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1 Introduction
The nutritional importance of carbohydrates has always 

been related to the supply of energy for the human body. 
In the last 50 years, that has changed a lot. It is known today 
that carbohydrates play an important role in health which 
goes far beyond the energy function and has a number of 
positive physiological effects related to a decrease in the risk of 
noncommunicable diseases (NCDs).

Studies on carbohydrates, from the viewpoint of their 
biological utilization, mainly started with dietary fiber (DF) and 
the interest in its physiological effects; this fact is reflected in the 
increase of scientific publications in the last decades. According 
to a survey performed in PubMed, using specific keywords 
(Dietary fiber, Definition, Concept, Analysis, Methodology, Claim 
and Consumer), it is noteworthy that until 1970 there were only 
820 published articles; in the 80s that number increased to 3075; 
in the 90s to 4443 and in the decade of 2000 to 5616 articles 
(Menezes et al., 2013). Among 2010 and 2015, 4702 scientific 
articles had already been published. This progress reflects the 
participation of DF in human health, considering its composition, 
structure, physicochemical properties, and physiological effects, 

among other properties. Currently, DF, represented by different 
compounds, is one of the main ingredient used in functional foods.

Carbohydrates are made up of compounds of varying 
composition, structure and biological utilization that are 
distinctly digested and absorbed. It is known today that, among 
the available carbohydrates, there are the rapidly and slowly 
digested carbohydrates, which have different impact on physiology.

The carbohydrate digestion rate can modulate the glycemic 
response, which mainly depends on the type and amount of 
carbohydrate ingested. Despite the intermittent supply of glucose 
during the night and day, plasma glucose is strictly controlled 
and remains relatively stable in healthy subjects throughout the 
day, oscillating within a narrow range of 4-10 mmol/L, which 
allows continuous supply to the organs that are solely dependent 
on glucose. This glucose homeostasis requires the coordinated 
action of several organs, and requires the modulation of four 
mechanisms: intestinal absorption of exogenous glucose, 
production of endogenous glucose, utilization of glucose by 
insulin-dependent and by non-insulin dependent tissues. Although 
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Abstract
High postprandial glycemia in the non-diabetic population is one of the known universal mechanisms for the progression of 
noncommunicable diseases (NCDs), which have impacted the finances of both individuals and of health systems. In order to 
highlight the role of carbohydrates in glycemic control and its implications on health, the International Life Sciences Institute 
Brazil held an international workshop on “Carbohydrates, Glycemia and Health”. Carbohydrate digestion rate is related to 
glycemic response, which mainly depends on the quality and amount of carbohydrate ingested, and thus it may be modulated 
by intrinsic and extrinsic factors. These effects can be verified by using different methods which evidence how physiology 
adapts in the uptake of glucose. Consumers can be aided with the knowledge/awareness of the benefits of high postprandial 
glycemia control in non-diabetic subjects. Multisectorial actions can contribute to decrease the onset and worsening of NCDs. 
A strategy indicated to the public in general to expand the availability of products that do not result in a sudden increase of 
postprandial plasma glucose and/or insulin would be to use alternative ingredients and/or technology in addition to making 
the legally allowed communication of benefits, which are supported by scientific studies.

Keywords: slowly available carbohydrates; resistant starch; fiber; food.

Practical Application: This review highlights how the actions of multiple agents can contribute to decrease the onset and 
worsening of NCDs based on the importance of controlling high postprandial glycemia in non-diabetic subjects. There is solid 
knowledge about ingredients with this potential, but it is necessary to increase their use in the development of new products 
with low glycemic load, as well as to efficiently communicate these benefits to the consumer.
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the connection between cardiometabolic diseases and fasting 
metabolism has been extensively studied, it is equally important 
to examine how metabolic parameters in the postprandial phase 
are related to lipotoxicity and glucotoxicity (Blaak et al., 2012; 
Laville et al., 2013). The multiplication of hyperglycemic and 
hyperinsulinemic postprandial peaks could be directly linked to 
cardiometabolic complications. Therefore, it is very important 
to study how a particular type of carbohydrate could modulate 
postprandial plasma glucose and have a potential beneficial effect.

The application of this carbohydrate-related knowledge 
through actions in conjunction with the food industry and the 
population could minimize the high costs to the health system 
related with treatment and hospitalization due to worsening 
of NCDs.

2 Prevalence and economic and clinical impact of 
NCDs

The World Health Organization considers that the human, 
social and economic consequences of noncommunicable 
diseases are serious in every country and can be devastating 
to poor and vulnerable populations. NCDs are the main cause 
of mortality in the world, in 2012 they accounted for 68% of 
a total of 56 million deaths. Approximately 28 million deaths 
have resulted from these diseases, 82% of which are considered 
premature deaths (before the age of 70) and occurred in low- and 
middle income countries. In these countries, the cumulative 
economic losses due to NCDs were estimated at US$7 trillion 
from 2011 to 2025 (World Health Organization, 2014). These 
diseases include cardiovascular diseases and cancer in addition 
to obesity and diabetes and account for 72% of the mortality 
rate in Brazil (Schmidt et al., 2011).

In 2014, approximately 39% of the adult population was 
overweight and 13% was obese and the highest prevalence was 
seen in the American continent, followed by Europe and the 
Western Pacific region (World Health Organization, 2016a). 
A study conducted on more than 14,000 individuals from 
16 countries in Europe identified 47.6% obese or overweight 
individuals (54.5% men and 40.8% women), being more 
prevalent in Northern Europe and less prevalent in the Western 
and Southern regions of Mediterranean countries, ranging from 
7.6% in Italy to more than 20% in Croatia and England. It was 
also observed that obesity increases with age and decreases with 
the level of education (Gallus et al., 2015).

In 2014, in Brazil the percentage of overweight individuals 
reached 52.2% of the adult population, 58.3% of which were men 
and 45.4% were women. Obesity showed a frequency of 16.5% 
among men with a trend to increase up to 44 years of age, and 
15.5% among women with an upward trend up to 54 years of 
age (Brasil, 2015).

Obesity and overweight are often related to other diseases 
such as hypertension, dyslipidemia and diabetes. Diabetes is a 
disease with high and growing prevalence with a high social 
cost and high morbidity and mortality rates. According to the 
World Health Organization (2016b), 1 in every 11 adults has 
diabetes adding to a total number of 422 million individuals in 
April 2016, a number which has increased four times since 1980. 

In Brazil, 2014 data show that among the interviewed population 
aged 55-64 years, 14.9% reported having been diagnosed with 
diabetes by a physician and in the individuals over 65 years this 
percentage rose to 24.4% (Brasil, 2015).

