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Abstract

Background: Obesity is the second leading cause of preventable death within
the United States. Therefore, there is growing interest in elucidating associations
between various factors of causation, prevention and treatment. While the genetic
predisposition for the development of obesity is well known, researchers have also
found that diet type can impart an even greater influence upon disease development
through influencing the gut microbiota.

Significance: Since the time of the first nationally published dietary nutrition
guidelines, the defining in characteristics of a healthy diet has been defined solely
in terms of the human being. Understanding the role of the gut microbiota in human
health and the fact that the majority of United States residents consume a Westernized
diet type, it is beneficial to revitalize national dietary recommendations to specifically
include the nutritional needs of the gut microbiota as well as address the over
consumption of processed foods.

Aim: We aimed to provide dietitians and primary care physicians with clinically
applicable information regarding; (i) the molecular characteristics of dietary fiber and
how cooking effects the natural plant structures, (ii) the nutritional needs of the gut
microbiota and, (iii) a diet type that is beneficial to both the human host and the gut
microbiota.

Conclusion: Here, we provided a dietary guideline based upon the nutrition needs
of the residential gut microbiota and the human host. We also provided information
to help physicians and patients understand the importance of consuming a diet high in
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fresh, whole foods and low in processed foods.

INTRODUCTION

While there are benefits to food processing, it is now
understood that methods such as blanching, milling, peeling,
juicing, fermentation, genetic alteration, and thermal processing
all significantly alter the nutrient content of the once natural
food [1]. Within the United States the majority of the residents
now consume a Westernized diet type consisting of these energy
dense, nutrient poor processed foods that are high in salt, fats,
refined sugar, fatty animal proteins, and low in natural fiber [2].
Specifically, the loss of the natural plant fiber poses to be one
of most significant factors of food processing contributing to
declines in human health as well as that of the gut microbiota
with the development of dietary induced gut microbiome
dysbiosis. Overall, the consumption of a Westernized diet is
also directly associated with many costly diseases including
those of overweight, obesity, type 2 diabetes, cardiovascular,

intestinal diseases, some cancers, as well as with food cravings
and addiction [3].

The benefits of consuming natural plant fiber was first
reported by Hippocrates in (430 B.C.), who reported that
coarse wheat imparted a laxative effect. In modern day,
regular consumption has also been associated with decreasing
obesity-induced inflammation as well as the inflammation
that is associated inflammatory and autoimmune disorders [4-
6]. Understanding the health benefits of fiber imparted upon
both human and gut microbiota health, through the following
commentary we aim to provide dietitians and primary care
physicians with clinically applicable information regarding; (i)
the molecular characteristics of dietary fiber and how cooking
effects the natural plant structures, (ii) the nutritional needs of
the gut microbiota and, (iii) a diet type that is beneficial to both
the human host and the gut microbiota.
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Characterizing Dietary Fiber

In 2008-2010 researchers and health officials associated
with the Codex Committee on Nutrition and Foods for Special
Dietary Uses, Codex Alimentarius Commission, International Life
Sciences Institute of Europe, and the International Life Sciences
Institute of North America Committees on Dietary Carbohydrates,
proposed several defining characteristics of dietary fibers. The
Committees suggested that dietary fiber is officially defined as;
the plant based carbohydrate polymers that cannot be hydrolyzed
by human digestive enzymes. Fibers are further categorized by
their degree of polymerization (DP) capability which ranges
from (3-9DP) [7]. Furthermore, the National Institutes of Health
recognizes two types of dietary fibers including, soluble (e.g.,
pectin, -glucans, mucilage, gums) and insoluble (e.g., cellulose,
hemicellulose, lignin), with the regular intake of insoluble fibers
having a greater association with health benefit [8-13]. In terms
of nutrient content, fiber is defined as a low-energy, no calorie-
fat, micronutrient rich food that increases feelings of satiety and
satiation signals [14,15].

