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Abstract: In recent years, food allergies and intolerances have had a growing presence in  the population. This may 
be due to either genetic predisposition or allergy that develops later in life. In addition, an increase in the recorded cases 
can also be caused by improved diagnostic and detection methods and discovering new allergens. The article provides 
an overview of the most common food allergies and intolerances and their symptoms.
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Food allergies are defined as  adverse immunogenic 
reactions to  antigens contained in  the diet consumed. 
An  allergic reaction occurs immediately after inges-
tion  of  food and is  often caused by  only a  minimal 
amount of  the allergen. Observed symptoms include 
gastroenterological (abdominal pain, bloating, vomiting, 
diarrhoea), respiratory (sneezing, shortness of  breath, 
cough, asthma), or skin (itching, urticaria, swelling, ec-
zema) symptoms. In the most severe form, anaphylac-
tic manifestations can occur with loss of consciousness 
(Špičák and Panzner 2004).

Medical data predict the  prevalence of  food allergy 
in 1–4% of the adult population and up to 8% in children. 
Although up to 60% of allergies occur in childhood, some 
symptoms of allergies disappear in adulthood. But even 
so, the number of individuals with allergies is in the mil-
lions across Europe (Špičák and Panzner 2004).

Food intolerances are non-immunologic reactions 
to food, often by an enzymatic failure in the gastrointes-
tinal tract. Food allergies and intolerances should be dif-
ferentiated in  distinguishing adverse effects on  food, 
although they may have similar symptoms. Allergens 

are naturally occurring proteinaceous substances that 
cause an individual's hypersensitivity to an inappropri-
ate immune system response. The  threshold concen-
tration for inducing an allergic reaction is  individual. 
From a chemical point of view, allergens are primarily 
low-molecular-weight proteins and glycoproteins, well 
soluble in water, resistant to gastric acid and enzymes, 
and resistant to higher temperatures. Strong allergens 
include complex protein and glycoprotein molecules. 
Their presence in the intestine can trigger an immune 
system response that, under certain circumstances, 
generates antibodies in which specific immune system 
cells are involved. The autoimmune reaction is geneti-
cally determined, and there is  an  immune response 
against an antigen that has a similar structure to that 
of the body's own tissue (Cleveland Clinic 2015).

About 90% of  people with allergies are allergic 
to 8 types of food, so-called Big 8. These include: cow's 
milk, eggs, wheat, soybeans, peanuts, tree nuts, fish and 
shellfish. Allergies to  mustard, celery, lupine, sesame 
and molluscs also can pose a problem. Some additives 
like sulphur dioxide and sulphites can also cause aller-
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gy. All these allergens are subject to the legislative des-
ignation according to Regulation (EU) No 1169/2011, 
Article  21. In  addition to  the above-mentioned aller-
gens, allergies to poppy seeds and buckwheat are rising 
in the Czech Republic.

Intolerances are negative reactions of the body that 
are not reactions of  the immune system. They are 
caused by low-molecular-weight substances that occur 
naturally in foods such as lactose, galactose, histamine 
or  certain additives. Symptoms of  food intolerance 
arise over a longer period of time and do not include 
an immune response (NHS 2019).

The enzyme lysozyme derived from egg, used 
as an antimicrobial and that occurs in specific products 
may also cause allergy problems. In milk or cheese, ly-
sozyme may inhibit listeria, and some bacteria, for ex-
ample, in meat, fruit juices. The use of egg white also 
finds application in viticulture as an alternative to sul-
phites and a tannin precipitator, which cause bitterness 
and astringent taste of wine (Liburdi et al. 2014; Peñas 
et al. 2015). If left in residual amounts in the product, 
it  may be  hazardous and cause an  allergic reaction 
(Stockley and Johnson 2015).

CEREALS (GLUTEN)

Wheat is  the most important and dominant cereal 
grain in Europe and North America. In this case, the al-
lergic reaction is  caused by  gluten (70–80% of  cereal 
grain proteins), one of  the most technologically im-
portant proteins. The  majority of  gluten components 
are protein fractions such as  prolamins and glutelins 
(called gliadin and glutenin in wheat). Similar proteins 
like in wheat endosperm are found in other cereals such 
as rye, barley, to some extent also in oats (Rosell et al. 
2014). From the  technological point of  view, the  glu-
ten in the wheat dough, after its kneading with water, 
causes a  gel-like structure, characterised by  the  elas-
ticity (glutenins) and ductility (gliadins) of  the dough, 
which makes it  possible to  produce a  soft pastry. 
The  prolamins of  these cereals can cause health risks 
in part of the population, both in terms of celiac disease 
and allergies (Simonato et al. 2001).

