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Abstract

The scientific literature has shown that diet is able to modify the gut microbiota and
contribute to obesity and diabetes development. This process—characterized by inflamma-
tion and gut barrier disruption—can affect the immune system and alter the adipogenesis
and insulin resistance. This chapter describes the advances in nutrigenomics and Human
Intestinal Microbiota (HIM) modification, and its relation with diabetes mellitus type two
(DM2). In context where health and feeding are the main concerns of the human being, food
innovation takes a special interest to people that look for a healthy diet or demand a
functional aliments, such as nutraceutical. Some products derived from diet and interaction
with HIM module the expression of many genes on the host, the so-called epigenome, with
favorable effects. Novel functional fiber like low-glycemic oligosaccharides and sweeteners
shows a potential prebiotic activity giving a new focus of nutritional guidelines for control
and prevention of DM2. The use of prebiotics derived from functional fiber sources, such as
fructo-oligosaccharides and beta-glucans as well as lignin and keffir, can contribute to the
development of a healthy HIM by promoting the growth of specific bacteria, some of them
associated with the prevention of obesity and diabetes.
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1. Introduction

Diabetes mellitus type two (DM2) is a complex pathology, it depends of the interaction of
genetic, epigenetic, environmental, and lifestyle factors [1]. This disease has generated an
epidemiological worldwide impact, with a current report of 425 million adults having the
disease according to the International Diabetes Federation (IDF). Currently, the last report of
the year 2017, the epidemiological data showed an increment of 10 million cases diagnosed
respect to 2015 [2]. According to the IDF, projection for 2045 is 650 million subjects with DM2.
North America and the Caribbean have the highest prevalence of this disease (11%), where an
increase of 62% is expected for the same period [3].

In the multidisciplinary treatment of this pathology, dietotherapy has been specifically consid-
ered as a critical control point in the international guidelines for DM2 [4, 5]. Recently, impor-
tant advances in nutrition management have been developed associated to nutritional
genomics, whose objective focuses on the interaction between the bioactive components of
food and the human genome, this approach includes studies of nutrigenetics, nutrigenomics,
and epigenetic modifications caused by nutrients [6].

Some investigations have used nutrigenomics to illustrate the modulation mechanism of
specific fatty acids on gene expression, producing an impact on human metabolism [7, 8]. A
common approach is the examination of individual levels of mRNA in relation to nutrient
intake [9]. Tests with carbohydrates and dietary components such as fiber show a relationship
between specific polymorphisms and the effect on insulin resistance [10]. In this sense, in a
recent review, the effectiveness of the supply of fermentable carbohydrates on human metab-
olism is explained [11].

Furthermore, new advances in study of the composition of the human microbiota have shown
an evident relationship between Human Intestinal Microbiota (HIM) and DM2 [12]. In this
context, a significantly greater association of Firmicutes/Bacteroidetes in DM2 has been
observed when is compared with normal weight and obese subjects [13].

New focus of nutritional treatment and its potential epigenetic effect constitute a panacea in
the modification of the diabetic patient’s microbiota [14]. The HIM is affected by the ingestion
of bioactive compounds, showing prebiotic or probiotic effects, whose action can help to
generate the growth of beneficial bacteria, such as Bifidobacterium and Bacteroidetes. The
development of personalized nutritional methods considering the genomic information, use
of prebiotics from novel sources of functional fibers (Fructo-oligosaccharides FOS, beta-
glucans) [15], consumption of carbohydrates with low-glycemic index (GI), as well as the use
of monosaccharide sweeteners with potential prebiotic activity, such as (tagatose) [16], would
allow to generate a new therapeutic orientation for the control and prevention of this pathol-
ogy. These dietary practices are important as part of the near future and will be analyzed in
this chapter. Finally, a description in nutrigenomics advances and the effect of prebiotics
consumption on modification of HIM are shown and its relationship with DM2 will be
discussed.
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2. Nutritional treatment and new perspectives

2.1. Prebiotics derived from functional fiber sources

A prebiotic is defined as “a non-digestible food ingredient that beneficially affects the host by
selectively stimulating the growth and/or activity of one or a limited number of bacteria in the
colon” [17]. Modification encouraged by prebiotics on the composition of HIM leads to the
predominance of a few of the potentially health-promoting bacteria, especially, but not exclu-
sively, Lactobacilli and Bifidobacteria [18]. Some prebiotics pass by the small intestine to the
lower gut and become accessible for probiotic bacteria without being utilized by other intesti-
nal bacteria [19]. Lactulose, galacto-oligosaccharides, fructo-oligosaccharides, inulin, and its
hydrolysates, malto-oligosaccharides, and resistant starch are prebiotics normally used in the
human diet [20, 21].

The definition used at present was given by the Food and Agriculture Organization of the
United Nations World Health Organization, according to which probiotics are redefined as
“live microorganisms which when are administered in adequate amounts confer a health
benefit on the host.” In relation to foods, the definition can be adjusted to beneficial effect
exerted by microorganisms “when are consumed in adequate amounts as part of food” [17, 21].

2.1.1. Betaglucans
2.1.1.1. Cereal B-glucans

Functional properties of 3-glucans have been particularly attributed to the fact that these create
viscous solutions in aqueous solution, as occurs in the digestive tract [22, 23]. This viscosity
causes [3-glucans to delay gastric emptying and interfere with the contact between pancreatic
enzymes and their substrates in the intestinal lumen, slowing the digestion and absorption
processes of nutrients [24]. This property could explain the effect of 3-glucans on the reduction
of plasma cholesterol concentrations and the glycemic index [25, 26].

2.1.1.2. Yeasts and fungi p-glucans

Another pivotal property of fungi/yeasts (3-glucans is the modulation of the immune system
[27, 28]. This effect could be due to the ability of B-glucans to stimulate receptors of the innate
immune system present in the membrane of enterocytes, M cells and dendritic cells, improving
the phagocytic activity of macrophages and antimicrobial activity of mononuclear cells and
neutrophils [29-31]. This type of f-glucans would also prevent the promotion and progression
of certain types of cancer, acting synergistically with monoclonal antibodies and chemother-
apy [32, 33]. This stimulation of immunity would be achieved by increasing the secretion of
pro-inflammatory cytokines and chemokines [34]. The main receptor involved in the effect of
B-glucans immunity is Dectin-1, even though there is also a role for the receptor 3 of the
complement, TLR-2, TLR-6 and the “scavengers” receptors [35, 36]. Dectin-1, known in human
beings as B-glucans receptor (BGR), is a member of the pattern recognition receptors (PRR)
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which fulfill an essential role in the innate immune response against viruses, bacteria, yeasts,
and fungi, contributing to the recognition and elimination of pathogens [34]. This receptor is
highly expressed in immune cells such as dendritic cells, neutrophils, eosinophils, and mono-
cytes as well as in some populations of T and B cells and, to a lesser extent, in macrophages and
enterocytes [31, 34, 35]. Dectin-1 acts through signal transduction activating Syk and RAF-1
[14]. It can also act synergistically with TLR which mediates the production of pro-
inflammatory cytokines, such as IL-12 and TNF-a [33, 35].

