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Abstract 

Apple is one of the most popular and sought-after fruits worldwide because it contains large 

amounts of nutrients, antioxidants, and bioactive compounds that play a significant role in human 

nutrition and health.The polyphenols in apples are known as natural antioxidants and play a 

significant role in improving general health. The main objective of this study is to investigate the 

function of polyphenols as probiotics and their effects on the activity of probiotics in fermented 

foods .  For this purpose, Google scholar, sciencedirect and PubMed/Medlin databases were used 

to collect relevant studies from 2012 to 2024. And articles related to the properties and 

compositions of apple polyphenols, their effective mechanisms on the intestinal microbiota, their 

synergistic effects with probiotics and their application in the development of fermented foods 

were reviewed. Polyphenols, due to their specific chemical structure, have the ability to influence 

the composition and function of the intestinal microbiota. These compounds act as prebiotics and 

substrates to nourish and stimulate the growth of beneficial intestinal bacteria, thereby improving 

gastrointestinal health. Furthermore, apple polyphenols can improve the efficacy and viability of 

probiotics by interacting with probiotics in fermented foods, increasing the effectiveness of these 

products in improving consumer health.Future research should focus on the clinical validation of 

these benefits and innovative processing techniques to maximize the bioavailability and efficacy 

of these valuable compounds in everyday diets. 
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1-Introduction 

The apple is one of the most widely consumed temperate fruits in many parts of the world. Due to 

its availability throughout the year, it is considered as a fresh fruit or a processed food (drinks such 

as juices, concentrates and purees). The apple is rich in dietary fiber, vitamins (vitamins E-C) and 

minerals such as potassium, hence promoting general human health. The rich fiber content helps 

maintain a healthy digestive tract. These fruits contain a wide range of phytochemicals with high 

levels of polyphenols, which have protective effects in preventing degenerative diseases and 

cardiovascular diseases and cancer (1). Polyphenols are a class of natural compounds widely 

present in fruits, vegetables and beverages such as tea and wine. They can be divided into several 

categories including flavonoids and phenolic acids. The latter compounds are well known for their 

potent antioxidant properties, which play an important role in combating oxidative stress. In the 

human body, polyphenols modulate various biological pathways, enhance cellular defense 

mechanisms, and reduce inflammation. Thus, they help prevent the development of diseases such 

as cancer and cardiovascular disorders. Apples are a rich source of polyphenols, including 

quercetin and catechin. Both polyphenols found in apples play an important role in promoting 

health by protecting cells from oxidative damage and supporting metabolic processes (2, 3). The 

gut microbiota plays an important role in gut health, and prebiotics or probiotics play an important 

role in this ecosystem. By definition, prebiotics are non-digestible food substances that selectively 

stimulate the growth of beneficial bacteria. While the term probiotics is used for live 

microorganisms that, when consumed in sufficient amounts, are beneficial to the host. The 

interaction of prebiotics with probiotics is crucial in maintaining gut health by improving nutrient 

absorption, modulating immune responses, and inhibiting the growth of pathogenic bacteria. In 



 
fact, some studies have confirmed that the dietary fiber in apple can act as a prebiotic, thereby 

stimulating the proliferation of beneficial bacteria such as bifidobacteria and lactobacilli. This 

symbiotic relationship is important for gut integrity (4, 5). The aim of this study was to investigate 

the functional role of apple polyphenols as prebiotics and their potential to enhance probiotic 

activity in fermented foods. This article provides a comprehensive review of how these bioactive 

compounds can be used to promote gut health by combining current research findings on the 

biological significance of apple polyphenols and their impact on the interaction mechanisms of 

prebiotics and probiotics in the gut microbiome. 

1-1 Characteristics and Composition of Apple Polyphenols 

 Apples are a rich source of bioactive polyphenolic compounds, the amount of which is higher in 

the skin of the apple than in its pulp. This is likely to protect the fruit from the effects of ultraviolet 

radiation and pathogens. On the one hand, this highlights the importance of consuming whole 

apples to maximize their health benefits (1). In general, the polyphenols found in apple skin and 

pulp include: a- Flavonoids: This group consists of flavanols such as catechin, epicatechin, 

procyanidin, dihydrochalcones (phloridzin and its derivatives), chloridzin, and quercetin 

glycoside. These compounds are known for their antioxidant properties and potential health 

benefits (6). B- Phenolic acids: These include caffeic acid, picomaric acid, and hydroxycinnamic 

acids (including chlorogenic acid), with chlorogenic acid being the most common phenolic acid in 

apple and contributing significantly to its antioxidant capacity (7). Furthermore, the composition 

of these polyphenols can vary significantly based on the apple variety, with certain cultivars 

exhibiting higher concentrations of certain compounds. For example, Lee et al. (2021) measured 

phenolic compounds from five different apple varieties grown in Australia (Royal Gala, Pink Lady, 



