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REVIEW ARTICLE

CHAENOMELES – HEALTH PROMOTING BENEFITS

Katarzyna Watychowicz, Katarzyna Janda*, Karolina Jakubczyk, Jolanta Wolska

Pomeranian Medical University in Szczecin, Faculty of Health Sciences, 
Department of Biochemistry and Human Nutrition, Szczecin, Poland

 
ABSTRACT
Chaenomeles is a genus of deciduous spiny in the family of Rosaceae (Pomoideae subfamily). For centuries, the 
plant was used for a treatment of anemia, rheumatism, gout and cardiovascular diseases. The chemical composition 
studies of Chaenomeles showed the presence of many biologically active compounds, such as: phenolic compounds, 
organic acids, terpenoids, alcohols, ketones or aldehydes. Fruit of Chaenomeles has the largest applying potential 
due to extensive use of medicinal and high concentration of vitamin C. Recent in vivo and in vitro studies suggest 
that Chaenomeles fruit can help in the healing process of diabetes, tumor, allergies and liver diseases. Futhermore 
the plant has many positive qualities, like: hepatoprotective effect, anti-inflammatory properties, antioxidant action, 
antimicrobial and neuroprotective effect. Chaenomeles fruit may promote the growth of beneficial intestinal microflora 
and contribute to the regulation of body weight. The aim of this review was to summarize the information and data 
on the chemical composition and therapeutic properties of Chaenomeles.

Key words: Chaenomeles, antioxidants, chemical composition, properties

STRESZCZENIE
Chaenomeles należy do roślin, które od wieków wykorzystuje się w medycynie ludowej między innymi w w przy-
padku anemii, reumatyzmu, artretyzmu czy w chorobach układu krążenia. Badania nad składem chemicznym po-
szczególnych części morfotycznych pigwowca wykazały obecność między innymi związków fenolowych, kwasów 
organicznych, terpenoidów, alkoholi, ketonów czy aldehydów. Największe zastosowanie znajdują jednak owoce pig-
wowca, bogate w witaminę C, którym przypisuje się szerokie działanie lecznicze. W literaturze dostępne są zarówno 
wyniki badanń na hodowlach komórkowych jak i na zwierzętach, sugerujące że mogą być one stosowane w przy-
padku cukrzycy, chorób nowotworowych i w alergiach. Udowodniono także ich działanie hepatoprotekcyjne, prze-
ciwzapalne, antyoksydacyjne, neuroprotekcyjne i przeciwdrobnoustrojowe. Owoce pigwowca mogą też powodować 
rozwój korzystnej mikroflory jelitowej, korzystnie wpływać na wydolność sportową, a także wspomagać regulację 
masy ciała. Celem artykułu było przedstawienie aktualnych informacji i danych dotyczących składu chemicznego 
oraz właściwości leczniczych pigwowca.

Słowa kluczowe: Chaenomeles, antyoksydanty, skład chemiczny, właściwości

SYSTEMATIC CLASSIFICATION

Chaenomeles is a type of shrub belonging to the 
family Rosaceae and subfamily Pomoideae [26, 30]. 
The plant comes from eastern Asia – China and Japan 
[30], but has found a wide recognition in temperate 
zones, where it is widely grown. Chaenomeles japonica 
was brought to Europe in XVI century [30,36]. There 
are following species of Chaenomeles: C. japonica 
Lidl., C. sinesis Kochne, C. Cathayensis Schn. and C. 
Speciosa Nakai [30, 36]. There are also some hybrid 
species, such as: Chaenomeles Superba (C. speciosa 
× C. japonica) and Chaenomeles Californica (C. 
cathayensis x C. japonica) [30, 36]. Some authors also 

mention C. thibetica [36, 54]. C. speciosa Nakai, C. 
japonica and C. superba are the most common species 
occurring in Poland. Chaenomeles speciosa Nakai can 
reach 2 - 3 m in height [30, 36]. Its stems are bare, 
straight and covered in thorns. The leaves are oval or 
elongated, sharply serrated, with a shiny top and their 
size is 3-9 x 1.5-5 cm. It is flowering in late April 
and May. Flowers appear on shoots individually or 
in clusters on older stems. Their colour is bright red, 
rarely pinkish or white. The fruits of Chaenomeles 
speciosa Nakai are yellowish green 4 – 6 cm pomes 
(apple like shapes) [30, 36]. Chaenomeles japonica 
Lindl. is a slightly shorter shrub, not exceeding 1 m in 
height. Its branches are thorny, while the young shoots 
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have felt-like coating. Leaves of C. japonica are 3 - 5 
cm long, ovate or obovate, with widely serrated edges, 
they are bare and round-ended. The shrub blooms in 
late April and May. Its flowers are scarlet red, going 
through pink and onto white. Fruits resemble the shape 
of a small, very aromatic apple; their average size is 4 
cm in diameter and the weight does not exceed 50 g.  
Chaenomeles Superba is a two-species hybrid bred 
from C. japonica and C. speciosa. Its branches look 
similar to C. speciosa, but leaves resemble the shape 
of C. japonica. Flowers are dark red. Chaenomeles 
shrubs grow well on the moist soil and pH range 
between 5.6 to 7.8. They tolerate both sunny and 
partial shady spots [30, 36].

CHEMICAL COMPOSITION OF THE 
MORPHOLOGICAL COMPONENTS 

OF CHAENOMELES

Chaenomeles fruits
The content of the main nutrients of Chaenomeles 

fruits are presented in Table 1.

Table 1. The content of the main nutrients of Chaenomeles fruits

C. speciosa 
[59, 62]

C. sinensis  
[5]

Water content 87.6-89.6% 71.03%
Proteins 0.19-0.25% 1.3%
Carbohydrates
•	 Sugars
•	 Fibre

1.85-2.27%
1.21-1.53%

15.02%
6.69%

Fats 0.13-0.8% 1.8%

Chaenomeles japonica fruits contain about 1.2 - 
3.1% of sugars (including 0.5% of fructose, 1.62% of 
glucose, the rest are sorbitol and sucrose), and 1.3 - 

1.4% of pectin (including 80% of protopectin, most 
pectin is in the flesh of the fruit) [48, 51, 52]. From 
all sugars, fructose occurs in the largest quantities in 
Chaenomeles japonica fruits (3609 mg/100 g of the 
fruit). The content of glucose, sorbose, and sucrose in 
the fruits was also determined [5]. The total content 
of fibre occurring in C. japonica is 3.9 g/100 g of the 
fresh fruit, and calculated on the base of dry weight is 
35 g/100 g (including 8.8g of soluble fibre and 26.6g of 
insoluble fibre). The main components of the soluble 
fraction of fibres are: galacturonate (56%), arabinose 
(10%), galactose (4%) and mannose (7%), and they 
form pectin, and in the insoluble fraction dominate 
glucose (38%) and xylose (11%), and they are the 
parts of the cellulose and hemicellulose.

The content of vitamin C in the fruits of C. speciosa 
has been determined in an amount of 68.8 – 159.3 
mg/10 g [62], and in the fruits of C. sinensis the content 
is 154.5 mg% [5]. The amount of this vitamin increases 
as the fruit ripens [53]. C. speciosa has a high content 
of amino acids, which may reach 0.26 - 0.5 g/100 g of 
the fruit. It is rich in aspartic acid and glutamic acid, 
while methionine is not present in fruits [62]. Amino 
acids occurring in the fruits of C. sinensis, in a free 
form and the largest quantities, are: asparagine, valine, 
and γ-aminobutyric acid. Cysteine, methionine and 
tryptophan are among protein building amino acids, 
which do not occur in fruits of C. sinesis [5].

Minerals content in the fruits of Chaenomeles are 
shown in Table 2. Chaenomeles fruits are a rich source of 
potassium, but have a low sodium content, and therefore 
may serve as a useful food ingredient in the diet of 
people having high blood pressure. The concentration 
of calcium, iron, magnesium, zinc, manganese and 
copper has also been determined. The content of above 
elements varies according to the species.

The organic acids content in the fruits of C. 
speciosa is 2.09 - 3.47% [54]. Among them the most 
concentrated are malic acid (70% of all organic 
acids) and citric acid (22% of all organic acids) [11]. 
Organic acids, which were identified in C. sinensis 

fruits, in the largest quantities are tartaric acid (122.9 
mg/100 g of the fruit) and α-glutaric acid (108.6 
mg/100 g of the fruit), but also the concentrations 
of malic, palmitic and stearic acids were determined 
[5]. Oleanolic, ursolic and pomolic acids belong to 

Table 2. Minerals in Chaenomeles fruits

Minerals C. speciosa  
[mg/100 g] [62]

C. japonica  
[mg/100 g] [28]

C. sinensis  
[mg/100 g] [5]

Potassium 84.7 – 147.0 249 n/d 
Sodium 5.7 – 13.7 4 n/d
Calcium 7.1 – 26.5 22.6 25.3 – 26.8
Magnesium 6.1 – 11.6 16.3 1.1 – 6.6
Iron 0.33 – 0.64 1.8 2.6
Zinc 0.096 – 0.25 0.38 0.4 – 0.7
Manganese 0.031 – 0.43 0.18 1.4 – 3.1
Copper 0.03 – 0.12 0.3 0.1

n/d- no data

Chaenomeles – health promoting benefits
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the group of triterpenoids and they were determined 
in all three species [58]. A new triterpenoid called 
a speciosaperoxide, and the sesquiterpenoids [45], one 
of which is a new compound called speciosaoside A, 
were also determined in C. speciosa. [19]. The amount 

of tannins in the fruits of C. sinensis is 0.4 g/100 g 
of the fruit. They are condensed tannins or, in other 
words, proanthocyanidins [32].

Phenolic compounds, occurring in the Chaenomeles 
fruits, are listed in Table 3.

Table 3. Phenolic compounds in Chaenomeles fruits
Phenolic 
compounds

C. speciosa 
[33, 65] 

C. japonica 
[9, 16]

C. sinensis 
[9, 27, 33]

Phenolic acids

gallic, protocatechuic, hydroks-
ybenzoic, chlorogenic, 
cinnamic, caffeic, ferulic, p-cu-
maric, vanillic, polylactic,
4-hydroksy-3-methoxybenzoic, 
2’-methoxyaucuparin

chlorogenic gallic, chlorogenic, vanillic, 
ferulic, p-cumaric,

Flavonoids quercetin, rutin, catechin, epi-
catechin catechin, epicatechin, quercetin,

catechina, epicatechin, rutin, 
maesopsin, luteolin, quercetin, 
genistein, tricetin, apigenin

Tannins Procyanidins procyanidins Procyanidins

The amount of polyphenols, in fruits of C. japonica, 
is at the level of 924 mg catechin/100 g, but it tends 
to decrease as the fruits ripen [49, 53]. The content of 
flavonoids, in C. japonica fruits extract, was determined 
at the level of 0.091 - 0.618 mg/g. These values   varied 
depending on the solvent used [15]. Sancheti et al. 
calculated the content of polyphenols in the fruits of C. 
sinensis, which was 97 mg of gallic acid equivalents/g 
of dry weight, and the content of flavonoids, which 
was 35 mg of quercetin equivalents/g of dry weight 
[40]. However, the research conducted by Miao et al. 
(2016) showed the higher quantities and also a strong 
correlation between the antioxidant potential and the 
polyphenols content of these compounds [33]. Analyses 
were made in the different parts of the fruits of C. 
sinensis and C. speciosa (Table 4).

Table 4. Polyphenols and flavonoids content in various parts  
             of the fruits of C. sinensis and C. speciosa [33]

Content of 
polyphenols

[mg gallic acid/g 
dry weight]

Content of 
flavonoids

[mg routine /g 
dry weight]

C. sinensis
•	 Skin
•	 Flesh
•	 Endocarp

345
430
590

42
47
52

C. speciosa
•	 Skin
•	 Flesh
•	 Endocarp

356
380
404

26
26
51

There have been forty different compounds 
determined in the fruits of C. speciosa, of which the 
most numerous were β-caryophyllene (12.52%), 
α-terpineol (5.41%), terpinene-4-ol (4.56%) 1,8-cineol 
(4.31%), α-kadinol (4.23%) and γ-eudesmol (4.12%) [2].  
35 compounds were isolated from the essential oil 

of C. japonica fruits. The oil in 88% consisted of 
monoterpenes (of which carvacrol was the most 
numerous), sesquiterpenes (eg. γ-Cadinene) and non-
terpenes compounds, the latter included aldehydes (eg. 
n-decanal), acids (eg. decanoic acid) and esters (eg. ethyl 
ester of capric acid) [15]. The essential oil of C. sinensis 
consisted primarily of esters. The following compounds, 
among others, were established in that oil: ethyl butyrate, 
butyric acid, ethyl ester, 2-methyl ester, ethyl caproate, 
hexanal, linalool and menthol. Essential oil content 
varied depending on whether it came from the skin or the 
flesh of the fruit. The concentration of terpenes in the oil 
was low [69]. Aromatic compounds, responsible for the 
Chaenomeles fruit flavours, are shown in Table 5. 

Table 5. Aromatic compounds in fruits of Chaenomeles

Compounds C. sinensis  
[35]

Alcohols 

hexanol, diacetone alcohol, (Z)-3-hexenol, 
(E)-2-hexenol, octanol, β-dihydroionol, pro-
panol, 2-methylpropanol, butanol, 1-penten-
3-ol, 3-methylbutanol, pentanol, cyclopen-
tanol, benzyl alcohol, 2-phenylethyl alcohol

Aldehydes 
hexanal, heptanal, (E)-2-hexenal, (E)-2-
heptenal, nonanal, (E,E)-2,4-decadienal, 
benzaldehyde

Ketons Methyl isobutyl ketone, α-ionone, β-ionone, 
acetone, diisopropylketone, carvone

Esters

isobutyl octanoate, butyl 7-octanoate, isobu-
tyl 7- octanoate, hexyl hexanoate, ethyl hex-
anoate, heksyl ethanoate, ethyl 5-hexenoate, 
ethyl (Z)-4-hexanoate, (Z)-3-hexenyl ace-
tate, 5-heksyl acetate, (E)-2)-heksyl acetate, 
heksyl isobutyrate, isobutyl hexanoate, (Z)-
3-hexenyl isobutyrate 

Terpenes Limonene

K. Watychowicz, K. Janda, K. Jakubczyk et al.
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Juice of Chanomeles fruits
The juice content in the fresh fruits is 42 - 50%. 

The fruit juice has a very low pH of 2.5 to 2.8, which 
correlates with the high acidity of 2.8 - 4.2%. The 
amounts of nutrients in the juice provide the following 
values: 45 - 109 mg vitamin C/100 ml of juice and 
210 - 592 mg of phenols in 100 ml of juice. Malic 
acid was a major acid present in the juice (3.06 - 5.09 
g/100 ml). The presence of quinic acid (0.62 - 2.27 
g/100 ml), and succinic acid (8 - 174 mg/100 ml) were 
also identified [18]. The juice contained some amino 
acids, from which the most numerous were glutamic 
acid (8 - 14 mg/100 ml), phosphoserine (3 - 9 mg/100 
ml) and aspartic acid (2 - 6 mg/100 ml). Other amino 
acids, with the concentration of less than 2 mg/100 ml 
of juice, include threonine, serine, asparagine, alanine, 
phenylalanine, γ-aminobutyric acid and lysine [18]. 
Among the minerals the greatest concentration have 
potassium (161 - 241 mg/100 ml), fluorine (43 - 139 
mg/100 ml) and chlorine (3.5 - 9 mg/100 ml). Sodium, 
magnesium and calcium have also been identified. 
Among the carbohydrates the greatest content have 
fructose (0.7 - 2.3 g/100 ml), glucose (0.3 - 1.1 g/100 
ml), sorbitol (0.1 0.5 g/100 ml) and sucrose (0.01 - 
0.1 g/100 ml), but there are also stachyose, raffinose, 
sucrose, xylose, rhamnose and inositol present in the 
juice [18]. 

Chaenomeles seeds
Seeds, containing about 42% water, make between 

5 and 9% of weight of the fruit [18]. The oil content in 
the seeds of C. japonica is between 6.1 and 10.1%. The 
iodine value of the oil was 94 - 106, and acid value was 
2.2 - 2.5. The following fatty acids were found in the 
seed oil: linoleic acid (44 - 53%), oleic acid (36 - 44%), 
palmitic acid (9%), stearic acid (1%), arachidonic acid 
(0.5 - 1%), cis-11-eicosenoic acid (0.5%), linolenic 
acid (0.5%), behenic acid (0.25%) and erucic acid. 
It has been shown, that 11% were saturated acids, 
37 - 45% monounsaturated fatty acids and 44 - 52% 
polyunsaturated fatty acids. Behind the strong smell of 
bitter almond oil of the seeds of Chaenomeles, stands 
benzaldehyde [14]. The seeds of C. japonica contained 
the following phenolic compounds: protocatechuic 
acid, chlorogenic acid, vanilla acid, syringic acid, 
p-coumaric acid, gallic acid and coffee acid [34]. The 
total polyphenol content, in the seed oil of C. japonica, 
was 64 mg/kg (mainly syringic acid), β-carotene - 11 
mg/kg, and the antioxidant capacity measured by the 
DPPH method was determined at the level of 84.5%. 
The seed oil contained also tocopherols: α-, β- and 
γ-tocopherol with amounts respectively to: 69.71 
mg/100g, 0.64mg/100g and 2.22 mg/100g, which can 
be calculated to a total content of all tocopherols in the 
amount of 72.62 mg/100g [13]. 

Chaenomeles root
Following substances: daukosterol, three 

terpenoids (ursolic acid, oleanolic acid and polmoic 
acid), prunasin and epicatechin have been isolated 
from the roots of C. japonica [57].

Chaenomeles branches
The following substances were isolated from branches 

of C. speciosa: five new oksylipins, chaenomic acid A-E, 
as well as six previously known compounds which were: 
pinellic acid, methyl (9S, 12S, 13S)-9,12,13-trihydroksy-
10E-octadecanoate, corchorifatty acid, methyl 
9,12,13-trihydroksyoctadeca-10E,15Z-dienoate and 
9-hydroxynonanoic acid [22]. Biphenyl compounds, 
which were identified in this part of the C. sinensis 
shrub, include chaenomin, berbekorin A, aukuparyna, 
2’-hydroksyaukuparyna, 2’,4’-dimetoksyaukuparyna 
and ɛ-cotonefuran [24]. Lignin glycosides, which occur 
in the branches of this species, are six new compounds 
named chaenomiside A-F, as well as the five already 
known glycosides, including aviculin [23].

Chaenomeles leaves
The leaves of different species of Chaenomeles 

have been tested for the content of phenolic compounds. 
Glycoside naringenin, flavonols (quercetin and 
kaempferol) and isochlorogenic acid were isolated 
from C. speciosa leaves. Large amount of epicatechin 
and flavonols (quercetin and kaempferol) and trace 
amounts of glycoside naringenin were determined in 
the leaves of C japonica. In the leaves of C. sinensis, 
7-ramnozyloglikozyd luteolin and epicatechin were the 
most frequently occurring phenolic compounds [1].

