changed to that of 

baked brown bread, however calcium propionate 

remained effective [11]. 

Maintaining a low PH medium using lactic 

acid bacteria of the sourdough:  

Baker's sourdough, a flour and water mix-

ture, is commonly used to give bread its sour fla-

vour. Antimicrobial compounds released by Lac-

tobacillus bacteria (LAB) and yeasts, which dom-

inate the sourdough microbiota, prevent Bacillus 

development [28, 29]. Elsanhoty et al. [30] re-

ported that Lactobacillus acidophilus and Bifi-

dobacterium lactis reduced Bacillus ssp. devel-

opment in bread dough. The pH of the bread de-

creases substantially as a result of LAB's produc-

tion of lactic and acetic acids, which largely in-

hibits the development of Bacillus species. 

Surprisingly, breads made with 20 % sour-

dough and the same lactic acid concentrations did 

not inhibit Bacillus growth and subsequent rope 

production [31].  

This finding demonstrates that the combina-

tion of low-molecular-mass compounds produced 

by LAB and a low pH inhibits rope formation 

[8]. It is hypothesised that the organic acids and 

antibacterial chemicals produced by LAB work 

in synergetic way to inhibit Bacillus development 

in bread [32]. 

Conclusion 

Overall, growing conditions, such as crop 

growth sites, and climatic parameters, such as 

relative humidity, temperature, and precipitation 

levels, have an impact on the cereal microbiota. 

The degree of contamination of cereal grains and 

their byproducts by Bacillus ssp., the main bacte-

rial agent for ropiness in bread, can also vary. All 

these factors can have an effect on the quality of 

cereal grain by-products, such as wheat bread. 

For better preservation and to reduce the safety 

risk related to the contamination of rope for-

mation in bread due to Bacillus ssp., novel non-

thermal technology such as cold plasma, as well 

as the use of LAB and organic acid preservatives 

to maintain a low pH medium, could be effective 

in preventing bread from the rope spoilage. 

However, future research should focus on 

other eco-friendly and bio-preservation methods 

that ensure more safety for the food product and, 

subsequently, human health. 
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