The majority of insoluble plant fiber is contained within the
walls of the individual parenchyma cells of the plant (e.g., most
common cells of cereal grains, fruits, vegetables). Soluble fibers are
found within the cell walls and inside the plant cell [16]. Cellulose
(e.g., insoluble) is the major proponent within in cell walls and
consists of un-branched linear chains of -1, 4 glucosidic linked
glucose molecules that are bound into micro-fibrils. Cellulose
is resistant to biological and enzymatic degradation by human
enzymes. Hemicellulose (e.g., insoluble), is polysaccharides with
the same molecular structure of cellulose but smaller sized
particles comprised of branch sugars arabinose, galactose, xylose
and mannose. Pectin (e.g., soluble) is a D-galacturonic acid based
complex polysaccharides, and lignin (e.g., insoluble) is an inert
complex polymer consisting of 40 oxygenated phenyl-propane

molecules. The amount of fiber content and the size of the micro-
fibrils found within a plant cell are dependent upon the specific
wall structure of the particular plant, as well as the degree of
processing and or cooking of the food before consumption [17].
As shown in (Figure 1), viewing a sample of fresh water algae it
is possible to see how plant cells are arranged and unlike human
cells, how they are separated by noticeable cell walls. It is also
clear to see that the thickness of the cell walls varies depending
upon the type of algae.

There are benefits to cooking plant-based foods such as
increasing the bioavailability of some vitamins and minerals as
the cell walls are lysed allowing human enzymes access to the
fiber molecules, and improving palatably as the tough fibrous
material of plant is softened. However, processing methods and
over cooking ultimately degrade the quality of dietary fibers and
nutritional properties of the natural food. Specifically, methods
of boiling, blanching, and canning resulted in significant loss
of low molecular weight carbohydrates and micronutrients of
various conifers. Researchers reported a loss of these properties
in carrots ranging from (25-45%), in rutabagas (30-50%) and in
Brussels sprouts, peas and green beans (12-23%). Additionally,
the processing of micro-fibrils including the milling and grinding
of cereal grains and oats requires removal of the fiber-rich outer
shell. Peeling, juicing, pureeing, drying, and boiling of produce
decreases the overall quality of the insoluble fibers [18,19]. A
variety of fruits and vegetable commonly consumed in the United
States are in (Tables 1,2) in their natural and cooked states.
Viewing the images in (Table 1), in their raw states the individual
parenchyma cells are clearly visible as are the cellular contents
which in was fruit juice in some such as the pineapple, or starch
molecules as shown in the example of a raw new potato. The
blueberry pulp is layered with parenchyma cells that are filled
with juice and fibers material. As shown in (Table 2), different
methods of cooking impart their own effects upon the plant cell

Figure 1 Arrangement of Plant Cells and Depiction of Cell Walls.

Image Source: Shannon C. Davis. While most plant cell walls (illustrated by the arrows) are indigestible by human enzymes, the insoluble fibers
the cell wall serve as the primary food source for the gut microbiota and these fibers are fermented to produce short-chain fatty acid energy
molecules. Images obtained using OMax 2000 Microscope with (x10 amp) eyepieces and OMax (8mp) digital microscope camera.

J Hum Nutr Food Sci 4(1): 1079 (2016)

2/6



Davis et al. (2016)
Email: ShannonDavis71@yahoo.com

@Scﬂ\/ledCentra‘i

Decrease

Eliminate Processed
Foeds, Refined Qils-sugars,
Trans-fats & Sugar Drinks
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I Intake MINIMALLY COOKED Animal
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7 processed dairy products)

¥
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1 intake RAW Fruits, Nuts, Whole Grains, Seeds, Rice,
Legumes, Vegetables, Leafy Greens & Water L

Figure 2 Gut Microbiome Based Food Pyramid.

Gut Microbiome Based Diet: As shown in the food pyramid, the gut microbiota require both insoluble and soluble fiber obtained from raw and
minimally cooked vegetables, fruits, whole grains, nuts, seeds, wild rice, and legumes. While proteins can be obtained from non-animal sources, there
is benefit to human and possibly the gut microbiota with minimal consumption of lean animal meats no more than 5 times per week. Ultimately,
both gut microbiota and human host significantly benefit from decreasing and eventually eliminating consumption of sugared beverages, highly
processed meats and foods from daily diet as well as decreasing intake of salt and refined oils, grains and fats. Physical activity is also included as
part of a well balanced dietary regime.

Table 1 Parenchyma Cells of Raw Fruits and Vegetables.