2.1.2. Fructo-oligosaccharides

Inulin is a non-digestible carbohydrate present in many vegetables, fruits, and cereals [36].
Currently, at the industrial level it is extracted from the chicory root (Cichorium intybus) and is
widely used as an ingredient in functional foods. Inulin and its derivatives (oligofructose,
fructo-oligosaccharides) are generally called fructans, basically composed of linear chains of
fructose [37]. The maximum dose allowed to be added to food formulated with inulin is up to
20 g/day for a simple dose and up to 10 g/day for multiple doses. At higher doses it can cause
intolerances after consumption, such as osmotic effects (diarrhea), intestinal noises and flatu-
lence as a result of the fermentation process [38]. Oligofructose is obtained by the partial
enzymatic hydrolysis of inulin, composed of linear chains of glucosyl-fructosil. GP ranges
between 2 and 8, with an average value of approximately [37]. It is present in foods such as
cereals, onions, garlic, banana, and corn [38, 39]. There are promising evidences of its perfor-
mance in the regulation of lipid parameters, reduction of the risk of cancer, reinforcement of
the immune response and protection against intestinal disorders [40]. In a wide variety of food
products, inulin and its derivatives are used as: thickener, emulsifier, gelling agent, sugar and
fat substitute, moisturizer, depressor of the freezing point [37, 39].

2.1.3. Lignin’s: mucilage’s (flaxseed)
2.1.3.1. Lignans

Plant lignans are phenolic compounds with a skeleton of 2,3-dibenzylbutane [40]. Flaxseed is
the richest food source in the precursors of lignans, secoisolariciresinol diglucoside (SDG), and
materesinol, which are phytoestrogens that by action of gastric acid and bacterial glucosidase
(facultative aerobics of Clostridia class) of the digestive tract transform into enterolactone and
enterodiol, respectively, known as lignans of mammals [41]. These have more antioxidant
capacity than their predecessors. Other lignans, such as lariciresinol, hinoquinina, arctigenin,
divanillyl tetrahydrofuran nordihydroguaiaretic acid, isolariciresinol, and pinoresinol, are also
present in flaxseed but the most abundant is SDG [40]. The health benefits of flaxseed lignans
rely in their antioxidant capacity as retainers of hydroxyl radicals, and as estrogenic and anti-
estrogenic compounds due to their structural similarity to the 17--estradiol [37, 41]. The
antioxidant activity of flaxseed lignan (SDG) is related to the suppression of the oxidizing
conditions of oxygen reactive species [41]. Secoisolariciresinol diglucoside and its aglycone
secoisolariciresinol show a high antioxidant capacity and protective effects to the damage of
the DNA and liposomes, especially in the epithelial cells of the colon exposed to these
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compounds, during the metabolism of the colon bacteria that transform them into lignans of
mammals [42, 43].

2.1.3.2. Mucilage

Mucilage is water-soluble polysaccharide present in many seeds, capable of absorbing 60-100
times their weight in water forming gels. They are formed by ramified arabinoxylans chains
[44]. The mucilage is similar to the gums, composed of galactose, mannose, xylose, and other
sugars [45]. One of the best known mucilage is psyllium (psyllium) or also called plantain,
coming from the seeds of Plantago genus [42, 44]. The mucilage extracted from algae contains
sugars somewhat different from terrestrial vegetables, such as agarobiose in the agar and sulf-
sugar in the carrageenan, used in food technology [44]. Flaxseed mucilage is a complex
polydisperse hydrocolloid and the different rheological behaviors observed in cultivars are
caused by the differences in the ratio between neutral and acid polymers and by the molecular
weight and structural conformation of polysaccharides [45, 46].

2.1.3.3. Flaxseed

Even though flaxseed is much known, it is not widely used in the formulation of food [47]. This
seed has significant amounts of bioactive compounds, such as alpha-linolenic acid, lignans and
dietary fiber, with potential effects in the prevention of some chronic diseases such as reducing
the risk of cardiovascular diseases, mitigating the effects of diabetes, renal pathologies, obesity,
colon and rectum cancer, reducing serum cholesterol level, and promoting the intestinal
evacuation [46, 47]. These characteristics make flaxseed an attractive source of ingredients to
be used in the elaboration of different functional foods [48].

2.1.4. Kefirs

Different in vitro and in vivo studies have demonstrated the ability of kefir to promote health
through the presence of bioactive peptides. Multiple bioactivities of this beverage such as
antihypertensive, antimicrobial, immune-modulating, mineral-carrying, antithrombotic, opi-
oid, and antioxidant have been the most reported [49]. These characteristics of kefir, along to
the pre- and probiotic properties, hypocholesterolemic, the bioavailability of milk components
with biological activity and the presence of metabolites such as organic acids and bacteriocins,
situate it as functional food [50]. This is a food that beyond the nutritional contribution of its
components has been proven to benefit one or more physiological functions of the organism,
improving the health, well-being, and/or reducing the risk to suffer diseases [51-53]. Addition-
ally, there are bioactivities that have been poorly studied as the mineral fixing properties
and the antithrombotic activity. There are some studies about the substrate-microorganism-
metabolite-bioactivity inter-relationships based on metagenome studies [54, 55]. It would be
important to carry out more investigations to determine the different bioactivities more deeply
and the effective dose by trying to reach the intestinal level in sufficient quantity to implant
and colonize its surface [56].
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2.2. Low-glycemic index of carbohydrates and inflammatory state intestinal mucose

2.2.1. Historic context glycemic index and glycemic load

One of the major dietary changes of the modern world has been the high consumption of
processed foods rich in carbohydrates and low in fiber; highly related to the increasing rates of
obesity and diabetes [49]. In this sense, pharmacological approaches focused on large clinical
trials have been useful for improving glycemic control in patients with type 2 diabetes (DM2)
[51]. Similarly, a positive effect in the control of diabetes has been associated with the con-
sumption of diets low in GI [52], these indicator determines the effect of the available carbohy-
drates in food on the average concentration of glucose in blood, this value is defined as the
relation between the area under the curve of 50 g of available carbohydrates in a food, with the
area under the curve of same amount of carbohydrates of a reference food [53].

White bread and glucose, which has been assigned a GI of 100, are considered reference foods
rather than a high value for this indicator [54]. Different entities worldwide, such as the
American Diabetes Association (ADA) [55], the European Association for the Study of Diabe-
tes [56], the Canadian Diabetes Association [57], and the UK Diabetes Nutrition Sub-
Committee [58] have prioritized dietary treatment with a relevant approach to carbohydrate
quality for the glycemic control, with special emphasis on reducing the digestion rate, absorp-
tion and metabolism of carbohydrates from foods [59].

Therefore, this indicator expresses the potential glycemia of a meal, representing the quality of
foods with predominance of carbohydrates [60]. Foods with carbohydrates capable of
digesting, absorbing and metabolizing quickly are considered food with high GI (GI > 70 in
the glucose scale). Those between GI =55 and 70 are considered in an intermediate value, while
those digested, absorbed and metabolized slowly are classified as foods with low GI (GI <55 in
the glucose scale) [53, 60]. There are international tables with the published values of this
indicator for a large number of products on the market. The first table was published in 1981
and was later updated in 1994 and 1995 [61, 62]. There is a marked controversy over the use of
this indicator in the decade of the 80, due to an inadequate interpretation of the evidence for its
determination [60, 63]. Criticism has focused on the methodological validity of the process to
quantify it since a large number of factors had influenced the results [60, 64]. The position of
the latest consensus of glycemic index experts in 925 held in Europe has determined that most
of the current critics are not valid, and that these reflect a failure of the knowledge translation
[60]. In this context, it is important to consider that important entities such as the International
Diabetes Federation have recognized the relevance of post-prandial regulation of glucose in
order to achieve the objectives of HBA1C by developing specific guidelines, whose manage-
ment is related to the GI concept [64].

