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Abstract: The main aim of this study was to identify the food sources of energy and 28 nutrients from
cereals and cereal products in the average Polish diet based on data from a nationally representative
sample of the Polish population attending in 2016 Household Budget Survey (i.e., 36,886 households).
The contribution of energy and nutrients from cereals and cereal products were compared with
reference values. The detailded analysis included five main groups and nine sub-groups of cereal
food category. Our findings indicated that cereals and cereal products contributed 30.4% of total
dietary energy supply, providing a significant percentage of six nutrients to the average Polish
diet (i.e., 64.1% of manganese, 51% of carbohydrates, 48.5% of dietary fibre, 34.1% of iron, 33.6%
of folate, and 31.3% of copper). Supply at the level of 20-30% was observed for protein, thiamin,
phosphorus and zinc, and at 10-20% for polyunsaturated fatty acids (PUFA), sodium, potassium,
calcium, riboflavin, niacin, and vitamin B6. For other nutrients i.e., total fat, saturated fatty acids
(SFA), monounsaturated fatty acids (MUFA), cholesterol, iodine, vitamins: A, D, B12, and C, the share
of cereals and cereal products contribution was below 10%. Cereals and cereal products were the
major food category in meeting the reference values for the Polish population in case of manganese,
carbohydrates (approximately 100%), and sodium (50%). The reference values was reached at the
level of 30-40% for dietary fibre, protein, iron, copper, zinc, phosphorus and thiamin, and 20-30% for
energy, magnesium, folate, niacin, riboflavin, vitamins B6 and E. For such nutrients as total fat, SFA,
and potassium, the fulfillment of the reference values amounted to 10-20%. Our results document
the importance of cereals and cereal products in the Polish diet, which should be emphasized from a
nutritional and health point of view.

Keywords: cereals; cereal products; energy intake; nutrient intake; food sources; household
budget survey

1. Introduction

Cereals and cereal products are staple foods in most human diets [1-3], in both developed
and developing countries, providing a major proportion of dietary energy and nutrients. They are
composed of approximately 75% carbohydrates, mainly starches and about 6-15% protein, contributing
in global terms more than 50% of energy supply [4]. The importance of cereals and cereal products is
also supported by the fact that global food security depends to the greatest degree on cereal production,
which yearly amounts to approximately 2600 million tons [5].

The role of cereals and cereal products are frequently analyzed in the scientific literature in
relation to the level of consumption and the nutritional value [6-8]. Some cereal products (breads,
rolls and tortillas, ready-to-eat cereals, quick breads and bread products) are described as contributors
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of folate, iron, thiamin, niacin, dietary fibre [6], manganese and zinc [9,10]. Consumption of whole
grain cereal products is associated with higher diet quality and nutrient-dense foods delivering
protein, lipids, B vitamins (including thiamin, niacin, riboflavin), vitamin E, and minerals (calcium,
magnesium, potassium, phosphorus, iron, and sodium) [7]. The bioavailability of manganese should be
emphasized [11] due to its role in metabolic processes [10,12-17] as well as the functioning of nervous,
immunological and reproductive systems [14-16]. Many studies have described the negative effect of
phytates, which are natural substance found in cereals and cereal products, on the bioavailability of
minerals and trace elements. The interaction between phytic acid and minerals should be taken into
consideration to ensure high bioavailability and adequate supply of them [11].

Currently, the importance of cereals in the diet, particularly wholegrain ones, is being explored
due to the presence of dietary fibre and bioactive compounds. Dietary fibre components are unevenly
distributed in a grain and their highest concentration occurs in the outer tissues [18]. Whole kernel or
coarsely milled grains contain more dietary fibre and phytochemicals with potential anti-inflammatory
and antioxidant properties than refined grains [19]. On the basis of a series of systematic reviews
and meta-analyses, it can be stated that there is substantial epidemiologic evidence that dietary
fibre and wholegrain foods are associated with decreased risk of diet-related non-communicable
diseases (DRNCD) [20-24]. Diet with high levels of dietary fibre and whole grains result in reduced
risk of all-cause and cardiovascular related mortality [21-23,25-28], atherosclerotic cardiovascular
diseases [21,23,29-33], ischemic stroke [27,32,34], type 2 diabetes [21,23,30,33,35,36], obesity [29], and
some types of cancers [21,23,27,30,33,37,38]. Dietary fibre and resistant starch provide substrate for
colonic microbial fermentation, leading to the production of short chain fatty acids that are a direct
energy source for the colonic epithelium and influence hepatic insulin sensitivity [18]. The importance
of dietary fibre in the prevention of colorectal cancer remains controversial. However, studies
conducted on large population samples showed that high intakes of dietary fibre, especially from grains,
cereals, and whole grain cereal foods are associated with reduced risks of colorectal [23,28,39-42] and
gastric cancer [33,41]. Many other studies strengthen the evidence for dietary fibre protective role
in the prevention of colon and/or rectum cancer [43-47]. An inverse association has been observed
between consumption of whole grains and cereal fibre and a reduction of total and cause-specific
mortality [25]. However, according to the newest World Cancer Research Fund International report
the role of whole grains consumption in reducing the risk of colorectal cancer is not yet convincing.
However, scientific findings have allowed the statement that whole grains probably decrease the risk
of these types of cancer [48].

