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Introduction
Iodine is an essential micronutrient for the pro duction 

of thyroid hormones. Iodine deficiency may lead to nega-
tive consequences for the body, especially for women and 
fetuses during pregnancy as well as for children in their 
first years of life [1, 2]. Sufficient iodine intake is vital to 
ensure the normal ability of the thyroid gland to synthe-
size triiodothyronine (T3) and thyroxine (T4) hormones 
[3]. Various forms of iodine found in natural and enriched 
foods are used to prevent iodine deficiency [4]. Salt iodiza-
tion is by far the easiest way to achieve adequate iodine 
intake [5], but chemical stability and bioavailability of this 
form is a subject for further research.

The purpose of this review was to summarize and sys-
tematize modern scientific data on various forms of io-
dine-containing components, as well as to classify them 
and analyze the possibility of their use in food products.

Objects and methods
The sources of information were 4 scientific databas-

es: elibrary, PubMed, Scopus, Google Scholar (accessed 
01/27/2023). The search strategy included the following 
keywords: iodized foods, iodized salt, iodine source, or-
ganic iodine, iodine enrichment, iodine deficiency cor-
rection. The following acceptance criteria for research 
characterization were considered: foods, biofortifica-
tion, micronutrients, original research. The parameters 
of publications were as follows: publication since 2013, 
language: English, Russian. Exclusion criteria: no access 
to the full-text articles. Statistics on iodine deficiency 

prevalence are given on the basis of data from the Iodine 
Global Network [6, 7]. Based on the review, the authors 
compiled a classification of iodine-containing compo-
nents, identified possible ways to enrich foods with vari-
ous forms of iodine, and also established factors affect-
ing the preservation of iodine in food products and its 
absorption by the body.

Iodine deficiency statistics
According to World Health Organization statistics, 

about 2 billion people worldwide are at risk of insufficient 
iodine intake and approximately one third of the popula-
tion lives in iodine-deficient areas. According to the Min-
istry of Health of the Russian Federation, in all regions of 
Russia from Sakhalin to the Central regions, there is a defi-
ciency of iodine in the diet of local residents. A number of 
regions of the Russian Federation affected by the accident 
at the Chernobyl nuclear power plant are still endemic for 
goiter, the main cause of which is iodine deficiency 1. The 
Iodine Global Network research indicates that the level of 
iodine consumption by the population of the Russian Fed-
eration is “insufficient”. Consumption was estimated from 
the median urinary iodine concentration in school-age 
children (Figure 1). This technique is considered the most 
effective, since 90% of the consumed iodine is excreted 
from the body with urine [7].

 1 MU2.3.7.1064–01 “Control of the program for the prevention of iodine 
deficiency disorders through universal salt iodization” Guidelines, Moscow: 
Ministry of Health of the Russian Federation, 2001. Retrieved from https://
docs.cntd.ru/document/1200026360 Accessed March 11, 2023
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Iodine deficiency may interrupt biological functions 
and cause the development of endocrinological diseases 
such as goiter, hypothyroidism and cognitive impairment. 
A study by the National Research Center for Endocrinology 
of the Ministry of Health of the Russian Federation showed 
that annually, 1.5 million adult patients and 600 thousand 
children with endocrinological disorders receive medi-
cal care in the Russian Federation [9]. In monetary terms, 
the cost of treatment exceeds 250 billion rubles, which is 
5 times more than the amount needed to organize mea-
sures to prevent all iodine deficiency disorders in the Rus-
sian Federation. The level of actual iodine consumption by 
people in Russia is 40–80 μg per day, which is 3 times lower 
than the established values of physiological need 2.

The growing interest in alternative products also reduc-
es the level of iodine consumption by the population, since 
the raw materials for them do not contain the required 
amount of iodine, and only a small part of such products 
are additionally enriched [10]. Seaweed is often present in 
the diet of vegetarians, but this is often not enough to meet 
100% of the need for iodine. According to the authors of 
[11], pescetarianism among people who do not eat meat 
implies the consumption of fish and seafood, which sig-
nificantly increases the chances of such people to intake 
the necessary amount of iodine with food.

According to the strategy for improving the food qual-
ity in the Russian Federation until 2030 3, the development 

 2 Draft federal law dated April 12, 2021 «On the prevention of iodine de-
ficiency disorders», Ministry of Health of the Russian Federation. Retrieved 
from https://regulation.gov.ru/Regulation/Npa/PublicView?npaID=99202, 
Accessed March 11, 2023
 3 Strategy for improving the food quality in the Russian Federation until 
2030 (approved by the order of the Government of the Russian Federation 
dated June 29, 2016 No. 1364-r) Retrieved from https://docs.cntd.ru/docu-
ment/420363999, Accessed March 11, 2023

of methods for justification the shelf life of food products 
is a priority, as well as assessing the preservation of essen-
tial foods and biologically active substances. It should be 
noted that the preservation and absorption of iodine from 
foods depends on the form of iodine, technological modes 
of processing and storage conditions of finished products.

Methods for iodine deficiency correction
Currently, the problem of iodine deficiency is solved 

mainly by the introduction of iodized salt into the diet. 
In 2021, the Ministry of Health of the Russian Federation 
developed a draft federal law “On the prevention of io-
dine deficiency disorders” 4, which established the mea-
sures for the prevention of iodine deficiency disorders, 
such as the use of iodized salt in food manufacturing and 
for salting, establishing requirements for the placement 
of iodized salt and products containing it at the point of 
sale, fortification of foods with iodine, as well as inform-
ing the population about iodine deficiency consequences 
and ways to prevent them. In addition, part 3 of article 
6 of this draft federal law provides for the use of iodized 
salt in the manufacture of food products, except in cases 
where the technological process does not allow this. In 
this case, the products should be enriched with iodine by 
other possible methods.

Salt iodization programs have been adopted in 
125  countries around the world (including Russia), but 
due to the salt reduction strategy, it is difficult to combine 
these two policies. Reducing the sodium content in food 
is implemented in 44 countries around the world [6]. The 

 4 Draft federal law dated April 12, 2021 «On the prevention of iodine de-
ficiency disorders», Ministry of Health of the Russian Federation. Retrieved 
from https://regulation.gov.ru/Regulation/Npa/PublicView?npaID=99202, 
Accessed March 11, 2022

Figure 1. Global iodine consumption research 2005–2020 [8]
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World Health Organization (WHO) promotes both the 
implementation of salt reduction programs as one of the 
cost-effective strategies for reducing the level of nutrition-
related diseases, and universal salt iodization for the pre-
vention and control of iodine deficiency disorders [13].

Salt iodization programs need to be constantly moni-
tored to adjust the amount of iodine added to salt and to 
control the sodium intake in the population. Iodine loss 
depends on the iodization process, salt quality, packaging 
materials, and external factors. Given these conditions, 
WHO proposed to set the level of iodine added to salt as 
65 mg of iodine per 1 kg of salt (Figure 2). Sodium car-
bonate/bicarbonate and sodium thiosulfate or dextrose are 
also added to the salt to stabilize the iodine.