2.2.2. Glycemic load, glycemic index, and insulin response

The value of glycemia and the insulin response depends on the quantity and quality of
carbohydrate and the mix of food ingested, the so-called glycemic load (GL). The GL represents
a relationship between the quantity and quality of carbohydrate [54, 60], and is defined as the
total carbohydrate content available in an amount of food (GL = GI x available carbohydrates/
specific amount of food) [60], and is the result of multiplying the amount of carbohydrate
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ingested in food by the value of its GI. The GL should be interpreted as a measure in the
demand for insulin, this value is a good indicator of the levels of post-prandial glycemia,
associated to the amount of calories in a particular portion of food or diet [65]. Thus, foods
with high GL and high GI have a direct effect on the development of hyperinsulinemia [66],
insulin resistance and risks to develop DM, which also have been linked to high-IG foods [67].

2.2.3. Insulin response and inflammation mucus and glycocalyx layer

Several studies have determined a clear link between the glycemic index and the glycemic load
of food and the insulin response [52, 68, 69]. Studies suggest that carbohydrates can modify the
microbiota, depending on their ability to increase glycemic and insulin response values
according to glycemic and insulinemic index [70, 71]. In this sense, several studies in rodents
have reported oligofructose as a recognized prebiotic, capable of modulating IM and improv-
ing insulin sensitivity [72, 73]. Similarly, inulin-type fructans have been tested to determine
their ability to modulate lipid metabolism and carbohydrate in various animal models [73, 74].
It has been reported that oligofructose (OFS) decreases the intake of food, the development of
fat mass and hepatic steatosis in normal and obese rodents. In addition, OFS exerts an
antidiabetic effect in rats treated with streptozotocin and mice treated with high content of fat
[72]. Chang et al. demonstrated that the addition of OFS also caused changes in the IM,
specifically for Bifidobacterium and Clostridium leptum [75] content. These results suggest that
OFS may be an effective therapeutic complement in the treatment of diabetes type 1 (DM1) by
improving insulin sensitivity and beta cell function, leading to better glycemic control [76]. OFS
reduced body weight, energy intake and fat mass in both phenotypes (P < 0.05) [76]. In another
study carried out in two different groups of rodents, OFS did not modify ghrelin in plasma, but
plasma levels of GIP were reduced and PYY were elevated (P < 0.05) [76] by OFS, reducing
body weight and adiposity in prone obese phenotypes and in those insulin-resistant [76].

The changes induced by this saccharide in the profiles of IM of these animals, along with the
changes of intestinal hormone levels probably contribute to lower body weights sustained
[76, 77]. Milk prebiotic oligosaccharides have been reported to alter the IM and may influence
the metabolism of the host. In a study performed in rats comparing diets with 15% of glucose,
fructose, galactose, and methylcellulose content, daily intake of 15% galactose improved the
sensitivity to hepatic insulin compared with glucose and fructose, producing an increase in the
content of hepatic glycogen in the feeding state and a positive change in the IM populations;
unlike the intake of galacto-oligosaccharides [78], which improved the IM profile without any
effect on the insulin sensitivity. The GI of lactose, fructose and isomaltose is (=43), (=20), and
(=2), respectively [62]. Further studies on these indicators are required in monosaccharides and
their effect on the human microbiome.

3. New perspectives in biotechnology of foods, low-glycemic index and the
microbiota

In context where health and feeding are the main concerns of the human being, food innova-
tion takes a special interest to people that look for a healthy diet or demands a greater number
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of functional products, such as nutraceutical, that often generates more contribution than
nutrients, helping to improve the prevent of different diseases [79].

A functional food has been defined as a: (i) natural food, (ii) food which a component with
some technology or biotechnology has been added or removed, (iii) food where the nature of
one or more components has been varied, (iv) food which the bioavailability of one or more of
its components has been modified, and/or (v) any combination of the above possibilities [80].
The world commercialization for functional foods and beverages have grown from $ 33 billion
in 2000 to 67.7 billion pesos in 2013, that mean the 5% of the global food commercialization,
and the growth of investment in food industry as a whole. Latin America is currently a
potential producer and consumer of functional foods, because of its large natural resources, a
wide biodiversity of flora and fauna having a variety of plants and edible fruits with potential
and beneficial effects for health [78].

Bioactive molecules works mainly modifying cellular signaling and causing changes in
expression of certain genes, for instance producing a defensive response to harmful pro-
cesses like differentiation and cell proliferation, inflammation, it is the base of the under-
standing for most prevalent diseases. New technology applied for food and nutrition
sciences are closely related to the biomedical area, researchers require strong training in
molecular biology, genetics and nutritional biochemistry, among others disciplines [81]. The
current “omics” technologies, such as genomics, transcriptomics, proteomics, metageno-
mics, metatranscriptomics and metabolomics, have introduced important strides in the
fields of health, biotechnology, ecology, and food [81]. The increase of the importance of
(I + D) from academy, where food and pharmaceutical industry have worked together to
promote healthy feeding, functional foods and nutraceuticals developing, those products
when are consumed in a regular way, contribute to the prevention and/or treatments of
certain diseases [82]. Genetic engineering plays an important role in the improvement of
functional foods, which involves biological and technological research and also normative
and ethical communication [83]. New probiotic strains isolated from natural niches and
other produced by genetically engineered organisms (GMOs) have broadened the spectrum
of organisms with improved probiotic properties for incorporation into functional foods
[84]. More than 500 probiotic food products have been introduced into the world stores over
the last couple of decades [81]. The contribution of biotechnology to production of prebiotics
is remarkable. Prebiotic such as inulin and fructose polymer are produced by extraction of
natural products (mainly chicory for fructose polymer), other prebiotics are produced by
bioprocesses involving microorganisms or enzymes specifically conditioned for efficient
synthesis of non-digestible oligosaccharides. On the other hand, inulin is the most used
prebiotic, although it is probably not the most effective, actually, in the formulation of
functional foods, also providing textural and rheological properties to the food matrix [83].
Another example of innovation is the design and development of product with intestinal
microbiota and/or GI control effects, such as powdered additive, that incorporates also
beneficial bacteria to the food. This development, achieved by researchers from National
Institute Food Technology in Chile and Conicet Argentina, incorporated as an additive to
certain foods—cold or lukewarm liquids —enriches the digestive system, balances the intes-
tinal microbiota with a positive impact on the immune system [85].
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3.1. Non-caloric sweeteners and gut microbiota

