
15

Analysis of the Correlation Between Food Microbial Community 
Structure and Quality Safety
Youming Dong 

Siping Product Quality Inspection Institute, Siping 220300, Jilin, China

Abstract: The structure of food microbial communities has a direct impact on food safety. Genomic methods allow for 
accurate prediction of pathogens in food. Key steps to achieve this goal include whole-genome sequencing technology, 
machine learning-optimized data analysis, pan-genomics approaches, traditional molecular biology methods, new 
bioinformatics tools, and international collaboration and data sharing. Additionally, microbial communities are 
potentially linked to dietary habits, diseases, obesity, cardiovascular diseases, and the immune system. Monitoring 
changes in food microbial communities helps in the timely identification of potential food safety issues. The HACCP 
system and hurdle technology are two important microbial control methods in the field of food safety. Future research 
directions include the application of omics technologies such as metagenomics, metatranscriptomics, metaproteomics, 
and metabolomics, as well as the study of nutritional interactions. Although significant progress has been made, 
challenges remain in data interpretation, industrial application, and the cultivation or identification of difficult-to-culture 
or unknown microbial species.

Keywords: Bioinformatics; Microbial Community Diversity; Sequencing Technology

Advances in Material Science·Volume 7·Issue 1·2023  DOI: http://doi.org/10.26789/AMS.v7i1.003

1 Composition of Microbial Communities

The presence of microorganisms in food is ubiquitous. 

These microorganisms have the ability to survive under 

extreme conditions and can spread and grow in many food 

products. The composition of food microbial communities 

is complex, including eukaryotes, prokaryotes, and 

viruses. Accurate prediction of pathogens in food through 

genomics requires the integration of multiple technologies 

and strategies. Here are the steps to achieve this goal. [1-3]

1.1 Application of Whole-Genome Sequencing 
(WGS) Technology

Whole-genome sequencing technology provides high-

resolution bacterial typing, enabling researchers to quickly 

and accurately identify the source of contamination during 

disease outbreaks. This technology can be used not only 

to monitor foodborne pathogens but also to share data 

globally, thereby enhancing the ability to trace foodborne 

diseases.

1.2 Optimization of Data Analysis Using Machine 
Learning

Machine learning algorithms can improve the 

efficiency and accuracy of whole-genome data analysis 

through optimization and model building. This provides 

a more efficient and precise technical means for studying 

foodborne pathogens.

1.3 Adoption of Pan-Genomics Approaches

Pan-genomics offers more comprehensive genomic 

information, aiding in isolate identification and the study 

of genetic differences among strains. [4-5] Combined with 

databases and analysis software, pan-genomic analysis has 

great potential in revealing the virulence and resistance 

genes of pathogens, discovering new antibacterial targets, 

and monitoring horizontal gene transfer.

1.4 Integration of Traditional Molecular Biology 
Methods

Despite the advantages of whole-genome sequencing, 

traditional molecular biology methods such as PCR, 

PCR-RFLP, and PFGE remain useful for diagnosing, 

identifying, and investigating specific bacteria. These 

methods can be combined with genomic approaches to 

enhance detection accuracy and reliability.

1.5 Development and Validation of New Bioinformatics 
Tools

To overcome the limitations of traditional methods, 
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it is crucial to develop new bioinformatics tools and 

workflows. For example, designing bioinformatics 

pipelines to handle challenges encountered in clinical 

sample analysis, such as high-frequency co-precipitation 

of human DNA sequences and assessing the virulence 

potential of pathogens.

1.6 Strengthening International Cooperation and 
Data Sharing

Given the global impact of foodborne pathogens, 

enhancing international cooperation and data sharing is 

key to improving food safety monitoring capabilities. 

Establishing a global platform for monitoring and sharing 

data on foodborne pathogens can facilitate information 

exchange and resource sharing among different countries, 

thereby improving the global ability to prevent and control 

foodborne diseases.

2 The Potential Impact of Microbial Commu-
nities on Food Safety

The structure of microbial communities in food 

has a direct impact on food safety. For example, in 

hydroponic and seaweed cultivation systems, different 

microbial communities can lead to varying food safety 

risks. Additionally, the structure of lactic acid bacteria 

communities, which dominate the fermentation process of 

pickles, significantly affects the quality and safety of the 

product.

2.1 Relationship Between Dietary Habits and Gut 
Microbial Communities

Long-term dietary habits, particularly diets high in fat 

and protein versus high-fiber diets, significantly affect the 

composition of gut microbial communities. For example, 

a high-fat/low-fiber diet is associated with an abundance 

of Bacteroides, whereas a high-fiber diet is associated 

with an abundance of Prevotella. These differences reflect 

the changes in gut microbial communities under different 

dietary patterns, which may subsequently impact human 

health.

2.2 Association Between Microbial Communities 
and Diseases

Research indicates that children's gut microbial 

communities vary significantly across different regions 

due to dietary differences, and these variations are 

associated with various health conditions. For instance, 

African children, who consume a high-fiber diet, have 

higher levels of short-chain fatty acids in their gut, 

which helps protect them against inflammation and non-

communicable colon diseases.