The indicated concentration (Figure 2) was calculated 
based on the average recommended nutrient intake, i.  e. 
150 µg iodine/day + 30% process losses, considering iodine 
bioavailability of 92%. Iodine loss is variable depending on 
processing and storage conditions. The policy of the Food 
and Drug Administration (FDA), in close collaboration 
with WHO, supports the reasonable fortification of foods 
with additional nutrients, depending on the goal: 1)  cor-
rection of recognized nutritional deficiencies; 2)  restora-
tion of the initial nutrient concentrations; 3) maintaining a 
balanced nutrient-versus-calorie profile; 4) improving the 
nutrition quality. In this regard, FDA has set a maximum 
amount of potassium iodide for use as a supplement in salt 
of 0.01 wt.% [14] to prevent the consequences of excess io-
dine in the diet.

An alternative way to ensure sufficient iodine for the 
population is consuming foods rich in natural iodine or 
containing an organic form of iodine. Diversification of 
the diet with more seafood may be effective, but not al-
ways possible due to the high cost of such products. In 
the production of iodized products, it is necessary to en-
sure iodine level control throughout the entire shelf life 
due to the high volatility of iodine compounds. The ef-
fective use of iodine-enriched foods for iodine deficiency 
correction in the population is possible providing regu-
lation by state, departmental and manufacturing control 
of the production and sales of enriched foods and io-
dized salt.

Components containing naturally occurring iodine
High concentrations of naturally occurring iodine are 

found in seafood [4] and seaweed [15] due to their ability to 
accumulate iodine from sea water. Eastern countries have 
long used seaweed as a source of iodine [16], and in the last 
10 years this trend has begun to develop in Europe. At the 
same time, Europe allows products on its market that are 
safe for consumption and regulate their sales. For seaweed, 
France first established a regulation regarding their use as 
a food source in 1997, called “Novel Food”, which includes 
a guideline for the evaluation of 25 algae and 3 microalgae 
suitable for human consumption [17].

A study by Norwegian scientists on brown and red al-
gae of the North Atlantic showed that the consumption of 
32 to 2150 mg of them in dried form completely meets the 
need for iodine in adults [18]. In addition, iodine content 
in these algae does not depend as much on season as in 
algae collected in the Pacific Ocean along the coast of Chi-
na, as mentioned in the publication of Chinese research-
ers [19]. The effect of thermal processing on different types 
of algae is ambiguous, since in one case, boiling reduces 
iodine concentration, and in other case, it has no effect, 
which was proven in the study of four seaweed types [20]. 
Apparently, this is due to the impossibility of releasing io-
dine from its organic form in certain types of algae by ther-
mal dehydration.

The study of numerous databases containing informa-
tion on the amount of iodine in fish allows to conclude 
that it predominates in naturally grown cod, pollock, and 
hake [21]. A search for scientific publications on this topic 
showed that the average iodine content in fish fillets varies 
from 21 μg/100 g in raw Atlantic halibut to 790 μg/100 g in 
raw pollock [22] and depends on the geographic range. Io-
dine content in fish depends also on the season and spawn-
ing period. A study by Norwegian scientists [23] showed 
that fatty fish accumulate less iodine than non-fatty ones. 
Biofortification of aquaculture products with iodine is car-
ried out by using feed supplements in the diet of fish and 
shellfish [24], as well as by integrating aquaculture products 
(seaweeds) into feed [25]. This method of animal products 
enrichment with iodine is called “antemortem formation 
of the functional properties in raw materials”.

Eggs are also a source of iodine, as animal feed is en-
riched with calcium iodate, similar to fish feed. Initially, 
calcium iodide and calcium iodate were used to increase 
the productivity of farm animals, but later it was found that 
iodine is able to accumulate in animal tissues and remain 
in them until processed food is consumed. The authors of 
the article [26] studied the transfer of microelements and 
macronutrients into the egg from feed consumed by lay-
ing hens. Scientists claim that one egg of 60 g from laying 
hens who consumed iodine-containing feed supplements 
contains up to 122 μg of iodine. At the same time, bioavail-
ability of iodine for the human body is higher when the 
feed supplements contain iodine in an organic form, i. e. 
in the form of iodized milk proteins. Since eggs, as well as 
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milk, are mandatory for inclusion in the diets of certain 
population groups for which iodine plays a crucial role in 
ensuring the growth and development of the body (preg-
nant, lactating women and children), the amount of iodine 
in them should be standardized. In addition, the amount 
of iodine in chicken eggs may vary depending on animal 
metabolism adaptation to enriched feed and the age of the 
animals [27].

In the organic method of milk production, animals are 
fattened on pastures without the use of feed supplements, 
which means that the animal does not receive a sufficient 
amount of many nutrients. There are studies proving that 
iodine concentrations in organic milk are much lower than 
in regular milk [28, 29], since the organic method of fat-
tening does not involve the use of iodine-containing pre-
mixes. Further, iodine content in milk depends on season 
[30] and the method of milk thermal treatment at a dairy 
plant [31, 32]. In addition, for disinfection of the milking 
system and udder in the production of non-organic milk, 
a solution of iodofluorine is used, which is a chemical con-
taminant in dairy products [33] and, accordingly, increases 
the concentration of iodine in milk.

Higher plants, as a rule, are not a source of iodine. 
However, biofortification of agricultural crops is one of the 
promising ways of iodine deficiency correction due to the 
high level of consumption and large cultivated areas. Io-
dine is introduced into plants in various ways: through the 
soil with fertilizers, as well as with the help of hydroponic 
and irrigation systems [34]. To enrich plants, the method 
of root feeding with fertilizers containing inorganic forms 
of iodine (KI and KIO3) is more often used. A compara-
tive analysis of these two substances as fertilizers by Polish 
and Hungarian scientists showed that KI is more effective 
and does not have an inhibitory effect on crop growth [35, 
36]. When iodine compounds are absorbed through the 
root system, its concentrations decrease from the root to 
stems, leaves, and fruits, which was proved in the study by 
Italian scientists [37], so it is advisable to use this method 
for enrichment of leafy vegetables. It is worth noting that 
the method of foliar fertilizing with solutions containing 
iodine is more suitable for mature plants of leguminous 
crops.

Iodized salt
Iodized salt is a mechanical mixture of salt (NaCl) and 

inorganic iodine compound, potassium iodide (KI) or 
potassium iodate (KIO3). The disadvantage of this form 
is the low resistance to light and moisture, as well as the 
high volatility of iodine [38]. Studies by Russian scientists 
have shown that the content of inorganic iodine in foods 
containing iodized salt decreases by 50% after storage for 
20 days from the date of production [39]. According to 
studies on the stability of iodine in the form of iodized salt 
under various processing conditions [40], a decrease in the 
iodine content in food products occurs due to moisture 
loss when heating.

The content of iodine in iodized salt depends on the 
specific manufacturer, conditions and term of storage. The 
World Health Organization has set a safe level of salt intake 
of up to 5 g/day for the adult population. The recommend-
ed intake of iodine is 150 μg /day for adults [41]. An analy-
sis of sufficient iodine levels supply in different countries 
of the world, provided that all salt in the diet is iodized 
and adjusted for a 30% loss of iodine in the product during 
storage and cooking is presented in Table 1.