Non-caloric sweeteners (NCSs) are food additives widely used as sugar substitutes; these
sweeteners enhance tastes and simultaneously reduce calories consumption. Some epidemio-
logical studies have shown that artificial sweeteners are beneficial for weight loss, principally
for subjects having glucose intolerance and type 2 diabetes [86]. Historically, the consumption
of NCSs was restricted to people who have diseases such as diabetes; however, their consump-
tion has increased in recent decades for general population. For their approval for human
consumption, there are rigorous procedures required to consider them safe, however, today a
controversy exist in its safety and it has been noted the possibility that the NCSs alter intestinal
microbiota (IM). IM is involved in the metabolism of the host and plays a crucial role in food
digestion and energy homeostasis. However, multiple environmental factors, such as diet,
antibiotics and heavy metals, can disrupt the ecological balance of microbiota in the intestine
[87]. A study in male Sprague-Dawley rats who were subjected to oral probe of 100, 300, 500,
or 1000 mg/kg of Splenda for 12 weeks showed at the end of the treatment period, the number
of total anaerobes, Bifidobacteria, Lactobacilli, Bacteroides, Clostridia and total aerobic bacteria
decreased significantly. These changes occurred in Splenda doses containing sucralose at 1.1-
11 mg/kg (FDA'’s acceptable daily intake for sucralose is 5 mg/kg) [88]. Other study realized in
8 weeks old C57B1 mice, two experiments were performed. Experiment 1, 4-week-old male
mice were divided into three groups (n = 8 x group) and treated for 8 weeks as follows: mice in
control group received distilled water; mice in the low dose sucralose group (LS) a sucralose
solution of 1.5 mg/kg body weight per day were given; and mice in the high-dose sucralose
group (HS) received a sucralose solution of 15 mg/kg body weight per day, which is equal to
the maximum IDA. In Experiment 2, 4-week-old male mice were divided into two groups and
treated for 8 weeks as follows: Mice in control group received distilled water (n = 8); and
acesulfame-K mice were given an acesulfame-K solution of 15 mg/kg body weight per day,
which is equal to the ADI (n = 9), resulting that consumption of sucralose, but not of
acesulfame-K, reduced the relative amount of Clostridium cluster XIVa in feces. Meanwhile,
sucralose and acesulfame-K did not increase food intake [89]. Acesulfame k is genotoxic, and
can inhibit the fermentation of glucose by intestinal bacteria [90]. A study in CD-1 mice
(~8 weeks of age), were given a dose of 37.5 mg/kg body weight/day of acesulfame-K during
4 weeks, in males Bacteroides showed increased instead in females mice drastically decreased
the relative abundance of multiple genres, including Lactobacillus, Clostridium, Ace-K disrupts
the composition of the intestinal microbiome in a sex-dependent manner [90]. Another study
in adult male C57B1/6 WT mice, gave two groups of mice a high in fat diet (60%) and
commercial saccharin (equivalent to one human IDA) or glucose [91], resulting in an alteration
in the glucose tolerance, the authors concluded that glucose intolerance was mediated by
change in the microbiota (increase of Bacteroidetes and Clostridium). To corroborate the latter, a
fecal transplantation to germ-free mice w performed, after 6 days an altered glucose tolerance
was present in these mice. A similar study was carried out this time in seven humans (five men
and two women), who were given 5 mg/kg/weight of saccharin (IDA equivalent) for 7 days,
four of whom had altered glycemic responses. Other study, carried out in 31 humans that
evaluated the consumption of aspartame and acesulfame k, showed that the consumers
of these NCSs presented a different bacterial diversity to those who did not consume these
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Figure 1. NCSs: sucralose, saccharin and acesulfame-K have been found to modify the balance of the HIM, either by
decreasing or increasing the number of Bacteroidetes.

NCS [92]. This group also performed a smaller trial of seven healthy volunteers (five males,
two females, and ages 28-36) who did not normally consume NCS and who received saccharin
for 1 week at a dose of 5 mg/kg, IDA for these sweeteners. Most of these (4/7), known as “NCSs
responders” developed lower glucose tolerance and altered IM compared to “non-responders
of NCS” [92]. Microbiome of “NCS responders” showed changes in composition by 165 rRNA
analysis. Due this control group was not included in the design, it is unclear whether some
healthy individuals exposed to seven consecutive tests of oral glucose tolerance (daily intake of
75 g of glucose) would have developed changes in glucose metabolism in the absence of
saccharin. Palmnas et al. [107], demonstrated that 8 weeks of exposure to aspartame (at an
equal dose to subjects consuming approximately 2-3 sodas/day) disrupted the intestinal
microbiota; aspartame + high fat diet vs. water + high fat diet increased total bacteria; Entero-
bacteraceae, Clostridium leptum, and Roseburia spp. reduced Bifidobacterium sp. On the contrary,
when the diet was low fat + aspartame or low-fat + water, Clostridium leptum increased,
resulting in elevated levels of fasting glucose and insufficiency tolerance to insulin in rats [51].
However, the mechanism by which aspartame disrupted the IM is unclear, as aspartame is
metabolized before it reaches the colon by intestinal esterases and peptidases in amino acids
and methanol (Figure 1) [49].

3.2. Tagatose and prebiotic potential activity

D-tagatose (D-tag) is an isomer of fructose approximately 90% sweeter than sucrose. Only 20%
of the oral intake of tagatose is completely metabolized, mainly in the liver [49]. The mayor
part of this molecule is not digested or absorbed and passes through colon where water is
absorbed and D-tag is fermented by colonic bacteria. This natural sweetener can be artificially
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obtained from lactose. This sweetener with natural origin can be obtained artificially from
lactose. Through food technology, glucose is separated and galactose is extracted, whose
molecule is transformed into D-tagatose through an isomerization process [43].

D-tag would have an antihyperglycemic potential through its beneficial effects increasing post-
prandial serum glucose and hyperinsulinemia. Recent studies indicate that D-tag has a potent
anti-diabetic effect and could be eventually associated with significant benefits for the treatment
of obesity. The hypothesis regarding the mechanism of action proposed for this hypoglycemic
effect would consider the interference with carbohydrates absorption by inhibition of intestinal
disaccharidases and glucose transport, an also a mechanism of inhibition of hepatic glycogenol-
ysis [37]. Another important characteristics of the D-tag is it low GI, considering white bread and
glucose as reference foods, the D-tag Gl is 3 and 4, respectively [63]. The potential applications of
D-tag in the pharmaceutical industry and in food industry have reached a great boom [41].
However, the use of D-tag is limited by its high cost of production [36]. Another characteristic
of D-tag is its potential prebiotic activity, and in order to preserve this effect the processing and
storing of the food must ensure the maintenance of the chemical structure of the sweetener [35].
It has been determined that D-tag can be used for the formulation of diabetic beverages with
minimal chance of degradation and very low loss of prebiotic activity [31, 33, 36], maintaining
adequate thermal stability. Preliminary results suggest that D-tag would have an effect on the
reduction of total cholesterol, VLDL, and LDL compared to sucrose in diabetic patients [53]; the
contribution of D-tag to increase levels of HDL cholesterol has also been shown [54]. These
clinical studies and wonderful advances in food technology make this molecule an ideal sweet-
ener in functional products for patients with diabetes [62-64], with the ability to positively affect
the intestinal microbiota of these patients, making its consumption more interesting and useful
in a little explored area [85, 87]. On the other hand, the incorporation of novel functional sources
of fiber, as well as oligosaccharides of potential prebiotic activity, has generated great scientific
interest in the formulation of healthy foods aimed at diabetics. This new direction of science
could be the anticipation of a new line of research that is beginning to emerge. Finally, future
projection of personalized nutrigenomics foresees a great challenge toward the integration of
different sciences as transcriptomics, epigenetics, proteomics, and metabolomics, with the pur-
pose of positively modifying the microbiome, generating impact in the gene expression of the
human organism, and avoiding manifestation of chronic diseases such as DM2.

4. Conclusions

The use of prebiotics obtained from functional fiber sources such as fructo-oligosaccharides
and beta-glucans, as well as lignin and prebiotics such as keffir, can contribute to the develop-
ment of a healthy HIM by promoting the growth of bacterial species that have been associated
with obesity and diabetes prevention. On the other hand, it has been described that some low
GI monosaccharides can positively modify the composition of the HIM in animal models, by
regulating the mechanism of insulin sensitivity. More investigations are needed to evaluate the
effect of saccharides, such as fructose, lactose and isomaltose in the human microbiome.
Although, some NCS such as sucralose, saccharin, and acesulfame-K can modify the balance
of HIM, mainly through the alteration in the number of Bacteroidetes species. Nevertheless,
more studies in humans are required. In this sense, a new caloric sugar called D-tag has proposed
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as possible hypoglycemic and probiotic effects. Finally, the new information presented in this
chapter allows us to map out the near future where the integration of nutrigenomics and
nutritional treatment focused on the microbiota modification will be plausible. Futhermore,
the use of bioactive compounds that alter gene expression and/or affects immunity of pancre-
atic beta cells represent a projection toward the treatment and/or prevention of DM2.