2.3 Relationship Between Obesity and Microbial 
Communities

Obesity alters the structure of gut microbial 

communities, leading to a decrease in Bacteroidetes and 

an increase in Firmicutes. This change is possibly related 

to energy balance and metabolic disorders.

2.4 Relationship Between Microbial Communities 
and Chronic Diseases such as Cardiovascular 
Diseases and Diabetes

Diets high in salt, fat, and refined carbohydrates, 

typical in Western countries, are associated with negative 

health outcomes such as obesity, metabolic syndrome, and 

cardiovascular diseases. These poor dietary habits alter 

gut microbial communities, impacting host health.

2.5 Relationship Between Microbial Communities 
and the Immune System

Gut microbial communities affect not only local gut 

health but also systemic immune responses by producing 

metabolites such as short-chain fatty acids. For example, 

diets rich in plant-based foods are associated with more 

diverse microbial communities, which may help improve 

immune-related diseases like IBS and diabetes.

2.6 Prevention and Treatment Potential

Oral intake of probiotics and prebiotics can alter 

gut microbial communities, offering potential value in 

preventing and treating certain diseases. For instance, 

probiotic intake can improve gut health and prevent or 

treat certain types of intestinal diseases.

In conclusion, different microbial communities in 

food significantly impact human health by affecting gut 

health, immune system function, and their association 
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with various diseases.

3 HACCP System
The

3.1 Relationship Between Obesity and Microbial 
Communities

The HACCP system is a systematic approach used 

to identify, assess, and control potential hazards in food 

production to ensure food safety. This system reduces 

or eliminates food safety risks through preventive 

measures rather than relying solely on corrective actions. 

For example, in the production process of animal-

derived foods, various processing steps before and after 

slaughter may become critical control points for pathogen 

contamination. By applying bacteriophage and other 

biological antimicrobial agents, foodborne pathogens at 

these critical control points can be effectively controlled, 

thereby improving food safety. Another example is 

the application of the HACCP system in small-scale 

cheese production units, where the implementation of 

prerequisite programs (PRPs) successfully reduced the 

total bacterial and fungal counts in cheese products, while 

no contamination by Escherichia coli and heavy metals 

was detected. This case demonstrates that even in small-

scale food processing units, the HACCP system can 

effectively enhance food safety.

3.2 Barrier Technologies

Barrier technologies are methods that combine 

various sterilization factors to inhibit microbial growth 

and reproduction, ensuring the safety and quality of food. 

This technology can be achieved by controlling factors 

such as temperature, pH, modified atmosphere packaging, 

radiation, and preservatives. For example, in the study 

of soft-packaged pickled mustard tubers, adjusting the 

pH to below 5.0 can inhibit the growth of Bacillus, 

Streptococcus, and yeast. Additionally, barrier factors such 

as far-infrared dehydration, ultraviolet sterilization, high-

temperature treatment, and low-temperature refrigeration 

can effectively kill harmful bacteria without affecting the 

flavor and texture of the product. Both HACCP systems 

and barrier technologies have their own application areas 

and advantages. The HACCP system, through systematic 

risk management and preventive measures, is suitable 

for large-scale food production environments that require 

comprehensive control of food safety risks. Barrier 

technologies, on the other hand, focus more on directly 

inhibiting microbial growth through physical or chemical 

means, making them suitable for food processing 

scenarios that require rapid microbial killing to extend 

shelf life.

4 Future Research Directions and Challenges
Recent research progress on the structure of food 

microbial communities has mainly focused on the 

application of metagenomics, metatranscriptomics, 

metaproteomics, and metabolomics technologies. 

These technologies provide in-depth information about 

microbial community diversity, structure, and potential 

gene functions, thereby revealing the sources of 

beneficial genes and bioactive substances in fermented 

foods. In recent years, with the development of high-

throughput sequencing technologies and the reduction 

in costs, these technologies have been widely applied 

in the study of microbial communities in traditional 

fermented foods. For example, through metagenomics 

and metatranscriptomics, comprehensive understanding 

of genomic and transcriptomic level changes in microbial 

communities is crucial for understanding microbial 

interactions and their effects on the fermentation 

process. Additionally, nutritional interactions are also 

important factors driving the spontaneous construction 

of microbial communities in traditional fermented foods. 

Studies have shown that nutritional interactions between 

microbes can significantly affect the composition and 

function of microbial communities, which is important 

for optimizing the fermentation process and improving 

product quality. Despite significant progress, there are 

still some challenges, such as how to accurately interpret 

large amounts of complex data and how to effectively 

apply these scientific findings to industrial production. 

Furthermore, for some difficult-to-culture or unknown 

microbial species, how to effectively study them using 

modern molecular biology techniques is also a major 
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challenge. In conclusion, research on the structure of food 

microbial communities is in a rapid development stage, 

with new technologies and methods constantly emerging, 

providing powerful tools for a deeper understanding of 

microbial community functions and the optimization of 

fermented food production.

5 Conclusion
The study of food microbiota is not only crucial for 

food safety but also provides valuable information for 

understanding the relationship between microorganisms 

and health. With the continuous development of 

technology, we can expect better control over microbial 

communities, thereby improving food quality and safety.
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