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Abstract

Type 2 Diabetes Mellitus is a major medical, social and economic problem, due to the high prevalence and
increasing incidence of the disease with subsequent progression of seriously disabling complications and need for
specialized medical care. Globally, 382 million people have diabetes, and the number of people with the disease is
set to rise beyond 592 million in less than 25 years. Diabetes caused 5.1 million deaths in 2013. Every six seconds a
person dies from diabetes. Diabetic management is usually targeted at reducing weight, ameliorating glycemic
control and reducing other risk factors that lead to vascular complications. Dietary intervention is considered a
necessary part of the treatment of type 2 diabetes in addition to any glucose-lowering pharmacotherapy. The
development of specialized foodstuffs with predetermined chemical composition is an important objective of clinical
nutrition. This review provides medical and biological rationale for the use of food ingredients with benefits in the
development of optimized food formulations for patients with type 2 diabetes. Key aspects of the development of
specialized food products for patients with type 2 diabetes is to meet the physiological needs of the patient with
foods containing biologically active substances which provide favorable metabolic effects and to be careful to
preserve traditional hedonic qualities of the enriched product, which would be important for compliance and general
product acceptability.

Keywords: Food ingredients; Specialized food products; Type 2
diabetes

Introduction
Type 2 Diabetes Mellitus (DM) is a major medical, social and

economic problem, due to the high prevalence and increasing
incidence of the disease and the concomitant progression of seriously
disabling complications and need for specialized medical care
[5,16,17,25]. According to the International Diabetes Federation,
currently there are 382 million patients with diabetes [69] in the world
with an increase in the rate of incidence: since 1980, the number of
patients with Type 2 DM has increased almost three fold [17]. The
prevalence of Type 2 DM is higher than the prevalence of all infectious
diseases combined, and as a result of this, the World Health
Organization (WHO) and the United Nations have identified DM as
the most dangerous challenge to the International Community in the
twenty-first century [17].

It is predicted that by 2035, the total number of patients with
diabetes will increase by 55% which corresponds to 592 million people
[69]. The social importance of Type 2 DM is defined by grave
complications, such as myocardial infarction, apoplexy, gangrene of
the lower extremities, nephropathy etc., leading to early disability and a
high mortality rate [12,15-17,25,38]. Diabetes caused 501 million
deaths in 2013. Every six seconds a person dies from diabetes [69].

Type 2 DM accounts for up to 90% of all the diabetic cases and is a
progressive disease connected with the development of macro- and
microvascular complications. It is also characterized by hyperglycemia,
which arises from two fundamental pathophysiologic defects: insulin
resistance and impaired β-cell function of the pancreas [3]. Chronic
hyperglycemia plays a role in the pathogenesis of diabetic
angiopathies, both directly and indirectly, initiating several
biochemical processes, which include oxidative stress, excessive
formation of glycosylated endproducts, increased diacylglycerol
synthesis and others [10].

Indicators of glycemia control are fasting glucose and glycated
hemoglobin concentrations, but measuring postprandial glycemia is a
more sensitive marker of glycemic control. Hyperglycemia is
associated with the risk of vascular complications [4], such as
retinopathy, increased intima media thickness of the carotid artery,
decreased myocardial blood volume and myocardial blood flow. In this
regard, reducing the peak of postprandial glycemia, an independent
risk-factor for macro- and microvascular complications in type 2 DM,
is vital from the point of view of prevention of diabetic complications.

Dietary Intervention and Specialized Foods in Type 2
Diabetes

Treatment of Type 2 DM is usually targeted at reducing excess body
weight, ameliorating glycemic control and reducing other risk factors
that lead to vascular complications [3]. Dietary intervention is
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considered a necessary part of the treatment of type 2 DM in addition
to any glucose-lowering pharmacotherapy [2]. In recent years, close
attention is being paid to the development of personalized approaches
to the management of diseases, taking into account individual
parameters of the patient through monitoring of molecular biomarkers
[19], including those associated with Type 2 DM [35].

