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Relevance of the research. Timing, order and sequence of complementary feeding remain the subject of discussion 
until now. The aim of the study. Estimate influence of different outlines of introduction of complementary foods on 
nutritional status and food behavior in children of first year of life. Materials and methods. Examined 96 children 
in age of 4-6 months during introduction of complementary foods. Main group  – 50 children (27 breast-feed (BF) 
children and 23 on milk formulas (MF)), in whose diet were introduced only complementary foods, which were made 
in special factories. Comparison group  – 46 children (33  – BF and 13  – MF) received complementary foods made 
at home and in special factories. Duration of follow-up was 3 months. Physical examination, mother’s diary analysis, 
evaluation of tolerance of complementary foods, bacteriological examination of feces. Results. On the background 
of introduction of complementary foods in the main group, increased the number of children with normal fatness 
(BF  from 66.8% to 74.2%, MF from 82.7 to 88.4%), in comparison group, their number decreased (BF from 84.8% to 
78.8%, MF from 69.3 to 62.3%). In the main group when a child refuses a product, mother continues offer it insistently. 
61.5% of children began to eat unloved product at the end of first year of life. In comparison group, where mother 
changed unloved product at once, only 25% of children began to relate to it positively. In the main group dyspeptic 
disorders were mild in 4% of children. In in comparison group prevailed diarrheal syndrome, related to contamination 
with pathogenic strains of E. coli in 13% of children. Conclusions. Using of industrial made complimentary foods ac-
cording to the optimal order, with determined mothers perseverance provides equalization of fatness, allows to form 
a correct food behavior and decreases risk of intestinal colonization by pathogenic microorganisms.

Keywords: children; complementary foods; nutritional status; food behavior; dyspeptic disorders.

Прикорм — важная составляющая рациона ребенка:  
влияние на здоровье и Пути оПтимизации
© Е.М. Булатова 1, Н.М. Богданова 1, А.М. Шабалов 1, В.А. Ражева 2, И.А. Гаврина 3

1 ФгБоУ Во «санкт-Петербургский государственный педиатрический медицинский университет» Минздрава россии; 
2 лПУ «родильный дом № 2», санкт-Петербург; 
3 сПбгБУЗ «городская поликлиника № 4», санкт-Петербург
Для цитирования: Булатова Е.М., Богданова Н.М., Шабалов А.М., и др. Прикорм — важная составляющая рациона ребенка: 
влияние на здоровье и пути оптимизации // Педиатр. – 2018. – Т. 9. – № 2. – С. 22–29. doi: 10.17816/PED9222-29

Поступила в редакцию: 30.03.2018 Принята к печати: 18.04.2018

Актуальность исследования. Сроки, порядок и последовательность введения в рацион детей продуктов прикор-
ма до настоящего времени остаются предметом для дискуссии. Цель исследования: оценить влияние различных 
схем  введения продуктов прикорма на нутриционный статус и пищевое поведение детей первого года. 
Материалы  и  методы.  Обследовано 96 детей 4–6 мес. на фоне введения прикорма: основная группа  — 50 детей 
(27 на грудном  вскармливании (ГВ) и 23 на искусственном вскармливании (ИВ)), в рацион которых вводили только 
продукты прикорма промышленного производства; группа сравнения — 46 детей (33 — ГВ и 13 — ИВ), которые полу-
чали прикорм преимущественно домашнего приготовления. Продолжительность наблюдения составила 3 месяца. Всем 
детям проведено физикальное обследование, проанализирован «дневник наблюдения матери», выполнены оценка 
переносимости продуктов прикорма, бактериологическое исследование кала. Результаты. На фоне введения прикорма 
в основной группе увеличилось количество детей с нормальной упитанностью (ГВ: с 66,8 до 74,2 %; ИВ: с 82,7 до 
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88,4 %), а  в  группе сравнения их количество уменьшилось (ГВ: с 84,8 до 78,8 %; ИВ: с 69,3 до 62,3 %). В основной 
группе при отказе ребенка от определенного продукта мама продолжала настойчиво его предлагать — 61,5 % детей 
к концу исследования стали с  удовольствием есть данное нелюбимое блюдо. В группе сравнения, где мама практи-
чески сразу меняла предлагаемый продукт, только 25 % детей стали положительно относиться к нелюбимому блюду. 
В основной группе диспептические нарушения были легкими у 4 %, а в группе сравнения преобладал диарейный 
синдром, обусловленный контаминацией детей патогенными формами E. coli — у 13 %. Выводы. Использование про-
дуктов прикорма промышленного производства по оптимальной схеме с определенной настойчивостью со стороны 
матери обеспечивает «выравнивание» показателей упитанности, позволяет сформировать правильное пищевое по-
ведение и снижает риск колонизации кишечника патогенными микроорганизмами.

