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Abstract

The preagricultural diets considered by hunting and gathering foods consisted of meat, fish, and uncultivated grains, such as nuts,
seeds, fruit, and vegetables with higher-fiber content. This period was finished about 10,000 years ago. Long after, during the indus-
trial revolution, when the invention of the steel roller milling system provided an economical process to convert whole grain to white
flour at a reasonable price, it resulted in a significant shift to today’s lower-fiber bakery products. In the 1960s and 1970s, the dietary
fiber hypothesis was developed and postulated that fiber intake was inversely associated with Western diseases. Then, since the
mid-1970s, interest in the role of Dietary Fiber in health and nutrition has motivated extensive research and received considerable
public attention. Today, supplementing foods with dietary fiber can result in fitness-promoting foods that are lower in calories, cho-
lesterol, and fat. The beneficial health actions of dietary fiber occur in the human gut, and the main components and most significant
physicochemical, physiological activity, and characteristics of the sources of dietary fiber must be known for an excellent approach to
the patient to improve dietary fiber intake. In addition, essential changes in the food industry have altered consumer eating behavior
in recent years. Increasingly busy consumers have limited time to prepare meals, and, at the same time, there is a growing interest
in a healthy diet, creating a need for ready-to-eat products. The food industry works to meet consumers’ desires concerning foods
that bring health benefits, in addition to aspects such as taste and appearance. Therefore, the importance of descriptive analysis of
these products, generating complete information on dietary fiber requires clear information about its use. Consequently, packaged
food labels must display nutrient content information to guide healthy food choices. Thus, nutritional labeling analysis can guarantee

quality information for the consumer and potentially positively influence diet.
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Introduction
Dietary fiber is an essential nutrient

In the Paleolithic period, the preagricultural diets consisted of meat, fish, and uncultivated grains, such as nuts, seeds, fruit, and veg-
etables with higher-fiber content. This period, characterized by the hunting and gathering of foods, was finished about 10,000 years ago
[1,2]. In 370 BC, Hippocrates once said that “whole meal bread makes larger feces than refined bread,” emphasizing the importance of
Fiber’s physiological benefits [3]. Accordingly, fiber-rich grain products persisted as the primary source of baked foods for a long time;
however, during the Industrial Revolution, when the steel roller milling system provided a process to convert whole grain to white flour at
areasonable price, it resulted in a significant shift to today’s lower-fiber bakery products [4]. Indeed, the diet now consumed in Western
developed countries opposes the preagricultural diet [5]. Subsequently, in the 1970s, the Dietary Fiber Hypothesis was developed and
hypothesized that fiber intake was inversely associated with Western diseases [6,7]. Then, since the mid-1970s, interest in the role of
Dietary Fiber (DF) in health has motivated extensive research and received substantial public attention. Today, DF can result in fitness-

promoting foods that are lower in calories, cholesterol, and fat [8].

Definitions

DF’s definitions are based on its chemical composition, the type of analysis, and physiological effects, such as solubility, fermentation,
hydration capacity, and fat retention capacity [9,10]. Generally, DF is a “group of carbohydrates resistant to digestion by enzymes in the
small intestine and partially fermented by the gut microbiota with favorable health effects” [11]. In addition, “Dietary fiber consists of
remnants of plant cells resistant to hydrolysis by the alimentary enzymes of man” [12]. Subsequently, many official regulatory agencies
worldwide defined the DF to adapt to its physiologic function rather than its chemical composition. Table 1 designates a summary of DF

definitions of the leading institutions worldwide.

American

Association Dietary Fiber consists of Edible carbohydrates that are naturally occurring
of Cereal Chemists in the food which is extracted from natural sources

(AACC) 2001 or synthetically produced polymers

Food Standards

Australia and Principally found in the plant cell wall.

New Zealand
(FSANZ) 2001
Cellulose, hemicelluloses, pectin, arabinoxylans, beta-glucan,

Institute of glucomannans, gums, mucilage, hydrocolloids,

Medicine non-starch polysaccharides, resistant starch, resistant

(IOM) 2001 oligosaccharides, plus lignin

American @

Association Compeonents occurring in foods that are not hydrolyzed

of Cereal Chemists by the endogenous enzymes in the human small intestine and

(AACC) 2001 pass into the large intestine with complete or

partial fermentation

European Food

Safety Authority @

(EF5A) 2009 With beneficial physiological effects on humans

CODEX

Alimentarius2009 Including laxation, blood cholesterol attenuation, and
bloed glucose attenuation

Health Canada

(HC)2010

Table 1: Summary of definitions of dietary fiber according to different organizations. Data compiled from references [13-15].
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Classification of dietary fiber

The most common classification of DF is based on solubility (soluble and insoluble) in water and fermentability (fermentable and
nonfermentable) in the human colon. Fermentable dietary fibers are water-soluble, while nonfermentable or least-fermentable DF are
water-insoluble [16-18]:

¢ Soluble dietary fiber: Soluble in aqueous solution, shows resistance to digestion in the small intestine and suffers the fermenta-
tion process in the large intestine by intestinal microorganisms. Based on dissolution in water, soluble fibers are further divided
into Viscous Fiber and Non-Viscous Fiber. Soluble DF enhances the transit time and delay in gastric emptying and reduces glucose
absorption. Soluble dietary fibers include beta-glucan, pectin, gums, and inulin. Sources of soluble DF include fruits and vegetables
[19].