Clinical studies have indicated that the addition of specialized foods
with predetermined chemical compositions, such as those having a low
glycemic index, in the personalized dietary management of diabetes, is
accompanied not only with a recession of the level of basal glycemia
and improvement of the lipid metabolism, but it also favors the
positive dynamics of indicators of inflammatory status [35]. In
addition, specialized foodstuffs, have an advantage compared with
standard foods in the complex therapy of the Type 2 DM patient, in
achieving optimal glycemic and metabolic control, with marked
reduction of the arterial tension, body-mass index, waist and hip
circumference, as well as improving physical condition and quality of
life [3]. In this regard, the development of specialized foodstuffs with
predetermined chemical composition by the enrichment, elimination,
modification or replacement of certain macro- and/or micronutrients
is an important objective of clinical nutrition intended to correct the
chronic hyperglycemia and metabolic disturbances which underlie
Type 2 DM.

Dietary trend in specialized foods development
Carbohydrate: It is generally accepted that the amount of

carbohydrate and differences in the chemical structure of
carbohydrates contained in foodstuffs, especially starch and sucrose,
are the main determinants of the postprandial glycemic response
[13,78,83]. Starch is a polymer of glucose (homopolysaccharide),
consisting of two fractions: amylose and amylopectin [78]. Amylose
has a predominantly linear structure in which glucose residues are
fixed with α-D-(1→4) bonds.

Amylopectin is a polymer with a highly ramified chain (average
chain length of 20-25 glucose residues) with α-D-(1→4) and α-D-(1→6)
glycoside bonds [55]. The ratio of the two-part fractions of the starch
(amylose and amylopectin) varies in different carbohydrate-containing
foods, but usually it is the amylose that is the minimal component:
most cereal starches contain 15-25% of amylose, and the rate of
digestion of the starch depends on the ratio of amylose and
amylopectin in its structure [78]. In recent years, the range of
foodstuffs in which modified starches, obtained by physical and
chemical methods from native vegetable starches or starchy foods are
used, have been expanded.

By their chemical nature both modified and native starches are
homoglucans and are mainly represented as a mixture of amylose and
amylopectin. The digestibility of modified starches is affected by its
accessibility to glycolytic enzymes, which depends on the chemical
composition of the starch, the spatial structure of the molecules of
modified starches, as well as on its water-holding and gel-forming
properties [14]. The chemical modification of starch, which yields
stabilized and cross-linked starches, affects its accessibility to α-
amylase and determines a great deal the resistance to decay of α-D
(1→4)-glucans links throughout the length of the chain, which slows
the hydrolysis and the entry of the glucose into the blood as the end
product of starch hydrolysis. Thus, one of the methods to optimize
glycemic control of patients with Type 2 DM is the use of modified
starches in the composition of specialized foodstuffs as food
ingredients, by affecting the accessibility of glycolytic enzymes,

reducing the postprandial glycemic response and hence, reducing the
glycemic index of the carbohydrate-containing product.

One of the basic requirements in the management of Type 2 DM, is
to limit simple carbohydrates which are the rapidly absorbed refined
mono- and disaccharides [2,3]. As is well known, mono- and
disaccharides, contained in the food, play a vital part in the
modulation of the post-prandial glycemic reaction in diabetic patients,
however, differences in both the absorption and the metabolism rates
of distinct mono- and disaccharides show variations in the degree of
increase of the postprandial glycemia after consumption [78]. The
most rapid and sharp increase in the level of glucose of the blood is
observed after consumption of glucose or sucrose. Fructose is absorbed
more slowly, being metabolized faster in the liver, and as studies show,
the consumption of fructose results in a significantly smaller increase
of post-prandial glycemia of patients with Type 2 DM, compared with
the consumption of the same amounts of glucose or saccharose [43].
Several meta-analyses of controlled studies have shown that the
consumption of fructose at the expense of other simple carbohydrates
is accompanied by a decrease of the content of glycated protein
(glycated albumin and HbA1c) without any significant effect on the
fasting level of the glucose and insulin [56,75]. The absorption of
fructose in the intestines increases if it is consumed together with other
sugars or starch [55,78]. Consumption of fructose leads to the
formation of the fructose-one-phosphate which activates hepatic
glucokinase, and consequently increases the consumption of glucose in
the liver [73,78]. It should be noted that the formation of the fructose-
one-phosphate requires a large amount of ATP, so an excess of fructose
in the food, can lead to a decrease in the hepatic content of ATP and
intracellular inorganic phosphorus. Therefore, the consumption of
fructose as "an alternative" of sucrose must be within reasonable limits
to prevent adverse metabolic consequences [8].

Finally, there is evidence that fructose can indirectly affect glucose-
dependent insulin secretion, facilitating the release of glucagon-like
peptide-1 (GLP-1) by the enteroendocrine L-cells of the small
intestines [73]. GLP-1 possesses incretin activity, meaning it stimulates
insulin release by the pancreas. There is significant research currently
aimed at the creation of analogues of GLP-1 to treat Type 2 DM [18].