HEALTH PROPERTIES OF CHAENOMELES

Use in traditional medicine
Chaenomeles fruits are used as an energizing 

food supplement and a source of vitamins. They have 
beneficial effects on the cardiovascular system and 
provide relief in the case of leg oedema. Fruit juice 
increases the secretion of digestive acids, and thereafter 
stimulates an appetite, it is also recommended in the 
case of anaemia, rheumatism, gout, painful muscle 
contractions and as an antiemetic agent. Decoctions of 
Chaenomeles provide relief in case of haemorrhoids, 
used as a compress. Roasted fruits are supposed to 
help in the case of liver disease, and the slime from the 
soaked seeds has a protective effect, when used for skin 
irritation [30]. C. speciosa fruits have long been used 
in Chinese medicine against diarrhoea. Studies on mice 
have shown, that the Chaenomeles extract effectively 
blocks the effects of thermolabile enterotoxin E. 
coli, which is the most important factor causing so. 
traveller’s diarrhoea. The researchers suggest, that the 
compounds responsible for the antidiarrheal effect of 

Chaenomeles – health promoting benefits
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fruit C. speciosa are triterpenes: oleanolic, ursolic and 
betulinic acids. Another feature of the Chaenomeles 
fruits, which contributes to the diarrhoea prevention, 
is a high tannin content [2].

Antioxidant and anti-inflammatory potentials
Antioxidant properties of Chaenomeles fruits, 

measured by the method of DPPH, and their reducing 
properties, investigated using the method of FRAP, are 
shown in Table 6.

Table 6. Antioxidant and reducing properties of Chaenomeles fruits

Properties C. japonica [37, 48] C. sinensis [40] C. speciosa [47]

Antioxidant properties 
(DPPH)

10512 µmol Trolox equiva-
lents/100 g fresh weight

97 mg gallic acid equiva-
lents/100 g dry weight 236 µm DPPH/g fresh weight

Reducing properties 
(FRAP) 6.12 µmol Fe3+/g fresh weight nd 55μmol Fe3+/g fresh weight

nd - no data

Studies on mice have shown, that antioxidant 
properties of powdered fruits of C. speciosa resulted in 
lower levels of LDL, total cholesterol and triglycerides, 
increased glutathione peroxidase activity and 
a reduction in atherosclerotic plaque in the aorta. The 
compounds responsible for the antioxidant properties 
are primarily polyphenols and vitamin C, and they are 
present in large quantities in the fruits [47].

Some of triterpenoids present in C. speciosa, eg. 
oleanolic acid, ursolic acid and maslinic acid, exhibit 
anti-inflammatory properties. Betulinic acid, also found 
in C. speciosa, has the potential inhibitory properties 
against inflammatory processes occurring in the blood 
vessels. Flavonoids and glycosides, in Chaenomeles 
fruits, have an analgesic effect, related to reduced 
production of inflammation relays in peripheral tissues 
[65]. Glucosides, separated from fruits of C. speciosa, 
in rats’ studies, demonstrated the ability to inhibit the 
development of collagen-induced arthritis. Sick rats, 
which have been given the glucosides, resulted in 
a body mass gain and the increase of thymus and spleen 
weight. They reduced the proliferation of lymphocytes 
and synoviocytes, as well as production of IL-1, IL-2 
and TNF-α. The effect of glucosides was also based 
on the inhibition of delayed-type skin hypersensitivity, 
occurring in rats with arthritis, most likely through 
the induction and/or activation of T-suppressor 
lymphocytes. As a result, bone defects have decreased 
and the inflammation has also been reduced [4]. 
Further studies have confirmed the beneficial effect of 
glucosides of Chaenomeles fruits in rats with a post-
adjuvant arthritis. The administration of glucosides to 
rats resulted in the reduction of symptoms of disease, 
the reduction of A synoviocytes, and the production 
of pro-inflammatory cytokines: IL-1, TNF-α and 
PGE2 [7]. Therapeutic effect of glucosides on the 
collagen-induced arthritis has also been observed in 

studies on mice [64]. Studies conducted by Strugała 
have shown, that the ethanol extract of the fruits of 
C. japonica has an antioxidant ability in correlation 
to liposomes composed of phosphatidylcholine, as 
well as to red blood cell membranes [46]. According 
to the researchers, the phenolic compounds present in 
fruits, including chlorogenic acid and epicatechin, are 
responsible for these properties. It was also observed, 
that the components of the extract from the fruit of 
C. japonica are capable of being incorporated in the 
lipid membrane, which enables them to protect the 
components of cell membranes and also to stabilize 
them [46]. The anti-inflammatory properties of C. 
sinensis fruits may be related to their ability to inhibit 
the mast cells migration and ability to reduce the 
inflammatory mediators release. The inhibitory effect 
of TNF-α production by HMC-1 cells was observed 
in vitro after use of an extract of the fruits. It has been 
proved, that the extract can also reduce the secretion 
of IL-6, IL-8 and MCP-1 by macrophages THP-1 and 
inhibit the release of IL-6 by keratinocytes HaCaT 
[25]. Leaves of C. sinensis have also been tested for 
their anti-inflammatory and antioxidant properties. 
The total content of polyphenols in the leave extract 
was 132 - 166 mg of gallic acid equivalents/g of 
extract, and the total flavonoids amount was 155 - 
174 mg catechin equivalents/g of extract. Antioxidant 
capacity of the extract against the ABTS radical was 
determined at the level of 0.94 - 0.99 mmol Trolox 
equivalents/mg of extract, whereas the reduction 
potential level of 2.16 - 2.45 mmol equivalents of 
FeSO4/mg of extract. Higher values   of all parameters 
were determined in the aqueous extract, while lower 
in the ethanol extract [17]. The same in vitro studies 
have shown anti-inflammatory activity of C. sinensis 
extract, which was an effect of reducing the production 
of TNF-α, IL-6 and pro-IL-1β by macrophages, as 
well as excessive production of nitric oxide induced 
by endotoxin called lipopolysaccharide [17].
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Anti-microorganism activity
The essential oil, derived from C. speciosa, 

demonstrated anti-microorganism activity, more 
effective against bacteria G (+). Staphylococcus 
aureus proved to be the most sensitive to the oil 
properties. The researchers suggest, that the oil anti-
bacterial properties may result from the presence 
of α-terpineol, terpinene-4-ol or p-cymene [55]. In 
vitro studies indicate the potential use of an extract 
from the fruit of C. speciosa against the influenza 
virus. The study by Zhang verified the ability of the 
compounds, isolated from an extract, for inhibiting the 
secretion of inflammatory mediators by macrophages, 
that are involved in the pathophysiological processes 
underlying influenza [69]. The compounds, such 
as 3,4-dihydroxybenzoic acid, methyl 3-hydroxy 
butanedioic ester and roseoside have shown the ability 
to lower TNF-α, and IL-6 secretion was inhibited by 
methyl 3-hydroxy butanedioic ester. Most of the tested 
compounds had the ability to inhibit the production of 
nitric oxide which is associated with post-influenza 
complications in lungs. Methyl 3-hydroxy butanedioic 
ester, 3,4-dihydroxybenzoic acid and vomifoliol were 
also involved in blocking of influenza virus replication 
[63]. C. sinensis fruits also indicate an antiviral activity. 
Properties of Chaenomeles fruits ethanolic extract are 
similar to the results obtained from the green tea leaves 
extract. Neutralization of influenza virus is primarily 
achieved by inhibition of viral hemagglutinin (which 
prevents the virus from penetration into human cells) 
and also blocking the replication of the virus. The high 
content of polyphenols is probably the most important 
feature responsible for antiviral activity of C. sinensis. 
Further studies showed more than two-fold reduction 
of individual cells infection in the case of using 
solution from the fruit of C. sinensis. Total infectivity 
of influenza virus, under the influence of the solution, 
is reduced to 1/100 as compared with the control group 
[43, 44]. C. sinesis fruits antiviral properties have also 
been observed in studies by Hamauzu from 2005. The 
authors suggested that these properties may be caused 
by the presence of procyanidins in the chaenomeles 
fruits [16].

Immunomodulatory and anticancer properties
Polysaccharides, extracted from C. sinensis, showed 

an indirect antitumor effect. The mechanism of action 
of these compounds was based primarily on enhancing 
the immune system response by the proliferation of 
lymphocytes and macrophages, as well as improving 
the ability of the latter to phagocytosis. At the same 
time, Chaenomeles extract showed the intensifying 
effect of type IV hypersensitivity reactions, which 
may confirm the role of polysaccharides in enhancing 
of cellular immune responses. Researchers have also 
tested the impact of C. sinensis polysaccharides on 

the secretion of cytokines. It has been found, that the 
extract increased the secretion of IL-2, TNF-α and 
IFN-γ. All the compounds, mentioned above, improve 
the immunity response of the human body [56]. 
Gao et al. conducted an in vitro study relating to the 
anticancer attributes of woody parts of C. sinensis [10]. 
The studies indicate that certain compounds, isolated 
from the branches of C. sinensis, inhibit the growth of 
colonies of epidermal cancer cells JB6 in mice. The 
compound with the highest potential, regarding above 
occurrence, was betulinic acid and its derivatives: 
caffeoyl and p-cinnamoyl [10]. Yao et al. showed, that 
the ethanol extract of C. speciosa has the ability of 
inhibiting the proliferation and inducing apoptosis in 
tumour cells in vitro [61]. The apoptosis was induced 
via the activation of endonucleases, as well as by the 
decrease in energy production in mitochondria. This 
effect was confirmed in the in vivo study using, as the 
model, the mouse liver cancer. The effectiveness of 
tumour cell colony growth inhibition was determined 
at 39%, while this percentage for a cisplatin (a drug 
used in cancer chemotherapy) was 58%. It has been 
also recorded, that mice, treated with the extract of 
Chaenomeles, had less severe side-effects of therapy 
compared to cisplatin and there was also the increase 
in lymphocyte proliferation and antibody production 
(the both parameters decreased while using the 
chemotherapeutic agent). In addition, the extract 
reduced the expression of the genes Foxp3, PD-L1 
and TGF-β, which adversely affects the functioning 
of the immune system [61]. Anti-cancer properties 
of the extract of the fruits of C. japonica have also 
been proved in vitro. In the experiment, using the cell 
colonies of human colon adenocarcinoma (Caco-2), 
the inhibition of the growth of tumour cells, while the 
increase of the cell numbers undergoing apoptosis, and 
also the number of dead cells, have been recorded. This 
effect was not observed against healthy small intestine 
epithelial cells (IEC-6) in rats. The researchers 
suggest the above effect is caused by the high content 
of procyanidins in fruit extract of C. japonica [12]. 
Lewandowska et al. [29] verified antitumor properties 
of the extract from the fruit of C. japonica on human 
breast tumour cells MDA-MB-231, prostate tumour 
DU 145 and healthy prostate cells PNT1A. The tested 
extract showed ant proliferative activity against 
cancer cells, breast tumour cells MDA-MB-231 were 
especially sensitive to its effect. This consequence 
was not observed in the case of healthy cells, on the 
contrary - their numbers were increased. The extract 
also reduced the invasiveness of tumour cells, probably 
by reducing the genes expression, whose products are 
involved in the angiogenesis and tumour metastasis. 
The increase in the susceptibility of cancer cells to 
apoptosis inducing factors has also been recorded [29].
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Hepatoprotective property
A study has been conducted, to examine the effects 

of the drug Jiangzhi, which consists of thirteen plants, 
including fruit C. speciosa. The recipe has its roots in 
a traditional Chinese medicine and is used in cases of 
lipid disorders, which are causing the non-alcoholic 
fatty liver disease. The administration of the tested 
drug to rats, which were previously fed with fructose 
to induce the lipid disorder, significantly affected the 
reduction of triglycerides in the liver. It also resulted 
in a decrease in gene expression of SREBP-1c, ACC-
1 and SCD-1, involved in the regulation of hepatic 
synthesis of fatty acids de novo [68]. Further studies 
recorded the hepatoprotective effect of the extract 
from the fruit of C. thibetica in rats, whose liver 
damage was induced by carbon tetrachloride (CCl4). 
The experiment has shown, that the use of an extract 
of Chaenomeles fruits resulted in the reduction of 
liver enzymes ALT, AST and ALP. There was also 
a recession o histopathological changes within the 
organ [31].

Neuroprotective activity
The studies over C. speciosa recorded its impact 

on the regulation of the dopamine transporter (anti-
parkinsonism effect). According to ex vivo studies, 
the extract of Chaenomeles fruits shows the inhibitory 
effect against the dopamine transporter (DAT) in 
Chinese hamster ovary cells (CHO). At the same time 
the extract had no effect on the functioning of GABA 
transporter and serotonin, and only a small effect on 
the norepinephrine transporter. It can conclude, that 
this effect is specific to the dopamine transporter. The 
extract also had no cytotoxic effect against cells with 
DAT expression, its neuroprotective effect is likely 
caused by the prevention of the toxic ligands transport 
by dopamine receptors. Chaenomeles fruits had 
a positive impact on the neurobehavioral functioning 
of rats with early stage of Parkinson’s disease. Studies 
have also shown a reduction in neurons loss, containing 
tyrosine hydroksylase, in the substantia nigra [67]. 
The effect of the extracts of the fruit of C. sinensis 
on cognitive abilities has also been studied. Mice, 
having problems in this regard, showed a behavioural 
improvement after the administration of the ethanol 
extract of Chaenomeles fruits. The researchers suggest, 
that the substance responsible for this activity, may be 
a methyl ester of stearic acid. This compound has the 
ability to activate the choline acetyltransferase, the 
function of which is impaired in the case of dementia. 
It works also well in protecting nerve cells against the 
toxic compounds [26].

Antidiabetic properties 
In vitro studies have revealed, that the fraction 

of C. sinensis fruit extract, which is soluble in 

ethyl acetate, shows inhibitory properties against 
α-glucosidase, β-glucosidase [42], α-amylase, lipase 
and acetylcholinesterase [41]. In the study by Sancheti 
et al. the Chaenomeles extract ability for lowering the 
glucose level in the blood of rats with the artificially 
induced diabetes, were research [40]. The effect of 
orally administered solution of C. sinensis, at the 
concentration of 500 mg/kg, was comparable to 
glibenclamide (sulfonylurea derivative used to treat 
diabetes). The intervention also caused the increase 
of the level of haemoglobin in the blood of rats. 
Levels of total cholesterol, triglycerides, VLDL and 
LDL in the blood - the parameters which are usually 
disrupted in people with diabetes - after applying of 
the Chaenomeles solution have been restored to the 
levels before the diabetes was induced. The solution 
positively influenced the level of HDL, increased 
glycogen content in the liver, decreased levels 
of acetylcholinesterase (associated with a higher 
incidence of dementia and Alzheimer’s disease in 
diabetic patients), and ALT and AST. Chaenomeles 
fruit extract, also helped to boost the activity of 
enzymes, such as superoxide dismutase, catalase and 
glutathione, in the tissues of sick rats, which activity 
decreased as a result of the development of diabetes. 
The markers of liver and kidney damage have also been 
improved [40]. In the experiment conducted on rats, 
by the same team of researchers, the tests of glucose 
and maltose were performed, and part of the test group 
was given the fraction of the solution soluble in ethyl 
acetate. The animals, which were given the solution of 
C. sinensis, had significantly lower increase in blood 
glucose level, and it also returned to baseline much 
faster when compared to rats given no solution [41]. 
All of above experiments indicate the potential use of 
the solution of Chaenomeles fruits to treat diabetes. 
The high content of polyphenols, flavonoids and the 
presence of quercetin, rutin, ursolic acid and oleanolic 
acid in fruits also have a beneficial effect on the 
improvement of diabetic parameters [6, 8, 20, 21].

Antialergic and antipruritic abilities
Glucosides, extracted from C. speciosa, 

reduce the immune response in the case of contact 
hypersensitivity in mice by reduction of the ratio in 
lymphocytes T CD4+/CD8+ and the reduction of 
production of IL-2 and TGF-β1, and, at the same 
time, increase of the level of IL-4 in the thymus [30]. 
The study on rats examined the effectiveness of the 
compounds isolated from an extract of the fruits 
of C. sinensis to alleviate the pruritus induced by 
administration of the compound 48/80, which causes 
mast cells degranulation. It has been found, that the 
isolated compounds, such as 3-galactoside quercetin 
or protocatechuic acid, reduced the frequency of 
scratching in rats as much effective as ketanserin, but 
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significantly less than cimetidine. These compounds 
had no effects of reducing the animals’ mobility. Based 
on this experiment, the researchers concluded, that 
the extract of the fruits of C. sinensis may lower the 
itching induced by 5-HT, however, have no effect on 
the pruritus induced by histamine [39].

Effect on gastrointestinal microbiota
The influence of extracts of C. japonica fruits, 

on normal bacterial flora, was tested by Strugała et 
al[46]. In vitro studies have demonstrated, that the 
ethanolic extract of C. japonica increased the bacterial 
culture numbers of Lactobacillus casei about 14-
44%, and Lactobacillus plantarum about 1-23%, 
dependable on the dosage, against the control test. The 
researchers explain this effect by the high content of 
phenolic compounds in the extract, and their unique 
composition [46].

The impact on the performance in sport
Animal studies indicate that the aqueous extracts 

of the fruits of C. sinensis and Schinsandra chinensis 
affect the ability to exercise. These studies have found, 
that the mixture of extracts of both plants decreased 
accumulation of lactate and assisted in its removal 
from the blood circulation in rats, during and after 
a high intensity training, carried out on a treadmill. 
The second experiment, using the same extract, was 
carried out on mice. Physical performance of these 
animals was checked for the exercise performed in 
the water. It was observed that the group, which was 
administered the extract, could exercise for longer, 
and could better metabolize the lactate, the substance 
produced during exercising. The results of these 
studies indicate a potential use of the extract from the 
fruits of Chaenomeles in sport [38]. Studies on the 
powder obtained from the fruits of C. speciosa show, 
that it may be beneficial in the case of exhausting 
aerobic exercise. This powder lowered the reduction 
of the concentration of glucose in the blood of rats, 
as well as assisted in saving glycogen amounts in the 
muscles and liver. This effect allowed the exercise 
to be continued for a longer period of time. Other 
advantages, recorded after the ingestion of the extract 
of the fruits of C. speciosa, were, the reduction of the 
concentration in exercise-induced lactic acid and urea 
nitrogen (which are the sensitive indicators of physical 
exhaustion), reduction in the markers of inflammation, 
and an increase in the exogenous antioxidants activity. 
Most likely, the delay effect in the feeling of being 
exhausted, after using the fruits of C. speciosa, is 
obtained by a regulation in the Nrf2/ARE pathway [3].

Effect on body weight
Traditional Chinese medicine have recipes that help 

regulate body weight. One of these recipes is W-LHIT, 

which consists of six plant materials, including C. 
speciosa. In order to verify its effectiveness, an 
experiment has been conducted. In this experiment the 
mice were on a high-fat diet, that caused them to be 
obese, and then divided into two groups: a one group 
was fed using the normal food and a second group 
additionally receiving a supplement of W-LHIT. The 
weight loss has been recorded in both groups, but in 
the supplemented group the decrease was faster. In 
the next experiment the tested drug was administered 
to the obese mice, which were on a high-fat diet. In 
comparison to the control group, not receiving the 
W-LHIT, the weight gain in the supplemented group 
was lower [60].

Impact on metabolism of ethanol
Zhang et al. [66] tested the effect of different 

fruit juices on the metabolism of ethanol. It has been 
recorded, that the juice from C. japonica, given after 
drinking alcohol, increased the ethanol concentration 
in the blood of rats, against the control group, which 
received distilled water. The researchers conclude, 
that the juice from the fruits of C. sinensis should not 
be drunk together with alcohol, as it may increase the 
toxicity of ethanol. At the same time, the juice reduced 
the activity of aldehyde dehydrogenase in vitro, which 
may be associated with worsening of the symptoms of 
alcohol poisoning [66].