Table 1. Levels of iodine consumption with iodized salt 
in different countries [42]
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Canada 77 270 180 189 126
USA 76.5 267 178 190 127
Spain 60 210 140 173 115
South Africa 50 140 93 130 87
Russian Federation 
and CIS countries 40 140 93 <100 67

Italy 33 116 77 118 79
Brazil 30 105 70 276 184
Egypt 30 105 70 170 113
Greece 30 105 70 132 88
Thailand 30 105 70 179 119
UAE 27.5 97 65 162 108
China 26.5 93 62 200 133
India 25 88 58 178 119
Switzerland 25 88 53 137 91
Poland 23 81 54 112 75
Germany 20 70 47 89 59
Turkey 19.5 69 46 107 71
Indonesia 18 63 42 215 143
Australia 17.5 62 41 175 117
France 17.5 62 41 136 91
Serbia 15 53 35 195 130

 * Recommended level of iodine supply to the body of an adult 
healthy person is 150 µg/day. This value was calculated by popu-
lation survey.

 ** Actual intake was measured by median urinary iodine concen-
tration. Data provided by the Iodine Global Network for the pe-
riod of 2006 to 2021 [43].

The data presented in Table 1 indicate that the level of 
iodine supply to the body does not always depend on io-
dine concentration in salt. Obviously, this is directly relat-
ed to the content of iodine in raw materials depending on 
the region of cultivation and indirectly related to the food 
preferences of different peoples of the world, as well as the 
level of consumption of iodine-enriched foods. For exam-
ple, in Brazil, China, Indonesia, and Serbia, the actual level 
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of iodine supply to the body is several times higher than 
the theoretical level when using iodized salt. This means 
that other sources of iodine are present in the diet of the 
population, including natural and enriched ones.

Considering the relatively high consumption of bak-
ery products by Russians in comparison with Western 
countries, i. e. USA, Australia, and New Zealand, the pro-
duction of functional bakery products using iodized salt 
is promising in terms of iodine deficiency correction the 
Russian Federation [44]. In addition, the use of iodized 
salt improves sanitary and microbiological safety of bak-
ery products, preventing the development of molds and 
Bacillus mesentericus [45]. However, the inorganic form of 
iodine is unstable and iodine loss during the technological 
processing and storage reaches 50% already on the ninth 
day of the finished product storage, which is reflected in 
the study of sausages and bakery products with the addi-
tion of iodized salt [46].

Considering the fact that iodized salt is now used for 
industrial purposes mainly in the production of bakery 
products, and its loss during storage reaches 50%, meet-
ing the need of 150 µg/day with the use of adequate bread 
amounts is difficult. It is reasonable to develop recipes for 
other processed food products containing iodized salt or 
other ingredients rich in iodine. However, this requires 
the discussion and agreement of the technology with food 
manufacturers and the study of iodine preservation in its 
various forms under various technological regimes and 
during storage [47]. In addition, the loss of iodine during 
storage from iodized salt reaches 70%, which significantly 
reduces the level of iodine supply to the body when con-
suming 5 g of salt per day. Salt iodization programs are 
widely accepted all over the world, but legal regulation dif-
fers depending on the country [48] and therefore not all 
iodine-deficient regions take appropriate actions.

Iodine-containing components
In addition to potassium iodate and potassium iodide, 

the food industry uses iodine-containing supplements 
based on organic carriers: amino acids, fatty acids, and 
polysaccharides. Currently, the most common is iodine 
compound with milk protein, i. e. iodocasein, which is also 
used as Bioiodine dietary supplement. To obtain casein, 
cow’s milk is defatted and the casein protein fraction is iso-
lated by standard methods [49]. Elemental iodine is used 
for iodization. During the reaction, the temperature, pH of 
the medium, and the required degree of iodization are con-
trolled. Iodine ions are linked to the amino acid tyrosine, 
which is a part of the casein structure, by the mechanism 
of electrophilic substitution. Iodine acquires an oxidation 
degree of +1 and forms a strong bond with carbon [50]. 
A solution of iodized protein is sterilized by short-term 
heating up to 90 °C, and then dried and ground to obtain 
a powder. The content of iodine in the Bioiodine dietary 
supplement is 7% to 9%, and the analysis of its preserva-
tion during technological processing and storage as a part 

of food products showed higher values in comparison with 
iodized salt [51].

The aforementioned milk protein-based supplement 
is successfully used in the production of fermented milk 
products with functional properties, such as cottage cheese 
[52] and yogurt [53]. In addition, Bioiodine may be used 
without reducing the effectiveness in relation to the nor-
malization of the iodine index in the formulations of the 
products based on meat raw materials, which was proved 
in a study involving 20 students of the “Oryol State Insti-
tute of Economics and Trade” [54]. According to in vivo 
studies, its use is most effective in preventing destructive 
and degenerative changes in different organs [55]. Iodoca-
sein is recommended by the Ministry of Health of the Rus-
sian Federation for preventing iodine deficiency disorders, 
particularly as a supplement when fortifying baby food. 
However, the production of this supplement is carried out 
according to technical specifications, and so far, no com-
mon standard that establishes general requirements and 
quality indicators is developed.

Iodized elastin is a hydrolyzate of elastin from connec-
tive tissue enriched with iodine by adding potassium iodide 
in the amount of 50 to 200 μg per 1 g of elastin. Accord-
ing to the data presented in the patent 5, raw elastic tissue 
is able to bind up to 70% of the of the iodine introduced, 
while iodine binding in the fine-cut boiled nuchal ligament 
reaches 100%. Iodized elastin hydrolyzate is incompatible 
with the technologies for whole milk, fermented milk 
products, and drinks production, but may be successfully 
used in meat products. The reliability of iodine delivery to 
the thyroid gland was confirmed by in vivo experiments on 
laboratory animals [38] using a blood test for the level of 
thyroid hormones as a result of artificial hypothyroidism 
simulation for 14 days.

Production of iodized soy protein involves the enrich-
ment of the carrier (soy isolate or soy flour) with iodine 
by soaking in a potassium iodide solution under condi-
tions of limited lighting for 30 minutes. Binding of iodine 
in this case reaches 480 μg of iodine per 1 g of soy pro-
tein, while high stability of iodine in the form of dietary 
supplements is observed during storage for 12 months 
[56]. The authors [57] also proved the effectiveness of 
this supplement against experimental hypothyroidism 
by the in vivo method. This technology has not yet been 
applied in practice, but is promising in the production 
of meat products. The properties of iodized soy protein 
were studied [38] in comparison with iodized wheat fi-
bers and iodized salt. These studies also showed that the 
stability of iodine bound to soy proteins during storage 
under various temperature and humidity conditions is 
much higher than in iodized salt.