In recent years, the development and production of foodstuffs
containing sugar substitutes (sugar alcohols such as polyols: sorbitol
(E420), lactitol (Е966), xylitol (E967), maltitol (E965), etc.), has been
intensively progressing, particularly in foods formulated for the diets
of diabetic patients [23]. These sugar alcohols are less well absorbed in
the intestine and therefore have a lower caloric value than refined
sugars such as sucrose. A number of studies have shown that the
consumption of polyols by healthy individuals and DM patients in a
quantity of 50 g is accompanied by lower postprandial glycemic
response than the consumption of fructose, sucrose or glucose [61]. A
less distinct increase of the postprandial glucose of Type 2 DM patients
was noted when the consumption of sorbitol and isomalt was within
the limits of 30 g, compared with the consumption of corn syrup in an
equivalent amount [43]. An excessive consumption of polyols,
particularly sorbitol, has an adverse laxative effect in the
gastrointestinal tract, causing diarrhea [47,61]. Therefore, while levels
of xylitol, sorbitol and erythritol are well tolerated at 15 g per serving,
the upper acceptable consumption level for xylitol and sorbitol is 40
g/a day and for erythritol is 45 g/a day [26].

Other widely used compounds to reduce the energy value of
foodstuffs include natural and synthetic sweeteners. On a weight basis,
synthetic sweeteners are lower in calories and significantly exceed the
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sweetness of sucrose. Such sweeteners are aspartame (Е951), saccharin
(E954), cyclamate (Е952), acesulfame K (Е950) and sucralose (Е955).
Previous studies have shown the absence of a hyperglycemic and
insulinemic effect after the consumption of aspartame and saccharin
by type 2 diabetics [53]. In recent years, both scientific and consumer
interest was stimulated by the data on the relatively new sweetener –
neoaspartame (neotame Е961), which is different from the aspartame
with significantly greater sweetness, greater thermal stability and
chemical resistance, and does not affect the level postprandial glycemia
of patients with type 2 DM [11].

Another approach by the food industry to impart the usual sweet
taste to specialized foodstuffs with fewer calories than sucrose is the
use of the natural sweetener stevioside (Е960), which is produced by
aqueous or aqueous-alcoholic extraction out of perennials of the aster
family Stevia rebaudiana Bertoni [34]. In Russia, stevia is known as a
"honey grass". The plant is cultivated in Paraguay, Argentina and other
countries of South America, South-East Asia and Japan. The sweet
compounds of stevia leaves are diterpene glycosides, derivatives of
steviol. The main compounds are stevioside, rebaudioside A, B, C and
D. The sweetest compound is rebaudioside A (degree of sweetness
350-450 compared to sucrose which is set at 100) [23]. A characteristic
property of stevioside is the bitter aftertaste which can be eliminated by
intermolecular trans-glycosylation under the action of some enzymes
[1]. Stevioside promotes normalization of glucose in the blood and
blood pressure and has insulinotropic and glucagon-reducing action
[71,72]. In recent years, the enzymatically prepared glycosylated
stevioside has been used commercially for food production [24].

The maximum allowable content of these substitute sugars in
foodstuffs is fixed by Technical regulations of the Customs Union
"Safety Requirements for food additives, flavorings and technological
supporting equipments" (TR CU 029/2012) [39].

Dietary fibers
A deficit in dietary fibers (fiber) is known to be associated with an

increased risk of diseases such as colon [large intestine] cancer,
irritable bowel syndrome, hypomotor dyskinesia of the large intestine
with constipation syndrome, cholelithiasis, Type 2 DM, atherosclerosis,
coronary heart disease (CHD), etc. As a result, specialized foodstuffs,
containing both soluble and insoluble fiber have been widely use in
recent years for the correction of metabolic disturbances [6,7,41].
According to the definition of the American Association of Cereal
Chemists [20,46,89], edible parts of plants or kindred carbohydrates,
resistant to digestion and adsorption in the small intestine of man, and
completely or partially fermentable in the large intestine, are referred
to as fiber. Fibers are polysaccharides, consisting of ten or more
monomeric residues, resistant to hydrolysis by the enzymes of the
small intestine [41] and can include oligo- and disaccharides, having in
its composition from 2 to 9 monomer units. [Jones JM (2014)
CODEX-aligned dietary fiber definations help to bridge the ‘fiber gap’,
Nutr J 13.14] In Russia, physiological requirement for fiber is 20 g/day
for adults and 15-20 g/day for children [27].