The importance of cereals, especially whole grains, in the prevention of the DRNCD is especially
important due to the three stages of the nutrition transition process which are revealed in changing
dietary patterns and lifestyle resulting from rapid economic growth [4,49]. The first stage has occurred
in both developed and developing countries and is known as the “expansion” effect [50] or “receding
famine” with higher consumption of cheaper food of vegetable origin: starchy, low fat, high dietary
fibre and low variety [49]. This is accompanied by improvements in food availability and the significant
rise in dietary energy supply observed globally and the gradual elimination of dietary deficiencies,
thus improving the overall nutritional status of the population [4]. The second stage (“substitution
effect”) results in a shift in the structure of food consumption with no major change in the overall
energy supply. This shift is primarily from carbohydrate-rich staples to vegetable oils, animal products
and sugar [51]. In the second stage DRNCDs predominate, as a result of an energy-dense diets that are
high in total fat, cholesterol, sugar and other refined carbohydrates, and low in polyunsaturated fatty
acids and dietary fibre, that are often accompanied by an increasingly sedentary lifestyle [49]. Rapid
urbanization has become the main driving force behind this qualitative nutrition transition stage,
followed by technological changes, facilitating work and leisure, food processing development, mass
media growth [49,52], food marketing, and the policies of trade liberalization [51]. The prevalence
of diet-related diseases together with global population growth and the imbalance of ecosystems
determine the shift to the next stage of nutrition transition. To change diet to being more sustainable,
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which are profitable both for the people and the planet is the immediate challenge. The EAT-Lancet
Commission, a multinational initiative launched for food system transformation, describes an universal
healthy reference diet based on sustainable consumption rules. This diet focuses on an increase in
consumption of healthy foods, such as vegetables, fruits, whole grains, legumes, and nuts, and a
decrease in consumption of unhealthy foods, such as red meat, sugar, and refined grains that would
provide major health benefits [53].

In terms of the importance of cereals and changes in food consumption patterns, it should be
highlighted that the analysis of energy and nutrient sources is crucial to assure the adequate nutritional
quality of diets. The aim of this study was to identify food sources of energy and 28 nutrients from
cereals and cereal products based on data from a representative sample of the Polish population drawn
by the Central Statistical Office for the purpose of Household Budget Survey in 2016. The results of the
contribution of energy and nutrients were compared with reference values for the Polish population.

2. Methods

2.1. Study Overview

Sources of energy and nutrient supply from cereals and cereal products were studied. The
analysis covers energy and 28 nutrients: carbohydrates, dietary fibre, protein, total fat, saturated fatty
acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA), cholesterol,
calcium, phosphorus, sodium, potassium, magnesium, iron, zinc, copper, manganese, iodine, thiamin,
riboflavin, niacin, folate, and vitamins B12, B6, A, D, E, and C.

The research process is presented in Figure 1 and described in Sections 2.2-2.6.

2.2. Sample Selection Method

The Household Budget Survey (HBS), a representative method of data collection in Poland is
organized and conducted by the Central Statistical Office, Social Surveys and Living Conditions
Statistics Department in cooperation with the Regional Statistical Office in £6dz. In 2016, 36,886
households (total number of persons n = 99,230) participated in the HBS [54]. Each household kept
records of expenditures, quantitative consumption and revenues in a special budget diary (paper
booklet or electronic version available through Internet browser) for one month [54,55]. Surveys of
households are conducted using a representative method based on a random sample, which gives
the opportunity to generalize the obtained results for all households in the country. Since 1993, the
HBS has been conducted using a total monthly rotation in a quarterly cycle. The “quarterly cycle”
involves an additional interview conducted with households surveyed at the end of the quarter [54,55].
Additionally, in the case of non-response, the methods of a random replacement of households and
sequential sampling were applied. For this purpose, the Central Statistical Office (CSO) uses two lists of
households (first selection and reserve) to achieve the planned sample size and representativeness [55].
Detailed information related to sample selection process was published in our previous studies [56,57].

The data on each household participating in the survey are based on the “Household Budget
Diary” and the questionnaire “Household’s Statistical Sheet”. The household budget survey is
conducted by interviewers who are employees of statistical offices in voivodships (administrative
regions of Poland; in EU statistics they correspond to NUTS2 type units). Their main tasks are as
follows [54]:

e  to visit every household at least four times a month, give instructions how to collect data and
explain doubts;

e to conduct an interview in every household at the end of the month on income, expenses and
living conditions;

e  to collect, control and analyze the data recorded by the household;

e to enter data into the CSO system;
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e to conduct interviews in quarterly cycle regarding household equipment, fixed assets and
real estate.

