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SUMMARY

Present research is the first complex study in Estonia about nitrate and 
nitrite contents, which comprises the complete vegetable production 
chain from raw material to final product. In accordance with data from 
literature, the vegetables and vegetable-based foods are the main source 
of nitrates for man. High doses of nitrates and nitrites are the risks for 
human health, especially for infants and for small children. 

Final aim for present work was to expose the possible exceeding of ADI 
values for nitrate and nitrite, especially in the case of small children who 
belong to the main risk group. In the present investigation, the mean 
values and contents of nitrates and nitrites in vegetable products were 
determined. For the first time in Estonia the daily intake of nitrates from 
vegetables or vegetable-based foods by children and the whole population 
was estimated. 

The results of the analyses of nitrate and nitrite contents demonstrated 
that permitted nitrate limit concentrations were exceeded only a few 
cases. The nitrate content is dependent on the harvesting period and on 
the growing conditions. Vegetables grown under cover showed higher 
levels of nitrate than those grown in the open field conditions. 

The results of this study showed that nitrate content varied highly between 
the species of vegetables used for the raw juice production. Lower initial 
contents of nitrate were detected in industrial carrot juice and in home-
made carrot and cabbage raw juices. Initial microbial counts and pH-
values were similar for all raw juices. The nitrate contents decreased and 
nitrite contents increased after 24 h and 48 h of storage. The changes in 
nitrate and nitrite contents were lower in industrial raw vegetable juices 
compared to home-made raw juices but tendencies were generally similar. 
All microbial counts, such as total viable counts, coliform counts, mold 
and yeast counts, increased. The highest increase of total viable counts 
was reported in home-made raw juices after 48 h of storage at ambient 
temperatures. The microbial growth had correlation with the decrease of 
pH-values. The raw juices should be consumed soon after preparation 
and stored only shortly at refrigerated temperatures. 
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The decreases of nitrate contents in industrial vegetable-based infant 
foods were registered along the entire technological production line. At 
first stage the nitrate contents were analysed from vegetables before and 
after peeling and washing. The decrease of nitrates from 17 to 52% was 
reported, depending on vegetable species. The analyses of nitrate contents 
from different technological stages of industrial infant food production 
showed that from the stage of vegetable mixture, all the other technological 
stages until to the final product decreased the concentration of nitrate. 
The total average decrease of the nitrate content was 45%. Nitrates are 
easily soluble in water and after adding the drinking water with low 
nitrate content, the overall nitrate content of food mixture is decreasing. 
According to the results of this study the final nitrate concentration in 
infant foods depended mainly on the initial nitrate content of the raw-
vegetable mixture and on the amounts of the food ingredients.

The imported infant food cans, purchased from retail markets, contained 
nitrate in lower concentrations compared to commercial infant foods 
produced in Estonia. It was related with the fact that in Estonian infant 
foods the vegetable-based ingredients percentage was higher than 
in imported products. In this study, the levels of nitrates in the final 
products ranged from 72 to 145 mg kg-1, which remains below the EU 
maximum permitted level, 200 mg kg-1. 

The infant foods storage experiments were performed after 24 h and 48 h 
of storage of opened infant food cans at different storage temperatures. 
In opened infant foods the nitrate content decreased, being the highest 
for the foods containing several vegetable species. Our results of analyses 
proved that the self-life of opened infant foods at refrigerated temperatures 
is at least two days. Higher nitrate concentration decrease was registered in 
opened infant foods stored at ambient temperatures. The nitrite contents 
in all infant food samples stayed below detection limit, <5 mg kg-1. 

Nitrate intake by 1 to 3-year-old children was found to be 26 mg per day 
(52% of ADI). The average daily intake of nitrates by children in the age 
group of 4–6 years was 30 mg (41% of ADI). The infants’ average daily 
intake of nitrates from consumption of vegetable-based foods was 7.8 mg 
(22% of ADI). During the storage of raw juices at ambient temperatures, 
fast decrease of nitrate levels and increase of nitrite levels was reported. 
Consumption of these juices means that the doses of nitrites may exceed 
ADI values several times.
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1. INTRODUCTION

Food is a primary need of a human being for his or her survival and welfare. 
Nowadays, more attention has been paid not only to the nutritive value of 
vegetable products, but also to the content of compounds harmful for a man. 
In food, nitrates originate from two main sources: as natural components 
e.g. in raw vegetables or as food additives. Naturally, nitrates occur in 
vegetable-based food due to plants, which take up nitrogen from the soil in 
this ionic form. It was estimated that vegetables constitute a major source of 
human exposure to nitrates contributing approximately 80 to 92% of the 
average daily intake (ADI) (Dich et al., 1996). However, vegetables play an 
important role in human nutrition as an outstanding garner of vitamins, 
minerals and other biologically active compounds (Kmiecik et al., 2004). 

As a food additive, sodium and potassium nitrite or nitrate salts have been 
used for centuries to preserve foods. Nitrates and nitrites are also found 
in drinking water due to both natural occurrence and contamination 
of water supplies, but mostly in agricultural sources and in municipal 
wastewater (Cassens, 1997; L`hirondel et al., 2002).

The toxicity of the nitrate ion by itself is relatively low, but nitrates 
uptaken by a human organism are converted into nitrites, which are 
much more toxic than nitrates (Gangolli et al., 1994). Nitrite in food 
is considered a primary health problem because it may create an excess 
of methemoglobin in human body. The latter may possibly lead to toxic 
responses such as methemoglobinemia for infants and small children. 
Futhermore, nitrites may cause endogenous formation of carcinogenic 
N-nitroso compounds (WHO 1995; Vermeer et al., 1998). According 
to the scientific facts from the literature, it is relevant to know wherefrom 
humans can obtain the doses of  nitrates and nitrites and how to avoid 
the doses, which may cause exceeding of the ADI. 

The nitrates in vegetables have been referred to as ‘‘naturally occurring” 
although this is not fully true as the nitrate content is dependent on the 
use of fertilizers and the conditions under which vegetables are grown, 
harvested and stored (Walker, 1975; Han et al., 2008; Järvan, 2009). The 
highest concentrations of nitrate ion were detected from leafy vegetable 
and it was therefore established the limit value for nitrate concentration 
by the European Commission Regulation (EC) No. 1881/2006.
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Vegetables, which accumulate extremely high quantities of nitrates, 
may also contain significant amounts of nitrite. Post-harvest storage 
of vegetables certainly can lead to the accumulation of high nitrite 
concentrations that result mainly from microbial reduction of nitrate. 
The concentration of nitrate in processed vegetables such as vegetable-
based infant foods is usually much lower than in the fresh vegetable 
products. During processing of vegetables, the nitrate content in the final 
products is obviously decreasing. According to Laslo et al. (2000) and 
Mozolewski and Smoczynski (2004), peeling and washing of vegetables 
reduce the nitrate content. However, the final concentration is related to 
the initial nitrate content in raw material (Chetty et al., 2009). Storage 
of vegetable-based purees and juices at room temperatures can increase 
the nitrite concentrations to the potentially hazardous level (Sokolov, 
1987; Chung et al., 2003).

During recent years, different kinds of vegetable-based raw juices 
have become very popular. They are an important source of bioactive 
compounds, but techniques used for their processing and subsequent 
storage may cause alterations in their composition and therefore they do 
not provide the health benefits expected by a consumer. Since nitrates 
are highly soluble in water, almost all of nitrates will be transferred from 
vegetable into the juice.  

The concept of minimal processing is also becoming more popular and 
actual. However, processing is not the only factor affecting the safety 
of raw vegetable juices. It is also necessary to take into account the 
conditions of storage and to control the duration of storage (Chung et 
al., 2004; Prasad and Chetty, 2008).

Interest in the dietary intakes of nitrates and nitrites has arisen from 
the concern about their possible adverse effect on health. The maximum 
permitted levels of the food additives and contaminants for human 
consumption are regulated by ADI values. The ADI for nitrate is from 
0 to 3.7 mg kg-1 body weight, and for nitrite from 0 to 0.06 mg kg-1 
body weight, as established by EU Scientific Committee for Food (EU 
Scientific Committee, 1995) and reconfirmed by JECFA in 2002. ADI 
is defined as an estimated maximum amount of an agent, expressed on 
a body mass basis, to which a subject may be exposed daily over his 
lifetime without considerable health risk (Püssa, 2008). 
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Special attention should be paid to the concentrations of nitrate and nitrite 
obtained by infants and small children. The ADI value is established for 
the kg of body weight. Latter is not adequately reflecting the data for 
children, because the children are more sensitve for toxicants. Hence, 
children may obtain higher doses of nitrates and nitrites per kg of body 
weight, making possible that ADI value might be exceeded in some 
cases. The average total intake of nitrate per person estimated by different 
authors ranges in Europe from 50 to 140 mg per day and in the USA 
from about 40 to 100 mg per day (Ysart et al., 1999; Mensinga et al., 
2003). Estimation of the nitrate and nitrite concentrations and intaken 
doses are calculated by different approaches. Those are food supply 
data, published tables showing the average consumptions of dietary 
items, duplicate portion analyses, dietary survey among the individuals, 
probabilistic and worse case screening models (Knight et al., 1987; Ellen 
et al., 1990; Penttilä et al., 1990; Murata et al., 2002). Depending on 
the method used, intake estimates can vary in a large extent (Kroes et al., 
2002; Laitinen and Virtanen, 1993).

There is very limited data available about changes in nitrate and nitrite 
contents in vegetable-based infant foods during both industrial and 
domestic processing and storage. Therefore, present study was designed 
to get additional knowledge about nitrate and nitrite contents in 
vegetables, changes in dynamics of nitrate and nitrite concentrations 
during industrial processing, the influence of storage regimes on nitrate 
and nitrite contents, and contents related with selected raw vegetable 
juices. 

The assessment of dietary nitrate and nitrite intake by consumption 
of vegetable-based foods in accordance with ADI is an important 
part of this study. Therefore, in the present study, the most suitable 
and adequate method for calculation of nitrate and nitrite doses was 
selected. Additionally, assessment of dietary nitrate and nitrite intake by 
consumption of vegetable-based foods and raw juices in accordance with 
ADI was performed. 
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2. REVIEW OF THE LITERATURE

2.1. Nitrogen cycle

Nitrogen (N2) is the most prevalent element in atmosphere, 78 percent 
by volume. All living organisms need nitrogen in the form of ammonia 
as a precursor to protein synthesis. Nitrogen is an essential constituent of 
chlorophyll and the building basis of the genetic material such as DNA 
and RNA molecule, but it must be transformed before it can be readily 
utilized by most living systems.

The nitrogen cycle represents one of the most urgent endlessly repeating 
chemical processes and the most important nutrient cycle found 
in terrestrial ecosystems. The atmospheric molecule of nitrogen is 
transformed to ammonia, nitrate and nitrite by microbial action in the 
plants and in the soil and by the industrial chemical processes. In nature, 
nitrogen continuously circulates between nitrogen gas and fully oxidized 
nitrogen molecule in the form of nitrate and the fully reduced nitrogen 
in the form of ammonia. The nitrogen cycle is a process where nitrogen 
passes from the gaseous atmosphere front into various inorganic and 
organic compounds and ultimately back into the atmosphere (Nelson 
and Cox, 2000; Luf, 2002). Nitrogen fixation is a process, utilizing energy 
provided by photosynthesis, by which molecular nitrogen is reduced to 
ammonia. It occurs in trhough at least two distinct reactions catalysed 
by different enzymes – nitrate reduction to nitrite (nitrate reductase) 
and then nitrite reduction to ammonia (nitrite reductase). Nitrates 
accumulate in plants and form a nitrogen reserve, which is needed for 
amino acid and protein synthesis (Elliott and Elliott, 2002). Nitrate is 
commonly stored in the leaves of vegetables such as lettuce and spinach 
and accumulated in high concentrations under low light conditions 
(Cantliffe, 1972). Plant proteins become animal proteins when taken 
in and metabolized by herbivorous animals. Carnivores obtain nitrogen 
compounds through eating herbivores. Human beings receive nitrogen 
both from plants and from animals. These proteins return to the soil 
through excrements and from the decomposition of dead organisms, and 
then they are converted into carbon dioxide, water, and ammonia by a 
set of soil bacteria. To complete the cycle, bacteria in the soil carry out a 
process known as denitrification, which converts nitrates back into the 
atmosphere as free nitrogen (Fowler et al., 1994). 
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2.2. Nitrate and nitrite in vegetables

Vegetables and vegetable-based products are normal parts of the human 
diet and are consumed daily in large quantities in most populations. 
After harvest, vegetables can be considered as food products, but fresh 
vegetables continue to be a living plant tissue. The nitrates content in 
vegetables has been termed as ‘‘naturally occurring” although this is not 
fully true as the nitrate content is dependent on the use of fertilizers 
and the conditions under which they are grown, harvested and stored 
(Walker, 1975; Neeteson, 1995; Järvan, 2009). Nitrate is present as a 
natural constituent in plants and may accumulate in different tissues. All 
plant species have their own unique path of photosynthesis in leaves as 
well as the transport mechanism for getting water and nutrients through 
roots. Those biological mechanisms are most essential factors influencing 
the nitrate level in plants. Once nitrate is absorbed in plants, it will be 
reduced by the enzyme nitrate reductase to ammonium (Dejonckheere 
et al., 1994; Walters, 1996; Chung et al., 2003).

Nitrate. As reported by European Scientific Committee for Food in 1993, 
the differences in the concentration of nitrate depend on geographic 
location and climatic conditions. For example, lettuce and cabbage from 
northern Europe tend to accumulate higher amounts of nitrate than those 
from the Mediterranean countries (European Scientific Committee for 
Food, 1993). Geographical differences are not remarkable for potatoes 
and carrots. However, nitrate content of vegetables may range from 1 to 
10000 mg kg-1 (Corre and Breimer, 1979; Hill, 1996; Ximenes et al., 
2000).

Besides geographic influence, among all vegetables daily consumed, 
potatoes and tomatos accumulate only small amounts of nitrates. The 
highest contents of nitrate have been detected in red beetroot, radish 
and leafy vegetables (Czarniecka-Skubina et al., 2003; Hoffmann, 2005; 
Järvan, 2009).  According to Santamaria (2006), on the basis the nitrate 
content vegetables can be divided into five groups: 

Plants with very low (<200 mg kg•	 -1 FW) nitrate content – tomato, 
potato, mushrooms, green bean, onion, garlic, asparagus;
Plants with low (200 – 500 mg kg•	 -1 FW) nitrate content – broccoli, 
carrot, cauliflower, cucumber, pumpkin;
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Plants with medium (500 – 1000 mg kg•	 -1 FW) nitrate content – 
cabbage, turnip, broccoli rab;
Plants with high (1000 – 2500 mg kg•	 -1 FW) nitrate content – 
Chinese cabbage, endive, fennel, kohlrabi, parsley, leek;
Plants with very high (>2500 mg kg•	 -1 FW) nitrate content – celery, 
lettuce, radish, red beetroot, spinach, rucola.

Concentrations of nitrate and nitrite in vegetables have been studied in 
several countries (Table 1). According to the literature (Santamaria et al., 
1999; Zhong et al., 2002; Chung et al., 2003; Susin et al., 2006), the highest 
mean values of nitrates have been detected in spinach and lettuce (Table 1). 
The table 1 shows variation of nitrate concentration in vegetables among 
different countries.  In spinach, nitrate concentration varied from 965 to 
4259 mg kg-1 and in lettuce from 282 to 2782 mg kg-1. The average nitrate 
concentration in leafy vegetable was several times lower in vegetables 
grown in Germany and Bulgaria (Table 1). As reported by De Martin 
and Restani (2003) in Italy, leafy green vegetables accumulate the highest 
amounts of nitrates, the concentrations reaching up to 6000 mg kg-1. 
Among the root vegetables, nitrate concentration in beetroot and radish 
were the highest, 1800 mg kg-1 and 2600 mg kg-1, respectively. The 
lowest mean contents of nitrates were detected in tomato, cucumber and 
onion. 
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The concentration of nitrates in potatoes varies remarkably depending on 
the region of cultivation. The nitrate content in potatoes in the Finland 
remained below 100 mg kg-1, while in the Far East the concentrations 
reach 700 mg kg-1 and more (Penttilä, 1995; Chung et al., 2003).  
Nitrate content in plants decreases in the order: petiole, leaf, root, stem, 
inflorescence, tuber, bulb, fruit, and finally seed (Santamaria et al., 
1999). As reported by Grzeszczuk et al. (2007) the level of nitrates in 
shoots with leaves of New Zealand spinach was 608.4 mg kg-1. Iwamoto 
et al. (1968) discussed the accumulation of nitrate in tomato fruits. The 
accumulation of nitrate increased in the early maturation stages reaching 
maximum at green stage and decreased in the later stages. Various 
species of vegetables differ in their tendency to accumulate nitrate and 
the development stage plays here an important role. Usually, the plant 
stems contain more nitrate than leaves and leaves have more nitrate than 
inflorescence (Jävan, 2009). 

Nitrite. Compared to nitrates the nitrites content in fresh vegetables is 
usually low. Grzeszczuk et al. (2007) reported nondetectable amount of 
nitrites in the samples of New Zealand spinach. In a Bulgarian study 
Yordanov et al. (2001) reported, that the lowest detected concentrations 
of nitrite were in zucchini 0.14 mg kg-1 and the highest concentration 
of nitrite were in spinach, radish and lettuce, 7.44, 5.93 and 3.04, 
respectively. Nitrite concentrations in fresh, undamaged plant tissues are 
usually very low. It appears that under normal growing conditions the rate 
of reduction of endogenous nitrite matches with the reduction of nitrate 
to nitrite (Wright and Davison, 1964). Post-harvest storage of vegetables 
certainly can lead to the accumulation of high nitrite concentrations, 
which form mainly through microbial reduction of nitrate. However, 
vegetables, which accumulate very high concentrations of nitrate, may also 
contain significant amounts of nitrite. Fytianos and Zarogiannis (1999) 
reported nitrite values in the range of 0.8–8.5 mg kg-1 in spinach, with a 
mean value of 4.0 mg kg-1. Comparision of the nitrate concentrations  
(Table 1) with the nitrite concentrations in vegetables, the results indicate 
that the nitrite concentratios are much lower (Table 2). 
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Table 2. The nitrite contents in vegetables in different countries

Country
NO2

- concentration, mg kg-1

Reference
Range Mean

Poland 0.2 – 3.49 Leszczynska et al., 2009, 
Nabrzyski and Gajewska, 1994

Finland LOQ – 1.5 1.0 Penttilä, 1995
Germany < 0.1 – 19.6 0.1 Belitz and Grosch, 1999
Greece LOQ – 8.5 Fytianos and Zarogiannis, 1999
Denmark 0.15 – 11 2.5 Petersen and Stoltze, 1999
England 0.3 – 3.8 1.1 Ysart et al., 1999
Japan LOQ – 7.0 2.1 Chung et al., 2003
Korea 0.3 – 1.1 0.57 Chung et al., 2003
Slovenia < 0.5 – 1.2 Susin et al., 2006
Bulgaria LOQ-7.44 Yordanov et al., 2001
China LOD – 4.77 0.3 Zhong et al., 2002

LOD – limit of detection; LOQ – limit of quantification

According to Chung et al. (2003), there was no significant difference in 
nitrite levels of vegetables harvested between the summer and the winter. 
During the storage period, the content of nitrites in frozen spinach 
products, previously cooked in boiling water for 4 min, increased by 
27–42% but did not exceed 1 mg NO2 kg-1 (Jaworska, 2005). Menard 
et al. (2008) analysed 112 samples of spinach and the mean nitrite 
concentration was 10.17 mg kg-1, maximum value was 220 mg kg-1. 
Correia et al. (2010) discussed the reasons for higher nitrite concentration 
in Portugal. The storage of fresh vegetables, such as spinach, is arranged 
at ambient temperatures in most of the supermarkets of Portugal. 
Therefore, nitrate conversion to nitrite may occur and higher nitrite 
levels are achieved than those usually detected for fresh material. Latter 
is valid mainly for those plants with naturally high nitrate levels.

2.2.1. The influence of the growing conditions and harvesting time 
on the nitrate content in vegetables

The level of nitrate accumulation depends on the species, cultivar age, 
weather conditions, time of harvesting, fertilization with nitrogen 
fertilizers, irradiation, temperature, type of growing (in the open air or 
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under protected conditions), length of growth period and soil conditions 
etc. (Walters, 1996; Chung et al., 2003; Thorup-Kristensen, 2006). Both 
excess and deficiency of water in lettuce culture lead to accumulation of 
nitrate in plants by inhibiting action of microorganisms, which concur 
with the mineralization process of nitrogen fertilisers for development of 
plant (Negra et al., 2009).
According to the literature (Penttilä, 1995; Santamaria et al., 1999; 
Ierna, 2009; Järvan, 2009) the main factors which influence the nitrate 
accumulation are following:

Harvesting period and growing place
The nitrate content is dependent on the harvesting period and on the 
growing conditions. According to the European Commission Regulation 
(EC) No. 1881/2006, the permitted nitrate concentration is higher in 
winter period than in summer period. Järvan (1993) found that the 
nitrate contents in radish and lettuce grown under cover were two to 
three times higher, and in cabbage and spinach even ten times higher 
nitrate concentrations were detected in the winter period compared with 
the summer period. 

In a recent study performed in Italy (Ierna, 2009), nitrate concentration 
decreased with the progress of growth and ‘‘maturing’’ of the vegetable 
tuber. According to Penttilä (1995) in the Finland the differences between 
the harvesting time (in summer or in autumn) influence the nitrate 
concentration in vegetables. For example in summer period cabbage 
contains nitrate 812  mg kg-1, in autumn 412 mg kg-1; carrot in summer 
326 mg kg-1, in autumn 231 mg kg-1 and turnip in summer 1094 mg kg-1, 
in autumn 762 mg kg-1. In general, higher vegetable nitrate contents 
were found vegetables grown in summer compared to those grown in 
autumn period (Penttilä, 1995). Amr and Hadidi reported (2001) the 
results from the study where vegetables were grown both under cover 
and in open field conditions. Vegetables grown under cover showed 
higher levels of nitrate and nitrite than those grown in the open field 
conditions. Table 3 are shows nitrate contents from different vegetables 
according to the harvesting season. Leafy vegetables of Belgium origin 
contained higher concentrations of nitrate in the winter period, 13% 
as the lowest mean difference for parsley and 44% as the highest mean 
difference for lettuce, compared to those grown in summer periods  
(Table 3). The data from Korea (Chung et al., 2003) showed opposite 
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results. Compared to the summer period, the nitrate content in lettuce 
was 30% and in spinach 69% lower when grown in winter period. 
Particularly high nitrate content 813-999 mg kg-1 was found in cucumber 
grown in Iran (Table 3). 

Table 3. Comparison of mean seasonal nitrate content of selected leafy 
vegetables and cucumber cultivated in different seasons and countries

Vegetable Nitrate concentration mg kg-1 FW
Belgium Finland UK Korea Iran
Sum Win Sum Aut Sum Win Sum Win Spr Win

Lettuce 2219 3205 1050 2443 1568 887 2728 1933 2601 2288
Spinach 2108 2548 1639 1272 4814 3334 748 887
Parsley 2488 2813 374 359
Celery 
leaves 2728 3503 887 2169

Cabbage 812 412 488 94 722 730 504 428
Cauliflower 87 57 - 559
Chinese 
cabbage 964 1081 2009 1291

Cucumber 363 322 180 267 813 999

Sum – summer, Win – winter, Aut – autumn, Spr – spring
Belgium - Dejonckheere et al., 1994; Finland – Penttilä, 1995; UK - 
Ysart et al., 1999; Korea - Chung et al., 2003; Iran - Shahlaei et al., 
2007.

Lighting conditions influence the activity of enzyme nitrate reductase. 
Shaded plants or those grown in the winter period have a lack of 
sufficient photosynthetic energy to convert nitrate into amino acids. Via 
the disturbance of nitrate reductase the reduced lighting causes disorders 
in formation of organic compounds and the concentrations of nitrates 
will stay high (Fritsch and De Saint Blanquat 1990; Järvan, 2009). 

Temperature is an important factor influencing the residual nitrate 
content in vegetables: low temperatures in spring or autumn slow down 
photosynthesis and favour nitrate accumulation, too high temperatures 
reduce nitrate reductase activity causing higher nitrate concentrations. In 
the optimal growth temperature conditions the stress in plants is avoided 
and no temperature related excess nitrate accumulation is observed (Tivo 
and Saskevic, 1990). 



26

According to the data in literature, many of the following factors 
additionally influence the content of nitrates in vegetables, such as:
Moisture. Low humidity of soil is related to advanced nitrification 
process, latter causes excess of nitrate, which can accumulate in the plants. 
Moderate soil moisture conditions (80–90%) favour the reasonable 
plant nitrogen nutrition while wet conditions, likewise to low humidity, 
increase the nitrate concentrations in plants (Schuster and Lee, 1987).

Plant portion. The accumulation of nitrates in plant varies to a large 
extent depending on the portion of the plant. Nitrate content in plant 
reduces as follows: petiole > leaf > root > stem > inflorescence > tuber > 
bulb > fruit > seed (Santamaria et al., 1999). Accumulation of nitrates 
can also differ between potato breeds. The roots of cabbage contain more 
nitrates compared to the leaves, which makes it advisable to avoid the 
cabbage roots in human diet. The experiments have shown that outer 
layers of cucumbers and radish contain two to three times more nitrates 
than inner layers do. To reduce the risk of high nitrate intake, the 
cucumbers, especially early greenhouse cucumbers, should be skimmed 
prior to consumption (Golaszewska and Zalewski 2001, Mozolewski 
and Smoczynski, 2004; Järvan, 2009). 