¢ Insoluble dietary fiber: It is insoluble in water, does not show gel formation, and does not suffer fermentation in the large in-
testine. When consumed, they enhance the fecal bulk and reduce intestinal transit time. Insoluble dietary fibers include cellulose,

hemicelluloses, lignin, cutin, suberin, chitin, and chitosan [20,21].

The beneficial health actions of DF occur in the human gut. DF is transferred from the small intestine, which cannot be digested, to
the large intestine. The beneficial microbes from the gut totally or fractionally ferment DF. The fermentation process’s efficiency from the
gut depends upon the carbohydrate’s structure and glycosidic linkages. Consecutively, table 2-5 present the main components and most

significant physicochemical, physiological activity, and characteristics of the sources of DF.

Cellulose Homopolysaccharides are composed of monomers of B-glucose linked by -1,4-0-glycosidic bonds. It is the most
abundant organic biomolecule in nature due is the significant component of the cell walls of all plants. Cellulose,

an Insoluble DF, is resistant to digestion [19].

Hemicelluloses Heteropolysaccharide is formed by more than one type of monomer, generally of five or six monomeric residues:
glucose, galactose, xylose, arabinose, mannose, and glucuronic acid, among others. It is the second most abundant

biomass component after cellulose. [22].

Pectin Heteropolysaccharides are considered an important hydrocolloid widely used in food production. Pectin can be
used like a DF in structural modifications that chemical or enzymatic processes can carry out [23].
Gums A variety of gums could be considered DF. Guar gum (poly galactomannan) is a soluble DF obtained from seeds.

Also, this compound is widely used in food processing because it confers textural changes such as thickening and
stabilizing [24].

Resistant Starch Starch that is not hydrolyzed in the human small intestine. It is classified into five subgroups: encapsulated starch,

resistant granules, retrograded amylose, chemically modified starch, and amylose-lipid complex [25-27].

911gosaccha- They are defined as carbohydrates that consist of 3-10 monosaccharide units, linear or branched. The principal

rides oligosaccharides are fructooligosaccharides (FOS = a linear oligosaccharide composed of 10-20 units of fructose)
and galactooligosaccharides (GOS = is mainly obtained from enzymatic hydrolysis of lactose) [18,28].

Lignin It is an organic polymer considered a highly branched phenolic compound with functional groups such as pheno-

lic, methoxyl, carboxyl, p-hydroxy-phenyl, and aliphatic hydroxyl. It is nature’s most abundant source of aromatic
chemicals [29].

Table 2: Dietary fiber and its main components.
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Its tendency to hydrate is divided into: soluble DF (physiological actions such as slow gastric

emptying, delayed glucose absorption, and reduction of serum cholesterol, and protection

Solubility against cardiovascular diseases; and insoluble DF (associated with effects on the human diges-
tive system (good bowel habits and protection against colorectal cancer).
Viscosity The gel formation produces gelatinous mass or viscous solutions, which increase the volume
and viscosity of the contents of the gastrointestinal tract.
DF act as a substrate for the fermentation process. Soluble DF is fermentable by bacteria in the
Fermentability colon. Bowel functions like fecal weight, stool frequency, colonic pH, and food energy depend on

fermentability.

Water holding and binding capac-

it The principle of the gel-forming action of polysaccharides defines it.
ity

. . ) DF can bind ions and polar materials, and interaction with water forms gel-like structures,
The binding ability of minerals and . o . . . . . )
bile acid showing the binding and trapping of bile acids that are excreted in the feces, causing an increase

ile acids
in the use of cholesterol in the body.

) ) ) The size of particles changes according to the type of cell wall, source, and level of processing, in
Particle size and porosity . i . ) . ] ) i . ) .
addition to interacting with several physiological functions in the human intestine (transit time,

digestion, fermentation rate, and fecal excretion).

L . The Porosity in the DF structure is a factor responsible for the oil binding capacity. The porous
0Oil-binding ability

of DF components allows oil to bind in the pores present in its structure.

Table 3: Physicochemical properties of dietary fiber [18,29-31].