Image Source: Shannon C. Davis. Raw Food Plants: (Top Left-Bottom) fresh blueberry pulp, new potato cells with starch molecules and fresh
broccoli cells. (Top Right-Bottom); fresh onion, pineapple and purple leaf lettuce showing cell lined leaf veins in lighter pink. As indicated, the
parenchyma cells of these fruits and vegetables in their natural state have observable cell wall structures and or nutrient molecules. Some are
very tightly packed together, while others (e.g., pineapple, onion) are somewhat loosely packed and full of juice.Specimens were viewed using
an OMax® 2000 Microscope with (x10) magnification eyepiece inserts. Images were obtained using OMax® (8mp) digital microscope camera and
accompanying software.
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and the contents. In some cases such as in dried fruit (e.g., cherry)
the cell walls are no longer recognizable. As shown in the example
of the potato, after frying the cell walls are clearly degraded, the
starch molecules are no longer contained within the cell and it
appears the cells fill with oil as suggested by the cells that took
up the crystal violet stain (e.g., purple cells). The stewed carrot
has also lost cell wall components noticeable as the orange beta-
carotene pigments are scattered within the mix. In the stewed
onion, it is clear to see the broken spiral fibrils and lacking cell
walls. Specimens were viewed using an OMax® 2000 Microscope
with (x10) magnification eyepiece inserts and then images were
obtained using OMax® (8mp) digital microscope camera and
accompanying software for use with PC and Mac computers.

Nutritional Needs of the Gut Microbiota

Archeological findings of widened molars and pronounced
mandibles suggest that prehistoric humans consumed a diet
of comprised mostly rugged plants, grains, seeds, tubers, roots
and berries. However, as humans lack the natural enzymes
to breakdown and extract the energyfrom the plant cells, the
cornerstone of the human host-gut microbiota relationship,
was and still is founded upon the ability of the gut microbiota
to extract the energy from plant-based foods [20]. It is presently
understood that insoluble plant fibers serve as the primary
energy source for the gut microbiota, however other researchers
proposed that each type of dietary fiber possess its own particular
chemical profile, referred to as a discrete structure which is
utilized by the gut microbiota for various metabolic functions.
Ultimately, through Embden-Meyerhof-Parnas pathway and
using a variety of carbohydrate hydrolyzing enzymes (CAZymes),

the gut microbiota ferment the plant fibers to produce pyruvate
and end products of gaseous byproducts, lactate, as well as short-
chain fatty acids (butyrate, acetate and propionate). These fatty
acids are key cellular energy molecules used by both the gut
microbiota and human cells [21].

Human studies have shown that consumption of a diet high
in fresh fruits, vegetables, and legume type fiber is associated
with a greater diversity of species constituting the gut microbiota
populations and increased gut microbiota diversity is in turn
associated with population and human health. Alternately, the
consumption of a Westernized diet type imparts the opposite
effect [22]. Within the past decade, researchers have reported
that diet type, especially one high in processed foods, more so
than the genotype of the individual influences the selection for
specific species of the gut microbiota. As an individual continues
to consume processed foods, a disorder known as gut microbiome
dysbiosis occurring as result of the dietary induced changes upon
of the microbial species [23,24]. Therefore, it is apparent that
increasing the amount of natural plant fiber and decreasing the
intake of processed and over cooked plant foods, is beneficial to
the human host and gut microbiota [25,26].

Healthy Diet for Gut Microbiota and Human Host

The National Institutes of Health recommends consumption
of (20-35 grams) of dietary fiber daily based upon an adult diet
of 2000 calories. Currently Americans consume only about (15
g/day). As their main fiber source, Americans consume mainly
potatoes, refined flours and refined grains, compared to fresh
fruits, nuts, legumes and leafy vegetables mainly consumed

Table 2 Parenchyma Cells of Cooked Fruits and Vegetables.