Plant maturity and growth period. Generally, the nitrate content is 
highest in the early plant growth stadium and decreases with maturity 
(Järvan, 2009). Stems of vegetables contain higher amounts of nitrates 
than leaves. Longer and lighter growing periods favour the reduction of 
nitrates in plants by the time of harvesting (Iwamoto et al., 1968; Järvan, 
2009). 

Soil composition and fertilization. Under circumstances where 
fertilization and other growth conditions are the same, the lowest nitrate 
concentrations have been detected in vegetables grown in light sandy 
soils. Higher accumulation of nitrates has been reported in clay- and 
humus-rich soils (Järvan, 2009). Plants grown without excessive nitrogen 
fertilizer contain far less nitrate. Nitrate fertilizer applied shortly before 
harvest causes the greatest increase in nitrate levels and hence should 
be avoided. Slower nitrogen releasing sources such as animal and green 
manures enable to produce vegetables with significantly lower nitrates 
content. Red beetroots grown directly in manure or in fields where 
legums have been previously grown, and when high rates of mineral 
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fertilization with nitrogen are used, red beet plants show a high tendency 
for excessive accumulation of nitrates in their edible roots (Sady and 
Hoszek, 2002). However, plant species, stress factors and plant growing 
conditions have been reported to have more influence to the nitrate 
levels in plants than the amount of nitrogen fertilizer applied (Schuster 
and Lee, 1987; Hlusek et al., 2000).

Storage time and conditions. Studies have shown that during storage 
of vegetables in the optimal conditions, nitrate content slowly decreases. 
During six months of storage nitrate content in vegetables decreases 
1.5-2.0 fold (Sokolov, 1987; Järvan, 2009). At the same time, nitrite 
concentrations in vegetables may increase to elevated levels due to 
bacterial nitrification of nitrate to nitrite when vegetables are stored in 
rooms with high humidity and poor sanitation. Storage of vegetable 
salads, raw purees and juices at room temperatures can increase the nitrite 
concentrations to potentially hazardous level (Sokolov, 1987; Chung et 
al., 2003). 

2.2.2. Regulations for permitted content of nitrate in certain 
vegetables

The European Commission Regulation (EC) No. 1881/2006 establishes 
maximum permitted levels for the nitrate content in vegetables. Before 
the EU membership of Estonia, the maximum permitted nitrate levels for 
many different species of vegetables was established with the regulation of 
the Estonian government no. 66 from February 1999 (Vabariigi Valitsuse 
22. veebruari 1999. a määrus nr 66). According to the EU legislation 
the maximum levels of nitrates (see the following Table 4) in spinach 
are limited to 2500-3000 mg kg-1, in lettuce 2500-4500 mg kg-1 and 
in “iceberg” type of lettuce 2000-2500 mg kg-1 (European Commission 
2002, 2004; European Commission Regulation (EC) No. 1881/2006). 
Limit value depends on the harvesting season and place of growth of 
the vegetables. The highest concentrations are permitted in plants grown 
in the winter period and in greenhouse conditions. Highest nitrate 
concentrations were found in New Zealand spinach, which as a leafy 
vegetable showed a tendency for nitrate accumulation and it is therefore 
a good example for the plants, which maximum permitted nitrate 
concentrations are established (Umar, 2007). An example of a relatively 
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new EU memberstate having previous legislation concerning nitrate 
levels is Poland, where according to the regulation of the Ministry of 
Health (Rozporządzenie Ministra Zdrowia, 2003) the permitted content 
of nitrate was 2500 mg kg-1 in fresh spinach, 2000 mg kg-1 in both 
processed and frozen products.

Table 4. Maximum levels of nitrate established by the European 
Commission Regulation (EC) No. 1881/2006

Foodstuffs Maximum levels (mg NO3/kg)
1.1 Fresh spinach Harvested 1 October to 31 March 3000

Harvested 1 April to 30 September 2500
1.2 Preserved, deep-frozen or 

frozen spinach 2000

1.3 Fresh Lettuce (protected 
and open-grown lettuce) 
excluding lettuce listed in 
point 1.4

Harvested 1 October to 31 March:
Lettuce grown under cover 4500
Lettuce grown in the open air 4000
Harvested 1 April to 30 September
Lettuce grown under cover 3500
Lettuce grown in the open air 2500

1.4 Iceberg-type lettuce Lettuce grown under cover 2500
Lettuce grown in the open air 2000

2.3. Nitrate and nitrite in the raw vegetable juices

During the last few years vegetable-based raw juices have become very 
popular (WHO, 2006). The popularity has grown due to public interest 
in various diets and alternative nutrition. Vegetable juices make an 
important source of bioactive compounds and essential nutrients for 
humans, but techniques used for their processing and subsequent storage 
may cause alterations in their contents and as a result, they do not provide 
the benefits expected by the consumer. In contrast to juices from fruits, 
vegetable juices often contain considerable amounts of nitrate. With an 
average diet, about 70-80% of the total nitrate intake of humans can 
be attributed to vegetables and vegetable-based products (Hammes and 
Gierschner, 1990). As nitrate is soluble in water, almost all of nitrate is 
transferred from vegetables into the juice. Consumption of 150 ml of red 
beetroot juice containing 2000 mg l-1 nitrate thus would already result 
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an intake greater than the ADI-value for a 70-kg adult (Kolb and Haug, 
1997). The nitrite content of most fresh vegetables is generally low and 
usually in the range of  0 to 2 mg kg-1 (Meah et al., 1994; Pennington, 
1998; Chung et al., 2003; Belitz et al., 2004; Hsu et al., 2009). 

Main emphasis in the health-promoting dietary recommendations is 
applied to increased consumption of fruit and vegetables and juices 
(IFFP, 2005). WHO/FAO joint report recommends consumption of 
about 400 g of fruit and vegetables a day as an invaluable aid to prevent 
chronic diseases, including cardiovascular diseases, cancer, type II diabetes 
and obesity. Low fruit and vegetable intake causes some 2.7 million 
deaths each year and is one of the leading 10 risk factors contributing to 
mortality (WHO, 2003; Hung et al., 2004; Forman and Burley, 2006).

One of the most popular vegetables among both the children and adults 
is carrot, that could be consumed in many different ways. Many people 
across the world tend to consider the carrot juice as a “miracle juice” 
(Cabot, 2001; Walker, 2003; Kroom, 2008). 

Besides the carrot juice, the cabbage, pumpkin and beetroot juices 
are also widely consumed. However, this kind of food contains large 
amounts of nitrate and is a potential hazard if the conditions during 
storage or processing are conductive to conversion of nitrate to nitrite 
(Hill, 1996; EFSA, 2008). 

Concept of minimal processing is coming more popular and actual. For 
some years, producers have produced juices with light pasteurisation, 
marketed in refrigerated conditions and with limited shelf life. Light 
pasteurisation is directed to vegetative microorganisms and is usually 
conducted at about 65 ºC during 10 seconds (Sadler et al., 1992). But the 
processing is not the only factor that affects the nitrate and nitrite content of 
raw vegetable juices. It is also necessary to take into account the conditions 
of storage and the length of storage period (Phillips, 1986; Dejonckheere 
et al., 1994). According to the results of the earlier studies (Phillips 1968; 
Heisler et al., 1974), the initial nitrate present in fresh vegetable juices was 
significantly reduced to nitrite under storage at ambient temperature. In 
1994, Nabrzyski and Gajewska reported the decrease of nitrate content 
from 261 to 46 mg kg-1 with a consequent increase of nitrite content from 
0.14 to 83.0 mg kg-1 for juices prepared from blanched carrot and stored 
at ambient temperatures.
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2.3.1. Microbiological conditions and pH of the vegetable juices

The initial microbiological load and pH of fresh raw vegetable juices 
may vary in a large extent. According to the literature (Jay, 2000; Chung 
et al., 2004), the vegetable juices are good growing media for bacteria, 
because of the high water activity (aw) and high content of nutrients. 
However, an inhibiting factor is that they have often a lower pH than 
is favourable for microbes. The lower pH favours the growth of fungi. 
Some vegetables such as radish, cabbage, beetroot, lettuce and potato as 
well as their juices, have pH values closer to neutral. It reflects in a higher 
incidence of bacterial spoilage of vegetables.

Nitrate conversion to nitrite is strongly related with microbiological 
conditions and pH-value (Chung et al., 2004; Prasad and Chetty, 2008). 
The quality of vegetable juices is directly dependent on the quality of 
raw material. The long self-life of the vegetables is ensured by correct 
harvesting technique, which causes minimal damages and therefore 
the structure, and natural defence mechanisms of the vegetables are 
maintained against microbial spoilage.

Many scientists (Al-Delaimy et al., 1970; Mantis 1978; Diaz et al., 
1988) have described the antimicrobial properties of plants and their 
components. Altman et al. (1980) found that horseradish was bactericidal 
against Staphylococcus aureus. According to Kivanc and Kunduhoglu 
(1997) and Chung et al. (2002) garlic, onion, dill and cabbage juice 
inhibited the growth of all investigated yeasts and additionally garden 
radish and horseradish inhibited the growth of one to three bacterial 
strain (eg. Bacillus cereus, Serratia marcescens). In general, plant juices 
were more active against yeasts than bacteria. 

As written in literature, yeasts are the predominant fungi to induce 
the juice spoilage (Parish and Higgins, 1989). Yeast spoilage of juice 
can result in formation of haze, production of carbon dioxide and 
changes of colour. Tournas et al. (2006) reported, after analyses of 65 
pastorized juice samples (carrot, apple, grape etc.) obtained from local 
supermarkets, that 22% of the pasteurised juice samples contained live 
fungi due to inadequate pasteurisation or because of postpasteurisation 
contamination during cooling, bulk storage and bottling. 
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Initially the populations of microorganisms on fresh vegetables can vary 
dramatically. Aerobic plate count can be as high as 109 cfu per g, but is 
more typically in the range of 104 to 106 cfu/g (Nguyen-The and Carlin, 
1994). It varies among the various kinds of vegetables; the highest count 
was found in salad sprouts and the lowest in fruit vegetables or in the 
inner leaves of cabbage heads (Beuchat and Brackett,  1990b). Counts 
are also extremely variable among samples from the same vegetables. 
Variations within a survey, among samples of the same vegetables, may 
reach 4 log units (Splittstoesser, 1970; Saddik et al., 1985; Garcia-
Villanova Ruiz et al., 1987). Many factors such as environmental factors, 
like weather conditions, soil composition, the presence/abundance of 
insects and plant diseases, are responsible for big variability in bacterial 
counts. Webb and Mundt (1978) reported that population of moulds, 
isolated from vegetables, was influenced by the duration of the growing 
season, proximity of the vegetable to the ground and rainfall frequence. 
Raw vegetables are often heavily contaminated before they enter the 
processing chain. The range of mesophilic microflora may vary between 
102 to 108 cfu/g (Beuchat and Bracett, 1990a; Nguyen -The and Carlin, 
1994). 

After harvesting, the first step to decrease the amount of microorganisms 
is washing. In general, washing will remove about 1-2 log units of 
microorganisms or contamination by pathogens. The removal of the 
most contaminated part of the vegetables by trimming and peeling is 
also very important (Roberts, et al., 1982; Torriani and Massa, 1994). In 
addition, temperature of the washing water can affect the distribution of 
microorganisms within the product. For example, bacteria can be drawn 
into internal tissues when the washing water is cooler than product 
(Zhuang et al., 1995). However, during the storage the microbial counts 
may again increase. The count of aerobic mesophilic bacteria increased 
from 5.1 log cfu g-1 to 6.3 log cfu g-1 during 15 days storage at 2.8 °C for 
iceberg lettuce (King et al., 1991) and from 5.3 log cfu g-1 to 7.9 log cfu g-1 
in 3 weeks at 10 °C for the white cabbage (King et al., 1976).

Particular defence against the microbial spoiling is the pH of the vegetables 
and the vegetable juices. Different species of the vegetables have various 
initial pH. In the following Table 5 the pH values of different vegetable 
species, which are commonly consumed in Estonia, are shown.
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Table 5. The average pH values for different vegetable species* 

Vegetable species The pH value
Carrots 4.9-5.2
Beetroot 6.0 - 7.5
Cabbage 5.4-6.0
Radish 6.0 - 7.0 
Pumpkin 4.8-5.2
Turnips 5.2-5.5
Potatoes 5.3-6.0
Lettuce 5.8-6.0
Cucumbers 5.1-5.7
Spinach 5.8-6.0

*Grzeszczuk et al., 2007.

During storage, the pH of vegetables and vegetables juices is decreasing. 
Akin et al. (2008) found that decrease of pH was in correlation mainly 
with the nitrogen consumption of the studied microorganisms. The 
nitrogen concentration was not influencing the pH itself, but the pH 
decreased because of the consumption of nitrogen by yeasts during 
fermentation, which produced H+ ions (Castrillo et al., 1995). The pH 
decrease is influenced also by the metabolism of other microorganisms.  

2.4 Nitrate in vegetable‑based commercial infant foods

2.4.1. The influence of preliminary treatment and cooking on the 
nitrate content of vegetable‑based foods

The concentration of nitrate in the processed vegetables is usually much 
lower than in the fresh vegetables. Vegetable-based infant foods form a 
predominant portion of the infant diet. The intake of nitrates by small 
children is therefore directly related with the content of nitrates in vegetable-
based infant foods. During processing of vegetables the nitrate content 
in products is obviously reducing. Nitrates are compounds easily soluble 
in water. Blanching procedure has been found to be effective in nitrite 
and nitrate reduction. Blanching of raw spinach reduced concentration 
of nitrates 23 - 36% and concentration of nitrites 0 - 16% (Jaworska, 
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2005). Dejonckheere et al. (1994) and Negra et al. (2009) measured the 
nitrate loss in a number of vegetables after normal culinary practice such 
as washing, peeling, cooking and stewing. Washing of leafy vegetables with 
tap water reduced the nitrate concentration in range of 10–15% and for 
lettuce, the elimination of the thick midrib resulted in a decrease of the 
nitrate content in a range of 30–35%. According to Laslo et al. (2000) and 
Menard et al. (2008) the peeling and washing of vegetables can decrease 
the nitrate content by 20–30%. Chetty et al. (2009) reported that the 
highest nitrate loss in case of root vegetables after boiling was found for 
sweet potato (42.62%), followed by dalo (41.88%), carrot (32.92%) and 
potato (23.30%). The loss of nitrate on boiling is justified, since nitrate 
being water-soluble and therefore can easily be leached into cooking 
water (Roszczenko et al., 2001). Additionally reported about the nitrates 
by Leszczynska et al. (2009), soluble components were leached out more 
effectively by boiling than by blanching. According to the data of the same 
scientist the nitrate content of vegetables changed during different three 
widespread cooking methods (boiling, baking and frying) as following: 
for potato to 72, 104, 321 mg kg-1, respectively and for carrot to  
48, 86, 303 mg kg-1, respectively. The initial nitrate content in potatoes 
was 103 mg kg-1 and in carrots 81 mg kg-1.

2.4.2. Nitrate content in vegetable‑based infant foods

According to Astier-Dumas` (1976) study, the carrot-based infant foods 
contained higher nitrate content than permitted with legislation. During 
the mentioned study period, the French maximum permitted values for 
infant food of nitrates was 75 mg kg-1. This value can be obtained by using 
specially chosen carrots and/or by eliminating the water in which they have 
been cooked. The results of the investigation of Hardisson and Gonzáez 
Padrón (1996) showed that the nitrate levels in carrots-based products or 
other vegetables containing products were higher than nitrate content in 
purees prepared only from fruits. The following table 6 shows the nitrate 
content of infant foods from different producers. The maximum value of 
nitrates, 380 mg kg-1, was detected in carrot-based infant foods. Among 
Nestle™ infant food products the highest nitrate content (124 mg kg-1), 
was detected in products containing veal and vegetables as the main 
ingredients. According to the results of Umah et al. (2003) among the 
Frisocream infant food products the highest values, 251 mg kg–1 of nitrates, 
were detected from the product Yam and Vegetable Pottage.
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Table 6. The nitrate content from infant foods from different producers

Vegetable-based food Nitrate mg kg-1

Ham and carrots (Nutriben) 1 60 
Chiken and veal with vegetables (Nutriben) 1 30.4
Veal and carrots (Nutriben) 1 50.5
Hake and rice (Nutriben) 1 12
Carrots (Nutriben) 1 104
Carrots and rice (Nutriben) 1 380
Beef and ham (Nestle) 1 43
Veal and vegetables (Nestle) 1 124
Hake and vegetables (Nestle) 1 4
Carrots and rice (Nestle) 1 48
Chicken and veal with vegetables (Beech Nut) 1 32
Beef and ham with vegetables (Beech Nut) 1 20
Pureed Spinach Vegetable (Cerelac) 2 144
Yam and Vegetable Pottage (Frisocream) 2 251

1 Hardisson and Gonzáez Padrón, 1999
2 Umah et al., 2003

In the present, the maximum permitted nitrate content in vegetable-
based infant foods is established by the European Commission Regulation 
(EC) No. 1881/2006. The maximum levels of nitrates in baby foods and 
processed cereal-based baby foods for infants and young children should 
not exceed 200 mg kg-1. 

As the vegetable-based infant foods are ready for storage in stock or 
delivering to retail market, the producer must insure the quality and 
safety of the product. According to Ezeagu (1996) and Phillips (1968), 
the nitrate contents increased in stored opened vegetable-based food 
cans and it was concluded that it may be dependent on the differences 
between species-specific nitrate reductive activities and on the levels of 
bacterial contamination. One important topic for the consumer is related 
with the storage of opened vegetable-based food cans.
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2.5. Nitrate and nitrite intake from vegetables and  
vegetable‑based foods

For non-genotoxic food chemicals the estimated exposure is compared 
to ADI value. ADI is defined as an estimated maximum amount of an 
agent, expressed on a body mass basis, to which a subject may be exposed 
daily over his lifetime without noticeable health risk. For the calculation 
of ADI value, 100-fold uncertainty factor is applied to the maximum 
non-effect dose determined in long-term animal studies in order to 
derive an acceptable intake for humans (Püssa, 2008). 

Nitrate has a low level of acute toxicity but it may be reduced into 
nitrite, which can be acutely toxic to humans. Approximately 5% of all 
ingested nitrate is converted into more toxic nitrite in saliva and in the 
gastrointestinal tract. The assessment of the total health risk of nitrates 
should take into account the toxicity of nitrites and also N-nitroso 
compounds which can be formed during reaction of nitrite with amines 
or amides in food or in the digestive tract (Walker, 1990; Kolb and Haug 
1997; Benjamin and McKnight, 1999; Mensinga et al., 2003).

The first concerns about nitrate arose in the 1940’s when it was recognised 
that infantile methaemoglobinaemia (“blue baby syndrome”) was 
associated with the use of reconstituted baby foods in areas where water 
was drawn from local wells with high nitrate concentrations (Comly, 
1945; Sadeq et al., 2008). Ingestion of high nitrate levels has induced 
methaemoglobinemia much more frequently in infants than in adults. 
In the infants younger than 6 months, the upper gastrointestinal tract is 
heavily colonized by bacteria able to reduce nitrate to nitrite, especially 
due to the lack of gastric acidity (Hill, 1996; Knobeloch, et al., 2000; 
Murone et al., 2005). In the newborns, the gastrointestinal tract has 
large numbers of nitrate-reducing bacteria, especially Escherichia coli, 
which convert nitrate into nitrite (Rosenfield and Huston, 1950; Kross 
et al., 1992, Dusdieker et al., 1994; Honold, 2000).

The methaemoglobinemia appears due to the oxidation of ferrous iron in 
haemoglobin to ferric state, the oxygen-carrying capacity of the red blood 
corpuscles is lost and the affected human may die (WHO, 1995; Fan and 
Steinberg, 1996; Sanchez-Echaniz et al., 2001; Santamaria, 2006). The 
principle mechanism of nitrite acute toxicity is the oxidation of ferrous 
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II ion (Fe2+) in oxyhaemoglobin (Hb) to ferric III ion (Fe3+) to produce 
methaemoglobin (Met-Hb). Methaemoglobin is unable to reversibly 
bind and transport oxygen. Over 10% Met-Hb of the total Hb causes 
cyanosis. The lips and skin become bluish-grey and the blood is chocolate 
brown in colour. Lethal level of Met-Hb is 60% of the total Hb (De Beer 
et al., 1975). Infants fed on infant formula, which is mixed with high-
nitrate well water are particularly susceptible to methaemoglobinemia 
because of their high fluid intake per kg of body weight (Van Grinsven et 
al., 2006). Consumption of vegetables containing high level of nitrates 
and incorrect storage of home-made vegetable purees has been also found 
to be potential cause of infant methaemoglobinemia (Sanchez-Echaniz 
and Benito-Fernández, 2001).  

For estimation of the nitrate and nitrite intake from food as well as 
for calculations of the acceptable daily intakes, different methods and 
information are used. These include food supply data, published tables 
of the mean consumption of dietary items, duplicate portion analyses, 
dietary survey among the individuals, probabilistic and worst case 
screening models (Ellen et al., 1990; Penttilä et al., 1990; Cornée et al., 
1992; Murata and Ishinaga, 2001; Murata et al., 2002). Depending on 
the method used, intake estimates can vary to a large extent (Kroes et 
al., 2002).

The first international evaluation of the risks associated with nitrate 
and nitrite ingestion was conducted by the Joint FAO/WHO Expert 
Committee on Food Additives (JECFA) in 1961 (FAO/WHO, 1962). 
In the year of 1962 ADI value for nitrate was established as 10 mg per kg-1 
body weight (bw), that value as decreased in 1963 to 5 mg per kg-1 bw 
(Obzornaja informacija,1982). In the year of 1990 followed the decrease 
to 3.7 mg per kg-1 bw and in most recent review of JECFA (Joint FAO/
WHO Expert Committee on Food Additives) it was reconfirmed 
(European Scientific Committee for Food, 1995, FAO/WHO 2003a, 
FAO/WHO 2003b, FAO/WHO 2003c). 

The similar decreasing trends were observed in the ADI value for nitrite.  
In the year of 1962 the ADI value for nitrite was established  
0.4 mg per kg-1 bw and that value was decreased in 1965 to  
0.2 mg per kg-1 bw (Obzornaja informacija,1982). The following  
reducing took place in 1985, when ADI value for nitrite  
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0.15 mg per kg-1 bw was establised. Following decreases were 
performed in the years 1992 – 0.1 mg per kg-1 bw and from year of  
1995 – 0.06 mg per kg-1 bw. At the present time for nitrite 
two limits are valid. Differences exist between in the European  
(0 to 0.06 mg kg-1 body weight day-1) (European Scientific Committee 
for Food, 1995) and international (0 to 0.07 mg kg-1 body weight day-1) 
legislation (FAO/WHO 2003a). ADI value might be exceeded in some 
cases, for example among children population and by vegetarians.

To assess any potential health impact from the different vegetable intake 
scenarios EFSA (European Food Safety Authority, 2008) CONTAM 
Panel compared the nitrate exposure estimates with the ADI for nitrate of 
3.7 mg kg-1 bw per day, equivalent to 222 mg for a 60 kg adult. Thus, a 
person eating 400 g of a variety of vegetables, as recommended by World 
Health Organization (WHO), at typical median nitrate concentration 
levels would have a mean dietary exposure to nitrate of 157 mg per day-1.  
However, the consumers who eat high amounts of vegetables grown 
under unfavourable production conditions may exceed the ADI ca 
2-fold. The consumption of more than 47 g of rucola per day would lead 
to the crossing of ADI. 

The differences in dietary habits between countries result in different 
nitrate intakes, but vegetables are still the major source of nitrate intake 
by humans, contributing 40-92% of the average daily intake (Penttilä, 
1995; Dich et al., 1996; Eichholzer and Gutzwiller, 1998; Ximens et al., 
2000). In Table 7 it is shown that the highest amounts of leafy vegetables 
are consumed in China and United Kingdom (UK), as 82 g and  
68.6 g per day, respectively. Cabbage and leafy vegetables together are 
making 127 g in China and 87.5 g in UK as a total intake of mentioned 
vegetables per day (Zhong et al., 2002; Ysart et al., 1999). Finnish and 
Danish population consume the lowest amounts of leafy vegetables and 
cabbage, therefore they have the lowest intake of nitrates as 11.8 mg day-1 
and 13.1 mg day-1, respectively. According to the data obtained in China 
(Zhong et al., 2002), consuming leafy vegetables and cabbage resulted 
in the nitrate intake of 312.2 mg per day-1 per person and ADI values 
were exceeded by 40% (Table 7). It is sure that additional nitrate doses 
are included when consuming other foods and drinking water (Zhong 
et al., 2002). 
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Table 7. The average daily intake of nitrates from leafy vegetables  
(mg per day-1) and the calculation for the whole population 

Country Consumption g day-1 Intake of NO3
- mg day-1 Reference

White 
cabbage

Leafy 
vegeta-
bles

Total White 
cabbage

Leafy 
vegeta-
bles

Total

Finland 5.5 4.7 11.2 3.3 8.5 11.8 Penttilä, 1995
Italy 1.7 31.3 33 0.68 27.5 28.2 Santamaria et al., 

1999
Denmark 4 5.2 9.2 1.5 11.6 13.1 Santamaria, 2006
UK 18.9 68.6 87.5 6.4 38.5 44.9 Ysart et al., 1999
China 45 82 127 68.9 234.2 312.2 Zhong et al., 2002
Belgium - 40 40 - 63.4 63.4 Dejonckheere et 

al., 1994

The average daily intakes of nitrates from all vegetables are shown in  
table 8. Highest amounts of vegetables were consumed in China and 
Belgium. In China, the habitants consumed high amounts of leafy 
vegetables, and therefore the nitrate daily doses were 486 mg per person  
and 8.1 mg per kg-1 bw (ADI value is 3.7 mg kg-1 bw per day)  
(Zhong et al., 2002). In Belgium and Netherlands the nitrate doses were, 
2.19 mg kg-1 bw and 2.13 mg kg-1 bw, respectively. In the other European 
countries the taken in nitrate doses were lower as 1.05 to 1.39 mg kg-1 bw 
(Table 8).