Fibers have beneficial physiological and metabolic effects
[6,7,20,41,48,63,78,93], which include: moderation of gastric emptying
by polysaccharides with high viscosity, namely soluble fibers such as
pectin, guar gum, etc. increase of the speed of transit of intestinal
contents of the colon when wheat bran, vegetables and fruits are added
to the diet increasing the volume of fecal mass and frequency of bowel
movements; in this regard, hemicellulose and lignin perform better
than other types of fiber to increase the fecal mass, speed up the transit

through the gastrointestinal tract and improve the motor-evacuation
function of the intestines and gallbladder.

Prebiotic effect: Some polysaccharide fibers (inulin, gum Arabic)
and oligosaccharides (oligofructose) contribute to the growth and
development of the normal intestinal microbiota, including
bifidobacteria, which is accompanied by decrease of pH of the
intestinal lumen, inhibition of the bacterial formation of potential
carcinogens, increase of butyrate production and protection of
enterocytes from malignant degeneration, etc.

Hypocholesterolemic effect: Associated with the ability of fiber to
bind, increase the excretion and accelerate the metabolism and
excretion of bile acids, as well as to slow the absorption of cholesterol
in the small intestine, to reduce the absorption of lipids by increasing
their fecal excretion, and to inhibit cholesterol synthesis in the liver
through the action of short-chain fatty acids produced during the
fermentation of soluble fiber in the colon;

Hypoglycemic effect: Lowering of the postprandial glucose response
by soluble fiber (pectin, gums) resulting from the slowing of stomach
emptying, by decreasing the accessibility of starch to digestive
enzymes, and by decreasing the absorption of glucose in the small
intestine.

Numerous studies show that the consumption of soluble fiber is
accompanied by a reduction of postprandial glucose- and insulin levels
in the blood of both healthy individuals or patients with type 1 and 2
DM [48,61]. Four randomized controlled studies which, included 116
patients with type 2 DM, demonstrated an improvement of glycemic
control and insulin sensitivity of tissues after 10 weeks of consumption
of soluble fibers, such as psyllium and guar gum [48]. A meta-analysis
of 67 controlled clinical studies that included healthy and diabetic
subjects showed that diets with a high content of soluble fiber reduced
the total cholesterol and the LDL [low density lipoprotein] cholesterol
without a significant effect on the level of triglycerides in the blood
[52]. The consumption of guar gum powder, pectin and β-glucan in the
amount of 6.6-30 g/a day, 2.2-9 g/a day and 1.5-13 g/a day, respectively,
was associated with a reduction of the LDL cholesterol in the blood on
average 7.3%, 13.7% and 8.0% respectively [52].

Soy cotyledon fiber has been shown in acute glucose tolerance tests
to reduce the postprandial glucose response compared to cellulose
[95], an isoenergetic liquid meal [96] or an isoenergetic noodle meal
without added fiber [97] in subjects with Type 2 DM.

A novel fiber, polydextrose, is produced through acid condensation
of glucose and is a randomly linked oligosaccharide. The mean degree
of polymerization is 12. The linkages are both α and β and consist of
1→2, 1→3 and 1→4 but 1→6 predominate. The molecule is not digested
by host enzymes and is not absorbed, thus qualifying as a dietary fiber
[98]. Through its complexity, the molecule is also only slowly degraded
by the intestinal microbiota and part of the molecule is excreted in the
feces [99]. The energy provided by polydextrose is thus only from the
metabolites produced by the gradual and limited fermentation of the
molecule and thereby contributes with only 1 kcal/g [100].