Iodine-chitosan is a dietary supplement containing io-
dine linked to an amino polysaccharide of animal origin, 

 5 Bitueva E. B., Zhamsaranova S. D., Kapustina Yu. A. Biologically active 
food supplement. Patent RF no. 2266021, 2004. (In Russian)
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i. e. chitosan. Iodine-chitosan is obtained using absorption 
of iodine from water-alcohol vapors of potassium iodide 
and potassium iodate by chitosan powder [58]. The result 
is a supplement containing inorganic iodine stabilized in 
an organic matrix. This supplement may be successfully 
introduced into the formulations of fermented milk prod-
ucts [59]. Studies of iodine preservation during the stor-
age of products containing iodine-chitosan have not been 
carried out, but similarly to Bioiodine and iodocasein, it 
may be concluded that this form of iodine has a high re-
sistance to external factors, and therefore is stable. The use 
of iodine-chitosan in the diet of laboratory animals with 
hypothyroidism activates the formation and maturation of 
blood cells, and in vitro studies prove its antioxidant prop-
erties [60].

Phytoiodine is a dietary supplement containing iodine 
in an organically bound form with a plant-based poly-
saccharide pectin. According to the data presented in 
the article [61], the production of Phytoiodine involves 
the introduction of pectin into iodine solution, thorough 
mixing and drying at room temperature. The author of 
the dissertation [62] proved the biological effectiveness 
of iodine-pectin compounds in terms of the impact on 
the main factors in the pathogenesis of endemic goiter 
and goiter transformations. This supplement is success-
fully used in the production of specialized enriched dairy 
products at canned milk plants in Bashkortostan [63]. 
High Phytoiodine stability during heat treatment and 
storage was proved by an experiment with adding it to 
bakery products and subsequent quantitative analysis of 
iodine [64].

Preparation of iodized flour from wheat germs is de-
scribed in [65] and involves the germination of grains in an 
aqueous solution of potassium iodide under conditions of 
limited lighting for 30 minutes, then drying at a tempera-
ture not exceeding 60 °С and grinding. In this case, high 
stability of iodine is observed during storage for 12 months. 
Sprouted wheat enriched with iodine may be used in the 
production of boiled-smoked sausages, which is reflected 
in the study of Russian scientists [66]. Western colleagues 
also conducted studies of this ingredient, which proved a 
high degree of iodine preservation in wheat dietary fibers 
compared with iodine preservation in the composition of 
iodized salt when stored at different temperature and hu-
midity conditions for 12 months [38].

Substances of a carbohydrate nature may also act as 
a carrier for molecular iodine: sugars, dietary fibers and 
starches. Iodized arabinogalactan is obtained by introduc-
ing hydrated elemental iodine in the amount of 200 μg 
per 100 g into a solution of polysaccharide extracted from 
coniferous wood. This supplement has emulsifying and 
stabilizing properties, which makes it possible to use it in 
the production of iodized minced semi-finished products 
based on meat raw materials. However, iodine losses dur-
ing storage of chilled semi-finished products containing it 
reach 48% within 24 hours after production [67].

Rebaudioside A iodization with the formation of io-
dine-glycoside described in the patent 6 involves mixing 
with molecular iodine in distilled water at high tempera-
ture and drying in a desiccator. The supplement contains 
12% of iodine, and IR spectroscopy studies of the iodine-
glycoside conjugate indicate the inclusion of iodine mol-
ecules in the structure of rebaudioside A molecules [68]. 
Studies of iodized rebaudioside in an experiment with 
laboratory animals showed that the use of the supplement 
compensates for the negative effect of mercazolil on parent 
rats [69], and therefore has a positive effect on cognitive 
functions in rat pups with artificial hypothyroidism. This 
supplement has not yet been applied in practice, but the 
physicochemical properties of low molecular weight car-
bohydrates open up broad prospects for their use in the 
food industry.

Iodized peanut butter is obtained using esterification of 
unsaturated fatty acids by linking iodine to double bonds 
[70]. The high efficiency of iodized peanut butter in the 
prevention of iodine deficiency disorders in comparison 
with iodized salt was proven 30 years ago by foreign sci-
entists in experiments involving Algerian school-age chil-
dren [71] and young people living in Zaire [65]. However, 
this supplement has not yet been applied in practice in 
food industry.

Foods containing added iodine
Iodization of food products may also be a part of the 

technology for processing raw materials into a finished 
product. Iodine is introduced in organic and inorganic 
form, most often as a component of salt or dietary supple-
ment, since in this case it is easier to control the final io-
dine content in the product. This method of enrichment is 
applicable to products that undergo a technological mix-
ing operation, for example, for bakery and confectionery 
products, pates, mousses and purees, minced meat prod-
ucts and sausages.

Since iodine is a highly volatile substance, its pres-
ervation may be affected by extreme technological re-
gimes and storage conditions [72]. For the effective use 
of the above additives in food production, it is necessary 
to establish the levels of iodine preservation under vari-
ous processing conditions and shelf life of products with 
supplement. The analysis of the literature presented in 
this review makes it possible to compare the degree of 
iodine preservation when it is added to products under-
going heat treatment. Storage period for various food 
products has a fairly wide range and comparison of io-
dine preservation in them should be made based on the 
shelf life for each individual product. Comparative anal-
ysis of iodine losses in the composition of finished food 
products containing iodized supplements is presented 
in Table 2.

 6 Kamilov F.  Kh., Konkina  I.  G., Murinov Yu.I., Ivanov  S.  P., Baiburi-
na G. A., Kozlov V. N. et al. Iodine-containing biologically active food supple-
ment. Patent RF no. 2716971, 2019. (In Russian)
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The data in Table 2 support the expediency of using 
 iodine-containing supplements and biologically active 
additives in the production of mass consumption foods 
instead of iodized salt due to the high degree of iodine 
preservation during technological processing and stor-
age of finished products. This will reduce the amount of 
added salt in the diet and increase the amount of iodine 
consumed with food. Apparently, resistance to high 
temperatures and external conditions during storage 
is inherent in iodine-containing supplements of an or-
ganic nature, i. e. linked to macronutrients: amino acids 
and polysaccharides, due to more stable iodine-carbon 
bonds.

Conclusion
Currently, salt iodization is the main method of io-

dine deficiency correction. However, salt intake should 
be limited to 5 g per day. This is especially true for those 
groups of the population for which iodine is a vital ele-
ment that comes with water and food: pregnant and lac-
tating women, young children. According to IGN (Iodine 
Global Network) statistics, the degree of iodine supply of 
the population does not always correlate with iodized salt 
consumption. The best way to fortify the diet with iodine is 
to eat natural sources of iodine such as milk, eggs, seafood, 
and seaweed, but often the amount of iodine from these 
foods is insufficient.

Foreign and domestic scientists have developed a num-
ber of iodine-containing foods and supplements that have 
the potential in the production of industrially processed 
iodized functional foods. The authors have classified the 
iodine-containing ingredients based on the form of iodine 
(organic/inorganic).