SUMMARY

Long-standing in folk medicine, the Chaenomeles 
fruit contains many ingredients, including vitamin C, 
minerals, amino acids, antioxidants and others which 
can exert beneficial effects on health and promote 
the treatment of many diseases. Numerous published 
experimental data on the Chaenomeles fruits show 
their therapeutic properties. Besides, the extracts of 
Chaenomeles fruits may be used as an energizing 
food supplement and a source of vitamins which 
indicates a potential use of the extract from the fruits 
of Chaenomeles in sport.
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ABSTRACT
A diet, individually customized to the needs of sportsmen and sportswomen prepares them better for competition and 
achievement of better sports results. However, disorders of the gastrointestinal tract and frequently recurrent upper 
respiratory tract infections pose a common problem observed among athletes of disciplines such as triathlon, cycling 
and marathon. Diarrhea, splashing in the intestines or gastrointestinal bleeding make it difficult to start and win in the 
race. Recently researchers have paid special attention to the therapeutic effect of probiotic strains on the human body. 
Various probiotic strains may have a beneficial effect on elimination of disorders mentioned above among athletes 
of these disciplines. Still, researchers continue looking for answers to the question how a specific probiotic strain is 
able to reduce the risk of the gastrointestinal tract and the respiratory system disorders appearing during training or 
competition. Attention is also drawn to the possible impact of probiotics on the physical capacity athletes and their 
athletic performance. Probiotic strains properly applied may have a positive influence on the athletes’ bodies, but still 
randomized controlled trials are required to prove this thesis.

Key words: probiotics strains, diet, physical activity, intestinal barrier function, respiratory-tract illness. 

STRESZCZENIE
Sposób żywienia, indywidualnie dobrany do potrzeb zawodników różnych dyscyplin sportowych pozwala na lepsze 
przygotowanie sportowców do startów oraz osiąganie lepszych wyników sportowych. Jednak częstym problemem 
obserwowanym wśród zawodników dyscyplin takich jak triatlon, kolarstwo czy maraton, są zaburzenia ze strony 
przewodu pokarmowego oraz często nawracające infekcje górnych dróg oddechowych. Biegunki, przelewanie w je-
litach czy krwawienie z przewodu pokarmowego, uniemożliwiają start oraz zdobywanie zwycięstw. Badacze w ostat-
nich latach zwracają szczególną uwagę na wpływ probiotykoterapii na organizm człowieka. Poszczególne szczepy 
probiotyczne mogą mieć korzystny wpływ na niwelowanie wspomnianych zaburzeń pojawiających się w grupach 
sportowców. Nadal poszukuje się odpowiedzi na pytanie jaki szczep probiotyczny jest w stanie zmniejszyć ryzyko 
występowania zaburzeń ze strony przewodu pokarmowego oraz układu oddechowego, pojawiających się w trakcie 
treningów czy zawodów. Zwraca się również uwagę na możliwy wpływ probiotyków na wydolność fizyczną zawod-
ników oraz ich wyniki sportowe. Prawidłowo zastosowana probiotykoterapia może wpływać korzystnie na organizm 
zawodników, jednak nadal potrzeba randomizowanych badań potwierdzających tę tezę. 

Słowa kluczowe: szczepy probiotyczne, dieta, aktywność fizyczna, bariera jelitowa, choroby górnych dróg oddechowych

INTRODUCTION

Nowadays, ‘probiotics’ is a term which more and 
more frequently appears in the subject of nutrition 
and athletes support. The latest definition of the term 
probiotics presented by the International Scientific 
Association for Probiotics and Prebiotics - ISAPP, 
a modification of the one created by FAO/WHO in 
2001, defines as “live microorganisms which when 
administered in adequate amounts, have a beneficial 
effect on the health of the host’. Microorganisms 

which usually occur in fermented food, where health 
benefit has not been demonstrated in randomized 
placebo-controlled trials must be separated from this 
definition. Probiotics are not dead bacteria strains and 
products containing them, either [22, 32].

PROBIOTICS IN SPORTS

In recent years, plans of nutrition for athletes 
of different sports contain probiotics supplements. 
Physical activity, despite many benefits of health 
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effects on the human body, can cause negative effects 
[7]. The intensity and type of effort in endurance 
or strength sports can increase the risk of nausea, 
vomiting, abdominal pain and diarrhea. There are 
also disorders of the upper respiratory tract, chronic 
inflammation or risk of injury [37]. Thus, researchers 
have attempted to examine the effect of probiotic 
strains on the microbiota modulation, the incidence 
of gastro-intestinal disorders, respiratory diseases, 
where the incidence of these disorders increases in 
training periods, mainly in autumn-winter and spring. 
Interestingly, the impact of probiotic strains on the 
athletes endurance has been observed in different 
sports. However, specific strains of probiotics have 
not been defined neither their dose or the type of 
physical activity where the actual health benefits can 
be established. Still the research continues aimed at 
evaluating the effect of probiotic strains on the body 
weight of the athletes, inflammation present in the 
body or its performance.

GASTROINTESTINAL DISORDERS AND 
INTESTINAL BARRIER IN ATHLETES

Symptoms appearing during or after the intense 
physical activity such as abdominal pain, diarrhea, 
feeling bloating in the intestines, blood in the stool, 
may be caused by inadequate blood supply to the 
digestive tract during exercise or competition [8]. 
Gastroesophageal reflux disease (a disorder also often 
reported during intense efforts), can be caused by the 
increased pressure in the abdominal cavity, the reduced 
pressure of the lower esophageal sphincter or changes 
in hormone secretion [23]. All these symptoms cause 
extreme discomfort in athletes of different sports. The 
literature mostly mentioned sports disciplines such 
as marathon runners, triathletes, cyclists or athletes 
[8]. Fearing these symptoms, they can change their 
menu. Those who are afraid of eating certain food 
or products, may reduce the nutritional value of the 
diet and do not provide adequate amounts of essential 
nutrients [40,16].

In Rehrer’s et al. study analyzing the relationship 
between gastrointestinal problems and way of nutrition 
triathletes, the consumption of foods high in protein 
and fat was found to cause vomiting mainly during 
the physical effort. Moreover, hypertonic drinks could 
also contribute to intensification of this symptom 
[31]. Another factor may be consuming meals rich in 
dietary fiber (insoluble fraction) before competition 
which may increase the risk of these unfavorable 
symptoms of the digestive system. In assessing 
the impact of a diet on the physical performance of 
athletes, carbohydrate intake is regarded beneficial 
compared to protein. Higher dietary intake of foods 
rich in carbohydrates and at the same time reducing 

the consumption of proteins in just three days can 
improve performance, extend the time for obtaining 
energy from intensive, anaerobic processes up to 2-7 
minutes [13]. In addition, it is believed that glutamine 
supplementation may be beneficial in increasing the 
resistance of athletes (used at a dose> 3-6 g/day), 
however a further study is required. Similarly, further 
research into the impact of probiotic supplementation 
on the functioning of the immune system is necessary. 
Athletes appropriate nutritional education and their 
cooperation with nutritionists facilitates personalizing 
and balancing their diets. Additionally, if necessary, it 
is possible to apply the appropriate supplementation, 
and use of probiotic strains according to the impact on 
the sports discipline and individual adaptation to the 
athletes requirements [3,15].

Another vital issue related to sports players’ 
intestinal problems is proper functioning of intestinal 
epithelial cells responsible for both appropriate 
transport and absorption of nutrients, water and 
electrolytes, as well as protection against disease-
causing pathogens with an important role of the 
intestinal barrier function [34]. The function of the 
intestinal barriermay be limited by certain medications, 
especially non-steroidal anti-inflammatory drugs 
(NSAIDs), proton pump inhibitors (PPI), high 
physical activity, high fat diet or stress [10]. In the 
assessment of gut barrier function and the possible 
occurrence of intestinal ‘permeability’, biomarkers 
such as C-reactive protein (CRP), calprotectin, tumor 
necrosis factor (TNF-α) and zonulin may be used [2]. 
These indicators are applied to assess inflammation in 
the body, mainly focusing on the “permeability” and 
inflammatory bowel disease. In addition, it is believed 
that the impaired function of the intestinal barrier may 
contribute to the development and intensification of 
autoimmune diseases [12].

The study analyzing the mechanism of zonulin 
effect on the sports players’ bodies showed that it 
can help to alleviate the symptoms of autoimmune 
diseases [11,12]. Zonulin acting on the junctions of the 
small intestine cells makes it possible to use medicines 
or vaccines more effectively, which could not be used 
by the body in normal conditions. Apart from a role of 
genes and environmental factors in the development of 
autoimmune diseases, intestinal permeability may also 
have a significant impact. At present researchers are 
looking for mechanisms of zonulin effects that could 
have real diagnostic and therapeutic benefits. Correct 
diagnosis and using the selected probiotic strains 
may be beneficial for prevention of symptoms of 
autoimmune diseases, or intestinal problems assessed 
frequently in sports players. 

In the randomized study carried out by 
Lamprechtet al. from 2012, it was determined that 
taking probiotic strains B. bifidum W23, W51 B.lactis, 
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E. faecium W54, W22 L. acidophilus, L. brevis W63, 
Lc. lactis W58 for 98 days resulted in a decrease in 
the concentration of zonulin and the ratio of TNF-α 
[25]. In this study, however, no changes were reported 
in the concentration of α-1-antitrypsin in the blood. 
Another randomized study was performed in 2011 
among the physically active cyclists and triathletes 
[38]. The study group consisted of women (n =35) and 
men (n = 64), aged 35-36 years. Sports players took 
the probiotic bacterial strain -Lactobacillus fermentum 
(PCC®) at a dose of 1x109 CFU for 11 weeks. The 
study showed a decrease in the average: interleukin 6 
(IL-6) (average of 0.92 in men vs 1.22 in the placebo 
group), tumor necrosis factor TNF-α (average 1.27 in 
men vs 1.66 in the placebo group). In women, the study 
demonstrated the following values of IL-6 (an average 
of 0.71 in the study group vs 2.29 in the placebo 
group) and TNF-α (1.15 in the study group vs 1.72 in 
the placebo group). In this analysis, it was estimated 
that supplementation of probiotic strain Lactobacillus 
fermentum (PCC®) may be beneficial for the reduction 
of inflammation and pain of the gastrointestinal tract 
inmen occuring mainly during intensive exercise with 
high loads. Still, the test results differ depending on 
the strain used, the dose and type of physical activity. 
The study of Kakkonen et al. conducted among 141 
marathoners evaluated the effect of probiotic strain 
Lactobacillus rhamnosus GG (LGG) on the incidence 
of pain, gastrointestinal tract disorders and respiratory 
tract infections. After three - month research, there 
was no effect of the probiotic on the incidence of 
both respiratory tract infections and disorders of the 
gastrointestinal tract [24]. As it is apparent from the 
studies published, the effect of probiotic strains on the 
body of the athlete may vary. However, the conditions 
of taking probiotic preparations, their composition 
and dosage were not assessed thoroughly enough to 
answer the question about the beneficial effects of the 
bacteria on the incidence of gastrointestinal disorders. 

PROBIOTICS AND THE INCIDENCE OF 
RESPIRATORY TRACT INFECTIONS 

 Apart from gastrointestinal problems, chronic 
inflammation and diseases of the upper respiratory 
tract can make it difficult for athletes to train and take 
part in competitions [19]. In addition, physical activity 
during different weather conditions can cause Upper 
Respiratory Tract Infection (URTI). The high risk 
of diseases of the respiratory system may decrease 
levels of IgM and IgA immunoglobulins. Effective 
assessment and regular tests enable to assess correctly 
a risk of URTI in athletes and consequently to 
introduced equate treatment and training [17].  

Researchers are still looking for probiotic strains 
which can advantageously decrease the incidence of 

upper respiratory tract infections. According to the 
research published recently in the databases, such as 
MEDLINE, Web of Science, the Cochrane Central 
Register of Controlled Trials (CENTRAL), probiotics 
can have a beneficial effect on the prevention of the 
upper respiratory tract infections (URTI), reduced 
severity of symptoms and the use of antibiotic therapy 
[20]. The study conducted by Cox et al., in 2008 
evaluated the effect of a probiotic strain Lactobacillus 
fermentum VRI-003 given to twenty healthy runners 
for four months at a daily dose of 1.2 x1010 CFU. The 
study was randomized controlled and the placebo group 
received neutral for health substances. The occurrence 
of respiratory infections was assessed via cytokine 
concentration in serum levels of immunoglobulin 
A (IgA) and subjective daily evaluation of the health and 
performance of the physical activity. The study found 
a shorter course of the upper respiratory tract infection 
in patients in the study group (30 days) compared to the 
placebo group (72 days), however there were neither 
significant variations in the results of IgA, IgA1, IL-4 and 
IL-12 nor differences in the physical activity of sports 
players and their sports results. Interestingly, this study 
concluded that probiotics might influence the blood 
level of interferon-gamma (IFN-gamma) compared 
to the placebo group, however, the mechanism of this 
effect was not shown [6].

A similar conclusion was observed in the study 
from 2006, in which athletes were given another 
probiotic strain Lactobacillus acidophilusat a dose 
of 2x1010cfu for month. A significant increase was 
proved in the serum levels of IFN-gamma (p = 0.03). 
The study compared the effect of the probiotic on the 
organismsof healthy and fatigued athletes, showing 
a significant increase in IFN-gamma levels from 7.8 
pg/ml to 32.1 pg/ml in the group of fatigued sports 
players. This knowledge may allow athletes to prepare 
better for the competition and reduce the risk of 
diseases and infections they are exposed to at this time 
[5]. The study using a strain of Lactobacillus salivarius 
evaluated the effect of 4- month supplementation at 
a dose of 2x1010 CFU in women and men training 
for races. However, the supplementation with this 
strain was not found to influence positively the 
average incidence of respiratory diseases (statistically 
insignificant results, similar results in the study 
group and the placebo group: 1.6 vs 1.4). Similarly, 
the levels of leukocytes, neutrophils, monocytes, or 
IgA were found to be statistically insignificant [18]. 
Thus, the effect of different probiotic strains on the 
bodies of athletes of both genders can differ as well 
as the response of the organism and the incidence of 
respiratory diseases can be different/can vary. 

Though researchers’ interest has been focused 
on the strains of Lactobacillus lactic acid for a long 
time, nowadays more and more studies are carried out 



232 No 3Probiotic strains as the element of nutritional profile in physical activity

with the use of Bifidobacterium strains. There are two 
groups of microorganisms, which are usually evaluated 
in the study. The Australian study conducted in 2014 
evaluated the effect of probiotic strains on 465 healthy 
active people; men (n = 241) and women (n = 221) aged 
35-36 years. The study participants were divided into 3 
groups, the first group received strain Bifidobacterium 
animalis subsp. lactis Bl-04 (Bl-04) 2.0 × 109 CFU, the 
second group - Lactobacillus acidophilus NCFM and 
Bifidobacterium animalis subsp. lactis Bi-07, 5 × 109, 
and the third group was given a placebo. The study 
assessed the effect of the above-mentioned strains and 
the reduced incidence of inflammatory symptoms of 
upper respiratory tract and gastrointestinal disorders. 
The conclusions obtained in the study showed that the 
strain of Bifidobacterium animalis subsp. lactis Bl-04 
might reduce the risk of incidence of upper respiratory 
tract diseases. However, no such effect was observed in 
group II given the strains of Lactobacillus acidophilus 
NCFM and Bifidobacterium animalis subsp. lactis Bi-
07 compared to the placebo group. The study did not 
assess significant changes in the incidence of gastro-
intestinal disorders in the groups. In addition, patients 
taking B1-04 strain showed a lower/ weaker response 
to a physical effort and its frequency than the group 
receiving NCFM and B1-07 compared to those on 
placebo [39]. Most of the studies about the therapy 
with probiotics, published in recent years, have 
referred to athletes of endurance and speed sports. 
Unfortunately, there is not much literature about team 
sports. In 2014, the Journal of Science and Medicine 
in Sport published the study assessing the effect of 
probiotic bacteria on the incidence and severity of 
infections of the upper respiratory tract [21]. Almost 
half of the surveyed players (14 of 30), suffered 
from neither infections nor URTI symptoms of the 
gastrointestinal tract compared to the placebo group 
(6 of 30 people). In the study presented by Lollo et al., 
probiotics may have a beneficial effect on reducing the 
risk of respiratory disease and increase the immunity 
and lower the incidence of gastrointestinal disorders 
[26]. Probiotics may also contribute to the increased 
efficiency of the body [30].

Summing up the overview of the currently available 
literature about probiotics, the strains of Lactobacillus 
and Bifidobacterium have been regarded to have the 
most beneficial effect on sports players’ health. The 
high number of studies conducted with the use of these 
strains may also be another advantageous proof. There 
are still contradictory data about the impact of these 
strains on the incidence of URTI infections, however, 
their beneficial influence on severity and duration of 
these infections is underlined in most publications 
referred to [35].

PROBIOTICS, ALLERGIES  
AND A RESPONSE TO TRAINING

The effect of probiotics on the modulation of gut 
microflora and incidence of allergies has become 
another problem the researchers have attempted 
to deal with [1]. The results of research conducted 
in 2007 suggested that supplementation with the 
probiotic strain Lactobacillus GG (LGG), had no 
effect on both the alleviation of allergy symptoms 
and changes in the biochemical results in the group of 
141 marathon runners. The prevalence of asthma (6 of 
139 people), allergic rhinitis (24 of 139 people), food 
allergy (7 of 139 people) or atopic dermatitis (6 of 
139 people) was estimated twice (at the beginning and 
end of the studies- after 3 months), using a subjective 
questionnaire about health and symptoms suggesting 
diseases mentioned above. In biochemical studies, the 
levels of eosinophils, ECP (serum eosinophil cationic 
protein) and IgE were analyzed in the blood, however, 
no statistically significant changes were determined. 
Though the study was carried out during the pollen 
season, no effect of probiotics on athletes’ bodies was 
observed [29].

Training in cold and hot climates can adversely 
affect the organism of endurance sports athletes 
(marathon runners, triathletes and cyclists). In the 
study carried out 2014, the effect of the preparation 
of many probiotic strains containing Lactobacillus, 
Bifidobacterium and Streptococcus was examined in 
10 healthy runners. The product was used for 4 weeks 
preparation. Then the response of the athletes’ organism 
response was assessed during training until fatigue 
(about 80% efficiency) at 35 Celsius degrees and 40% 
humidity. In addition, were administered to players 
sugars: lactulose and rhamnose were administered to 
athletes. Intestinal disorders were determined based 
on the presence of these compounds in the urine after 
training. The study showed that supplementation with 
the preparation containing many probiotic strains 
extended the duration of a physical effort (37 minutes 
vs 33), while the body temperature remained identical 
in the study group and the placebo group. Estimated, 
the serum concentrations of IL-6 and IL-10, increased 
after training but the values were not statically 
significant in the study and control group. Additionally, 
the concentration of urinary lactulose and rhamnose 
decreased slightly as well as intestinal discomfort [33]. 
Studies of the probiotics taken by athletes of different 
sports emphasize that they can have a beneficial effect 
on their bodies. However, in a systematic review of the 
literature it is difficult to assess the dose and the exact 
strain, which will be tailored/customized to a given 
research group. This remains a very individual issue.
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THE INFLUENCE OF PROBIOTICS  
ON OXIDATIVE STRESS AND 

INFLAMMATION OF THE BODY

In different sports, the athlete’s body is exposed 
to oxidative stress, and attacked by reactive oxygen 
species [28]. Researchers are looking for solutions to 
reduce oxidative stress, and consequently decrease 
the incidence of inflammatory diseases. In the 
studies published in 2011 by Martarelli et al. the 
effect of probiotic strains Lactobacillus rhamnosus 
IMC 501® and Lactobacillus paracasei IMC® 502 
(109 CFU) was determined on the body of players 
for 4 weeks during the intense physical activity. The 
study involved 24 athletes with 12 of them receiving 
a mixture of the two probiotic strains and the other 12 
taking a placebo. The plasma level of reactive oxygen 
species and antioxidant capacity were assessed in 
the athletes, while taking into account the probiotic 
bacteria, resistance to oxidative stress and antioxidant 
capability were evaluated based on in vitro studies. 
Additionally, feces was examined before the study and 
after 4 weeks of the study.The results showed that the 
intense physical activity caused an oxidative stress 
and probiotic supplements could increase the plasma 
concentration of antioxidants, neutralizing reactive 
oxygen species [28].