Image Source: Shannon C. Davis. Cooked Food Plants: (Top Left-Bottom); French fried potato, boiled carrot, and boiled peanut. (Top Right-
Bottom); dried cherry, stewed onion showing broken fibrous coils, and stewed green bean with fragile cell walls. In comparison with plant examples
in (Table 1), these show marked differences in cell wall structures, such as the dried cherry where intact cells were not detectable. In the example
of the carrot it is easy to see how cooking releases the internal cellular nutrients (e.g., beta carotenes) as the cell lyses. Specimens were viewed
using an OMax®2000 Microscope with (x10) magnification eyepiece inserts; images were obtained using OMax® (8mp) digital microscope camera.
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in European countries [27]. For every (100g) of fermented
dietary fiber, (*30g) of gut microbiota bacteria are produced
lending to increased population diversity. Increasing the intake
of natural (raw or minimally cooked) insoluble dietary fiber
increases the gut transit time, the fermentation rate of the gut
microbiota and ultimately the concentration of short-chain fatty
acid production [28]. Depending upon the species dynamics of
the gut microbiota, diet type and substrate availability, the gut
microbiota can ferment (100%) oligosaccharides, inulin, pectin,
gums and resistant starch, (>50%) of insoluble wheat brans,
(60-90%) hemicelluloses and (20-80%) of cellulose fibers [29].
The dynamics of insoluble and soluble fiber fermentation were
recently investigated, providing evidence that gut microbiota
are highly efficient at extracting energy from insoluble fibers
using (51.0%) of all chicory root pulp carbohydrate after 24
hours of fermentation. However, the population will utilize the
more easily obtainable soluble dietary first. These are important
considerations for those consuming a Westernized diet as it is
reported that such diet type, in conjunction with an intake of
soluble fiber results in an excess of dietary energy for the gut
microbiota and ultimately chronic weight gain for the human
host [30].

National nutritional guidelines provided by the Centers
for Disease Control suggest increasing the intake of dark-
green vegetables, fruits, other vegetables, beans, grains, nuts
and variety of proteins including more seafood. Furthermore,
the organization suggests reducing the intake of sodium, fats,
and trans-fats [31]. Since the time of the first official dietary
guidelines, the defining characteristics of a healthy diet have
been defined solely in terms of the human being. Therefore,
considering that gut microbiota utilize insoluble and soluble
dietary fibers in different ways and the fact that the majority
of United States residents consume a Westernized diet type, it
is beneficial to revitalize national dietary recommendations to
specifically include the nutritional needs of the gut microbiota
as well as address the over consumption of processed foods.
While national guidelines have changed from the food pyramid
to a portion control model to represent daily nutritional needs,
it is the opinion of the authors that the pyramid model is one
more conducive to representing the nutritional needs of both the
human host and gut microbiota.

As depicted in (Figure 2), we propose an example of such
food pyramid based on current national guidelines. As shown, the
base of the pyramid constitutes the foods that should constitute
the largest proportion of the diet. Moving up the pyramid, the
consumption of the foods included at each level decreases. At
the top of lies fatty, meats, processed foods and refined sugar.
Because physical activity is as important as consuming a fresh
diet in terms of human health, it is also included within the
pyramid as part of a daily nutrition regime.

CONCLUSION

It is well known that more Americans are consuming
a Westernized diet type and many consume less than the
recommended daily amount of dietary fiber. As such, there is a
need for redefining what is meant by a healthy diet in terms of
fresh foods compared to processed foods. Additionally, as the
global demand for food increases it is inevitable that large-scale

food processing technologies will be in demand. Therefore, it is
important for physicians and dietitians to consider the effects of
food processing and to help patients understand that in terms of
their health and that of the gut microbiota, a diet consisting of
fresh, raw fruits and vegetable or those that are minimally cooked
(e.g., grilled, roasted) is more beneficial than a diet consisting of
canned fruits and vegetables as these products generally contain
added salt, sugar, chemical preservatives, and are lower in
vitamin and natural fiber content. Additionally, it is important
for patients to understand the different types of fiber (soluble
compared to insoluble) and that increasing their intake of soluble
fiber along with the continued consumption of a Westernized
diet, has the propensity to cause dietary induced gut microbiome
dysbiosis, which manifests as chronic weight gain [32]. Through
this commentary, we have provided dietitians and primary care
physicians with a food pyramid guide based upon the nutritional
needs of humans as well as their residential gut microbiota. It
is our hope such guide and information will assist physicians in
their understandings of the Westernized diet as well as those of
regarding the health of the gut microbiota.

ACKNOWLEDGEMENTS

Administrative and Medical Staff of Dr. Adedoyin D. Ogunbi,
Jackson Hospital

Administrative and Medical Staff of Dr. Sesi D. Ogunbi, Jackson
Hospital

Sheree J. Finley, Department of Biological Sciences &Physical
Science Department, Forensic Program, Alabama State University

Microbiology PhD Program Staff and Students, Department of
Biological Sciences Alabama State University

Conflict of Interest Statement & Study Funding

The authors have no competing interests to declare. Present
study was funded through National Science Foundation Grant:
[Number-1432991].