Central Statistical Office 1. Random selection of areas survey points based on
(CSO) the list of statistical regions developed in Poland
Household Budget Survey for National Census purposes
(HBS) 2. Random selection of representative sample of
(Section 2.2) households

U
Data base of 36,886 households (Section 2.3)
- quantity of purchase and consumption of food products in 91 sub-groups

(in grams, kilograms, liters) per month in each household

Iy

Conversion of consumption into one person per month in each household
(Section 2.3)

1. “Nutritive Value Tables for Foods and Meals” (4th ed.)
2. R program (v 3.0.2)
(Section 2.4)

Energy and nutrient content in consumed food products in 91 sub-
groups in each household

in kcal, g, mg, ug per day

(Section 2.4)

4

Average energy and nutrient content in sub-groups

in kcal, g, mg, ug per person per day
(Section 2.4)

Food grouping: 91 sub-group, 42 main groups and 13 food
categories
(Section 2.5)

Energy and nutrient contribution (in kcal, g, mg, ug) to the average
Polish diet

from each sub-group and main group

from each food category

(Section 2.6)

U

Average energy and nutrient contribution (in %) to the average Polish
diet

from each sub-group and main group
from each food category
(Section 2.6)

Figure 1. Research process.
2.3. Food Consumption Data

The basis for the calculations was the detailed data from each of the 36,886 households with
information characterizing households (i.e., location, income, education level, etc.) and data on
purchased and consumed products in terms of quantity (in grams, kilograms, liters) and value (in
Polish zloty). Food grouping was presented in our previous article [57] and is included in Supplemental
Table S1. Data on the consumption were converted into one person per month, using the number
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of persons in the household and the number of days of in-home nutrition. According to the CSO
methodology, the moment of consumption of food products is the moment of their acquisition by a
household. For each of the 91 sub-groups we have received the amount of consumption expressed
in grams, kilograms or liters per 1 person per one month and day. These data were the basis to
determine the nutritional density of the average Polish diet [58], and to identify the food sources of
nutrients [56,57].

In this study we analyzed cereals and cereal products as a source of energy and 28 nutrients.

2.4. Energy and Nutrient Content—Statistical Calculations and Method

To convert the amount of consumption of a particular food product expressed in grams, kilograms
and liters into energy (in kcal) and nutrients content (in mg, pug) we used:

1.  “Nutritive Value Tables for Foods and Meals” (4th ed.) [59]—the official in Poland food
composition tables;

2. Rprogram (v 3.0.2, The R Foundation for Statistical Computing, Vienna, Austria), system and
environment for statistical computation [60-62].

Such a conversion was made for each of sub-groups in two stages: first for each household, and
then as an average value per statistical person in each household.

The “Nutritive Value Tables for Foods and Meals” [59] were developed and updated in 2017
by the National Food and Nutrition Institute. From the database of 1100 products and assortment
items, we used 930 products. The average energy and nutrient content were calculated considering, if
necessary, the weights resulting from the known or estimated proportion of the consumption of the
product relative to the others in the group [58].

The R environment is a computer language and an integrated software facility for data calculation,
implementation of statistical techniques and graphical display [60-62]. It allows the integration
of the HBS database and data from “Nutritive Value Tables for Foods and Meals” to calculate the
average intake of energy and nutrients using special writing functions. The weight of corrections was
implemented to improve the representativeness of the results and account for the size of the household.
This allowed us to consider the results as being representative for the population of Poland [58,63].

In addition, energy and nutrient supply were compared to the reference values. For this purpose,
we used the reference values for energy and nutrients for the Polish population, developed and
published by the National Food and Nutrition Institute [64]. Results were presented as a percentage of
fulfillment of the reference values for energy and 28 nutrients.

2.5. Food Grouping

Food products were aggregated into 91 sub-groups, 42 main groups and 13 categories (Table S1).
The classification has been modified and published previously [54,65-68]. For this study the food
category “cereals and cereal products” was broken into five main and nine sub-groups as shown in
Table 1.

2.6. Results Format

For the purpose of this study, the level of supply of energy and 28 nutrients were calculated for
one cereal food category; five main groups; and nine detailed sub-groups.

The mean nutrient intake from these foods was expressed as a percentage of the total dietary
intake of the analyzed nutrient and ranked in descending order. A three-stage method of presenting
the results was adopted:

(1) the amount of consumption of cereals and cereal products—Section 3.1
(2) the amount of intake, the share of main groups from the cereal category in terms of their
contribution to energy and 28 nutrients intake, and the share (%) in fulfillment of reference
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values—Section 3.2 (energy), Section 3.3 (macronutrients), Section 3.4 (minerals), and Section 3.5
(vitamins)

(3) share of five main groups and nine sub-groups from the cereal category in terms of their
contribution to intake of energy and 28 nutrients — Supplemental Tables S1-530.

Table 1. Main groups and sub-groups in the category of cereals and cereal products.

Main Groups Sub-Groups

rice

rice, cooked grains -
groats and cereal grains

bread and rolls

bread, rolls, bread products
quick breads and other bread products

asta, macaroni, noodles
pizza, pasta and other flour dishes P

pizza and other flour dishes

o ) wheat flour
flour, bran, cooking ingredients

other flours

ready-to-eat cereals breakfast cereals

3. Results

Average consumption of cereal products is presented in Table 2. Food sources of energy and 28
nutrients from cereals and cereal products are shown in Tables 3-7 and Figure 2, as well as in the
Supplemental Tables S2-S30.

3.1. Cereal and Cereal Product Consumption

Consumption of cereals and cereal products is presented in Table 2. The consumption of these
products is dominated by bread and rolls with a quantity of almost 130 grams per person per day.
Second place in the ranking was taken by products which are substitutes for fresh bread (quick bread
and bread products). It is worth noting that wheat flour turned out to be the third group in terms of
amount consumed. This indicates that the preparation of traditional flour dishes (such as pancakes,
macaroni, many types of dumplings, gnocchi, crumpets etc.), sweet bakes (cakes, pies, cupcakes,

torts, etc.) as well as bread is still practiced in Polish households, especially in small cities and rural
areas [69].