Table 8. The average daily intake of nitrates from all vegetables and calculations 
of nitrate doses mg kg-1 body weight (ADI value 0-3.7 mg kg-1 bw)

Country Vegetable 
consumprion 

g day-1

NO3 
intake mg 
per day-1

NO3 
intake mg 
kg-1 bw *

Reference

Finland 233 71.2 1.19 Penttilä, 1995
Italy 293 71 1.18 Santamaria et al., 1999
Belgium 452 131.3 2.19 Dejonckheere et al., 1994

Denmark 280 63.5 1.05 Petersen and Stoltze, 
1999; Santamaria, 2006

UK 211 83.3 1.39 Ysart et al., 1999
Netherlands 281 127.9 2.13 Santamaria, 2006
Germany 185 63.1 1.05 Santamaria, 2006
China 510 486 8.1 Zhong et al., 2002
* calculated on the basis of body weight of 60 kg
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The mean total daily intake of nitrate per person estimated by different 
authors in Europe ranged between 50 and 140 mg and in the USA about 
40 to 100 mg (Ysart et al., 1999; Mensinga et al., 2003). Gangolli et al. 
(1994) estimated that the mean daily intake of nitrite in the US and UK 
were 1.5 mg per day-1.

Some studies have estimated dietary exposure of nitrate and nitrite. 
According to the data obtained from those studies, the nitrate/nitrite 
exposure generally does not exceed the ADI in the Netherlands, UK, 
Korea and in New Zealand (Vaessen and Schothorst, 1999; Ysart et al., 
1999; Thomson et al., 2007). The main contributors are often potatoes, 
green vegetables and other vegetables with 33%, 21% and 15%, 
respectively, of total exposure (Ysart et al., 1999). 

In table 9 the sources and daily intake of nitrates and nitrites are shown. 
The main sources of nitrates were vegetables and vegetable-based foods 
as 85-94% from overall intake. The main sources of nitrites were meat 
products as 65-94%. Lower levels of nitrate and nitrite doses were 
obtained from drinking water, cereals and from milk products. The data 
from table 9 is showing that the main nitrate doses are obtained from 
vegetables and therefore exact calculations for different age group for 
daily nitrate intakes are essential.
 
Table 9. Estimates of daily dietary intake (mg person day-1) of nitrate 
and nitrite in different countries

Country NO3 
intake mg 
per day-1

Main source of 
nitrate

NO2 
intake mg 
per day-1

Main source of 
nitrite

Reference

Finland 78 Vegetables 92%
Meats and fish 
5.8%

5.3 Meats 94%
Vegetables 
5.3%

Penttilä, 
1995

France 121 Vegetables 85%
Meats 5.9%

1.9 Not specified Cornee et 
al., 1992

UK 95 Vegetables 94%
Meats 3.2%

1.4 Meats 65%
Vegetables 
13%

Knight et 
al., 1987
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2.6. Methods of determination of nitrate and nitrite ions

Many analytical techniques like spectrophotometry, high performance 
liquid chromatography (HPLC), electron paramagnetic resonance (EPR) 
spectrometry, ion chromatography (IC), gas chromatography (GC), 
polarography and capillary electrophoresis (CE), have been developed 
for the determination of nitrate and nitrite in food (Beijaars et al., 1994; 
Zanardi et al., 2002; Prasad and Chetty, 2008). Simultaneous techniques, 
such as electrochemical and capillary electrophoresis, where the analytes 
are detected independently of one another in a single measurement could 
be used for nitrate/nitrite analyses. Sequential analyses are performed on 
the basis of detecting of the more versatile nitrite anion initially, followed 
by bulk reduction of the sample to ensure that all the nitrate is converted 
to nitrite and repeating the nitrite analysis. Calculation of the nitrate 
concentration can then be made by calculating the differences. 

Nitrate-selective electrodes have found little application in the analysis of 
foodstuffs because of their potential interference from several commonly 
occurring anions such as chloride, sulphate and bicarbonate. Pentchuk 
et al. (1986) has reported that nitrate electrodes may give rise to positive 
interference when compared to other methods in the analysis of vegetables. 
Other methods that have been reported for the analysis of nitrate and 
nitrite include ion pair extraction/atomic absorption spectrophotometry 
(Silva et al., 1986), amperometry, polarography (Ximenes et al., 2000) 
and stripping voltammetry (Van den Berg and Li, 1988). 

Classical methods for the determination of nitrite are based on variations 
of the Griess diazotisation procedure, in which an azo dye is produced in 
a reaction of diazonium salt with an aromatic amine or phenol (Kirk and 
Sawyer, 1991). This is the basis of many spectrophotometric methods 
and therefore, it has found a wide application for the analysis of nitrate 
after its prior reduction to nitrite by spongy cadmium. Damiani and 
Burini (1986) have described a fluorimetric assay for nitrite based on its 
reaction with 2.3-diaminonaphtalene. Application of the method gave 
approximately 10% lower results than a colorimetric assay.  

Sequential HPLC analysis of nitrate and nitrite ions can be performed 
with the liquid chromatograph equipped with a fluorescence 
detector. In the proposed method, aqueous nitrite was reacted with 
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2.3-diaminonaphthalene (DAN) under acidic conditions to the 
highly fluorescent form 2.3-naphthotriazole (NAT). For analysis of 
nitrate, it was converted to nitrite enzymatically derivatized with 
2.3-diaminonaphthalene (DAN) as described in the literature (Misko et 
al., 1993; Li et al., 2000). 

The use of high-performance liquid chromatography (HPLC) and ion 
chromatography (IC) for the analysis of nitrate and nitrite has increased 
substantially over recent years due to the number of favourable factors 
compared with colorimetric assays including the speed of the analysis, 
the fact that both anions can be determined at the same time, toxic 
reagents such as cadmium are not required and also that in some instances 
higher sensitivity and accuracy is obtainable. Also, HPLC/UV methods 
have been reported for the nitrate and nitrite detection from vegetables 
(Cheng and Tsang, 1998; Chou et al., 2003). 
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3. AIMS OF THE STUDY

The aims of the present study were:

To determine the nitrate and nitrite concentrations in certain raw 1. 
vegetables grown in Estonia and sold in Estonian retail market level 
(I).
To determine the nitrate contents in leafy vegetables and culinary 2. 
herbs and cucumber grown under cover in different seasons (IV).
To study the initial nitrate and nitrite content, microbiological 3. 
conditions and pH value in selected raw vegetable juices (III). 
To study the dynamics of nitrate and nitrite contents, microbiolocigal 4. 
counts and changes in pH values during 24 and 48 hours of storage 
of raw vegetable juices under refrigerated and ambient temperature 
(III). 
To analyse the impact of preliminary and industrial processing steps 5. 
of vegetable-based infant foods on the nitrate and nitrite content in 
the final product (II).
 To get an overview of the contents of nitrates and nitrites in 6. 
commercial, domestic and imported infant foods sold at retail 
outlets in Estonia (II).
To investigate changes in nitrate and nitrite concentrations of 7. 
canned infant foods during storage at simulated home conditions 
(II).
To assess the dietary nitrate and nitrite intakes by infants, small 8. 
children and adults from different vegetables and vegetable-based 
foods comparing the results with acceptable daily intakes, ADI (I, 
III, IV). 
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4. MATERIALS AND METHODS

4.1. Vegetables

Altogether 1453 samples of root, fruits and leafy vegetables were analysed 
in 2003 - 2008. Cucumbers, leafy vegetables and culinary herbs sold in 
Estonian retail markets have been usually grown under cover conditions. 
Seasonal differences in nitrate content were observed for lettuce and 
spinach cultivated under cover. Approximately 80% of analysed vegetables 
were grown in Estonia. In the case of small vegetables the whole sample 
was chopped. Large sample units, e.g. head cabbage, were cut vertically 
into four quarters, whereas one quarter was used for the analysis. Minimal 
vegetable sample amount was 1 kg. Prior to analyses the non-edible parts 
of the samples were removed. The nitrate content of lettuce and spinach 
was determined in two different periods for each sampling year. The first 
sampling was performed in the summer period from April 1 to September 
30, and the second in the winter period from October 1 to March 31. 
Other vegetable samples were taken all-the-year-round.

4.2. Juices

Series 1 analysis were performed with lightly pasteurised raw juices of 
carrot, cabbage and red beetroot, produced at a small-scale local enterprise 
and purchased at retail market. Altogether, 15 commercially produced 
raw juices were analysed. 

The series 2 consisted of home-made raw juices. Samples of five species 
of vegetables, i.e. carrot, cabbage, red beetroot, radish and pumpkin were 
collected from different outlets of Tartu, Estonia. Altogether, 25 home-
made raw juices were analysed. The vegetables were washed with warm 
water, peeled and mechanically brushed. Raw juices were produced with 
commercially available squeezer (Stollar Juice Fountain). 

For each species of the raw vegetables juices, the analyses were performed 
in five replications. All the raw juices were stored at two different 
temperatures, refrigerated (4-6 ºC) and ambient (20-22 ºC) for two days. 
The nitrate and nitrite contents, total viable counts, coliforms counts, 
yeast and mould counts and pH were determined after opening the 
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commercial juice packages and immediately after preparation of the 
home-made juices as well as after 24 and 48 hours of storage.

4.3. Bacteriological analyses

All juices (Series 1 and Series 2) were examined microbiologically for total 
viable counts, coliform bacteria, yeasts and moulds using the four plate 
method. Decimal dilution series were prepared in accordance with EVS-
EN ISO 6887-1:2001. Plate Count Agar LAB 115 was used for isolation of 
total viable counts at 30 °C for 72 h (EVS-EN ISO 4833:2006). Coliforms 
were grown in the Violet Red Bile Agar LAB 31 (V.R.B.A.) at 37 °C for  
24 h (NMKL 44 5th edition 2001). Yeast extract-dextrose-chloramphenicol-
agar medium LAB 119-B5 was used for isolation of yeast and moulds at 
25 °C for 5 days (EVS-EN ISO 7954:1999). Microbiological counts were 
expressed as a number of colony forming units (cfu) per milliliter (ml).

4.4. Determination of pH‑values of vegetable juices

The pH of the juices (Series 1 and Series 2) was determined with pH 
meter Consort C 833 according to the instructions of European Standard 
EVS-EN 1132:2000.

4.5. Industrial technology

Five vegetable-based infant foods were analysed at different stages of 
industrial processing, starting from the raw materials and ending with the 
final product. The following products – carrot puree, carrot puree with 
liver, vegetable puree soup with meat, vegetable puree with chicken and 
vegetable ragout, were analysed. 

Subsequent processing steps such as the chopping of raw vegetables, mixing 
of ingredients, and heating of the initial mixture were performed in a closed 
tank. Chopped vegetables and preblanched meat, liver, semolina, and rice 
were cooked in water at 110 °C for 20 to 30 minutes. After cooking, all 
other preprepared ingredients, such as milk, butter, cooking oil, sugar, 
and spices, were added. The mixture was homogenized and heated under 
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vacuum at 80 to 90 °C for 10 to 20 min, canned into glass jars (190 g), 
and finally sterilized (temperature 120 °C).

To find out the impact of processing on the changes in nitrate concentration 
during infant food processing the samples were obtained from the 
production line of a large-scale Estonian infant food manufacturer. The 
samplings were performed in three replications during each of the following 
stages: 1) before raw vegetable peeling and washing 2) peeled and washed 
raw vegetables from the production line, 3) vegetable mixture containing 
all ingredients after homogenization and 4) final product after sterilization. 
Sampling was performed in accordance with the production schedule and 
samples were taken at least from three different lots of each product. 

Vegetable samples were analysed on the same day after sampling. 

Figure 1. Technolocigal scheme of vegetable-based infant during food 
processing

Production flow chart of carrot puree with liver

Nonpeeled vegetables

Preblanched liver

Peeled and washed vegetables

Chopping

Cooking 110 Cº

Adding of water Adding of sugar and butterMixing 

Heating 90 Cº

Homogenization

Filling

Leading

Sterilization 120 Cº

Storehouse

The sampling place
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4.6. Vegetable‑based infant foods

The samples of commercial vegetable-based infant foods were taken 
from the retail level with the aim to determine the content of nitrates 
and nitrites in infant foods produced in different countries. A total of 70 
vegetable-based infant food products of Estonian, Austrian, Finnish and 
Hungarian origin were analysed.

4.7. Storage experiments of the vegetable‑based infant foods

Infant food samples for storage experiments were randomly obtained 
from the Estonian retail shops. Cans were taken for the analysis from six 
different lots of commercial infant foods. The analysed foods were carrot 
puree, carrot puree with liver, rice and pumpkin puree, semolina and 
pumpkin puree, vegetable ragout and vegetable puree soup with meat. 
Cans were opened and the initial nitrate and nitrite concentrations were 
measured. Opened cans were stored covered at two different temperatures: 
refrigerated (4 to 6 ºC), and ambient (20 to 22 ºC) temperature. The 
levels of nitrates and nitrites were determined after 24 and 48 h. In our 
study, the storage time of opened vegetable-based infant food cans was 
two days as generally recommended by the producer.

4.8. Analysis of nitrate and nitrite ions

We have used three different methods to detect nitrate and nitrite content 
in testing material. 

Nitrate concentrations in vegetables were determined by using •	
potentiometric method based on a Russian standard GOST 4228-
86.  Prior to analysis non-edible parts of the sample were removed. 
In the case of small vegetables the whole sample was chopped. 
Large sample units (e.g. head cabbage) were cut vertically into 
four pieces, one quarter from each unit was taken for the analysis. 
Vegetable juice was prepared using a juice press. Leafy and low juice-
containing vegetables were finely chopped. Nitrates were extracted 
with KAl(SO4)2 solution and determined potentiometrically with 
ion-selective electrode. Method of analysis is accredited by Estonian 
Accreditation Body. Limit of quantification is 30 mg kg–1 and 
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measurement uncertainty up to 15 % (k=2, norm.) depending on 
the sample matrix.
Concentration of nitrates and nitrites in infant purees and ready-•	
made food as determined by using HPLC method based on (Nordic 
Committee on Food Analysis) method no. 165, 2000 (Merino et 
al., 2000). Nitrates and nitrites were extracted from the samples 
with hot water. Acetonitrile was added for removal of interfering 
substances. The filtered solution was injected into Shimadzu LC10 
chromatograph, nitrate and nitrite were separated with Alltech 
C18 column and detected using UV-detector at the wavelength of  
205 nm. Limit of quantification for both ions was 5 mg kg-1, 
measurement uncertainty (U) at the concentration of 100 mg kg–1  

12 mg kg–1 (k=2, norm.). Method is accredited by Estonian 
Accreditation Body, laboratory has successfully participated in 
collaborative study of the method (Merino et al., 2000) and 
intercomparison tests.
To measure the concentrations of nitrates and nitrites in raw •	
vegetable juices HPLC analyses were performed using a liquid 
chromatograph (Agilent Technologies Model 1100, Palo Alto, CA, 
USA) equipped with a fluorescence detector. Chromatographic 
separation of samples and standards was carried out on a reversed 
phase column Agilent 300SB-C8 (2.1x150 mm, 5 µm; Agilent 
Technologies, USA) using elution with 0.1% formic acid and 
acetonitrile eluent at 35 ºC with a speed of 0.2 ml/min. Fluorescence 
was monitored with excitation at 355 nm and emission at 420 nm. 
DAN reagent was prepared by dissolving 10 mg of DAN in 100 ml  
of 0.25 M aqueous HCl solution and stored in the darkness at 
−18 °C. Nitrate ions were converted to nitrite enzymatically by 
nitrate reductase and further derivatized to the highly fluorescent 
2.3-naphthotriazole (NAT) with 2.3-diaminonaphthalene (DAN) 
as described in literature (Misko et al., 1993; Li et al., 2000). A 
solution, which consisted of 200 µl of nitrate standard (0–2 mM) 
or sample, 10 µl of 1 U/ml nitrate reductase and 10 µl of 120 mM 
NADPH, was incubated at 25 °C for 0.5 h in thermostat. After 
the conversion of nitrate to nitrite, this solution was used directly 
for nitrite analysis. Nitrite, in standard solution and vegetable 
juice samples, readily reacted with DAN under acidic conditions 
to yield the highly fluorescent 2.3-naphthotriazole (NAT). DAN 
reacts rapidly with nitrite under acidic condition. 100 µl of nitrite 
standard (0–2 mM) or sample (ultrafiltered culture medium or 
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biological samples, or nitrate-derived nitrite solution) was incubated 
at 24 °C with 10 µl of 316 mM DAN (in 0.62 M HCl) for 10 min, 
followed by addition of 5 µl of 2.8 M NaOH. Obtained solution 
was used directly for chromatographic analysis. Conversion rate 
of nitrate to nitrite was 98%, as detected with known amounts of 
nitrate and nitrite standards. All the reagents were of analytical grade 
and double distilled–deionized water was used in all experiments. 
2.3-Diaminonaphthalene, nitrate reductase (NAD(P)H) from 
Aspergillus niger (N7265) and beta-NADP in reduced form were 
supplied by SIGMA. Flavin adenine dinucleotide disodium was 
purchased from Fluka. All other chemicals were purchased from 
Sigma, except sodium nitrate and potassium nitrite, which were 
obtained from Riedel-de Haën. Limit of quantification (LOQ) of 
nitrate was 0.23 mg l-1 and of nitrite 0.10 mg l-1.

4.9. Methods fof nitrate and nitrite intake estimation

Different methods can be used for the estimation of the nitrate and 
nitrite intake from vegetables and vegetable-based foods.  These include 
food supply data, published tables of the mean consumption of dietary 
items, duplicate portion analysis, dietary survey among the individuals, 
probabilistic and worst case screening models (Ellen et al., 1990; 
Penttilä et al., 1990; Murata and Ishinaga, 2001; Murata et al., 2002). 
Consumed amounts of vegetables were reduced taking into account the 
effect of peeling, cleaning and removing of non-edible parts. Nitrate 
concentrations of the commodities were corrected for cooking loss.

Intake of nitrates has been evaluated using the data from three different 
consumption surveys in Estonia. 

Young children (1 to 6 years).•	  The consumption data were obtained 
during six months from the menu of two kindergartens in 2005. 
During the year, the consumption data according to the menu and 
data also the amount of supplied vegetables were collected. The 
mean consumed amounts of vegetable-based foods by children in 
age group of 1 to 6 years were calculated taking into consideration 
the average number of children (n=335). The consumption data 
were corrected for cooking and peeling loss for mean nitrate content, 
mg kg-1. 
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Infants (6 to 12 months).•	  The consumption data of the age group 
of 6 to 12 months were calculated on the basis for infant menu 
recommended by Estonian paediatricians. The recommended infant 
menu of the age group of 6 to 12 months should contain 50% of 
vegetable-based foods and 50% of fruit based foods in addition to 
breast feeding. 
Estonian population.•	  Data were collected from the household 
consumption survey made by the National Board of Statistics in 
Estonia. Data includes the number of population and monthly 
average amounts of vegetables consumed by Estonian population 
during the years 2000 – 2002 and 2004 – 2005. In calculations 
of mean nitrate and nitrite daily intakes, 60 kg was used as the 
average body weight of Estonian population. Consumed amounts 
of vegetables were reduced taking into account the effect of peeling, 
cleaning and removing of non-edible parts. Nitrate concentrations 
of the commodities were corrected for cooking loss.
The intake of nitrate and nitrite from the raw vegetable juices has •	
been calculated in accordance with the recommendations given by 
Estonian and other dietitians (Heinerman, 1994; Cabot, 2001; 
Kroom, 2008). Taking into account the recommended consumption 
data for the home-made vegetable-based raw juices, the precentages 
of nitrate and nitrite contents compared with ADI were calculated. 
The average consumed amounts of vegetable raw juices in accordance 
with dietitians’ recommendations were 100 to 300 ml, depending 
on the juice variety. The daily doses of nitrate and nitrite depend 
on initial contents of NO3

- and NO2
- in vegetable-based raw juices. 

Additionally, the intake depends on consumed amounts and storage 
conditions of the vegetable-based raw juices.

4.10. Statistical analysis

All individual laboratory results of nitrate and nitrite content were 
recorded and the statistical analyses were performed using MS Excel 
2003 software (Microsoft Corporation; Redmond, WA, USA). T-test 
was used to reveal the statistical significance of differences in measured 
variables at different time points. The results with values p<0.05 were 
considered statistically significant. Correlation analyses were used to 
study relationships between the pH and total viable count of aerobic 
bacteria (log cfu/ml).
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5. RESULTS

5.1. Concentrations of nitrates and nitrites in vegetables

Altogether, 1453 samples of root, fruits and leafy vegetables were analysed 
during 2003 - 2008. The European Commission Regulation (EC) 
No. 1881/2006 establishes maximum permitted levels for the nitrate 
content in certain vegetables. According to the present EU legislation 
the maximum level of nitrates (see the table 4) in spinach is limited to 
2500-3000 mg kg-1, in lettuce to 2500-4500 mg kg-1 and in “iceberg” 
type of lettuce to 2000-2500 mg kg-1 (European Commission Regulation 
(EC) No. 1881/2006). 

The results for nitrates in all the studied vegetables are shown in Table 10. 
In the table, the highest average values of nitrates were detected in beetroot, 
lettuce, dill and spinach. The mean concentrations were 1446 mg kg-1, 

2167 mg kg-1, 2936 mg kg-1 and 2508 mg kg-1, respectively. The lowest 
mean values of nitrates were detected in tomato, onion and potato, the 
contents being 41 mg kg-1; 55 mg kg-1 and 94 mg kg-1, respectively. 

In the vegetables of Estonian origin, the content of nitrites was lower 
than 5 mg kg-1 which was the detection limit of the used method.
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Table 10. Content of nitrates in the vegetables grown in Estonia 2003-
2005

Commodity No. of 
samples

Minimum 
nitrate content, 

mg kg-1

Maximum 
nitrate content, 

mg kg-1

Average nitrate 
content, 
mg kg-1

Potato 449 <30 360 94
Carrot 202 <30 525 148
Cabbage 168 74 1138 437
Beetroot 130 214 3556 1446
Cucumber 130 <30 1236 160
Turnip 58 64 1062 307
Chinese cabbage 36 232 2236 1243
Tomato 25 <30 100 41
Onion 21 30 92 55
Spring onion 15 160 920 477
Lettuce 14 397 3230 2167
Pumpkin 8 <30 445 174
Radish 6 670 1500 1309
Dill 5 2236 3267 2936
Rhubarb 4 55 376 201
Celery 4 256 830 565
Parsley 4 674 1588 966
Strawberry 3 <30 111 55
Cauliflower 3 104 404 287
Zucchini 2 330 511 421
Watermelon 1 95 95 95
Spinach 1 2508 2508 2508

5.1.1. Nitrates in vegetables, grown under cover in Estonia,  
and in the imported products

A total of 73 samples of leafy vegetables, herbs and cucumbers grown under 
cover in Estonia and imported were analysed. High nitrate concentrations 
were detected in rucola, dill, basil, thyme and parsley with mean values 
in the range from 2134 mg kg-1 (parsley) to 8150 mg kg-1 (rucola)  
(Table 11). Several times lower levels were determined in spring onion 
(533 mg kg-1) and celery (660 mg kg-1). The average nitrate concentration 
was 382 mg kg-1 for domestic cabbage samples. Cabbage is usually grown 
in the fields without cover. 
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 Table 11. Content of nitrates in the vegetables grown in Estonia and in 
imported products 2006-2008

Vegetable No. of 
samples

Nitrate content mg kg-1 FW
Range Mean Median 

Chinese cabbage, Estonia 6 212-1844 885 404
Chinese cabbage, 
imported

4 340-2236 1344 1228

Rucola, Estonia 2 7300-9000 8150 8150
Celery, imported 4 256-1113 660 542
Parsley, Estonia 7 887-3590 2134 1880
Spring onion, Estonia 4 99-870 533 580
Dill, Estonia 6 2670-5290 3911 3150
Fresh basil, Estonia 2 4040-5350 4695 4695
Thyme, Estonia 1 4290 4290 4290
Fresh cucumber, Estonia 12 89-740 335 320
Fresh cucumber, 
imported

7 124-372 240 252

White cabbage*, Estonia 18 85-920 382 318

* White cabbage grown in the open air
FW – Fresh Weight

5.1.2. Seasonal variation of nitrate content in leafy vegetables

A total of 58 samples of fresh lettuce, fresh and frozen spinach and 
iceberg lettuce were analysed. Seasonal differences in nitrate content 
were observed for lettuce and spinach cultivated under cover. The results 
are presented in Table 12. In addition, maximum residue limit (MRL) 
concentrations and the number of samples exceeding the EC limits are 
given. As shown in Table 12, lettuce and spinach grown in the winter 
period had higher nitrate concentrations (22-24%) compared to the 
crops grown in the summer period. Mean nitrate contents in lettuce were 
2720 mg kg-1 in the summer period and 3325 mg kg-1 in the winter period. 
Mean nitrate contents in spinach were 2090 mg kg-1 and 2584 mg kg-1, 
respectively. Higher nitrate concentration than MRL was detected in five 
samples.
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Table 12. Seasonal variation of nitrate content in lettuce and spinach 
grown under cover in Estonia

Vegetable 
commodity

Harvesting 
time

Nitrate content mg kg-1 FW Total No./
No. of samples 
exceeding 
permitted 
levels

Range Mean Median  MRL***

Fresh 
lettuce, 
Estonia

Summer* 1410-4000 2720 2600 3500 18/2

Winter** 2156-4795 3325 3045 4500 17/2
Fresh 
spinach, 
Estonia

Summer* 340-3650 2090 1310 2500 6/1
Winter** 2508-2660 2584 2584 3000 2/0

Frozen 
spinach, 
imported

580-1460 1287 1390 2000 5/0

Iceberg type 
lettuce, 
imported

520-1690 999 1015 2500 10/0

* Harvested between 1 April and 30 September
** Harvested between 1 October and 31 March
*** MRL - Maximum residue limit

5.2. Dynamics of nitrate and nitrite contents, microbial counts and 
pH during the storage of raw vegetable juices

Altogether, 1200 analyses of raw vegetable-based juices were performed. 
Three different raw juices, each based on different vegetable species 
purchased from a commercial producer (Series 1), and five home-made 
raw juices, each based on different vegetable species (Series 2), were 
analysed. Raw juice samples were taken from five different lots, which 
means that for each vegetable-based juice laboratory analyses in five 
replications were performed. Analyses were performed for nitrate and 
nitrite contents, pH value, total microbial count, coliform count, mould 
and yeast counts. 
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5.2.1. Initial nitrate and nitrite contents in raw vegetable juices

Together with commercial raw juices of carrot, cabbage and red beetroot 
(Series 1) and home-made raw juices of carrot, cabbage, red beetroot, 
radish and pumpkin (Series 2), the initial nitrate and nitrite contents were 
determined in 80 samples. The range and mean values of initial nitrate 
and nitrite contents in the studied vegetable-based juices are shown in 
Table 13. The highest mean initial values of nitrate were obtained for 
the home-made juices of beetroot and radish, 2625 and 4615 mg l-1, 
respectively. Significantly lower (p<0.05) values were determined for the 
carrot juice (163 mg l-1). The mean nitrite content for all juices was 
below 3.2 mg l-1. 