In the technology of processed food products, iodine is 
used mainly in the form of chemical compounds of vari-
ous nature: salts of hydroiodic (iodide) and iodic (iodate) 
acids, amino acid derivatives, organically bound iodine 
with polysaccharides, as well as fatty acids esterified in the 
presence of iodine. As mentioned above, organic forms of 
iodine are more stable during storage, and also have high 
bioavailability and low toxicity compared to inorganic 
forms of iodine. These properties characterize the organic 
form of iodine as more suitable for the production of baby 
foods [54], as well as therapeutic, preventive and function-
al products in comparison with the inorganic one.

Iodine-chitosan is also included in the group of inor-
ganic forms of iodine, since in this case, iodine is in the 
inorganic form of KI enclosed in a chitosan matrix. In ad-
dition, there are developments of iodized fatty acids, but 
since their use in food production has not been tested even 
in laboratory conditions, the authors considered it incor-
rect to include these substances in the classification of food 
components.

An analysis of scientific and technical literature allows 
to conclude that iodine-containing ingredients are logical-
ly divided into organic and inorganic ones (depending on 
the form of iodine present in the supplement). The form of 
iodine directly depends on the method of enrichment and, 
in this regard, the authors have compiled a hierarchical di-
agram that reflects the classification of iodine-containing 
ingredients (Figure 3).

Each mentioned iodine-containing ingredient is char-
acterized by individual resistance to heat treatment and 
storage conditions. Based on the literature review, the au-
thors concluded that organic forms of iodine are more re-
sistant to technological conditions.

Table 2. Iodine losses during heat treatment and storage

Name of the 
iodine-containing component

Food product containing 
iodized component

Heat 
treatment 
conditions

Loss of 
iodine 

during heat 
treatment

Loss of iodine by the end of 
the shelf life of the finished 

product containing the 
dietary supplement*

Duration 
of product 

storage

Data 
source

Iodized salt
Sausages 85 °С

35.9% More than 70% 20 days
[39, 51]Bioiodine 12.2% 20.7% 21 days

Iodocasein 3.2% 52.5% 21 days
Iodized elastin Dietary supplement — — 44% 6 months [38]

Iodized soy protein
Minced meat products, 

steamed, frozen 100 °С
7% 54% 150 days [38]

Iodized dietary fiber derived 
from wheat 3% 47% 150 days [38, 66]

Iodine-chitosan N/a
Phytoiodine

Bakery products 220 °С
— 4% 90 hours [64]

Iodized inulin — up to 80% 30 days [73]
Iodine-glycoside N/a

Iodized arabinogalactan Minced meat products, 
steamed, chilled 100 °С 0% 40% 24 hours [67]

Iodized butter N/a
 * data over the past 10 years for the studies published in scientific journals.



179

Dydykin et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2023, vol. 8, no. 3, pp. 172–182

REFERENCES
1. Panth, P., Guerin, G., DiMarco, N.M. (2019). A review of io-

dine status of women of reproductive age in the USA. Bio-
logical Trace Element Research, 188(1), 208–220. https://doi.
org/10.1007/s12011-018-1606-5

2. Zimmermann, M.B., Gizak, M., Abbott, K., Andersson, M., 
Lazarus, J.H. (2015). Iodine deficiency in pregnant women in 
Europe. The Lancet Diabetes & Endocrinology, 3(9), 672–674. 
https://doi.org/10.1016/S2213-8587(15)00263-6

3. Romanchuk, N. (2021). Bioelementology and nutritionology 
of the brain. Bulletin of Science and Practice, 7(9), 189–227. 
https://doi.org/10.33619/2414-2948/70/22 (In Russian)

4. Pehrsson, P.L., Roseland, J.M, Patterson, K.Y., Phillips, K.M., 
Spungen, J.H., Andrews, K.W. et.al. (2022). Iodine in foods 
and dietary supplements: A collaborative database devel-
oped by NIH, FDA and USDA. Journal of Food Composition 

and Analysis, 109, Article 104369. https://doi.org/10.1016/j.jf-
ca.2021.104369

5. Dold, S., Zimmermann, M.B., Jukic, T., Kusic, T., Jia, O., 
Sang, Z. et al. (2018). Universal salt iodization provides suf-
ficient dietary iodine to achieve adequate iodine nutrition 
during the first 1000 days: A cross-sectional multicenter 
study. The Journal of Nutrition, 148(4), 587–598. https://doi.
org/10.1093/jn/nxy015

6. IGN (Iodine Global Network). (2021). Global Scorecard 
MAP 2021 SAC. Retrieved from https://ign.org/scorecard/ 
Accessed: December 21, 2022

7. IGN (Iodine Global Network). (2021). Universal salt io-
dization and sodium intake reduction. Retrieved from 
https://www.who.int/publications/i/item/9789240053717. 
Accessed: January 10, 2023

Figure 3. Classification of iodine-containing components proposed by the authors

Iodine-containing 
components

InorganicOrganic

Natural iodine Added iodine

Bound to amino 
acids

Bound to 
polysaccharides

Iodine in products 
from aquatic 

biological 
resources

Iodine in vegetable 
products (including 

those grown 
using enrichment 

technologies)

Iodine in products 
of animal origin 
(including from 
animals grown 

on enriched feed)

Iodocasein

Bioiodine

Iodized soy 
protein

Iodized elastin

Iodized inulin

Iodine-glycoside

Iodized 
arabinogalactan

Iodized dietary 
fiber derived 
from wheat

Potassium 
iodite

Potassium 
iodate

Iodine-selenium

 Iodine-chitosan



180

Dydykin et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2023, vol. 8, no. 3, pp. 172–182

8. WHO (World Health Organization). (1996). Trace ele-
ments in human nutrition and health: indicators for assess-
ing iodine deficiency disorders and their control through 
salt iodization. Retrieved from https://apps.who.int/iris/han-
dle/10665/37931. Accessed March 13, 2023

9. Terekhov, P.A., Rybakova, A.A., Terekhova, M.A., Troshina, 
E.A. (2019). Awareness of the population in Russian Federa-
tion about iodine deficiency, its effects and methods for pre-
vention of iodine deficiency disorders. Clinical and Experi-
mental Thyroidology, 15(3), 118–123. https://doi.org/10.14341/
ket12239 (In Russian)

10. Nicol, K., Thomas, E.-L., Nugent, A.P., Woodside, J.V., Hart, 
K.H., Bath, S.C. (2023). Iodine fortification of plant-based 
dairy and fish alternatives: The effect of substitution on io-
dine intake based on a market survey in the UK. British Jour-
nal of Nutrition, 129(5), 832–842. https://doi.org/10.1017/
S0007114522001052

11. Eveleigh, E.R., Coneyworth, L.J., Avery, A, Welham, S.J.M. 
(2020). Vegans, vegetarians, and omnivores: How does di-
etary choice influence iodine intake? A Systematic Re-
view. Nutrients, 12(6), Article 1606. https://doi.org/10.3390/
nu12061606

12. IGN (Iodine Global Network). (2021). Effect and safety of salt 
iodization to prevent iodine deficiency disorders: a system-
atic review with meta-analyses. Retrieved from https://www.
who.int/publications/i/item/9789241508285. Accessed Janu-
ary 10, 2023

