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Abstract

Phytochemicals of medicinal plants possess a wide variety of medicinal properties. Current research sug-
gests that phytochemicals can modulate the gut microbiome, resulting in altered gut microbiome metab-
olites. This mini-review summarizes the emerging role of phytochemicals in the gut microbiome
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Introduction
Over the course of history, the experiences of individuals and societies have transformed 

the way people live, act, and learn. Popular customs are widely adopted based on advances in 
science, medicine, genetics, and immunology, which become a part of our day-to-day routine 
lives. Research has been conducted extensively worldwide on plant-based phytochemical 
compounds used in these practices [1]. Research findings have organized phytochemicals 
by their origin and chemical structure. Specifically, they have been divided into different 
categories: phenolic compounds, terpenoids, nitrogen compounds, alkaloids, betalains, 
glucosinolates, and cyanogenic compounds [2]. In the past few years, researchers have 
postulated the potential role of phytochemicals in humans. The comprehensive medicinal 
properties of phytochemicals include the following characteristics: sterols have been used 
as hormones and vitamins; triterpenes showed anthelminthic, antiseptic, expectorant, 
antibacterial, as well as diuretic properties. Additionally, the phenols proved to be antifungal. 
Also, the tannins (condensed tannins) perform astringent, antiseptic, antibacterial, and 
antifungal properties. Coumarins are used for their anticoagulant and antibacterial action in 
the medicine. The flavonoid glycosides such as anthocyanins and quercetins play a major role 
in bronchodilation [3-5]. Additionally, the quinones, like naphthoquinones, have antibacterial 
and antifungal properties. On the other hand, the alkaloids possess a medically beneficial 
ability to stimulate the central nervous system, and they have an anesthetic effect on humans 
[4]. Polyphenols and flavonoids are known to be “free radical scavengers” as well as lipid 
peroxidation inhibitors [6,7]. Several findings strongly stated that the application of various 
phytochemical compounds is the primary source of medical treatment in certain countries 
because of their more effective against different pathologies, low cost in their production, and 
a minor residual effect [4,5]. It has been estimated that approximately 75 to 80% of the world 
population utilizes phytochemical compounds either one way or another in medicine. The two 
major countries such as China and India use the many natural products that originated from 
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the various plant sources, which is part of their cultural roots [3,8]. 
With advanced progress in the area of phytochemicals research 
in the past few years, the significance of many natural products 
focuses more towards investigating possible new active ingredients 
from plants with their valuable properties for treatment against 
specific systemic as well as various infectious diseases in humans 
and animals [5,9]. Moreover, it has been proven that in some cases, 
synthetic substances have significant harmful side effects than 
the diseases themselves. Synthetic antioxidant compounds cause 
mutagenic and toxic effects. Thus, scientists demonstrated that 
there is a need to reuse natural preparations as an alternative to 
the extensive use of antibiotics and their microbial resistance 
properties [10,11]. However, it is still poorly understood that how 
these phytochemical compounds are highly compatible with the 
human organism because they do not have any enzymatic affinity 
and are also not easily absorbed by the gastrointestinal lumen 
[12]. Furthermore, these compounds may support and enhance the 
growth of some beneficial bacteria in the intestine under healthy 
or disease conditions in the host. As it is already been known 
from various research papers, the gut microbiota in human starts 
to become mature from their second year of life. They play many 
beneficial roles in a host such as nutrient absorption, fermentation 
of food, modulation of the immune system, and the physiological 
mechanisms to protect against various pathogens [13-16].

In adults, the most prevalent phyla are represented by 
Clostridium leptum, Bacteroidetes and Firmicutes and Clostridium 
coccoides being the dominant groups, Lactobacillus the 
subdominant that belongs to the Firmicutes phyla [17]. This gut 
microbiota is highly stable ideally. It is estimated that the GI tract 
inhabits approximately 500-1000 different types of microbial 
species, with the highest concentrations observed in the colon (up 
to 1012 cells per gram of feces); Escherichia coli are also present (in 
7.7log10CFU/g), which is considered as a subdominant microbial 
population in adults and dominant bacterial species in infants 
[18]. The bacterial inheritance of the Bifidobacterium genus is 
considered as the minor constituents of the gut microbiota and 
it appears with a concentration that is eight to ten times lower 
than the two major phyla [19]. The Bifidobacterium spp. plays 
a significant role in enhancing the barrier function of the gut 
epithelium and also in improved gut health. The decrease in the 
population of this bacterial genus due to various internal as well 
as external factors resulting in the chronic low-grade inflammation 
with Lipopolysaccharide (LPS) (endotoxemia), that is related to 
the multiple abnormal processes in the organism. Moreover, the 
composition of the microbiota in the elderly is greatly affected by a 
significantly decreased level of Bacteroidetes and Bifidobacterium, 
also accompanied by a decrease in Lactobacilli [20]. The human 
gastrointestinal tract contains many numbers of bacterial 
species. There is the presence of commensal microbial flora in the 
intestine, as well as a few other flora that is highly pathogenic e.g. 
Helicobacter pylori, Salmonella enterica, Salmonella Enteritidis, and 
some more, that causes the gastrointestinal diseases with different 
pathogenesis concerning the individual’s age, gut health, chronic 
diseases and also due to immune diseases. The disturbances in 