Table 2. Average consumption of cereals and cereal products in Polish households.

Average Consumption

Sub-Groups of Cereal Products g per Person per Month g per Person per Day

bread and rolls 3884 129.5
quick breads and other bread products 984 32.8
wheat flour 719 24.0
pasta, macaroni, noodles 420 14.0
rice 180 6.0
breakfast cereals 166 5.5
groats and cereal grains 142 4.7
pizza and other flour dishes 128 43

other flours 16 0.5
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Table 3. Contribution of energy (%) from main cereal food groups and sub-groups in the average

Polish diet.
Specification Energy, % Main Group Rank  Sub-Group Rank
Bread, rolls, bread products 21.9 1
Bread and rolls 16.4 1
Quick breads and other bread products 5.5 2
Flour, bran, cooking ingredients 34 2
Wheat flour 3.3 3
Other flours 0.1 9
Pizza, pasta and other flour dishes 2.6 3
Pasta, macaroni, noodles 2.1 4
Pizza and other flour dishes 0.5 8
Rice, cooked grains 1.6 4
Rice 0.9 6
Groats and cereal grains 0.7 7
Ready-to-eat cereal (breakfast cereals) 1.0 5 5
Total 30.4

Table 4. Macronutrients, dietary fibre, fatty acids and cholesterol: contribution by cereals and cereal
products to the average Polish, top three main groups and fulfillment of the reference values.

Cereals and Cereal

. Average - Bread, Rolls, Flour, Bran, Pizza, Pasta, Fulfillment of
Nutrients Polish Products in Bread Cooking Other Flour Reference
Diet gormg % Products, % Ingredients, % Dishes, % Values, %
Carbohydrates 270 g 1378 g 51.0 36.3 59 42 103.9
Dietary fibre 176¢g 85¢g 48.5 35.4 44 1) 35.9
Protein 779¢g 186¢g 239 16.5 3.1 2.5 30.0
PUFA 179¢g 96¢g 17.4 13.6 14 1.2 n.a.
Total fat 9%9¢g 28¢g 9.9 8.1 0.4 0.8 11.0
MUFA 374¢g 34¢g 9.1 77 1) 0.8 n.a.
SFA 348¢g 31g 8.2 6.9 0.2 0.8 15.9%
Cholesterol 316 mg 20.2mg 6.4 42 0 2.2 n.a.

(1) The third largest contributor were ready-to-eat cereals with 0.3% for MUFA and 3.2% for dietary fibre; n.a.:
reference value not available.

Table 5. Minerals: contribution by cereals and cereal products to the average Polish diet, top two main
groups and fulfillment of the reference values.

Cereals and Cereal

. Average . Bread, Rolls Flour, Bran, Fulfillment of
Nutrients Polish Diet Products in Bread Cooking Reference Values,
mg or ug % Products, %  Ingredients, % %
manganese 3.1mg 2.0 mg 64.0 48.6 (2) 103.5
iron 10.3 mg 3.5 mg 34.1 249 3.3 30.7
copper 1.1mg 0.4mg 31.3 22.1 2.6 39.0
magnesium 267.3 mg 80.8 mg 30.2 21.0 2) 24.3
zinc 9.8 mg 2.8mg 28.6 21.1 2.3 30.9
phosphorus 1160.2 mg 289.9 mg 25.0 17.6 21 39.3
sodium 3863.8 mg 710.6 mg 18.4 17.5 1) 50.1
potassium 2617.9 mg 435.6 mg 16.6 12.2 14 12.9
calcium 644.1 mg 77.0 mg 12.0 8.8 0.8 6.5
iodine 154.6 ug 10.2 ug 6.6 5.6 0.3 6.3

(1) Second largest contributor were ready-to-eat cereals with 0.5%; (2) Second largest contributor was rice and
cooked grains with 2.7% for magnesium and 4.5% for manganese.
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Table 6. Vitamins: contribution by cereals and cereal products to the average Polish, their top two main

groups and fulfillment of the reference values.

Cereals and Cereal

X Average - Bread, Rolls Flour, Bran, Pizza, Pasta and Fulfillment of

Nutrients Polish Products in Bread Cooking Other Flour Reference

Diet mg or ug % Products, % Ingredients, % Dishes, % Values, %
folate 275.0 ug 92.3 ug 33.6 20.7 6.3 24.3
thiamin 1.3 mg 0.4 mg 28.0 17.4 45 319
niacin 16.2 mg 3.1mg 19.1 11.2 3.8 20.7
riboflavin 1.6 mg 0.3mg 17.1 11.2 2.8 23.1
vitamin B6 1.8 mg 0.3 mg 15.5 8.4 2.5 20.5
vitamin E 13.5mg 2.1mg 15.5 12.3 1.0 20.0
vitamin D 4.6 ug 0.3 ug 54 4.6 0.8 1.5
vitamin A 1194.6 ug 56.3 ug 47 32 14 6.2
vitamin B12 45 ug 0.2 ug 3.4 1.8 0.8 5.8
vitamin C 91.4mg 14 mg 1.6 (1) 0.8 15

The table contains information only on two main sources of vitamins; empty places mean third and further positions
of these sub-groups in the ranking; (1) pizza, pasta, and other flour dishes was the first contributor of vitamin C

with 0.8% of supply.