REFERENCES

1. Reddy MB, Love M. The impact of food processing on the nutritional
quality of vitamins and minerals. Adv Exp Med Biol. 1999; 459: 99-
106.

2. Manzel, Arndt, Dominik N. Muller, David A Hafler, Susan E Erdman, Ralf
A LinKer, et al. Role of “Western Diet” In Inflammatory Autoimmune
Diseases. Curr Allergy Asthma Rep. 2013; 14: 404.

3. Manzel A, Muller DN, Hafler DA, Erdman SE, Linker RA, Kleinewietfeld
M. Role of “Western diet” in inflammatory autoimmune diseases. Curr
Allergy Asthma Rep. 2014; 14: 404.

4. Kuo SM. The interplay between fiber and the intestinal microbiome in
the inflammatory response. Adv Nutr. 2013; 4: 16-28.

5. Nichols P, A Ussery-Hall, S Griffin-Blake, A Easton. The Evolution of the
Steps Program, 2003-2010: Transforming the Federal Public Health
Practice of Chronic Disease Prevention. Preventing Chronic Disease.
2012.

6. Slavin JL. Dietary fiber: classification, chemical analyses, and food
sources. ] Am Diet Assoc. 1987; 87: 1164-1171.

7. Howlett John F, Victoria A Betteridge, Martine Champ, Stuart AS
Craig, Agnes Meheust, Julie Miller Jones. The Definition of Dietary

J Hum Nutr Food Sci 4(1): 1079 (2016)

5/6


http://www.ncbi.nlm.nih.gov/pubmed/10335371
http://www.ncbi.nlm.nih.gov/pubmed/10335371
http://www.ncbi.nlm.nih.gov/pubmed/10335371
http://link.springer.com/article/10.1007%2Fs11882-013-0404-6
http://link.springer.com/article/10.1007%2Fs11882-013-0404-6
http://link.springer.com/article/10.1007%2Fs11882-013-0404-6
http://www.ncbi.nlm.nih.gov/pubmed/24338487
http://www.ncbi.nlm.nih.gov/pubmed/24338487
http://www.ncbi.nlm.nih.gov/pubmed/24338487
http://www.ncbi.nlm.nih.gov/pubmed/23319119
http://www.ncbi.nlm.nih.gov/pubmed/23319119
http://www.pubfacts.com/detail/22300870/The-evolution-of-the-steps-program-2003-2010-transforming-the-federal-public-health-practice-of-chro
http://www.pubfacts.com/detail/22300870/The-evolution-of-the-steps-program-2003-2010-transforming-the-federal-public-health-practice-of-chro
http://www.pubfacts.com/detail/22300870/The-evolution-of-the-steps-program-2003-2010-transforming-the-federal-public-health-practice-of-chro
http://www.pubfacts.com/detail/22300870/The-evolution-of-the-steps-program-2003-2010-transforming-the-federal-public-health-practice-of-chro
http://www.ncbi.nlm.nih.gov/pubmed/3040839
http://www.ncbi.nlm.nih.gov/pubmed/3040839
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2972185/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2972185/

@SCiMGdCentrai

Davis et al. (2016)
Email: ShannonDavis71@yahoo.com

Fiber - Discussions at the Ninth Vahouny Fiber Symposium: Building
Scientific Agreement. Food Nutr Res. 2010; 54.

8. National Institiutes of Health, ADAM Editorial team. Soluble Vs.
Insoluble Fiber: Medlineplus Medical Encyclopedia. 2015.

9. Slavin ]. Fiber and prebiotics: mechanisms and health benefits.
Nutrients. 2013; 5: 1417-1435.

10.Pitchumoni CS, CS Pitchumoni, CS Pitchumoni, Fisseha Y Ghidey.
Dietary Fiber in Health and Disease. Geriatric Gastroenterology. 2012.
197-203.

11.Muegge BD, Kuczynski ], Knights D, Clemente JC, Gonzalez A, Fontana
L, et al. Diet drives convergence in gut microbiome functions across
mammalian phylogeny and within humans. Science. 2011; 332: 970-
974.