DIETARY SUPPLEMENTS CONTAINING 
PROBIOTICS AND FERMENTED FOODS

In an athlete’s diet, dairy products are a good source 
of wholesome proteins mainly in the form of cottage 
cheese, yogurt or cheese-as an additional source of 
calcium. It is wrongly assumed that these products 
contain probiotic strains. In fact, these products 
can contain fermented, lactic acid bacteria but they 
should not be called probiotics [22,36]. Studies show 
different results of their usage by athletes. In the study 
conducted among 98 women and 177 men in 2013 
year, it was found that only 47.5% of men and 40.8% 
of women provided the correct amount of milk and 
milk products in their diets [14]. Other Polish research 
concerning the knowledge and use of milk and dairy 
products in a daily diet of rowers [9,40] and triathletes 
[27] showed similar results stating that at least 2 meals 
contained dairy products and 75% of the respondents 
used a dairy products regularly in their diet.

In recent years, researchers have also evaluated 
the difference between the use of whey beverage and 
probiotic in 21-day-old rats. They were divided into 10 
groups which were given: probiotic yoghurt, natural 
yoghurt, probiotic whey beverage with probiotic 
strains- S. thermophilus, L. bulgaricus, L. acidophilus 

and B. longum, whey beverage and control. The study 
determined that these strains may have a good effect 
on the improvement of the immune system. Dairy 
products with probiotics gave a better result compared 
to the whey (even better than whey probiotic), 
mainly increased antioxidants [26]. The study proved 
a beneficial effect of probiotics on the immune system.

SUMMARY

Recently there has been a growing interest in 
the subject of probiotics strains. The impact of new 
probiotic strains on the bodies of healthy, sick and 
the very physically active people is assessed in many 
studies. Probiotic bacteria may have a beneficial effect 
on the incidence of gastrointestinal or respiratory 
diseases in the athletes of different sports. It is 
believed that probiotics can prevent the diseases such 
as diabetes and obesity. The latest studies published in 
2016 year suggest that probiotics may eliminate signs 
of aging as well [4]. The quantity of probiotic bacteria 
present in the body may be equal to the number of cells 
in the body. Therefore special attention must be paid 
to the development of normal intestinal microflora, 
a rational, balanced diet and physical activity, which 
may also influence (microflora) modulation. Every 
sports nutritionist should take advantage of this 
knowledge, because it enables to understand better 
disorders athletes suffer from and prepare better 
nutritional plans for starts and recovery.
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ABSTRACT 
Background. The processing of tea leaves determines the contents of bioactive ingredients, hence it should be 
expected that each variety of tea, black, red or green, will represent a different package of compounds of physiological 
importance. Taste and aroma, as well as price and brand are the main factors impacting consumers’ preferences with 
regard to tea of their choice; on the other hand consumers less frequently pay attention to the chemical composition 
and nutritional value of tea.
Objective. The purpose of the study was assessment of the nutritional value of black, green and white high-quality 
tea leaf from Chinese plantations based on the chemical composition of the dried leaves as well as minerals and 
caffeine content in tea infusions.
Material and methods. The research material included 18 high-quality loose-leaf teas produced at Chinese 
plantations, imported to Poland, and purchased in an online store. The analyses included examination of the dried 
tea leaves for their chemical composition (contents of water, protein, volatile substances and ash) and assessment of 
selected minerals and caffeine contents in the tea infusions.
Results. High-quality Chinese green teas were found with the most valuable composition of minerals, i.e. the highest 
contents of Zn, Mn, Mg, K, Ca and Al and the highest contents of protein in comparison to the other products. Chinese 
black teas had the highest contents of total ash and caffeine and white teas were characterized with high content of 
volatile substances, similar to the black teas, and the highest content of water and the lowest content of total ash.
Conclusions. The three types of tea brews examined in the present study, in particular green tea beverages, significantly 
enhance the organism’s mineral balance by providing valuable elements.

Key words: tea infusion, caffeine, mineral components, HPLC, ICP-OES

STRESZCZENIE
Wprowadzenie. Proces przetwarzania liści herbaty ma decydujący wpływ na zawartość składników bioaktywnych, 
zatem należy oczekiwać, że każdy rodzaj herbat, czarne, czerwone, zielone będzie reprezentował inny pakiet 
związków o znaczeniu fizjologicznym. Walory smakowe, cena oraz marka to główne czynniki kształtujące preferencje 
konsumenckie w kwestii wyboru herbaty, rzadziej jednak konsumenci zwracają uwagę również na skład chemiczny 
i właściwości zdrowotne.
Cel badań. Celem badań była ocena wartości odżywczej czarnych, zielonych i białych wysokogatunkowych herbat 
liściastych z chińskich plantacji na podstawie składu chemicznego suszu a także zawartości minerałów i kofeiny 
w naparach herbat.
Materiał i metody. Materiałem badawczym było 18 wysokogatunkowych, liściastych pochodzących z plantacji 
chińskich, importowanych do Polski, zakupionych w sklepie internetowym. Zakres analiz obejmował badania składu 
chemicznego suszu herbacianego (zawartość wody, białka, substancji lotnych i popiołu) oraz analizę zawartość 
wybranych składników mineralnych i kofeiny w przyrządzonych naparach herbacianych.
Wyniki. Wysokogatunkowe chińskie herbaty zielone były produktami o najcenniejszym składzie mineralnym 
dotyczącym najwyższej zawartości Zn, Mn, Mg, K, Ca oraz Al i najwyższej zawartości białka spośród badanych 
produktów. Chińskie herbaty czarne wyróżniały się w zakresie najwyżej zawartości popiołu oraz kofeiny a herbaty 
białe charakteryzowały wysoką zawartością substancji lotnych podobnie jak herbaty czarne oraz najwyższą 
zawartością wody i najniższą zawartością popiołu ogólnego.
Wnioski. Analizowane napary z trzech typów herbat, zwłaszcza herbat zielonych, w znacznym stopniu dostarczają 
organizmowi cennych pierwiastków.

Słowa kluczowe: napary herbat, kofeina, składniki mineralne, HPLC, ICP-OES
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INTRODUCTION

Available in a few varieties, and hundreds of 
brands, and second only to water, tea is the most 
popular drink whose consumption is not subject to 
any limitations due to age or physiological condition. 
The origins of the aromatic infusions with fine colours 
are linked with two species of tea shrub representing 
the family of Theaceae, i.e. Camellia sinensis and 
Camellia assamica, whose leaves, plucked at different 
stages of their development, constitute the basic raw 
material for the production of dried tea. The finest tea 
brands are grown in uplands, and the mountainous 
air additionally contributes to their unique aroma and 
flavour. Further processing of the leaves depends on the 
type of tea and the required quality of the final product. 
In the case of high-quality teas, most technological 
treatments are performed manually and the harvested 
parts of plants include young shoots and buds, delicate 
stalks and first leaflets of tree shrubs [20].

The processing of tea leaves determines the 
contents of bioactive ingredients, hence it should be 
expected that each variety of tea, black, red or green, 
will represent a different package of compounds of 
physiological importance. Freshly brewed aqueous 
solutions obtained from dried leaves of Camelia 
sinensis contain a mixture of approx. 300 compounds 
which are responsible for the characteristic properties 
and taste of teas [1].

Taste and aroma, as well as price and brand are 
the main factors impacting consumers’ preferences 
with regard to tea of their choice; on the other hand 
consumers less frequently pay attention to the chemical 
composition and nutritional value of tea. In Poland 
black teas are most popular, yet, as it was shown by 
a report [12], green teas are more and more often 
bought because of their fine taste and beneficial health 
effects. White teas, obtained from young buds and 
undeveloped leaves, are the most exclusive, refined 
and expensive group of products, therefore they are 
not easily available or popular in Poland [14].

In terms of chemical composition teas contain 
tannin substances, flavonols, proteins and amino 
acids, aroma producing volatile substances, enzymes, 
vitamins, mineral compounds and microelements as 
well as alkaloids [2, 7]. The importance of tea beverages 
in daily diet is mainly connected with their valuable 
mineral ingredients, most of all such elements as Ca, 
Na, K, Mg, and Mn as well as physiological properties 
resulting for instance from the caffeine contained 
in them. In addition to micro and macroelements, 
beneficial for health, plants of Camelia sinensis have 
the ability to accumulate aluminium, whose contents 
may reach the level of 1g/kg in dried leaves [4]. 
Although in general the element does not pose threat 
for living organisms, in acidic environment it may be 

highly toxic, which in turn results in numerous health 
conditions, such as Alzheimer’s disease, Parkinson’s 
disease, hence its presence in products raises many 
controversies.

Although tea has been an object of research for 
decades, opinions related to nutritional value of and 
benefits from consuming tea beverages are greatly 
varied and supported with a consistently growing body 
of literature providing contradictory evidence. 

The purpose of the study was to examine the 
contents of protein and caffeine as well as mineral 
elements in infusions, depending on the tea variety. The 
findings made it possible to assess the nutritional value 
of infusions from high quality loose-leaf teas in terms 
of their mineral contents, and the capacity to satisfy 
the organism’s requirements for minerals, additionally 
taking into account possible hazards resulting from 
excessive consumption.

MATERIALS AND METHODS

The research material included 18 high-quality 
loose-leaf teas of three varieties: black, green and 
white, produced at Chinese plantations, imported to 
Poland, and purchased in an online store. Examinations 
assessed both dried tea leaves and aqueous infusions 
prepared in the consistent laboratory conditions. 
Chemical composition such as water, volatiles and ash 
content of dried tea leaves was determined with the 
use of TGA701 analyzer manufactured by LECO. For 
this purpose tea samples were homogenized in Basic 
Analytical Mill, Type A 11, manufactured by IKA, 
and prepared for thermogravimetric examination in 
accordance with the standard [15].

In order to determine water content, weighed 
samples with a mass of 2 g were placed in crucibles 
and subjected to continuous drying at the temperature 
of 103°C until the moment a constant mass was 
reached at the level below 0.05% at consecutive weight 
measurements [15]. Ash content was determined taking 
into account the difference in the weight of the sample 
after incineration at 550°C in nitrogen atmosphere to 
the initial mass of the material (approx. 2 gram). The 
contents of volatile compounds in dry tea leaves were 
determined by incinerating weighed samples, placed 
in covered crucibles, at 950°C, for the duration of 20 
minutes from the moment the critical temperature was 
reached [16]. The contents of protein in homogenized 
dry tea leaves were determined with the use of element 
analyzer TrueSpec Leco CHNS, and the total protein 
contents were calculated with the use of an adequate 
multiplier (6.25). All the analyses were repeated three 
times. 

Tea infusions were prepared in conical flasks. 100 
mL of water at the temperature of 100°C was added 
to the samples with a mass of 1 g. The mixture was 
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covered and brewed for 5 minutes. After this time 
infusions were trickled via filter paper to measuring 
flasks and left to cool down. Before analysis the 
samples were filtered through MCE membrane filters 
with pore diameter of 0.45 µm and diluted before 
analysis.

The analyses included examination of the dried 
tea leaves for their chemical composition (contents 
of water, protein, volatile substances and ash), and 
assessment of the tea infusions for the contents of 
caffeine and selected mineral elements, such as: P, Ca, 
K, Na, Mg, Zn, Mn, Al.

Caffeine contents in infusions of the investigated 
teas were determined with the use of high performance 
liquid chromatography system, Thermo Dionex 
Ultimate 3000, consisting in a reagent vial coupled 
with vacuum phase degasser, a module of pumps 
with eluent mixer at low pressure DGP-3600RS, 
autosampler WPS-3000, thermostatted column TCC-
3X00 and diode array detection DAD-3000 (RS) (ESA 
Chlemsford. MA. USA). Chromatography separation 
was performed with the use of chromatography column 
Cosmosil 5C18-MS-II 4,6ID x 250 mm with a pre-
column SecurityGuard with C18 cartridge. Optimum 
parameters were determined for chromatography 
analysis. Isocratic flow; composition of the mobile 
phase: water:methanol 70:30 (v/v), speed of mobile 
phase flow: 0.6 mL/min; injection volume: 100 µl; 
temperature inside the thermostatted column: 25ºC, 
duration of analysis 25 minutes. Operation of the 
chromatography system and processing of the obtained 
data were coordinated by software Chromaleon 7.2 
(Dionex).

The assay was carried out with reagents of 
analytical purity grade, methanol manufactured by 
J.T. Baker, Mallinckrodt Baker B.V. Holland, designed 
for liquid chromatography, as well as deionized water 
obtained from HLP 5P deionizer manufactured by 
Hydrolab Poland.

Anhydrous caffeine (Caffeine Reference Standard) 
from Sigma Aldrich was dissolved to prepare a model 
solution with concentration (1g/L) and stored at 4°C. 
This solution was the basis for preparing working 
model solutions (2, 4, 6, 8, 10 µg/mL). The basic 
validation parameters were estimated for the applied 
analytic method. Specificity of the method was 
confirmed with model caffeine injections. Linearity of 
detector response was identified for the programmed 
concentrations of model solutions at the wavelength of 
UV1 271 nm and UV2 201 nm.

Mean recovery for tea infusions amounted to 97%. 
Accuracy of the above analytic method was verified by 
repeating the injection of the models and each of the 
samples three times. Stability of the chromatography 

system was monitored with injections of caffeine 
solution of known concentration applied every five 
hours.

Contents of mineral elements in tea infusions were 
examined with the technique based on inductively 
coupled plasma atomic emission spectroscopy, with 
the use of multi-elemental analyzer ICP-OES iCAP 
Dual 6500 from Thermo ScientificTM (USA). Tea 
infusions were diluted 1:3 by deionized water directly 
before the measurement; blind trial was conducted 
with the use of demineralized water applied for 
preparing the infusions. The results of measurements 
were analyzed taking into account model curves drawn 
for each element, based on three-point scale for model 
solutions designed by Thermo ScientificTM. Correlation 
coefficient for each curve was in a range exceeding 
0.99. Mean recovery for tea infusions amounted to 
96-98%. Accuracy of the analytic method was verified 
by repeating the measurement of the models for 
each sample three times. Stability of the system was 
monitored with measurements of a model solution of 
known concentrations, after 9 measurements of tea 
samples.

All parts of the experiment were carried out in 
three independent replicates. The acquired findings 
were subjected to statistical analyses with the use 
of Statistica ver. 10.0. Relationships of specific 
constituents in the examined material were estimated 
taking into account Pearson correlation coefficient. 
The results were also analysed statistically with the 
one factor ANOVA and differences between means 
were assessed with the Duncan test.

RESULT AND DISCUSSION

In the present study the mean values of the 
parameters describing the examined products have 
confirmed the large differences between the selected 
kinds of tea. The specific values of physicochemical 
parameters do not explicitly classify the tea brands 
in terms of properties typical for each type; hence 
it is impossible to define uniform characteristics of 
a selected type. Yet, it is possible to identify, within each 
group, the products with the most beneficial contents 
of minerals and nutrients. Tables 1, 2, and 3 present 
mean findings related to the chemical composition 
in the selected brands of Chinese white, green and 
black teas, while Tables 4, 5 and 6 show the findings 
related to mineral elements and caffeine identified in 
infusions of selected brands of Chinese teas. Table 7 
presents statistically significant differences between 
means of nutrition components, minerals and caffeine 
in different types of Chinese tea.



240 No 3

According to experts in commodities science, white 
tea brands are the most exclusive and refined group of 
products. This type of tea is produced from shrubs of 
Camellia sinensis and more specifically, from young 
buds of still undeveloped leaves, covered with silvery 

hairs which infuse the pale yellow beverage with the 
characteristic silvery tinge and gentle aroma. Analysis 
of the present findings allows a conclusion that the 
contents of selected basic components are similar to 
those identified in green teas. The contents of protein, 

Table 1. Mean values and standard deviations in the analysis of chemical composition in Chinese black teas. 

Name of tea
Content (%)

Protein Water Volatiles Ash

Lapsang Souchong 20.28±0.52 7.07±0.06 2.89±0.43 5.81±0.07
Bi Hong Cha 22.72±1.00 6.83±0.15 2.75±0.30 5.37±0.14
Yunnan Gold 16.79±2.27 6.02±0.18 2.90±0.58 6.10±0.04
Yunnan 19.74±1.33 6.80±0.04 2.67±0.24 5.63±0.09
Russian Caravan 18.07±0.23 7.23±0.16 2.69±0.20 5.66±0.04
Keemun Mao Feng 23.68±0.66 5.02±0.06 2.68±0.53 5.43±0.07

Table 2. Mean values and standard deviations in the analysis of chemical composition in Chinese green teas 

Name of tea
Content (%)

Protein Water Volatiles Ash

Bi Hong Green Cha 28.66±0.77 5.63±0.28 2.65±0.53 5.06±0.16
Fog Green Tea 41.32±1.12 3.23±0.08 2.41±1.09 5.25±0.08
AnJi Bai Cha 41.36±0.78 5.98±0.12 2.56±0.62 5.07±0.07
Lu An Gua Pian 36.70±0.33 3.94±0.04 2.59±0.31 6.01±0.20
Pi Lo Chun 40.02±1.30 5.81±0.11 2.43±0.35 5.16±0.11
Yunnan Green 37.03±0.55 6.60±0.06 2.67±0.07 6.09±0.11

Table 3. Mean values and standard deviations in the analysis of chemical composition in Chinese white teas 

Name of tea
Content (%)

Protein Water Volatiles Ash
Yin Zhen Chu 35.71±0.25 6.03±0.12 3.01±0.08 4.47±0.09
Pai Mu Tan 29.43±1.61 6.38±0.08 2.84±0.10 4.94±0.10
Hao Yin Zhen 34.65±0.24 7.00±0.28 2.47±0.21 4.78±0.04
Mao Feng Le 30.22±0.33 5.24±0.09 2.70±0.04 5.14±0.17
China White Pearl 23.62±0.74 5.75±0.08 2.65±0.05 5.57±0.11
Paklum I 29.55±0.48 8.89±0.04 2.80±0.31 4.01±0.06

Table 4. Mean values and standard deviations in the analysis of selected mineral elements and caffeine contained in  
               infusions of Chinese black teas 

Name of tea
Content (mg/100 mL)

P Ca K Na Mg Zn Mn Al Caffeine

Lapsang Souchong 1.07±0.01 0.14±0.00 5.69±0.08 0.02±0.00 0.38±0.06 0.01±0.00 0.08±0.00 0.12±0.01 31.50±0.23

Bi Hong Cha 1.05±0.02 0.06±0.00 6.97±0.25 0.00±0.00 0.48±0.03 0.01±0.00 0.14±0.00 0.06±0.00 35.72±0.57

Yunnan Gold 0.90±0.02 0.11±0.00 6.75±0.50 0.03±0.00 0.44±0.03 0.01±0.00 0.08±0.00 0.12±0.01 32.32±0.42

Yunnan 1.07±0.11 0.21±0.00 7.82±0.24 0.04±0.00 0.53±0.01 0.01±0.00 0.09±0.00 0.18±0.01 33.09±1.19

Russian Caravan 1.01±0.02 0.11±0.00 7.72±0.22 0.02±0.00 0.36±0.02 0.01±0.00 0.11±0.00 0.15±0.01 33.92±0.70