 
Red Delicious, Fuji, and Smitten) using LC-MS/MS and HPLC. According to their observations, 

Red Delicious had the highest total phenolic content (121.78 ± 3.45 mg/g b.w.) and total flavonoid 

content (101.23 ± 3.75 mg/g b.w.) among the five apple samples (8). In another study of three 

apple varieties grown in Chile, the total polyphenol content in whole apple and pulp was shown to 

be Grani Smith > Royal Gala > Fuji (9). 

Several factors influence the concentration of polyphenols in apple, including: a- Cultivation 

methods: Growing conditions such as soil quality, climate and agricultural practices can 

significantly affect polyphenol levels. For example, a study analyzed and compared three apple 

varieties grown in organic and conventional orchards in Poland in terms of the concentration of 

antioxidants such as phenolic acids, flavonols and vitamin C and showed that the organic 

production system has the potential to provide apple fruits rich in phenolic antioxidants (10). b- 

Storage conditions: Storage conditions (temperature and storage time) after harvest also play a 

decisive role. Its polyphenol level and antioxidant capacity can decrease during long-term storage 

due to enzymatic activity and oxidative processes (11). C. Processing methods: Different 

processing techniques can alter the polyphenol profile. For example, juicing or drying apples may 

concentrate certain polyphenols while reducing others due to heat exposure or oxidation. Research 

has shown that mild treatments and high-pressure processing increase dihydrochalcones, 

hydroxycinnamates, and proanthocyanidins and decrease flavonols. In apples, standard heat 

treatment increased the concentration of flavonols and dihydrochalcones (12). Understanding 

these factors is essential to optimize the nutritional quality of apples and enhance their health 

benefits through agricultural and processing innovations. 

2.1 Mechanisms of action of polyphenols as prebiotics  



 
Polyphenols play an important role in modulating the gut microbiota, acting as prebiotic substrates 

that promote the growth of beneficial bacteria while inhibiting pathogenic species. Research 

suggests that polyphenols can increase the number of probiotics, such as Bifidobacterium and 

Lactobacillus, which are crucial for maintaining gut health. By altering the composition of the gut 

microbiota, polyphenols contribute to a balanced microbial ecosystem, which is essential for 

optimal digestive function and overall health (13, 14). Despite extensive research on various 

metabolites, little is known about the chemical metabolic pathways used by different bacterial 

species. However, studies support the idea that polyphenols promote the growth of beneficial gut 

bacteria (14). For example, polyphenolic compounds have been shown to stimulate the 

proliferation of key bacterial species such as Akkermansia muciniphila, Faecalibacterium 

prausnitzii, and various strains of Lactobacillus. These beneficial bacteria not only enhance the 

integrity of the intestinal barrier, but also have anti-inflammatory effects, thereby helping to 

improve metabolic health. The antimicrobial properties of polyphenols facilitate this process by 

reducing the population of harmful bacteria, creating ecological niches for the growth of beneficial 

species (13). Polyphenols provide ideal conditions for the growth of beneficial bacteria by 

stimulating mucin production. Thus, polyphenols appear to exert effects comparable to those of 

probiotics on a small scale by inducing a host response that alters the bacterial niche (12). Since 

prebiotics are usually carbohydrates with stable chemical structures that are resistant to hydrolysis 

by intestinal enzymes over a wide range of temperatures, pH, and temperatures, they are fermented 

by the lower intestinal microbiota and act as a stimulus for microbial growth. Therefore, the 

mechanisms through which polyphenols can exert their prebiotic effects include fermentation by 

intestinal bacteria and the production of metabolites such as short-chain fatty acids (SCFAs), 

including acetate, propionate, and butyrate. These SCFAs play multiple physiological roles in the 



 
human body. These metabolites are produced and absorbed in the large intestine and cause a 

concomitant decrease in the pH of urine and feces, which inhibits the growth of pathogenic 

microorganisms. In addition, they provide energy for colonocytes, regulate intestinal motility, 

modulate glucose and lipid metabolism, and inflammatory responses, and enhance the immune 

system (1). 