Increased Masti- Foods with DF are more challenging to process in the mouth as they have compact textures. Foods rich in DF

cation require greater Chewing to increase the feeling of satiety by stimulating saliva secretion and responses of the

cephalic and gastric phases, which can reduce the ingestion rate.

Gastric Distention Due to longer chewing time and sensory interaction during consumption, FA-rich foods can promote gastric
distention through increased saliva and gastric acid production. An increase in satiety for high-viscosity meals

suggests another mechanism by which Viscosity influences satiety beyond simply delaying gastric emptying.

) . The viscosity of the gastric contents and the chemical composition of the digestion are considered essential for
Gastric Emptying ) )
the delay of gastric emptying.

Satiety inhibits hunger after the end of food intake and prevents further intake. Due to its bulking and texture
Effects on Satiety properties, DF provides greater satiety than digestible polysaccharides, simple sugars, and nutrients such as
protein alone. DF chemical structure and physicochemical properties are also crucial for effects on satiety and

long-term appetite, hence regulating energy intake. Insoluble DF impacts satiety greater than soluble DF.

Soluble DF is thought to encapsulate nutrients and delay their absorption, increasing intestinal transit time
Absorption of and leading to a more gradual absorption of nutrients and prolonged feelings of satiety. The gel matrix of
Nutrients hydrated DF can thicken the small intestine’s contents, decreasing the diffusion of cholesterol, sugars, and
other nutrients for absorption and limiting contact between food and digestive enzymes, interrupting micelle
formation and contact with the intestinal wall. Viscosity can thicken the stationary water layer on absorbent

surfaces, decreasing the glucose diffusion rate.

Table 4: Physiological activity of dietary fiber [18,32,33].
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Cereals

In Western countries, wheat, barley, oats, and maize contribute approximately 50% of df intake. DF in whole grains
has a higher proportion of insoluble vs soluble Fiber. These cell walls are composed of cellulose and complex xylans

and may contain a significant quantity of lignin.

Legumes

Generally, the insoluble DF of legumes is composed of hemicelluloses and cellulose. On the other hand, the soluble
DF is composed of pectin polysaccharides in beans, peas, chickpeas, lentils, soybeans, lupins, sprouts, and peanuts.
Legume fibers possess advantages over cereal fibers (higher content of soluble components, leading to a more signifi-
cant formation of volatile fatty acids (acetic acid, propionic acid, and butyric acid) that inhibit cholesterol synthesis.
Beans are the legumes with the highest DF content (60% - 85% insoluble and 40% - 15% soluble DF).

Vegeta-
bles

Commonly eaten vegetables offer a range of diverse cell wall structures that comprise the majority of available DF.

Root vegetables like carrots contain a lignified ring of cells that effectively limits water transport.

Fruits

The Fiber of the fruits comes from the walls of the parenchyma cells. Plant cell walls contain a group of complex
soluble polysaccharides, including mainly pectic polysaccharides. The significant components of fruit peels include

non-starch polysaccharides and lignin, neither digested nor absorbed in the human small intestine.

Table 5: Characteristics of the sources of dietary fiber [15].

Dietary fiber daily intake recommendations

Dietary guidelines recommend eating various fruits, vegetables, and whole grains. Whole foods may provide additional beneficial mi-

cronutrients and phytochemicals beyond DF alone. Intake of DF from natural food sources is generally preferable to supplements [34-36]:

¢ The Food and Agriculture Organization of the United Nations (FAO) and the World Health Organization (WHO) recommend > 25g

per day of DF [37].

¢ The Scientific Advisory Committee on Nutrition (SACN) recommends that the dietary reference value for average adult intake is 30

g/day [35].

e The European Food Safety Authority (EFSA) recommends an intake of 25 g/day for adequate normal bowel function in adults [38].

¢  Some public health organizations recommend intake based on energy requirements (14 g/1000 kcal). According to the FDA, the

daily intake of DF reported on labels would be 25g for a 2000 kcal/day diet or 30g for a 2500 kcal/day diet [39].

e The Institute of Medicine set the adequate intake for Fiber at 14 g/1000 kcal, which would give around 38 g/day for men and 25 g/

day for women [40].

e  For children, recommendations vary with a broad range of DF. Table 6 presents the different recommendations.

Dietary fiber and human health

DF has been the focus of many studies because of its ability to improve human health. So, it is essential to understand why DF is consid-
ered a nutrient, and therefore, it is necessary to incorporate it into the daily diet. There are numerous physiological benefits related to the

consumption of DF. However, further studies are needed to determine appropriate levels of DF to reduce a specific disease. Consumption

of adequate DF reduces the risk of the diseases mentioned above [41].