Keemun Mao Feng 1.95±0.02 0.18±0.00 10.73±0.31 0.02±0.00 0.49±0.02 0.02±0.00 0.13±0.00 0.04±0.00 43.42±0.97

Nutritional value of black, green and white teas
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Table 5. Mean values and standard deviations in the analysis of selected mineral elements and caffeine contained in 
               infusions of Chinese green teas 

Name of tea
Content (mg/ 100 mL)

P Ca K Na Mg Zn Mn Al Caffeine

Bi Hong Green Cha 0.85±0.03 0.36±0.00 9.51±0.20 0.12±0.00 0.78±0.00 0.02±0.00 0.26±0.01 0.08±0.00 34.55±0.85

Fog Green Tea 1.23±0.05 0.34±0.00 8.97±0.06 0.45±0.01 0.68±0.00 0.03±0.00 0.16±0.00 0.03±0.00 30.88±0.51

An Ji Bai Cha 1.32±0.01 0.49±0.00 8.34±0.31 0.86±0.02 0.44±0.01 0.03±0.00 0.07±0.00 0.04±0.00 19.46±0.45

Lu An Gua Pian 0.96±0.03 0.96±0.03 9.47±0.47 9.47±0.47 0.58±0.01 0.84±0.01 0.03±0.00 0.28±0.00 28.55±0.49

Pi Lo Chun 1.22±0.01 1.22±0.01 8.47±0.47 8.47±0.47 0.66±0.02 0.76±0.00 0.03±0.00 0.28±0.01 24.14±0.41

Yunnan Green 1.24±0.01 1.24±0.01 10.52±0.44 10.52±0.44 0.45±0.01 0.89±0.02 0.04±0.00 0.18±0.00 18.83±0.44

Table 6. Mean values and standard deviations in the analysis of selected mineral elements and caffeine contained in infusions  
             of Chinese white teas 

Name of tea
Contents (mg/ 100 mL)

P Ca K Na Mg Zn Mn Al Caffeine

Yin Zhen Chu 0.94±0.01 0.32±0.00 6.31±0.28 0.08±0.00 0.37±0.01 0.03±0.00 0.11±0.01 0.02±0.00 34.07±0.71

Pai Mu Tan 1.33±0.00 0.20±0.02 7.20±0.01 0.06±0.00 0.41±0.01 0.02±0.00 0.08±0.00 0.08±0.01 38.33±1.60

Hao Yin Zhen 0.88±0.01 0.18±0.00 4.73±0.24 0.05±0.00 0.27±0.01 0.02±0.00 0.06±0.00 0.01±0.00 30.06±0.41

Mao Feng Le 0.96±0.01 0.31±0.01 8.73±0.19 0.05±0.00 0.59±0.01 0.02±0.00 0.20±0.00 0.02±0.00 29.04±1.15

China White Pearl 1.04±0.00 0.27±0.01 9.01±0.23 0.04±0.00 0.74±0.05 0.01±0.00 0.14±0.00 0.04±0.00 28.86±0.35

Paklum I 0.38±0.00 0.17±0.00 2.62±0.42 0.03±0.00 0.08±0.01 0.01±0.00 0.02±0.00 0.01±0.00 13.11±0.46

as a proportion of dry matter, ranged from 23 to 35% in 
white teas, and from 28 to 41% in green teas. Despite 
the greater content of water (5.2-9%) in comparison 
to the products in the other groups, white teas were 
found with high content of volatile substances, and 
the lowest content of ash, which is also confirmed by 
the quantitative contents of selected elements. The 
product with the highest content of mineral elements 
among the white teas was China White Pearl, ranked 
by the distributor of tea among the brands with 
particularly refined flavour. The elements dominating 
in infusions based on this tea brand included P, Mg, 
and Ca, yet the relevant values were not as high as in 
the green teas, among which Yunnan Green stood out 
for its mineral contents. Green teas were characterized 
by the most valuable composition of minerals, in 
quantitative terms, yet they were also found with 
equally high content of aluminium, which adversely 
affects health. On the other hand black teas, with 
the content of protein approximately half the size in 
comparison with green and white teas, were identified 
with higher levels of caffeine, total ash and volatile 
substances which would confirm the stimulating effect 
and the strong aroma of this type of tea. In the group of 
black teas the most valuable composition of minerals 
was found in Keemun Mao Feng, which stood out for 
the high contents of P, Ca, K, Mg, Zn and Mn and the 

low contents of Al; yet with regard to the contents of 
such elements as Ca, Na and Zn significantly better 
values were found in infusions of Yunnan Green tea. 
Generally, the white teas did not stand out for their 
health enhancing parameters, while on average the 
mineral composition of these infusions and their low 
caffeine contents, in comparison with the black teas, 
seem to reflect the soothing and calming effect of this 
variety of tea. The green teas have significantly higher 
nutritional value; in addition to the lower content of 
caffeine than in the black teas, they contain highly 
beneficial minerals which may cover significant part 
of the daily intake levels for selected microelements. 
Yet, it is necessary to remember about the contents of 
aluminium which in green teas is higher than in the 
other groups of products. 

Green teas, highly popular among consumers in 
China and Japan, are significantly less appreciated 
in European countries. Leaves of green tea are not 
subjected to fermentation; after initial vaporization 
of water wilted leaves are subjected to a process of 
delicate rolling, and then additional drying, sorting 
and packing. As a result green tea has similar chemical 
composition to fresh tea leaves and it retains more 
beneficial elements that black tea. The infusions have 
more delicate, slightly pungent taste and fresh spicy or 
floral aroma [19].

M. Czernicka, G. Zaguła, M.  Bajcar et al.
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Dried leaves of green teas, unfermented, but only 
subjected to steam drying, in the final standardization 
of the product contained the lowest amount of water in 
comparison to the other kinds of tea. The contents of 
volatile substances and ash did not differ significantly 
from the values of these parameters in black and white 
teas. Interestingly, the contents of protein were twice 
the value found in some of the black teas. Green tea 
from Yunnan plantation, like in the case of the black 
teas, stood out for the contents of beneficial minerals 
such as magnesium, potassium, phosphorus and zinc, 
with a significant amount of the less beneficial element, 
i.e. Al. Similar findings were reported by Ferrara et al. 
[3], who examined the contents of mineral elements and 
phenolic compounds in selected tea varieties. Caffeine 
contents were greatly varied in the group of green teas 
and similar to the values identified in the white teas.

Despite the varied parameters of the basic 
composition in the examined types of tea, in terms of 
the science of commodities all the products comply 
with the standard whereby the contents of water should 
not exceed 8% [16] and the range for the contents of 
ash lower than 4% and not higher than 8% [18]. 

Table 7. The content of nutrition components, minerals and  
              caffeine in different types of Chinese tea

%

Component
Type of tea

Black Green White
Protein 20.215DF 37.015AC 30.531BE

Water 6.496C 5.072BD 6.549A

Volatiles 2.769A 2.578BD 2.754C

Ash 5.666A 5.497C 4.817BD

m
g/

10
0 

m
L

P 1.175a 1.119 0.905b

Ca 0.137DF 0.398AC 0.239BE

K 7.613B 9.363AC 6.433D

Na 0.020D 0.492AC 0.052B

Mg 0.446B 0.723AC 0.411D

Zn  0.011DF 0.033AC 0.021BE

Mn 0.106B 0.188AC 0.102D

Al  0.110AC 0,069BE 0.029DF

Caffeine 34.997AC 26.455D 28.584B

Statistically significant differences between means (A-F for 
 p ≤ 0.01; a-b for p ≤ 0.05), marked by different letter in the rows 

The contents of specific mineral elements in tea 
infusions have been an object of research for many 
years, mainly because of the frequent consumption 
of tea, its popularity and lack of age or physiology 
related limitations for its consumption. There has even 
been a study focusing on the relationship between tea 
consumption and degree of satisfying organism’s daily 
requirements for selected minerals Gallaher et al. [5] 

questioned the hypothesis claiming that tea infusions 
are a good source of micro and macroelements in daily 
diet, and they demonstrated low extraction rates for 
selected elements (at the level of 24% Mg, 35% Zn, 
43% P, 71% K) and poor nutritional value of aqueous 
infusions produced from various teas. According to 
these authors consumption of as many as 10 cups of tea 
does not provide the bottom daily value e.g. of sodium. 
Other authors [18], taking into account analytical 
characteristics of green teas, noticed the wealth of such 
minerals as Ca, K, Na, Mn, and Mg, and provided 
evidence, contrary to that presented by the previously 
mentioned researchers [5], showing that because of the 
quantities of the selected elements contained in them, 
the infusions may be an important source of minerals, 
satisfying the daily requirements. Accordingly, Reto et 
al. [18] demonstrated that the contents of manganese 
in a cup of tea (approx. 225 mL), taking into account 
40% bioavailability of this element, may satisfy 10% of 
the daily dietary intake. Furthermore, caffeine contents 
in the examined green teas were found in the range of 
23-33mg/100 mL, which is consistent with the present 
findings. Higher contents of mineral elements in green 
than in black teas were also reported by Ferrara et al. 
[3]. Moreover, based on chromatographic examinations 
the latter authors also confirmed higher contents of 
polyphenolic compounds in green teas, compared to 
black teas, consistently with the findings reported by 
Hilal and Engelhardt [9] who compared the contents 
of biologically active substances in three kinds of tea: 
white, green and black. Different findings in comparison 
to those obtained in the present study are related to 
caffeine contents in three kinds of tea examined by 
Hilal and Engelhardt [9], with the use of HPLC method. 
According to those authors white teas contain the largest 
quantities of this alkaloid, while comparable contents 
were identified in black and green teas. Drywien et al. 
[2] suggested that black tea provided a better dietary 
source of polyphenols than green tea because it was 
drunk more by thrir studied subjects and also it can be 
the same with minerals. Based on analysis of minerals 
and in variety dried tea Gajewska et al. [6] found that 
black tea contains more minerals than green tea which is 
also consistent with the present findings by comparing 
the total ash content in the analyzed teas (Table 3.)

Caffeine, which belongs to the group of 
methylxanthines, occurs in numerous plants. Due to 
its physiologic effects it is classified among natural 
stimulants, and the presence of caffeine in numerous 
food products, such as coffee, tea, cocoa and energy 
drinks suggests it is necessary to limit its consumption. 
High consumption of caffeine or products containing 
it, may affect individuals who are particularly sensitive 
to the stimulating action of this alkaloid and induce 
headaches, migraine, tremor of the extremities, insomnia, 
or contribute to dehydration due to its diuretic properties 

Nutritional value of black, green and white teas
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Table 8. Coefficients of correlation between the contents of protein, caffeine and mineral elements in infusions of black,   
              green and white teas 

Type of tea Parameter
Mineral elements

P Ca K Na Mg Zn Mn Al

Black
protein 0.73 0.1 0.52 -0.5 -0.46 0.01 0.74 -0.72
caffeine 0.94 0.22 0.92 -0.32 0.39 0.51 0.74 -0.74

Green
protein 0.87 0.15 -0.49 0.09 -0.42 0.07 -0.62 -0.04
caffeine -0.77 -0.56 0 -0.46 0.91 -0.41 0.76 -0.17

White
protein -0.12 0.04 -0.44 0.62 -0.87 0.45 -0.23 -0.4
caffeine 0.96 0.36 0.64 0.77 0.51 0.78 0.43 0.62

[21]. Caffeine is also a component of many painkillers 
and pharmaceutical stimulants manufactured worldwide, 
and due to this its consumption is regulated by the 
Federal Food and Drug Administration which imposes 
a requirement to provide relevant information on product 
labels. Unfortunately the labelling obligation relates to 
products containing caffeine of exogenous origin, and 
the regulation does not apply to products with naturally 
occurring caffeine, such as tea [8].

The contents of caffeine in the white teas used in 
the present study were in the wide range from 12 mg to  
38 mg/100 mL. According to many authors, the contents 
of methylxanthines, including caffeine, in tea infusions 
constitute a stable physicochemical parameter and no 
unanimous evidence has been reported regarding the 
influence of the processing technologies on the contents 
of these substances in dried tea leaves or in tea infusions. 
The most important parameters in this case include the 
conditions of extraction, i.e. preparing the infusion, 
temperature of water, and time of brewing, as well as 
stirring and shaking the samples during extraction. 
Paklum I brand white tea, just like in the case of the other 
physicochemical parameters, stood out for the lowest 
caffeine contents, three times lower in comparison to 
the remaining products of this group; on the other hand 
the highest content of caffeine, in the range of 31-43 
mg/100 mL, was identified in infusions of black tea, in 

particular Keemun Mao Feng, which additionally had 
the highest contents of zinc, phosphorus and potassium. 
According to the distributor of the examined Chinese 
teas, this product ranks among the most important 
Chinese teas, and its refined quality is a result of delicate 
manually performed processing of the leaves after 
harvest [22]. The fact that black teas are popular among 
consumers is linked with their stimulating properties, 
resulting from the high contents of methylxanthines 
(caffeine), confirmed in the infusions of the selected 
products of this group. Caffeine contents in the black 
teas on average were 20% higher than in the white and 
green teas.

According to Jarosz et al., [11] caffeine contents 
in black and green teas are comparable. On the other 
hand Iso et al. [10] reported that caffeine contents in 
infusions based on black teas were twice as high as 
in green tea infusions, which is consistent with the 
present findings.

As a rule it is difficult to choose products which 
are new to the market; for instance in the case of tea 
beverages one may be surprised with their taste and 
flavour as well as their physiological effect. Table 8 
presents correlation coefficients for the examined 
groups of products to enable comparison of links 
between specific constituents of tea beverages.

Assessment of the material for co-occurrence 
of selected components of the highest dietary 
significance focused on comparing the relations 
between protein in dried tea leaves and caffeine as 
well as mineral composition of the tea infusions. 
The aim of this comparison was to evidence if there 
is some relations between the minerals which are 
extracted to tea infusion when they has for example 
high concentration of protein in dried leaves of tea or 
caffeine in tea infusions. There was a strong positive 
correlation between contents of caffeine in infusions 
based on black teas and selected mineral elements 
such as phosphorus, potassium, zinc and manganese. 
Similar correlation was also found in the case of protein 

in the black teas. On the other hand an increase in the 
contents of protein and caffeine correlated negatively 
with the contents of aluminium, which may suggest 
greater nutritional value and safety of consumption 
in the case of these products. In the green teas the 
findings showed negative correlation between the 
contents of protein and the contents of potassium and 
manganese, as well as between the contents of caffeine 
and the contents of phosphorus, calcium and sodium, 
i.e. elements of high dietary importance. Similarly, at 
higher contents of caffeine, green teas were found with 
lower contents of calcium, phosphorus and sodium as 
well as higher contents of magnesium and manganese. 
The findings for the white teas showed strong positive 
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correlation between all the examined mineral elements, 
including aluminium. On the other hand the contents 
of protein correlated positively with sodium and zinc 
and highly negatively with potassium and magnesium 
contained in these products. Positive correlation for 
the contents of aluminium adversely affects dietary 
assessment of high-quality white teas, the only ones 
to be identified with a positive correlation in the case 
of this element. Data reported in literature with regard 
to specific mineral elements contained in teas suggest 
that aluminium raises the greatest concerns because 
it was shown many times that its migration from tea 
leaves to the infusions occurs easily and effectively 
in practically any conditions in which tea beverages 
are prepared [13]. Moreover, other authors have 
reported that mineral composition of dried tea leaves, 
in addition to soils and climate, depends on the age 
of the leaves and the order in which they develop on 
the shrub [4]. Furthermore, it was shown by Matsuura 
et al. [13] that effectiveness of extraction during the 
process of brewing is significantly lower in the case 
of some elements, e.g. Fe in comparison to Cu, Zn 
and Mn, so despite the relatively high content of such 
elements in fresh or dried tea leaves, beverages made 
from them do not necessarily constitute a good source 
of such elements. Analyses of mineral composition 
from nutritional point of view should mainly focus 
on elements which are required by the human body 
in small amounts only, yet they also rarely occur in 
other products, like e.g. Mn. Analysis of correlations 
between the selected mineral elements, caffeine and 
protein in the three kinds of tea showed relationships 
in particular in the case of green tea which should be 
recognized as a leading product in terms of its mineral 
composition. The highest contents were found in the 
case of zinc, manganese, magnesium, potassium and 
calcium. The values of these parameters in black teas, 
for zinc and calcium were lower by approx. 66-70%, 
in the case of manganese and magnesium were nearly 
half the value, and for potassium were lower by 15%. 

To sum up the analysis of the mean values of 
parameters characterizing three types of tea infusions it 
is possible to conclude that a great majority of them, in 
particular green tea infusions, enhance the organism’s 
mineral balance. Green teas are a valuable source of 
protein, and white teas present a wide range of volatile 
substances, which may reflect the rich aromas. Black teas 
definitely dominate in terms of caffeine contents, yet this 
parameter is still an object of research and no explicit 
evidence for this relationship has been demonstrated.

CONCLUSIONS

1. High-quality Chinese green teas were found with 
the most valuable composition of minerals, i.e. the 
highest contents of Zn, Mn, Mg, K, Ca and Al and, 

in comparison to the other examined products, the 
highest contents of protein, on average at the level 
of 37.03% in the dry mater. 

2. Chinese black teas had the highest contents of total 
ash and caffeine, approx. 35.1mg/100 mL of the 
infusion, and the lowest content of protein, approx. 
20.2%. 

3. White teas from Chinese plantations were 
characterized with high content of volatile 
substances, similar to the black teas, and the 
highest content of water, the lowest content of total 
ash, on average at the level of 4.82% and caffeine 
approx. 29.6mg/100 mL of the infusion. 
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A UNIVERSAL METHOD FOR THE IDENTIFICATION OF GENES 
ENCODING AMATOXINS AND PHALLOTOXINS IN POISONOUS 

MUSHROOMS 

Agata Wołoszyn, Roman Kotłowski*

Gdansk University of Technology,
Department of Molecular Biotechnology and Microbiology, Gdansk, Poland

ABSTRACT
Background. As the currently known diagnostic DNA targets amplified in the PCR assays for detection of poisonous 
mushrooms have their counterparts in edible species, there is a need to design PCR primers specific to the genes 
encoding amanitins and phallotoxins, which occur only in poisonous mushrooms.
Objective. The aim of the study was testing of PCR-based method for detection of all genes encoding 
hepatotoxic cyclic peptides - amanitins and phallotoxins present in the most dangerous poisonous mushrooms. 
Material and Methods. Degenerate primers in the PCR were designed on the basis of amanitins (n=13) and 
phallotoxins (n=5) genes in 18 species of poisonous mushrooms deposited to Genbank of the National Center for 
Biotechnology Information.
Results. The specificity of the PCR assays was confirmed against 9 species of edible mushrooms, death cap - Amanita 
phalloides and panther cap - Amanita pantherina.
Conclusions. Designed two couples of PCR-primers specific to amanitins and phallotoxins genes can be recommended 
for detection of Amanita phalloides and other mushroom species producing hepatotoxic cyclic peptides - amanitins 
and phallotoxins.