12.Vitaglione Paola, Aurora Napolitano, Vincenzo Fogliano. Cereal
Dietary Fibre: A Natural Functional Ingredient to Deliver Phenolic
Compounds into the Gut. Trends in Food Science & Technology. 2008.
19: 451-463.

13.Weickert MO, Pfeiffer AF. Metabolic effects of dietary fiber
consumption and prevention of diabetes. ] Nutr. 2008; 138: 439-442.

14.Frost GS, Walton GE, Swann ]R, Psichas A, Costabile A, Johnson LP,
et al. Impacts of plant-based foods in ancestral hominin diets on the
metabolism and function of gut microbiota in vitro. MBio. 2014; 5:
e00853-00814.

15.Turner ND, JR Lupton. “Dietary Fiber”. Advances in Nutrition: An
International Review Journal. 2011; 2: 151-152.

16.Harris Philip J, Bronwen G Smith. Plant Cell Walls and Cell-Wall
Polysaccharides: Structures, Properties and uses in Food Products. Int
] Food Sci Tech. 2006; 41: 129-143.

17.Dhingra D, Michael M, Rajput H, Patil RT. Dietary fibre in foods: a
review. ] Food Sci Technol. 2012; 49: 255-266.

18.FAO. “Effects of Food Processing on Dietary Carbohydrates”. 2015.

19.Komolka Patrycja, DanutaGdrecka. Effect of thermal treatment on

Cite this article

dietary fibre content in brassica vegetables. ZNT]. 2012.

20.Frost GS, Walton GE, Swann ]R, Psichas A, Costabile A, Johnson LP,
et al. Impacts of plant-based foods in ancestral hominin diets on the
metabolism and function of gut microbiota in vitro. MBio. 2014; 5. s

21.Hamaker BR, Tuncil YE. A perspective on the complexity of dietary
fiber structures and their potential effect on the gut microbiota. ] Mol
Biol. 2014; 426: 3838-3850.

22.Simpson HL, Campbell B]. Review article: dietary fibre-microbiota
interactions. Aliment Pharmacol Ther. 2015; 42: 158-179.

23.Walter Jens. Murine Gut Microbiota—Diet Trumps Genes. Cell Host
Microbe. 2015; 17: 3-5.

24.Turnbaugh PJ, Backhed F, Fulton L, Gordon ]I. Diet-induced obesity
is linked to marked but reversible alterations in the mouse distal gut
microbiome. Cell Host Microbe. 2008; 3: 213-223.

25.Flint HJ. Obesity and the gut microbiota. ] Clin Gastroenterol. 2011;
45:5128-132.

26.1sken F, Klaus S, Osterhoff M, Pfeiffer AF, Weickert MO. Effects of long-
term soluble vs. insoluble dietary fiber intake on high-fat diet-induced
obesity in C57BL/6] mice. ] Nutr Biochem. 2010; 21: 278-284.

27.National Institutes of Health, ADAM Editorial team. Fiber: Medlineplus
Medical Encyclopedia. 2015.

28.KP Scott, SH Duncan, HJ Flint.. “Dietary Fibre and the Gut Microbiota”.
Nutrition Bulletin. 2008; 33: 201-211.

29.FAO. Physiological Effects of Dietary Fibre. 2015.

30.Ramasamy US, Venema K, Schols HA, Gruppen H. Effect of soluble and
insoluble fibers within the in vitro fermentation of chicory root pulp
by human gut bacteria. ] Agric Food Chem. 2014; 62: 6794-6802.

31.US Department of Public Health. 2010 Dietary Guidelines - Health.Gov.
2015.

32.PengX, Q Pang, X Wu, N Zhang. [Fermentation of two Insoluble Dietary
Fibers by Colonic Microflora in Vitro]. Wei Sheng Yan Jiu. 2010; 39:
611-614.

Davis SC, Dosunmu-Ogunbi ABO, Dosunmu-Ogunbi SO, Barrow SD, Robertson BK (2016) Understanding the Nutritional Needs of the Gut Microbiota. J Hum

Nutr Food Sci 4(1): 1079.