Table 13. Initial nitrate and nitrite contents of raw vegetable juices*

Vegetable juice Nitrate mg l-1 Nitrite mg l-1
Range Mean Range Mean

Commercial juices 
(Series 1)
Carrot 47-139 87 LOQ-0.4 0.1
Red beetroot 1097-2257 1707 0.23-10.2 3.2
Cabbage 171-415 250 LOQ-2.7 0.6
Home‑made juices 
(Series 2)
Carrot 40-311 163 LOQ-0.2 0.1
Red beetroot 130-6479 2625 LOQ-4.2 2.1
Cabbage 38-299 116 LOQ-0.9 0.23
Radish 3714-6553 4615 0.23-0.9 0.5
Pumpkin 148-520 255 LOQ-1.4 1.0

*5 replications
LOQ – limit of quantification

NO3
-:  LOQ 0.23 mg l-1

NO2
-:  LOQ 0.10 mg l-1

5.2.2. Dynamics of the mean nitrate and nitrite contents during the 
storage of commercial raw vegetable juices

Altogether, 120 analyses of commercial raw vegetable juices (Series 1) 
were performed for estimation of storage influence on nitrate and nitrite 
contents. Series 1 analysis were performed with lightly pasteurised  raw 
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juices of carrot, cabbage and red beetroot. The changes in nitrate and nitrite 
mean contents in a small-scale company produced lightly pasteurised 
vegetable juices during open storage are shown in Table 14. The highest 
decrease in nitrate content was determined during 48 hours of storage 
for carrot, cabbage and beetroot juices at the ambient temperature (20-
22 °C) from 87 to 46 mg l-1, from 250 to 152 mg l-1, from 1708 to  
739 mg l-1, respectively. After 48 hours of storage at refrigerated 
temperature (4-6 °C) lower decrease in nitrate contents was determined. 
The highest increase of nitrites, from 3.2 to 11.1 mg l-1 and from 3.2 to 
6.8 mg l-1 was determined for raw beetroot juice during storage both at 
the ambient and refrigerated temperatures, respectively (Table 14). 

Table 14. The changes of mean nitrate and nitrite contents during the 
storage of commercial raw vegetable juices at ambient (20-22 °C) and 
refrigerated (4-6 °C) temperatures*

Type of 
juice

Storage 
period 
(hours)

Nitrate mg l-1 Nitrite mg l-1 pH
20-22 °C 4-6 °C 20-22 °C 4-6 °C 20-22°C 4-6 °C

Carrot 0 87 87 0.1 0.1 6.3 6.3
24 63 80 0.4 0.2 5.3 6.3
48 46 62 2.7 1.5 4.1 6.2

Cabbage 0 250 250 0.6 0.6 6.0 6.0
24 192 236 1.3 0.6 5.0 5.7
48 152 188 1.5 1.2 4.2 5.5

Red 
beetroot

0 1708 1708 3.2 3.2 5.9 5.9
24 1158 1606 7.1 4.7 5.0 5.8
48 739 1517 11.1 6.8 4.2 5.7

*analyses in 5 replications

5.2.3. Dynamics of mean nitrate and nitrite contents during the 
storage of the raw home‑made juices

From the home-made juices (Series 2) during storage altogether  
200 analyses were performed to determine the nitrate and nitrite contents. 
The changes in nitrate and nitrite mean contents in the home-made 
carrot, cabbage, radish and pumpkin raw juices are shown in Figure 2. The 
highest decrease in nitrate content was determined during 24 h storage at 
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ambient temperatures for carrot and beetroot juices (See figure 2 A, B).  
Nitrate contents decreased during 48 h of storage at ambient temperatures 
for carrot, beetroot and radish raw juices (See figure 2 A, B, D).  
At the same time, considerable nitrite content increase was registered 
(See figure 2 A, B, D). For example, during 48 hours of storage of the 
cabbage juice at the ambient temperature the nitrate contents decreased 
from 116 to 44 mg l-1, at the same time the nitrite contents stayed  
below 2.3 mg l-1 (Figure 2 C). There was statistically significant increase 
of nitrite content in cabbage juices (p<0.05). In general, during 48 h of 
storage at refrigerated temperatures the decrease of nitrate content was 
lower. The highest decreases, from 163 to 108 mg l-1 and from 2625 to  
1486 mg l-1 were determined for carrot and beetroot raw juices, 
respectively (Figure 2 A, B). At the same time, during the 48 h storage 
at refrigerated temperatures, nitrite contents increased mostly for carrot 
juice, 0.1 to 47 mg l-1 and less for beetroot and radish juice, 2.1 to 3.9 
and 0.5 to 11 mg l-1, respectively (Figure 2).

Figure 2. The changes of nitrate and nitrite content in the raw home-
made vegetables juices during storage – carrot juice A, beetroot juice B, 
cabbage juice C, radish juices D, pumpkin juices E
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Figure 1. The changes of  nitrate and nitrite content  in raw home 
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5.2.4. Microbial counts and pH values of raw vegetable juices

Altogether 800 analyses were performed. All the products were analysed 
for total viable bacterial counts, coliform bacteria, yeast and mould 
counts as well as for pH values. In the series 1, three different vegetable-
based raw juices produced by small-scale industry and in series 2, five 
different home-made vegetable-based raw juices were microbiologically 
analysed. During the storage experiment of the industrial lightly 
pasteurised raw juices at ambient temperatures for 48 h the bacterial 
total counts increased in average value from 5.03-5.33 log cfu/ml to 
7.81-8.85 log cfu/ml. During the storage of the home-made juices at the 
ambient temperature for 48 h the total bacterial counts increased from 
5.14-5.39 log cfu/ml to 8.84-9.19 log cfu/ml, with the average increase 
3.8 log cfu/ml.

The pH of the raw juice samples was measured at different times of 
storage. The pH dynamics of the commercial juice samples (Series 1) 
is shown in Table 14. In the carrot juice, stored during 48 h at ambient 
temperatures, the highest pH decrease, from 6.3 to 4.1, was measured.
The pH dynamics of the home-made raw juice samples (Series 2) is 
illustrated in Figure 2. The pH of the juices did not change considerably 
during the storage at refrigerated temperatures. Differently, at ambient 
temperatures, the highest decrease of pH value from initial 6.4 to 4.2 
was observed in the radish juice (Figure 2 D).
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Table 15. Effect of ambient (20-22 ºC) and refrigerated (4-6 ºC) 
storage conditions to microbial counts of the raw vegetables juices (5 
replications) 

Type of 
juice

Storage 
time

Total microbial 
count log cfu/ml*

Coliforms log cfu/
ml*

Moulds and Yeast 
log cfu/ml*

20-22 ºC 
Ia/Hb

4-6 ºC 
Ia/Hb

20-22 ºC 
Ia/Hb

4-6 ºC 
Ia/Hb

20-22 ºC 
Ia/Hb

4-6 ºC 
Ia/Hb

Carrot 0 5.13/5.17 5.13/5.17 2.97/4.43 2.97/4.43 4.18/3.76 4.18/3.76
24 h 6.56/7.13 5.65/5.44 4.94/6.15 4.03/4.63 5.01/4.37 4.78/4.01
48 h 8.85/8.84 6.73/7.33 5.64/6.95 4.96/5.83 5.9/5.73 4.97/4.73

Cabbage 0 5.33/5.14 5.33/5.14 4.69/4.54 4.69/4.54 4.11/3.58 4.11/3.58
24 h 7.24/7.50 5.88/5.38 5.97/5.09 4.78/4.91 5.25/3.8 4.29/3.07
48 h 8.29/9.19 6.37/6.59 6.59/5.82 5.53/5.24 6.46/4.2 4.77/3.82

Red 
beetroot

0 5.03/5.39 5.03/5.39 3.38/3.85 3.38/3.85 2.94/2.74 2.94/2.74
24 h 6.88/7.55 5.39/5.72 5.57/6.07 4.69/4.34 3.61/3.98 2.89/3.30
48 h 7.81/9.03 6.77/6.74 6.14/6.70 5.59/5.07 4.53/4.65 3.57/3.73

* Arithmetic mean value of 5 replicate results
Ia - Industrial juices
Hb – Home-made juices

5.3. Dynamics of nitrate and nitrite contents in canned vegetable‑
based infant foods during processing and storage

During the processing and storage of the vegetable-based infant foods, 
271 analyses for nitrate and nitrite contents were performed. Samples 
were collected from different technological points: from raw materials 
of vegetable-based infant foods; during industrial processing from 
the production line and from the final products after sterilization. 
Additionally, samples were taken after 24 h and 48 h of storage of opened 
infant food cans in different storage conditions. All the infant food 
samples for storage experiments were purchased from retail markets.

5.3.1. Effects of preliminary and technological processes on the 
contents of nitrates and nitrites in infant foods

To estimate the impact of preliminary processing, the nitrate and nitrite 
contents were determined in 66 raw vegetable samples. To determine 
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changes in nitrate contens during industrial processes 45 analyses were 
performed. 

The range and mean values of the nitrate content as well as the average 
loss of nitrate in vegetables used for infant foods during peeling and 
washing are shown in Table 16. During preliminary processes (peeling 
and washing), the nitrate loss in vegetables was within the range from 17 
to 52%. In the peeled and washed raw vegetables, the mean concentration 
of nitrates varied from 121 to 336 mg kg-1.  

Table 16. Nitrate concentration in vegetables used for preparation of the 
infant foods

Vegetable No of 
samples

The range of 
NO3 

-content 
mg kg-1 

Mean nitrate content 
Average 
loss of 

nitrate, %

unpeeled/
unwashed 
vegetables,  

mg kg-1 (sd)*

after peeling 
and washing, 
mg kg-1 (sd)*

Carrot 15 134-316 190 (46.1) 158 (44.6) 17
Potato 9 39-230 178 (79.7) 121 (67.7) 32
Cabbage 3 72-702 448 (168.2) 336 (231.4) 25
Pumpkin 6 30-445 363 (214.5) 174 (167.2) 52

*sd – standard deviation

Nitrate content in the final products was related to the nitrate content 
in the raw materials. Five vegetable-based infant foods were analysed at 
different stages of industrial processing, starting from the raw materials 
and ending with the final product. The following products - carrot 
juice, carrot puree with liver, vegetable puree soup with meat, vegetable 
puree with chicken and vegetable ragout, were analysed. In addition 
to the vegetables, infant foods contain also several other ingredients, 
such as meat, milk, rice, sugar, cooking oil and other components. In  
Table 17, the main components of studied infant vegetable-based 
products of Estonian origin are shown.
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Table 17. Main components of commercial infant food products of 
Estonian origin

Food product Main components 

Carrot puree Carrot, Water, Sugar

Carrot puree with liver Carrot, Blanched bovine liver, Water, 
Sugar, Butter

Vegetable puree soup with meat Carrot, Potato, Beef, Water, Flour, Rice, 
cooking oil, Onion

Vegetable puree soup with chicken Carrot, Potato, Chicken fillet, Water, 
Milk, Cooking oil, Rice, Onion, Flour

Vegetable ragout Carrot, Potato, White cabbage, Water, 
Cooking oil, Sugar, Flour

Rice and pumpkin puree Pumpkin, Milk, Sugar, Butter, Rice

Semolina and pumpkin puree Pumpkin, Milk, Sugar, Butter, 
Semolina

Changes in nitrate concentrations during industrial processing of five 
commercial vegetable-based infant foods are shown in Table 18. The 
nitrate concentrations of the vegetable mixtures were calculated in 
accordance with the raw vegetable proportions as documented in the 
original recipe. The content of nitrates in final products ranged from 72 
to 145 mg kg–1 and was 107 mg kg–1 in average. 
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Table 18. Average changes in nitrate content of vegetable-based infant 
foods during industrial processing

Infant 
food

Changes in nitrate content during processing Calculated NO3 
-

content in the 
final product mg 

kg-1 **

vegetable 
mixture mg 

kg-1 * (sd)

homogenized 
mixture

final product 

mg 
kg-1

NO3
- 

loss %
mg kg-1 

(sd)
NO3

- 
loss %

Carrot 
puree 134 (86,5) 75 44 72 

(33.8) 46 68

Carrot 
puree with 
liver

184 (69.2) 119 35 113 
(72.8) 39 105

Vegetable 
puree 
soup with 
meat

246 (58.8) 145 41 123 
(39.2) 50 109

Vegetable 
puree 
soup with 
chicken

161 (25.9) 88 45 83 
(20.9) 48 71

Vegetable 
ragout 251 (36.4) 175 30 145 

(55.0) 42 140

Mean 
nitrate 195 (51.7) 120 39 107 

(29.8) 45 99

* Average raw vegetable mixture nitrate content was calculated on the basis of 
the vegetable proportions according to the original recipe of infant foods. 
** The calculation of the nitrate contents is described in paragraph 5.3.1.1.
sd – standard deviation
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5.3.1.1. Calculation of the nitrate content in the final product (II)

To indicate the nitrate content in the final product the calculation 
was performed taking into account the nitrate content of each added 
component of the infant food according to the proportions of the food 
components in the original recipe. The average nitrate content in the 
final product (C) was calculated by using formula: 

m – weight (kg) of the particular infant food component according to 
the recipe 
c – content (mg kg-1) of nitrate in a particular component

5.3.2. Nitrate concentration in some commercial vegetable‑based 
infant foods from Estonian retail markets

Samples of vegetable-based commercial infant foods were taken at retail 
level with the aim to determine the content of nitrates and nitrites. The 
mean content of nitrates in infant foods, both in domestic (n=45) and 
in imported (n=25), were relatively low, 92 mg kg–1 and 52 mg kg–1, 
respectively. A total of 70 vegetable-based infant food products of 
Estonian, Austrian, Finnish and Hungarian origin were analysed  
(Table 19). The nitrite concentrations in all studied samples remained 
below the quantification limit of 5 mg kg-1.
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Table 19. Nitrate concentrations in some commercial vegetable-based 
infant foods purchased at Estonian retail markets in 2003 - 2005 

Food product No of 
samples

Nitrate concentration  
(mg kg–1)

Origin

Mean Range
Carrot puree 15 70 42-200 Estonia
Carrot puree 1 59 59 Austria
Carrot puree with liver 10 119 30-197 Estonia
Carrot-potato puree with beef 1 131 131 Austria
Carrot-rice puree with BIO veal 3 40 24-61 Austria
Early carrot puree with potato 2 74 41-106 Austria
Karelian vegetable-meat mess 3 19 18-20 Finland
Potato-cauliflower puree 2 29 19-38 Finland
Pumpkin puree with chicken 2 48 43-53 Hungary
Rice-carrot puree with fish and 
yoghurt sauce

3 43 6-108 Hungary

Vegetable puree with chicken 10 67 27-83 Estonia
Vegetable puree with pork 2 75 32-118 Hungary
Vegetable ragout 10 111 52–151 Estonia
Vegetable risotto with pork 4 42 16-53 Hungary
Vegetable-chicken puree 1 19 19 Finland
Vegetable-ham puree 1 44 44 Finland

5.3.3. Effect of storage conditions on the nitrate content in the 
infant foods

During the storage experiment 90 analyses for detecting the nitrate 
changes were performed. Commercial infant food cans were opened and 
stored covered at refrigerated temperature of 4-6 ºC to simulate possible 
storage conditions at home, and at ambient temperature of 20-22 ºC 
as a clearly abusive storage temperature. Nitrate and nitrite contents 
were determined before the storage experiment and after 24 and 48 h 
of storage. Changes in nitrate content of six infant food samples during 
storage at refrigerated and ambient temperatures are shown in Table 20. 
Nitrate content increased in all tested infant foods. The average increase 
in nitrate concentration during 24 h was 7% (from 2 to 11%) in all 
samples stored at 4-6 ºC. Under storage conditions of 4-6 ºC during  
48 h the content of nitrates increased by 10 to 18% with the mean value 
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of 15%. Storage of infant foods at the room temperature of 20-22 ºC, 
as a simulation of temperature abuse, resulted in increase of the nitrate 
content by 13% during 24 h, and by 29% during 48 h storage as an 
average. The nitrite content in all products was lower than 5 mg kg-1 and 
did not increase during the two days of storage.

Table 20. Average nitrate concentrations determined after storage 
under different storage conditions in various commercial infant food 
products*

Food product Storage 
time

Nitrate concentration at various storage temperatures
4-6 ºC 20-22 ºC

mg kg-1 increase in % mg kg-1 increase in %
Carrot puree 0 142 - 152 -

24 h 157 11 172 13
48 h 163 15 196 29

Carrot puree 
with liver

0 117 - 110 -
24 h 125 7 121 10
48 h 138 18 145 32

Vegetable 
puree 
soup with 
meat

0 114 - 109 -
24 h 117 3 122 12
48 h 129 14 147 35

Vegetable 
ragout

0 151 - 151 -
24 h 165 10 187 24
48 h 177 18 201 33

Rice and 
pumpkin 
puree

0 124 - 124 -
24 h 127 2 130 5
48 h 136 10 148 19

Semolina and 
pumpkin 
puree

0 162 - 155 -
24 h 175 6 180 16
48 h 186 15 198 28

Total mean 24 h 7 13
Total mean 48 h 15 29

*analyses in 3 replications
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5.4. Intake of nitrates from vegetables and vegetable‑based foods

5.4.1. Nitrate intake by the whole population of Estonia

Intake of nitrates was evaluated by using the data of three different 
consumption surveys in Estonia. In Table 21 the amounts of vegetables 
consumed daily are presented. Consumed amounts of vegetables were 
reduced, taking into account the effect of peeling, cleaning and removing 
of non-edible parts. Nitrate concentrations of the commodities were 
corrected for the cooking loss.

The highest intakes of nitrates by Estonian population were 
obtained from consumption of cabbage and potato, 14 mg day-1 and  
12 mg day-1, respectively (Table 21). The following highest intakes were 
obtained by consumption of cucumber and beetroot, 8.2 mg day-1 and 
7.3 mg day-1, respectively. The mean intake of nitrates from the vegetables 
by the Estonian population was 58 mg per day which made up 26% of 
the ADI value. Calculations were carried out on the basis of body weight 
of 60 kg.
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Table 21. Mean daily intake of nitrate in Estonia by whole population, 
calculated on the basis of the consumption survey data of the National 
Board of Statistics (2003-2005) 

Commodity Consumption, 
g per day

Mean nitrate 
content*, mg 

kg-1

Mean nitrate 
intake, mg 

per day
% of ADI

Potato 206 57 12 5.3
Cabbage 36 382 14 6.2
Carrot 24 129 3.1 1.4
Beetroot 6.7 1085 7.3 3.3
Turnip 4 269 1.1 0.5
Tomato 21 41 0.9 0.4
Cucumber 31 160 8.2 3.7
Onion 14 55 0.8 0.4
Lettuce 2.8 2167 6.1 2.7
Pumpkin and 
Zucchini 2.6 260 0.7 0.3

Radish 0.4 1300 0.5 0.2
Ready-made salads 2.9 259 0.8 0.3
Ready-made soups 1.8 639 1.2 0.5
Frozen vegetables 1.6 148 0.2 0.1
Herbs (celery, 
parsley, dill) 0.9 1489 1.3 0.6

Total 376 58 26

*cooking and peeling losses taken into account

According to the statistics, the consumption of different leafy vegetables 
and herbs per capita is low in Estonia - only 5.9 g day-1, with an exception 
of white head cabbage, 38.5 g day-1 (Table 22). The overall consumption 
of leafy vegetables and herbs is 44.4 g day-1. In our study, the dietary 
exposure of an average consumer to nitrate in raw leafy vegetables 
(cabbage excluded) was estimated to be 9.6 mg day-1 and in leafy 
vegetables including cabbage, was estimated to be 24.3 mg day-1. The 
results revealed that from all leafy vegetables white cabbage was the main 
source of nitrate intake in Estonia. Based on the results of the present 
study, leafy vegetables and herbs comprised 11% of ADI for nitrates.
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Table 22. Mean nitrate content and intake from selected leafy vegetables 
and cucumber grown under cover in Estonia (2006-2008)

Vegetable Consumption 
of  vegetables, g 

person day-1

Mean NO3 
concentration mg 

kg-1 FW

NO3 intake mg 
person per day-1

Lettuce 2.0 2348 4.7
Spinach 0.5 1987 1.0
Cauliflower and 
broccoli

1.0 314 0.3

Chinese cabbage 1.4 1115 1.5
Celery and herbs 1.0 2056 2.1
White cabbage* 38.5 382 14.7
Total of leafy 
vegetable

44.4 24.3

Cucumber 23 303 7.0

* White cabbage grown in the open air

5.4.2. Nitrate intake by young children at the age of 1 to 6 years 
and infants

Mean daily intake of nitrate by Estonian children, aged 1 to 6 years, 
was calculated on the basis of the consumption survey data during 
six months from the menus and amounts of supplied vegetables of 
two kindergartens (n=335). The consumption data was corrected in 
accordance with the loss of the mean nitrate content (mg kg-1) during 
cooking and peeling processes. Table 23 indicates the daily intakes of 
nitrates and the percentage of the intake from ADI-value by children 
in the age group of 4 to 6 years, consuming vegetable-based foods. The 
intake of nitrates by 4 to 6 years old children was 30 mg per day (40% 
of ADI), the average body weight of 20 kg was used in the calculations. 
The menu of the age group of 1-3 years was similar to 4 to 6 year’s 
children group with the difference of 15% less consumed food amount. 
According to the calculations the intake of nitrates by this age group was 
26 mg day-1 (52% of ADI) and for calculation of intakes the average 
body weight of 15 kg was used.
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Table 23. Mean daily intake of nitrate by Estonian children calculated 
on the basis of the consumption survey data from the menu of 
kindergartens

Commodity Consumption, 
g per day

Mean nitrate 
content*, mg kg-1

Mean nitrate 
intake,

 mg per day

% of 
ADI

Potato 150 57 8.6 11
Cabbage 17 382 6.5 8.6
Carrot 21 129 2.7 3.6
Beetroot 7 1085 7.6 10
Turnip 5.7 269 1.5 2.0
Tomato 4.3 41 0.2 0.2
Cucumber 8.5 160 1.4 1.8
Onion 10 55 0.6 0.7
Spring onion 0.5 477 0.2 0.3
Frozen vegetables 1.6 148 0.2 0.3
Herbs 0.7 1489 1.0 1.4
Total, 4-6-year 
children 226 30 40

Total, 1-3-year 
children 198 26 52

*cooking and peeling losses taken into account

The mean daily intake of nitrate among infants aged 6–12 months was 
calculated on the basis of the recommended infant menu (Table 24). The 
mean content of nitrates in infant foods was in the average 88 mg kg-1 (I). 
The infants’ average daily intake of nitrates by consumption of vegetable-
based infant foods was 7.8 mg day-1 (22% of ADI-value).  