Author details

Lissé Angarita Dévila'*, Valmore Bermtdez Pirela>®, Nadia Reyna Villasmil?®,

Silvana Cisternas Leén'?, Waldo Diaz—VésqueZ4, Ma Cristina Escobar!, Paula Carrasco,
Samuel Durén*, Kristian Buhring', Rodrigo Buhring®, Constanza Bugman',

Virginia Céspedes7, Marcell Gatica', Diana Rojas—Gc')meZS, Marion Guerrero Wyss5 and
Francisco Valdebenito®

*Address all correspondence to: lisse.angarita@unab.cl

1 Carrera de Nutricion y Dietetica, Facultad de Medicina, Universidad Andres Bello,
Concepcion, Chile

2 Universidad Simon Bolivar, Facultad de Ciencias de la Salud, Barranquilla, Colombia

3 Centro de Investigaciones Endocrino-Metabolicas Dr. Félix Gdmez, Facultad de Medicina,
La Universidad del Zulia, Maracaibo, Venezuela

4 Escuela de Nutricion y Dietética, Facultad de Ciencias para el Cuidado de la Salud,
Universidad San Sebastidn, Santiago, Chile

5 Escuela de Nutricion y Dietética, Facultad de Ciencias para el Cuidado de la Salud,
Universidad San Sebastian, Valdivia, Chile

6 Departamento de Salud Publica, Universidad Catolica de la Santisima Concepcion,
Sede Concepcion, Chile

7 Servicio de Rehabilitacion y Fisiatria, Hospital 12 de Octubre, Madrid, Spain

8 Escuela de Nutricion y Dietética, Facultad de Medicina, Universidad Andres Bello, Santiago,
Chile

9 Area Salud. Universidad Tecnoldgica de Chile, Inacap, Chile

References

[1] Schulze MB, Hu FB. Primary prevention of diabetes: What can be done and how much can
be prevented? Annual Review of Public Health. 2005;26:445-467

[2] International Diabetes Federation (IDF). The 7th Edition of the Diabetes Atlas. Interna-
tional Diabetes Foundation; 2015. Available from: idf@idf.org/www.idf.org [Accessed:
Sep 29, 2017]



[3]

[4]

[5]

[6]

[7]

[8]

[9]

[14]

[15]

New Insights into Alleviating Diabetes Mellitus: Role of Gut Microbiota and a Nutrigenomic Approach
http://dx.doi.org/10.5772/intechopen.76202

International Diabetes Federation (IDF). The 8th Edition of the Diabetes Atlas. Interna-
tional Diabetes Foundation; 2017. Available from: idf@idf.org/www.idf.org [Accessed:
Dec 4, 2017]

International Diabetes Federation (IDF). Guideline for management of postmeal glucose
in diabetes. Diabetes Research and Clinical Practice. 2014;103(2):256-268

American Diabetes Association. Standards of Medical Care in Diabetes. Abridged for pri-
mary care providers. Clinical Diabetes 2016;39(Suppl. 1):51-5112

Ortega A, Berna G, Rojas A, Martin F, Soria B. Gene-diet interactions in type 2 diabetes:
The chicken and egg debate. International Journal of Molecular Sciences. Jun 2, 2017;18(6).
pii: E1188. DOI: 10.3390/ijms18061188

Berna G, Oliveras-Lopez M]J, Jurado-Ruiz E, Tejedo ], Bedoya F, Soria B, Martin F.
Nutrigenetics and nutrigenomics insights into diabetes etiopathogenesis. Nutrients. Nov
21, 2014;6(11):5338-5369. DOI: 10.3390/nu6115338

Ferguson LR, De Caterina R, Gérman U, Allayee H, Kohlmeier M, Prasad C, Choi MS,
Curi R, de Luis DA, Gil A, et al. Guide and position of the international society of
nutrigenetics/nutrigenomics on personalised nutrition: Part 1 — Fields of precision nutri-
tion. Journal of Nutrigenetics and Nutrigenomics. 2016;9(1):12-27. Epub: May 12, 2016

Rostami H, Samadi M, Yuzbashian E, Zarkesh M, Asghari G, Hedayati M, Daneshafrooz
A, Mirmiran P, Khalaj A. Habitual dietary intake of fatty acids are associated with leptin
gene expression in subcutaneous and visceral adipose tissue of patients without diabetes.
Prostaglandins, Leukotrienes and Essential Fatty Acids. Nov 2017;126:49-54. DOI: 10.1016/
j-plefa.2017.09.010. Epub: Sep 14, 2017

Smith CE, Arnett DK, Corella D, Tsai MY, Lai CQ, Parnell LD, Lee YC, Ordovas JM.
Perilipin polymorphism interacts with saturated fat and carbohydrates to modulate insu-
lin resistance. Nutrition, Metabolism & Cardiovascular Diseases. May 2012;22(5):449-455
(Articulo en Inglés | MEDLINE | ID: mdl1-21193293)

Korpela K. Diet, microbiota, and metabolic health: Trade-off between saccharolytic and
proteolytic fermentation. Annual Review of Food Science and Technology. Jan 3, 2018.
DOI: 10.1146/annurev-food-030117-012830 [Epub ahead of print]

Woo V, Alenghat T. Host-microbiota interactions: Epigenomic regulation. Current Opin-
ion in Immunology. 2017;16(44):52-60. DOI: 10.1016/j.c0i.2016.12.001

Remely M, Aumueller E, Jahn D, Hippe B, Brath H, Haslberger AG. Microbiota and
epigenetic regulation of inflammatory mediators in type 2 diabetes and obesity. Beneficial
Microbes. Mar 2014;5(1):33-43. DOI: 10.3920/BM2013.006

Bhat MI, Kapila R. Dietary metabolites derived from gut microbiota: Critical modulators
of epigenetic changes in mammals. Nutrition Reviews. May 1, 2017;75(5):374-389. DOI:
10.1093/nutrit/nux001

Tamura K et al. Molecular mechanism by which prominent human gut bacteroidetes
utilize mixed-linkage beta-glucans, major health-promoting cereal polysaccharides. Cell
Rep. 2017;21(2):417-430. DOI: 10.1016/j.celrep.2017.09.049

195



196 Diabetes Food Plan

[16]

[17]

[20]

[22]

[25]

[26]

[27]

Jayamuthunagai J, Srisowmeya G, Chakravarthy M, Gautam P. D-Tagatose production by
permeabilized and immobilized lactobacillus plantarum using whey permeate.
Bioresource Technology. 2017;235:250-255. DOI: 10.1016/j.biortech.2017.03.123

FAO/WHO. Report on Joint FAO/WHO Expert Consultation on Evaluation of Health and
Nutritional Properties of Probiotics in Food Including Powder Milk with Live Lactic Acid
Bacteria. 2001. Available from: http://www.fao.org/3/a-a0512e.pdf [Accessed: Sep 7, 2017]

Madrigal L, Sangronis E. La inulina y derivados como ingredientes claves en alimentos
funcionales. Archivos Latinoamericanos de Nutricion. 2007;57(4):387-396