Nutrients % of Contribution from Cereals % of Contribution from Breads,
and Cereal Products Rolls and Bread Products

manganese 640 [ 486 [N

carbohydrates 51.0 [ 36.3 ]

dietary fibre 485 [N 354 N

iron 341 [ 249 [N

folate 336 207 [N

copper 313 [ 221 [N

energy 304 N 219 [N

magnesium 30.2 _ 21.0 -

zinc 286 N 211

thiamin 280 [N 174 [

phosphorus 25.0 _ 17.6 -

protein 23.9 _ 16.5 -

niacin 19.1 N 112 N

sodium 184 [N 175

PUFA 174 1N 136 1

riboflavin 17.1 112

potassium 166 [N 122 N

vitamin B6 155 [N s4 M

vitamin E 155 [ 123 N

calcium 12.0 - 8.8 -

fat 99 N s1 M

MUFA 91 N 77 M

SFA g2 N 6o M

iodine 66 M 56 W

cholesterol 6,4 . 4.2 l

vitamin D 5.4 . 4.6 .

vitamin A +7 N 32 N

vitamin B12 34 18 |

vitamin C 16 | 03 |

Figure 2. Contribution of energy and nutrients in the average Polish diet from the category of cereals

and cereal products and from breads, rolls, and bread products.
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Table 7. Rankings'/ of main cereal groups as contributors of energy and nutrients >/ in the average Polish diet.
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2 ) — %) g ) O o
n £ £ £ B « . £ 8 5 g E 2 y £ 02 08 f ¢ % 2 2 § % % %
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5 % S ) & E § . s R
bread, rolls, — 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 3
bread products
flour, bran,
cooking 2 2 2 2 3 3 4 2 3 2 5 3 4 2 2 2 4 5 2 2 2 2 2 3 3
ingredients
pizza pastaand 3055 5 5, 5 5 3 5 5 3 3 2 5 4 3 4 5 2 5 3 5 5 3 2 2 2 2 1
other flour dishes
ready-to-eat 5 5 3 5 4 4 3 4 4 5 2 5 3 3 5 5 3 3 4 4 3 4 4 4 3 4 2
cereal
rice, cooked 4 4 4 4 5 5 5 5 5 4 4 4 2 5 4 3 2 4 3 5 4 3 5 5
grams

1/ the numbers for each nutrient denote the place of a given cereal main group in the ranking according to its contribution (%) to a given nutrient intake;?/ percentage of energy and

- 50
20-30%
10-20%
5-10%
2.5-5%
<2.5%

nutrient contribution from individual main cereal groups:
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3.2. Cereals and Cereal Products as Sources of Energy

Cereals and cereal products provided 30.4% of energy supply in the average Polish diet (i.e.,
687 of 2261 kcal/day). This means fulfilling of reference value for energy at 27.7%. Table 3 shows
that bread, rolls and other bread products were by far the largest contributor among the main cereal
food groups. Second and third place in the daily supply of energy from cereals were took flour, bran,
cooking ingredients and then pizza, pasta and other flour dishes respectively. The top three sub-groups
were: bread and rolls (16.4%), quick breads and other bread products (5.5%), and wheat flour (3.3%)
(Table S2).

3.3. Cereals and Cereal Products as Sources of Carbohydrates, Dietary Fibre, Protein, Total Fats, Fatty Acids,
and Cholesterol

As can be seen in Table 4, cereals and cereal products provided approximately half the
average supply of carbohydrates and dietary fibre, one fourth of the protein and one sixth of the
polyunsaturated fatty acids, while less than one tenth of the saturated and monounsaturated fatty
acids and cholesterol came from the cereal category. The highest level of fulfilling the reference values
was observed for carbohydrates, and then for dietary fibre and protein. Bread, rolls and other bread
products were the top contributors, while the two next ranked main groups supplied considerably less.
Among the sub-groups, bread and rolls, as well as quick breads and other bread products were the top
sources of carbohydrates, protein and poly-unsaturated fatty acids as shown in the Supplementary
Tables S3-510.

3.4. Cereals and Cereal Products as Sources of Minerals

The largest share of cereals and cereal products in the supply of minerals was recorded in the
case of manganese (over 60%), followed by iron and copper (Table 5). For zinc and phosphorus, the
share of cereals and cereal products amounted to 20-30%, while for sodium, potassium and calcium
this was 10-20%. The highest supply compared to the reference values was observed for manganese
and sodium. For phosphorus, copper, iron, and zinc the reference values were reached at the level of
30-40%. Bread, rolls and other bread products were ranked first among all analyzed product groups.
The second and third positions included various product groups, and the details are presented in the
annex in the Tables S11-520.

3.5. Cereals and Cereal Products as Sources of Vitamins

As shown in Table 6, cereals and cereal products provided one third of the total supply of folic
acid. A significant share of 28% was recorded for thiamine. For other B vitamins (niacin, riboflavin,
vitamin B6) and for vitamin E, cereals and cereal products contributed 15-20% of average daily supply.
In the case of vitamins A, D, C and B12, cereals and cereal products were rather unimportant sources
of them, providing up to 5% of the average daily intake. The highest fulfillment of the reference values
was observed for thiamin (above 30%), then for folate, niacin, riboflavin, vitamin B6, and E (20-30%).
The reference value for other vitamins was covered below 10%. For most of the analyzed vitamins, the
sub-groups containing bread, rolls and bread products were the main food source, with the highest
proportion of folate. The second sub-group was flour, bran, and cooking ingredients for folate, thiamin,
niacin, riboflavin and vitamin B6, as well as pizza, pasta and other flour dishes for vitamins: E, A,
D, B12, and C. Detailed information about the sources of all nutrients are presented in Supplemental
Tables 521-530.