Table 24. Mean daily intake of nitrate among infants 

Age Body 
weight, kg

Recommended 
consumption of 

vegetable purees, g

Mean nitrate 
intake, mg per day

% of  
ADI

6 months 7.8 50 4.4 15
7 months 8.5 70 6.2 20
8 months 9 80 7.0 21
9 months 9.4 90 7.9 23
10 months 9.8 100 8.8 24
11 months 10.3 110 9.7 25
12 months 10.6 120 11 27
Average 9.3 89 7.8 22
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5.5. Intake of nitrates and nitrites from the raw vegetable juices

5.5.1. Nitrate and nitrite intake through the consumption of  
home‑made raw vegetable juices by Estonian adults

The intake of nitrate and nitrite was calculated in accordance with the 
recommendations given by Estonian and other dieticians (Heinerman, 
1994; Cabot, 2001; Kroom, 2008). The average recommended 
consumption data of the home-made vegetable-based raw juices and 
calculated ADI percentages are shown in Table 25. In calculations of 
nitrate and nitrite daily intakes, 65 kg was used as the average body 
weight of an Estonian adult. The average daily consumption of vegetable 
raw juices in accordance with dieticians’ recommendations was from 100 
to 300 ml, depending on the juice variety. The ADI values of nitrates 
are exceeded by adults even by consumption of freshly made beetroot 
and radish juices as well as by using the same juices after 24 h of storage 
at refrigerated temperatures, 164%, 193% and 109%, 172% of ADI, 
respectively (Table 25). Daily doses of nitrites when juices are stored 
24 h at the same conditions are generally low and in range of 2.1% to 
16% of ADI, exceptional was the carrot juice with 30% of ADI. Nitrite 
daily doses increased significantly (p<0.05) when the juices were stored 
at ambient temperatures for 24 h, at the same time the nitrate doses 
decreased. By consumption of 300 ml raw carrot juice, 150 ml raw 
beetroot juice and 100 ml of raw radish juice nitrite doses exceeded ADI 
values by 846%, 346% and 167%, respectively. 
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Table 25. The mean content of nitrate and nitrite during storage of raw 
home-made vegetable juices and daily intake by Estonian adults 

Vegetable 
juice

Nitrate 
content 
mg l-1

Nitrite  
content 
mg l-1

Recommended 
mean intake of 
juice per day, 

ml*

Expected 
nitrate 
intake 

mg day-1

% of 
ADI

Expected 
nitrite 
intake 

mg day-1

% 
of 

ADI

Raw juices before storage
Carrot 163 0.1 300 49.0 20.4 0.03 0.8
Cabbage 116 0.23 200 23.0 9.7 0.05 1.2
Red 
beetroot

2625 2.1 150 394.0 164.0 0.32 8

Radish 4615 0.5 100 462.0 193.0 0.05 1.3
Pumpkin 255 1.0 200 51.0 21.3 0.2 5.1

Raw juices after storage at refrigeration temperature (4-6 °C) for 24 h
Carrot 152 3.9 300 45.6 19.0 1.17 30
Cabbage 100 0.4 200 20.0 8.3 0.08 2.1
Red 
beetroot

1745 2.5 150 262.0 109.0 0.38 9.6

Radish 4126 1.5 100 413.0 172.0 0.15 3.8
Pumpkin 230 3.1 200 46.0 19.2 0.62 16

Raw juices storage at ambient temperature (20-22 °C) for 24 h
Carrot 64 110.0 300 19.0 8.0 33.0 846
Cabbage 65 1.2 200 13.0 5.4 0.24 6.2
Red 
beetroot

692 90.0 150 103.8 43.3 13.4 346

Radish 2633 65.1 100 263.0 109.7 6.5 167
Pumpkin 167 14.3 200 33.4 13.9 2.86 73

* calculated on the basis of the dieticians recommendations 

5.5.2. Nitrate and nitrite intake through the consumption of raw 
home‑made carrot juice by infants and young children

According to the data obtained from questionnaires, filled in by parents, 
the most popular raw vegetable juices given to young children were 
carrot based raw juices. In our study the home-made carrot raw juices 
contained nitrates 163 mg l-1 and nitrites 0.1 mg l-1 (Table 26) as a mean. 
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During 24 h of storage at ambient temperature of carrot juice, the nitrate 
content decreased and the nitrite content increased in large amounts, as 
from 163 to 64 mg l-1 for nitrate and from 0.1 to 110 mg l-1 for nitrite.  
Recommended consumption of raw carrot juices and related nitrates and 
nitrites daily doses are shown in Table 26. By consuming of the raw juice 
immediately after preparation, the 10-12 months old infants get nitrate 
12.9% of the ADI and 1-2 year old children get nitrate 17.8% of the 
ADI. Consumption of the fresh and 24 h at refrigerated temperatures 
stored home-made carrot raw juices increased nitrite daily intakes for 10-
12 month old infants from 0.5 to 19.7% and for 1-2 year old children 
from 0.7 to 26.6% of ADI. After 24 h of storage of the home-made 
carrot raw juices at ambient temperatures (20-22 °C) the nitrite mean 
contents were higher (110 mg l-) compared to the storage in refrigerator. 
Consumption of 30 ml (as the maximum amount recommended by 
dieticians) of this juice by 10-12 months old infants and 50 ml for 1-2 
years aged young children could be harmful for health because the mean 
nitrite intake is 540% and 733% of ADI, respectively (Table 26).

Table 26. Estimated mean nitrate and nitrite intakes by infants and 
young children after consumption of raw home-made carrot juice 

Storage 
conditions

NO3
- 

content 
mg l-1

NO2
-  

content 
mg l-1

Mean NO3
- 

intake mg 
per day

% of 
ADI

Mean daily 
NO2

-  intake 
mg

% of 
ADI

Fresh raw 
juice

163 0.1 4.9 a
8.2 b

12.9 a
17.8 b

0.003 a
0.005 b

0.5 a
0.7 b

Stored 24 h at 
4-6 °C

152 3.9 4.6 a
7.6 b

12.0 a
16.5 b

0.12 a
0.20 b

19.7 a
26.6 b

Stored 24 h at  
20-22 °C

64 110 1.9 a
3.2 b

5.0 a
7.0 b

3.3 a
5.5 b

540 a
733 b

a 10 - 12 months infants, mean body weight 10.2 kg  – recommended 
consumption of raw carrot juice 30 ml per day
b 1 - 2 years old toddlers, mean body weight 12.5 kg  – recommended 
consumption of raw carrot juice 50 ml per day
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6. DISCUSSION

6.1. Concentration of nitrates and nitrites in vegetables

6.1.1. Nitrate content in vegetables in  
2003‑2005 and 2006‑2008 (I, IV)

Nitrate content is considered to be one of the most important factors 
characterizing the vegetable quality. The first aim of the present thesis 
was to study the nitrate concentration in different species of vegetables 
in Estonia and to associate results with ADI values. The results showed 
significant (p<0.05) differences within the vegetable species in nitrate 
concentrations (I). Nitrate concentration in vegetables depends on 
biological properties of plant culture, lighting conditions, type of soil, 
temperature, humidity, frequency of plants in the field, plant maturity, 
vegetation period, harvesting time, size of vegetable, storage time and 
source of nitrogen (Fytianos and Zagoriannis, 1999; Muramoto 1999). 
Even among different samples of the same vegetable varieties, the range 
of concentrations can be manifold (European Commission 2002; 
European Commission 2004).

The European Commission Regulation (EC) No. 1881/2006 establishes 
maximum permitted levels for the nitrate content in lettuce and spinach 
because the leafy vegetables contain nitrate in higher amounts than other 
vegetables. In Estonia, the limit values for nitrate concentration in several 
vegetables have been valid before joining the EU in 2004 (Vabariigi Valitsuse 
22. veebruari 1999. a määrus nr 66). Table 27 shows the comparison of 
nitrate content in most commonly consumed vegetables in Finland and 
in Estonia. The data from Finland was obtained from Penntilä’s work 
from the year 1995 and Estonian data from the study performed by the 
thesis author in 2003 (Tamme, 2003) and in 2003-2005 (I). The data 
in table 27 includes the average nitrate content in vegetables and the 
maximum permitted nitrate levels, which were valid in Estonia until 
May 1-st, 2004. The lowest limits were attributed to tomato (50 mg kg-1) 
and onion (60 mg kg-1) and the highest permitted nitrate concentration 
was established to beetroot (1800 mg kg-1). From all vegetables, only 
cucumber (187 mg kg-1) and onion (163 mg kg-1) exceeded the Estonian 
permitted nitrate levels in 2003. From 2006 to 2008 the mean nitrate 
content in cucumber was 335 mg kg-1 which was higher mean nitrate 
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content than in previously reported data in Estonia (Table 11). The 
higher nitrate concentration can be explained by the fact that during 
the last investigation period only under cover grown cucumbers were 
under investigation. At the retail level mostly cucumbers grown under 
cover, both local and imported, are available in Estonia.  Under cover 
grown cucumbers accumulate nitrate in a higher level. The mean nitrate 
content in cucumbers during all-the-year-round studies in 2003-2005 
was 160 mg kg-1 (Table 10, I‑1). The mean nitrate content in cucumbers 
grown under cover in 2006-2008 was twofold higher compared to the 
nitrate contents in 2003-2005 (Table 11, IV‑2). The local Estonian 
cucumber contained nitrates in higher concentrations than the imported 
ones, respectively 335 mg kg-1and 240 mg kg-1 (Table 11, IV‑2). Daily 
per capita consumption of fresh cucumber is 23 g in Estonia (Table 22), 
which is the highest in Europe (EFSA, 2008). According to Zhong et 
al. (2002), the Chinese consume even higher amounts of cucumbers  
(53 g day-1). Since nitrate levels in cucumber are relatively low, the 
daily nitrate intake was 3.2% of ADI and the consumption of 100 g 
of cucumber per day comprised 13.8% of ADI in Estonia. In other 
vegetables analysed before than previously mentioned two periods, the 
contents of nitrates were quite similar. 

Generally, the nitrate concentrations in the vegetables were similar in 
both Estonia and Finland (Table 27). Some differences in the average 
content of nitrates were reported for the carrots, cabbage, tomato 
and beetroot. Comparing the results from the Table 27, it can be 
concluded that all vegetables investigated in Estonia in the years of 
2003-2005 contain nitrate in average below previously valid MRL in 
Estonia (Vabariigi Valitsuse 22. veebruari 1999. a määrus nr 66), except 
cucumber. Maximum permitted concentrations were exceeded in 17% 
of the samples, most frequently for cucumber in winter period and for 
cabbage, turnip and beetroot (I). The differences in nitrate concentrations 
in vegetables of various countries can be explained by the geographic 
location and climatic conditions. Vegetables of the Northern-Europe tend 
to accumulate higher nitrate contents than those from the Mediterranean 
countries (European Scientific Committee for Food 1993). Taking into 
account the geographical closeness of Estonia and Finland, the results in 
Table 27 complied with mentioned climatic conditions.    
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Table 27. Comparison of average nitrate contents in vegetables with 
maximum permitted nitrate levels* in two different periods in Estonia 
(Tamme, 2003; I) and in Finland (Penttilä, 1995) 

Vegetable Nitrate content mg kg-1

Average 
content in 
Estonia 2003

Maximum 
permitted level  
(mg NO3

-/kg) *

Average 
content in 
Estonia 2003-
2005

Average 
content in 
Finland 1995

Potato 99 140 94 82
Carrots 122 200 148 264
Cabbage 294 500 437 607
Turnip 367 500 307 908
Tomato 47 50 41 170
Cucumber 187 150 160 240
Onion 163 60 55 140
Beetroot 1292 1800 1446 1800

* valid until May 1, 2004 in Estonia (Vabariigi Valitsuse 22. veebruari 
1999. a määrus nr 66 Toidus lubatud saasteainete loetelu ja piirnormide 
kinnitamine) 

In the present study (2003-2005) higher average value of nitrates content 
in the root vegetables was detected in beetroot, 1446 mg kg-1 and radish,  
1309 mg kg-1 (Table 10, I‑1). The highest number of samples was analysed 
for potatoes because traditionally potatoes are consumed in large amounts 
in Estonia. The nitrate concentration in potato ranged from <30 to 360, 
with the average value of 94 mg kg-1 (Table 10, I‑1). Statistical difference 
between nitrate content in the early and late potato varieties as well as 
in stored potatoes was not registrated. Average nitrate concentration in 
imported potatoes was 200 mg kg-1, which was significantly higher than in 
domestic tubers (I). The nitrate content in potatoes of Estonian and Finnish 
origin was 94 mg kg-1 and 82 mg kg-1, in Korea and Japan it was 452 mg kg-1  
and 713 mg kg-1, respectively (Penttilä, 1995; Chung et al., 2003, I). In 
the vegetables of Estonian origin, the content of nitrites was lower than  
5 mg kg-1, which was the detection limit of the method of analyses. 

Similar nitrate concentrations were detected also in other countries  
(Table 1, I‑2) with exception for spinach and potato (Chung et al., 
2003). The content of nitrate in spinach grown in Korea and in Japan 
was 1.5 to 2.0 fold higher.
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The results of analysis nitrate content of all investigated vegetables 
from different countries are shown in Table 1. As shown in the Table 1,  
the highest mean values of nitrates in root vegetables were detected in 
Belgian radish and Finnish beetroot. The mean concentrations were 
2136 mg kg-1 (Dejonckheere et al., 1994), and 1800 mg kg-1 (Penttilä, 
1995), respectively. The lowest mean values of nitrates were detected in 
German tomato, Korean onion and Bulgarian potato, the contents being 
27 mg kg-1 (Belitz and Grosch, 1999); 23 mg kg-1 (Chung et al., 2003) 
and 40 mg kg-1 (Yordanov et al., 2001), respectively (Table 1).

6.1.1. Leafy vegetables grown under cover (IV)

Nitrate contents in leafy vegetables and culinary herbs grown under 
cover in Estonia were studied during 2006-2008. Typically, leafy 
vegetables have higher nitrate concentrations compared to root and fruit 
vegetables. Vegetables grown in heated glasshouses have higher nitrate 
contents than those grown in the open air during the same seasons, 
which is due to lower light intensity and high nitrogen mineralization 
(Gangolli et al., 1994). De Martin and Restani (2003) showed that 
leafy green vegetables accumulate nitrates in concentrations up to  
6000 mg kg-1, depending on biological properties of cultivars, soil type, 
light intensity, air temperature, duration of growth period, harvesting 
time and agricultural practice (Walker, 1990; WHO 1995; Guadagnin 
et al., 2005; Merino et al., 2006; EFSA 2008). In 1999, Petersen and 
Stoltze reported that for leafy vegetables the nitrate content in the crops 
grown in the winter period was significantly higher compared to the 
contents in summer crops. 

Table 11 shows the data of the analyses of 73 samples of leafy vegetables 
and herbs (maximum permitted residue level is not established) grown 
under cover. Comparative data of nitrate content of samples of Estonian 
origin, and nitrate contents detected in similar imported products are 
given in table 11. The data presented in table 11 reveal great variability 
in nitrate levels. 

Chinese cabbage grown in Estonia contained significantly less nitrates 
compared to imported vegetables with mean levels of 885 mg kg-1 and  
1344 mg kg-1, respectively (Table 11). According to the results of 
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investigations perfomed in years 2003-2005, the mean nitrate content of 
Chinese gabbage was 1243 mg kg-1 (Table 10). White cabbage is the major 
leafy vegetable consumed in Estonia and is usually grown in the fields 
without cover. The average nitrate concentration for domestic cabbage 
samples in year 2003 was 294 mg kg-1, in the years 2003-2005 it was  
437 mg kg-1 and in the years 2005-2008 the nitrate average concentration 
was 382 mg kg-1 (Table 27, Table 10, Table 11). 

Our results were similar to the results of Amr and Hadidi (2001). According 
to the results of this Jordanian study, squash grown under cover had higher 
nitrate (53.3 mg kg-1) and nitrite (2.4 mg kg-1) concentrations than those 
grown in the open field, respectively 46.6 mg kg-1 and 1.8 mg kg-1. In the 
current study, the nitrite content was below the detection limit 5 mg kg-1. 

According to our results of determination of the nitrate concentrations 
in leafy vegetables, it maybe concluded that the levels of nitrate contents 
were almost the same in 2003-2005 (Table 10) and in 2006-2008  
(Table 11). In the study period 2003-2005 higher average contents of 
nitrates were detected in leafy vegetables, as  in dill (2936 mg kg-1), in 
spinach (2508 mg kg-1) and in lettuce (2167 mg kg-1) as it is seen in  
Table 10. During the period 2006-2008 high average values of nitrates 
were detected in dill (3911 mg kg-1) (Table 11), in spinach (1978 mg kg-1) 
and in lettuce (2348 mg kg-1). The highest average content of nitrate was 
detected in rucola, as 8150 mg kg-1 and from culinary hearbs, like basil 
(4695 mg kg-1) and thyme as 4290 mg kg-1 (Table 11).

In celery, the average nitrate contents increased from 565 mg kg-1 
in 2003-2005 (Table 10) to 660 mg kg-1 in the period 2006-2008  
(Table 11). According to the earlier studies, the mean nitrate levels of leafy 
vegetables varied largely, depending on the country of origin. According 
to Zhong et al. (2002) the white cabbage (1530 mg kg-1), Chinese cabbage  
(2120 mg kg-1) and celery (4600 mg kg-1) grown in China contained 
several times higher amounts of nitrates, compared to the imported 
products (IV‑4). It is quite evident that the figures obtained in our 
study regarding the mean nitrate levels of leafy vegetables cultivated in 
Estonia, are in line with those obtained in similar Danish and Finnish 
studies (Petersen and Stoltze, 1999; Penttilä, 1995). The lowest nitrate 
concentrations were reported in Italy (Santamaria, 1999) in lettuce and 
in UK (Ysart et al., 1999) in cauliflower, respectively 832 mg kg-1 and 
73 mg kg-1 (IV‑4). 
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Several epidemiological studies have provided compelling evidence that 
high intake of vegetables and fruits, rich in carotenoids, decrease the risk 
of many types of cancer including colorectal cancer (Potter et al., 1993; 
Franceschi et al., 1998; Ilyas, et al., 1999; Knekt, et al., 1999; Eichholzer, 
2003; Riboli and Norat, 2003). It means that people must consume 
different kinds of vegetables and do not prefer only limited vegetable 
species.

6.1.2. Seasonal variation of lettuce and  
spinach grown under cover (IV)

Vegetables grown in heated glasshouses have higher nitrate contents than 
those grown in the open air during the same seasons, which is due to lower 
light intensity and high nitrogen mineralization (Gangolli et al., 1994). 
Similarly, hydroponically grown leafy vegetables have higher nitrate levels 
than conventionally grown vegetables (Guadagnin et al., 2005). Nitrate 
levels tend to be higher in samples obtained from the Northern Europe 
compared to those grown in the Mediterranean countries (Merino et 
al. 2006; EFSA 2008). In the EU-countries, the European Commission 
Regulation (EC) No. 1881/2006 regulates the nitrate concentration 
in leafy vegetables. The maximal concentrations of nitrate for spinach, 
frozen spinach, “iceberg” type lettuce and for lettuce are established. The 
limit value depends on harvesting season and growth conditions of the 
vegetables. Highest concentrations are permitted for plants grown in 
the winter period and/or in the greenhouse conditions. A total of 58 
samples of fresh lettuce, fresh and frozen spinach and iceberg lettuce 
were analysed in our study (Table 12). Seasonal differences in nitrate 
content were observed for lettuce and spinach cultivated under cover. 
Relatively high nitrate levels in winter crops, 22% higher in lettuce and 
24% in spinach, compared with summer crops reflect a general trend for 
higher nitrate levels in vegetables grown during winter, or under glass/
plastic cover with less daylight and under lower temperatures (Table 12;  
Table 28). The maximum limits for nitrates were exceeded in 11.4% of 
lettuce samples and in 12.5% of spinach samples, while the nitrate levels 
in imported iceberg lettuce (mean 999 mg kg-1) and frozen spinach (mean 
1287 mg kg-1) did not exceed the limits (Table 12). The nitrate levels in 
frozen spinach were lower than in fresh spinach, which is probably due 
to the loss of nitrate during melting process of the frozen products. 
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Studies about the influence of seasonal variation on nitrate contents 
in leafy vegetables have been carried out also in several countries, for 
instance in Belgium (Dejonckheere et al., 1994) and in Finland (Penttilä, 
1995) (Table 28; IV‑3). The results of both studies clearly showed higher 
nitrate contents in leafy vegetables in the winter period. Concentration 
of nitrates in lettuce and spinach were 44% and 20% higher during winter 
compared with the summer period in Belgian study. The nitrate content 
in the lettuce was two times higher in winter period (1050 mg kg-1)  
compared to autumn (2443 mg kg-1) in Finland study (Table 3; Penttilä, 
1995). According to Ierna (2009), the higher vegetable tuber nitrate 
content was found in winter–spring (130 mg kg-1) growing vegetables 
compared to those grown in summer–autumn (66.5 mg kg-1) period 
(Ierna, 2009). However, some studies (Ysart et al., 1999; Chung et al., 
2003) demonstrated an opposite trend. Concentration of nitrate in 
lettuce was 1.8-fold higher in the summer period (1568 mg kg-1) in UK 
compared to the winter period (887 mg kg-1) (Table 3 and Table 28). 
Chung et al. (2003), reported similar results, where nitrate concentrations 
in the winter period were 30-69% lower than in the summer period  
(Table 28).

Table 28. Comparison of mean seasonal nitrate content of lettuce and 
spinach cultivated in Estonia and in other countries

Vegetable Nitrate concentration mg kg-1 and changes in percentages
Current study Belgium UK Korea
Sum Win Sum Win Sum Win Sum Win 

Lettuce 2720 3325 
(+22%)

2219 3205 
(+44%)

1568 887 
(-57%)

2728 1933 
(-30%)

Spinach 2090 2584 
(+24%)

2108 2548 
(+20%)

1639 1272 
(-33%)

3334 748 
(-69)

Belgium - Dejonckheere et al., 1994; UK - Ysart et al., 1999; Korea - 
Chung et al., 2003

Santamaria et al. (1999) reported higher nitrate content in spinach in 
the autumn-winter period, compared with spring, while other vegetable 
species had no significant differences in nitrate content throughout the 
seasons. Disparity in data may be caused by variable environmental 
conditions (i.e. length of exposure to sunlight, cultivation methods etc.). 
Light intensity is widely recognized as an important determinant of the 
nitrate level in vegetables (Penttilä, 1995; Bottex et al., 2008). Light 
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has an effect on nitrate accumulation in a plant, as it influences the 
activity of the nitrate reducing enzymes. Additionally, the influences of 
seasonal variation were studied for cabbage, carrot and turnip by Penttilä 
(1995). Vegetables harvested in autumn contained nitrate in a lower 
concentration (30-50%), than those harvested in the summer (Penttilä, 
1995). In Estonia the nitrate content in spinach and lettuce was lower in 
the summer period. As reported by Amr and Hadidi (2001), the harvest 
time of leafy vegetables had also significant effect on nitrite content of 
cabbage, spinach, and lettuce.

Consuming of vegetables has benefits in diet but it is very important to 
know the adverse effects of nitrates and nitrites (methaemoglobinaemia 
etc.), especially for infants and young children. Several epidemiological 
studies have provided compelling evidence that high intake of vegetables 
and fruits, rich in carotenoids, decrease the risk of many types of cancer 
including colorectal cancer (Potter et al., 1993; Franceschi et al., 1998; 
Ilyas, et al., 1999; Knekt, et al., 1999; Eichholzer, 2003; Riboli and 
Norat, 2003). It means that people must consume different kinds of 
vegetables and not prefer only limited vegetable species.

6.2. Dynamics of nitrate, nitrite contents, microbial counts and pH 
values during the storage of the raw vegetable juices

Vegetable juices make an important source of essential nutrients for 
humans. During the last years, the vegetable-based raw juices have become 
very popular (Heinerman, 1994; Cabot, 2001; Walker, 2003; Kroom, 
2008). The popularity has risen due to public interest in variable diets and 
alternative nutrition. Since raw vegetable juices, especially carrot juice, 
are mostly consumed by the infants, young children and adolescents, it 
is important to know the differences in nitrate and nitrite concentration 
between various species of vegetable juices, and between the home and 
industrially produced juices. Raw juices are usually purchased from the 
retail markets or made at home conditions. Nitrate is naturally present 
in all vegetables and vegetable products that are substantial sources of 
nitrates in human intake. Some vegetables, such as carrot, pumpkin 
and cabbage contain nitrate in the average range from 100 mg kg-1 to  
400 mg kg-1. The red beetroot and radish can accumulate high levels 
of nitrates in the average range from 1300 mg kg-1 to 4600 mg kg-1. 



80

The analyses of the nitrate and nitrite contents from vegetable raw juices as 
well as the total viable bacterial count, coliform bacteria count, yeast and 
mould counts and pH values were performed. In series 1, three different 
vegetable-based raw juices produced by small-scale industry, and in series 2, 
five different home-made vegetable-based raw juices were analysed.

All the raw juices were stored for two days at two different temperatures, 
at refrigerated (4-6 ºC) and at ambient (20-22 ºC) temperatures. The 
nitrate and nitrite contents, total viable count, coliforms count, yeast 
and mould counts and pH values were determined after opening the 
commercial juice packages as well as immediately after preparation of the 
homemade juices and after 24 and 48 hours of storage.

6.2.1. Dynamics of the nitrate and nitrite content in raw vegetable‑
based juices produced industrially and at home conditions (III)

Analyses of the Series 1 were performed with lightly pasteurised raw 
juices of carrot, cabbage and red beetroot, produced at a small-scale 
Estonian enterprise and purchased at retail markets. Initial nitrate and 
nitrite contents of raw vegetable juices were 87 to 1707 mg l-1 and 0.1 to  
3.2 mg l-1 (Table 13). According to the results of the present work, 
changes in nitrate and nitrite mean contents in small-scale company 
produced lightly pasteurised juices during open storage were also analysed  
(Table 14). 

Nitrate content decreased in all vegetable juices such as carrot, beetroot 
and cabbage raw juices during storage at both ambient and refrigerated 
temperatures. The biggest decreases in nitrate content were found 
after 48 h of storage of carrot, cabbage and beetroot juices at ambient 
temperature, 47% (87 to 46 mg l-1), 39% (250 to 152 mg l-1), and 57% 
(1708 to 739 mg l-1), respectively (Table 14). Storage of the juices for  
48 h at ambient temperatures is clearly unacceptable. The storage for  
48 h at refrigerated temperatures caused smaller decreases in nitrate 
contents as 11–30% in comparison with the initial contents. 

The biggest increase of nitrite content, from 3.2 to 11.1 mg l-1 and from 
3.2 to 6.8 mg l-1, was found for raw beetroot juice during storage at both 
ambient and refrigerated temperatures, respectively. The pH of the juice 
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samples was also changing during storage. In the carrot juice, stored for 
48 h at ambient temperatures, the highest pH decrease, from 6.3 to 
4.1, was determined. The pH changes were lower in juices stored at the 
refrigerator temperatures (Table 14). 