The diseases associated with gluten intolerance can 
have different causes, different mechanisms of origin, 
symptoms and can be of autoimmune or non-immune 
origin. Autoimmune diseases associated with the pres-
ence of  gluten include celiac disease, dermatitis her-
petiformis Duhring and gluten ataxia. In celiac disease, 
small intestine cells are damaged by an immune reac-
tion that is  triggered by  the presence of  gluten. This 

disease may occur as early as in childhood when con-
suming gluten-containing foods but may occur at any 
older age when the intestinal barrier cells (enterocytes) 
are damaged. The  intestinal mucosa is  damaged, and 
the  small intestine loses the  ability to  absorb nutri-
ents and some vitamins and minerals. Celiac disease 
is manifested by diarrhoea, flatulence, abdominal pain, 
joint pain, weight loss, fatigue, anaemia symptoms, 
increased liver tests, enlarged nodules. Osteoporosis 
may also be associated with celiac disease (Di Stefano 
et al. 2013), a higher risk of developing some tumours, 
impaired blood coagulation, malnutrition, and devel-
opment of  milk sugar (lactose) intolerance, or  severe 
intestinal failure. Therefore, the  treatment of  celiac 
disease is  based on  strict adherence to  a  gluten-free 
diet, which leads to gradual disappearance of  clinical 
symptoms and reduced risk of  complications associ-
ated with the disease.

Dermatitis herpetiformis Duhring is  a  skin form 
of celiac disease and is manifested by blistering of the 
skin, mainly in the area of the knees and elbows (Sal-
mi et al. 2011).

Gluten ataxia leads to an autoimmune damage of the 
cerebellum responsible for coordinating movement and 
is manifested by impaired coordination of gait and other 
movements. The gluten fraction omega-5-gliadin is the 
cause of wheat-dependent exercise-induced anaphylaxis 
(WDEIA). For all forms of celiac disease and gluten aller-
gies, a lifelong gluten-free diet should be followed to ex-
clude all food products that may contain gluten, such 
as cereal flour (e.g. wheat, barley, rye, oats). In addition 
to pasta, dumplings with primary cereals, it is also nec-
essary to exclude foods that could contain gluten in hid-
den form, e.g. various sauces, porridge, roux, sausages, 
canned meats, pâtés, ketchups, mayonnaise, ice cream, 
instant products, cereal coffee, confectionery, grain dis-
tillates, beers (Penagini et al. 2013; Saturni et al. 2010).

Problematic cereals can be  replaced by  gluten-free 
raw materials such as  rice, maize, sorghum, millet, 
pseudocarbohydrates such as  buckwheat (Wijngaard 
and Arendt 2006), amaranth (Saturni et al. 2010), teff 
or naturally gluten-free potatoes, nuts, oilseeds, pulses, 
fruits, vegetables. Another possibility is the technolog-
ical treatment of cereals and their products, for exam-
ple, deproteinisation of starch (removal of toxic amino 
acid sequences) or genetic modification of cereals.

Another choice could be using oats, but there are still 
no clear opinions on the consumption of oat products 
in the professional community. Some studies report its 
lower toxicity to celiacs or only about 10–20% of pro-
lamines in oat proteins, while for risky cereals, the lev-
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els of prolamines are significantly higher (30–50%), and 
therefore oat consumption may be  tolerated by  some 
celiacs to some extent (Sjöberg et al. 2014; Tapsas et al. 
2014). In addition, oat products can increase the nutri-
tional value for celiac patients. Oats contain 17–24% 
of protein and have high fibre content, especially β-glucan 
(3–7%), which positively affects the digestive tract func-
tion and has prebiotic effects. They are involved in the 
regulation of blood pressure, elimination and transport 
of  bile acids. They improve the  profile of  blood lipids, 
affect blood postprandial glucose level and slow down 
insulin secretion (Daou and Zhang 2012).

Gluten-free bakery products have higher fat and ener-
gy content and lower fibre content. These products con-
tain also less protein compared to conventional bread. 
Gluten-free bakery products using starch in recipes are 
also less favourable source of some minerals and B-group 
vitamins. For this reason, it is recommended to fortify 
gluten-free products with fibre, some B-group vitamins 
and calcium. It cannot be unequivocally argued, on the 
basis of  the nutritional composition, that gluten-free 
products have a health benefit to a person who does not 
have an indicated disease of any form of celiac disease 
or allergy and therefore they do not bring any significant 
nutritional benefits to the healthy population.