J Hum Nutr Food Sci 4(1): 1079 (2016)

6/6


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2972185/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2972185/
http://www.ncbi.nlm.nih.gov/pubmed/23609775
http://www.ncbi.nlm.nih.gov/pubmed/23609775
http://link.springer.com/chapter/10.1007/978-1-4419-1623-5_21
http://link.springer.com/chapter/10.1007/978-1-4419-1623-5_21
http://link.springer.com/chapter/10.1007/978-1-4419-1623-5_21
http://www.ncbi.nlm.nih.gov/pubmed/21596990
http://www.ncbi.nlm.nih.gov/pubmed/21596990
http://www.ncbi.nlm.nih.gov/pubmed/21596990
http://www.ncbi.nlm.nih.gov/pubmed/21596990
http://www.sciencedirect.com/science/article/pii/S0924224408000447
http://www.sciencedirect.com/science/article/pii/S0924224408000447
http://www.sciencedirect.com/science/article/pii/S0924224408000447
http://www.sciencedirect.com/science/article/pii/S0924224408000447
http://www.ncbi.nlm.nih.gov/pubmed/18287346
http://www.ncbi.nlm.nih.gov/pubmed/18287346
http://www.ncbi.nlm.nih.gov/pubmed/24846385
http://www.ncbi.nlm.nih.gov/pubmed/24846385
http://www.ncbi.nlm.nih.gov/pubmed/24846385
http://www.ncbi.nlm.nih.gov/pubmed/24846385
http://advances.nutrition.org/content/2/2/151.full
http://advances.nutrition.org/content/2/2/151.full
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2006.01470.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2006.01470.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2006.01470.x/abstract
http://www.ncbi.nlm.nih.gov/pubmed/23729846
http://www.ncbi.nlm.nih.gov/pubmed/23729846
http://www.fao.org/docrep/w8079e/w8079e0j.htm
https://www.researchgate.net/publication/270544859_Effect_of_thermal_treatment_on_dietary_fibre_content_in_brassica_vegetables
https://www.researchgate.net/publication/270544859_Effect_of_thermal_treatment_on_dietary_fibre_content_in_brassica_vegetables
http://www.ncbi.nlm.nih.gov/pubmed/24846385
http://www.ncbi.nlm.nih.gov/pubmed/24846385
http://www.ncbi.nlm.nih.gov/pubmed/24846385
http://www.ncbi.nlm.nih.gov/pubmed/25088686
http://www.ncbi.nlm.nih.gov/pubmed/25088686
http://www.ncbi.nlm.nih.gov/pubmed/25088686
http://www.ncbi.nlm.nih.gov/pubmed/26011307
http://www.ncbi.nlm.nih.gov/pubmed/26011307
http://www.ncbi.nlm.nih.gov/pubmed/25590753
http://www.ncbi.nlm.nih.gov/pubmed/25590753
http://www.ncbi.nlm.nih.gov/pubmed/18407065
http://www.ncbi.nlm.nih.gov/pubmed/18407065
http://www.ncbi.nlm.nih.gov/pubmed/18407065
http://www.ncbi.nlm.nih.gov/pubmed/21992951
http://www.ncbi.nlm.nih.gov/pubmed/21992951
http://www.ncbi.nlm.nih.gov/pubmed/19369060
http://www.ncbi.nlm.nih.gov/pubmed/19369060
http://www.ncbi.nlm.nih.gov/pubmed/19369060
http://onlinelibrary.wiley.com/doi/10.1111/j.1467-3010.2008.00706.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1467-3010.2008.00706.x/full
http://www.fao.org/docrep/w8079e/w8079e0l.htm
http://www.ncbi.nlm.nih.gov/pubmed/24967835
http://www.ncbi.nlm.nih.gov/pubmed/24967835
http://www.ncbi.nlm.nih.gov/pubmed/24967835
http://health.gov/dietaryguidelines/2010/
http://health.gov/dietaryguidelines/2010/
http://www.ncbi.nlm.nih.gov/pubmed/21033443
http://www.ncbi.nlm.nih.gov/pubmed/21033443
http://www.ncbi.nlm.nih.gov/pubmed/21033443

	Understanding the Nutritional Needs of the Gut Microbiota
	Abstract
	Introduction
	Characterizing Dietary Fiber
	Nutritional Needs of the Gut Microbiota 
	Healthy Diet for Gut Microbiota and Human Host  

	Conclusion
	Acknowledgements
	References
	Figure 1
	Figure 2
	Table 1
	Table 2