6.2.2. Dynamics of the nitrate and nitrite content in raw vegetable‑
based juices produced at home conditions (III)

The series 2 consisted of home-made raw juices. Comparison of the nitrate 
and nitrite contents in home-made raw vegetable juices was performed. 
Samples of five species of vegetables, i.e. carrot, cabbage, red beetroot, 
radish and pumpkin were collected from different outlets of Tartu in 
Estonia. The vegetables were washed with warm water, mechanically 
brushed and peeled. Raw juices were produced with a commercially 
available squeezer (Stollar Juice Fountain). The changes in nitrate 
and nitrite mean contents were mostly registered in the home-made 
carrot, cabbage, radish, beetroot and pumpkin raw juices. Radish and 
beetroot was selected into analyses set, because they usually contain high 
initial nitrate contents. The highest mean initial values of nitrate were 
obtained from the home-made juices of beetroot and radish, 2625 and  
4615 mg l-1, respectively (Figure 2; Table 13). Significantly (p<0.05) lower 
nitrate values were determined in the carrot juices (III). The mean nitrite 
content for all home-made juices was below 2.1 mg l-1 (Table 13).

During storage the nitrate content in juices was decreasing and 
conversely, the nitrite content was increasing (Figure 2). Changes 
in nitrate and nitrite contents depended on the type of the juice and 
on storage conditions. The nitrate content decreased during 24 h of 
storage at ambient temperature from 35% (pumpkin juice) to 74% 
(beetroot juice) from the initial. Storage of the home-made raw juices 
for 24 h at ambient temperatures was clearly unacceptable because the 
nitrite content in carrot (0.1 to 110 mg l-1), beetroot (2.1 to 90 mg l-1)  
and radish juices (0.5 to 65 mg l-1) increased significantly (p<0.05) 
(Figure 2 A, B, D). Nitrate contents decreased mostly during 48 h of 
storage at ambient temperatures for raw juices, from 62% (radish) to 
80% (beetroot) and the biggest 23-fold decrease of nitrate content was 
detected in the carrot juices (163 mg kg-1 to 7 mg kg-1) (Figure 2 A). 
During 48 h of storage at ambient temperature, the nitrite content 
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increased in the range of 0.1-578 mg l-1 of the initial contents. The biggest 
nitrite increase was detected in carrot and beetroot juices 0.1 to 187 and 
2.1 to 578 mg l-1, respectively (Figure 2 A, B). Nitrite concentrations 
in raw juice may increase dramatically via microbiological reduction of 
nitrate in vegetables (Ko, et al., 2002). Cabbage juice was exceptional 
because in both at ambient and refrigerated temperatures the nitrate 
levels were decreasing but nitrite concentrations stayed almost stabile 
(Figure 2 C), which can be explained by the inhibition of the enzyme 
reducing nitrate to nitrite. The nitrate content decreases during storage 
at ambient temperature as well as after improper storage, especially in 
the home-made vegetable products like purees and juices (Heisler et al., 
1973; Kolb and Haug, 1997). In an earlier study, Heisler et al. (1974) 
reported a considerable decrease in nitrate and increase of nitrite content 
during 24 h of storage at ambient temperature for the beetroot and 
spinach raw juices. The nitrite content of beetroot and spinach juices 
increased up to 540 and 900–1000 mg kg-1, respectively. The nitrate 
content decreased from 3800 to 2800 and from 1500 to 350 mg kg-1, 
respectively (Heisler et al., 1974). 

The nitrite content of most fresh, frozen or canned vegetables is generally 
low and usually in the range of 0 to 2 mg kg-1 (Meah et al., 1994; 
Pennington, 1998; Chung et al., 2003; Belitz et al., 2004; Hsu et al., 
2009).  

The changes in nitrate and nitrite contents were lower in juices stored at 
refrigerated temperatures. However, under refrigerated storage the nitrite 
accumulation tends to be inhibited (Phillips, 1968; Chung et al., 2004; 
Prasad and Chetty, 2008). During 48 h of storage of the raw juice at 
the refrigerated temperatures, the nitrate contents decreased in the range 
of 24-43% and in carrot juice 34% (Figure 2). During 48 h of storage 
at refrigerated temperatures, nitrite contents increased mostly for carrot 
juice, 47 mg l-1, and less for beetroot and radish, 3.9 and 11 mg l-1, 
respectively (Figure 2 A, B, D). Correia et al. (2010) reported that under 
frozen storage the nitrite accumulation is inhibited. Therefore, a poor 
storage could probably result in increase of bacterial counts, which can 
contribute the increased accumulation of nitrite in the products (Chung 
et al., 2004).
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6.2.3. Microbial counts and pH values of raw juices (III)

It is generally known that shelf-life of the raw vegetable juices is in 
dependence on the initial bacterial counts. There is a linear relationship 
between the logarithm of the bacterial count and number of days until 
spoilage appears. Beside of the presence of nutrients the most important 
factors, which influence the microbial counts, are water activity (aw), pH, 
temperature and the presence and content of the preservatives. Vegetable 
juices are suitable media for microorganisms, because various natural 
plant defence mechanisms are destroyed. Microbial counts in vegetables 
usually increase during storage, even under refrigerated conditions, but 
their growth is inhibited comparing with the ambient temperature.

The pH dynamics of the Series 2 raw juice samples is illustrated in  
Figure 2. The pH of the juices did not change considerably during storage 
at refrigerated temperatures. Differently, at ambient temperatures, the 
highest decrease of the pH from initial 6.4 to 4.2 was detected for radish 
juice. The pH of the raw juice samples was measured from fresh juice 
and after 24 and 48 h of storage of juices. 

If to compare the pH values of Series 1 and Series 2, the pH changes 
were similar. Generally, during our storage studies (III), the pH decreased 
and nitrite contents and microbial counts increased (Table 15; Figure 2). 
The decrease in the pH is caused by the microorganisms’ vital activity 
products which is indicated by the increase of microorganism multiplicity. 
As reported by Akin et al. (2008), a decrease in pH was assumed to 
correlate with the nitrogen consumption of the studied microorganism 
strains. The nitrogen concentration did not influence the pH itself, but 
during fermentation the consumption of nitrogen by yeasts as well as by 
other microorganisms produces H+ ions which is the basic mechanism 
for pH decrease (Castrillo et al., 1995). 

Since both nitrite concentration and total viable microbial count increased 
during storage, it was concluded that microbial activity was the main 
factor in the nitrate-reduction process. Best correlations between nitrite 
content and total viable counts were found in all vegetable juices after 
storage at ambient temperatures (r = 0.90 to 0.58). It can be explained 
by microbiological reduction of the nitrate ion to nitrit ion. The negative 
correlations between the nitrate content and total viable counts were 
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found from home-made carrot juice and home-made radish juice  
(r = -0.84 to -0.81) (III). 

According to the results of the present study it is recommendable to 
use only freshly prepared home-made carrot juices for infants. The raw 
materials used for the preparation of raw vegetable-based juices should 
have as low initial nitrate content as possible.

6.3. Dynamics of nitrate and nitrite contents in canned vegetable‑
based infant foods during processing and storage

The results of current study show the dynamics of nitrate content during 
infant food production in different process stages from the raw material 
up to the final product. Technological experiments were performed in 
Estonian canned food industry, where a large variety of canned food 
products (infant food included) in automated closed production line 
is produced. Preliminary processing of vegetables, such as peeling and 
washing was performed in a separate technological line. Many scientists 
(Mozolewski and Smoczynski, 2004; Jaworska, 2005; Peksa et al., 2006) 
have studied the influence of preliminary processing but there was no data 
about the dynamics of nitrate contents during infant food commercial 
production at different production steps. 

6.3.1. The effect of the preliminary processing on the nitrate 
content of vegetables (II)

The nitrate content in vegetable-based infant foods depends on the 
nitrate content in raw material and, therefore, it is very important to 
make a right selection of the raw material e.g. to use ecologically grown 
vegetables.

Vegetables, used in the present study contained initially nitrate as 
follows: 190, 178, 448 and 363 mg kg-1 in carrot, potato, cabbage and in 
pumpkin, respectively (Table 16).

During the preliminary processes (peeling and washing), the nitrate loss 
in vegetables was within the range of 17 to 52%, compared with the 
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initial levels in our study. The highest decrease of nitrate was detected 
in pumpkin – 363 mg kg-1 to 174 mg kg-1 (Table 16). The lowest loss of 
nitrates was detected in carrots because the nitrate is mainly accumulated 
in the internal layers of the carrots (Järvan, 2009). In the other vegetables 
investigated in this study, nitrate is mainly accumulated in the outer layers 
(Järvan, 2009). Dejonckheere et al. (1994) measured the nitrate loss in 
a number of vegetables after normal culinary practice, such as washing, 
peeling, blanching, cooking and stewing. Washing of leafy vegetables 
with tap water reduced the nitrate concentration by 10–15% and for 
lettuce the elimination of the thick midrib resulted in a decrease of the 
nitrate content by 30–35%. The results of Laslo et al. (2000) stated that 
peeling and washing of vegetables could decrease of the nitrate content 
by 20–30% which were rather similar to our results (II). Some other 
studies have shown 25–30% of decrease in nitrate content of potato, 
carrot, beetroot, turnip and cabbage after at least one hour of soaking 
(Mozolewski and Smoczynski, 2004). 

Nitrates are compounds easily soluble in water and sensitive to the heat. 
Blanching procedure was found to be effective in nitrite and nitrate 
reduction. Blanching of raw spinach reduced the concentration of 
nitrates 23 - 36% and nitrite concentration from 0 to 16% (Jaworska, 
2005). Blanching of dill caused the reduction of nitrate concentration by 
41% (Kmiecik et al., 2004).

Boiling of vegetables can decrease the nitrate concentrations by almost 
80%. In the latter case the reduction is related with dissolution of nitrates 
in the boiling water. Nitrate concentration decreased more when an 
abundant amount of boiling water was used (Sokolov, 1987). Both the 
low primary nitrite content in raw vegetables and nitrite losses during 
manufacturing processes had an impact on the final product, where the 
nitrite content usually remained below 1.0 mg kg-1 in infant foods (Belitz 
et al., 2004; Wojcik-Stopczynska, 2004).

The loss of nitrate during the preliminary processing of vegetables is 
important figure for the infant food producers. According to the European 
Commission Regulation (EC) No. 1881/2006 the maximum level of 
nitrates in baby foods meant for infants and young children should not 
exceed 200 mg kg-1. In our study, the vegetables were traced along the 
all production steps for determination of the nitrate concentrations 
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dynamics. The preliminary treatment like washing and peeling as well 
as the proportions of the ingredients according to the original recipe  
(Table 17) were taken into account in nitrate concentration analyses. The 
most popular infant foods, which made ca. 45% of the total sale in Tartu 
were selected for analyses. During industrial processing of the vegetable 
based infant foods the product samples for nitrate analyses were taken from 
the next products: carrot puree, carrot puree with liver, vegetable puree 
soup with meat, vegetable puree soup with chicken, vegetable ragout.

6.3.2. The influence of the manufacturing processes on the nitrate 
content in the vegetable‑based infant foods (II)

Vegetables used for preparation of the infant foods were peeled and 
washed, and after visual inspection, transported to the tank of the 
main processing line. In the second stage, in accordance to the recipe, 
additional components and ingredients, such as sugar, milk, cooking oil, 
rice and others were added, initial product was mixed, homogenized and 
finally sterilized (Figure 1). 

During production of the vegetable-based infant foods, many factors, 
such as technological process, several mechanical and thermal processes 
may affect the quality and the nitrate content of the final product. Such 
process stages are chopping of the vegetables and meat mixtures, adding 
potable water, and boiling of the mixture. As became evident from the 
results of the present work, a clear tendency towards nitrate concentration 
decrease was registered. It was associated with the redistribution of 
nitrates by adding water and other constituents, such as milk, meat, 
cooking oil, sugar, butter, rice, etc. In our study, the percentage of the 
vegetables in different infant foods was in the range of 35-55% and 
added water constituted 18-45% of the final product. Water for the 
production was taken from a single artesian well having low nitrate  
(<1.5 mg l-1) and nitrite (0.008 mg l-1) concentrations. The water added 
to the mixture remained as one of the constituents into the final product; 
it means that no leaching or evaporation loss did not appear. All the other 
added constituents have generally low nitrate concentrations. Belitz et al. 
(2004) reported that milk, meat and cereals contain nitrates 1.4; 7.6 
and 7.2 mg kg-1 in average, respectively. According to Ysart et al. (1999) 
sugar and edible oil contain 8.7 mg kg-1 and 7.6 mg kg-1 of nitrates in 
average. 
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Compared to the nitrate content in raw peeled vegetable mixture the 
decrease of nitrate content after homogenisation was in the range of 
30-45% with a mean value of 39% in our study (Table 18). One of 
the most important factors, which influenced the dynamics of nitrate 
concentrations, was related with the production technology, where all 
subsequent processing steps were performed in a closed technological 
system.  No significant (P > 0.05) decrease in nitrate concentrations was 
observed during sterilization of the products. Average decrease of nitrate 
content in the sterilization process was as low as 6%, within the range of 
2-12% compared to the nitrate concentrations in a homogenized mixture. 
Sterilization temperature for all products was 120 ºC. Differences in 
decrease of nitrate concentrations were related with the composition of 
the product, the nitrate content in raw materials and with the minor 
differences in process temperatures and durations. 

It can be concluded that the final nitrate concentration in an infant 
food depends mainly on the initial nitrate content of the vegetables 
used. As shown in Table 18 nitrate content of the final product was 
in a good correlation with the initial nitrate concentration in peeled 
and mixed vegetables. Peeled carrots, used for the preparation of carrot 
puree contained 134 mg kg-1 of nitrates. In the final product, nitrate 
content was 72 mg kg-1. The highest decrease in nitrate concentration 
was detected in the vegetable puree soup with meat. The raw vegetable 
mixture contained nitrate 246 mg kg-1 and in the final product nitrate 
concentration was 123 mg kg-1 (Table 18). The levels of nitrates in the 
final products ranged from 72 to 145 mg kg-1, which remains below of the 
European Union maximum permitted level of 200 mg kg-1. Moreover, 
as became evident from the present study, the main effect on the nitrate 
concentration in the vegetable-based infant foods could be associated 
with the initial nitrate content of the raw materials (Table 18).

6.3.3. Practical method for preliminary estimation of the nitrate 
content in final products of infant foods (II)

Production in closed systems enables to calculate theoretical loss of 
nitrate concentration in final product. In our study the mathematical 
calculation of the nitrate content in final product was performed, taking 
into account the nitrate content of each added component of the infant 
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food according to the proportions of the food components in the original 
recipe (Table 17). The mean calculated nitrate contents were very similar 
to the results obtained by the HPLC analyses of final products, 99 mg kg-1 
and 107 mg kg-1, respectively (Table 18). Taking into account both 
mathematical calculations and HPLC analyses results, we may conclude 
that no remarkable nitrate loss occurs during industrial processing in 
closed systems.

6.3.4. The nitrate content of infant food samples collected at the 
Estonian retail level (II)

In the frame of the present work, analyses of Estonian and imported 
vegetable-based infant foods with various kind of constituents were 
performed. The proportion of the vegetables in different Estonian infant 
foods was 35 to 55%, and the added water constituted from 18 to 45% 
of the final product. The mean contents of nitrates in infant foods, both 
domestic (n = 45) and imported (n = 25), were relatively low, 92 and 
52 mg kg-1, respectively. Our results showed that vegetable-based infant 
food products had statistically significant (P < 0.05) differences in nitrate 
concentrations. The higher concentrations were related with Estonian 
infant foods, where vegetable content was comparatively high. Such 
products were carrot juice with the nitrate concentration in the range of 42 
to 200 mg kg-1 and carrot puree with liver, with the nitrate concentration in 
the range of 30 to 197 mg kg-1 (Table 19). Within one product variety, the 
difference in nitrate concentration can be manifold, depending mainly on 
raw material quality. Among different products and producers the nitrate 
concentration in different vegetable-based infant foods can vary because 
the vegetable percentage can differ in large extent. Infant foods from 
Austria and Hungary contained more ingredients such as rice, semolina, 
noodles, which naturally have lower nitrate concentrations than vegetables. 
The nitrate concentrations varied largely between different products and 
producers. The nitrite concentrations in all studied samples remained 
below the quantification limit of 5 mg kg-1. Hardisson and Gonzáez 
Padrón (1996) reported the nitrate contents in the products of various 
food manufacturers. According to their results, among the Nutriben infant 
food products the highest values 380 mg kg–1 of nitrates were detected 
in the product containing carrot and rice. Among Nestle™ infant food 
products the highest nitrate content 124 mg kg–1 was detected in products 
containing veal and vegetables as the main ingredients (Table 6). 
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6.3.5. Effect of storage time and temperature on the nitrate 
concentration in infant foods (II)

As a part of the present study, the effects of storage time and temperature 
on the nitrate concentration of vegetable-based infant foods were 
determined. Vegetable-based infant food cans were opened, and the 
initial nitrate and nitrite concentrations were measured. Opened 
cans were stored covered at two different temperatures, refrigerated  
(4 to 6 °C) and at ambient (20 to 22 °C) temperatures. The levels of 
nitrates and nitrites were determined after 24 and 48 h of opened storage 
of cans. The opened infant food cans` storage is an essential topic for 
assuring safety of the infant foods. There is very few scientific data about 
storage influence on the infant food quality. 

Changes in the nitrate content of six infant food samples, such as carrot 
puree, carrot puree with liver, vegetable puree soup with meat, vegetable 
ragout, rice and pumpkin puree, semolina and pumpkin puree during 
storage at refrigerated and ambient temperatures were detected and the 
results are shown in Table 20. 

According to Phillips (1968) and Ezeagu (1996) the nitrate content increased 
in the stored opened vegetable-based food cans. It was concluded that it 
may depend on the differences between species-specific nitrate reductive 
activities and on the influence of levels of bacterial contamination. 

Our experimental results indicated that the content of nitrates in opened 
and partially consumed infant foods changed during storage. Nitrate 
content increased in all tested infant foods. The average increase in nitrate 
concentration after 24 h was in average 7% in all infant foods stored 
at 4-6 ºC. At storage condition of 4-6 ºC during 48 h the content of 
nitrates increased 15% as a mean value. The increase of nitrate content in 
carrot puree with liver and vegetable ragout was the highest. The lowest 
increase in nitrate content was measured for rice and pumpkin puree. 
Storage of the infant foods at room temperature (20-22 ºC) resulted 
in average increase of nitrate content by 13% during 24 h and by 29% 
during 48 h storage at room temperature. The highest increase in nitrate 
content was registered for infant foods, containing high proportion of 
root vegetables, such as carrot juice, vegetable ragout and vegetable puree 
soup with meat as 29%, 33% and 35%, respectively. According to our 
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results the mean increase of the content of nitrates in infant foods for 24 h  
of storage was two times higher at 20-22 ºC than at 4-6 ºC, 13% and 
7%, respectively (Table 20). The same tendency was observed for 48 h of 
storage time. Nitrite content in all products during the experiment was 
lower than 5 mg kg-1 and did not increase during the two days of storage. 
The increase in nitrate content in stored opened vegetable-based food cans 
may depend on the differences between species-specific nitrate reductive 
activities and the influence of levels of bacterial contamination (Phillips, 
1968; Ezeagu, 1996). The increase in nitrate content in homogenized 
leafy vegetables during storage was reported in the study of Chung et al. 
(2004). In mentioned study, the maximum increase of nitrate content at 
storage temperature of 22±1 ºC was reported during the second day of 
storage, approximately 17% of increase compared to the initial nitrate 
content. The fast decrease of nitrate was registrated at day three and at the 
same time, there was fast increase of nitrite content in homogenized leafy 
vegetables. The nitrate content decreased in spinach at the end of second 
until to the third storage day from 6000 to 1400 mg kg-1 and nitrite 
content increased by fourth storage day to 4500 mg kg-1 (Chung et al., 
2004). In our study, the storage time of opened vegetable-based infant 
food cans was two days as a general recommendation by the producer.

6.4. Intake of nitrates and nitrites from vegetables and vegetable‑
based foods

This study was the first which estimated dietary intake of nitrate and 
nitrite from vegetables and vegetables-based products in Estonia among 
adults, children and infants. Our study based on the consumption 
data and on the nitrate and nitrite concentrations measured in several 
vegetable-based foods. 

Intake of nitrate was evaluated, using the data from four different 
consumption surveys performed in Estonia:

data for the whole population – household consumption survey 1) 
performed by the National Board of Statistics.
the consumption data for children – obtained during six months in 2) 
2005 from the menus of two kindergartens (n=335).
The consumption data for infants and small children – calculated 3) 
and based on the infant menus recommended by the Estonian 
paediatricians. 
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Intake of the nitrates and nitrites from the consumption of the raw 4) 
vegetable juices – calculated in accordance with the recommendations 
by the dieticians and by the Estonian and foreigner paediatricians 
(Kroom, 2008). 

In present study, the European ADI values were used for calculating of 
the nitrate doses (0-3.7 mg per body weight-1). According to the ADI 
value, the recommended maximum daily dose per 60 kg body weigh is 
222 mg day-1. Nitrate contents of consumed vegetables were reduced in 
accordance with the effect of peeling, cleaning and removing of non-
edible parts as the source of the nitrate loss. Nitrate concentrations of 
the commodities were corrected additionally with the nitrate loss during 
cooking. 

6.4.1. Intake of nitrates from vegetables and vegetable‑based foods 
by whole population (I, IV)

Food consumption data obtained from the household consumption 
survey, composed by the government agency Statistics of Estonia, was 
used for calculation of the average intake for the whole population. The 
data included monthly average amount of food products (grouped in 
detail) consumed by an average person. The average content of nitrates 
in each vegetable commodity or vegetable-based food was used in all 
calculations of the intake. The average body weight used for comparison 
of the results with ADI was 60 kg. Estonian and foreign products were 
not differentiated in the survey of the National Board of Statistics of 
Estonia; both white and red cabbages were included in the consumed 
amounts of cabbage (Table 21). The highest intakes of nitrates by Estonian 
population in the year of 2003-2005 were obtained by consuming cabbage 
and potato, 14 mg day-1 and 12 mg day-1, respectively. The following 
highest intakes were obtained by consuming cucumber and beetroot,  
8.2 mg day-1 and 7.3 mg day-1, respectively (Table 21). The same vegetables 
have given the highest intakes of nitrates in many other countries. The 
intake of nitrates from consuming potato in Finland, Belgium and 
Denmark was 12 mg day-1, 17 mg day-1 and 22 mg day-1, respectively 
(I‑7). In present study, for Estonians, the mean intake of nitrates from 
consuming the root, fruit vegetables and cabbage was 52.7 mg day-1.
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In the present study, the mean daily nitrate consumption of leafy 
vegetables grown under cover in the years of 2006-2008 is demonstrated 
in Table 22. The overall mean nitrate contents in vegetables were 
calculated using the mean data obtained from the analysis of samples 
of vegetables grown in Estonia as well as imported products (frozen 
spinach and iceberg lettuce). In present study, the dietary exposure to 
nitrate from white cabbage was 14.7 mg day-1 and from leafy vegetables  
9.6 mg day-1 and in total the dietary exposure of nitrate was 24.3 mg day-1 
for the average consumer. In Sweden, the mean estimated nitrate intake 
from leafy vegetables was 18-21 mg day-1 (Merino et al., 2006). Chinese 
consumers´ nitrate intake from leafy vegetables was 312.2 mg per person 
day-1 as an average, which exceeds the recommended maximum daily 
dose, 140%, ADI=222 mg day-1 per 60 kg body weight (Zhong et al., 
2002). China was followed by Belgium with 63.4 mg per person day-1 
(Dejonckheere et al., 1994), and the UK with 44.9 mg per person day-1 
(Ysart et al., 1999) (Table 7).

Low nitrate levels in vegetables are probably associated with the relatively 
low use of fertilizers in Estonia. In total from vegetables, the mean 
doses of nitrates (Table 21, 22) consumed by Estonian (present study), 
Belgian, Danish, Finnish and Chinese population were 62.3 mg day-1,  
131.3 mg day-1, 63.5 mg day-1, 71.2 mg day-1 and 486 mg day-1, 
respectively (Table  8). The mean total intake of nitrate per person in 
Europe is in the range of 50-140 mg per day and in the USA about  
40-100 mg per day (Ysart et al., 1999; Mensinga et al., 2003). In China, 
the habitants consume high amounts of leafy vegetables, and therefore 
the daily doses of nitrate were 486 mg per person day (ADI value is  
~222 mg day-1) (Zhong et al., 2002). The mentioned dose of nitrate, 
obtained by Chinese habitants, exceeds the ADI value by 2.2 fold  
(Table 8). Daily intake of nitrate and nitrite for middle-aged men in Japan 
(n=100) is about 78% and 95% respectively of the ADI, the average daily 
intake of nitrate per kg of body weight was 2.06 mg, which is about 56% 
of the ADI (Murata and Ishinaga, 2001; Murata et al., 2002).

According to our results, the average Estonian consumed vegetables and 
vegetable-based products in average 382 g day-1. Generally, the average 
Estonian habitant consumes vegetables in relatively high amounts but 
the nitrate intake is low, 62.3 mg day-1 making 28% of ADI. The main 
doses of nitrates in diet are coming from root and fruit vegetables, which 
contain less nitrates then leafy vegetables. The population of Germany, 
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Netherlands and Finland consumed vegetables, respectively 185 g day-1, 
281 g day-1 and 233 g day-1 (Table 8). For habitants of Germany, Finland 
and Belgium the average nitrate intake from vegetables is 63.1 mg day-1, 
71.2 mg day-1 and 131.3 mg day-1, respectively (Dejonckheere et al., 
1994; Penttilä, 1995; Santamaria, 2006). The overall doses of nitrates 
recived from food by Estonian and Finnish consumer were 85 mg day-1  
and 78 mg day-1, respectively (Penttilä, 1995; Reinik, 2007; Present 
study). According to our study and data from Reinik (2007), the main 
sources of nitrates in Estonia were vegetables and vegetable-based 
products (73.3%), meat products (3.6%) and drinking water (11%) 
(Reinik, 2007). The nitrate intake in Finland was 92% from vegetables 
and vegetable-based foods, and 5.8% from meat products. There was 
no Finnish data about nitrate doses from drinking water. The nitrite 
doses recived by Estonian and Finnish population were 2.4 mg day-1 and  
5.3 mg day-1, respectively. In Estonia the main nitrite doses were recived 
from meat products (42%), cereal products (28%) and vegetable-based 
product (15%) (present study; Reinik, 2007).