Rice, maize, sorghum or  millet have lower protein 
content from 11% to 15%, but fibre, some B-group vita-
mins and minerals (potassium, zinc, magnesium, iron) 
are beneficial. Pseudocarbohydrates then contain high-
er amounts of proteins, fibre, and minerals.

MILK (GALACTOSE, LACTOSE, 
PROTEINS)

Milk intolerance can take several forms, either due 
to susceptibility to galactose, lactose or milk proteins. 
For some people, milk can be a complex mixture of al-
lergens. Galactose is a simple unobjectionable mono-
saccharide, but a higher level of galactose-1-phosphate 
(its metabolite) can cause serious health problems. Ga-
lactose is normally metabolised to glucose by the en-
zyme galactose-1-phosphaturidyltransferase (GALT). 
In  classical galactosaemia, the enzyme GALT is  ab-
sent, and galactose is  not converted to  glucose but 
to  galactose-1-phosphate. Galactose-1-phosphate ac-
cumulates in  the liver, kidneys, brain, intestine and 
eye lenses (Adam et al. 2015). The recommended dose 
of galactose is 50–500 mg per day. Processed 'lactose-
-free'  dairy products  are unsuitable because lactose 
in  these dairy products is  enzymatically hydrolysed 
to glucose and galactose (Adam et al. 2015).

The enzyme lactase in  the intestine cleaves lactose 
into D-glucose and D-galactose. Fresh milk is more dif-
ficult to digest than fermented dairy products. Lactose 
doses up to 10 g per day are usually tolerated by adults 
(Nouza and Nouzová 2016). Symptoms of this disease 
may occur several days after ingestion of milk and may 
include loss of appetite, refusal of food, vomiting, diar-
rhoea, and if left untreated, liver or eye damage or gen-
eral sepsis may occur. The treatment is aimed at fully 
eliminating the  consumption of  milk, milk products 
and foods with higher galactose content, including fer-
mented ones and lactose-free dairy products. Higher 
galactose content was also found in  legumes, viscera, 
egg yolk and nuts. Higher consumption of cabbage and 
some fruits is  not recommended either. The  amount 
tolerated is about 13 mg of galactose per 100 g of food; 
in children, the limits on consumption of these foods 
are even stricter (Adam et al. 2015).

Lactose intolerance is  caused by  a  lack of  lactase. 
In  the intestine, lactase hydrolyses lactose to  glucose 
and galactose. Lactose intolerance to  milk very often 
occurs in  the population of  Asia, Africa and South 
America and is  less common in  Europe. It  may oc-
cur, for example, more in celiacs or due to inflamma-
tion in the intestine. Its symptoms include diarrhoea, 
flatulence and abdominal pain. In  this case of  lactase 
intolerance, it is necessary to eliminate milk and milk 
products with higher lactose content from the  diet. 
Fermented dairy products are tolerated where milk 
lactose is digested technologically by enzymes or hy-
drolysis. For example, hard cheeses and some cottage 
cheese contain significantly less lactose. For the popu-
lation with lactose intolerance, milk can be  replaced 
by herbal drinks. Another option is to supply the body 
with the enzyme lactase as a supplement in tablets (Ro-
solen et al. 2015).

Protein allergy such as allergy to alpha-lactalbumin, 
beta-lactoglobulin, bovine serum albumin and casein 
is the most common form of milk allergy and may occur 
at an infant age. In the mild form, it can cause digestive 
problems. In more severe cases, it can lead to asthma, 
atopic eczema. With the development of the digestive 
system and intestinal microflora throughout life, mostly 
in adulthood, this allergy disappears; only in a minor-
ity of the population, it persists in the long term. In the 
case of allergic subjects, it is necessary to exclude cow's 
milk products as well as products that are technologi-
cally processed or  from which allergenic proteins are 
not completely removed during these processes. Tech-
nological processing may affect the  immunoreactivity 
and allergenicity of proteins. In the case of milk, it has 



332

Review	 Czech Journal of Food Sciences, 39, 2021 (5): 329–339

https://doi.org/10.17221/151/2020-CJFS

been found that during the processing of dairy products, 
bakery and meat products containing milk, destruction 
of allergenic proteins is insufficient. Alpha-lactalbumin 
and beta-lactoglobulin lose immunoreactivity, while 
bovine serum albumin, lactoferrin and alpha-casein 
are resistant to  enzymes and heating (Wróblewska 
and Kaliszewska 2012). Enzyme hydrolysis is currently 
the most successful method for the preparation of hy-
poallergenic and non-allergenic foods. It is mainly used 
for infant formulas. The method is based on the divi-
sion of proteins into peptides or individual amino acids 
(Von Berg 2007).