3.6. Result Summary

In conclusion, our results emphasize the importance of cereals and cereal products in providing
nutrients at a higher level than energy for manganese, carbohydrates, dietary fibre, iron, folate, and
copper (Figure 2). The main group from cereal category with the largest share in the supply of almost
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all of the analyzed nutrients and energy turned out to be bread, rolls, and bread products (Figure 2,
Table 7).

4. Discussion

Cereals and cereal products form a significant part of the diet in Poland as contributors of energy
and many nutrients. Our findings based on the 2016 HBS indicated that this food category contributed
687 kcal, which means 30.4% of total energy supply in the average Polish diet and almost 28% in
comparison to the energy reference value for the Polish population. Cereals contribution to dietary
energy intake is widely diversified between regions and countries. In developing Asian countries with
rice-based diets, cereals contribute as much as 70-80% of energy intake; while, in high income countries
with predominantly livestock-based diets cereals provide only 20-30% of total dietary calories [70]. In
Europe, the share of cereals and cereal products in terms of energy contribution to the average diet
amounts to 40% [71]. The structure of the average Polish diet reflects the second stage of the nutrition
transition process, which is revealed in changing dietary patterns and lifestyle. This is the effect of
transformation processes that started in Poland at the beginning of the 1990s and resulted in dynamic
changes in the food market, evolving consumption patterns and social inequalities. According to the
yearly CSO aggregated results of the Polish household budget surveys, the consumption of cereals
and cereal products decreased by 23.6% during the last 10 years [54,72].

Findings from our research related to the importance of main groups and sub-groups within cereal
category were compared to data from surveys conducted among American [6-8,66], British [73,74],
Spanish [75], Japanese [10] and the Canary Islands’ [9] population. In the average Polish diet, the
highest share of energy contribution was related to bread, rolls and bread products (21.9%). In the
American population, the highest ranked food products were yeast breads and rolls (7.2%); and
cakes, cookies, quick bread, pastry and pies (7.2%) [66]. In the UK diet, where cereals and cereal
products contributed 34.5% of total energy supply, bread also was the main source of energy, however
contributing almost two times less than in Poland (11.8%) with a predominant share of white bread
(7.3%) [74].

Differences in the shares of particular cereal products in providing energy to the average Polish,
US and UK diets [6-8,66,73,74] result from the different consumption structure of this food category.
In Poland, the consumption of bread and rolls, despite the declining tendency is at a higher level [76]
compared to other countries [77,78]. Data from the CSO surveys in Poland indicate that in 1998
monthly consumption of bread amounted to 7.5 kg per person in a household, while in 2007 reached
only 5.3 kg [79,80], 3.9 kg in 2014 [69], 3.5 kg in 2016 and 3.3 kg in 2017 [81]. It means that, during the
last 20 years, the consumption of bread in Poland decreased by 56%. The decline in bread consumption
is the result of an increase in average income and standard of living improvements. It is known in the
economics of consumption that staple food consumption, e.g., bread, is characterized by a negative
income elasticity of demand [79]. A decrease in bread consumption is related to overall changes in
eating patterns in Poland as well as an increase in the supply and consumption of bread substitutes
and convenience cereal products, including ready-to-eat cereals, fast foods [20] and quick breads [79].
At the same time, the decision-making process of bread purchasing is determined by sensory [20,82,83],
health and nutrition attributes [20,82-88].

Of the analyzed macronutrients, cereals and cereal products are important sources of
carbohydrates, dietary fibre and protein. In 2016, they delivered almost 140 g of carbohydrates,
giving more than half of total daily intake and more than 100% as compared to the reference value.
When considering main groups, bread, rolls, and bread products delivered 36.3% of carbohydrate
supply. Findings for carbohydrate contribution to the American diet indicated in the first place yeast
breads and rolls (10.9%), followed by cakes, cookies, quick bread, pastry, and pie (8.9%) [66]. Data for
the British population showed that bread contributed 18% of carbohydrate intake (total percentage
of this macronutrient from cereal category was 47%) with the highest share related to white bread
(11.2%) [74].
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Dietary fibre contribution to the average Polish diet from cereals and cereal products amounted to
8.5 g (almost 50% of total daily supply), which means covering the reference value at approx. 36%. Our
findings indicated decreasing tendency in lower dietary fibre consumption considering the results of
previous studies, which have shown the consumption of 24 g per person per day in 1996-2005 [89], and
of 28 g in 2000-2009 [90]. Moreover the role of cereals and cereal products in dietary fibre supplying is
diminished, as earlier these food categories contributed 12.1 and 11.6 g of dietary fibre, respectively.
This fact should be considered unfavorable from the nutritional and health points of view due to
the importance of dietary fibre in reducing risk and prevention of many diseases (as presented in
the introduction) [3,28,30,33,35,38,43,48]. According to the WHO/FAQ'’s population nutrient intake
goals the dietary fibre intake should exceed 25 g per day [4]. The results of the current meta-analysis
demonstrated that the beneficial reduction of DRNCDs risk is associated with daily intake of dietary
fibre between 25 g and 29 g [23]. The Scientific Advisory Committee on Nutrition (SACN) in UK
recommends even higher intake of 30 g of dietary fibre per day for adults, while current intake in this
population group reached barely 18 g per day. In UK, cereals and cereal products contributed close to
42% of this amount, and 19% was contributed by bread [74].