Diabetes is characterized by chronic hyperglycemia, can 
cause damage to several organs such as the kidneys, eyes, 
heart and blood vessels; and, is one of the main causes of renal 
failure, lower limb amputation, blindness and cardiovascular 
disease (Forbes & Cooper, 2013). The increase in prevalence is 
associated with the increase in overweight and obesity and also 
with urbanization, including poor eating habits such as with 
high energy content diets, large food portions and high intake 
of saturated fats and sugars and a reduced intake of dietary fiber 
(Ley et al., 2014).

2.1 Spending on obesity/overweight and diabetes

The economic impact of diabetes includes both the cost 
of the health system as the cost of the individual. In 2012, it 
was estimated that in the US the costs associated with diabetes 
and pre-diabetes was at US$ 176 billion in relation to medical 
treatment costs and at US$ 69 billion for indirect costs due to the 
inability to work disability and loss of productivity (American 
Diabetes Association, 2013).

A study conducted in approximately 700,000 cases of 
diabetes in Canada from 2004 to 2012 identified a cost of about 
C$ 2,800 in the year of diagnosis, that increases substantially 
with age. According to the authors spending is excessive and 
it is a challenge for management because it implies ensuring a 
sustainable health system for an aging population and for other 
existing risk factors such as obesity (Rosella et al., 2016).

In a study conducted by Li et al. (2015) a positive association 
was observed between health care costs (sum of outpatient costs, 
hospitalization and medication) and the mass body index (BMI) 
associated with three levels blood glucose (normal, pre-diabetes 
and diabetes). Costs associated with high BMI compared with 
subjects with a normal BMI ranged from US$ 336 to US$ 1,850 
for obesity class III (over 40 kg/m2) in subjects with normal levels 
of blood glucose. Among those with pre-diabetes the variation 
between a normal BMI and obesity class III was US$ 792 to 
US$  2,434. Costs ranged from US$ 1,139 in overweight to 
US$ 4,649 in obesity class III for a diabetes stage.

In Brazil, hospital expenses with diseases associated with 
the presence of overweight and obesity (diabetes, hypertension, 
stroke, coronary heart disease, some types of cancer among 
others) are in the order of US$ 2.1 billion, where US$ 1,4 billion 
is accounted for hospitalizations. Obesity was associated with 
66.4% cases of diabetes (Bahia et al., 2012). A study conducted 
in 8 cities with 1,000 patients with diabetes under different 
standards of care estimated total cost of US$ 2,108 patient/year 
of which 63.3% was of direct costs and 36.7% of overhead. It is 
important to highlight that costs rise with the longer the duration 
of the disease and its resulting complications (Bahia et al., 2011).

Similarly to what occurs in these countries the costs related 
to these diseases also burden both the public and private systems 
in Brazil, as well as representing a high cost for society and 
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should be considered in public policy proposals, which should 
involve the various sectors of society.

Among the modifiable risk factors for NCDs are physical 
inactivity and poor nutrition, which should be given special 
attention in the definition of public policies and raise the 
interest of the food industry. The WHO considers that food 
labeling can be useful in guiding consumers thus contributing 
to healthy eating habits and that in association with educational 
actions on environmental and/or nutritional aspects it can be 
effective in changing consumer behavior and the standards of 
food consumption (World Health Organization, 2014). Healthy 
eating habits should be encouraged in several ways which also 
includes establishing agreements with the food industry to lower 
the content of salt, fats and sugar in processed foods.

3 Carbohydrate: definition and classification
Carbohydrates can be classified in several ways. The chemical 

classification of carbohydrates (determined by the degree of 
polymerization (DP), bond type (α and non-α) and type of 
monomer is based on the proposal of the Food and Agriculture 
Organization of the United Nations (1998). Carbohydrates are 
classified into three classes: sugars (DP = 1 or 2), oligosaccharides 
(DP 3-9), and polysaccharides (DP>9), whereby each class presents 
the following subclasses: monosaccharides, disaccharides, and 
polyols; malto-oligosaccharides, and other oligosaccharides; 
starch, and non-starch polysaccharides, respectively. Livesey 
(2003) suggested that sugars should be separated from polyols; 
since polyols are not sugars, they may be used in “sugar-free” or 
“tooth-friendly” products and promote a decrease in postprandial 
glycemic response (European Food Safety Authority, 2011b; 
Livesey, 2003).

Carbohydrates can also be classified according to their 
digestibility in the body. Unavailable carbohydrates are those that 
resist digestion in the small intestine or are poorly absorbed and/or 
metabolized. The term unavailable carbohydrates is equivalent 
to resistant, non-digestible carbohydrates (Englyst et al., 2007) 
or dietary fiber (DF). DF has local effects, promoting a delay in 
gastric emptying, in starch digestion and glucose absorption, 
and reduction of the intestinal transit time due to the increase 
in volume (Jones, 2014; Klosterbuer  et  al., 2011). Some of 
these carbohydrates can be fermented in the large intestine by 
the intestinal microbiota (Dan et al., 2015; Licht et al., 2012; 
Roberfroid  et  al., 2010). Fermentation increases fecal bulk, 
modifies the pH of the colon, and produces gases and short chain 
fatty acids (SCFA), which are absorbed into the portal system 
and carried to the liver and peripheral tissues. Some unavailable 
carbohydrates are called prebiotic carbohydrates because of 
their metabolism by intestinal microorganisms, modulating 
the composition and/or activity of the intestinal microbiota, 
which thus confers a beneficial physiological effect on the host 
(Bindels et al., 2015; Food and Agriculture Organization of the 
United Nations, 2008).

Available carbohydrates can be classified according to 
their hydrolysis rate and can be divided into rapidly digested 
disaccharides (sucrose, lactose, maltose); slowly digested 
disaccharides (isomaltulose); rapidly (maltodextrin) and slowly 

digested oligosaccharides (resistant maltodextrin), rapidly and 
slowly digested polysaccharides (starch - dependent on the 
supply, treatment, or other factors) (Englyst et al., 1999, 2003; 
Lajolo & Menezes, 2006; Livesey, 2003). According to Englyst 
& Hudson (1996), the starch present in foods can be divided 
into three types, according to the incubation time with specific 
enzymes: slowly digestible starch (SDS), rapidly digestible starch 
(RDS) and resistant starch (RS). Similarly, Englyst et al. (1999) 
defined as rapidly available glucose (RAG) the carbohydrate that 
is released after 20 min of incubation with amyloglucosidase, 
and slowly available glucose (SAG) the carbohydrate that is 
released after 120 min of incubation.

Regarding available polysaccharides, these can be divided 
into RDS and SDS. Different factors can interfere with digestion 
and utilization of starch from food and can consequently change 
the postprandial glycemic response. One of these factors is food 
technological processing and/or cooking that can affect, for 
example, the degree of gelatinization of the starch, degree of 
crushing, cell structure and starch retrogradation. In vivo studies 
in mice, and in vitro and microscopy studies show that when 
beans are cooked or processed, a partial starch gelatinization 
takes place due to the presence of the cell wall, which protects 
the starch from swelling and gelatinization, thus hindering the 
action of alpha-amylase and providing slow digestion of the starch 
(Menezes & Lajolo, 1995). This study highlights the importance 
of the need to maintain the integrity of the cell structure of the 
cell wall to hinder the digestion of the starch.