Casein and lactoferrin are relatively resistant to both 
enzymes and heating. There is no decrease in allerge-
nicity even after 15 min of heating to 120 °C, whereas 
whey proteins from the  albumin and globulin family 
are sufficient to  heat to  80  °C for 30  min (Gomaa 
and Boye 2015).

The enzymes chymotrypsin and trypsin were used 
to  hydrolyse beta-lactoglobulin under high-pressure 
conditions. It has not been shown that enzymatic hy-
drolysis by  these enzymes selectively removes aller-
genic beta-lactoglobulin. However, such conditions can 
be chosen that could lead to rapid production of hydro-
lyzates with reduced allergenicity, which can be  used 
to produce hypoallergenic foods (Chicón et al. 2008).

Another study (Beran et al. 2009) deals with the ef-
fect of  isostatic pressure on tryptic and chymotryptic 
hydrolysis of alpha- and beta-casein, bovine serum al-
bumin, beta-lactoglobulin, alpha-lactalbumin. At  the 
same time, control tests were carried out on  hydro-
lysed samples at  atmospheric pressure. A  significant 
reduction in  residual immunochemical reactivities 
of the high-pressure hydrolysates (500 MPa) was found 
compared to the control samples hydrolysed at atmo-
spheric pressure (Beran et al. 2009).

The consumption of goat's, sheep's or other mamma-
lian milk is not recommended as a replacement for cow's 
milk because of their high cross-reactivity to cow's milk 
proteins. Alternatively, vegetable drinks (cereal, rice, 
buckwheat, coconut) or beverages with oil seeds, nuts 
and soy beverages are well-known replacements. But 
some of them, such as soy, can also cause other allergies. 
The nutritional value of these drinks varies depending 
on the raw material and ingredients used and the prep-
aration technology. Vegetable drinks are not suitable 
as a substitute for cow's milk in children because they 
do not have enough calcium. They usually contain less 
protein and do not have enough energy. Therefore, they 
are fortified with fat, sugar, maltodextrin, stabilisers, 
inulin, calcium and vitamins in  order to  approximate 

the composition of the classic milk. From the allergenic 
point of view, rice drink is the least problematic.

EGG

In eggs, the  main allergens may include egg white 
proteins (ovomucoid and ovalbumin) and yolk proteins 
(apovitelins, livetin, serum albumin). While ovomu-
coid is  resistant to  thermal denaturation and enzyme 
hydrolysis, ovalbumin denatures by heating, and if sub-
jects are sensitive to this protein only, they can consume 
boiled eggs. The degree of sensitivity can be discerned 
by the response to boiled eggs (Gomaa and Boye 2015). 
Thus, the  reduction of  the immunoreactivity of  egg 
proteins can be achieved by enzymatic hydrolysis and 
heating (Ballmer-Weber et al. 2016). Egg allergy typi-
cally occurs only in childhood and disappears at the age 
of around 10 years. The reaction depends on the com-
position of  the intestinal microflora, on  digestive en-
zymes and possibly also on the genetic predisposition 
(Koplin et al. 2012). An allergic reaction can cause in-
flammation of the skin, airways and digestive system. 
Even very small amounts of these proteins may induce 
severe anaphylactic reactions. Antihistamines can 
be  used as  prevention of  allergic reaction, and a  first 
aid kit is needed in patients with a high risk of anaphy-
laxis. Immunotherapy is not performed in  the Czech 
Republic because of its large side effects. Abroad, im-
munotherapy is used only in specialised centres.

The replacement of eggs is dependent on the planned 
method of  their use. Various mixtures of  native and 
modified starches, emulsifiers or  proteins of  plant 
or  animal origin are used for technological purposes. 
Dried eggs can be used, for example, in bakery products 
as a  substitute for beaten eggs. Whey treated with ul-
trasound can also be used to improve the whipping and 
bread volume (Tan et al. 2015). At home, eggs can be re-
placed by higher fibre ingredients that swell, bind water 
well and are able to form a spongy or gel-like mass. Such 
properties are to be found, for example, in psyllium fibre, 
linseed flour or chia (Spanish sage) seeds. Fruit puree, 
boiled potatoes, soy or oat flour can be used to improve 
the viscosity of sauces and desserts. Egg lecithin in egg 
yolk, which is used as an emulsifier in food, can be re-
placed by soya, sunflower, and rapeseed lecithin.