In the average Polish diet, cereals and cereal products contributed almost 24% of total protein
supply (30% as compared to the reference value), with main contributors of bread and rolls (13.2%).
The protein contribution from cereals in the average UK diet was at the same level as in Poland (25%),
including white bread (6.5%, i.e., twice less than in Poland) [74].

Among the analyzed minerals provided by cereals and cereal products special attention should be
paid to manganese, iron, magnesium, zinc, and copper. Our findings indicated that cereals and cereal
products contributed 2 mg of manganese and this amount gives almost two thirds of the total intake of
this mineral (64.1%) and more than 100% of the fulfillment of the reference value. The main suppliers
were bread, rolls, and bread products. Findings from the Canary Islands’ research also highlighted
the role of cereals in manganese supply. The results for this population indicated that cereals and
bakery products provided 46.3% of manganese [9]. Different food consumption patterns observed
in the Japan population determine the structure of manganese contribution. According to the data
from Japanese research, white rice was the main source of this micronutrient (24-33% of the daily
intake), while bread contributed less than 3% [10]. It should be noted that only a small percentage
of manganese from the diet is absorbed [91,92], as the presence of higher amounts of calcium, iron,
phosphorus, phytates and fiber inhibits this process [91-94]. Therefore, the availability of manganese
as well as other minerals from cereals and cereal products, especially whole grain, is limited, as they
are partly bound in solid complexes with phytic acids and fiber [11,95]. In the face of these limitations,
cereals and cereal products cannot solely provide the reference value for manganese in the Polish
diet, as it is shown in the study. The other sources of this mineral are vegetables, potatoes, fruit and
tea [64,96]. Especially very common in Poland habitual drinking of tea infusions may significantly
contribute to the meeting of the reference value for manganese [97-99]. However, manganese is an
essential nutrient due to its role [10,12-15] in terms of the metabolism of carbohydrates, amino acids,
and cholesterol [10,16,17] as well as many functions of different systems [14-16].

With respect to iron, magnesium, zinc, and copper, cereals and cereal products provided a similar
percentage (28-34%) of these micronutrients as it was stated for energy contribution. However,
their share in meeting of the reference values was more diversified and amounted to 24-40%. The
most important main group in delivering these micronutrients was bread, rolls, and bread products
with special attention given to bread and rolls. Findings from the American surveys indicated that
ready-to-eat-cereals were the most important food group from the cereal category in contribution of
iron (15-19% of total supply) and zinc (approx. 4%) [8,66]. In the average Japanese diet, rice turned
out to be the first group in terms of supplying copper (23-30%) and zinc (20-25%) [10]. According
to a Spanish study, cereal and grain products were the food groups with the highest contribution to
total iron intake (approx. 27%) [100]. Findings from the Canary Islands’ research noted that cereals
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contributed 19-21% of iron, copper and zinc to the average diets, while the share of bakery products
related to these micronutrients contribution was significantly lower [9].

The data regarding the British population indicated a similar share of cereal category in supply
of magnesium and zinc as in Poland (30 and 27%, respectively). Analogically to Poland, bread was
the main source of these minerals in diet. It is worth noting that significant differences occurred in
the supply of iron. In British population, on average, cereals provided almost 47% of this nutrient,
and breakfast cereals (‘high fibre breakfast cereals” and ‘other breakfast cereals’) was the major iron
contributor to the diet (17%), which affected this discrepancy [74].

Differences in the importance of particular cereal product groups in providing these four minerals
in the compared countries are the consequences of different dietary habits and consumption patterns.
In the US about 16% of the population consumes ready-to-eat-cereals that are fortified with many
nutrients and the consumers of these convenience cereal products had higher intake of shortfall
nutrients [101] and more favorable nutrient intake profiles [102]. Moreover, the consumption of
ready-to-eat-cereals was associated with higher quality and healthier diets [101,103]. This can explain
the importance of ready-to-eat-cereals in providing iron in the average American diet. In Poland,
fortified ready-to-eat-cereals are targeted at children and teenagers, while other population groups
consume predominantly natural cereal flakes.

The role of zinc and iron should be emphasized when considering the nutritional value of
vegetarian diets. Elimination of meat and meat products as a valuable source of macro- and
micronutrients, particularly iron and zinc of high bioavailability [104-107] leads to lower absorption
of these nutrients from vegetarian than from non-vegetarian diets [12,104,108,109]. It should be
underlined that iron is required for many metabolic processes in the human body. Its deficiency is
widely analyzed in the scientific literature [10,100,110-114]. The role of zinc is related to its structural
role in proteins and cell membranes, and regulatory role in gene expression [10]. As far as copper is
concerned, plant food is a good contributor of this micronutrient and vegetarian diets provide greater
share of copper than non-vegetarian diets [12]. Copper is involved in energy and iron metabolism,
and neurotransmitter synthesis and metabolism [10,17] as it is a nutrient protecting the human body
against oxidative stress [13].