Key words: poisonous mushrooms, amanitins, phallotoxins, PCR, Amanita phalloides

STRESZCZENIE
Wprowadzenie. Ponieważ, obecnie znane diagnostyczne cele molekularne w genomach trujących grzybów kapelu-
szowych amplifikowane metodą PCR mają swoje odpowiedniki u grzybów jadalnych, istnieje potrzeba zastosowania 
specyficznych sekwencji starterowych wobec amanityn i fallotoksyn, występujących jedynie u grzybów trujących.
Cel. Celem prowadzonych badań było sprawdzenie przydatności sekwencji starterowych do reakcji PCR specyficz-
nych wobec wszystkich aktualnie poznanych genów kodujących hepatotoksyczne cykliczne peptydy - amanityny 
oraz fallotoksyny trujących grzybów kapeluszowych.
Materiał i Metody. Sekwencje oligonokleotydowe starterów do reakcji PCR zaprojektowane zostały w oparciu 
o zdeponowane w Genbanku geny amanityn (n=13) oraz fallotoksyn (n=5).
Wyniki. Specyficzność opracowanych testów PCR potwierdzono wobec 9 gatunków grzybów jadalnych oraz mu-
chomora sromotnikowego - Amanita phalloides, jak i muchomora plamistego - Amanita pantherina.
Wnioski. Zastosowane sekwencje starterowe do wykrywania genów kodujących amanityny i fallotoksyny metodą 
PCR, mogą być wykorzystane do wykrywania muchomora sromotnikowego oraz innych gatunków zdolnych do 
syntezy amanityn oraz fallotoksyn.

Słowa kluczowe: grzyby trujące, amanityny, fallotoksyny, PCR, Amanita phalloides
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Microbiology, Narutowicza 11/12, 80-233 Gdansk, Poland; Tel.:+48 58 3472383; Fax: +48 58 3471822; e-mail: romkotlo@pg.gda.pl.

INTRODUCTION

Gathering of edible mushrooms, although associated 
with a high risk of mistaking with poisonous mushroom 
species, is a popular pastime for many people especially 
from Eastern-European countries. However, recently in 
Poland significant decline in the number of mushroom 
poisoning cases has been observed, indicating that more 

careful and proper criteria are taken into consideration 
during identification of edible mushroom species. Based 
on the information from the National Institute of Public 
Health in Warsaw, in the range between 1995 and 2016 
about 8-times decrease in the number of mushroom 
poisoning cases was registered in Poland (Figure 1) [10] 
calculated based on nonlinear regression graph using 
Past3 software [4]. 

Rocz Panstw Zakl Hig 2017;68(3):247-251



248 No 3Method for the identification of genes encoding amatoxins and phallotoxins in mushrooms

Usually, the poisonings resulted from mistaking 
death cap Amanita phalloides for the edible green-
cracking russula Russula virescens, the white 
forms of deathcap for the field mushroom Agaricus 
campestris, and poisonous sulphur knight Tricholoma 
sulphureum for the yellow knight Tricholoma 
equestre. Identification of the microscopic spores 
of poisonous mushrooms obtained from clinical 
samples is usually associated with certain difficulties 
[6, 9], and so routine diagnostics increasingly often 
use genetic tests based on amplification of specific 
regions of the DNA characteristic of the Amanita 
phalloides [8], or A. phalloides, A. virosa and A. verna 
simultaneously in a single PCR assay [2]. While the 
sequences amplified in the PCR assays have their 
counterparts in edible species, sequences of PCR 
primers used in this study were specific to the genes 
encoding amanitins and phallotoxins which occur only 
in poisonous mushrooms [3]. This minimizes the risk 
of non-specific amplification of edible fungi DNA. 
The aim of the study was development of PCR-based 
test for detection of all genes encoding amatoxins and 
phallotoxins present in some poisonous mushrooms.

MATERIAL AND METHODS

The research material used in this study came 
from the forests near the city of Gdansk and were 
collected from previously frozen Amanita phalloides 
mushrooms. Species of edible mushrooms: fresh 
portobello Agaricus bisporus, dried bolete Boletus 
badius, marinated Pholiota nameko, marinated 
chanterelle Cantharellus cibarius, dried Leccinum 
aurantiacum, dried birch bolete Leccinum scabrum, 

fresh parasol mushroom Macrolepiota procera or 
fresh yellow knight Tricholoma equestre, and larch 
bolete Suillus grevillei were purchased in shops or 
in the marketplace. The diagram of mushroom DNA 
extraction is shown in Figure 2.
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Figure 2. DNA extraction procedure from raw and dried mushrooms. 
Figure 2. DNA extraction procedure from raw and dried  
                 mushrooms.

Figure 1 Annual numbers of mushroom poisoning cases in Poland registered in the range between 1995-2016. Data          
             extracted from the National Institute of Public Health-National Institute of Hygiene in Warsaw [10]. Nonlinear  
                regression graph created in Past 3 software [4].



249No 3 A. Wołoszyn, R. Kotłowski

Figure 4. Results of DNA amplification for genes encoding amatoxins using primers AMAF and AMAR. Testing specific 
                ity of oligonucleotide primers. Gel lines: 1- fresh Brown Champignon, 2- dried Xerocomus badius, 3- marinated  
            Pholiota nameko, 4- marinated Cantharellus cibarius, 5- dried Leccinum aurantiacum, 6- dried Leccinum sca- 
                   brum, 7- DNA ladder 75-20000 bp, GeneRuler 1kb Plus DNA Ladder, 8- fresh Macrolepiota procera, 9- fresh Tri- 
               choloma equestre, 10- dried Suillus grevillei, 11- fresh Amanita phalloides, 12- negative control.

The A. phalloides identification was performed 
by PCR using oligonucleotide primers specific for the 
introns of the gene encoding aldehyde-3-phosphate 
dehydrogenase [8]. For the purposes of the specific 
PCR we carried out a comparison of all amanitins and 
phallotoxin genes available in Genbank (Figure 3), 
and on this basis we selected evolutionarily conserved 
regions for the amplification of toxin-encoding genes. 

Temperature-time profile of the PCR reaction consisted 
of 30 cycles, consisting of denaturation at 94°C for 1 
min, annealing of primer sequences from the template 
DNA at 68°C for 1 min and the DNA elongation at 
72°C for 1 min. The PCR partition was carried out in 
TBE buffer (10.5 g Tris-HCl, 5.5 g boric acid, 0.45 g 
EDTA in 1 litre of distilled water) in 3% agarose gel 
containing ethidium bromide.

 
 
                                                                                                                                                                                  
                                    *        20         *        40         *        60         *        80         *       100         *        
 
EU196158 A.ocreata       : atgtcagacattaacgcgacccgtcttcccgcctggctcgccacctg---cccgtgcgccggtgacgacgtcaaccctctcctcactcgtggcgag--------------- :  93 
EU196141 A.bisporigera   : atgtctgacatcaatgccacccgtcttccygcttggcttgtagaytg---cccatgcgtcggtgacgatgtcaaccgtctcctcactcgtggcgagag------------- :  95 
EU196142 A.bisporigera   : atgtctgacatcaatgccacccgtcttcctgcttggcttgtagactg---cccatgcgtcggtgacgacgtcaaccgtctcctcactcgtggtgagagc---ctttgttaa : 105 
FN555144 A.virosa        : atgtctgacatcaatgccactcgtcttcctgcctggcttgtagactg---cccatgcgtcggtgacgacatcaaccgcctcctcactcgtggcgagaacagcctttgttaa : 108 
KF552098 A.pallidorosea  : atgtctgatattaatgctacgcgtcttcccgcctggcttgtagactg---cccatgcgtcggtgacgacatcaaccgcctcctcactcgtggcgagaag---------taa :  99 
 
 
KF387476 A.exitia        : atgtctgacatcaatgccacccgtcttcccatctggggcatcggttgcaacccgtgcgtcggtgacgacgtcacttcagtcctcactcgtggcgaggcc---ctttgctaa : 108 
KF387486 A.exitia        : atgtctgacatcaacgccacccgtcttcccatctggggcattggttgcaacccgtgcgtcggtgacgaagtcgctgcactcctcactcgtggcgaggcc---ctttgctaa : 108 
KF387495 A.exitia        : atgtctgatattaacgcaactcgtcttcccatctggggcatcggttgcaacccgtgcgtcggtgacgacgtcacttcagtcctcactcgtggcgaggcg---------taa : 102 
KF552095 A.fuligineoides : atgtctgatattaatgctactcgtcttcccatctggggcatcggttgtaacccgtgcgtcggtgacgaagtcactgcactcctcactcgtggcgaggcg---------taa : 102 
KF552088 A.fuligineoides : atgtctgatattaatgctacccgtcttcccatctggggaataggttgtgacccgtgtgtcggtgacgaagtcactgcactcctcactcgtggcgaagcg---------taa : 102 
EU196139 A.bisporigera   : atgtctgacatcaatgctacccgtctccccatctggggtatcggttgcaacccgtgcgtcggtgacgacgtcactacgcttctcactcgtggcgaggcg---------taa : 102 
KF552092 A.rimosa        : atgtctgatattaatgctactcgtcttcccatctggggaattggttgtgacccgtgcgtcggtgacgatgtcgctgcgctcaccactcgtggcgaagcg---------taa : 102 
KF552096 A.pallidorosea  : atgtccgatattaatgctacccgtcttcccatctggggcataggttgcaacccctgtgttggtgacgaagtcactgcactcatcactcgcggcgaagcg---------tag : 102 
KF552097 A.rimosa        : atgtctgacattaatgctactcgtcttcccatctggggcatcggttgcaacccatccgtcggtgacgaagtcactgctctcctcgcttctggcgaagcg---------taa : 102 
KF552094 A.fuliginea     : atgtctgatattaatgcgactcgtcttcccatctggggcataggttgcaacccgtccgtcggtgacgaagtcactgcgctcctcaccagtggagaggcg---------taa : 102 
KF552090 A.pallidorosea  : atgtccgatattaatgcgacgcgccttcccatctggggaataggttgcgacccgtgcgtcggtgacgatgtcactgcggtcctcactcgtggcgaagcg---------taa : 102 
EU196156 A.phalloides    : atgtcagatatcaatgcgacgcgtcttcccatatggggaataggttgcgacccgtgcatcggtgacgacgtcaccatactcctcactcgtggcgag--------------- :  96 
KF387477 A.exitia        : atgtcggacatcaatgccacccgtcttcccatctggggaataggttgtgacccgtgcgtcggtgacgacgttactgcgctcctcactcgtggcgaggcc---ctttgttaa : 108 
                           ATGTC GA AT AAtGC AC CGtCTtCCc  cTGG    t g  TG   CCC TgcgtcGGTGACGA gTca     cTcctCaCtcgtGGcGA             taa       
 
 
FALF 5’ – GCBACBCGTCTTCCYGCYTGGCT – 3’       PCR product 78 bp 
FALR 5’ - CTCGCCACGAGTGAGGAGRCGGT – 3’ 
 
AMAF 5’ - GCDACBCGTCTTCCCATCTGGGG – 3’       PCR product 83 bp 
AMAR 5’ – GCYTCGCCACGAGTGAGGA – 3’ 
 
 

Figure 3. Multiple alignment of DNA sequences for known genes encoding phallotoxins and amatoxins. Black lines indicate DNA amplification products for 
phallotoxins and amatoxins, respectively 

Figure 3. Multiple alignment of DNA sequences for known genes encoding phallotoxins and amatoxins. Black lines  
                 indicate DNA amplification products for phallotoxins and amatoxins, respectively
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Figure 5. Results of DNA amplification for genes encoding amatoxins using primers FALF and FALR. Testing specificity  
             of oligonucleotide primers. Gel lines: Gel lines: 1- fresh Brown Champignon Agaricus bisporus, 2- dried Xero- 
                     comus badius, 3- marinated Pholiota nameko, 4- marinated Cantharellus cibarius, 5- dried Leccinum aurantiacum,  
                    6- dried Leccinum scabrum, 7- dried Suillus grevillei, 8- fresh Macrolepiota procera, 9- fresh Tricholoma equestre,  
              10- fresh Amanita phalloides, 11- fresh Amanita pantherina, 12- negative control. 13- DNA ladder 75-20000 bp,  
               GeneRuler 1kb Plus DNA Ladder.

RESULTS

In the study we tested primers [7] specific for 
the genes encoding amanitins and phallotoxins 
(Figure 3). Figures 4 and 5 show the results of the 
amplification of amatoxins and phallotoxins, and the 
lack of amplification for nine DNA samples of edible 
mushrooms. The results of electrophoresis confirmed 
the specificity of the primers AMAF and AMAR for 
the genes encoding amanitins, because only for well 
no. 11 did we obtain a band of the right length of 83 bp. 
This means that only in the case of the gene encoding 
the toxin specific primers specifically hybridized with 
the template DNA, allowing the amplification of the 
selected DNA fragment. Previously extracted DNA 
was also subjected to PCR using specific primers 
for phallotoxins – FALF and FALR. The performed 
agarose electrophoresis confirmed that the PCR 
product was specific for phallotoxins, because only in 
the case of well no. 10 did we obtain a band of the right 
length of 78 bp.

DISCUSSION

Among published PCR-based tests for detection of 
poisonous mushrooms generally two molecular targets 

like rrn operon containing highly specific ITS regions 
[2] and gpd gene intron sequences [8] were described. 
Interestingly, Vilgalys et al., (1990) [12] have found 
that rDNA-region of plant pathogen basidiomycete 
Thanatephorus praticola is repeated about 59 times 
in one genome. Based on this information we can 
speculate about possibility of increasing sensitivity 
of DNA detection using ITS sequences in the PCR 
test for other Basidiomycetes, especially Amanita 
phalloides and its white varieties, often related with 
severe poisonings. 

Amanitins poisonings are associated with acute 
clinical symptoms resulting from the impairment of 
many organs, sometimes leading to liver transplantation 
or even to patient death. The identification of 
mushrooms species by microscopic analysis of  spores  
does not always bring satisfactory results for clinical 
samples. That is why methods based on the analysis of 
nucleic acids may be a valuable complementation to 
standard  diagnostic methods.

Degenerate primers specific for the genes encoding 
amanitins and phallotoxins [7], made it possible to 
identify the species A. phalloides using a PCR method. 
Based on the comparative analysis of genes fragments 
encoding amanitins and phallotoxins we can speculate, 
that presented oligonucleotide primers will allow for 

Method for the identification of genes encoding amatoxins and phallotoxins in mushrooms
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specific amplification of genes coding for amanitins 
and fallotoxins regardless of the mushroom species 
producing these toxins. Moreover, we excluded the 
possibility of obtaining a positive result for selected 
species of mushrooms which do not produce amatoxins 
and phallotoxins. The method of DNA extraction used 
in this paper may be applied for the isolation of nucleic 
acids from fresh and dried samples. In the comparison 
of presented DNA extraction method to the method 
developed for DNA extraction from plants [1] and later 
adapted for mushroom samples [5, 11], there is no need 
to use liquid nitrogen and all stages in the DNA extraction 
and purification procedures can be performed using 
disposable materials in order to avoid contamination.

CONCLUSIONS

Presented in this paper two couples of PCR-primers 
specific to amanitins and phallotoxins genes can be 
recommended for detection of Amanita phalloides 
and other poisonous mushroom species producing 
hepatotoxic cyclic peptides.
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ABSTRACT
Background. After several years of experience with guiding of an original program on health-promoting nutritional 
education for women during menopause, which by inducing changes in nutritional behaviour resulted in many 
favorable health promoting effects, on request of the students of the Association of Third Age University, an original 
educational program “Comprehensive stimulation of senior citizens to activity” was developed out and implemented.
Objective. The objective of this study was to assess the effectiveness of four-month nutritional education and adjustments 
in diets of women aged 60-85, on the basis of the measurements of the selected lipid parameters in their blood tests.
Material and methods. This research project was joined by 37 female subjects aged 60-85, who are the members 
of the University of the Third Age in Szczecin, and whose average BMI was 31.7 kg/m2. Before the nutritional 
education commenced and after it was completed, the female subjects’ nutritional status was assessed (BMI, WC, 
WHR, WHtR) and the energy and nutritional value of their diets was examined based on the subjects’ regular journal-
keeping. Keys’ atherogenic score in their diets were also computed. 
Results. The applied nutritional education led to changes in the energy and nutritional value of the female subjects’ 
diets, which specifically improved their anthropometric parameters and the resulting BMI, WC and WHtR parameters. 
This fact was also reflected in a substantial decrease of the glucose level and a substantial increase of HDL-C level in the 
blood of the examined female subjects, as well as in the improvements in the assessed parameters TC/HDL-C, LDL-C/
HDL-C, TG/HDL-C.
Conclusions. The analysis of the results allows to confirm, that the four-month nutritional education of elderly 
women resulted in changes of their erroneous dietary habits and an improvement in their nutrition.

Key words: old elderly women, nutritional education, lipid parameters and indexes

STRESZCZENIE
Wprowadzenie. Prowadząc od wielu lat autorski program prozdrowotnej edukacji żywieniowej dla kobiet w okre-
sie menopauzalnym, która poprzez zmiany w zachowaniach żywieniowych powodowała wiele korzystnych i tym 
samym prozdrowotnych efektów, na prośbę słuchaczek Stowarzyszenia Uniwersytetu Trzeciego Wieku, opracowano 
i zrealizowano autorski program edukacyjny pt.” Wszechstronna aktywizacja seniorów”.
Cel. Celem pracy była ocena skuteczności czteromiesięcznej edukacji żywieniowej i zmian zachowań żywieniowych 
kobiet w wieku 60-85 lat na zmiany profilu lipidowego krwi w oparciu o wybrane wskaźniki lipidowe.
Materiał i metody. W badaniach udział wzięło 37 kobiet słuchaczek szczecińskiego Stowarzyszenia Uniwersytetu Trzeciego 
Wieku, w wieku 60-85 lat, o średniej wartości BMI 31,7 kg/m2. Przed rozpoczęciem i po zakończeniu szkolenia dokonano 
oceny stanu odżywienia kobiet (BMI, WC, WHR, WHtR) oraz oceny wartości energetycznej i odżywczej jadłospisów uzy-
skanych metodą bieżącego notowania. Obliczono również wskaźnik aterogenności diety Keys’a. Na podstawie wyników 
stężenia glukozy oraz parametrów gospodarki lipidowej (TG, TC, LDL-C, HDL-C) w surowicy krwi badanych kobiet wyli-
czono i zinterpretowano wybrane wskaźniki lipidowe (TC/HDL-C, LDL-C/HDL-C, TG/HDL-C oraz HDL-C/TC).
Wyniki. Stwierdzono, że przeprowadzona edukacja żywieniowa miała wpływ na zmiany wartości energetycznej 
i odżywczej diet kobiet, co indywidualnie przyczyniło się do poprawy cech antropometrycznych i wyliczonych na 
ich podstawie wartości wskaźników BMI, WC i WHtR. Znalazło też odzwierciedlenie w istotnym spadku stężenia 
glukozy i istotnym wzroście stężenia frakcji HDL-C w krwi badanych kobiet oraz w korzystnych zmianach wartości 
wyliczonych wskaźników TC/HDL-C, LDL-C/HDL-C, TG/HDL-C.
Wnioski. Analiza uzyskanych wyników pozwoliła na stwierdzenie, że 4-miesięczna edukacja żywieniowa starszych 
kobiet spowodowała zmiany ich nieprawidłowych zachowań żywieniowych oraz poprawę sposobu żywienia.

Słowa kluczowe: kobiety w wieku starszym, edukacja żywieniowa, parametry i wskaźniki lipidowe
*Corresponding author: Zuzanna Goluch-Koniuszy, Department of Human Nutrition Physiology of Faculty of Food Sciences and 
Fisheries, Western Pomeranian University of Technology in Szczecin, Papieża Pawła VI 3, 71-451 Szczecin, Poland; tel.: (48 91) 449 65 71;  
e-mail: zuzanna.goluch-koniuszy@zut.edu.pl
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INTRODUCTION

Recently, life expectancy in Poland has lengthened 
and currently Polish women’s life expectancy is 81 
years. According to various authors, this is mainly due to 
a decrease in the mortality rates caused by cardiovascular 
diseases. The National Health Programme has undertaken 
its strategic goal in the years 2016-2020 to lengthen life 
expectancy of Poles to improve their quality of life and to 
counter social inequalities in terms of health [12]. 