PEANUTS (GLOBULINS, ALBUMINS)

Peanuts are groundnuts and occur as roasted, salted 
or in various forms (peanut butter, snack products, pas-
tries, biscuits, wafers). They are a constituent of muesli 
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sticks, or they are processed into peanut oil. Peanut al-
lergens are proteins (globulins, albumins), and a very 
small (trace) amount of peanuts consumed can cause 
an  anaphylactic shock. These proteins are relatively 
thermally and enzymatically resistant, and the allergic 
reaction may still increase with roasting (De Meulen-
aer et al. 2007; Cabanillas et al. 2012; Cai et al. 2016).

TREE NUTS (PROTEIN)

Tree nut protein can be very allergenic, causing seri-
ous problems and particularly affecting the respiratory 
system with a risk of an anaphylactic reaction. This ap-
plies to many nuts such as hazelnuts, walnuts, pecans, 
Brazil, cashews, macadamias, pine nuts. Cross-reactive 
nut allergens (especially in  hazelnuts) homologous 
to birch proteins are not resistant to heat and digestive 
enzymes. They can cause only mild symptoms in the oral 
cavity – oral allergy syndrome. A patient can also react 
to a homologous allergen in fruits (apple) and vegetables 
(celery, carrots). In food, nuts can also be found in the 
hidden form as  a  supplement to  bakery and confec-
tionery products, in must, mixtures, sticks, ice cream, 
cheese, pâtés, and therefore the  consumption of  these 
products should be completely excluded. Similar to pea-
nuts, tree nut proteins are usually very resistant to strong 
heating and are thus thermally stable. Allergens can also 
be found in sesame, sunflower seeds and coconut (Bar-
tolomé et  al. 1997; Costa et  al. 2014; Cabanillas et  al. 
2016; Costa et al. 2016; Zhang et al. 2016). 

APPLES

Apple allergens are specific proteins whose content 
in the apple depends on the variety, degree of ripeness 
and storage method, the  stored apples being more al-
lergenic than freshly harvested apples. Apples are 
best stored in a clean and cool environment at 2–5 °C 
at 85–90% humidity. It  is believed that the most aller-
genic is the skin. Apple allergy is often caused by agents 
involved in the protection of fruits against bacterial and 
fungal diseases. Allergens in  apples are often cross- 
-reactive with allergens in  birch pollen. Allergic reac-
tions are usually mild and manifested by  itching and 
burning in  the mouth and throat. In  serious cases, 
severe allergic reactions such as  swelling may occur. 
When heated to a high temperature or when enzymatic 
hydrolysis of  the fruit is  carried out, the  allergic reac-
tion decreases. More serious allergy is  evoked by  the 
thermostable allergen of the apple Mal d 3. This allergen 
does not cross-react to birch pollen, and it is less com-

mon in  this latitude, unlike the  countries of  southern 
Europe. Gene manipulation experiments were also car-
ried out, where the main allergen in apples was probably 
suppressed (Savazzini et al. 2015; Ahammer et al. 2017).

CELERY

Celery allergens are very risky, and they are caused 
by five specific proteins. The major allergenic protein 
is Api g1 from the PR-10 family of proteins (pathogene-
sis-related protein). The same group, FAD oxidoreduc-
tase, includes the allergens Api g2, Api g4 (profilin) and 
Api g5 (University of Manchester 2017).

Celery allergy is one of the most common allergies as-
sociated with pollen allergy in Central Europe. Cross-re-
actions also occur in carrots, parsley due to the homology 
of  allergenic proteins. After heat treatment, the  aller-
genic potential of thermoresistant celery allergens is pre-
served (Jankiewicz et al. 1999; Faeste et al. 2010).

MUSTARD

Mustard is  derived from different varieties of  mus-
tard plant seeds, and its major allergen-specific pro-
tein comes from the  group of  storage proteins high 
in sulphur-containing amino acids. This allergen is very 
resistant to  high temperatures and it  is  also resistant 
to proteolysis. The allergen is very difficult to inactivate. 
Allergic reactions, including anaphylaxis, can be  very 
unpleasant (Monreal et al. 1992; Pałgan et al. 2018).

The major allergen of  white mustard used in  the 
production of  plain mustard is  the protein referred 
to as Sin a1, which belongs to the group of storage pro-
teins, and is also assigned to amylase inhibitors. Mini-
mum doses of  the Sin  a1 protein causing an  allergic 
reaction may be  in micrograms. Another important 
allergen is Bra j1 (Monsalve et al. 2001). Both proteins 
are resistant to  proteolysis by  trypsin, chymotrypsin 
and pepsin. They withstand temperatures above 88 °C.