Cani PD, Hoste S, Guiot Y, Delzenne NM. Dietary nondigestible carbohydrates promote
L-cell differentiation inthe proximal colon of rats. The British Journal of Nutrition. 2007;98:
32-37. DOI: 10.1017/50007114507691648

Maurer AD, Chen Q, McPherson C, Reimer RA. Changes in satiety hormones and expres-
sion of genes involved in glucose and lipid metabolism in rats weaned onto diets high in
fibre or protein reflect susceptibility to increased fat mass in adulthood. Journal of Physi-
ology, London. 2009;587:679-691. DOI: 10.1113/jphysiol.2008.161844

Tan ], McKenzie C, Potamitis M, Thorburn AN, Mackay CR, Macia L. The role of short-
chain fatty acids in health and disease. Advances in Immunology. 2014;121:91-119. DOI:
10.1016/B978-0-12-800100-4.00003-9

Mandasescu S, Mocanu V, Dascalita AM, Haliga R, Nestian I, et al. Flaxseed supplemen-
tation in hyperlipidemic patients. Revista Medico-Chirurgicald a Societatii de Medici si
Naturalisti din Iasi. 2005;109:502-506

Daun JK, Barthet V], Chornick TL, Duguid S. Structure, Composition, and Variety Develop-
ment of Flaxseed. New York, USA: AOCS Press; 2003. DOI: 10.1201/9781439831915.ch1

Im AR, Kim HS, Hyun JW, Chae S. Potential for tyndalized Lactobacillus acidophilus as an
effective component in moisturizing skin and anti-wrinkle products. Experimental and
Therapeutic Medicine. 2016;12(2):759-764. DOI: 10.3892/etm.2016.3406

Ivanova EP, Vysotskii MV, Svetashev VI, Nedashkovskaya OI, Gorshkova NM, Mikhailov
VYV, Yumoto N, Shigeri Y, Taguchi T, Yoshikawa S. Characterization of bacillus strains of
marine origin. International Microbiology. 1999;2:267-271

Jarmuda S, O’Reilly N, Zaba R, Jakubowicz O, SzkaradkiewiczA KK. Potential role of
Demodex mites andbacteria in the induction of rosacea. Journal of Medical Microbiology.
2012;61:1504-1510. DOI: 10.1099/jmm.0.048090-0

Kano M, Masauoka N, Kaga C, Sugimoto S, lizuka R, Manabe K, Sone T, Oeda K,
Nonaka C, Miazaki K, Ishikawa F. Consecutive intake of fermented milk containing
Bifidobacterium breve strain yakult and galacto-oligosaccharides benefits skin condition
in healthy adult women. Bioscience of Microbiota, Food and Health. 2013;32:33-39. DOI:
10.12938/bmfh.32.33



[28]

[31]

[35]

[36]

[38]

New Insights into Alleviating Diabetes Mellitus: Role of Gut Microbiota and a Nutrigenomic Approach
http://dx.doi.org/10.5772/intechopen.76202

Mori N, Kano M, Masuoka N, Konno T, Suzuki Y, Miyazaki K, Ueki Y. Effect of probiotic
and prebiotic fermented milk on skin and intestinal conditions in healthy young female
students. Bioscience of Microbiota, Food and Health. 2016;35:105-112. DOI: 10.12938/
bmfh.2015-022

Mukherjee S, Mitra R, Maitra A, Gupta S, Kumaran S, Chakrabortty A, Majumder PP.
Sebum and hydration levels in specific regions of human face significantly predict the
nature and diversity of facial skin microbiome. Scientific Reports. 2016;27(6):36062. DOI:
10.1038/srep36062

Muraca M, Putignani L, Fierabracci A, Teti A, Perilongo G. Gut microbiota-derived outer
membrane vesicles: Underrecognized major players in health and disease? Discovery
Medicine. 2015;19:343-348

Kellow NJ, Coughlan MT, Reid CM. Metabolic benefits of dietary prebiotics in human
subjects: A systematic review of randomised controlled trials. The British Journal of
Nutrition. 2014;111:1147-1161. DOI: 10.1017/S0007114513003607

Parnell JA, Reimer RA. Weight loss during oligofructose supplementation is associated
with decreased ghrelin and increased peptide YY in overweight and obese adults. The
American Journal of Clinical Nutrition. 2009;89:1751-1759. DOI: 10.3945/ajcn.2009.27465

De Luis DA, de la Fuente B, Izaola O, Aller R, Gutiérrez S, Morillo M. Double blind
randomized clinical trial controlled by placebo with a FOS enriched cookie on saciety

and cardiovascular risk factors in obese patients. Nutricion Hospitalaria. 2013;28:78-85.
DOI: 10.3305/nh.2013.28.1.6255

Abrams SA, Griffin IJ, Hawthorne KM, Ellis KJ. Effect of prebiotic supplementation and
calcium intake on body mass index. The Journal of Pediatrics. 2007;151:293-298. DOI:
10.1016/j.jpeds.2007.03.043

Myles IA, Williams KW, Reckhow ]JD, Jammeh ML, Pincus NB, Sastalla I, Saleem D, Stone
KD, Datta SK. Transplantation of human skin microbiota in models of atopic dermatitis.
JCI Insight. Jul 7, 2016;1(10). pii: €86955. DOI: 10.1172/jci.insight.86955

Ni Raghallaigh S, Bender K, Lacey N, Brennan L, Powell FC. The fatty acid profile of the
skin surface lipid layer in papulopustular rosacea. The British Journal of Dermatology.
2012;166:279-28758. DOI: 10.1111/j.1365-2133.2011.10662.x

Nyquist OL, McLeod A, Brede DA, Snipen L, Aakra A, Nes IF. Comparative genomics of
lactobacillus sakei with emphasis on strains from meat. Molecular Genetics and Geno-
mics. 2011;285:297-311. DOI: 10.1007/s00438-011-0608-1

Uhde M, Ajamian M, Caio G, De Giorgio R, Indart A, Green PH, Verna EC, Volta U,
Alaedini A. Intestinal cell damage and systemic immune activation in individuals repor-
ting sensitivity to wheat in the absence of coeliac disease. Gut. 2016;65:1930-1937. DOI:
10.1136/gutjnl-2016-311964

197



198 Diabetes Food Plan

[39]

[41]

[45]

[48]

[49]

[50]

[51]

Urban ], Fergus DJ, Savage AM, Ehlers M, Menninger HL, Dunn RR, Horvath JE. The
effect of habitual and experimental antiperspirant and deodorant product use on the
armpit microbiome. Peer Journal. 2016;2(4):e1605. DOL: 10.7717/peerj.16054:€1605

Van Rensburg J]J, Lin H, Gao X, Toh E, Fortney KR, Ellinger S, Zwickl B, Janowicz DM,
Katz BP, Nelson DE, Dong Q, Spinola SM. The human skin microbiome associates with
the outcome of and is influenced by bacterial infection. MBio Journal. 2015;6(5):e01315-15.
DOI: 10.1128/mBio.01315-15

Assadi MM, Pourahmad R, Moazami N. Use of isolated kefir starter cultures in kefir
production. World Journal of Microbiology and Biotechnology. 2000;16:541-543. DOI:
10.1023/A:1008939132685

Beshkova D, Simova ED, Simov ZI, Frengova GI, Spasov ZN. Pure cultures for making
kefir. Food Microbiology. 2002;19:537-544. DOI: 10.1006/fmic.2002.0499

Bottazzi V, Bianchi F. A note on scanning electron microscopy of micro-organisms associ-
ated with the Kefir granule. Journal of Applied Microbiology. 1980,48:265-268