As well as the classification, the terminology applied to 
carbohydrates is being suggested and adopted over time, but 
it has generated controversy. The most mistaken one, which 
is still used by some professionals, is the separation of simple 
carbohydrates from complex carbohydrates. The term “complex” 
was first used in 1977 to distinguish carbohydrates present in 
plants in general, especially whole grains, from sugars (glucose, 
fructose and sucrose), and became associated with starch and 
other polysaccharides. However, fruits and vegetables have a low 
starch content (Cummings & Stephen, 2007) and, in parallel, it 
was found that there are different types of starch part of which 
is digested and absorbed quickly, producing high glycemic 
response, the same as sugars produce (Jenkins et al., 1981; Lajolo 
& Menezes, 2006). Thus, the term “complex” may not reflect 
the true digestibility of carbohydrates and should not be used 
(Cummings & Stephen, 2007; Food and Agriculture Organization 
of the United Nations, 2003). In 2003, FAO recommended the 
‘available carbohydrate’ designation for carbohydrates that can be 
digested by human digestive enzymes, absorbed in the intestine 
and that are involved in energy metabolism, which includes not 
only soluble sugars but also available starch.

Regardless of the definition adopted, it is carbohydrate 
digestion and absorption rate that are directly related to the 
width of plasma glucose peaks, which can contribute or reduce 
the risk of NCDs. Rapidly absorbed carbohydrates cause a 
sudden increase in plasma glucose, while the slowly digested 
carbohydrates, regardless of the size of the molecule, provide a 
moderate increase in plasma glucose and insulin after meals rich 
in carbohydrate. Therefore low-release carbohydrates provide 
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a slow and sustained release of blood glucose (Menezes et al., 
2010; Vinoy et al., 2013; World Health Organization, 2003).

4 Glycemic response evaluation
The glycemic index (GI), was introduced in 1981 

(Jenkins et al., 1981) and aims to classify food according to the 
postprandial glycemic response (increasing of blood glucose 
concentration 2  h after a meal) produced by a carbohydrate 
(25 or 50 g) from a studied food compared with the reference 
food. The experimental protocol for the evaluation of food’s GI 
was defined by FAO/WHO (Food and Agriculture Organization 
of the United Nations, 1998) and widely discussed by field experts 
(Brouns et al., 2005). Considering glucose as the reference food 
(100%), foods are classified as follows: low GI (≤55%); medium 
GI (56-69%); high GI (≥70%).

The concept of glycemic load (GL) was introduced in 1997 
(Salmerón et al., 1997) and aims to relate the glycemic response 
of a diet as a whole, not just the amount of carbohydrate ingested, 
with the risk of emergence of NCDs. GL is defined as the product 
of the food GI by the amount of available carbohydrate present 
in the portion consumed, divided by 100 [GL = GI (glucose as 
reference) × available carbohydrate content (g) in the portion 
x 1/100] (Liu et al., 2000; Ludwig, 2003). The reference values 
used for classification of food as to GL (considering glucose as 
the reference food) are low GL (≤10); medium GL (11-19); high 
GL (≥20) (Harvard School of Public Health, 2013).

Several in vitro methods have been proposed to assess the 
starch hydrolysis rate in order to predict the glycemic response 
to be produced. From the in vitro hydrolysis kinetics of food 
(carbohydrate source), the hydrolysis index (HI) can be calculated 
and hydrolysis products can be quantified according to the 
incubation time with amyloglucosidase (Englyst & Hudson, 
1996; Englyst et al., 1999; Goñi et al., 1997).

In Brazilian foods, Rosin et al. (2002) found a significant 
correlation between HI and RDS in cooked foods, with and 
without storage (20 °C/30 days), on dry base, and suggested the 
RDS as an additional parameter for evaluating the digestibility 
of the starch. However, there was no correlation in the whole 
base, possibly due to the variability of the food’s solids content.

In vivo data showed significant positive correlation between 
GI values in humans (Carreira et al., 2004) and RDS (Rosin et al., 
2002) from nine foods (y=1.97x + 0.76; r=0.893; p≤0.001; 
n=9). In parallel, a significant positive correlation between the 
GI values ​​in animals and SDS from 31 foods was also observed 
(y =2,190x +5,21; r=0,776; p≤0,001; n=31 (Lajolo & Menezes, 
2006). In this context, we notice that the type of food and its 
processing are directly related to both the GI and the RDS 
content, expressed on dry basis. White bread is an example 
of a processed food, which starch is fully gelatinized, which 
enables its fast digestion/absorption, producing high GI and 
increased RDS content. In legumes and low-processed cereal 
grains, the starch is encapsulated by the cell wall, which slows 
its digestion/absorption, and they have decreased values of SDS 
and, accordingly, low GI. Thus, SDS is a marker that reflects the 
reduced glycemic responses that foods will produce, and it can 

be used for preliminary screening of foods that are sources of 
starch (Lajolo & Menezes, 2006).

Englyst et al. (1999) observed a high positive correlation 
was noticed between the RAG content and GI values, when 
four foods were evaluated (pasta, bread, corn flakes and barley. 
In another study the contents of RAG, SAG, GI, and insulin index 
(II), in 23 cereal products, concluded that the high SAG content 
can identify low-GI foods, since they are rich in slow‑digesting 
carbohydrates (Englyst et al., 2003).

Using the in vitro method (Englyst & Hudson, 1996) 
in cereal products, a relationship between SDS content and 
decreased postprandial glycemic response was observed, with 
no disproportional increase in insulin response (European Food 
Safety Authority, 2011a). In parallel, Garsetti et al. (2005) evaluated 
the relationship between GI e insulin index (II), in vivo, and 
in vitro digestibility – RAG and SAG – from 24 types of plain 
sweet crackers. The authors concluded that these crackers have 
low GI and moderate GI and these characteristics are correlated 
to in vitro digestibility, and are dependent on the processing type.

The in vitro methods for assessing carbohydrate digestion 
rate showed good correlation with the glycemic response from 
foods, a fact that turn them alternative markers for a preliminary 
screening of foods as to its possible effect in vivo. However, 
according to Nantel (2003), these parameters cannot be used 
as GI surrogates, because only in vivo assays may reflect part 
of the metabolic responses that occur in the human body with 
carbohydrate intake.

A new methodology in vitro-in silico, considered more 
economic, was recently tested to safely predict the human glycemic 
curve after ingestion of 22 different products or meals. It was 
developed and validated with a combination of in vitro chewing 
of food, carbohydrate digestion and availability for absorption 
of glycemic saccharides. After, using in vitro data as input, 
in silico prediction of glycemic response curves were performed 
and they were compared with clinical data. The results showed 
a correlation coefficient for area below the 120 min glucose 
curve and maximum glucose concentration of 0.89 and 0.94, 
respectively (Bellmann et al., 2018).