LUPINE

The main lupine allergen is the globulin protein frac-
tion, which is  often associated with allergies to  soy, 
peanuts, beans, peas. Cross-reactions may also occur 
with food additives or  some herbs. Lupine is  a  herb 
that is grown in several varieties depending on the food 
use. It  is  processed into flour, scrap, granulates, fibre 
or  concentrates and isolates. It  can be  used in  food-
stuffs as  emulsifiers, foaming agents, binding agents 
or  for a  gelling effect. It  is  also used to  replace eggs 
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or milk. Allergic reactions can be manifested by rhini-
tis, swelling, urticaria, asthma or anaphylaxis. Lupine 
allergens are probably also highly resistant to  higher 
temperatures, i.e. boiling, microwave heating and ex-
trusion (Moneret-Vautrin et  al. 1999; Duranti et  al. 
2008; Villarino et al. 2016).

SOYA

Soybean production has increased in  recent years, 
especially in  the USA, South America, and China. 
It belongs to one of the most widespread crops or has 
extensive use in  food products. It  has suitable tech-
nological properties such as  good water absorption, 
emulsifying ability to create texture, reduced fat sorp-
tion during frying. Soy flour affects colouring and sta-
bility, for example, in bakery products, improves dough 
processing and nutritional value, contains about 50% 
protein. It is used in both full-fat and non-fat versions 
or with a high proportion of lecithin in a range of prod-
ucts (bread, pastry, crackers, cereals, cakes, pasta, piz-
zas, tortillas, biscuits, minced meat products where 
it  increases meat binding). The soya concentrate with 
high protein content (70%) can be used in meat prod-
ucts, baked goods or for special purposes. The soy iso-
late with a protein content of up to 90% can be used 
in  high-protein foods, beverages as  a  substitute for 
cow's milk, sauces, soups or snack products.

The main soybean allergens in  the protein family 
are glycinin and beta-conglycinin, and other possible 
allergens from the  storage proteins (Demonte et  al. 
1997). They are thermally stable and foods contain-
ing both soy and fat which are exposed to high tem-
peratures form highly allergic complexes. Soybean oil 
is not allergenic. Allergic symptoms of soy products are 
dependent on structure and resistance to  technologi-
cal processing and the ability of  the digestive system. 
Although soy flour is  used in  products in  very small 
quantities to improve the functional properties of the 
products, even trace amounts can cause allergy suffer-
ers with anaphylactic reactions. Therefore, it is impor-
tant that any allergens be  labelled as  a  precautionary 
measure on  the product packaging. Due to  the fre-
quent use of  soy and soy raw materials in  a  number 
of products, there is an effort of manufacturers to re-
duce the  allergenicity of  soy by  thermal, physical, 
chemical or gene manipulation techniques. Especially 
the  cultivation locality and variety have an  influence 
on  the allergen content in  soybean. Ways to  reduce 
allergenicity and degradation of  antinutritional sub-
stances in  soy are based on  fermentation using dif-

ferent fermentation cultures or  on germination (soy 
sauce, miso, tempeh) (Frias et al. 2008). Another way 
to significantly reduce soybean allergenicity is to par-
tially replace the fermentation by enzymatic hydrolysis 
(proteolysis), where the major allergens are degraded 
by the type of enzyme used and the fermentation cul-
ture being affected. In some cases, sensory acceptance 
has improved, while elsewhere, bitter taste has been 
reported. The  water binding of  the hydrolysates has 
decreased, and the emulsifying and foaming properties 
have improved (Katz et al. 2014; Geng et al. 2017).