Ключевые слова: дети; прикорм; нутриционный статус; пищевое поведение; диспептические нарушения.

BACKGROUND
The terms, order, and sequence of the introduction 

of qualitatively new food products (complementary 
foods) into a baby’s diet have remained debatable until 
now among both pediatricians and parents. Accord-
ing to the definition, all products are complementary 
foods, except for human milk and infant milk formula, 
and they are used to supplement the diet with nutrients 
necessary to ensure the further growth and develop-
ment of the child [1]. In addition to the nutritional 
component, the adequate and timely introduction of 
foods and complementary foods during critical peri-
ods of child growth stimulates certain segments of 
the brain responsible for the functions of taste, ol-
faction, and recognition; moreover, this introduction 
lays the foundations and habits of healthy nutrition 
for many years. The development of healthy eating 
habits helps prevent alimentary-dependent diseases, 
particularly obesity and metabolic syndrome, in adult-
hood [3, 5].

This study aimed to evaluate the influence of various 
schemes of the introduction of complementary foods on 
nutritional status and the formation of eating behaviors 
in children during the first year of life.

MATERIALS AND METHODS
This work was conducted at the St. Petersburg 

state healthcare institution City Polyclinic No. 35 in 
the Moscow district of St. Petersburg and utilized an 
open, prospective study design that enrolled practically 
healthy children aged 4–6 months. The children were 
followed up for an average of 3 months.

Children were enrolled in this study after the par-
ents signed informed consent, and the ethical board 
at the St. Petersburg state healthcare institution City 
Polyclinic No. 35 of the Moscow district of St. Pe-
tersburg approved the design of the study with its 
decision No. 4 of January 10, 2014.

The study group consisted of 50 children (26 
boys and 24 girls), 27 of whom were breastfed (BF) 
and 23 received artificial feeding (AF); their parents 
had signed an agreement to strictly follow the rec-
ommendations provided by the medical investigator. 

Only complementary foods of industrial production 
were introduced into the diet of the children in this 
group.

The comparison group included 46 children 
(26 boys and 20 girls), 33 of whom were BR and 
13 received AF. Children of this group received both 
homemade (predominantly) and industrial production 
complementary foods.

Children in the surveyed groups were comparable 
by gender, age, and weight–height ratios.

The children’s health was assessed according to a 
combination of physical examination and data from 
the “mother’s diary.”

The criteria for tolerability of the products intro-
duced included a change in appetite, a refusal to take 
the product, the condition of the skin and visible mu-
cous membranes, and the appearance or intensification 
of regurgitation, colic, flatulence, changes in defeca-
tion frequency, and stool consistency.

Additionally, a bacteriological study of all the chil-
dren’s feces was conducted at both the beginning and 
end of the study.

Six children from the study group discontinued par-
ticipation of the study because of acute intercurrent 
diseases and non-fulfillment of the recommendations 
regarding the dates of the follow-up examinations to 
the medical investigator.

Statistical processing of the obtained results was 
performed using Statistica 7 for Windows. For the 
qualitative evaluation of the frequency of the sign 
in the groups studied, Pearson’s chi-squared test was 
performed. Differences were considered significant 
at p < 0.05.

RESULTS
The introduction of the first complementary prod-

uct in both groups occurred at the same time and 
did not depend on the type of feeding; in the study 
group, complementary food was first introduced at 
153.68 ± 20.1 days, whereas it was first introduced 
at 151.65 ± 23.7 days in the comparison group. The 
products were introduced by considering the physi-
ological and constitutional characteristics of the child 
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and individual tolerability and by observing all the 
rules of introducing complementary foods in accor-
dance with existing recommendations.