Glycemic response is not only determined by the absorption 
rate of glucose from foods, but it also depends on the endogenous 
glucose that is produced and, on the glucose taken up by the 
tissues. Thus, the increase of glucose in the systemic circulation 
and the glycemic response from a starchy food product is not 
always correlated (Eelderink et al., 2012a), depending on the 
balance between absorption, production and uptake. Therefore, 
the postprandial peripheral markers are only partially based on 
the absorption kinetics of starch-derived glucose (Nazare et al., 
2009; Normand et al., 2001).

Using stable isotopes of glucose allows to follow the kinetics 
of exogenous glucose coming from a meal and the kinetics 
of endogenous glucose production and to distinguish these 
mechanisms underlying postprandial glycemia variations. 
For 20 years, a team of expert researchers has pioneered the use of 
double labeling of glucose to investigate the fate of carbohydrate 
ingestion (absorption, uptake and oxidation) (Nazare et al., 2009; 
Normand et al., 2001; Shrout & Fleiss, 1979). The measurement 
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of 13C-glucose enrichment in plasma by mass spectrometry 
coupled with gas chromatography, together with mathematical 
modeling allows the fate and postprandial kinetics of exogenous 
ingested starch, total glucose and endogenous glucose production 
to be followed.

Although there is a good correlation between in vitro 
starch digestibility and postprandial plasma glucose and insulin 
responses, the ingestion of two products with the same GI may 
result in different postprandial metabolic regulatory processes. 
A decrease in the glycemic response may result from a decrease 
in glucose uptake and/or increase in peripheral glucose uptake 
and this could lead to differential effects on other metabolic 
parameters. It is noteworthy that the changes that occur during 
the postprandial period are longer than the 2 h of the GI study 
and concern at least 4h after ingestion of the meal.

The delay and length of the postprandial phase of the glycemic 
response have different and distinct metabolic consequences than 
the decrease in the response itself, acting on insulin kinetics. 
Taking into consideration the overall glucose kinetics, as well 
as hormonal and lipid responses, provides deeper insights into 
the effects of carbohydrates in metabolic control during all day, 
the availability of nutrients and their oxidation, and finally on 
the cardiometabolic risk profile.

5 Importance of glycemic control and moderate 
glycemic response in health

The main dietary determinants of postprandial plasma glucose 
are the amount and type of carbohydrate ingested, including its 
composition, nature and digestibility, culinary and technological 
treatments to which they were submitted, which could affect 
their bioavailability. The composition of the concomitant or 
previous meal and the association with other nutrients such as 
lipids or proteins can also be decisive (Gunnerud et al., 2012; 
Normand et al., 2001). All these factors can change the glycemic 
response differently, acting on gastrointestinal factors (gastric 
emptying or intestinal absorption) and hormonal factors such 
as insulin, glucagon, intestinal hormones, incretins.

Low-GI diets, low-GL or reduced glycemic response have 
beneficial effects on various metabolic and physiological aspects 
involved in NCDs (Barclay  et  al., 2008; Buyken  et  al., 2010; 
Chiu et al., 2011; Food and Agriculture Organization of the United 
Nations, 1998; Goff et al., 2013; Kolb & Mandrup‑Poulsen, 2010; 
Livesey et al., 2013; Schaafsma & Slavin, 2015; World Health 
Organization, 2003), and these effects can be extrapolated to 
diets with slow-digesting carbohydrates, since low-GI foods 
usually contain a high content of this fraction.

The digestion process of carbohydrates involves a series of 
steps, from chewing, gastric emptying, digestion, and absorption 
in the enterocytes of the small intestine to the penetration of 
monomers into the bloodstream; process that result in changes 
in plasma glucose levels. The hyperglycemia state can be a risk 
factor for the development of several metabolic changes. Insulin 
resistance begins with reduced insulin secretion, insufficient 
to control blood glucose derived from the diet, which causes 
postprandial hyperglycemia that causes endothelial dysfunction. 
In the postprandial period there is release of acetyl CoA, a result 

of metabolism of carbohydrates and lipids, which combine with 
oxygen in the mitochondria, resulting in the generation of ATP 
molecules and charged particles of free radicals. When there 
is overload of acetyl-CoA, due to excess consumption of food 
there is greater generation of free radicals. This oxidative stress 
may be the latent mechanism of resistance to insulin, diabetes 
and cardiovascular disease (Augustin et al., 2015).

When compared to alpha-glucosidase inhibitors, used as 
a drug to slow digestion and absorption of carbohydrates, low 
GI or CG diets have the same potential in reducing the risk of 
developing type 2 diabetes and cardiovascular disease, similarly 
reducing glycemia and postprandial insulinemia. Furthermore 
these diets are more effective in decreasing insulin resistance 
and body fat (Augustin et al., 2015).

The hyperglycemia occurs in diabetes mellitus, and can 
occur in healthy individuals. The results of the meta-analysis 
of 37 observational studies performed by Barclay et al. (2008) 
support the premise that a high postprandial glycemic response 
is a mechanism related to the progression of some NCDs. For this 
reason, it is believed that is convenient to reduce the extent and 
duration of postprandial hyperglycemia (Saris  et  al., 1998). 
In patients with diabetes, reductions in glycated hemoglobin 
(HbA1c) levels have been observed with low GI diets, and in 
animals studies high GI diets caused damage to pancreatic islet 
cells (Augustin et al., 2015). In a study by Ferrannini et al. (2005), 
the beta cells sensibility to glucose decreased linearly to increasing 
glucose for 2 h. Insulin tolerance was reduced between healthy 
and obese individuals with normal glucose tolerance, but the 
reduction was even greater between glucose intolerant and 
type 2 diabetes patients. The authors concluded that 89% of the 
2-h glucose variation can be explained by the insulin sensitivity 
and beta cell function, independently.

In a review prepared by Buyken et al. (2010), the authors 
concluded that there is consistent evidence that a food strategy for 
reducing the risk of developing type 2 diabetes includes reducing 
the glycemic and insulinemic postprandial response, recommending 
the adoption of a healthy diet, like the Mediterranean, and diets 
with low GI and GL. Figure 1 shows possible mechanisms relating 
the high CG diets intake, hyperglycemia and the development 
of type 2 diabetes.

In another review, Chiu et al. (2011) found an association between 
the risk of type 2 diabetes and high GI diets in 7 of 11 prospective 
epidemiological studies, and also the association between risk of 
type 2 diabetes and high glycemic load for 6 of 10 studies. With 
daily replacement of small amounts of white bread or potatoes 
by low-GI foods, especially those containing whole grains, it is 
possible to migrate from high- to low-risk group for macular 
degeneration. The authors emphasize that the population could 
be instructed to use the GI to select their food, aiming to reduce 
the risk of developing type 2 diabetes, cardiovascular diseases 
and age-related eye diseases, since the concepts and methods 
related to this marker have shown consistent results.