Type 2 DM is often associated with overweight and is one of the key
characteristics of metabolic syndrome. Polydextrose can be beneficial
on several different levels from the point of view of Type-2-diabetes
mellitus. As polydextrose is not degraded by host enzymes, it does not
lead to an increase in blood glucose levels [101]. Furthermore, it is
used as a bulking agent to replace sugar [102]; as mentioned above it is
well suited for this due to it is small energy contribution. Polydextrose
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can influence the effect of sugar on the body in two ways. For instance,
the consumption of dried cranberries with less sugar and 10 g added
polydextrose led to lower increases in both blood glucose and insulin
compared to dried cranberries with added sugar in subjects with Type
2 DM [103]. Similar observations have been made with overweight
subjects [104]. A recent animal study with mice on a high fat diet has
shown that supplementing sitagliptin (a dipeptidyl peptidase-4 (DPP4)
inhibitor used in treatment in Type 2 DM), with polydextrose
increased the efficacy of the drug alone leading to improved blood
glucose levels [105]. Upon replacing sucrose with a
polydextrose:lactitol blend, in the form of chocolate, a reduction in the
post-prandial lipidemic response has been reported in rats [106].
Nevertheless, consumption of polydextrose has been observed to lead
to higher levels of non-esterified fatty acids and concomitant increased
fat oxidation in men and women, probably due to the lower caloric
content of the polydextrose containing products [104]. Polydextrose
has also been reported to reduce LDL serum cholesterol levels in
hypercholesterolemic subjects [107]; but only at the highest dose tested
(30 g/day). In relation to metabolic syndrome, weight management is
an important topic. Sugar replacement and caloric reduction of food
may play a role here. In this regard, polydextrose can support weight
management. When provided as a mid-morning snack, polydextrose
can reduce subjective feelings of appetite, satiety and satiation [108].
Indeed, consumption of polydextrose has been shown to lead to a
dose-dependent reduction in energy intake in a subsequent meal.
Importantly, no compensation occurs during the subsequent meal,
resulting in an overall smaller energy intake over the day [109].

To summarize, polydextrose has many potential benefits for patients
with Type 2 DM; replacement of sugar, reduced blood glucose and
inulin response; improved efficacy of anti-Type 2 DM medication and
improved blood lipid profiles. In addition, polydextrose may help in
weight maintenance which also may contribute to management of
Type 2 diabetes.

Consumption of fiber in general is accompanied by a decrease in
systolic and diastolic blood pressure of hypertensive persons by an
average of 6.0 mm Hg and 4.2 mm Hg, respectively, as shown in a
meta-analysis conducted by Whelton et al. [92]. Thus, the inclusion of
fiber in the composition of specialized foodstuffs as a functional
ingredient seems promising in order to optimize dietary management
of a variety of symptoms associated with type 2 DM. In this regard, the
main objective is to satisfy the fiber requirements of a patient while
meeting the traditional quality and taste experience of the enriched
product. This can be accomplished by selecting beneficial fibers, based
on their physico-chemical and food functionality parameters to
increase the probability of overcoming any technological hurdles to
successfully produce the enriched product [20].

Protein
Among the various factors influencing postprandial glycemic

response, the number and qualitative composition of the protein in the
consumed food has a significant importance. It is known that the
protein loading has an effect on the postprandial glycemia, and leads to
increased concentrations of insulin in the blood [61,62]. This effect is
more evident in patients with Type 2 DM than persons not suffering
from diabetes.

A number of studies on the impact of protein-enriched mixed
foodstuffs on glycemic and insulin response indicates that the addition
of protein to a carbohydrate load or a mixed meal in the amount of
16-50 g, is accompanied not only by increased insulin secretion, but

also helps reduce the postprandial glycemia of both healthy individuals
and patients with DM [83]. Addition of protein and fiber from lupin or
soy to a standard carbohydrate load reduced the glycemia in Type 2
DM subjects, indicating a possible additive role of the two
macronutrients in maintaining glycemic control [110]. The protein
demand of diabetic patients under conditions of chronic
hyperglycemia is believed to be somewhat larger than the
recommended quantity of protein suggested for healthy persons [61].
Moreover, subjects in hospitals or institutions may be exposed to low
protein food rations, low digestibility of the protein from food or a
reduction of total food intake which then disturbs the dynamic balance
of protein metabolism, shifting it to towards the point of net
breakdown of the body's own proteins which results in muscle wasting
[29]. Therefore, taking into account the critical role of food proteins,
including their insulinotropic action, when developing specialized
foodstuffs for patients with Type 2 DM, it is very important to ensure a
balance and optimize the dietary protein composition with the
introduction of proteins of high nutritional quality, containing all
essential amino acids, and with a high digestibility.