13. WHO (World Health Organization). (1996). Salt reduction 
and iodine fortification strategies in public health: report of 
a joint technical meeting convened by the World Health Or-
ganization and The George Institute for Global Health in col-
laboration with the International Council for the Control 
of Iodine Deficiency Disorders Global Network. Retrieved 
from https://apps.who.int/iris/handle/10665/101509. Accessed 
April 17, 2023

14. Trumbo, P. R., (2016). FDA regulations regarding iodine ad-
dition to foods and labeling of foods containing added io-
dine. The American Journal of Clinical Nutrition, 104( Suppl 3), 
S864-S867. https://doi.org/10.3945/ajcn.115.110338

15. Milinovic, J., Rodrigues, C., Diniz, M., Noronh, J. P. (2021). 
Determination of total iodine content in edible seaweeds: 
Application of inductively coupled plasma-atomic emission 
spectroscopy. Algal Research, 53, Article 102149 https://doi.
org/10.1016/j.algal.2020.102149

16. Murai, U., Yamagishi, K., Kishida, R., Iso, H. (2021). Impact 
of seaweed intake on health. European Journal of Clinical Nu-
trition, 75(6), 877–889. https://doi.org/10.1038/s41430-020-
00739-8

17. CEVA. Edible seaweed and microalgae —  Regulatory status 
in France and Europe 2019 update, Retrieved from CEVA-
Edible-algae-FR-and-EU-regulatory-update-2019.pdf (ceva-
algues.com). Accessed February 5, 2023

18. Roleda, M. Y., Skjermo, J., Marfaing, J.H., Rebours, R.C., Gi-
etl, A., Stengel, D.B. et al. (2018). Iodine content in bulk bio-
mass of wild-harvested and cultivated edible seaweeds: In-
herent variations determine species-specific daily allowable 
consumption. Food Chemistry, 254, 333–339. https://doi.
org/10.1016/j.foodchem.2018.02.024

19. Hou, X., Yan, X. (1998). Study on the concentration and sea-
sonal variation of inorganic elements in 35 species of ma-
rine algae. Science of the Total Environment, 222(3), 141–156. 
https://doi.org/10.1016/S0048–9697(98)00299-X

20. Correia, H., Soares, C., Morais, S., Pinto, E., Marques, A., 
Nunes, M. L. et al. (2021). Seaweeds rehydration and boil-
ing: Impact on iodine, sodium, potassium, selenium, and 
total arsenic contents and health benefits for consumption. 

Food and Chemical Toxicology, 155, Article 112385. https://doi.
org/10.1016/j.fct.2021.112385

21. Ershow, A.G., Skeaff, Sh.S., Merkel, J.M., Pehrsson, P.R. 
(2018). Development of databases on iodine in foods and di-
etary supplements. Nutrients, 10(1), Article 100. https://doi.
org/10.3390/nu10010100

22. Nerhus, I., Markhus M. W., Nilsen, B.M., Øyen, J., Maage, A., 
Ødegård, E.R. et al. (2018). Iodine content of six fish species, 
Norwegian dairy products and hen’s egg. Food & Nutrition Re-
search, 62, Article 1291. https://doi.org/10.29219/fnr.v62.1291

23. Dahl, L., Johansson, L., Julshamn, K., Meltzer, H.M. (2004). 
The iodine content of Norwegian foods and diets. Pub-
lic Health Nutrition, 7(4), 569–576. https://doi.org/10.1079/
PHN2003554

24. Barbosa, V., Maulvault, A.L., Anacleto, P., Santos, M., Mai, 
M., Oliveira, H. et al. (2020). Enriched feeds with iodine and 
selenium from natural and sustainable sources to modulate 
farmed gilthead seabream (Sparus aurata) and common carp 
(Cyprinus carpio) fillets elemental nutritional value. Food 
and Chemical Toxicology, 140, Article 111330. https://doi.
org/10.1016/j.fct.2020.111330

25. Granby, K., Amlund, H., Valente, L.M.P., Dias, J., Adoff, G., 
Sousa, V. et al. (2020). Growth performance, bioavailability 
of toxic and essential elements and nutrients, and bioforti-
fication of iodine of rainbow trout (Onchorynchus mykiss) 
fed blends with sugar kelp (Saccharina latissima). Food 
and Chemical Toxicology, 141, Article 111387. https://doi.
org/10.1016/j.fct.2020.111387

26. Papazyan, T., Fisinin, V. (2022). Eggs: abundance of vitamins 
and micro nutrients. Animal Husbandry of Russia, 2, 12–14. 
https://doi.org/10.25701/ZZR.2022.02.02.003 (In Russian)

27. Roseland, J.M., Bahadur, R., Pehrsson, P.R. (2022). Iodine 
and vitamin D content and variability in U.S. shell eggs and 
processed eggs. Journal of Food Composition and Analysis, 
105, Article 104166. https://doi.org/10.1016/j.jfca.2021.104166

28. Stevenson, M. C., Drake, C., Givens, D.I., (2018). Further stud-
ies on the iodine concentration of conventional, organic and 
UHT semi-skimmed milk at retail in the UK. Food Chemistry, 
239, 551–555. https://doi.org/10.1016/j.foodchem.2017.06.135

29. Walther, B., Wechsler, D., Schlegel, P., Haldimann, M. (2017). 
Iodine in Swiss milk depending on production (convention-
al versus organic) and on processing (raw versus UHT) and 
the contribution of milk to the human iodine supply. Jour-
nal of Trace Elements in Medicine and Biology, 46, 138–143. 
https://doi.org/10.1016/j.jtemb.2017.12.004

30. Schöne, F., Spörl, K., Leiterer, M. (2017). Iodine in the feed 
of cows and in the milk with a view to the consumer’s iodine 
supply. Journal of Trace Elements in Medicine and Biology, 39, 
202–209. https://doi.org/10.1016/j.jtemb.2016.10.004

31. Niero, G., Visentin, G., Censi, S., Righi, F., Manuelian, C.L., 
Formigoni, A. et al. (2021). Invited review: Iodine level in dairy 
products —  A feed-to-fork overview. Journal of Dairy Science, 
106(4), 2213–2229. https://doi.org/10.3168/jds.2022-22599

32. Flachowsky, G., Franke, K., Meyer, U., Leiterer, M., 
Schöne, F. (2014). Influencing factors on iodine content of 
cow milk. European Journal of Nutrition, 53(2), 351–365. 
https://doi.org/10.1007/s00394-013-0597-4

33. Cabral. J. F., Bánkuti, F.I., Gurgel, A.L.C., Ítavo, L.C.V., 
Sippert, M.R., Osorio, J.A.C. et al. (2022). Iodine concen-
tration in milk evaluated by iodized agents during milk-
ing. Food Science and Technology, 42, Article e41322. 
https://doi.org/10.1590/fst.41322

34. Cakmak, I., Prom-u-thai, C., Guilherme, L.R.G., Rashid, A., 
Hora, K.H., Yazici, A. et al. (2017). Iodine biofortification of 
wheat, rice and maize through fertilizer strategy. Plant Soil, 
418, 319–335. https://doi.org/10.1007/s11104-017-3295-9