BUCKWHEAT

In recent years buckwheat has been grown mainly 
in  China, Russia, Kazakhstan and USA. In  Europe, 
production areas are mainly in  Poland and France 
(Ahmed et  al. 2014; Prakash and Yadav 2016). In  the 
Czech Republic, it  is rather a minor crop. Buckwheat 
brings many benefits to  the body. Depending on  the 
growing conditions and variety, buckwheat contains 
approximately 9–19% protein, which is divided accord-
ing to solubility into individual fractions. The most im-
portant buckwheat storage proteins are albumins and 
globulins which represent about 50–76% of  all buck-
wheat proteins and have a high biological value (Bárta 
et al. 2004). For example, buckwheat products display 
a  relatively high fibre content in  the processing, and 
most fibre is contained in the husks and bran (Thi et al. 
2014). The  fat content in  buckwheat is  about 2–3%, 
with a high proportion of unsaturated fatty acids. Buck-
wheat is  also a  better source of  usable minerals and 
vitamins than cereals such as wheat (Christa and Soral- 
-Śmietana 2008). Besides that, buckwheat also contains 
polyphenolic substances and rutin with antioxidant 
properties that have beneficial effects on  the human 
body (Gorinstein et  al. 2008; Ahmed et  al. 2014; Gi-
ménez-Bastida et al. 2015; Gonçalves et al. 2016). Eat-
ing buckwheat contributes to lowering cholesterol and 
may prevent hypertension. Buckwheat helps maintain 
blood flow, flexibility of the vessel walls, and prevents 
the  formation of  free radicals in  the body. The  fibre 
and inositol contained in  buckwheat can contribute 
to  lowering blood sugar levels and insulin responses, 
thereby reducing the risk of diabetes as well as prevent-
ing the formation of gallstones due to reduced bile acid 
secretion. Lignan content may protect against cancer 
or cardiovascular diseases (Christa and Soral-Śmietana 
2008; Ahmed et al. 2014). Buckwheat thus brings many 
benefits to the body, but for persons allergic to buck-
wheat proteins it  can be very risky and can also lead 
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to an anaphylactic shock, which can be  life-threaten-
ing. For  sensitive persons, inhalation of  buckwheat 
dust when processed into flour can cause allergies such 
as  itching, swelling of  the mouth and throat. Allergy 
can also manifest itself as skin inflammations, redness 
of the skin, urticaria. Abdominal pain and gastrointes-
tinal complaints have been reported. Repeated contact 
with buckwheat dust in  the mill can cause mucosal 
swelling, allergic rhinitis, asthma, shortness of breath 
due to airway swelling (Wieslander and Norback 2001; 
Davis 2009; Heffler et  al. 2011). Buckwheat allergies 
are more common in people from East and Southeast 
Asia (Japan, China, Korea), and are probably related 
to  the dietary habits in  these countries (Wieslander 
and Norback 2001; Lee et al. 2016). The cases of buck-
wheat allergies are rising significantly in  Europe due 
to  increasing consumption, especially among celiacs 
who consume more buckwheat products as  a  result 
of  their illness, when they cannot consume products 
from wheat flour and other gluten-containing flours 
(Badiu et  al. 2013). However, it  should be  noted that 
buckwheat is not hazardous to celiacs and is otherwise 
suitable for a gluten-free diet since buckwheat proteins 
do not contain any amino acid sequences toxic to ce-
liac disease patients. Processed buckwheat in the form 
of flour is used in a variety of products such as bread, 
pastry, cereal mash, flakes, pasta, extruded products 
and as a dietary supplement containing rutin.

FISH

The main fish allergen parvalbumin is found in both 
freshwater and sea fish. Parvalbumin causes a general 
allergic reaction, is highly thermoresistant and cross-
-reactive. Allergies can also be caused by toxins or par-
asites (parasitic worms). The risk of allergy is reduced 
by  freezing fish directly on  the boat, which kills pos-
sible parasites. Allergic reactions may be  manifested, 
for example, by skin inflammation or respiratory prob-
lems, especially in persons processing fish meat such 
as fishermen at sea or chefs (Bernhisel-Broadbent et al. 
1992; Swoboda et al. 2007; Fernandes et al. 2015).

SEAFOOD

The consumption of seafood such as mussels, cock-
les, oysters, squid, sepia, shrimps, crawfish, crabs, 
lobsters is rising in the Czech Republic, so this allergy 
will occur more often. If an allergy occurs, then it has 
similar symptoms to a fish allergy. The major allergen 
in  seafood is  the muscle protein tropomyosin, which 

is  relatively heat resistant and therefore, during heat 
treatment, allergenicity only partially decreases. Some-
times cross-reactions may occur (Jeebhay and Cartier 
2010; Lopata et al. 2010; Pedrosa et al. 2015). Patients 
allergic to mites may have a cross-reactive food allergy 
to  shrimps due to  the similarity of  the mite allergen 
Der p 10 and tropomyosin in shrimp.

The prevalence of allergies to fish and seafood is de-
pendent on demographic and geographical conditions. 
In Europe, the incidence is estimated to be up to 0.2% 
for fish, for molluscs it can be up to approximately 5%. 
The impact of the locality refers to whether it is a mari-
time country such as Portugal, Finland and other coun-
tries where the consumption of seafood is significantly 
higher than in  inland countries. Therefore, only esti-
mates are given and they may be underestimated (Bur-
ney et al. 2010; Tsabouri et al. 2012; Sharp and Lopata 
2014; Telmo et al. 2015).