These observations feed into a broader global issue of how 
the best relevant markers of postprandial plasma glucose relate to 
health benefits. Modulating the digestibility and bioavailability of 
glucose has effects that go far beyond those that can be observed 
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with a simple 2-hour plasma glucose post-meal follow-up 
(Laville et al., 2013).

The International Carbohydrate Quality Consortium 
(ICQC), which brings together renowned carbohydrate experts, 
defined their position about the use of information on glycemic 
response. They state that there is a consensus that low GI and CG 
diets are important for reducing the risk of developing diabetes 
and coronary disease and probably obesity and are particularly 
important in individuals with insulin resistance. ICQC also 
considers that it is urgent to communicate information on GI 
and CG to the general public and health professionals through 
food guidelines and national guidelines, food composition tables 
and food labels (Augustin et al., 2015).

6 Carbohydrates as a functional ingredient in 
glycemic control

The different glycemic responses produced by food are due 
to the presence of certain intrinsic and extrinsic factors of foods 
that affect the hydrolysis and absorption rates of carbohydrates. 
The type of bond among monomeric units of the carbohydrates 
is a factor that interferes with their digestion rate. Sucrose is a 
sugar that is easily hydrolyzed (α1,2-bond) by digestive enzymes 
producing a fast release of glucose into the blood. Isomaltulose 
(extracted from beet – Palatinose™) is an isolated and modified 
sugar, with a bond between glucose and fructose in alpha 1,6. 
This bond is more stable than the sucrose alpha 1,2 bond, being 
slowly digested by enzymes. In the case of starch, its digestibility 
can be modulated by inhibition of digestive enzymes with natural 

ingredients such as anthocyanins, technology and by different 
cooking methods applied to cereal products, which result in 
varying degrees of starch digestion – which would be the case 
of the quickly digested starch from extruded cereals. In the case 
of digestion-RS, Nugent (2005) states that this resistance can 
be modified by physical means, changing the different types 
of known RS – which would be the case of grinding, chewing 
(RS1), processing and cooking (RS2), and processing conditions 
(RS3), which can be taken advantage of by the food industry.

6.1 Influence of Isomaltulose (PalatinoseTM) on postprandial 
metabolic regulation and substrate oxidation

Low glycemic carbohydrates providing a slow glucose release 
have been shown to have an impact on postprandial glucose 
levels, energy providing systems, fat oxidation as well as satiety 
and adipose tissue accretion (Holub et al., 2010), which has also 
been demonstrated with the ingestion of isomaltulose by type 2 
diabetes patients (Sridonpai et al., 2016).

Isomaltulose (Palatinose™) is a disaccharide with glucose 
and fructose linked by an alpha-1,6-glycosidic bond. The low 
GI of Palatinose™ of 32 is due to the slow hydrolysis of the 
alpha-1,6-glycosidic bond by the sucrase-isomaltase complex 
situated on the brush border membrane of the small intestinal 
cells (Lina et al., 2002).

Therefore, the rate of absorption of Palatinose™ is rather slow. 
Nevertheless, following hydrolysis, the resulting monosaccharides 
glucose and fructose are efficiently taken up and it has been 

Figure 1. Possible mechanism between the consumption of high glycemic load diets and the development of diabetes-related hyperglycemia. 
Adapted from Riccardi et al. (2008) and Nayak et al. (2014).
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shown that Palatinose™ is a fully digestible carbohydrate 
(Holub et al., 2010; Lina et al., 2002). Altogether, low glycemic 
carbohydrates will lead to a longer postprandial energy supply by 
carbohydrates associated with a lower peak glycemic response. 
It is important to highlight that isomaltulose provides the same 
energy content (8 kJ or 4 kcal/g) provided by sucrose, however, 
in a balanced manner due to the slow release of glucose in the 
intestines increased of glycemia resulting from rapidly absorbed 
carbohydrates is avoided (Brunner et al., 2012; Holub et al., 2010)

It has been demonstrated by several groups that a lower GI 
in meals is associated with a higher postprandial fat oxidation in 
healthy subjects (Wee et al., 2005). Considering obese subjects, the 
ingestion of isomaltulose with a lipid-rich meal also improved the 
profile of triglycerides and free fatty acids (FFA) in addition to the 
effects on postprandial glycemia (Suklaew et al., 2015). This effect 
can mainly be attributed to lower insulin concentrations which 
will lead to enhanced peripheral lipolysis, increased plasma FFA 
and increased ß-oxidation in skeletal muscles (Stevenson et al., 
2006; Tsintzas & Williams, 1998).

The organism has huge metabolic flexibility to switch 
between fat or carbohydrate utilization. The amount and the 
GI of ingested carbohydrates is an important regulator of fuel 
utilization. With respect to physical exercise, the effect of low GI 
carbohydrates could be used to improve training gain in endurance 
type of sports and to spare glycogen, thereby minimizing the 
ergolytic effects of carbohydrate depletion (Tsintzas & Williams, 
1998). Glycogen sparing means that an increased fat oxidation 
during intense, prolonged endurance exercise reduces the 
relative proportion of carbohydrate oxidation. The lower rate 
of carbohydrate oxidation will preserve the intramuscular and 
intrahepatic glycogen stores. These stores can be used in the 
later stages of exercise and prevent premature fatigue.

Interventions targeted to optimize fat oxidation could also be 
of relevance to reduce the incidence and prevalence of metabolic 
diseases such as overweight, the metabolic syndrome or type 2 
diabetes mellitus (Konig et al., 2012). The capacity to mobilize 
and oxidize fat has shown to be impaired in obese (Zurlo et al., 
1990) and postobese subjects (Lean & James, 1988). Most recently, 
it has been demonstrated that also in obese subjects with insulin 
resistance and the metabolic syndrome, the partial substitution 
of higher glycemic carbohydrates in foods and drinks by a low 
GI carbohydrate (Palatinose™) resulted in a higher postprandial 
fat oxidation at rest and during physical activity (Konig et al., 
2012). It has been hypothesized that this increased fat oxidation 
may confer further benefits with respect to long-term weight 
management and also for an improvement in metabolic risk 
factors (Konig et al., 2012).