Phosphorus, sodium, potassium, and calcium were delivered by cereals and cereal products
in a relatively low percentage (12-15%). The detailed data indicated that bread, rolls, and bread
products were the main cereal products in contribution of these micronutrients. It is worth noting the
unfavorable role of bread in supplying of sodium to the diet (18% of total sodium intake, which means
half of the reference value). In case of the British population, the data is more unfavorable as cereal
food category contributes 33% of sodium intake, including 17% from bread [74]. The addition of salt
is of technological importance in the process of baking bread, but in developed countries excessive
sodium intake is the main risk of hypertension [74]. According to the American survey, findings
indicated lower contribution of phosphorus by yeast breads and rolls (4.5%); cakes, cookies, quick
breads, pastry and pie (3.6%); and ready-to-eat cereals (2.3%) [66].

Cereals and cereal products are an important source of thiamin, folate, and in a smaller proportion
of riboflavin, niacin, vitamins B6 and E. For folate, cereals and cereal products provided almost 34% of
total supply (24% in comparison to the reference value). Many research showed shortages of folate
in different population groups in Poland, and vegetables and grains were the main sources of this
vitamin [115]. This is particularly important due to the function of this vitamin in the human body,
especially in lowering the risk of NTDs (neural tube defects) [116]. In terms of the folate contribution,
our findings indicated that the main food group was bread, rolls, and bread products (20.7%). Findings
from the American research identified two main sources of folate: ready-to-eat cereals (18.7%), and
yeast breads and rolls (16.6%) [66]. The main contributors of folate in the total diet of US adults >51
years old were ready-to-eat cereals (21.0%), and breads, rolls, and tortillas (13.4%) [8]. Again, the
differences which occurred between Polish and US populations reflect diverse dietary habits in the
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case of ready-to-eat cereals consumption in combination with various approaches to food fortification
in the public health policy.

Thiamin was delivered by cereals and cereal products in a similar percentage compared to the
share of this food in dietary energy contribution. Our findings indicated the bread, rolls, and bread
products (17.4%) as main contributors of thiamin. Data from the Spanish study indicated that cereals
and grains contributed thiamin at a higher level (23.9%) [75]. In the American diet, the following food
groups originating from cereals were identified in case of thiamin: yeast breads and rolls (14.7%), and
ready-to-eat cereal (9.9%) [66].

This study has thoroughly documented the importance of cereals and cereal products in the
Polish diet. Having in mind the urgent challenge to shift our diet to a more sustainable one, the
Polish consumers should eat more whole grain foods to obtain more health benefits from the cereal
category. The current dietary guidelines for the Polish population (the Pyramid of Healthy Eating and
Physical Activity, updated in 2018) emphasize this recommendation as cereals and cereal products
were placed at the second stage of the pyramid (after vegetables and fruit) and the accompanying
tip encourage people to ‘eat cereal products, especially whole grains’ [117]. While dietary guidelines
remain primarily health focused, synergies between health and sustainability mean that the guidelines
include implicit sustainability messaging [118]. However, in many countries dietary guidelines were
already updated and they combine tips regarding healthy food choices and the rules directly focusing
on environmental or social aspects of sustainability.

The 2016 HBS sample size, consistent approach to classifying food products, and the use of the
HBS methodology to record purchased and consumed food in terms of quantity and value are strengths
of the presented study. Surveys of households are conducted using a representative method based on
a random sample, which gives the opportunity to generalize the obtained results for all households
in the country. The HBS analyzes consumption on a monthly basis; each household participates in
the recording of purchased and consumed food for one month. However, there are some limitations,
particularly the reliance on self-recording of information on consumption in a diary, which can lead
to an under- and/or overestimation of consumption data, even though HBS uses well-established
procedures to control all recordings. Additionally, the current edition of “Nutritive Value Tables for
Foods and Meals” (4th ed., 2017) includes new products and technological modifications, which may
cause difficulties in the comparison of current results to data from earlier years. It should be noted that,
in the CSO budget survey, households record the amount of all food obtained for the household, i.e.,
which was purchased, comes from self-supply or was received as a gift. The moment of consumption
of food products is the moment of their acquisition by a household. In the case of non-response of
households, the methods of a random replacement of households and sequential sampling are applied.
The method of conducting a household budget survey also constitutes a difficulty in comparing with
other studies on food sources of energy and nutrients. However, these limitations of survey methods
are common and typical. Nevertheless, household budget surveys are the only representative method
of data collection regarding food consumption and other living conditions of the Polish population.

5. Conclusions

In conclusion, this study indicated that cereals and cereal products are important sources of energy
and nutrients in the average Polish diet. The highest levels of contribution (above 30%) were observed
for manganese, carbohydrates, dietary fibre, iron, folate, and copper. Cereals and cereal products
provided 20-30% of the average intake of protein, thiamin, phosphorus and zinc, and 10-20% of the
average supply of PUFA, sodium, potassium, calcium, riboflavin, niacin, and vitamin B6. Cereals and
cereal products remain staple foods for the Polish population, as can be seen in the high contribution
levels of these products to energy, carbohydrates, protein and some micronutrients. Our results
document the importance of cereals and cereal products in the Polish diet from the nutritional and
heath points of view.
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