The improvement in life expectancy and the social 
and cultural changes which take place in Poland result 
in the fact that during their retirement many women 
decide to join various groups and associations, and take 
up hobbies and interests once their professional career 
is complete. One of those forms include education, for 
instance nutritional education. 

The effectiveness of this education has been confirmed 
by our earlier research concerning women aged 65-85. It 
has been affirmed that the rules of proper nutrition learned 
and later applied by the subjects have had a positive effect 
on their body weight and those blood parameters [6] as 
well as their body composition and the fat tissue loss [7].

Therefore, in our next original education 
programme titled “Comprehensive stimulation of 
senior citizens to activity”, commissioned by the 
Health and Social Policy Department at Szczecin City 
Council (WZiPS-IV/WP/12/2012), we have decided 
to assess an influence of a four-month pro-health 
nutritional education and diet modification in women 
aged 60-85 on their blood lipid profile, on the basis of 
selected lipid parameters in the diet and in the blood.

MATERIALS AND METHODS

56 women underwent the educational programme, 
and 37 of them were qualified for tests; aged 60 to 85 
(69.9±6.3), they were students of Third Age University 
in Szczecin. A disqualifying factor was the type of 
medication used by the subjects.

The four-month educational programme, covering 
nutritional education, was run between October and 
January and comprised of weekly classes lasting 90 
minutes each (lectures and workshops). The programme 
covered the following subjects: basic information on the 
functioning of the digestive system, changes resulting 
from aging and dietary recommendations for the elderly, 
nutrient sources and requirements and their physiological 
role, vitamins, micro- and macroelements, the role of 
water in the digestive system and the general water 
balance in the body. Other topics covered elements of 
human physiology, nutritional physiology, dietetics and 
pathophysiology of the elderly. The workshops covered 
the meal composition and preparation, reading food 
labels, choosing the products with the right glycemic 
index, etc. 

On the basis of the subjects’ menus, the second 
week of the programme covered the basic corrections 
of nutritional routines of the subjects, which included: 
regulating the time, amount and type of meals, and 
explaining the beneficial impact of these modifications 
for the human body. Further recommendations were 
implemented individually, according to the issues 
discussed in the course at the time and individual needs. 
These recommendations concerned the amounts of 
certain nutrients, according to current recommended 
dietary requirements [11] and recommendations of the 
experts from the research group PROT-AGE [1]: protein 
– 1g per 1 kg of the current body weight, with ±30% of 
animal protein, and for the overweight – no more than 
25% of the caloric value of a daily ration; carbohydrates 
– 60% of the caloric value of a daily ration [11], but no 
more than 10% of energy coming from sucrose [28]. 
The source of particular nutrients and their beneficial 
impact on the body were also discussed. 

Information about the subjects’ nutrition was received 
twice: before the education programme commenced 
and after its conclusion. After prior instruction, the 
subjects individually noted down the time, type and 
amount of consumed food during 24 hours, in three 
randomly selected days of the week, including one day 
of the weekend. The size of the portions was established 
on the basis of the “Photograph album of food and 
dishes’ [25]. 111 full-day food rations, gained from the 
subjects’ regular journal-keeping, were compiled with 
the use of a computer programme “Dieta 5D” from 
the National Food and Nutrition Institute, Warsaw, 
Poland establishing the food intake for each day, and 
subsequently an average intake from 3 days, which was 
later individually compared: energy to estimated energy 
requirement (EER), vitamins and mineral elements (A, 
B1, B2, B6, B12, niacin, C, Ca, P, Mg, Fe, Zn, Cu) to 
the estimated average requirements (EAR) and (D3, E, 
Na, K, water) to the adequate intake (AI) according to 
age and sex [11]. 

Keys’ atherogenic score was also established, as 
it allows to assess the risk of cardiovascular diseases, 
according to the formula: 1.35 x (2 x % energy from 
polyunsaturated fatty acids) + 1.5x√(cholesterol/1000 
kcal) [15].

Before and after the educational programme, the 
antopometric measurements of the female subjects were 
made: the body weight in light clothes, measured with 
the use of medical sales Radwag WPT- 200; height in 
the standard anatomical position, measured with the use 
of a stadiometer SECA 215; and waist circumference, 
measured in the middle of the distance between the 
lower costal margin and the upper iliac crest, with the 
use of Gulick’s anthopometric tape. On the basis of thus 
collected anthopometric data, the following parameters 
were computed: BMI (Body Mass Index) according to the 
formula: body weight [kg]/height [m]2 [17]; WC (Waist 
Circumference); and WHtR (Waist-to-Height Ratio) [18].
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Each student gave her consent after consultation 
with her GP in order to synchronize the recommended 
periodic health examinations. Subsequently, in 
the Central Laboratory of the Curie-Sklodowska 
Polyclinical Hospital in Szczecin, the subjects’ blood 
samples were taken twice: in early October, and after 
the educational programme was concluded (end of 
January). The blood samples were taken between 7.30 
am and 8.00 am from the basilic vein. In the centrifuged 
blood serum, the following concentration levels were 
marked: glucose GL (enzymatic hexokinase method), 
triacyroglicerole TG (enzymatic colorimetric assay) 
and its fractions LDL-C i HDL-C (colorimetric 
enzymatic assay). The marking was done in a closed 
suction system, with the use of reagents from Roche 
Diagnostica, on COBAS C6000. The results were 
compared to those recommended by the European 
Heart Journal [22].

On their basis, the lipid profiles in the blood 
serum were established and correlated with the risk of 
cardiovascular diseases [3, 19, 20, 23]. These included: 
TG/HDL-C (AIP Atherogenic Index of Plasma); TC/
HDL-C (CRI-I Castelli’s Risk Index); LDL-C/HDL-C 
(CRI-II Castelli Risk Index); (TC– HDL-C)/HDL-C 
(AC Atherogenic Coefficient) and HDL-C/TC.

The measured level of glucose was referenced 
against the recommendations of the Polish Diabetological 
Association. The data concerning the lipid profiles was 
referenced against the recommendations of the European 
Society of Cardiology [22].

After The Shapiro–Wilk test of normality and 
the Levene’s test for the equality of variances were 
applied, a logarithm was used against the results (for 
normality) and to conduct statistical measurements 
with the use of T test, for connected variables, with 
statistical significance of p ≤ 0.05 p ≤ 0.01, with the 
use of a computer statistical program Statistica® 10.0. 

RESULTS

The analysis of full-day food rations, noted down 
by the female subjects before the commencement of 
the nutritional education programme (Table 1), has 
shown that the caloric value of the analysed menus 
covered only 79% of the requirements. It has been 
established that the amount of consumed digestible 
carbohydrates, fibre, potassium, calcium and D3 
vitamin was insufficient, while the consumption of 
animal protein, general fat and mineral elements 
Na, P, Fe, Zn, Cu and A, B2, B12, PP vitamins was 
excessive. The caloric value coming from the basic 
nutrients in the analysed menus (Table 2) varied from 
the recommended amounts and the value was too high 
for protein and fat and too low for carbohydrates. 

The four-month nutritional education and 
individual adjustment of subjects’ diets have caused 
a significant (p≤ 0.01) increase in the caloric value of 
the diet (95.4% EAR), a significant (p≤ 0.01) increase 
in fibre and D3, E, B6 and C vitamin consumption, with 
an insignificant increase of digestible carbohydrates 
consumption and a decrease in the consumption of 
animal protein and a significant decrease (p≤ 0.01) in 
the consumption of A and B2 vitamins. The changes 
in the consumption of the caloric energy, cholesterol 
and saturated fatty acids led to a significant (p≤ 0.01) 
decrease in Keys’ atherogenic score (Table 1). 

Amendments in nutrition have also caused 
a significant (p≤ 0.01; p≤ 0.05) decrease in the contribution 
of energy coming from fats and sucrose and a significant 
(p≤ 0.01) increase of that coming from carbohydrates. 
A smaller consumption of energy coming from saturated 
fatty acids was also established (Table 2). 

Advantageous influence of education could also 
be noticed in favourable changes in the intervals of 
percentage of people realizing the values recommended 
in standards (Table 1 and Table 2).

The analysis of the results led to a conclusion 
that the educational programme and diet adjustment 
have significantly (p≤ 0.01) influenced the change in 
anthropometric parameters (Table 3). During the four-
month nutritional education programme the average 
weight loss was 2.7 kg, and the greatest weight 
loss was 9 kg. The implemented education program 
has significantly (p≤ 0.01) influenced the waist 
circumference, which on average became smaller by 
2.6 cm (the largest reduction of this parameter was 9 
cm). The introduced changes have led to a significant 
(p≤ 0.01) decrease of WC and WHtR parameters.

Adjustments in nutrition of the examined female 
subjects have also influenced the selected parameters 
of the metabolism of carbohydrates and lipids (Table 
4). A significant (p≤ 0.05) decrease in the glucose 
level in the blood was established among 46% of 
subjects. A decrease in the level of triacyrogliceroles, 
total cholesterol and its fraction LDL-C were also 
observed, but these changes were not statistically 
significant. However, an increase in HDL-C fraction 
was significant, and in all subjects it exceeded the 
reference level of 46 mg/ml. 

The established positive changes in the lipid 
parameters of the blood were reflected in the levels of 
the examined lipid profiles. The average level of TC/
HDL-C (CRI-I) before the educational programme 
was 4.3 and it was higher than the recommended level 
by <4.0. After the educational programme, it was 
significantly (p≤ 0.05) reduced to a more acceptable 
3.5. A positive decrease in this parameter was evident 
in 38% of the subjects. 
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Table 2. Percentage of protein, carbohydrates and lipids in daily food rations of women before and after nutritional education  
              course (x± SD, n=111 menus)

Components

Intake % of daily allowance 

St
at

is
tic

al
ly

 
si

gn
ifi

ca
nt

The percentage of food rations implementing 

before
education

after
education

before
education

after
education

<90 90-110 >110 

before 
education

after 
education

before 
education

after 
education

before 
education

after 
education

Protein 18.8±4.5 17.8±2.2 125.4±30.3 119.0±15.2 - 2.7 5.4 40.5 18.9 56.8 75.7
Carbohydrates 46.5±8.5 55.7±6.2 77.4±14.1 89.5±11.0 ** 89.2 35.1 5.4 59.5 5.4 5.4
Saccharose 9.6±3.1 8.1±3.7 80.9±37.5 95.9±30.6 * 64.9 51.3 13.5 24.4 21.6 24.3
Fat: 35.4±5.2 29.4±6.6 141.7±20.7 117.8±26.6 ** 21.6 0 13.5 0 64.9 100
Saturated1 13.9±6.0 9.1±2.0 not determined DRV -
Polyunsaturated1 6.4±3.4 6.0±2.2 not determined DRV -

1 –DRV (Dietary Reference Values)
*- statistically significant difference p ≤ 0.05; **- statistically significant difference p ≤ 0.01;

M. Friedrich, Z. Goluch-Koniuszy

Table 4. Effects of health-promoting nutritional education and changed dietary habits on serum concentration of chosen  
              indicators ( x ± SD, n=37)

Indicator Normative 
values

Before education After education Statistically  
significance

x ± SD

percent of 
women with 
abnormalities x ± SD

percent of 
women with 
abnormalities

GL (mg/dl)
Min - Max < 99 103.3±18.9

80.0 – 165.0 89.2 94.5±11.7  
80.0 – 135.0 45.9  *

TG (mg/dl)
Min - Max <150 120.9±41.2

62.0 – 219.0 43.2 113.3±30.4  
60.0 – 201.0 40.5 -

TC (mg/dl)
Min - Max <190 214.4±43.7

153.0 – 348.0 75.9 209.4±28.7  
172.0 – 305.0 75.9 -

LDL – C (mg/dl)
Min - Max < 115 126.7±34.8

69.0 – 18.0 59.5 118.6±24.8  
83.0 – 190.0 48.6 -

HDL –C (mg/dl)
Min - Max >46 52.5±11.9

32.0 – 77.0 24.3 62.4±9.7  
47.0 – 80.0 0 **

TC/HDL-C  
Min - Max <4.0 4.3±1.6

2.3 – 10.9 56.8 3.5±0.9  
2.4 – 6.5 18.9 *

LDL-C/HDL-C
Min - Max <3.0 2.6±1.1

1.1 – 6.8 27.0 2.0±0.7  
1.2 – 4.0 10.8 *

TG/HDL-C
Min - Max <3.0 2.5±1.1

1.1 – 5.3 64.9 1.9±0.9  
0.8 – 3.3 5.4 *

HDL-C/TC
Min - Max >0.24 0.25±0.1

0.09 – 0.43 91.9 0.30±0.2  
0.15 – 0.41 70.3 **

*- statistically significant difference p ≤ 0.05; **- statistically significant difference p ≤ 0.01;

Table 3. Changes in body weight. BMI, WC and WHtR of obese women exposed to 4-month-long health-enhancing  
               nutrition awareness course ( x ± SD, n=37) 

Trait Before education After education Change in the traits Statistically significant

Body weight (kg)
79.8±12.2

58.7 - 103.0
77.1±11.2
56.6 - 97.0

2.7±2.3 **

Body height (cm)
158.6±7.1

143.0 - 171.0
158.6±7.1

143.0 - 171.0
- -

BMI (kg/m2)
31.7±4.5

24.1 - 44.5
30.6±4.0

24.0 - 39.9
1.1±1.0 **

BMI
<22 (underweight)
22-23 (risk underweight)
24-27 – (normal) 
27- 32 – (overweight)
>32 (obesity) 

(%)
0
0

13.5
37.8
48.7

0
0

13.5
48.7
37.8

-
-
-

10.9
10.9

Waist  circumference (cm)
100.4±10.9
77.0 - 121.0

97.9±10.0
77.0 - 121.0

2.6±2.8 **

WHtR (cm/cm)  0.63±0.08
0.49 - 0.89

0.62±0.07
 0.45 - 0.85

0.02±0.2   **

*- statistically significant difference p ≤ 0.05; **- statistically significant difference p ≤ 0.01;
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Likewise, the lipid profile parameter LDL-C/
HDL-C (CRI-II), which is correlated with metabolic 
syndrome, after a change in diet has been significantly 
(p≤0.05) reduced (on average from 2.6 to 2.0) among 
16% of subjects. 

Similarly, the level of parameter TG/HDL-C (API), 
which is used to assess the risk of atherosclerosis 
due to the link between hyperlipidemia and insulin 
resistance, has decreased significantly (p≤ 0.05) in 
59.5% of subjects, and a significant (p≤0.01) increase 
in the parameter HDL-C/TC shows a decrease in the 
risk of the coronary artery disease.

DISCUSSION

The main factor which influences the nutrition of 
a body is a varied and full diet, adjusted to one’s age. The 
assessment of subjects’ diets before the commencement 
of the four-month nutritional education programme 
showed that there was a number of irregularities in their 
diets, both in terms of their caloric and their nutritious 
values. These were irregularities that were easy to correct; 
therefore, the objective of the educational programme was 
to improve the nutritional habits of the subjects in terms 
of the amount of food consumed, the times and regularity 
of meals, and the choice of the sources of basic nutrients. 
On the other hand, the individual adjustments in diets 
were supposed to personalize dietary recommendations, 
but without a specialist dietary guidance when it comes 
to existing disorders. 

The results were influenced by a number of 
factors, one of them being the subjects’ age (from 60 
till 85), which determined the pace and the range of 
implemented adjustments. Another important influence 
on the form of this research was an argument provided 
by the subjects: “if I want to treat myself, I will take the 
right medicine…” However, the most influential factor 
was, as usual, a possibility of weight loss. After many 
years of health education, we find weight loss to be the 
main motivating factor for women who undertake an 
effort to change their dietary habits, irrespectively of 
their age, body mass and health [4, 5].

After the four-month nutritional educational 
programme and individual adjustment of diets, it has 
been established that a number of beneficial changes 
in terms of dietary habits and nutrition of the female 
subjects was implemented. 

It is reflected in the improvement of the caloric value 
of the diet, amounts of basic nutrients, changes in the 
sources of those nutrients, with a special consideration 
of the sources of lipids, which significantly reduced 
the Keys’ atherogenic score.

Advantageous changes in the method of nourishment 
were observed in most of women under research. 
However, taking into consideration age of the examined, 
especially important seem changes of the percentage 

of women whose nourishment was insufficient. The 
highest improvement of nutrition regarded the increase 
of energetic value of the diet resulting from increased 
consumption of recommended basic nutritious 
components and thus other components which they 
contained. Change in nutrition behaviour could also be 
observed in women whose nutrition was presbyopic. 
However it should be observed, that these changes were 
significantly smaller and not always advantageous. 

The changes thus achieved were the cause of an 
individual weight loss of the overweight and obese 
women among the subjects. About 11% of female 
subjects moved from the obese category to the 
overweight category. 

During the process of aging, the fat tissue is not 
only gained, but also redistributed. The amount of 
visceral and muscle fat rises in relation to the amount 
of subcutaneous fat tissue and its general weight 
[2]. Among the female subjects the average waist 
circumference pointed at visceral obesity. Adjustments 
in nutrition and diet individually reduced waist 
circumference, which was reflected in significant 
reductions of parameters WC and WHtR. These are 
the parameters that are taken into account during an 
assessment of risk of circulatory diseases and glucose 
tolerance impairment [8, 10, 27]. 

The observed weight loss, despite the increase of 
the average caloric value of the diets and a change in the 
value of assessed parameters, could have been linked 
not only to a regulation of times of meals and intervals 
between them, but also to a change in nutrition, and 
an increase in the consumption of vitamin D3, calcium 
and magnesium.

It has been shown already that a low consumption 
of calcium, which, if in deficit, fails to lead to 
stimulation of lipolysis and an inhibition of lipogenesis 
in adipocytes, leads to accumulation of fat tissue 
[29]. Therefore, its higher consumption, as well as 
a significant increase in the consumption of vitamin D3  
could have activated the aforementioned processes. 
What is more, an increase in the consumption of 
magnesium could have led to an increased use of 
glucose in the tissues, which inhibits liponeogenesis 
and lowers the risk of insulin resistance in peripheral 
tissues [13]. 

The changes in nutrition were also reflected in 
the changed levels of assessed blood parameters. 
A significant reduction of the glucose level was noted, 
which could have resulted from, among other things, an 
increase in fibre consumption (as it was recommended 
to consume whole grains, fruit and vegetables), and an 
increase in energy taken from complex carbohydrates 
and a decrease in energy taken from sucrose. These 
changes had to result in flat glycemic response, and, 
what is connected, a decreased lipogenic secretion of 
insulin [5].

The effectiveness of nutritional education among women  aged 60-85 
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The analysis of the lipid profile is the basic tool in 
detecting patients with higher risk of cardiovascular 
diseases. An increased concentration of fraction LDL-C 
and lowered HDL-C are independent significant factors 
in the development of coronary artery disease [24].

The implemented four-month nutritional educational 
programme and the adjustment of diets of the female 
subjects have also influenced the assessed lipid parameters 
of the blood and aterogennic parameters of the lipid profile 
which was established on this basis. 

A significant increase in the concentration of the 
fraction HDL-C was noted, and in all the subjects it has 
exceeded the recommended level of 46 mg/dl. This effect 
was mainly linked to a change in the type of fatty acids, from 
saturated to unsaturated ones (as a result of introducing 
olive oil and fat fish into the diet), and to a consumption 
of vegetables with a higher level of C vitamin. On the 
other hand, the changes in the concentration of TG and 
TC and its fraction LDL-C were very individual, which 
was reflected in the fact that the average change in these 
parameters was statistically insignificant, which a change 
of their scope. Nevertheless, a significant decrease was 
noted in the values of TC/HDL-C, LDL-C/HDL-C, TG/
HDL-C, HDL-C/TCf, which inform about the risk of 
cardiovascular diseases and the coronary artery disease 
[3, 23]. The reason for the observed significant positive 
changes in the lipid profile was also the increase in the 
consumption of fibre, calcium, D3 vitamin, thiamine and 
pyridoxine. A similar effect of the improvement in the 
nutrition of the elderly in a long-term care hospital was 
noted by Kim et al. [16].