Hu C, Yuan YV, Kitts DD. Antioxidant activities of the flaxseed lignin secoisolariciresinol
diglucoside, its aglycone secoisolariciresinol and the mammalian lignans enterodiol and
enterolactone in vitro. Food and Chemical Toxicology. 2007;45:2219-2227. DOI: 10.1016/j.
fct.2007.05.017

Li H et al. Effects of a flaxseed-derived lignan supplement on C-reactive protein, IL-6 and
retinolbindingprotein 4 in type 2 diabetic patients. The British Journal of Nutrition. 2009;
101:1145-1149. DOI: 10.1017/50007114508061527

Tarpila S, Aro A, Salminen I, Tarpila A, Kleemola P, et al. The effect of flaxseed supple-
mentation in processed foods on serum fatty acids and enterolactone. European Journal of
Clinical Nutrition. 2002;56:157-165. DOI: 10.1038/sj.ejcn.1601298

Kuijsten A, Arts IC, van’t Veer P, Hollman PC. The relative bioavailability of enterolignans
in humans is enhanced by milling and crushing of flaxseed. The Journal of Nutrition. 2005;
135:2812-2816

Paschos GK, Magkos F, Panagiotakos DB, Votteas V, Zampelas A. Dietary supplementa-
tion with flaxseed oil lowers blood pressure in dyslipidaemic patients. European Journal
of Clinical Nutrition. 2007;61:1201-1206. DOI: 10.1038/sj.ejcn.1602631

Ueshima H, Stamler J, Elliott P, Chan Q, Brown IJ, et al. Food omega-3 fatty acid intake of
individuals (total, linolenic acid, long-chain) and their blood pressure: INTERMAP study.
Hypertension. 2007;50:313-319. DOI: 10.1161/HYPERTENSIONAHA.107.090720

Westcott ND, Muir AD. Flax seed lignan in disease prevention and health promotion.
Phytochemistry Reviews. 2003;2:401-417. DOI: 10.1023/B:PHYT.0000046174.97809.b6

Carneiro RP. Desenvolvimento de uma cultura iniciadora para producao de kefir. Brazil:
UFMG; 2010. p. 142. Available from: http://www.bibliotecadigital.ufmg.br/dspace/handle/
1843/MAFB-8EBKTH?show=full [Accessed: Aug 26, 2017]



[52]

[54]

[58]

[63]

[64]

New Insights into Alleviating Diabetes Mellitus: Role of Gut Microbiota and a Nutrigenomic Approach
http://dx.doi.org/10.5772/intechopen.76202

Chifiriuc MC, Cioaca AB, Lazar V. In vitro assay of the antimicrobial activity of kephir
against bacterial and fungal strains. Anaerobe. 2011;17:433-435. DOI: 10.1016/j.anaerobe.20
11.04.020

Diniz RO, Perazzo FF, Carvalho JCT, Schneenedorf JM. Atividade antiinflamatéria de
quefir, um probidtico da medicina popular. Revista Brasileira de Farmacognosia. 2003;13:
19-21. DOI: 10.1590/50102-695X2003000300008

Dobson A, O'Sullivan O, Cotter PD, Ross P, Hill C. High-throughput sequence-based
analysis of the bacterial composition of kefir and an associated kefir grain. FEMS Microbi-
ology Letters. 2011;320:56-62. DOI: 10.1111/j.1574-6968.2011.02290.x

Ford ES, Mokdad AH. Epidemiology of obesity in the western hemisphere. The Journal of
Clinical Endocrinology and Metabolism. 2008;93:51-S8. DOI: 10.1210/jc.2008-1356

Farnworth ER, Mainville I. Kefir — A fermented milk product. In: Farnworth ER, editor.
Handbook of Fermented Functional Foods. 2nd ed. Boca Raton, USA: CRC Press Taylor &
Francis Group; 2003. pp. 89-127

Gradiser M, Bilic-Curcic I, Djindjic B, Berkovic MC. The effects of transition from bedtime
to morning glargine administration in patients with poorly regulated type 1 diabetes
mellitus: Croatian pilot study. Diabetes Therapy. 2015;35(10):675-684. DOI: 10.1007/
s13300-015-0130-2

Tanaka K, Saisho Y, Manesso E, Tanaka M, Meguro S, Irie ], et al. Effects of liraglutide
monotherapy on beta cell function and pancreatic enzymes compared with metformin in
japanese overweight/obese patients with type 2 diabetes mellitus: A subpopulation anal-
ysis of the KIND-LM randomized trial. Clinical Drug Investigation. 2015;35(10):675-684.
DOI: 10.1007/s40261-015-0331-5

Bhupathiraju SN, Tobias DK, Malik VS, Willett WC, Hu FB. Glycemic index, glycemic load,
and risk of type 2 diabetes: Results from 3 large US cohorts and an updated meta-analysis.
American Journal of Clinical Nutrition. 2014;100(1):218-232. DOI: 10.3945/ajcn.113.079533

Brouns F, Bjorck I, Frayn KN, Gibbs AL, Lang V, Slama G, Wolever TM. Glycaemic index
methodology. Nutrition Research Reviews. 2005;18(1):145-171. DOI: 10.1079/NRR2005100

Wolever T, Jenkins D, Jenkins A, Josse R. The glycemic index: Methodology and clinical
implications. The American Journal of Clinical Nutrition. 1991;54:846-854

American Diabetes Association. Standars of medical care in diabetes. Diabetes Care. 2017;925;38
(Suppl. 1):51-S2. Available from: http://care.diabetesjournals.org/content/suppl/924/12/23/38.
Supplement_1.DC1/January_Supplement_Combined_Final.6-99.pdf. [Accessed: Aug 30, 2017]

Diabetes and Nutrition Study Group of the European Association for the Study of Diabe-
tes. Recommendations for the nutritional management of patients with diabetes mellitus.
European Journal of Clinical Nutrition. 1998;54:353-355

Canadian Diabetes Association Clinical Practice Guidelines Expert. Nutrition therapy.
Canadian Journal of Diabetes. 2013;37(Suppl 1):545-555. DOI: 10.1016/j.jcjd.2013.01.019

199



200 Diabetes Food Plan

[65]

[66]

[67]

[68]

[69]

[70]

[73]

[74]

[75]

[76]

Angarita L, Miranda JL, Aparicio D, Parra K, Uzcategui M, Céspedes V, Duran S, Reyna N.
Glycemic index, glycemic load and insulin response of two formulas of isoglucose with
different sweeteners and dietary fiber in healthy adults and type-2 diabetes. Nutricion
Hospitalaria. 2017;3(34):532-539. DOI: 10.20960/nh.654

International Diabetes Federation (IDF). Guideline for management of postmeal glucose
in diabetes. Diabetes Research and Clinical Practice. 2014;103(2):256-268

Augustin LS, Kendall CW, Jenkins DJ, Willett A, Astrup WC, Barclay AW, et al. Glycemic
index, glycemic load and glycemic response: An International Scientific Consensus Summit
from the International Carbohydrate Quality Consortium (ICQC). Nutrition, Metabolism &
Cardiovascular Diseases. 2015;25(9):795-815. DOI: 10.1016/j.numecd.925.05.005

Pi-Sunyer FX. Glycemic index and disease. American Journal of Clinical Nutrition. 2002;
76:2905-298S

Atkinson FS, Foster-Powell K, Brand Miller JC. International tables of glycemic index and
glycemic load values. Diabetes Care. 2002;31(12):2281-2283. DOI: 10.2337/dc08-1239