In conclusion, the evidence so far suggests that fully digestible 
low glycemic carbohydrates with a slow glucose release induce:

1.	Long-term elevated postprandial glucose levels without 
high postprandial glucose and insulin concentrations;

2.	Higher rate of fat oxidation relative to the amount of 
carbohydrates consumed;

3.	Prolonged energy and improved muscular performance 
and endurance capacity.

6.2 Slowly digestible starch

The use of SDS as an ingredient may contribute to the 
reduction of NCDs and chemical, physical, enzymatic and/or 
genetic industrial processes can create SDS by forming crystalline 
and double helices structures (Miao et al., 2015). SDS can be 
selected due to a higher amylose to amylopectin ratio and/or 
by using processes that best preserve the botanical structure 
of the grain and the starch crystalline structure (e.g., limiting 
gelatinization and/or favoring retrogradation (Lehmann & Robin, 
2007). SDS prepared from physically modified rice starches 
showed greater thermal stability which increases its potential 
of use in food industry processing (Tian et al., 2017).

In vitro digestibility characteristics of starchy foods can be 
evaluated thanks to the Englyst method: the glucose fraction is 
divided into RAG and SAG to reflect the likely rate of release and 
absorption of glucose (Englyst et al., 1992). Thus SDS is defined 
as carbohydrates that are likely to be completely digested in the 
small intestine but at a slower rate. However, it has not always 
predicted in vivo physiological starch digestibility.

In regards to their potential impact on glycemic response, 
several metabolic effects of high-SDS products have been 
explored (Vinoy et  al., 2016). When comparing the effect of 
two breakfasts differing in SDS content (23% versus 1.5%) in 
healthy subjects, Vinoy et al. (Vinoy et al., 2013) showed that 
glycemic and insulinemic responses were significantly reduced 
following the high-SDS breakfast. Using stable isotope of glucose, 
the authors showed that the high-SDS breakfast was shown to 
significantly reduce the appearance of exogenous glucose in first 
part for the morning and prolong its release in the late phase 
of the morning (Vinoy et al., 2013). SDS content appears as an 
important parameter to be considered in the modulation of 
RaE (rate of appearance of exogenous glucose) and glycemic 
response for metabolic control throughout morning.

In a study carried out with 38 overweight subjects 
ingested a Low GI diet or a High GI diet (Nazare et al., 2009) 
for 5 weeks. They were asked to modify all their starchy food 
products accordingly to fit their group (High or Low) and 
they were provided a high-SDS or low-SDS cereal breakfast 
every morning. Although, the high-SDS breakfast resulted in 
a lower appearance of exogenous glucose (evidenced by using 
glucose stable isotopes), the associated lower insulin response 
induced a lower compensatory inhibition of endogenous glucose 
production and of glucose uptake. Consequently, thanks to these 
regulatory mechanisms, glycemia was lower after the high-SDS 
breakfast but at a lesser extent than the difference obtained for 
plasma exogenous glucose appearance. Moreover, glycemic 
response at the subsequent standardized lunch was reduced 
within the high‑SDS group suggesting that the modulation by 
SDS of glucose availability at breakfast was a determinant of 
glucose tolerance at lunch and all day long. Interestingly, after 
the 5 weeks of a LGI diet with high SDS breakfast, these effects 
were maintained (Nazare et al., 2009).

In another study carried out in 10 healthy subjects, the ingestion 
of a pasta meal high in SDS (10%) significantly slowed down the 
appearance of exogenous glucose in plasma but resulted in an 
overall similar postprandial glycemic response (Eelderink et al., 
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2012b). In this study, Eelderink and colleagues observed that, 
following the ingestion of pasta with high-SDS content, the 
reduction of the rate of appearance of glucose resulted in lower 
GIP (gastric inhibitory polypeptide) concentration and lower 
insulin response. Consequently, the rate of glucose clearance from 
plasma was reduced and counteracted the reduced appearance to 
produce a similar glycemic response. This highlights that glycemia 
does not always reflect the in vivo digestion rate of a starchy 
product and that other underlying metabolic processes that occur 
simultaneously may counteract the slower rate of absorption. 
Indeed, it has been suggested that the prolonged glucose release 
following SDS ingestion induced a late postprandial elevation 
of gut hormones (GIP and GLP-1) that may have physiological 
consequences regarding the second meal effect by acting on 
satiety of gastric emptying (Wachters‑Hagedoorn et al., 2006).

Eelderink proposed that a certain low threshold for appearance 
of exogenous glucose reduction would be necessary to induce a 
sufficient effect on overall glycemia. It also highlights the potential 
beneficial effect of SDS that could still reduce insulin demand from 
pancreas and reduce subsequent risk of hypoglycemia, even if it is 
not linked with a parallel reduction in glycemia (Eelderink et al., 
2012b). To go further to investigate the relationship between 
starch digestibility and insulin sensitivity, the comprehensive 
paper from Blaak et al. (2012) reviewed findings from studies 
on postprandial glycemia. Observational studies showed that 
diets with decreased glycemic response were associated with 
lower risk of diabetes, through potential mechanisms involving 
a decrease insulin secretion, an impact of postprandial lipid 
metabolism, the role of incretins/gut hormones, a reduction 
of gluco- and lipotoxicity (liver, pancreas, muscle). Although 
intervention studies have shown a positive impact of the reduction 
of postprandial glycemic response, there is insufficient data to 
conclude specifically on SDS considering the limited number of 
studies. Moreover, not all of them provide sufficient information 
regarding the precise postprandial profiling, the impact of the 
type of subjects and the levels and type of meal manipulation. 
There is still a need for longer-term well-designed interventions 
to identify the best profile of postprandial glycemic response 
for improving insulin sensitivity.

It has also been proposed that SDS could impact indirectly 
on insulin sensitivity by acting on lipid metabolism. Indeed, a 
5-week high-SDS diet in overweight subjects was shown to induce 
a significant larger weight loss associated to an improvement in 
fasting lipid profile compared to low-SDS diet (Zoetendal et al., 
2006). An elegant study from Harbis  et  al. investigated the 
effect a high-SDS breakfast on postprandial lipemia in subjects 
with central obesity but not dyslipidemic (Harbis et al., 2004). 
The ingestion of the high-SDS biscuits blunted the increases 
in post-meal triglycerides and reduced the accumulation of 
hepatically and intestinally derived triglyceride-rich lipoproteins 
(triglycerides, ApoB 100 and ApoB 48). This is of high interest 
regarding the known relationship between postprandial lipemia 
and hypertriglyceridemia for the risk of type 2 diabetes. Longer 
studies are needed to further investigate the concomitant impact 
on insulin sensitivity itself.

To briefly review the other potential metabolic effects of 
SDS, it has been suggested that SDS may impact satiety and 

cognitive function through their effect on glycemic response. 
Regarding satiety, one hypothesis is that the SDS-linked 
reduction in glycemic excursion and subsequent depression in 
glucose and insulin would induce a prolonged satiety. However 
the results from few available studies remained inconclusive 
and the interaction with other parameters have to be clarified 
(Peters et al., 2011; Sands et al., 2009).

As for the relationship between GI, carbohydrates, cognitive 
and mental performance, two recent reviews have concluded 
similarly on inconclusive overall results (Ooi et al., 2011; Philippou 
& Constantinou, 2014).