Introduction of complementary starter products
The first complementary feeding product was cho-

sen by considering the functional characteristics of the 
gastrointestinal tract and the nutritional status of the 
child. Children with a low body mass index, single 
regurgitation, episodic colic and flatulence, and who 
were absolutely healthy were first introduced grain 
complementary food (porridge): the study group re-
ceived dairy-free buckwheat porridge, and the com-
parison group received dairy-free and milk porridge 
of industrial production and homemade porridge with 
equal frequency. In children with increased body 
mass indexes or difficult bowel movements, a mono-
component vegetable puree (squash, broccoli, and 
cauliflower) was suggested as a starting product for 
complementary foods.

Subsequent introduction of complementary foods
In the study group, meat puree was given to all 

children at the age of 6–6.5 months, and it was gener-
ally the third complementary product introduced (67%). 
Fruit puree and pumpkin were given last, after the in-
troduction of porridge, vegetable, and meat puree, at 
the age of 7.5–8 months. During the observation period, 
6 to 12 mono-component complementary foods of in-
dustrial production were introduced into the diet. The 
variation in the number of products introduced was 
due to the individual intolerance in a child of any of 
the products.

In the comparison group, meat puree was given to 
children much later, at the age of 6.5 to 8 months. In 
most cases (68%), before the inclusion of meat puree, 
parents independently started to give homemade fruit 
and berry puree to the children.

All children received three to four daily meals of 
complementary foods (by the time of study comple-
tion), which amounted to 400–450 g. These foods in-
cluded porridge (180–200.0 g/day), vegetable puree 
(150–180.0 g/day), meat puree (40–60.0 g/day), and 
fruit puree (60–80.0 g/day). The total daily volume of 
food did not exceed 1000 mL (breast milk or adapted 
milk formula and complementary foods).

Formation of eating behavior
Observations over 10.65 ± 3.65 weeks showed that 

the period of adaptation to complementary foods in 
most children proceeded without abnormalities. In sev-
eral cases, when the baby was acquainted with new 
flavors, most often with the introduction of vegetable 
puree (squash and broccoli) and dairy-free buckwheat 

porridge, the mother recorded in the diary any obser-
vations of refusal or unwillingness of the child to eat 
the proposed product.

In the study group, when the child refused (re-
luctant) to eat the proposed product, the mother con-
tinued to insistently offer the complementary meal; 
consequently, by the end of the study, 8 (61.5%) of 
13 children ate with pleasure a dish that previously 
was unloved. In the comparison group, when the child 
refused to eat the proposed product, the mother almost 
immediately changed the proposed product to another; 
consequently, only one (25%) of the four children be-
gan to take a positive attitude toward the previously 
unloved dish.

Assessment of nutritional status
To objectively assess nutritional status, the Que-

telet index II (body mass index) was calculated. The 
results obtained were interpreted by considering the 
age, gender, and type of feeding in accordance with 
the median (M). Deviation from the median in the 
range of 90%–110% was regarded as a normal nutri-
tional state, a deviation of 111%–120% was regarded 
as an increased level, and a deviation of 85%–89% 
was regarded as a lowered level. The severity of 
protein–caloric insufficiency (PCI) without disturb-
ing protein metabolism was determined; the severity 
was classified on the basis of the following body 
mass index deviations from the median: grade I, 
80%–84%; grade II, 75%–79%; and grade III, ≤74% 
of the median.

Data on the dynamics of the nutritional status in 
children with the introduction of complementary foods 
are presented in Table 1.

The nutritional status assessment in the observation 
groups showed that most of the children, regardless 
of the type of feeding, had a normal nutritional state 
both before the introduction of complementary foods 
and after their introduction. When complementary 
foods were introduced in the study group, there was 
an increase in the number of children with a normal 
nutritional state (for BF, from 66.8% to 74.1%, and 
for AF, from 82.7% to 88.4%) with a decrease in the 
number of children with high and insufficient nutri-
tional states (lowered level and PCI grade I).