Table 7 presents some of the most representative benefits related to the consumption of DF [29].
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Based on...
IOM FDA
Energy
14 g fiber/1000 kcal 12 g/1000 kcal
Adequate Intake
Grams/day
1-3y 4-8y 9-13y 14-18y
19 25
DRI-Al Boys 31 38
Girls 26 26
Kg body weight
0.5 g fiber/(kg body weight /d) up to 35 g/d
AAP
Age Minimum Maximum
AAP
Children older than 3 years of age Age plus 5g Age plus 10
IOM (Institute of Medicine); FDA (Food and Drug Administration); AAP
(American Academy of Pediatrics). DRI-AI (Adequate Intake)

Table 6: Dietary intake recommendations for dietary fiber for children.
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Laxation and improved intestinal transit time are widely associated with DF intake.

DF helps to regulate glucose, lipid metabolism, and mineral bioavailability.

DF intake can decrease low-density lipoprotein (LDL) levels and reduce the risk of cardiovascular disease.

Consumption has been demonstrated to attenuate the glucose absorption rate.

DF modifies some gut hormones that affect satiety and energy intake, regulating lipid metabolism and energy expenditure

and affecting obesity, insulin resistance, and hyperlipidemia, thus reducing weight gain.

reported in DE.

Significant antioxidant capacity probably comes from phenolic acids, phenylpropanoids, and flavonoids, which have been

Lower colorectal cancer prevalence.

ing intestinal microbiota composition.

Prebiotic effects attributed to fermentable fibers (mainly poly- and oligosaccharides) may provide health benefits by alter-

Table 7: Benefits related to the consumption of dietary fiber [29].

Dietary fiber: The consumers and food industry

Nowadays, more and more busy consumers have limited time to prepare meals, with growing interest in a healthy diet and the ne-
cessity for ready-to-eat products. Consequently, the food industry works to meet consumers’ desires concerning foods that bring health
benefits and improve taste and appearance. Consequently, the food industry has altered consumer eating behavior. So, the new type of
food consumption and the food industry require an effective way of informing the consumer. These results support recommendations for

higher DF intake as a healthy diet. Indeed, a comprehensive review of systematic reviews with a meta-analysis of observational studies on
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the value of DF highlights that high intake can reduce the risk of total mortality [42]. Therefore, the importance of descriptive analysis of
these products, generating information on DF requires precise data to connect DF’s properties and health effects. Following these consid-

erations, food labels are essential for displaying adequate information [43].

Packaged food labels display nutrient content information and are intended to guide healthy food choices. Thus, nutritional labeling
analysis can guarantee quality information for the consumer and potentially positively influence diet. Two labels on the front of the
package inform the consumer of the name, brand, and type of food. Labels on the back of the pack include a Nutrition Facts panel that
provides details on the nutritional composition of the food. To help the consumer interpret the information, amounts are also presented
as a percentage of the recommended daily intake [44]. Labeling schemes provide visual information about the product, whether based on
specific nutrient content or the overall nutritional quality of the product [45]. This was recently demonstrated in a systematic review of
various types of food labels, including “front-of-package-FOP” and “back-of-package-BOP” labels, labels on restaurant menus, and labels in
supermarkets [46]. Thus, labeling packaged foods would be an excellent way of strengthening communication between the food industry

and the consumer. Table 8 presents the declaration of DF content on the nutritional label.

g of DF/ 100g of food
Source High content
FDA 2.5¢g 5g
European Union 3g 6g
1.5g per 100 kcal 3g per 100 kcal
10% or 2.5g of DF 20% or 5g of DF

Table 8: The declaration of dietary fiber content on the nutritional label.

The quality of the labeling

Different analyses can be carried out from the labels of packaged foods, one of which can be the amount of DF per portion of food,
which in turn allows a better recommendation of Adequate Intake, mainly when associated with nutritional education. When well-de-
signed, labels can potentially have a positive influence on diet. The following evaluation possibilities on the label can be observed: the
amount of DF grams/100 grams of food; the amount of DF grams/100 calories of food; the presence of food sources of DF in the list of
ingredients; highlight on the packaging the presence of DF; a detailed description of the number of whole grains per serving, and distri-

bution of nutrients in grams/serving [47-49].

Conclusion
Communication strategies for adequate dietary fiber intake

DF is unquestionably part of a healthy diet. Therefore, a diet that includes a variety of fiber sources, especially fruits, vegetables, whole
grains, legumes, nuts, and seeds, will help to lower their risk for some chronic diseases. Due to the media’s widespread publicity, it has
been widely accepted that DF is a necessary component of a healthy diet [39,50]. It is necessary to correct consumer misperceptions, as
all whole foods are expensive, unpalatable, and complicated to prepare. Nutrition educators should provide clear and concise information,
including advising people to check nutrition labels to find good sources of DF. When shopping, check the Nutrition Facts on food packages
to be sure they are getting a good source of DF (at least 3 grams per serving) or an excellent source of Fiber (at least 5 grams per serving)
[51,52].
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