In conclusion, products containing high levels of SDS 
have been shown to slow the appearance of exogenous glucose 
in plasma, decrease acute glycemic response integrating their 
effects in insulin secretion, stimulation of gut hormones 
and endogenous glucose production and may prolong the 
postprandial phase. Longer term studies are needed to confirm 
the potential beneficial effects of SDS in glucose metabolism 
and cardiometabolic risk profile.

6.3 Resistant starch

According to Englyst  et  al. (1992), resistant starch (RS), 
which resists the action of digestive enzymes, is divided into 
4types according to its characteristics:

-	 RS1: physically inaccessible starch, present in partially 
crushed cereal and legume grains, has its strength reduced by 
grinding and by chewing;

-	 RS2: native or non-gelatinized starch granules, resistant 
to hydrolysis by alpha-amylase, present in raw potatoes, 
unripe bananas and starches with high amylose concentration. 
They undergo changes in concentration according to the food 
processing or cooking procedures they are submitted to;

-	 RS3: retrograded starch, which can come from potatoes, 
bread, cooked and cooled corn flakes and other products 
submitted to prolonged or repetitive heat treatment;

-	 RS4: chemically modified starch, which is not naturally 
found in food, is only found in foods and beverages to which 
it has been added to. This type was reported by (Topping & 
Clifton, 2001).

Starch consists of a mixture of two polysaccharides: amylose 
and amylopectin. Amylose is a linear polymer composed of 
D-glucose units in alpha 1,4 bonds and amylopectin is a branched 
polymer composed of D-glucose units in alpha 1,4 and alpha 
1,6 bonds. Generally, starch contains about 25% amylose, but 
ratios vary according to the source and degree of ripeness. 
Common cornstarch has about 28% amylose and cornstarch 
with a high amylose content can have 50-70% of the polymer. 
Digestive enzymes act on the end of starch chains – the reducing 
ends. The more branched the chain is, the more action sites will 
be available for the enzymes to act on and thus amylopectin 
molecules are digested faster than amylose (Damodaran et al., 
2010).
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Over the last few years, new proposals for the definition of 
RS type 5 have emerged. One of these proposals aims to classify 
the starch that interacts with lipids and both amylose and long 
amylopectin chains form helical complexes with fatty acids 
(Ai et al., 2013; Jane & Robyt, 1984). These structures hinder 
the action of amylase and the amylose-lipid complex may 
encompass amylopectin molecules, restricting the “swelling” of 
starch granules and enzymatic hydrolysis (Hasjim et al., 2010; 
Seneviratne & Biliaderis, 1991). Furthermore, these structures 
have the ability of re-complexing after heating (Birt  et  al., 
2013). Another proposal is that resistant maltodextrins could 
be classified as RS5 (Fuentes-Zaragoza et al., 2010).

The ability of RS to reduce the glycemic response is under 
study and although the evaluation methods vary, there is 
evidence of this effect in short-term trials with healthy volunteers 
(Anderson et al., 2010; Behall et al., 1988; Menezes et al., 2010; 
Robertson et al., 2003), as well as the ability to reduce fasting 
insulin (Van Amelsvoort & Weststrate, 1992) and also increase its 
sensitivity (Robertson et al., 2003). Haub et al. (2010) compared 
the effect of the ingestion of a single dose of RS2 (HAM-RS2) 

and of RS4 with respect to dextrose (solution containing 30 g), 
and found that the glycemic response was lower for the two types 
of RS, but the response to RS4 was significantly lower than that 
the response to RS2. However, when two new types of RS4 were 
compared in relation to dextrose (solution with 50 g), there was 
no difference in glycemic response (Haub et al., 2012).

In studies with prolonged ingestion of RS2 (4 to 12 weeks) of 
cornstarch with a high amylose content, it is possible to see that 
the effects on glucose homeostasis are not uniform. A study with a 
daily intake of 12 g RS2 over 6 weeks showed no changes in fasting 
plasma glucose and insulin, or in the indices calculated from 
these values (Penn-Marshall et al., 2010), while in other studies 
the increase in insulin sensitivity can be seen (Johnston et al., 
2010; Maki et al., 2012; Robertson, 2012) (Chart 1).

RS sources can be used as an ingredient in foods and may 
be responsible for some physiological effects. Among them 
are the ingredients made from unripe banana (Tribess et al., 
2009). In rats, the daily intake of unripe banana mass (UBM) 
or isolated unripe banana starch (UBS) for 28 days caused a 
reduction of insulin secretion for the same amount of plasma 

Chart 1. Studies on the prolonged ingestion of Resistant Starch (RS) and glucose homeostasis in humans.

Volunteers RS type Study design Dose Impact on glucose
homeostasis Authors

Healthy RS2 high amylose 
content vs. Placebo

n=12
Acute

Bread containing 
different % of RS

Decreased AUC4, 
glucose peak and peak 
of insulin secretion

Ekström et al. (2013)

Healthy RS2 high amylose 
content vs. Placebo

n=10
Parallel
4 weeks

30 g/day Increased IS5 Robertson et al. (2005)

Healthy UBF vs. placebo
n=11

Parallel
6 weeks

8 g /day
3 times a week

Improvement observed 
in:
- Fasting insulin,
- HOMA IR6

Sardá et al. (2016)

MS1 RS2 high amylose 
content vs. Placebo

n=10
Single blind. Parallel

12 weeks

40 g/day
(in 2 sachets)

IS5 measured by 
glucose Clamp 
increased 19% in the 
RS group (p=0.023). 
IS dropped 14% in the 
placebo group and was 
not significant

Johnston et al. (2010)

Obese MS1 RS2 high amylose 
content vs. Placebo

M=11, W=22
Double Blind. Crossover.

4 wk. treatment and 3 wk. 
washout

15 g/day (in 2 sachets)
- Improved IS5 in men
- No change observed 
in women

Maki et al. (2012)

MS1 RS2 high amylose 
content vs. Placebo

M=8, W=7
Single Blind. Crossover

8 week treatment and 8 week 
washout

40 g/day (in 2 sachets)

Improvement in:
- Fasting glucose,
- Fasting insulin
- HOMA IR6

Robertson et al. (2012)

IR2 RS2 high amylose 
content vs. Placebo

IS (n=9), IR (n=14)
Double Blind. Crossover

4 week treatment and 4 week 
washout

30 g/day (biscuits) Improved IS5 only in 
the IR group. Gower et al. (2016)

DT23 (stable) RS2 high amylose 
content vs. Placebo n=17

Cross-over
12 wk.

