Bioactive Compounds in the Diet and its Effect on Microbiome and Immunity in Humans
Abstract
Dietary components are regulators of the gut microbiome and its ecosystem. The dietary bioactive molecules are decisive factors that modulates the species of microbes that are present in an individual. It is also observed that presence of a healthy gut microbiome is essential for maintaining a good immune system as the inhabitants of the normal gut ecosystem has a protective role in preventing colonization. Moreover, modifications of the consumed bioactive molecule is one important characteristics of the microbes. Considering the health benefits of maintaining a good ecosystem of favourable microbes a thorough investigation of favourable food and food components need to be established so that dietitians can direct healthy food habits. The current practice paper aims at finding out recent evidence of bioactive molecules and its effect on health and suggests important steps that can be practiced by a dietitian. 
Introduction 
Human health is largely dependent on the gut microbiota and a substantial number of research have proven the fact time and again. The microbiome of the gut is influenced by the dietary habit of an individual 1. With a large section of the gastro intestinal tract (GIT) being occupied by metabolically active microbial population it is of utmost interest of dieticians and clinicians alike to maintain a healthy diet that promotes a healthy microbiome. The large intestine is the most densely populated region of the GIT. Some of the most commonly found bacteria are Firmicutes and Bacteroidetes whereas phyla of Actinobacteria, Verrucomicrobia and Proteobacteria are also found regularly in healthy adults 1,2. 
The influence of diet in the sustenance of gut microbiota is observed in various studies. This can be observed in faecal samples which are analysed after a change in dietary habit of an individual. The gut microbes of the large intestine produces a fermentative process that yields important chemicals which has a profound effect on the physiological condition. A dramatic change in population of Firmicutes and Actinobacteria is observed with change in diet. 
Phytochemicals present in the diet has a high diversity of molecules and are often components of the plant’s secondary metabolism which can cause selective effect on the microbes in the gut.  As for example a high intake of cocoa based flavonoids has a tendency to reduce the level of serum triglycerides and increase the population of bifidobacteria as well as lactobacilli. In another process phytochemicals are processed by gut microbes to other metabolites which has altered physiochemical effect. As for instance, conversion of polyphenols present in dietary nutrients has the capability of preventing action of tumor necrosis factor (TNF) and nuclear factor kappa b (NF-kB) as well as other pro-inflammatory molecules. Further, the activity of the gut microbiota in conversion of glucuronides to aglycons increases the retention time of phytochemicals in the body 3,4. 
The gut microbiota not only helps in metabolism of phytonutrients but also plays important role in modulating colonization of the intestine by other harmful microbes which are both exogenous and endogenous ones. Moreover, destruction of the gut ecosystem can lead to infection by pathogenic bacterial strain and augment inflammatory diseases 3. Therefore, maintaining a healthy gut microbiota is essential for a healthy living. This can be achieved by consumption of dietary phytochemicals that has the potential to maintain a healthy gut microbiome. The current practice paper evaluates available evidences that are scientifically proven and published in promoting healthy immune system through modulation of gut microbiome by phytochemicals. 
Dietary phytochemicals and gut microbiota
It is well-known that maintenance of a healthy lifestyle requires having a good immune system and an assorted population of good gut microbiome. If the balance between host microbiome and the host immune system is altered from normal then it could lead to diseases. The process is known as dysbiosis which may be attributed to diet imbalance which can even lead to enhance progression in HIV infection 5. Disturbance of the microbiome will alter the ability to digest as well as production of physiologically important compounds such as the short chain fatty acids, vitamins as well as amino acids. 
Diet and population of microbes
	The effect of diet in the population of microbes is observed in studies in which Staphylococcus and Clostridium were seen to be increased and Bifidobacterium seems to be decreased in patients with celiac diseases.  Similar observations were made with consumption of gluten free diet. Whereas, diet rich in fructan such as inulin increases the population of favourable bacterial species in the intestine 6. In neonates it was observed that breastfeeding has a significant influence in increasing population of Bifidobacteria and Lactobacillus whereas formula-fed neonates have a good population of E. coli and Clostridium dificile indicating the importance of breast feeding in infants 7. 
Molecular effect of phytochemicals
	In an analysis of effect of phytochemicals on our gut microbiota is seen to alter gene expression in a statistically significant manner. A molecular analysis of the extent of modulation in gene expression by phytochemicals and xenobiotics revealed showed altered activity of genes that are specific to bacterial type and phytochemicals used. The data obtained in the study further compliments the database NutriChem which enlists around 1800 plant based foods and almost 8000 phytochemicals that can interact with our cellular system. This has led to proper understanding of the effect of phytochemicals on our body 8. 