3.1 Synergism of polyphenols and probiotic activity 

The interaction between apple polyphenols and probiotics in fermented foods is a vital area of 

research, highlighting the potential of polyphenols to enhance the health benefits of these products. 

Polyphenols can act as prebiotic substrates, promoting the growth of beneficial bacteria (such as 

Bifidobacteriaceae and Lactobacillaceae) while simultaneously inhibiting pathogenic strains (such 

as Escherichia coli and Clostridium perfringens). This dual action, termed “bipolybiotic,” suggests 

that polyphenols can modulate the microbial community during fermentation, thereby improving 

the overall quality and bioactivity of fermented foods. During fermentation of polyphenol-rich 

foods, microorganisms can metabolize complex polyphenolic compounds into smaller, more 

bioavailable forms, increasing their nutritional value and health benefits (14). For example, two 

specific strains of lactic acid bacteria (LAB), Lactobacillus paracasei and Lactobacillus plantarum, 

have been shown to modify the phenolic compounds of apple juice during fermentation, increasing 

the antioxidant capacity of fermented apple juice by producing metabolites such as alcohol, acid, 

and ketone (15). Research has shown that the incorporation of apple polyphenols into fermented 

foods can significantly increase the survival rate of probiotics. For example, one study showed that 

apple peel polyphenol extracts (APPE) improved the survival and adherence of Lactobacillus 

acidophilus in frozen yogurt (16). The presence of these polyphenols not only increases the 



 
survival of probiotics, but also improves their metabolic function, leading to increased production 

of beneficial metabolites such as lactic acid (17). Furthermore, apple juice fermented by lactic acid 

bacteria strains showed how polyphenols can enhance the activity of probiotics during 

fermentation, leading to higher viable cell counts and higher lactic acid levels (15).Several studies 

have investigated the polyphenolic composition of apple in various fermented food products: 

A- Yogurt: A study investigated the effect of apple peel extract on the survival of probiotics in 

frozen yogurt stored at -20°C for 90 days. The results showed that the addition of 5% apple peel 

polyphenolic extract significantly increased the survival of probiotics compared to the control 

samples. Increased acidity and improved sensory properties were also noted (16). 

B- Kombucha: Research on the fermentation of kombucha with 3 sources of black tea, green tea 

and oolong tea has shown that the addition of polyphenol-enriched apple juice can increase the 

growth of beneficial bacteria while improving antioxidant properties. The fermentation process 

resulted in an increase in bioactive compounds and improved sensory properties of the product 

due to the synergistic effects between apple-derived polyphenols and probiotic cultures (18). 

C- Apple juice fermentation: In a study involving the use of Lactobacillus strains (acidophilus, 

casei and plantarum) in the fermentation of apple juice for 72 hours, a significant increase in the 

number of viable cells (from 7.5 log CFU/mL to 8.3 log CFU/mL) was observed, along with an 

increase in antioxidant activity and improved antibacterial properties after fermentation. This 

suggests that apple polyphenols not only support the growth of probiotics, but also contribute to 

the functional quality of the fermented product (19). 



 
D. Apple cider vinegar fermentation: Fermentation of apple cider vinegar using specific strains of 

Acetobacter increases the concentration of bioactive compounds, including SCFAs, which are 

beneficial for gut health. The presence of apple polyphenols during this process helps maintain the 

stability and efficacy of probiotics (20). 

2- Material Method 

In this review, a search was conducted to identify studies conducted by referring to the Google 

scholar, sciencedirect and PubMed/Medlin databases to collect relevant studies from 2012 to 

2024. 

 

3- Discussion and Conclusion 

In summary, apple polyphenolic compounds play an important role in the development of 

functional foods and act as key bioactive compounds that help promote health and prevent 

diseases. On the other hand, new trends are being directed towards the integration of prebiotics 

and probiotics into daily food with an emphasis on gut health. This trend has arisen in response to 

the growing consumer demand for products that have health-promoting benefits in addition to their 

primary nutritional benefits. In recent years, the incorporation of apple-derived phenolic 

compounds into functional foods has been in line with this trend, as these components have a high 

potential to promote probiotic activity and gut microbial homeostasis, which is why there is 

innovation in the formulation of products such as probiotic-containing snacks and beverages 

enriched with polyphenols (16, 17). Future research should focus on the clinical validation of these 



 
benefits and innovative processing techniques to maximize the bioavailability and efficacy of these 

valuable compounds in everyday diets. 
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