6.4.2. Intake of nitrates from vegetables and vegetable‑based foods 
by 1‑6 years old children (I)

Mean daily intake of nitrate by Estonian 1 to 6-years old children was 
calculated on the basis of the consumption survey and amounts of 
supplied vegetables in two kindergartens during six months period taking 
into account the menus. Table 23 shows the daily intakes of nitrates by 
children in age group of 4 to 6 years, based on the consumption of the 
vegetable-based foods, and the percentage of the intake from ADI-value. 
The children received the highest doses of nitrates from potatoe, beetroot 
and cabbage: 8.6 mg day-1, 7.6 mg day-1 and 6.5 mg day-1, respectively. 
The daily intake of nitrates by 4 to 6 years old children was 30 mg (40% 
of ADI), the average body weight of 20 kg was used in the calculations. 
Obtained results indicate that although the mean nitrate intakes did not 
exceed ADI-value, the maximum intakes were several times higher. The 
menu of the age group of 1-3 years old children was similar to that of 
4-6 years old children group with the difference of 15% less consumed 
food amount among the first age group. According to the calculations, 
the intake of nitrates by this age group was 26 mg day-1 (52% of ADI). 
The average body weight of 15 kg was used for calculations of the intakes 
(Table 23). 
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Our results indicated that, if children consume average amounts of 
different species of the vegetables, the exceeding of ADI value will not 
appear. In Finland the daily nitrate intake by adolescents and children 
was 47.9 mg day-1 (Penttilä, 1995). The nitrate intake by Italian 4 to 
6-year children was 15 mg day-1 from consumption of leafy vegetables 
(Santamaria, 1999). Nitrate dietary exposure in France was in the 
average 40% of the ADI for adults and 51–54% of the ADI for children 
(Menard et al., 2008). The major sources of nitrate for children were 
vegetables (24% to 27% of ADI), potatoes (5% to 11% of ADI) and 
water (5% of the ADI). Exceeding of the ADI values were reported in 
a Polish study (Wawrzyniak et al., 2003), were nitrates intake for 1 to 6 
year children exceeded ADI twofold and the main food source of nitrates 
were again vegetables (90%). In the study of Thomson et al. (2007) have 
reported similar results for New Zealand where the main dietary nitrate 
intake occured from lettuce and other leafy vegetables. In some cases the 
exceeding of the ADI is explained by consumption of large amounts of 
the major dietary nitrate intake sources, certain vegetables like lettuce, 
beetroot and spinach, which have high nitrate concentrations. 

6.4.3. Intake of nitrates from vegetables and vegetable‑based foods 
by infants (I)

Mean daily intake of nitrate among infants aged 6–12 months was 
calculated on the basis of recommended infant menus. Table 24 indicates 
the recommended daily consumption amounts of vegetable-based purees 
and juices for the infants. The mean content of nitrates in infant foods 
were presented in Article I, with the average content of 88 mg kg-1.  
Table 24 shows that older infants get higher amounts of nitrates  
compared to the younger ones. For example, the 6 months old infant got 
4.4 mg of nitrates per day (15% of ADI value) and 12 months old got  
11 mg per day (27% of ADI value). The infants’ average daily intake of 
nitrates from consumption of vegetable-based infant foods was 7.8 mg  
(22% of ADI-value). The daily intake of nitrates by Nigerian infants 
(4.9–8.6 mg) (Umah et al., 2003) in the age group of 4 to 12 months 
children was similar to the results of our study.

Considering the toxicity of nitrates and the possibility of their 
transformation to nitrite and to the carcinogenic N-nitrosoamines, the 
importance of the data about daily nitrate intake by children is obvious.
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The summarised data about amounts of vegetable and vegetable-based 
products consumed by infants, small children and whole population is 
given in Table 29. It shows that the highest intake amounts of nitrate 
compared to ADI value were received by 1-3 years old children and by 
4-6 years old children, respectively 52% and 40% of ADI.

Table 29. Exposure to nitrates through the consumption of vegetables 
and vegetable based food*. 

Age group Consumption 
of vegetable-
based foods g 

day-1

Mean 
nitrate 

intake mg 
per day-1

Mean 
nitrate 

intake mg 
kg-1 bw

% of 
ADI

Infants (6-12 months) 50 - 120 4.4 - 11 0.56 - 1.03 15 - 27
Children (1-3 years) (15 kg) 198 26 1.73 52
Children (4-6 years) (20 kg) 226 30 1.5 40
Whole population (60 kg) 382 62 1.03 28

*the intake of nitrates from raw vegetable-based juices are not included

6.5. Intake of nitrates and nitrites from the raw vegetable juices

6.5.1. Intake of nitrates and nitrites from the raw vegetable juices 
by adults (III)

Many articles have been published where the positive effects and the 
advices for consumption amounts are given for raw vegetable juices 
(Heinerman, 1994; Kroom, 2008), but the contents of nitrates and 
nitrites and other contaminants are generally not included. 

Vegetable raw juices are not always included in the daily diet of man. 
In our study, the intake of nitrate and nitrite has been calculated in 
accordance with the recommendations given by the Estonian and 
foreign dieticians (Heinerman, 1994, Cabot, 2001; Kroom, 2008). The 
recommended consumption data of the home-made vegetable based 
raw juices and calculated ADI percentages are shown in Table 25. In 
calculations of the nitrate and nitrite daily intakes, 65 kg was used as the 
average body weight of the Estonian adult. According to the results of 
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calculations, the maximum perimitted intake was 240 mg day-1 (65 kg 
x 3.7 mg day-1) for nitrates and 3.9 mg day-1 (65 kg x 0.06 mg day-1) for 
nitrites per person.

The average consumption amounts of vegetable raw juices in accordance 
with dieticians’ recommendations were for radish juice 100 ml, for red 
beetroot juice 150 ml, for cabbage and pumkin juice 200 ml and for 
carrot juice 300 ml. The daily doses of nitrate and nitrite depend on 
the initial contents of NO3

- and NO2
- in vegetable based raw juices. 

Additionally, it depends on consumption amounts and storage conditions 
of the vegetable-based raw juices. From vegetable-based raw juices shortly 
after preparation (fresh juice), the nitrite intake was low, 0.8 to 8.0% of 
ADI. The nitrate intake was 9.7% of ADI from the cabbage to 193% 
from radish (Table 25).  After 24 h of storage of raw vegetable juice at 
ambient temeratures, the nitrite doses in the case of consumption of 
300 ml of raw carrot juice, 150 ml raw beetroot juice and 100 ml of raw 
radish juice exceeded ADI values 846%, 346% and 167%, respectively. 
At the same time the nitrate doses were decreasing and were in range 
of 5.4% for cabbage to 109.7% for radish of ADI (Table 25). Beetroot 
and radish juices can be mixed with other vegetable-based raw juices as 
recommended by dieticians (Heinerman, 1994; Kroom, 2008). 

Industrially produced raw juices are lightly pasteurised and therefore the 
changes in nitrate and nitrite content (Table 14) are lower compared 
with the home-made juices (Figure 2). In industrially raw juices the level 
of nitrate concentrations decreased 39-57% in 48 hours of storage at 
ambient temperature compared with initial content. During the same 
time of storage the nitrite levels were increased in the range of 1.5 to  
11.1 mg l-1. Consequently, the nitrate daily doses were considerably low 
and did not exceed the ADI values. Conversly, the nitrite daily doses 
were high, 27-43% of ADI.

The dynamics of the nitrate and nitrite levels in home-made raw juices 
are showing that the juices should be consumed during short time after 
preparation or otherwise stored shortly in refrigereated temperatures 
because the nitrite levels are arising in every hour of storage. In our study 
the highest nitrite levels were obtained from carrot juices after 24 hours 
of storage at ambient temperatures, as high as 110 mg l-1 compared 
with the initial 0.1 mg l-1 concentration. Intake of 300 ml of latter juice 
makes 33 mg of nitrite per day (maximum permitted daily intake is  
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3.9 mg day-1) which is 846% of ADI. After 48 hours of storage of carrot 
juice at ambient temperature the nitrite level in our study was twofold, 
187 mg l-1(Table 25).

6.5.2. Intake of nitrates and nitrites from the raw carrot juices by 
infants and young children (III)

According to our data obtained from questionnaires, filled in by parents, 
the most popular raw vegetable juices given to young children were carrot-
based raw juices (Table 26). In present study the home-made carrot raw 
juices contained initially nitrates 163 mg l-1 and nitrite 0.1 mg l-1 in 
average. For 10-12 months old infants, with the body weight of 10.2 kg, 
pediatricians recommend to consume raw carrot juice 30 ml per day-1. In 
accordance with our data, it is obvious that only freshly made carrot raw 
juices can be used for infants because nitrate and nitrite contents were 
12.9% and 0.5% of the ADI values, respectively. During 24 h storage 
of raw carrot juice at ambient temperature, the nitrate concentration 
decreased to 64 mg l-1 and nitrite concentration increased to 110 mg l-1.  
It is obvious that generally beneficial juice can become harmful to  
children after storage in wrong conditions and as a result of too long 
storage time. Consumption of this juice by 10-12 months old infants in 
amount of 30 ml, as the maximum amount recommended by dieticians, 
and 50 ml for 1-2 years old children could be harmful for health because 
the mean nitrite intake was 540% and 733%, and nitrate intake was 5 
and 7% of ADI, respectively (Table 26). In accordance with our data, 
it is obvious that only freshly made carrot raw juice is acceptable for 
consumption by infants and young children. 

Lightly pasteurised carrot raw juice (Table 14) made in small-scale 
industry could be consumed by young children even after 24 h of storage 
at refrigerated temperatures, because the nitrate and nitrite contents 
showed only minor changes, 87 mg l-1 to 80 mg l-1 and 0.1 mg l-1 to  
0.2 mg l-1, respectively. In the present case the mean daily nitrate dose  
for infants in result of consumption of carrot raw juices will stay below 
10% of ADI and nitrite dose will not exceed 2% of ADI.

If an infant food is prepared at home conditions, the possible reduction 
in nitrate and nitrite concentrations will be achieved by peeling and 
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blanching of all vegetables before the preparation of raw vegetable juice 
and before consumption. Additional reduction of the nitrate and nitrite 
concentrations in infant foods is possible when the cooking or rinsing 
water is not used in preparation of foods, because nitrate and nitrite are 
water soluble and therefore remain in water. For infant food preparation 
the most benefitial effect will be achieved when food preparation is 
performed by the use of the potable water or water, which contais nitrates 
in very low concentration.
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7. CONCLUSIONS

Present research is the first complex study in Estonia about nitrate and 
nitrite contents, which comprises the complete vegetable production 
chain from raw material to final product. In accordance with data from 
literature, the vegetables and vegetable-based foods are the main source 
of nitrates for man. High doses of nitrates and nitrites are risks for human 
health, especially for infants and for small children. 

Final target for present work was to reveal possible exceedings of ADI 
values of nitrate and nitrite, especially in the case of small children who 
consistute one of the main risk groups for these toxicants. In the present 
investigation, the mean contents of nitrates and nitrites in vegetables and 
vegetable products were determined. For the first time in Estonia the 
daily intakes of nitrates from vegetables by children and by the whole 
population, was estimated. 

The main conclusions of present thesis are:

The analyses of nitrate and nitrite contents in vegetables and 1. 
vegetable-based infant foods demonstrated that there were only a few 
exceedings of permitted nitrate limit concentrations. In vegetables 
and vegetables based products of Estonian origin content of nitrites 
was below 5 mg kg-1. A possible reason of low levels of nitrates in 
vegetables and vegetable-based infant foods is probably related with 
relatively low use of fertilizers in Estonia.
The nitrate content is dependent on the harvesting period and on 2. 
the growing conditions. As reported in the European Commission 
Regulation (EC) No. 1881/2006, the permitted nitrate concentration 
is higher in winter period than in summer period. Vegetables grown 
under cover showed higher levels of nitrate than those grown in the 
open field conditions. Seasonal differences in nitrate concentrations 
were observed for lettuce and spinach. In the winter crops, the 
nitrate concentrations in lettuce were by 22% and in spinach by 
24% higher compared to those grown in summer period. Generally, 
the nitrate content was higher in early plant growth stadium and 
decreased with maturity. The content of nitrites in samples was 
lower than 5 mg kg-1.
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The results of this study showed that nitrate content varied highly 3. 
between the species of vegetables used for raw juice production. 
Lower initial contents of nitrate were detected from industrial carrot 
juice and from home-made carrot juice and cabbage raw juices. 
Initial microbial counts and pH-values were similar for all raw 
juices. It may be concluded that there were no significant differences 
between initial contents of different raw vegetable juices produced 
in industrial and home-made conditions. Somewhat  higher initial 
nitrite contents were found in industrial beetroot raw juices. 
The nitrate contents decreased and nitrite contents increased during 4. 
24 h and 48 h of storage of raw juices. The changes in nitrate and 
nitrite contents were lower in industrial raw vegetable juices compared 
to home-made raw juices but tendencies were generally similar. 
The highest nitrate decreases for industrial juices were analysed for 
beetroot raw juices from 1708 to 739 mg kg-1. It could be related with 
the fact that light pasteurisation was used and the enzyme nitrate 
reductase activity was inhibited, and therefore nitrates were converted 
into nitrites in lower levels. Depending on storage temperatures, the 
changes in nitrate and nitrite contents were higher in the home-made 
vegetable raw juices. The highest decreases of nitrates and increases of 
nitrites were analysed from beetroot raw juices after 24 h of storage 
at ambient temperatures, respectively 2625 to 523 mg kg-1 and 2.1 
to 578 mg kg-1. All the microbial counts such as total viable count, 
coliform count, mold and yeast counts were increasing. The highest 
increase of total viable count was reported for home-made raw juices 
after 48 h of storage at ambient temperatures. The microbial growth 
correlated with the decrease of pH-values. Higher microbial counts 
resulted with lower pH-values in analysed raw vegetable-based juices. 
According to the results the home-made beetroot, carrot and radish 
raw juices were most sensitive to the storage time and conditions. 
The latter raw juices should be consumed as soon as possible after 
preparation and stored only shortly at refrigerated temperatures. 
The lowest changes in nitrate and nitrite contents were reported for 
cabbage raw juices. In these juices, the nitrate reductase activity is 
inhibited and therefore the consumption of raw cabbage juice after 
48 h of storage at refrigerated temperatures is acceptable. Nitrate and 
nitrite levels after 48 h of storage of cabbage raw juice at ambient 
temperatures were still acceptable but all microbial counts were too 
high, making the juice unsuitable for human consumption.
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The decreases of nitrate contents in industrial vegetable-based 5. 
infant foods were registered along the entire production line. At 
the first stage the nitrate contents were analysed from vegetables 
after peeling and washing. The decrease of nitrates content from 17 
to 52% was reported depending on vegetable species. The analyses 
of nitrate contents from different technological stages of industrial 
infant food production showed that all technological stages starting 
from the vegetable mixture up to the final product, the total decrease 
of nitrate content was 45% in average. The production of industrial 
infant foods was performed in closed technological system where 
additional nitrate losses did not appear. The overall nitrate content 
decrease within entire technological chain was induced by adding 
different food ingredients with low nitrate content, like water, rice, 
balanced bovine liver, chicken fillet etc. Nitrates are easily soluble in 
water and after adding the drinking water with low nitrate content, 
the overall nitrate content of food mixture is decreasing. According to 
the results, the final nitrate concentration in infant foods depended 
mainly on the initial nitrate content of the raw-vegetable mixture 
and on the amounts of the other food ingredients.
The infant foods purchased from retail markets contained lower 6. 
nitrate concentrations compared with commercial infant foods 
produced in Estonia. It is related with the fact that in Estonian 
infant foods the percentage of vegetable-based ingredients is higher 
than in imported products. The nitrate content of vegetable-based 
infant foods was mainly dependent on initial nitrate content 
in raw vegetables and on proportion of different vegetables in 
the final products. In our study, the levels of nitrates in the final 
products ranged from 72 to 145 mg kg-1, which remains below 
the European Union maximum permitted level, 200 mg kg-1. The 
nitrate concentrations varied largely between different products 
and producers. The nitrite concentrations in raw vegetables and 
in the final products remained below the quantification limit of 
the analytical method, which was 5 mg kg-1. Within one product 
variety, the differences in nitrate concentrations were manifold, 
depending mainly on raw material quality. Therefore, infant-food 
producers must pay particular attention to the quality of raw 
materials. Nitrate content analyses should be included into the 
quality assurance programs.
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The infant foods storage experiments were performed after 24 h 7. 
and 48 h of storage of opened infant food cans at different storage 
temperatures. In opened infant foods the nitrate content increased, 
being the highest for the foods containing several vegetable 
species. Our analyses proved that self-life of opened infant foods at 
refrigerated temperatures is at least two days as recommended by 
producers. The higher nitrate concentration increase was registered 
in opened infant foods stored at ambient temperatures. The nitrite 
contents in all infant food samples remained below detection 
limit, <5 mg kg-1. 
The mean intake of nitrates from all vegetables by the whole 8. 
Estonian population was 62.3 mg per day (28% of ADI value), 
calculated on the basis of body weight of 60 kg. Nitrate intake by 
1 to 3-year-old children was 26 mg per day (52% of ADI). The 
average daily intake of nitrates by children in the age group of 4 
to 6 years was 30 mg (40% of ADI). The infants’ average daily 
intake of nitrates from consumption of vegetable-based foods was 
7.8 mg (22% of ADI). During the storage of raw juices at ambient 
temperatures, fast decrease of nitrate levels and increase of nitrite 
levels was reported. Consumption of these juices may exceed nitrite 
ADI values in several times.
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SUMMARY IN ESTONIAN

NITRAATIDE JA NITRITITE SISALDUS KÖÖGIVILJADES JA 
KÖÖGIVILJAPÕHISTES TOITUDES, TRANSFORMATSIOONI 

DÜNAAMIKA NING TARBIJATE POOLT TOIDUGA  
SAADAVAD KOGUSED

Tänapäeval on järjest rohkem hakatud tähelepanu pöörama tervislikule 
toitumisele. Sellest tulenevalt tarbitakse aina rohkem köögiviljapõhiseid 
toite: tooreid köögivilju, köögiviljadest valmistatud toormahlu ning 
erineva kuumtöötluse läbinud köögivilju. Tuginedes kirjandusallikatele, 
saadakse köögiviljadest 80-92% kogu nitraatide päevasest doosist. 

Päevas saadavate lisa- ja saasteainete koguste hindamiseks on Maailma 
tervishoiu organisatsioon (WHO) kehtestanud ADI väärtuse. ADI on 
piirväärtus, mis näitab määratletud aine maksimaalset aktsepteeritavat 
päevast tarbimiskogust. FAO poolt soovitatavad nitriti ja nitraadi doosid 
olid kehtestamise algaastatel väga kõrged (1962). 1962. aastal oli inimesele 
soovituslik nitritite doos 0 kuni 0,4 mg 1 kg kehamassi kohta (kk) ja 
nitraadi doos 0 kuni 5,0 mg kg-1 kk. Järgnevatel aastatel on nitraatide 
ja nitritite doose pidevalt vähendatud ning tänaseks on nitriti doos 0 
kuni 0,06 mg kg-1 kk ja nitraadi doos 0 kuni 3,7 mg kg-1 kk. Seega on 
65-kilose täiskasvanud inimese maksimaalne soovitatav nitraatide kogus 
240,5 mg päevas ja nitritite vastav kogus 3,9 mg päevas.

Nitraatide toksilisus on suhteliselt madal, kuid nende taandumisproduktid 
nitritid on 10–20 korda toksilisemad. Pidev nitraatide ja nitritite 
sattumine organismi võib aga põhjustada tervisehäireid, eelkõige 
väikelastel, ja suurendada methemoglobineemia tekkimise ohtu. Imikud 
ja väikelapsed on nitritite ja nitraatide suhtes eriti tundlikud ja nende 
toit ei tohiks kõnealuseid ühendeid üle normi sisaldada. 

Köögiviljades sisalduvaid nitraate loetakse “looduslikult esinevateks”, 
kuid nende sisaldus köögiviljades sõltub mitmetest faktoritest, nagu 
taimede liigist, väetiste kasutamisest, taimede kasvamise kohast, 
koristusajast ja säilitamisest. Kõige kõrgemaid nitraatide koguseid on 
leitud lehtköögiviljadest ning seetõttu on lehtköögiviljadele kehtestatud 
Euroopa Liidu Määrusega (EC) nr. 1881/2006 maksimaalselt lubatud 
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nitraatide sisalduse piirnormid. Viimastel aastatel on populaarseks 
muutunud köögiviljade toormahlad, mida toodetakse lisaks kodus 
valmistamisele ka väiketööstusettevõtetes. Mahladest on võimalik saada 
väga kõrgeid nitraatide ja nitritite doose, millised sageli ületavad kordades 
lubatavaid ADI väärtuseid. 

WHO poolt kehtestatud ADI normide eesmärk on kaitsta tarbija tervist ja 
kohustada tootjaid oma tegevuses neid norme arvestama. Seni puudusid 
Eestis andmed selle kohta, kui palju Eesti väikelapsed ja täiskasvanud 
saavad nitraate ja nitriteid köögiviljadest ja köögiviljapõhistest toitudest. 
Toiduga saadavad nitraatide ja nitritite kogused sõltuvad väga paljudest 
teguritest, nagu tooraine ja valmistoidu nitraatide ja nitritite sisaldustest, 
menüüst, tarbitud toidu kogustest ja toidu säilitamise tingimustest, 
geograafilisest piirkonnast jmt. tegurist. Selleks, et teada saada nitraatide 
ja nitritite ADI arve, milliste alusel WHO hindab vastava toidugrupi 
ohutust või ohtu tarbija tervisele, on vajalik teostada mahukad 
uuringud, alates kasutatavast toorainest, kuni valmistoiduni, ja uurida 
ka toidu säilitamise tingimusi, kuna nõuetele mittevastavad tingimused 
suurendavad oluliselt nitritite sisaldust tootes. Lähtudes eelpool toodust, 
seati käesoleva uurimistöö eesmärkideks:

Määrata kindlaks nitraatide ja nitritite sisalduste tasemed erinevat •	
liiki Eestis kasvatatud ja imporditud köögiviljades (I). 
Uurida erinevatel aastaaegadel ja katte all kasvatatud lehtköögiviljade •	
ja maitsetaimede ning kurgi nitraatide sisaldusi (IV).
Määrata toormahlades algsed nitraatide ja nitritite sisalduse tasemed, •	
algne mikrofloora ja pH väärtused (III).
Uurida mahlade säilitamist kahel erineval režiimil – külmkapi ja •	
toatemperatuuril, ning erineva kestusega (24 ja 48 tundi) säilitamise 
järgselt,  nitraatide ja nitritite muundumise dünaamikat, mikroobide 
arvu ja pH väärtuse muutust (III).
Uurida tööstuslike köögiviljapõhiste imikutoitude tooraine •	
(köögiviljade) ja erinevate tehnoloogiliste protsesside mõju nitraatide 
ja nitritite sisaldusele valmistoidus (II). 
Teostada Eesti kauplustes müüdavate imporditud ja kohalikus •	
tööstuses toodetud imikutoitude uuringud, et teada saada, kui palju 
need tooted sisaldavad nitraate ja nitriteid (II).
Uurida imikutoitude nitraatide ja nitritite sisaldusi ja nendega •	
toimuvaid võimalikke muundumisi erinevates kodustes tingimustes 
säilitamisel (II).
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Arvutada keskmise tarbija ja väikelaste poolt köögiviljade ja •	
köögiviljade baasil valmistatud toitude päevased tarbimiskogused.
Arvutada imikute, väikelaste ja täiskasvanute poolt köögiviljadest ja •	
köögiviljapõhistest toitudest saadavad nitraatide ja nitritite doosid 
ning võrrelda neid WHO poolt kehtestatud ADI arvuga (I, III, 
IV). 

Metoodika

Köögiviljadest nitraatide sisalduse määramiseks kasutati 
potentsiomeetrilist meetodit, mis põhineb Vene standardile GOST 
4228-86.  

Imikupüreede nitraatide ja nitritite sisalduse määramiseks kasutati 
kõrgefektiivset vedelikkromatograafi (HPLC), metoodikat nr 165, 
2000 (Nordic Committee on Food Analysis).

Toorköögiviljamahlade nitraatide ja nitritite määramiseks kasutati 
HPLC, metoodika põhines kirjandusele (Misko et al., 1993; Li et 
al., 2000).

Uurimistöös kasutati mikrobioloogiliste analüüside teostamiseks 
järgnevaid metoodikaid:

Mikroobide üldarvu määramisel EVS-EN ISO 4833:2006, 
Coli-laadsete määramisel NMKL 44 5th 2001,
Pärm- ja hallitusseente määramisel EVS-EN ISO 7954:1999.
Mikrobioloogilised näitajaid väljendati kolooniaid moodustavates 

ühikutes ehk pesades (cfu/pmü) milliliitris (ml). 
 pH väärtuste määramiseks kasutati Euroopa Standartit EVS-EN 

1132:2000.