181

Dydykin et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2023, vol. 8, no. 3, pp. 172–182

35. Smoleń, S., Skoczylas, Ł., Ledwożyw-Smoleń, I., Rakoczy, 
R., Kopeć, A., Piątkowska, E. et al. (2016). Biofortification 
of carrot (Daucus carota L.) with iodine and selenium in a 
field experiment. Frontiers in Plant Science, 7, Article 730. 
https://doi.org/10.3389/fpls.2016.00730

36. Vetési, V, Záray, G, Endrédi, A, Sandil, S, Rékási, M, Takács, 
T. et al. (2022). Iodine biofortification of bean (Phaseolus 
vulgaris L.) and pea (Pisum sativum L.) plants cultivated 
in three different soils. PLoS ONE, 17(10), Article e0275589. 
https://doi.org/10.1371/journal.pone.0275589

37. Gonzali, O., Kiferle, C., Perata, P. (2017). Iodine biofortifica-
tion of crops: Agronomic biofortification, metabolic engineer-
ing and iodine bioavailability. Current Opinion in Biotechnolo-
gy, 44, 16–26. https://doi.org/10.1016/j.copbio.2016.10.004

38. Szymandera-Buszka, K., Waszkowiak, K., Kaczmarek, A., 
Zaremba, A. (2021). Wheat dietary fibre and soy protein as 
new carriers of iodine compounds for food fortification —  
The effect of storage conditions on the stability of potassi-
um iodide and potassium iodate. LWT, 137, Article 110424. 
https://doi.org/10.1016/j.lwt.2020.110424

39. Ustinova, A.V., Dydykin, A.S., Fedulova, L.V. (2013). Sausage 
products of iodine fortification for baby nutrition. Food In-
dustry, 12, 20–22. (In Russian)

40. Meinhardt, A.-K., Müller, A., Lohmayer, R., Dederer, I., 
Manthey-Karl, M., SMünch, S. (2022). Influence of process-
ing and storage on the iodine content of meat and fish prod-
ucts using iodized salt. Food Chemistry, 389, Article 133092. 
https://10.1016/j.foodchem.2022.133092

41. Zimmermann, M.B. (2009). Iodine deficiency. Endocrine 
 Reviews, 30(4), 376–408. https://doi.org/10.1210/er.2009-0011

42. GDF (Global Fortification Data Exchange). (2021). Map: 
Nutrient Levels in Fortification Standards. Retrieved from 
https://fortificationdata.org/map-nutrient-levels-in-fortifi-
cation-standards/. Accessed February 5, 2023

43. IGN (Iodine Global Network). (2021). Global scorecard of io-
dine nutrition in 2021. Retrieved from https://www.ign.org/
cm_data/IGN_Global_Scorecard_2021_7_May_2021.pdf 
Accessed February 5, 2023

44. Kodentsova, V.M., Vrzhesinskaya, O.A., Risnik, D.V., Ni-
kityuk, D.B., Tutelyan, V.A (2017). Micronutrient  status 
of   population of the Russian federation and  possibility 
of  its  correction. State of the problem. Voprosy Pitaniia, 
86(4),  113–134. https://doi.org/10.24411/0042-8833-2017-00067 
(In Russian)

45. Greis, M., Seppä, L., Venäläinen, E.-R., Lyytikäinen, A., Tu-
orila, H. (2018). Impact of iodized table salt on the sensory 
characteristics of bread, sausage and pickle. LWT, 93, 606–
612. https://doi.org/10.1016/j.lwt.2018.04.009

46. Gunnarsdottir, I., Johannesson, A.J., Torfadottir, J.E., Por-
ta, Z.S., Birgisdottir, B.E., Thorgeirsdottir, H. (2023). Iodine 
intake of two-year-olds and adults in Iceland and estimation 
of the effect of using iodized salt in breads. Laeknabladid, 
109(2), 82–87. https://doi.org/10.17992/lbl.2023.02.730

47. Dydykin, A.S., Zubarev, Yu.N., Logunova, E.I., Aslano-
va, M.A., Derevitskaya, O.K. (2022). State-of-the-art and 
prospects of the development of the normative and tech-
nical regulation in production and turnover of func-
tional foods in the world practice. Vsyo o Myase, 1, 8–15. 
 https://10.21323/2071-2499-2022-1-8-15 (In Russian)

48. Haritonov, V.D. (2018). Deep processing of raw milk ma-
terials and secondary resources. Dairy Industry, 6, 30–31. 
(In Russian)

49. Troshina, Е.А., Senyushkina, Е.S. (2020). Metabolic system-
ic effects triiodothyronine. The Russian Archives of Inter-
nal Medicine, 10(4), 262–271. https://doi.org/10.20514/2226-
6704-2020-10-4-262-271 (In Russian)

50. Dydykin, A.S., Ustinova, A.V., Fedulova, L.V., Vostrikova, 
N.L. (2013). Prospects of additives in meat iodine-containing 
baby foods. Vsyo o Myase, 4, 28–32. (In Russian)

51. Stepycheva  N.  V., Patronova  S.  A. (2020). The curd en-
riched with iodocasein. Dairy Industry, 8, 52–53. https://doi.
org/10.31515/1019-8946-2020-08-52-53 (In Russian)

52. Kovaleva, O.A., Popovicheva, N.N., Zdrabova, E.M., Kiree-
va, O.S. (2020). Prospects for the use of iodinated food com-
posite “Yodonorm” in dairy products. Polzunovskiy Vestnik, 1, 
74–77. https://doi.org/10.25712/ASTU.2072-8921.2020.01.015 
(In Russian)

53. Lisitsyn, A.B., Chernukha, I.M., Bolshakova, L.S., Litvinova, 
E.V. (2013). Chopped meat products enriched “bioiodine” for 
the prevention of iodine deficiency disorders. Vsyo o Myase, 
5, 24–26. (In Russian)

54. Bogatyrev, A.N., Dydykin, A.S., Aslanova, M.A., Fedulova, 
L.V., Ustinova, A.V. (2016). Assessment of the using effective-
ness of iodine containing additives in development of meat 
products for child nutrition. Voprosy Pitaniia, 85(4), 68–75. 
(In Russian)

55. Dagbaeva, T.  Ts., Chirkina, T.F. (2007). Exploring the pos-
sibility of using soy flour as a potential carrier of organic 
 iodine. Journal of the International Academy of Refrigeration, 
4, 48–49. (In Russian)

56. Waszkowiak, K., Szymandera-Buszka, K. (2008). The appli-
cation of wheat fibre and soy isolate impregnated with iodine 
salts to fortify processed meats. Meat Science, 80(4), 1340–
1344. https://doi.org/10.1016/j.meatsci.2008.06.011

57. Belyakova  O.  A., Shipovskaya  A.  B. (2016). Sorption of io-
dine-containing vapor onto chitosan. Russian Journal of Ap-
plied Chemistry, 89(10), 1632–1641. https://doi.org/10.1134/
S1070427216100116