Lipids
One of the approaches to improve the effectiveness of personalized

dietary interventions to normalize the defective lipid metabolism in
Type 2 DM to reduce the risk of vascular complications, is the
modification of the lipid composition of a diet. In particular, the
inclusion of Monounsaturated Fatty Acids (MUFA) and
Polyunsaturated Fatty Acids (PUFA) of the omega-3 class into the
specialized foodstuffs. MUFA are characterized by the presence of one
double bond (unsaturated) which is relatively resistant to oxidation
and is the major fatty acid in in olive oil (the main representative is the
oleic acid C18:1). MUFAs are considered as a dietary fatty acid
component that has little effect on the level of lipids in the blood [60].

Epidemiological studies have established a negative correlation
between the content of MUFA or the ratio of MUFA/total fat in diet
and mortality from coronary heart disease (CHD) [64,70]. MUFAs are
associated coated with a lower levels of total cholesterol (TC) and LDL
cholesterol in CHD patients, and increases of HDL cholesterol in the
serum with the augmentation of the amount of MUFA in the diet up to
20% of the total caloric intake [31,49,68,86]. There is an evidence of
improved glycemic control (decrease of the basal glycemia, post-food
peak of the glycemia, daily glycosuria) and insulin sensitivity of tissues,
increasing the hypotensive effect of the diet in patients with type 2
diabetes with higher content in the MUFA diet [44,68]. Diets with a
high content of MUFAs are believed not to increase body mass and are
more acceptable for patients with obesity, compared to low-fat diets
[87]. Substitution of dietary carbohydrates with MUFAs may be
associated with lower mortality risk and weight reduction in patients
with type 2 DM [111]. Biotechnology efforts have generated cultivars
capable of providing sustainable sources of MUFAs that may make
these oils more widely available and affordable in the future [112].

Polyunsaturated fatty acids (PUFAs) comprise a series of fatty acids
with multiple double bonds and include several essential fatty acids
(linoleic (18:2 n-6) and linolenic (18:3 n-3)) that are indispensable
factors of nutrition and their deficiency causes a grave disruption in
the structure and function of cell membranes, intracellular metabolism
and biosynthesis of eicosanoids (prostaglandins, leukotrienes,
thromboxanes) [78]. The main ω-3 PUFAs are α-linolenic acid (C18:3
n-3) contained in some vegetable oils (linseed, soybean, rapeseed,
mustard, etc.), nuts, green vegetables, and products of elongation
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which are – eicosapentaenoic and docosahexaenoic acid (C20:5 ω-3
and C22:6 ω-3), present mainly in saltwater fish fat, mammals,
mollusks, marine plants and phytoplankton. Numerous experimental
and clinical studies have demonstrated an extensive therapeutic effect
of ω-3 PUFA due to their hypolipidemic, hypotensive, thrombolytic,
anti-inflammatory, immune enhancing action [30,32,58,76]. The
results of clinical studies demonstrate the advisability of including
MUFA and ω-3 PUFA in the composition of specialized foodstuffs in
order to optimize the fatty acid composition and thereby increase the
diet’s efficacy to ameliorate metabolic disorders and risk factors for
cardiovascular complications in Type 2 DM.

Micronutrients
The development of new specialized foodstuffs for patients with

Type 2 DM, requires utmost consideration of ensuring the adequate
content and optimal balance of vitamins, minerals and trace elements.
Type 2 DM is associated with deficiency of several micronutrients
[47,80,81,94] and is accompanied by a disturbance of processes of
utilization of glucose and impairment of insulin secretion, and
activation of free radical oxidation of lipids. At any stage in the
progression of Type 2 DM, and especially after the long-term and
serious complications of the disease, the metabolic processing of water-
soluble vitamins is disturbed [22]. Folic acid, В6 and В12 vitamins are
cofactors that are required for the metabolic conversion of
homocysteine. Reduced level of these cofactors may cause the
hyperhomocysteinemia [88]. High concentrations of homocysteine in
patients with Type 2 DM contribute to the development of micro- and
macro-angiopathies and hypertension [33,54,77,79]. The deficiency of
B1 vitamin (thiamine) associated with Type 2 DM, breaks the coupling
of glycolysis with the tricarboxylic acid cycle, inhibits glucose
utilization and reduces tolerance to this carbohydrate [84]. The lack of
vitamin B2 (riboflavin) is accompanied by impaired fat oxidation and
decreased mitochondrial energy production [59]. Any deficiency of
ascorbic acid, vitamin D, E and carotenoids, contributes to the
development of insulin-resistance and atherosclerotic vascular changes
with the type 2 diabetes [9,21,57,65,91], while vitamin D deficiency is
associated with development of complications such as diabetic
nephropathy and diabetic foot [74,90]. Often a lack of vitamins is
combined with a lack of several minerals [45,51,61,80,81], aggravating
the course of Type 2 DM. Chromium deficiency is accompanied by the
impaired metabolism of glucose and lipids, decreased number of
insulin receptors and development of insulin resistance [80,94]. A
number of studies have shown that the use of chromium and Baker's
yeast containing chromium, is accompanied by a significant reduction
of HbA1C, basal and postprandial glycemia and insulinemia and
improvement of lipid blood parameters in patients with Type 2 DM
[42,61,94]. Zinc deficiency is thought to lead to impaired glucose
tolerance, but its role in the pathogenesis of Type 2 DM still remains
unproven [80,81]. There is evidence of a reduced supply of selenium in
patients with the Type 2 DM, which is an essential trace mineral, a
necessary cofactor of the enzyme glutathione peroxidase (GP), and
which plays an important role in providing an antioxidant protection
of the organism [36]. Providing the optimal selenium in the dietary
intervention resulted in a trend towards increased activity of
erythrocyte GP and reduced level of products of lipid peroxidation
[37].