Tulemuste kokkuvõte:

Aastatel 2003-2005 ja 2006-2008 teostatud köögiviljade nitraatide 
sisalduse analüüside tulemused (I, IV)

Aastatel 2003-2005 ning 2006-2008 teostati köögiviljadest kokku 
1453 nitraatide ja nitritite analüüsi. Esimesel uurimisperioodil, 2003-
2005, analüüsiti Eesti jaekaubanduses müüdavate erinevate köögiviljade 
nitraatide sisaldusi. Kuni Euroopa Liiduga liitumiseni (1. mai 2004) 
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kehtisid Eestis paljude köögiviljade nitraatide sisaldusele piirnormid 
(Vabariigi Valitsuse määrus nr. 66). Maksimaalselt lubatavaid nitraatide 
sisalduse piirnorme ületas 17% uuritud köögiviljadest. Kõige sagedamini 
esines piirnormide ületamist talvel kasvatatud kurkides, kevadistes 
rohelistes sibulates, kapsastes, kaalikates ja punapeetides. Lehtköögiviljad 
sisaldasid keskmiselt nitraate  alates 565 mg kg-1 selleris, kuni kõrgeima 
sisalduseni tillis 2936 mg kg-1. Juurköögiviljade nitraadi sisaldus jäi 
vahemikku: porgandis 148 mg kg-1 kuni punapeedis 1446 mg kg-1. 
Madalaim nitraatide sisaldus olid viliköögiviljades: tomatites 41 mg kg-1 
kuni kõrvitsates 174 mg kg-1 (Tabel 10). Alates 1. maist 2004 kehtib 
Eestis nitraatide sisaldusele köögiviljades Euroopa Liidu seadusandlus 
(Tabel 4). Nitritite sisaldus jäid kõigis uuritud köögiviljades alla  
5 mg kg-1, mis oli kvantifitseerimise alampiir. 

Järgneval uuringuperioodil 2006-2008 uuriti katte all kasvatatud 
lehtköögivilju, maitsetaimi ja kurke. Kõrgeim nitraatide sisaldus tehti 
kindlaks rukolas ehk põld-võõrkapsas, tillis, basiilikus, tüümianis ja 
petersellis. Eelmainitud maitsetaimede nitraatide sisaldus jäi vahemikku 
alates 2134 mg kg-1 petersellis kuni 8150 mg kg-1 rukolas (Tabel 11). Eestis 
kasvatatud hiina kapsas sisaldas nitraate vähem (885 mg kg-1) võrreldes 
imporditud hiina kapsaga (1344 mg kg-1) (Tabel 11). Jaekaubanduses 
müüdav kurk on enamasti kasvanud katte all. Kui võrrelda Eestist 
pärit kurke ja imporditud kurke, siis kohalikud kurgid sisaldasid 
nitraate suuremas koguses (335 mg kg-1) (Tabel 11) kui imporditud  
(240 mg kg-1) kurgid. 

Samal perioodil uuriti katte all kasvatamisel sesoonsuse mõju 
nitraatide sisaldusele lehtköögiviljades. Hetkel on kehtiv Euroopa 
Liidu määrus nr 1881/2006, mis kehtestab nitraatide piirnormid 
mitmetele lehtköögiviljadele. Vastavalt määrusele nr 1881/2006, kehtiv  
maksimaalne lubatav nitraatide sisaldus sõltub koristusajast - suvisele 
spinatile 2500 mg kg-1 ja talvisele spinatile 3000 mg kg-1; suvisel ajal 
koristatud värskele salatile 3500 mg kg-1 ja talvisele 4500 mg kg-1;  
jääsalati tüüpi salatitele katte all kasvatatuna on nitraatide piirmäär 
2500 mg kg-1 (Tabel 4). Teistele lehtköögiviljadele, nagu hiina kapsas, 
seller, petersell, till jne. piirnorme kehtestatud ei ole. Nitraatide sisalduse 
sesoonne erinevus määrati kindlaks lehtsalatis ja spinatis. Talvisel 
perioodil kasvatatud lehtsalat ja spinat sisaldasid nitraate suuremas 
koguses kui suvisel perioodil, keskmiselt oli talvisel perioodil nitraatide 
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sisaldus 3325 mg kg-1 ja 2584 mg kg-1 ning  suvisel perioodil 2720 mg kg-1  
ja 2090 mg kg-1. Maksimaalselt lubatud nitraatide piirnorme ületas 
11,4% lehtsalatitest ja 12,5% spinatist (Tabel 12).

Lehtköögiviljadest tarbitakse Eestis kõige suuremates kogustes 
valget kapsast, mis kasvab põldudel ilma katteta. Võrreldes kahte 
uurimisperioodi, siis keskmine kapsaste nitraatide sisaldus on mõnevõrra 
langenud. Aastatel 2003-2005 oli kapsa keskmine nitraatide sisaldus  
437 mg kg-1 (Tabel 10) ja aastatel 2006-2008 oli see keskmiselt  
382 mg kg-1 (Tabel 11).

Köögiviljapõhiste toormahlade nitraatide ja nitritite sisaldus, 
mikrobioloogia ja pH väärtused – värskes mahlas ja säilitatuna 
24 ja 48 tundi kahel erineval temperatuuril

Järgnevalt olid uurimise all köögiviljapõhised toormahlad. Toormahladest 
moodustati kaks uurimisgruppi – 1) tööstuslikult valmistatud 
kergpastöriseeritud köögiviljapõhised toormahlad (Seeria 1) ja 2) kodus 
valmistatud köögiviljapõhised toormahlad (Seeria 2). Mahladest teostati 
kokku 1200 analüüsi. Nendest uuriti: algseid nitraatide ja nitritite 
sisaldusi, algset mikrobioloogiat – määrati bakterite üldarv, coli-laadsete 
bakterite arv ning hallitus- ja pärmseente arvukus ning pH väärtus. 
Uuriti tööstuslikult valmistatud porgandi-, kapsa- ja peedi toormahlu 
ning kodustes tingimustes valmistatud porgandi-, kapsa-, peedi-, redise- 
ja kõrvitsamahlu. Toormahlade säilitamisel külmkapitemperatuuril 
(4-6 °C) ja toatemperatuuril (20-22 °C) toimuvate muutuste kindlaks 
tegemiseks määrati 24 tunni ja 48 tunni järgsel säilitamisel nitraatide 
ja nitritite sisaldus, bakterite üldarv, coli-laadsete bakterite arv ning 
hallitus- ja pärmseente arv ning pH väärtus. Nitraatide algsisaldus 
oli kõrge tööstuslikus (Seeria 1) punapeedimahlas (1707 mg kg-1) ja 
samuti kodustes tingimustes (Seeria 2) valmistatud punapeedimahlas  
(2625 mg kg-1)  ning redisemahlas (4615 mg kg-1) (Tabel 13).

Tööstuslike mahlade (Seeria 1) säilitamisel toimus suurim nitraatide 
sisalduse langus 48 tunni järgsel säilitamisel toatemperatuuril  
(20-22 °C); nitraatide sisaldus langes porgandimahlas 47%, kapsamahlas 
39% ja punapeedimahlas 57%. Sama pika säilitamise järgselt 
külmkapis (4-6 °C) langes nitraatide sisaldus märksa vähem, vahemikus 
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11-30%. Suurim nitritite tõus tehti kindlaks peedimahla säilitamisel 
nii külmkapi- kui ka toatemperatuuril, vastavalt 3,2 kuni 11,1 mg l-1 
ja 3,2 kuni 6,8 mg l-1. pH väärtustest langes see kõige enam 24 tundi 
toatemperatuuril säilitatud porgandimahlas alates pH – 6,3 kuni 4,1. 
Külmkapitemperatuuril säilitatud mahlades  langes pH vähesemal määral 
(Tabel 14). 

Kodustes tingimustes valmistatud mahlade säilitamisel toimusid 
nitraatide ja nitritite sisaldustes suuremad muutused kui tööstuslikes 
mahlades. Nitraatide sisaldus langes 24 tunnise säilitamise järel 
toatemperatuuril 26-66% algsest tasemest. Samas mahlade säilitamisel 
48 tundi toatemperatuuril langes nitraatide sisaldus porgandimahlas  
163 mg l-1 kuni 6,7 mg l-1, punapeedimahlas 2625 mg l-1 kuni 523 mg l-1 

ja redisemahlas 4615 mg l-1 kuni 1772 mg l-1. Samaaegselt tõusis nitritite 
sisaldus vastavalt 0,1 kuni 187 mg l-1, 2,1 kuni 578, mg l-1 ja 0,5 kuni 
259 mg l-1. Külmkapitemperatuuril säilitamisel toimusid nitraatide ja 
nitritite muutused väiksemas ulatuses võrreldes toatemperatuuriga. Kõige 
rohkem tõusis nitritite sisaldus 48 tundi külmkapitemperatuuril säilitatud 
porgandimahlas, kuni 47 mg l-1. Külmkapitemperatuuril säilitatud 
mahlades pH märkimisväärselt ei muutunud. Toatemperatuuril toimus 
märgatav pH langus kõigis mahlades, eelkõige redisemahlas 6,4 kuni 4,2 
(Joonis 2). Seega mahlade säilitamisel pH väärtus langes ning nitritite 
sisaldus ja mikrobioloogilised näitajad suurenesid, millest võib eeldada, et 
nitraatide nitrititeks taandumisel suurim osa mikroobsel elutegevusel. 

Kui võrrelda mikroobide üldarvu pärast säilitamist 48 tunnilist säilitamist 
toatemperatuuril, siis mikroobide üldarv suurenes kodustes tingimustes 
valmistatud toormahlades 173% ja tööstuslikult valmistatud mahlades 
161%. Säilitamisel toatemperatuuril suurenesid oluliselt coli-laadsete 
bakterite arvu ning hallitus- ja pärmseente arvu. Suurim mikroorganismide 
kasv toimus kodustes tingimustes valmistatud mahladest (Tabel 15). 

Nitraatide sisalduste dünaamika imikutoitude valmistamisel 
tööstuslikul tootmisliinil 

Uurimiseks valiti populaarseimad imikutoidud, milliste osakaal vastavalt 
turuuuringutele moodustab ligikaudu 45% kogu imikute konservtoitude 
läbimüügist Tartumaal. Selgitamaks tööstusliku töötlemise mõju 
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imikutoitude nitraatide ja nitritite hulgale, analüüsiti tootmisahelast 
võetud proovidest nitraatide ja nitritite sisaldusi. Toorköögiviljadest 
teostati 66 analüüsi ning tehnoloogilistest etappidest 45 analüüsi. 
Imikute köögiviljapõhiseid toite tootva ettevõtte erinevast sortimendist 
võeti tehnoloogilistest etappidest analüüsimiseks järgnevate imikutoitude 
proovid: porgandimehu, porgandipüree maksaga, köögiviljapüreesupp 
lihaga, aedviljapüreesupp kanaga, köögiviljaraguu. Proovid võeti 
imikutoite tootva tööstuse tehnoloogiliselt liinilt järgnevatest 
etappidest: 1) köögiviljad enne koorimist ja pesemist, 2) kooritud ja 
pestud toorköögiviljad, 3) köögiviljade ja lisatud koostiskomponentide 
homogeniseeritud segust, 4) valmis toodetest, pärast autoklaavimist. 
Köögiviljade eeltöötluse (koorimine, pesemine) mõju selgitamiseks 
analüüsiti köögivilju enne ja pärast eeltöötlust. Analüüsideks võeti 
porgandeid, kartuleid, kapsaid ja kõrvitsaid. Kõikides köögiviljades 
vähenes nitraatide sisaldus võrreldes algse nitraatide sisaldusega 17 kuni 
52% (Tabel 16). Tehnoloogilise töötlemise käigus avaldavad nitraatide 
sisaldusele lõpptootes mõju mitmed mehaanilised ja termilised protsessid. 
Selleks on köögiviljade peenestamine, segamine, erinevate komponentide, 
sealhulgas vee lisamine ning kuumtöötlemine. Kõige suurem nitraatide 
langus imikutoidu tehnoloogilistes etappidest leidis aset pärast köögiviljade 
segule teiste koostiskomponentide lisamist ning homogeniseerimist. 
Erinevate imikutoitude köögiviljade segu sisaldas nitraate keskmiselt 
195 mg kg-1, pärast koostiskomponentide lisamist ja homogeniseerimist, 
langes nitraatide sisaldus keskmiselt 120 mg kg-1. Seega  nitraatide 
sisaldus langes keskmiselt pärast erinevate koostiskomponentide lisamist 
39%. See on seletatav sellega, et toitudesse lisati madalamate nitraatide 
sisaldustega komponente ning köögiviljades olnud nitraadid lahustusid 
segus. Üheks lisatud komponendiks oli joogivesi, kuna nitraadid on 
vees kergesti lahustuvad, siis toimus kogu imikutoidu segus nitraatide 
sisalduse langus. Lisatava vee nitraatide sisaldus oli madal <1,5 mg l-1 
ja nitritite sisaldus 0,008 mg l-1. Sõltuvalt imikutoitude köögiviljade 
protsentuaalsest osakaalust, sisaldavad imikutoidud erinevas koguses 
nitraate. Erinevat liiki Eestis toodetud imikutoitudes kasutatakse 
köögivilju 35 kuni 55% ja lisatava vee kogus varieerub 18 kuni 45% 
piires.  Köögiviljapõhiste imikutoitude tehnoloogilise ahela viimase 
etapi, steriliseerimise jooksul, nitraatide sisaldus oluliselt (p>0.05) 
enam ei langenud (Tabel 18). Seega sisaldas valmis imikutoit nitraate 
keskmiselt 107 mg kg-1. Tulenevalt sellest, et imikutoitude tootmine 
toimub suletud süsteemis, oli võimalik matemaatiliselt välja arvutada 
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nitraatidega tehnoloogilises protsessis toimuvad muutused. Selleks võeti 
matemaatilisse valemisse kõikide lisatavate komponentide keskmine 
nitraatide sisaldus ning kõik arvutused tehti vastavalt tootjapoolsele 
retseptile (Tabel 17). Võttes arvesse lõpptootes kõrgefektiivse vedelik 
kromatograafiga (HPLC) analüüsimisel saadud nitraatide sisaldust ning 
matemaatilise arvutuse alusel saadud lõpptootes sisalduvat võimalikku 
nitraatide kogust, jäi lõpptoodete keskmine nitraatide sisaldus sarnaseks. 
Köögiviljapõhiste imikutoitude HPLC analüüsidest saadud keskmine 
nitraatide sisaldus oli 107 mg kg-1 ja matemaatiliste arvutuste kohaselt 
sisaldasid toidud keskmiselt nitraate 99 mg kg-1 (Tabel 18). Vastavalt 
antud uurimusele, sõltuvad lõpptootes sisalduvad nitraatide kogused 
peamiselt toormaterjali algsest nitraatide sisaldusest ning sellest, kui 
palju lisatakse madala nitraatide sisaldusega komponente.

Eesti jaemüügist saadud erinevate maade imikutoitude 
nitraatide sisaldus

Selleks uuringuks võeti jaekaubandusest müüdavatest erinevates maades 
toodetud imikutoitudest proovid ning määrati nende nitraatide ja 
nitritite sisaldus. Kokku oli uurimise all 25 imporditud ja 45 kohalikku 
köögiviljapõhist imikutoitu. Selgus, et nitraatide sisaldus oli otseselt seotud 
imikutoitudes sisalduva köögivilja kogusega. Nendes imikutoitudes, 
kus oli lisaks köögiviljadele koostiskomponentidena kasutatud riisi või 
mõningaid muid madala nitraatide sisaldusega tooteid, oli nitraatide 
sisaldus imikutoidus madalam. Kõige madalam nitraatide kogus tehti 
kindlaks Ungaris toodetud riisi-porgandipürees kala ja jogurti kastmega, 
6 mg kg-1. Kõige suuremad kõikumised nitraatide sisaldustes ühe 
imikutoiduliigi lõikes olid porgandipürees maksaga, 30 kuni 197 mg kg-1. 
Keskmine nitraatide sisaldus imikutoitudes oli suhteliselt madal, vastavalt 
imporditud ja kodumaistes 52 mg kg-1 ja 92 mg kg-1 (Tabel 19). Kõikides 
analüüsitud köögiviljapõhistes imikutoitudes jäi nitraatide sisaldus alla 
Euroopa Liidu määruses nr 1881/2006 kehtestatud maksimaalselt 
lubatud piirnormi, 200 mg kg-1. Erinevate imikutoitude analüüsidest 
selgus, et nitraatide sisalduste erinevused oli nendes statistiliselt olulised 
(p<0.05). Nitritite sisaldus jäid kõikides toodetes alla määramispiiri,  
<5 mg kg-1.
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Nitraatide sisalduse muutused avatud köögiviljapõhistes 
imikutoitudes säilitatuna erinevatel temperatuuridel 

Avatud köögiviljapõhiste imikukonservide säilitamisel imiteeriti kodustes 
tingimustes osaliselt tarvitatud imikutoitude säilitamisel toimuvaid 
muutuseid. Analüüsimiseks võeti jaekaubandusest kuus erinevat liiki 
köögiviljapõhist imikutoitu (porgandimehu, porgandipüree maksaga, 
köögiviljapüreesupp lihaga, köögiviljaraguu, riisiga kõrvitsapüree, 
mannaga kõrvitsapüree) ning säilituskatse toimumiseks säilitati neid toite 
avatuna, kuid kaanega kaetult, 2 päeva, ning kahel erineval temperatuuril 
– külmkapitemperatuuril (4-6 °C) ja toatemperatuuril (20-22 °C). 
Nitraatide ja nitritite sisaldus määrati koheselt pärast lastetoidupurkide 
avamist ning pärast säilitamist 24 tundi ja 48 tundi. Kokku teostati 90 
analüüsi. Katsete tulemused näitasid, et avatud imikutoidu konservides 
toimus nitraatide sisalduse tõus. Keskmiselt tõusis nitraatide sisaldus 
pärast 24tunnist säilitamist külmkapitemperatuuril 2 kuni 11%. 
Pärast 48tunnist külmkapis säilitamist oli nitraatide sisaldus imikute 
köögiviljapõhistes toitudes tõusnud 10 kuni 18%, keskmiselt 15%. 
Toatemperatuuril säilitamisel toimus nitraatide sisalduse suurem tõus, 
24 tunni järgselt 13% ja 48 tunni järgselt 29%. Kõrgeim nitraatide 
sisalduse tõus oli köögiviljapüreesupis lihaga, tõus oli 109 mg kg-1 kuni 
147 mg kg-1 (35%). Võttes arvesse keskmisi nitraatide sisalduse tulemusi, 
selgus, et imikutoitude säilitamisel toatemperatuuril 24 tundi oli 
nitraatide sisalduse tõus kuni kaks korda suurem, võrreldes säilitamisega 
külmkapitemperatuuril 48 tundi. Nitritite sisaldus oli kõigis toodetes  
<5 mg kg-1 ning kahepäevasel säilitamisel see ei muutunud (Tabel 20).

Köögiviljade ja köögiviljapõhiste toitude tarbimisest saadavad 
keskmised nitraatide kogused (I, III, IV)

Nitraate ja nitriteid saab inimene toidust, joogiveest ja saastatud 
keskkonnast. Põhikoguse, 60-90% nitraate saab inimene siiski 
köögiviljadest ja köögivilja baasil valmistatud toitudest, 11% joogiveest 
ning vähesel määral teistest toiduainetest (juust, lihatooted jm.). 
Nitriteid, mis on 10 korda ohtlikumad tarbija tervisele kui nitraadid, 
saab inimene 65-92% lihatoodetest, köögiviljatoodetest saadakse 
nitriteid ainult 15%. Kui aga köögiviljatooteid säilitatakse pikemat aega 
ebasobilikes tingimustes võib tarbija saada ohtliku koguse nitriteid nagu 
antud uuringutest on selgunud.
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Kogu Eesti elanikkond. Arvutuste aluseks on Eesti Statistikaameti 
aastaaruannetest võetud vastavasse tootegruppi kuuluvate toiduainete 
tarbimiskogused ja antud uurimuse käigus määrati nitraatide sisaldus 
köögiviljades (Tabel 21 ja Tabel 22). Seejärel arvutati iga köögiviljaliigi 
päevased tarbimiskogused grammides ja edasi arvutati toidust saadavad 
keskmised nitraatide päevakogused milligrammides ühe elaniku kohta. 
Eesti elanik tarbib kõige enam kartulit, kapsast, kurki ja tomatit vastavalt 
keskmistena 200 g, 36 g, 31 g ja 21g päevas ja väga vähe lehtköögivilju 
– 5,9 g päevas. Samas tarbib Itaalia ja Hiina elanik keskmiselt 31,3 g 
ja 82 g lehtköögivilju päevas. Kokku tarbib Eesti keskmine elanik  
382 g köögivilju päevas ja saab nendest 62,3 mg nitraate päevas ehk  
1,02 mg nitraate 1 kg kehamassi kohta (kk). Keskmiseks kogu  
elanikkonna kehakaaluks on võetud 60 kg. Maksimaalselt tarbida  
lubatav päevane (ADI) kogus nitraatide korral on 3,7 mg kk-1. 

Lapsed vanuses 1- kuni 6-aastat. Laste poolt saadavate nitraadi koguste 
arvutamisel võeti aluseks Tartu suuremate lasteaaedade toidumenüüde 
kuue kuu andmed ja sisseostetud köögiviljade koguste ning kasutamise 
aruanded. Nende andmete töötlemise tulemusena saadi eri liiki  
köögiviljade tarbimiskogused ühe lapse kohta päevas (Tabel 23). 
Järgnevate arvutuste teostamiseks jagati lapsed kahte vanuserühma: 
1- kuni 3-aastased ja 4- kuni 6-aastased. Järgnevalt võeti aluseks 
vanuserühma keskmine kaal ning arvutati nitraatide kogused, mille 
lapsed saavad köögiviljatoitudest. 

1- kuni 3-aastaste vanuserühmas tarbiti lapse kohta 198 g köögivilju 
päevas ja saadi 26 mg nitraate päevas, mis moodustas 52% ADI-st. 4- 
kuni 6-aastaste vanuserühma lapsed tarbisid köögivilju 226 g päevas ja 
said nitraate 30 mg päevas, mis moodustas 40% ADI-st. Köögiviljadest 
tarbisid lapsed kõige enam kartulit, kapsast ja porgandit, vastavalt 150 g, 
17 g ja 21 g päevas. 

6- kuni 12-kuused imikud. Imikud saavad nitraate köögiviljapüreedest. 
Antud uurimuses kasutatavad imikutoitude tarbimise kogused on 
võetud vastavalt lastearstide tarbimissoovitustele (Tabel 24). Erinevas 
vanuses imikud saavad erineva koguse nitraate, piirides 4,4 mg kuni  
11 mg päevas, keskmiselt 7,8 mg päevas, mis moodustab 22% ADI 
arvust. 
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Köögivilja toormahladest saadavad keskmised nitraatide ja 
nitritite kogused

Köögivilja toormahladest saadavad keskmised nitraatide ja nitritite 
kogused sõltuvad oluliselt toormahla liigist, tarbimiskogusest ja mahla 
säilitamise tingimustest. Köögivilja toormahlu ei tarbi kõik inimesed ja veel 
vähem tarbitakse igapäevaselt. Neid tarbivad teatud vanuserühmadesse 
kuuluvad inimesed, eriti need, kes peavad lugu alternatiivmeditsiinist, 
ja kaalulangetajad. Väikelastele on porgandi toormahl soovitatav 
komponent nende toidumenüüs. 

Täiskasvanud tarbija. Antud töös uuriti kahel erineval viisil 
köögiviljadest valmistatud toormahlade nitraatide ja nitritite sisaldusi 
ja nende komponentide dünaamikat mahlade säilitamisel. Uuriti  
1) väikeettevõttes tööstuslikult toodetud kergelt pastöriseeritud  
porgandi-, kapsa- ja punapeedimahla ja 2) kodustes tingimustes 
valmistatud porgandi-, kapsa-, punapeedi-, redise- ja kõrvitsamahla  
(Tabel 14; Tabel 25 ja Joonis 2). Mahlu säilitati külmkapitemperatuuril 
(4-6 °C) ja toatemperatuuril (20-22 °C) kaks ööpäeva. Nitraatide 
ja nitritite sisaldus määrati värsketes mahlades ja pärast 24tunnist  
ja 48tunnist säilitamist. Kodustes tingimustes värskelt valmistatud 
mahladest saab täiskasvanud tarbija nitraate päevas vahemikus 23 mg 
kapsamahlast kuni 462 mg redisemahlast, mis on vastavalt 9,7% ADI-
st kuni 193% ADI-st. Mahlade säilitamisel nitraatide sisaldus langes ja 
nitritite sisaldus tõusis eriti kõrgele kodustes tingimustes valmistatud 
mahlades. Näiteks porgandimahla säilitamisel toatemperatuuril  
(20-22 °C) langes nitraatide sisaldus 24 tunni möödumisel 163 mg l-1 
(algtase) kuni 64 mg l-1 ja nitritite sisaldus tõusis 0,1 mg l-1 (algtase)  
kuni 110 mg l-1. Analoogsed muutused nitraatide ja nitritite sisalduses 
toimusid ka teistes uuritud mahlades. Sellisest porgandimahlast saab 
tarbija nitraate vähe (300 ml tarbimisel 19 mg päevas), aga samas nitriteid 
väga palju – 33 mg päevas, mis moodustab 846% ADI-st. Selline mahl on 
tervisele ohtlik. Mahlu tuleb tarbida värskelt ja vajadusel säilitada mitte 
üle 24 tunni külmkapis. Tööstuslikult valmistatud mahlade säilitamisel 
toimuvad samasugused nitraatide ja nitritite sisalduse muutused, kuid 
need protsessid on märksa aeglasemad. 

Väikelapsed. Toormahladest soovitatakse lastele anda ainult värsket 
porgandimahla. Kui lastele vanuses 10 kuni 12 kuud antakse 30 ml 



130

värsket porgandimahla päevas, siis sellest saab laps nitraate 12,9 ADI-
st ja nitriteid 0,5% ADI-st. Kui seda mahla on säilitatud külmkapis  
24 tundi, siis saab nitraate 12% ADI-st ja nitriteid märksa enam – 19,7% 
ADI-st ning sama pikalt toatemperatuuril säilitatud mahlast saadakse 
nitraate 5% ja nitriteid 540% ADI-st (Tabel 26).
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