A study by Felix et al. (2014) pointed out that disturbance in the gut microbiome by dysbiosis can result in colorectal cancer due to the growth of unfavourable pathobionts. The study emphasized on dietary tannins and its role in development of colorectal cancer due to the activity of microbes. Tannins present in red wine is seen to promote growth of Clostridium spp whereas promotes growth of Bacteroides and Lactobacillus. Though tannins display antimicrobial activity the gut microbes that increases risk of colorectal cancer has the ability to degrade tannins by the enzyme tannase making it unavailable for its antimicrobial activity1. This indicates importance of maintaining a healthy ecosystem of gut microbiota and prevention of dietary dysregulation of the ecosystem 1. 
Polyphenols as immune modulators
Polyphenols which are richly present in plant based diets has a profound effect on gut microbiota. Polyphenols are very potent inhibitors of microbial growth. Epigallocacethin gallate, epicathecin gallate, cathecin, epicathecin are some examples of polyphenols that are found in green and black tea which has the potential to inhibit pathogenic bacteria such as Helicobacter pylori, Staphylococcus aureus, Salmonella typhimurium and MRSA strain and promotes the growth of beneficial microbes 9. 
Other class of polyphenolics present in citrus fruits such as hesperetin, naringenin, diosmentin and poncirin is shown to inhibit growth of H. pylori. It is also noted that dietary polyphenols has the potential to promote growth of gut bacteria and enhances their adhesion to enterocytes. Naringenin in particular along with phloridzin were found to be most effective in inhibiting growth of S. typhimurium in vitro. 
Though there are limited studies on the effect of anthocyanins few research provides evidence of E. coli CM871 10 growth inhibition by delphinidin, cyaniding and pelargonidin but did not show any effect on Lactobacillus and Bifidobacterium as well as Salmonella and Enterococcus faecalis. 
From the presented studies on phytonutrients and bioactive compounds present in the diet on the effect of gut microbiota it is evident that selection of dietary components is essential for a healthy gut microbiota. The role of dietician in designing ingredients in a diet is essential to promote a healthy lifestyle.
Role of registered dietitian nutritionists (RDNs)
	Suggesting a diet rich in vegetables is essential as vegetarian diets are rich in bioactive compounds like polyphenols and antioxidants. These secondary metabolites acts as anti-microbial, antioxidants and has a number of health benefits such as anticancer activities. A diet rich in berries will have a rich composition of anthocyanins which are shown to provide cardioprotective and antidiabetic properties and has the potential to inhibit urinary tract infection. It should also be considered that the bioavailability of the consumed phytochemicals should also be considered as gut microbiota metabolizes the compounds to bioactive molecules. It should, however, be known that due to the difference in the gut microbiota of different individuals the effect of polyphenols may vary among populations and even individuals within a population. Therefore understanding common flora of gut microbiota in a population will help a dietitian to effectively design and moderate a diet rich in bioactive molecules. Moreover, consulting NutriChem for effects of dietary biomolecules and its molecular effect will help. 
Diets rich in polyphenols are good for the health and immune system but overconsumption has a detrimental effect. Some polyphenols may act as pro-oxidants that can cause damage to DNA, lipids as well as other biological molecules. Though this effect is good for eliminating cancer cells it may present to be hazardous if used in heavy amount. Moreover, some of the enzymes involved in metabolic enzymes such as cytochrome P450 glutathione transferase can be inhibited by excessive consumption of polyphenols. 
Dietitians should also understand possible interaction of polyphenolic compounds with prescribed drugs. Both cases of diminished efficacy as well as increasing toxicity of drugs are observed with co-availability with flavonoids. As for example Naringenin is an inhibitor of calcium channel receptor CYP3A4 and will render drugs that depends on the calcium channel ineffective. 
Summary 
Gut microbiota has a significant role in promoting health through modulation of the immune system through their activity on available dietary bioactive molecules. Microbes of the large intestine is responsible for the production as well as absorption of vitamins and micronutrients. The activity of microbes on oligosaccharides and starch increases receptor proteins of the calcium channel. The bioactive molecules also determines the flora and fauna of the gut microbiome and is evident from the different bacterial samples obtained from faeces of persons with diverse dietary habits. Consumption of vegetable rich food provides a rich source of phytochemicals and is highly recommended for a balanced diet. Overall, the importance of the dietary bioactive molecules in the diet is well-recognized and dieticians has a major role in providing knowledge and suggestions for a healthy living. 
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