ADDITIVES ‒ SULPHUR DIOXIDE, 
SULPHITES

Sulphur dioxide (SO2) is  a  toxic gas with a  strong 
odour. SO2 and sulphites are natural products of  the 
decomposition of  sulphur amino acids and are taken 
together in  the diet or  may be  intentionally added. 
SO2 is produced during fermentation with yeast as a by-
product, which is  released into the fermenting wort 
and occurs in  the finished product. Sulphur dioxide 
is used in beer as an antioxidant, affects the aroma and 
taste, it  masks the old taste and has antimicrobial ac-
tivity (Guido 2016). Accepted daily intake for humans 
is up to 0.7 mg SO2 kg–1 body weight. Estimation of the 
average daily intake of sulphites from food is problemat-
ic due to the inconsistency of analytical methods of de-
termination and variability of the diet.

As a  by-product of  fermentation, the  SO2 content 
in  beer ranges from 2 mg  L–1 to  20 mg  L–1 and af-
fects the  aroma and taste of  the beer. It  is  a  product 
of  amino acid metabolism. The  SO2 content may rise 
up to 20 mg L–1 during fermentation and then decrease 
again. The maximum sensory acceptable concentration 
of  total SO2 content in  beer is  thus up to  20 mg  L–1. 
Higher concentrations result in  unpleasant taste and 
cause unpleasant irritation of  the mucous membrane 
and can be very dangerous if a certain limit is exceeded. 
According to the EU Regulation, the SO2 concentration 
should not exceed 20 mg L–1. The SO2 content in beer 
is dependent on the brewer's yeast strains used, as some 
strains produce more SO2 and others less. Further, 
the  formation of  SO2 is  dependent on  technological 
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parameters, temperature and pressure during fermen-
tation, aeration of wort, fermentation rate, and storage 
conditions (Guido 2016).

Sulphur dioxide is used in wine production and con-
tributes to  both microbiological and sensory quality 
of wine. It is also an antioxidant that suppresses oxida-
tion processes. By slowing down the fermentation pro-
cess, sulphur dioxide also partially protects the  wine 
from the  appearance of  wine haze and prevents 
the  weathering of  the wine. Due to  the toxicity 
of  sulphur dioxide, its amount in  the products must 
be strictly controlled. Sulphurisation of must is carried 
out according to the health of the grapes. If the grapes 
are healthy, the must is only slightly weakened; when 
the grapes are affected by rotting, the spread is stron-
ger. This process can be  partially replaced by  high 
pressure, inactivating microorganisms and reportedly 
improving the taste of wine (Häberle et al. 2017).

Sulphur dioxide is  also used in  the technological 
process of  production of  conserved fruit or  pickled 
vegetables to preserve the original colour, smell, shape 
and taste and prevent surface browning caused by the 
activity of enzymes. It is used in the production of vari-
ous spreads, plum jam, ketchup, juices, concentrates. 
Sulphites may be  included in  packaging to  protect 
the product against microbial contamination. The use 
of  sulphites and sulphur dioxide at higher doses may 
cause damage to  the mucosa of  the stomach and in-
testines. The prevalence of this hypersensitivity is not 
exactly known; it is a maximum of tenths of a percent 
of the entire population. However, this hypersensitivity 
is severe in asthmatics and leads to the risk of severe 
asthma exacerbations. Children are also more at  risk 
as  skin inflammation, eczema, urticaria, bronchitis, 
abdominal pain and diarrhoea may occur in  direct 
or  repeated contact with allergen (Vally et  al. 2009; 
Häberle et al. 2017).

CONCLUSION

The recent increase in  the number of  allergies 
is a complex problem that has no simple explanation. 
Better diagnostics, improved hygiene and few contacts 
with allergens in childhood, chemicals in the environ-
ment, gut microbiota composition, unhealthy lifestyle 
and many other factors can affect the prevalence of al-
lergies. The  symptoms of  allergic reactions in  foods 
vary in  intensity depending on  the sensitivity of  the 
individual to  a  particular type of  allergy. Mild non-
-specific symptoms may occur as well as severe symp-
toms of  anaphylactic shocks, which in  extreme cases 

may be life-threatening. Accordingly, main food aller-
gens are listed in Regulation (EU) No 1169/2011 of the 
European Parliament and of  the Council of  25th  Oc-
tober  2011. As  a  result, food product manufacturers 
need to comply with the rules on product labelling, not 
just when it comes to energy and nutrition information 
(proteins, fats, carbohydrates), but also in case of pos-
sible allergens present.
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