In the comparison group, opposite data were noted. 
The number of children with a normal nutritional sta-
tus decreased (for BF, from 84.8% to 78.8%, and for 
AF, from 69.3% to 62.3%), whereas the number of 
children with an excessive nutritional state increased 
almost twofold, particularly among children who had 
been BF (from 9% to 15.2%). The proportion of chil-
dren with insufficient nutritional states (reduced level, 
PCI grade I) was practically unchanged.
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Index /
Показатель

Main research group /
Основная группа

Comparison group in the study /
Группа сравнения

Before the introduction 
first complementary 

product /
До введения первого 
продукта прикорма

On the background 
introduction of comple-

mentary foods  
(in 10.65 ± 3.65 weeks) /

На фоне введения 
продуктов прикорма 

(через 10,65 ± 3,65 нед.)

Before the introduction 
first complementary 

product /
До введения первого 
продукта прикорма

On the background 
introduction of comple-

mentary foods  
(in 10.65 ± 3.65 weeks) /
На фоне введения про-
дуктов прикорма (через 

10,65 ± 3,65 нед.)

BF
n = 27

MF
n = 23

BF
n = 25

MF
n = 19

BF
n = 33

MF
n = 13

BF
n = 33

MF
n = 13

Increased nutritional status /
Повышенная упитанность, % 18.6* 4.3* 17.3 – 9* 23* 15.2 30

Normal nutritional status / 
Нормальный уровень упи-
танности, %

66.8 82.7 74.1 88.4 84.8 69.3 78.8 62.3

Reduced nutritional status / 
Пониженная упитан-
ность, %

3.7 8.7 4.3 5.8 6.2 – 3 –

Protein-caloric insufficiency 
I degrees /
Белково-калорийная недо-
статочность I степени, %

10.9 4.3 4.3 5.8 – 7.7 3 7.7

* the reliability of differences within the group between children on BF and MF before the introduction of complementary foods 
(р < 0.05). BF – breast-feeding, MF – children on milk formulas;
* достоверность различий внутри группы между детьми на грудном и искусственном вскармливании до введения про-
дуктов прикорма (р < 0,05). BF — грудное вскармливание, MF — искусственное вскармливание

Table 1 (Таблица 1)
Dynamics of nutritional status in children on the background of the introduction complementary foods  
Динамика нутриционного статуса у детей на фоне введения продуктов прикорма 

On the basis of the data presented, the use of bal-
anced foods for complementary products of industrial 
production, and the optimal algorithm for introduc-
ing products, ensures the “equalization” of nutritional 
state rates. This effect can be considered protective in 
terms of the development of obesity and metabolic 
syndrome.

Functional digestive disorders in children in the 
observation groups

The children examined mostly had a combination 
of two and rarely three syndromes of moderately se-
vere functional disorders of digestion (63% in the study 
group and 70% in the comparison group, p > 0.05). 
The regurgitation syndrome was noted most often in 
children in both groups, both before the introduction of 

complementary foods (28% in the BF group and 21.7% 
in the AF group) and after their introduction (12.5% in 
the BF group and 13.8% in the AF group).

The dynamics of the frequency of functional diges-
tion disorders in children after complementary food 
was introduced is presented in Table 2.

As shown in the table, by the end of the third 
month of consuming complementary foods, virtually 
all the syndromes of functional disorders of the diges-
tive organs were eliminated, except for regurgitation 
syndrome. However, the introduction of complemen-
tary foods of industrial production more than halved 
the incidence of regurgitation syndrome (p < 0.05). 
Notably, the mothers of children of the study group 
adhered to the recommendations on the choice and 
sequence of the introduction of complementary foods, 
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Syndrome /
Синдром

Main research group /
Основная группа

Comparison group in the study /
Группа сравнения

Before the introduc-
tion first complementary 

product /
До введения первого 
продукта прикорма

On the background 
introduction of com-

plementary foods 
(in 10.65 ± 3.65 weeks) /
На фоне введения про-

дуктов прикорма  
(через 10,65 ± 3,65 нед.)