the microbiota may cause gut dysbiosis and also leads to bacterial 
translocation, which is mediated by lipopolysaccharide-binding to 
Toll-Like Receptor 4 (TLR4) and the transcription factor nuclear 
factor NFκB as an inflammatory response [21,22]. Currently, 
many investigations target the search for a potential therapeutic 
approach through diet for modulating the intestinal microbiota, 
the reduced inflammation, also in preventing various chronic and 
degenerative diseases [23]. Various studies have demonstrated that 
the active ingredients in medicinal plants or other plant sources 
possess microbiostatic and microbicidal activities against enteric 
pathogenic organisms [24]. There are reports that firmly suggest 
that alkaloids, steroids, phenols, flavonoids, glycosides, coumarins, 
quinones, tannins, and terpenoids can modulate gut bacteria [25].

Various In-vitro and In-vivo experiments have shown these 
beneficial phytochemicals can reduce the proliferation of pathogenic 
bacteria in the gastrointestinal tract via specific biochemical and 
physiological processes. These processes disrupt the bacterial cell 
membranes, which causes competitive exclusion in the epithelial 
membrane by increased expression of Bifidobacterium spp. and 
Lactobacillus spp; thus, it helps in lowering the appearance of 
dysbiosis, translocation of bacteria, damage to the intestinal 
barrier, and various gastrointestinal problems [21,26,27]. In 
conclusion, it may be possible to use phytochemicals to modulate 
the gut microbiome and develop phytochemical based intervention 
together with current therapeutics.

Acknowledgement
This article is supported by the School of Applied Science, Gut 

Microbiome Laboratory. Temasek Polytechnic. Singapore.

References
1. Newman DJ, Cragg GM, Snader KM (2000) The influence of natural 

products upon drug discovery. Natural Product Reports 17(3): 215-234.

2. Buchanan B, Gruissem W, Jones R (2015) Biochemistry and molecular 
biology of plants. (2nd edn), Wiley publishing company, USA, pp. 1-1280.

3. Shi Q, Li L, Huo C, Zhang M, Wang Y (2010) Study on natural medicinal 
chemistry and new drug development. Chinese Traditional and Herbal 
Drugs 41(10): 1583-1589.

4. Madziga HA, Sanni S, Sandabe UK (2010) Phytochemical and elemental 
analysis of Acalypha wilkesiana leaf. Journal of American Science 6(11): 
510-514.

5. Hosseinzadeh S, Jafarikukhdan A, Hosseini A, Armand R (2015) The 
application of medicinal plants in traditional and modern medicine: A 
review of Thymus vulgaris. International Journal of Clinical Medicine 
6(9): 635-642.

6. Yildirim A, Oktay M, Bilaloglu V (2001) The antioxidant activity of the 
leaves of cydonia vulgaris. Turkish Journal of Medical Sciences 31: 23-
27.

7. Dash DK, Yeligar VC, Nayak SS, Ghosh T, Rajalingam et al. (2011) 
Evaluation of hepatoprotective and antioxidant activity of ichnocarpus 
frutescens (Linn.) R.Br. on paracetamol induced hepatotoxicity in rats. 
Tropical Journal of Pharmaceutical Research 6(3): 755-765.