An insufficient supply of the body with biologically active minor
food components, many of which may offer chemoprotection or
chemoprevention, is one of the causes of decreases in nonspecific
resistance to adverse environmental factors of chemical and biological

nature (maladaptation), formation of immunodeficiency states,
dysfunction of the antioxidant defense, etc. [40]. The natural
chemopreventive compounds include different groups of flavonoids
(flavonols and their glycosides – quercetin, kaempferol, rutin, etc.;
flavones – luteolin, apigenin, etc. isoflavones and their glycosides –
daidzein, genistein, etc.; flavanone – naringenin, hesperidin, etc.;
dihydroflavonols, proantocianidinas, catechins and others) [78,85].
Their high biological activity is due to the presence of antioxidant
properties, particularly the ability to inhibit LDL oxidation, to form
chelate complexes with metal ions and to bind free radicals [78].

Moreover, flavonoids can suppress the formation and release of
factors that promote inflammation and the destruction of tissues, such
as tumor necrosis factor, leukotrienes, and prostaglandins. According
to Nedosugova et al. [28], the application of the dihydroquercetin in a
daily dose of 120 mg was accompanied by a decrease in basal and
induced malondialdehyde, increased activity of superoxide dismutase
and catalase in erythrocytes in patients with Type 2 DM presenting
with pre-proliferative retinopathy and pre-clinical stages of
nephropathy. Some data have clearly demonstrated that polyphenolic
compounds in green tea, particularly catechins, flavonols, and others,
have a distinct antioxidant activity, and improve vascular endothelial
function. They also exert an antithrombotic effect and have a beneficial
effect on carbohydrate and lipid metabolism and reduce body mass
[50,66,67,82]. According to Nagao et al. [82], the daily intake of green
tea extract, containing 690 mg catechins, by healthy men for 12 weeks,
was accompanied by a significant reduction of body weight and fat
mass, compared with the daily consumption of 22 mg of catechins
(control). The ingestion of high levels of catechins was also positively
correlated with a significant decrease in the content of MDA-modified
low density lipoproteins in the serum [82].

Conclusion
Evidence-based nutrition principles and recommendations for the

treatment of diabetes and related complications have been developed
and implemented in many developed countries [47,61].

The nutritional therapy recommendations for diabetes management
focus on targeting lifestyle changes to achieve modest weight-loss and
weight-maintenance. It becomes apparent that there is an important
role of specialized food products with a given chemical composition
for the treatment of diabetes and related complications. There is no
doubt that the special nutritional food products should not only meet
the physiological needs of the body for nutrients and energy, but
should also possess preventive and therapeutic bioactivities to help
normalize or reduce dysfunctional metabolic processes in the body.

The most important objectives for the development of specialized
foodstuffs for patients with Type 2 DM, are to meet the physiological
needs of the patient with food that delivers biologically active
substances, while preserving the traditional quality and enjoyment of
the enriched product. This may require adapting the formulation of the
product for the purpose of adjusting for possible hedonic or physical
properties of the foods caused by the introduction of functional
ingredients. The solution of these complex issues, ensuring high quality
and safety of specialized food products with optimized composition
and form for patients with Type 2 DM, provides new opportunities for
multifactorial management of the Type 2 DM to reduce the risk of
vascular complications and improve the quality of life of patients [3].
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