Before the introduc-
tion first complementary 

product /
До введения первого 
продукта прикорма

On the background  
introduction of comple-

mentary foods  
(in 10.65 ± 3.65 weeks) /
На фоне введения про-

дуктов прикорма  
(через 10,65 ± 3,65 нед.)

n = 50 % n = 44 % n = 46 % n = 46 %

Regurgitations /
Срыгивания 14 28* 5 11.4* 10 21.7 6 13.8

Colic /
Колики 7 13 0 – 4 7.7 0 –

Flatulence /
Метеоризм 4 8 0 – 3 6.8 0 –

Infant dishezia /
Младенческая 
дисхезия

6 12 1 2.3 5 12.2 1 3

* р < 0.05 – the reliability of differences between the children of the main group before the introduction of complementary foods 
and the introduction of complementary foods;
* р < 0,05 — достоверность различия между детьми основной группы до введения продуктов прикорма и на фоне введе-
ния продуктов прикорма

Table 2 (Таблица 2)
Dynamics of the frequency of functional disorders of digestion in children against the background of the introduction 
of complementary foods 
Динамика частоты функциональных нарушений пищеварения у детей на фоне введения продуктов прикорма

which contributed to a faster elimination of syndromes 
of functional disorders in their children.

Individual tolerance of complementary foods
Food intolerance reactions occurred with almost 

the same frequency in children of both groups: in the 
study group, 15 (30%) of 50 children experienced in-
tolerance, and in the comparison group, 13 (28.3%) of 
46 children experienced intolerance. In the 15 children 
of the study group who experienced food intolerance, 
skin manifestations were recorded in nine children, 
whereas intestinal manifestations were observed in six. 
Of the nine children (18%) with a skin reaction due to 
food intolerance (the appearance of minor hyperemia 
of the skin and punctate rash), three had burdened 
allergological anamnesis, three had manifestations of 
atopic dermatitis in the form of insignificant dryness 
of the skin and scaling in the cheeks, and three chil-
dren had mild symptoms of atopic dermatitis in the 

anamnesis, which were absent at the time the chil-
dren were enrolled in the study. With the occurrence 
or increased manifestations of atopic dermatitis, the 
cause-significant product was withdrawn. With fad-
ing (decrement of the allergic process) of the rash, a 
full substitution was selected from food products of 
industrial production.

We noted the reactions of food intolerance to the 
following complementary products of industrial pro-
duction: buckwheat porridge with omega 3 fatty ac-
ids (n = 4), cauliflower (n = 2), pumpkin (n = 2), and 
squash (n = 1).

Dyspeptic disorders in children of this group were 
characterized by a short-term change in defecation 
(difficulty or increase of frequency) and minimal clini-
cal manifestations. Thus, when a vegetable puree from 
squash was the first product of complementary foods 
introduced with an increase in volume of 20–30 g, 
the mother recorded the absence of an independent 
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defecation in her child for 1 to 2 days. This situation 
was noted in 4 (8%) of 50 children. The frequency 
of defecation in all children was restored 2 to 3 days 
after the withdrawal of this product.

An increase in defecation frequency (by one to 
three defecations) and stool softening was recorded 
in 2 (4%) of 50 children. In one case, this increase 
was due to the introduction of prunes and, in another 
case, the introduction of pumpkin.

After analyzing each specific situation in children 
with intestinal disorders, we assumed that a change 
in the frequency of defecation was not only a reac-
tion to the product itself but also a reaction to the 
fillers included in this complementary meal. Because 
of its high fiber content, squash usually causes stool 
softening. The presence of cornmeal in the vegetable 
mash with squash as a form-maker, even in a small 
volume, could lead to a reduction in the frequency 
of defecation.

In one child of this group with mild diarrhe-
al syndrome without intoxication, the enterocolitis 
was caused by enteropathogenic Escherichia coli 
(E. coli O-6) that was isolated during the final bac-
teriological study. All these dispeptic abnormalities 
occurred in children in the BF group. In this regard, 
it is possible that in some cases, a violation of the 
diet by the mother herself led to the above symptoms.

In the comparison group, 13 (28.3%) of the 46 
children had a negative reaction to complementary 
foods. Manifestations of food hypersensitivity in the 
form of a finely spotted pink or morbilliform rash 
with localization on the face, chest, or lower legs 
were found in 7 (15.2%) of the 46 children. Erup-
tions were more often observed with the introduction 
of milk porridge, jelly, fruit (apricot and peach), or 
berry puree (garden strawberries, strawberries, rasp-
berries, and black currants), which were homemade. 
Dyspeptic disorders (stool softening and increase of 
frequency) were noted in 6 (13%) of the 46 children.

Results of the bacteriological study
A bacteriological study of feces was performed for 

all children in both groups twice –  before the introduc-
tion of complementary foods and immediately after the 
period of complementary food introduction.