8. Boyer J, Liu RH (2004) Apple phytochemicals and their health benefits. 
Nutrition Journal 3: 1-5.

9. Anupama N, Madhumitha G, Rajesh KS (2014) Role of dried fruits 
of Carissa carandas as anti-inflammatory agents and the analysis of 

https://pubmed.ncbi.nlm.nih.gov/10888010/
https://pubmed.ncbi.nlm.nih.gov/10888010/
https://www.cabdirect.org/cabdirect/abstract/20113119759
https://www.cabdirect.org/cabdirect/abstract/20113119759
https://www.cabdirect.org/cabdirect/abstract/20113119759
http://www.jofamericanscience.org/journals/am-sci/am0611/60_3940am0611_510_514.pdf
http://www.jofamericanscience.org/journals/am-sci/am0611/60_3940am0611_510_514.pdf
http://www.jofamericanscience.org/journals/am-sci/am0611/60_3940am0611_510_514.pdf
https://www.scirp.org/journal/paperinformation.aspx?paperid=59593
https://www.scirp.org/journal/paperinformation.aspx?paperid=59593
https://www.scirp.org/journal/paperinformation.aspx?paperid=59593
https://www.scirp.org/journal/paperinformation.aspx?paperid=59593
https://www.scienceopen.com/document?vid=dc800e73-0dd1-4274-a376-3f31779f41f6
https://www.scienceopen.com/document?vid=dc800e73-0dd1-4274-a376-3f31779f41f6
https://www.scienceopen.com/document?vid=dc800e73-0dd1-4274-a376-3f31779f41f6
https://www.tjpr.org/vol6_no3/634Maity.pdf
https://www.tjpr.org/vol6_no3/634Maity.pdf
https://www.tjpr.org/vol6_no3/634Maity.pdf
https://www.tjpr.org/vol6_no3/634Maity.pdf
https://pubmed.ncbi.nlm.nih.gov/15140261/
https://pubmed.ncbi.nlm.nih.gov/15140261/
https://pubmed.ncbi.nlm.nih.gov/24877106/
https://pubmed.ncbi.nlm.nih.gov/24877106/


3

Nov Res Sci       Copyright © Patel KH

NRS.000712. 9(3).2021

phytochemical constituents by GC-MS. Biomed Research International.

10. Kamboj V (2000) Herbal medicine. Current Science 78(1): 35.

11. Sen S, Chakraborty R, De Biplab, Joydeep M (2009) Plants and 
phytochemicals for peptic ulcer: An overview. Pharmacognosy Reviews 
3(6): 270-279.

12. Albenberg LG, Wu GD (2014) Diet and the intestinal microbiome: 
Associations, functions, and implications for health and disease. 
Gastroenterology 146(6): 1564-1572.

13. Faria A, Fernandes I, Norberto S, Mateus N, Calhau C (2014) Interplay 
between anthocyanins and gut microbiota. Journal of Agricultural and 
Food Chemistry 62(29): 6898-6902.

14. Morais CA, Rosso VV, Estadella D, Pisani LP (2016) Anthocyanins as 
inflammatory modulators and the role of the gut microbiota. The Journal 
of Nutritional Biochemistry 33: 1-7. 

15. Conlon MA, Bird AR (2015) The impact of diet and lifestyle on gut 
microbiota and human health. Nutrients 7(1): 17-44.

16. Lin L, Zhang J (2017) Role of intestinal microbiota and metabolites on 
gut homeostasis and human diseases. BMC Immunology 18(1): 2.

17. Mariat D, Firmesse O, Levenez F, Guimarăes V, Sokol H, et al. (2009) The 
firmicutes/bacteroidetes ratio of the human microbiota changes with 
age. BMC Microbiology 9: 123.

18. Odamaki T, Kato K, Sugahara H, Hashikura N, Takahashi S, et al. (2016) 
Age-related changes in gut microbiota composition from newborn to 
centenarian: A cross-sectional study. BMC Microbiology 16.

19. Quartieri A, Simone M, Gozzoli C, Popovic M, Auria DG, et al. (2016) 
Comparison of culture-dependent and independent approaches to 
characterize fecal bifidobacteria and lactobacilli. Anaerobe 38: 130-137.

20. Milani C, Ticinesi A, Gerritsen J, Nouvenne A, Lugli AG, et al. (2016) Gut 
microbiota composition and Clostridium difficile infection in hospitalized 
elderly individuals: A metagenomic study. Scientific Reports 6.

21. Omojate C, Enwa O, Jewo O, Eze O (2017) Mechanisms of antimicrobial 
actions of phytochemicals against enteric pathogens-A review. Food 
Bioscience 2(2): 85-91.

22. Pacheco Ordaz R, Wall Medrano A, Goñi MG, Clamont Montfort GR, 
Ayala Zavala JF, et al. (2018) Effect of phenolic compounds on the 
growth of selected probiotic and pathogenic bacteria. Letters in Applied 
Microbiology 66(1): 25-31.