Wolever TM, Augustin LS, Brand-Miller JC, Delport E, Livesey G, Ludwig DS,
Sievenpiper JL. Glycemic index is as reliable as macronutrients on food labels. American
Journal of Clinical Nutrition. 2017;105(3):768-769. DOI: 10.3945/ajcn.116.146092

Matthan NR, Ausman LM, Meng H, Tighiouart H, Lichtenstein AH. Estimating the
reliability of glycemic index values and potential sources of methodological and biological
variability. American Journal of Clinical Nutrition. 2016;104(4):1004-1013. DOI: 10.3945/
ajcn.116.137208

Bao ], Atkinson F, Petocz P, Willett WC, Brand-Miller JC. Prediction of postprandial
glycemia and insulinemia in lean, young, healthy adults: glycemic load compared with
carbohydrate content alone. American Journal of Clinical Nutrition. 2011;93(5):984-996.
DOI: 10.3945/ajcn.110.005033

Gonzalez-Ortiz M, Martinez-Abundis E, Robles-Cervantes JA, Pérez-Rubio K. Comparison
of two liquid nutritional supplements designed for patients with diabetes: Effect on glucose
and insulin metabolism in healthy subjects. Pharma Nutrition. 2015;3(1):7-10. DOI: doi.org/
10.1016/j.phanu.924.11.002

Gunerud U], Ostman EM, Bejorck BL. Effects of whey protein on glycaemia and
insulinaemia to an oral glucose load in healthy adults; a dose response study. European
Journal of Clinical Nutrition. 2013;67(7):749-753. DOI: 10.1038/ejcn.923.88

Livesey G, Taylor R, Livesey H, Liu S. Is there a dose-response relation of dietary glycemic
load to risk of type 2 diabetes? Meta-analysis of prospective cohort studies. American
Journal of Clinical Nutrition. 2013;97(3):584-596. DOI: 10.3945/ajcn.112.041467

Cheng G, Xue H, Luo ], Jia H, Zhang L, Dai ], Buyken AE. Relevance of the dietary
glycemic index, glycemic load and genetic predisposition for the glucose homeostasis of



[77]

[78]

[80]

[81]

[82]

[84]

[85]

New Insights into Alleviating Diabetes Mellitus: Role of Gut Microbiota and a Nutrigenomic Approach
http://dx.doi.org/10.5772/intechopen.76202

Chinese adults without diabetes. Scientific Reports. 2017;7(1):400. DOI: 10.1038/s4368-017-
00453-9

Monteagudo-Mera A, Arthur JC, Jobin C, Keku T, Bruno-Barcena JM, Azcarate-Peril MA.
High purity galacto-oligosaccharides enhance specific Bifidobacterium species and their
metabolic activity in the mouse gut microbiome. Beneficial Microbes. 2016;7(2):247-264.
DOI: 10.3920/BM925.0114

Latulippe ME et al. ILSI Brazil International Workshop on Functional Foods: A narrative
review of the scientific evidence in the area of carbohydrates, microbiome, and health.
Food & Nutrition Research. 2013;57. DOI: 10.3402/fnr.v57i10.8314

de Cossio LF, Fourrier C, Sauvant J, Everard A, Capuron L, Cani PD, Layé S, Castanon N.
Impact of prebiotics on metabolic and behavioral alterations in a mouse model of metabolic
syndrome. Brain, Behavior, and Immunity. 2017;64:33-49. DOI: 10.1016/j.bbi.926.12.022

Delzenne NM, Cani PD, Neyrinck AM. Modulation of glucagon-like peptide 1 and energy
metabolism by inulin and oligofructose: Experimental data. Journal of Nutrition. 2007;137
(11 Suppl):25475-2551S

Dewulf EM et al. Inulin-type fructans with prebiotic properties counteract GPR43
overexpression and PPARy-related adipogenesis in the white adipose tissue of high-fat
diet-fed mice. Journal of Nutritional Biochemistry. 2011;22(8):712-722. DOI: 10.1016/;.
jnutbio.920.05.009

Chan C, Hyslop CM, Shrivastava V, Ochoa A, Reimer RA, Huang C. Oligofructose as an
adjunct in treatment of diabetes in NOD mice. Scientific Reports. 2016;6:37627. DOI:
10.1038/srep37627

Cluny NL, Eller LK, Keenan CM, Reimer RA, Sharkey KA. Interactive effects of oligofruc-
tose and obesity predisposition on gut hormones and microbiota in diet-induced obese rats.
Obesity. 2015;23(4):769-778. DOI: 10.1002/0by.21017

Stahel P, Kim JJ, Xiao C, Cant JP. Of the milk sugars, galactose, but not prebiotic galacto-
oligosaccharide, improves insulin sensitivity in male Sprague-Dawley rats. PLoS One.
2017;12(2):e063260. DOI: 10.1371/journal.pone.063260

Fuentes Berrio L, Acevedo Correa D, Chantré CA, Gelvez Ordofiez VM. Alimentos
Funcionales: Impacto Y re tos Para El Desarrollo Y Bienestar De La Sociedad Colombiana.
Biotecnoloia en el Sector Agropecuario y Agroindustrial. 2015;13(2):140. DOI: 10.7784/
BSAA(13)140-149

Prieto-Hontoria P. Innovacion y tendencias alimentarias Innovation and food trends.
Contribuciones Cientificas y Tecnoldgicas. 2016;41:15-20

Cornelio FS, Maldonado ZG, Ugas AR, Borjas A. Los alimentos funcionales: ;son buenos
para nuestra salud? functional foods: Are good for our health?. In Crescendo. Ciencias de
la Salud. 2016;3(32):58-61

201



202

Diabetes Food Plan

[88]

[89]

[90]

[91]

[92]

Lutz RM. Desafios en investigacion, desarrollo e innovacion en alimentos y nutricion.
Revista Chilena de Nutricion. 2013;40(4):404-407. DOI: 10.4067/S0717-7573013000400012

Valenzuela BA, Valenzuela R, Sanhueza ], Morales IG. Alimentos funcionales, nutraceti-
ticos y foshu: “vamos hacia un nuevo concepto de alimentacion”. Revista Chilena de
Nutricion. 2014;41(2):89-204. DOI: 10.4067/S0717-757301400091011

[llanes A. Alimentos funcionales y biotecnologia. Revista Colombiana de Biotecnologia.
2015;17(1):5-8. DOI: 10.3146/rev.colomb.biote.v17n1.50997

Revista de Investigaciones Agropecuarias (RIA). RIA. Revista de Investigaciones Agrope-
cuarias Vol. 42. Instituto Nacional de Tecnologia Agropecuaria (INTA). Avbilable from:
http://www.scielo.org.ar/scielo.php?script=sci_arttext&pid=5589231492600091004&Ing=
es&nrm=iso&tlng=es

Gardner C, Wylie-Rosett ], Gidding SS, Steffen LM, Johnson RK, Reader D, et al. Nonnu-
tritive sweeteners: Current use and health perspectives a scientific statement from the
American heart association and the American diabetes association. Diabetes Care. 2012;
35(8):708-808. DOI: 10.2337/dc12-9002

Palmnas MS, Cowan TE, Bomhof MR, Su ], Reimer RA, Vogel HJ, Hittel DS, Shearer J. Low-
dose aspartame consumption differentially affects gut microbiota-host metabolic interac-
tions in the diet-induced obese rat. PloS One. 2014;9(10):e109841. DOI: doi.org/10.1371/
journal.pone.0109841