58. Dinyakova, M.V., Ponomarev, E.E., Mamtsev, A.N., Ko-
zlov,  V.N. (2012). Kefir enriched with biologically active 
supplement “Iodinechitosane”. Dairy Industry, 6, 80–81. 
(In Russian)

59. Mamtsev, A.N., Kozlov, V.N., Ponomarev, E.E., Shiyano-
va, N.I. (2016). The influence of the iodine-chitosan com-
plex on processes of free radical lipid peroxidation in vitro. 
 Izvestiya Ufimskogo Nauchnogo Tsentra RAN, 3–1, 140–142. 
(In Russian)

60. Pasko, O. V., Lisin, P.A. (2017). Design of bio-product en-
riched with Fitoyod. Vestnik OrelGAU, 1(64), 115–124. 
https://doi.org/10.15217/48484 (In Russian)

61. Mamcev, A.N. (2007). Industrial technology for the produc-
tion of “phytoiodine” and its preventive effectiveness. Au-
thor’s abstract of the dissertation for the scientific degree of 
Doctor of Biological Sciences. Shhelkovo: VNIITIPB, 2007. 
(In Russian)

62. Solovyova, Y., Batrakova, T., Gubenia, O. (2013). Technolo-
gy bread products which are enriched by iodines. Ukrainian 
Food Journal, 2(3), 360–365. (In Russian)

63. Zaikina, M.A., Kovaleva, A.E., Pyanikova, E.A. (2020). The 
development of a rye-wheat bread recipe using apple iodine 
pectin extract. Proceedings of the Voronezh State Universi-
ty of Engineering Technologies, 82(4), 202–206. https://doi.
org/10.20914/2310-1202-2020-4-202-206 (In Russian)

64. Gorlov, I.F., Gelunova, O.B., Danilov, Yu.D. (2015). Using 
sprouted on iodine and selenium wheat in the manufacture 
of sausage cooked smoked. Current Biotechnology, 2, 4–8. 
(In Russian)

65. Danilov, M.B., Gombozhapova, N.I., Leskova, S.  Yu., Bad-
maeva, T.M. (2015). Development of technology of the meat 
chopped ready-to-cook foods of functional setting. Journal 
of Science and Education of North-West Russia, 1(2), 104–112. 
(In Russian)



182

Dydykin et al. THEORY AND PRACTICE OF MEAT PROCESSING, 2023, vol. 8, no. 3, pp. 172–182

66. Mudarisova, R.K., Badykova, L.A., Novoselov, I.V. (2018). 
 Reaction of arabinogalactan modified by salicylic and 4-amino-
benzoic acids with iodine. Russian Journal of Ge neral Chemistry, 
88(12), 2572–2577. https://doi.org/10.1134/S1070363218120186

67. Kamilov, F. Kh., Konkina, I. G., Kozlov, T.I., Ganeev, T.I., Bady-
kova, L.A., Kryachko, A.N. (2022). Evaluation of the nanosize 
and stability of aqueous dispersions of iodine-containing conju-
gates based on carriers of plant origin, promising for iodine en-
richment of foods. Voprosy Pitaniia, 91(6),  110–117. https://doi.
org/10.33029/0042-8833-2022-91-6-110-17 (In Russian)

68. Almakaeva, L. F., Bayburina, G. A., Bayburina, D. E., Kamilov, 
F. Kh., Grebnev, D. Yu. (2021). Reference and operative spatial 
memory of rats brood with mercazolyl hypothyroidism and 
correction of hypothyroidism with iodine saccharide complex. 
Bashkortostan Medical Journal, 16(2), 46–51. (In Russian)

69. Untoro, J., Schultink, W., West, C.E., Gross, R., Hautvast, J.G. 
(2006). Efficacy of oral iodized peanut oil is greater than that 
of iodized poppy seed oil among Indonesian schoolchildren. 
The American Journal of Clinical Nutrition, 84(5), 1208–1214. 
https://doi.org/10.1093/ajcn/84.5.1208

70. Benmiloud, M., Chaouki, M.L., Gutekunst, R., Teichert, 
H.M., Wood, W.G., Dunn, J.T. (1994). Oral iodized oil for 
correcting iodine deficiency: optimal dosing and outcome 
indicator selection. The Journal of Clinical Endocrinolo-
gy and Metabolism, 79(1), 20–24. https://doi.org/10.1210/
jcem.79.1.8027227

71. Tonglet, R., Bourdoux, P., Minga, T., Ermans, A.M. (1992). Ef-
ficacy of low oral doses of iodized oil in the control of iodine 
deficiency in Zaire. New England Journal of Medicine, 326(4), 
236–241. https://doi.org/10.1056/NEJM199201233260405

72. Ponomarev, E.E., Mamtsev, A.N., Kozlov, V.N., Yarovoy, A.V. 
(2017). Innovative technologies for the production of iodine-
containing complexes: assessment of quality and safety indi-
cators. Saint Petersburg, Limited Liability Company Publish-
ing House Lan, 2017. (In Russian)

73. Khantimirova, R.E., Konkina, I.G. (2020). Optimal condi-
tions for studying the reactions of inulin with iodine. Inter-
nauka, 15–2(144), 13–14. (In Russian)

AUTHOR INFORMATION

Andrey S. Dydykin, Doctor of Technical Sciences, Docent, Head of the Department Functional and Specialized Nutrition, V. M. Gorbatov Federal 
Research Center for Food Systems. 26, Talalikhina str., 109316, Moscow, Russia. Tel.: +7–495–676–95–11 (264), Е-mail: a.didikin@fncps.ru
ORCID: https://orcid.org/0000-0002-0208-4792

Yuriy N.  Zubarev, Deputy Director, V.  M.  Gorbatov Federal Research Center for Food Systems. 26, Talalikhina str., 109316, Moscow, Russia.  
Tel.: +7–495–676–95–11 (110), Е-mail: yu.zubarev@fncps.ru
ORCID: https://orcid.org/0000-0001-6519-4553

Evlaliya I. Logunova, Research Engineer, Department Functional and Specialized Nutrition, V. M. Gorbatov Federal Research Center for Food 
Systems. 26, Talalikhina str., 109316, Moscow, Russia. Tel.: +7–495–676–95–11 (114), Е-mail: e.logunova@fncps.ru
ORCID: https://orcid.org/ 0000-0001-6631-6305
* corresponding author

Yulya A. Kuzlyakina, Candidate of Technical Sciences, Chief Researcher, Department of Technical Regulation and Food Safety Systems, V. M. Gor-
batov Federal Research Center for Food Systems. 26, Talalikhina str., 109316, Moscow, Russia. Tel.: +7–495–676–35–29, Е-mail: yu.kuzlyakina@
fncps.ru
ORCID: https://orcid.org/0000-0002-2152-620X

All authors bear responsibility for the work and presented data.

All authors made an equal contribution to the work.

The authors were equally involved in writing the manuscript and bear the equal responsibility for plagiarism.

The authors declare no conflict of interest.