23. Kumar S, Pandey A (2015) Free radicals: Health implications and their 
mitigation by herbals. British Journal of Medicine and Medical Research 
7(6): 438-457.

24. Gouda S, Das G, Sen SK, Shin H-S, Patra JK (2016) Endophytes: A treasure 
house of bioactive compounds of medicinal importance. Frontiers in 
Microbiology 7: 1538.

25. Azad MAK, Sarker M, Li T, Yin J (2018) Probiotic species in the modulation 
of gut microbiota: An overview. Biomed Research International, pp. 1-8.

26. Kris Etherton PM, Hecker KD, Bonanome A, Coval SM, Binkoski AE, et 
al. (2002) Bioactive compounds in foods: Their role in the prevention 
of cardiovascular disease and cancer. The American Journal of Medicine 
113: 71-88.

27. Onyekaba T, Chinedu O, Fred AC (2013) Phytochemical screening 
and investigations of antibacterial activities of various fractions of 
the ethanol leaves extract of Moringa oleifera Lam (Moringaceae). 
International Journal of Pharmaceutical, Chemical & Biological Sciences 
3: 962-973.

For possible submissions Click below: 

Submit Article

https://pubmed.ncbi.nlm.nih.gov/24877106/
https://www.jstor.org/stable/24103844
https://www.phcogrev.com/sites/default/files/PhcogRev-3-6-270.pdf
https://www.phcogrev.com/sites/default/files/PhcogRev-3-6-270.pdf
https://www.phcogrev.com/sites/default/files/PhcogRev-3-6-270.pdf
https://pubmed.ncbi.nlm.nih.gov/24503132/
https://pubmed.ncbi.nlm.nih.gov/24503132/
https://pubmed.ncbi.nlm.nih.gov/24503132/
https://pubmed.ncbi.nlm.nih.gov/24915058/
https://pubmed.ncbi.nlm.nih.gov/24915058/
https://pubmed.ncbi.nlm.nih.gov/24915058/
https://www.sciencedirect.com/science/article/pii/S0955286315003423
https://www.sciencedirect.com/science/article/pii/S0955286315003423
https://www.sciencedirect.com/science/article/pii/S0955286315003423
https://pubmed.ncbi.nlm.nih.gov/25545101/
https://pubmed.ncbi.nlm.nih.gov/25545101/
https://pubmed.ncbi.nlm.nih.gov/28061847/
https://pubmed.ncbi.nlm.nih.gov/28061847/
https://pubmed.ncbi.nlm.nih.gov/19508720/
https://pubmed.ncbi.nlm.nih.gov/19508720/
https://pubmed.ncbi.nlm.nih.gov/19508720/
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-016-0708-5
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-016-0708-5
https://bmcmicrobiol.biomedcentral.com/articles/10.1186/s12866-016-0708-5
https://pubmed.ncbi.nlm.nih.gov/26481833/
https://pubmed.ncbi.nlm.nih.gov/26481833/
https://pubmed.ncbi.nlm.nih.gov/26481833/
https://pubmed.ncbi.nlm.nih.gov/27166072/
https://pubmed.ncbi.nlm.nih.gov/27166072/
https://pubmed.ncbi.nlm.nih.gov/27166072/
https://pubmed.ncbi.nlm.nih.gov/29063625/
https://pubmed.ncbi.nlm.nih.gov/29063625/
https://pubmed.ncbi.nlm.nih.gov/29063625/
https://pubmed.ncbi.nlm.nih.gov/29063625/
https://www.journaljammr.com/index.php/JAMMR/article/view/13334/24445
https://www.journaljammr.com/index.php/JAMMR/article/view/13334/24445
https://www.journaljammr.com/index.php/JAMMR/article/view/13334/24445
https://pubmed.ncbi.nlm.nih.gov/27746767/
https://pubmed.ncbi.nlm.nih.gov/27746767/
https://pubmed.ncbi.nlm.nih.gov/27746767/
https://pubmed.ncbi.nlm.nih.gov/29854813/
https://pubmed.ncbi.nlm.nih.gov/29854813/
https://pubmed.ncbi.nlm.nih.gov/12566142/
https://pubmed.ncbi.nlm.nih.gov/12566142/
https://pubmed.ncbi.nlm.nih.gov/12566142/
https://pubmed.ncbi.nlm.nih.gov/12566142/
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php
https://crimsonpublishers.com/online-submission.php

	Potential Role of Phytochemicals in Modulating Gut Microbiome
	Abstract
	Introduction
	Acknowledgement
	References