As mentioned above, in the study group, the patho-
genic flora inoculation (E. coli O-6) was registered in 
one child at the final examination. Another finding 
was revealed in the bacteriological examination of the 
comparison group. In the final bacteriological study 
of feces from children in this group, pathogenic flora 
was found in nine cases (19.5%). This was due to 
the inoculation of enteropathogenic E. coli O-6 and 
E. coli O-75.

Of the nine children who were inoculated with this 
pathogenic flora, six had clinical symptoms of mild 
enterocolitis (diarrhea syndrome without manifesta-
tions of intoxication), whereas no clinical manifesta-
tions of intestinal infection were recorded in three 
children, which enables us to regard this situation as 
an asymptomatic contamination by causative agents 
of colibacillosis.

Thus, in the study group, dyspeptic disorders in 
children were mild and unstable (decrease/increase in 
defecation and stool softening), and in the comparison 
group, diarrhea syndrome caused by the contamination 
of children with pathogenic forms of E. coli prevailed.

The contamination of children in the comparison 
group likely occurred through complementary home-
made foods.

DISCUSSION
Studies conducted in recent years indicate that the 

nutrition status of a child at any period of life affects 
not only growth and development but also the health 
status as a whole. The antenatal and “breastfeeding” 
periods of life are fundamental. The nutrition of a 
pregnant woman, a lactating mother, and a child dur-
ing the first year of life “programs” the metabolism 
in such a way that some of its disorders can increase 
the risk of developing several diseases, particular-
ly obesity and metabolic syndrome [4, 7–10, 13]. 
Clinical studies of large groups of children have 
revealed that not only low birth weight but also 
high growth rate and excessive weight gain in the 
first year of life with a high degree of reliability are 
accompanied by a higher accumulation of fat with a 
decrease in the protein component of body weight, 
a violation of the sensitivity of cells to insulin, and 
a decrease in bone density, which are prerequisites 
for the development of arterial hypertension, obe-
sity, diabetes, and osteoporosis in the adult period 
of life [16, 17].

When analyzing the data obtained during our 
study, it was revealed that the introduction of com-
plementary foods of industrial production during the 
first year of a child’s life should have a balanced 
composition of both major and minor nutrients. Ad-
ditionally, the selection of these products should 
consider the individual characteristics of the child; 
moreover, the mother’s patience in the organization 
of complementary food provides an “equalization” of 
nutritional state rates, the normalization of the func-
tions of the gastrointestinal tract, and the generation 
of proper eating behaviors. The revealed positive ef-
fects of complementary foods of this category include 
preventing the development of obesity and metabolic 
syndrome in the future [6].
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The intestinal microbiota plays an important role 
in the formation of immunity in the postnatal period 
since it is the primary stimulus for the activation of 
congenital immunity and the development of acquired 
immunity. Any violations in the formation of micro-
biocenosis, particularly during the introduction of 
complementary foods, will contribute to an increase 
in food hypersensitivity, including food sensitization. 
There is evidence that the composition of complemen-
tary foods, the timing and sequence of their introduc-
tion, and the balance of the diet affect the formation 
of the intestinal microbiome [11, 14, 15, 17].

In our study, the introduction of complementary 
foods was accompanied by the development of minor 
dyspeptic disorders, which could indirectly indicate 
both individual food hypersensitivities and dynamic 
changes in the composition of the intestinal microbio-
cenosis [2]. Absolute confirmation of the development 
of intestinal contamination with pathogenic microorgan-
isms was demonstrated by the inoculation of entero-
pathogenic E. coli in every fifth child from the group 
of children receiving complementary homemade foods.

A balanced composition and enrichment of indus-
trial products with biologically active nutrients (vita-
mins, trace elements, PUFAs, prebiotics and probiot-
ics) imparts children with functional food products 
that have a proven positive effect on the body [12].

CONCLUSIONS
The use of complementary foods of industrial 

production during the first year of a child’s life in 
accordance with the optimal scheme, combined with 
the mother’s persistence to introduce “unloved” prod-
ucts, ensures “equalization” of nutritional state rates, 
normalizes the functions of the gastrointestinal tract, 
generates correct eating behaviors, and significantly 
reduces the risk of pathogenic microorganisms colo-
nizing the child’s intestines.
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