40 g/day

No change observed: 
in IS; Fasting glucose; 
HOMA (AUC: 
p=0.036)

Bodinham et al. (2014)

1MS = Metabolic Syndrome; 2IR = Insulin Resistance; 3DT2 = Type 2 Diabetes; 4AUC = Area Under the Curve; 5IS = Insulin Sensitivity; 6HOMA = Homeostatic Model Assessment; 
RS = resistant starch; UBF = unripe banana flour.
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glucose, and simultaneously an increase of SCFA was observed 
in cecal material (Dan et al., 2015). Cereal bars with UBF were 
tested with healthy volunteers and revealed a low-GI and low 
glycemic load (Santos, 2010).

Studies of regular consumption of unripe banana flour 
(UBF) by healthy volunteers, demonstrated impact on glucose 
homeostasis, satiety and intestinal function (Dan, 2011; 
Giuntini et al., 2015; Sardá et al., 2016). The impact on intestinal 
microbiota was observed mainly in a cluster of healthy volunteers 
with microbiome prevalent in Prevotella, indicating that the 
UBF has positive attributes to help reduce the risk of NCDs 
(Sardá, 2015).

6.4 Food properties and processing related to GI

Postprandial glucose responses of starch can be altered 
by processing conditions, as disrupting the cell wall, structure 
of the granule and gelatinization increases the glycemic index 
(Fernandes et al., 2005).

Potato and its products produced variable glycemic 
responses, depending on potato cultivars, maturity, starch 
structure, processing method and extend. GI of potatoes may 
be significantly reduced by manipulating the genotype of exotic 
potato cultivars and the development of potato genotypes with 
high amylose content. (Nayak et al., 2014).

Optimizing the food processing conditions can reduce 
the GI of potato. For example, precooking and reheating or 
consuming processed potatoes in cold condition may result 
in reduced glycemic responses. Conditions known to decrease 
the digestibility of potato starch and subsequent GI responses 
are those which decrease the starch gelatinization, increase 
lipid–amylose formation and increase starch retro-gradation 
during cooling and storage (Nayak et al., 2014). Fried potatoes 
of the Monalisa cultivar were pre-cooked and frozen for 24 hours 
and for 30 days, and longer freezing time reduced the glycemic 
index (Vasconcelos et al., 2015).

In the brewing process, the degree of processing of the 
flour used, fermentation and the preparation / cooking time 
will influence its glycemic response (Lau  et  al., 2015) and 
nutritional quality (Dewettinck et al., 2008). Jenkins et al. (1988) 
and Fardet  et  al. (2006) observed that breads with a higher 
proportion of whole grains have slower digestion and are more 
efficient in reducing postprandial blood glucose. In an in vitro 
study with loaves added with different ratios of bran and with 
different particle sizes, Sanz-Penella et al. (2014) observed that 
the higher the proportion of bran and the bigger the grain size, 
the lower the GI.

Two systematic reviews have evaluated pasta consumption 
and concluded that these foods have a low glycemic response. 
Pasta intake, along with the consumption of low GI foods, may 
contribute to the reduction of body weight (Chiavaroli et al., 
2018), but more studies are needed to evaluate the relationship 
between the masses and the reduction of risk of cardiovascular 
diseases (Huang et al., 2017). Different types of pasta elicit varied 
glycemic responses, but always smaller in relation to white bread 
and potatoes. This is due to a more compact structure, as a function 

of the extrusion process and manufacturing techniques, which 
hinders the hydrolysis of the starch, and thus a delay in gastric 
emptying and digestion occurs. In addition, it is common to use 
durum wheat in the manufacture of pasta, which maintains the 
aleurone layer, which also keeps the content of micronutrients 
and protein, which in turn may contribute to the reduction of 
glycemic response (Huang et al., 2017; Chiavaroli et al., 2018).

7 International regulatory panorama
The use of dietary fiber content claims is regulated in a very 

diversified manner across countries, some such as Brasil (2016) 
and the Mercosur (Brasil, 2012) claim functional properties, and 
others such as the Food and Drug Administration (FDA) (Food 
and Drug Administration, 2013), Japan (Tanaka et al., 2004), 
Canada (Health-Canada, 2012) and Europe (European Union, 
2012, 2013) make health claims.

In contrast, the discussion of the use of claims with the 
properties of slowly digested carbohydrates and of resistant starch 
compared to glucose response is more recent. The Scientific Panel 
on Dietetic Products, Nutrition and Allergies of the European 
Food Safety Authority (EFSA) issued a favorable opinion for 
the replacement of available starch in foods with high content 
of carbohydrates for RS2 (from high content amylose maize 
between 50% and 90%), which has the ability to reduce the 
postprandial glycemic response when the starch available in 
high content carbohydrate foods is replaced. The Scientific Panel 
concluded that there is a cause-effect relationship between the 
intake of RS, from any source, when it replaces the available 
starch in bakery foods, and a reduction in postprandial glycemic 
response (European Food Safety Authority, 2011a).

Regarding SDS the EFSA issued a favorable opinion (European 
Food Safety Authority, 2011a), which states that “cereal products 
rich in slowly digestible starch provide a smaller postprandial 
blood glucose increase than a product with low content of slowly 
digestible starch” and following that the use of the claim was 
authorized (European Union, 2013).

Health claims for the replacement of sugar for, for example, 
isomaltulose regarding the reduction of postprandial glycemic 
responses were recommended by EFSA Panel on Dietetic Products 
Nutrition and Allergies (European Food Safety Authority, 2011c) 
and later adopted (European Union, 2012).

In Brazil, functional property claims for dietary fiber, resistant 
dextrin, fructo-oligosaccharides (FOS), inulin, polydextrose, 
lactulose, partially hydrolyzed guar gum focused on bowel 
function, and beta-glucans focused on lowering cholesterol have 
been authorized; however, no claim stating a beneficial aspect for 
the control of blood glucose has been authorized (Brasil, 2016).

8 Final considerations
Glycemic response and the resulting release of insulin are related 

to the type and quality of carbohydrates in foods, which can be 
slowly or rapidly digestible available carbohydrates or unavailable 
carbohydrates, depending on the rate of digestion/absorption. 
High postprandial glycemia in the nondiabetic population is 
a known universal mechanism for the progression of NCDs. 
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When the target of the population is to reduce the postprandial 
glycemic response with no disproportional increase in insulin 
response, foods and/or ingredients that have the following 
characteristics should be selected: - low GI, GL or glycemic 
response; - high content of slowly digestible carbohydrate; - high 
content of unavailable carbohydrate or dietary fiber.

Authorized communication of the benefits of products that 
contain these ingredients on their labels and in the media could 
encourage greater use of available ingredients and/or technology 
with the purpose of developing products that do not result in a 
sharp increase in blood glucose and/or postprandial insulin levels. 
This can contribute to the reduction of the development NCDs 
and in turn reduce the costs relating to these diseases, although, 
longer term studies are needed to confirm the potential beneficial 
effects of slowly digestible carbohydrates on cardiometabolic 
risk profile and on general health.
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