Previous research has proven that the lipid 
parameters of the blood and the values of the assessed 
parameters may be influenced by such factors, as: 
hormone therapy [14], an increase in physical activity 
[26], refraining from smoking [9], and/or changes in 
nutrition [21]. At the same time, it is believed that the 
changes in proportions between various lipid parameters 
in the blood are more important than the significance of 
the changes that take place [14]. It was also reflected 
in the test results analysed in this research, as only the 
significant increase in the concentration of the fraction 
HDL-C significantly reduced the values of parameters 
which mark the risk of cardiovascular diseases.

Taking the above into account, as well as the 
age of the female subjects, it is the safest and least 
invasive to educate the subjects in order to improve 
their dietary routines. This is confirmed by ESC/EAS 
[22] Guidelines for the management of dyslipidaemias 
and the research done by Friedrich and Goluch-
Koniuszy [6]. The implemented four-month nutritional 
educational programme and individual adjustment 
of diets of women between 65 and 85 resulted 
in a significant decrease in the levels of glucose, 
triglycerides, total cholesterol and its fraction LDL-
chol in the blood. Moreover, currently this type of 

education of elderly women is extremely popular, 
which is evident in the number of subjects volunteering 
for such programmes. 

To conclude, it may be stated that the implemented 
four-month nutritional educational programme and change 
in nutrition were beneficial not only for the value of 
anthropometric parameters of the female subjects, but also 
their lipid blood profiles, lowering the list of atherosclerosis, 
coronary artery disease and metabolic syndrome. In this 
context, one should not forget other positive changes 
noted by the subjects: sleep improvement, less cases of 
the so-called heartburn, improved defecation, smaller 
joint stiffness in the morning and medically confirmed 
lowering or normalization of blood pressure level. Each 
of these positive effects resulted in a smaller dosage or 
refraining from taking medication by the subjects without 
a consultation with a doctor.

CONCLUSIONS

The analysis of the results allows to confirm, that 
the four-month nutritional education of elderly women 
resulted in changes of their erroneous dietary habits 
and an improvement in their nutrition, which was 
reflected in:
1. Weight loss in overweight and obese women and 

a significant reduction of WC and WHtR parameters.
2. A significant reduction in glucose levels and 

a significant increase in HDL-C fraction in 
the blood, which in all subjects exceeded the 
recommended value and which significantly 
reduced the risk of cardiovascular diseases.

3. An improvement in well-being and quality of life, 
which is valuable for the elderly.
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ABSTRACT
Background: Glycemic load (GL) is used to evaluate how various food products affect blood sugar level. According 
to some studies, high dietary GL may increase the risk of cancer development and recurrence.
Objective: The aim of the study was to assess dietary glycemic load and intake of carbohydrates derived from 
various food products by patients staying on an oncological ward.
Material and methods: The study group included 100 cancer patients aged 19-83 years (59.6 ± 11.3 years). GL, 
energy and nutrient intake was estimated based on the data from the Food Frequency Questionnaire (FFQ). The 
correlations between dietary GL and consumption of 18 groups of products were assessed.
Results: The average GL per 1000 kcal was 61.0 ± 8.6 g in the diets of men and 56.2 ± 9.5 g in the diets of women. High 
GL (>120 g) was observed in 76% of analyzed diets. The diets of men had higher GL, energy and sucrose content than 
the diets of women. Men, in comparison to women, consumed more refined grain products (144.1 ± 78.2 g vs. 95.5 ± 
67.8 g), beverages (236.4 ± 344.7 g vs. 69.2 ± 173.0 g), honey and sugar (28.0 ± 22.2 g vs. 16.7 ± 18.0 g), dark chocolate 
(4.5 ± 4.5 g vs. 3.9 ± 6.7 g), sweets (66.1 ± 56.6 g vs. 38.8 ± 39.5 g) and soups (313.3 ± 105.3 g vs. 260.8 ± 160.3 g).
Conclusions: Analyzed diets were characterized by high GL and simple sugars content. Men consumed more refined 
and sweetened products than women. The improvement of knowledge about proper nutrition is needed in studied 
group of cancer patients.

Key words: glycemic load, carbohydrates, sucrose, diet, cancer

STRESZCZENIE 
Wprowadzenie: Ładunek glikemiczny (ŁG) jest stosowany w celu określenia wpływu spożycia poszczególnych 
produktów spożywczych na poziom glikemii we krwi. Według aktualnej wiedzy, wysoka wartość ŁG diety może 
zwiększać ryzyko rozwoju oraz nawrotu choroby nowotworowej.
Cel: Celem badania była ocena wartości ŁG oraz spożycia węglowodanów przez pacjentów przebywających na 
oddziale onkologicznym.
Materiał i metody: Grupa badana liczyła 100 pacjentów w wieku 19-83 lata (59.6 ± 11.3 g) ze zdiagnozowaną 
chorobą nowotworową. Wartość ŁG, wartość energetyczna oraz zawartość poszczególnych składników odżywczych 
w diecie zostały oszacowane na podstawie danych pochodzących z kwestionariusza częstotliwości spożycia żywno-
ści (FFQ). Zbadano korelacje pomiędzy ŁG i spożyciem produktów należących do 18 grup produktów spożywczych.
Wyniki: Średnia wartość ŁG w przeliczeniu na 1000 kcal diety wyniosła 61.0 ± 8.6 g w grupie mężczyzn i 56.2 ± 
9.5 g  w grupie kobiet. Zbyt wysoką wartość GL stwierdzono w 76% analizowanych diet. Diety mężczyzn charak-
teryzowały się wyższą wartością ŁG, podażą energii i zawartością sacharozy niż diety kobiet. Ponadto mężczyźni 
spożywali więcej rafinowanych produktów zbożowych (144.1 ± 78.2 g vs. 95.5 ± 67.8 g), napojów (236.4 ± 344.7 g 
vs. 69.2 ± 173.0 g), miodu i cukru (28.0 ± 22.2 g vs. 16.7 ± 18.0 g), gorzkiej czekolady (4.5 ± 4.5 g vs. 3.9 ± 6.7 g), 
słodyczy (66.1 ± 56.6 g vs. 38.8 ± 39.5 g) i zup (313.3 ± 105.3 g vs. 260.8 ± 160.3 g) niż kobiety.
Wnioski: Analizowane diety charakteryzowały się wysoką wartością ŁG oraz zawartością cukrów prostych. Badani 
mężczyźni spożywali więcej rafinowanych i słodzonych produktów spożywczych niż kobiety. Ponieważ nieodpo-
wiednia dieta może zwiększać ryzyko rozwoju i nawrotu choroby, polepszenie stanu wiedzy na temat prawidłowego 
sposobu żywienia jest niezbędne w grupie pacjentów onkologicznie chorych. 

Słowa kluczowe: ładunek glikemiczny, węglowodany, sacharoza, dieta, choroba nowotworowa
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INTRODUCTION

Cancer is a leading cause of death worldwide and 
second one in Poland. In 2012, the most common 
cancers in group of men were: lung, colorectum and 
prostate cancer. In group of women, the most frequent 
cancers were: breast, colorectum and lung cancer. In 
both groups, the main cause of death was lung cancer 
[3].

According to the World Health Organization 
(WHO), in next 20 years, cancer-related mortality will 
increase by 70%. One of the most important causes of 
cancer is unhealthy diet: low intake of fruit, vegetables 
and whole grain products, as well as high intake of red 
and processed meat, salt, sweetened beverages, high-
calorie foods and alcohol. Balanced diet, physical 
activity and normal body mass might have prevented 
from 5 to 34% of oral, throat, esophagus, stomach and 
colon cancer cases [15].

Patients during anticancer therapy should follow 
the recommendations for cancer prevention. Total 
intake of carbohydrates, recommended by the ACS 
(American Cancer Society), range from 45 to 65%. 
Specific guidelines for patients should depend on the 
localization of cancer, history of disease and individual 
preferences. If there are no contraindications, 
oncological patients should consume complex 
carbohydrates, such as wholegrain bread, groats, rice 
and pasta. Furthermore, they should increase the intake 
of fruit and vegetables, as a source of vitamins and 
minerals. Sweets and sugar are not recommended [18].

Particular food products may have high, medium 
or low glycemic index (GI). GI indicates the effect of 
food on blood glucose level and it varies depending 
on type and texture of food, cooking and processing 
technique, and also fat, protein and fiber content. 
Based on GI value, food products are classified as 
low (<55), medium (56-69) and high (above 70) GI. 
Cancer patients should choose products that have a 
low or medium GI [21].

Glycemic load (GL) is calculated based on GI, but 
it depends also on the quantity of eaten food and content 
of available carbohydrates. GI and GL of food are not 
always correlated and therefore GL is considered as 
practical illustration of GI. The GL of food can be 
classified as low (≤10 g), medium (11-19 g) and high 
(≥20 g) [21]. Although the results of conducted studies 
are not conclusive, it seems that high glycemic load as 
well as high sugars intake may affect the risk of cancer 
development and recurrence. Instead, high-fiber diet 
seems to have protective activity [6].

The aim of the study was to assess dietary glycemic 
load and intake of carbohydrates derived from various 
food products by patients staying on an oncological 
ward.

MATERIALS AND METHODS

The study group included 100 patients (51 women 
and 49 men), aged 19-83 years (59.6 ± 11.3 years) 
from the Department of Clinical Oncology diagnosed 
with cancer. 

The average energy value of diets, as well as 
dietary intake of nutrients over the previous year were 
assessed based on the data from the Food Frequency 
Questionnaire (FFQ). FFQ was created for Prospective 
Urban and Rural Epidemiological Study (PURE) and 
it was validated for the population of Lower Silesian 
Voivodeship [2]. The FFQ consists of 154 food items 
classified into 8 groups: milk and dairy products, 
fruits, vegetables, meat and eggs, cereal products, 
mixed dishes, beverages and snacks. Frequency of 
consumption was recorded in nine different categories 
(0-1/month, 1-3/month, 1/week, 2-4/week, 5-6/week, 
1/day, 2-3/day, 4-5/day, >6/day) and the portion sizes 
were determined by using „Album of photographs of 
food products and dishes” [20]. 

Food intake in grams per day was calculated based 
on the consumption frequency and the given portion 
size. The average content of each nutrient in daily 
food rations (DFR) was estimated using database of 
the Food and Nutrition Institute in Warsaw, Poland [8].

Glycemic load of products and dishes was 
calculated based on their glycemic index and available 
carbohydrates content. GI values of individual foods 
were taken from international databases [4, 14] whereas 
GL of traditional polish dishes were calculated based 
on their composition [8].

In order to assess the correlation between food 
products consumption and GL value, food items from 
the FFQ were classified into following 18 groups: 
dairy, raw vegetables, cooked vegetables, fruits, 
raisins, fruit juices, sweetened beverages, unrefined 
grain products (wholegrain bread, groats, oats and 
pasta), refined grain products (white bread, white rolls, 
white rice, cornflakes), potatoes, crumbed food, mixed 
polish dishes, soups, nuts and seeds, milk chocolate, 
dark chocolate, sweets and honey and sugar. Grain 
products were classified as “refined” and “unrefined” 
based on their general nutritional value, GI value and 
dietary fiber content.

Body composition was measured by bioimpedance 
analysis (BIA), using Tanita BC 418-MA analyzer. 
Based on BMI values, patients were classified as 
normal weight (18.5-24.9 kg/m2), overweight (25.0-
29.9 kg/m2) and obese (above 30.0 kg/m2). Normal 
body fat percentage depend on age and vary between 
21% and 36% for women and between 8% and 25% 
for men. Correct visceral adipose tissue level ranged 
from 1 to 13 [19].
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Results of the study were analyzed statistically 
using Statistica 12.0 PL software. All statistical 
analyses were performed using the Kruskal-Wallis test, 
Mann-Whitney U test and Chi2 test.  The relationships 
between GL value and nutrients content in analyzed 
diets, as well as food group intake, were estimated 
using Pearson’s linear correlation test. Correlation 
was considered strong if correlation coefficient R was 
above 0.6. The level of statistical significance for all 
analyses was set at α=0.05.

The study was approved by the Bioethics Committee of 
Medical University of Wroclaw (No. KB-362/2014). 

 
RESULTS

Average body mass index (BMI) was 26.6 ± 5.2 
kg/m2 in the group of women and 27.7 ± 4.9 kg/m2 in 
the group of men, thus it was excessively high in both 
groups. In the study population, 33% of women and 
43% of men were overweight, while 29% of women 
and 27% of men were obese. Body fat percentage and 
visceral adipose tissue level were 32.3 ± 7.8% and 
7.8 ± 3.2 in the group of women and 22.3 ± 8.0% and 
12.6 ± 4.7 in the group of men, respectively. Body 
fat percentage was too high in 35% of women and 
43% of men. Moreover, visceral adipose tissue level 
exceeded normal range in 6% of women and 43% of 
men (p<0.0001). Summary of characteristics of the 
study participants is presented in Table 1.

Table 1. The characteristics of the study group (X ± SD)

Variables
Women  
(n=51)

Men  
(n=49) p

Age [years] 60.0 ± 9.5 61.0 ± 12.9 Ns
BMI [kg/m2] 26.6  ± 5.2 27.7 ± 4.9 Ns
Body fat [%] 32.3 ± 7.8 22.3 ± 8.0 <0.0001
Visceral adipose 
tissue level 7.8 ± 3.2 12.6 ± 4.7 <0.0001

X ± SD - average ± standard deviation, p - statistical significance, 
BMI - body mass index, Ns - no statistically significant differences 
between gender groups

Table 2 presents the average energy intake, GL 
and content of carbohydrates, fats and proteins in the 
diets of respondents. The average energy intake was 
significantly higher in the diets of men compared to 
women (3150.8 ± 1129.5 kcal vs. 2544.6 ± 813.8 kcal). 
Due to the fact, that higher energy intake is usually 
associated with the increased macronutrients content 
in DFR, the intake of carbohydrates, fats and protein 
in the diets of the study group was calculated per 1000 
kcal. High GL (>120 g) was observed in 76%, while 
medium (80-120 g) and low GL (<80 g) in 19% and 
5% of analyzed diets, respectively. Percentage of diets 
with too high GL was significantly greater in the group 

of men compared to women. The average value of GL 
per 1000 kcal was also significantly higher in the diets 
of men (61.0 ± 8.6 g) compared to women (56.2 ± 
9.5 g). Moreover, men consumed significantly more 
sucrose (29.3 ± 12.5 vs. 24.0 ± 10.1 g/1000 kcal), but 
less fats (43.3 ± 6.9 vs. 46.9 ± 6.7 g/1000 kcal) and 
dietary fiber (10.3 ± 2.7 vs. 12.5 ± 3.3 g/1000 kcal) 
than women.

Correlation between dietary GL per 1000 kcal, 
energy intake and content of carbohydrates, proteins 
and fats per 1000 kcal, described by the Pearson’s 
correlation coefficients, is shown in Table 3. Strong 
positive correlation was found between GL per 1000 
kcal and carbohydrates content (r=0.85), whereas 
strong negative correlation was observed between 
GL per 1000 kcal and fats (r=-0.75). Among men, 
dietary GL per 1000 kcal was also strongly correlated 
with sucrose content (r=0.65), while among women 
a strong correlation (r=0.60) between dietary GL per 
1000 kcal and starch was observed. Overall, higher 
protein intake reduced dietary GL value (r=-0.32). 

The analyzed diets of men contained significantly 
more sweetened beverages (236.4 ± 344.7 g vs. 69.2 
± 173.0 g), honey and sugar (28.0 ± 22.2 g vs. 16.7 ± 
18.0 g), dark chocolate (4.5 ± 4.5 g vs. 3.9 ± 6.7 g), 
sweets (66.1 ± 56.6 g vs. 38.8 ± 39.5 g) and soups 
(313.3 ± 105.3 g vs. 260.8 ± 160.3 g), in comparison 
with the diets of women. Moreover, in spite of similar 
intake of unrefined grain products in both groups, men 
consumed significantly more refined grain products 
than women (144.1 ± 78.2 g vs. 95.5 ± 67.8 g). Also the 
energy intake from all listed products was significantly 
lower in group of women compared to men. It is 
worth mentioning, that although the consumption of 
unrefined grains in group of women was greater than 
the consumption of refined grains, the latter provided 
more energy. The main source of energy in analyzed 
diets were dairy, refined grain products and, in group 
of men, sweets. All food group intake and their energy 
values are presented in Table 4. 

Average carbohydrates, sucrose and starch content 
in groups of food products, as well as their GL value are 
presented in Table 5. The main sources of carbohydrates 
in analyzed diets were refined grain products, 
fruits, sweets (in the group of men) and unrefined 
grain products (in the group of women). Statically 
significant difference in the intake of carbohydrates 
was found between gender groups with reference to 
refined grain products, dairy, sweetened beverages, 
honey and sugar, dark chocolate and soups. Moreover, 
all listed products except dairy provided significantly 
more sucrose in the diets of men compared to women. 
However, the main sources of sucrose in the diets of 
women were fruits (12.0 ± 6.3 g), sweets (10.3 ± 11.3 
g) and fruit juices (9.8 ± 14.4 g), while in the diets 
of men sweetened beverages (21.8 ± 33.7 g), sweets 
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(17.7 ± 18.3 g), and honey and sugar (15.0 ± 17.4 g). 
Grain products provided the most starch in the DFR 
of both groups. The diets of men were significantly 
richer in starch derived from refined grain products, 
sweets and soups in comparison with the diets of 
women. The highest GL in the diets of men provided 
refined grain products (49.7 ± 27.4 g), sweets (23.7 ± 
22.5 g) and honey and sugar (15.8 ± 12.7 g), while in 
the diets of women refined grain products (30.6 ± 23.2 
g), unrefined grain products (16.1 ± 14.4 g) and fruits 
(15.0 ± 7.2 g). 

Table 6 shows the correlation between dietary GL 
per 1000 kcal and food group intake, described by the 
Pearson’s correlation coefficients. In analyzed diets 
overall the most significant correlation was found 
with reference to refined grain products (r=0.36) and 
sweetened beverages (r=0.31). In the diets of women 
correlations with the consumption of refined grain 
products (r=0.46) and honey and sugar (r=0.32) were 
observed, while in the diets of men with sweetened 
beverage intake (r=0.41). Negative correlation was 
found for nuts and seeds (r=-0.28) content in the DFR 
of women and for cooked and raw vegetables (r=-0.32 
and r=-0.31, respectively) content in the DFR of men.

Table 2. Energy intake, glycemic load and carbohydrates, protein and fat content per 1000 kcal in analyzed diets of women  
              and men (X ± SD)

Variables Women (n=51) Men (n=49) p

Energy [kcal] 2544.6 ± 813.8 3150.8 ± 1129.5 0.0032

Glycemic load 143.4 ± 49.9 189.3 ± 64.5 0.0004

Glycemic load / 1000 kcal 56.2 ± 9.5 61.0 ± 8.6 0.0105

Carbohydrates [% of energy] 42.1 ± 6.2 44.4 ± 5.8 Ns

Protein [% of energy] 15.4 ± 3.1 15.2 ± 2.7 Ns

Fats [% of energy] 42.1 ± 6.0 39.0 ± 6.2 0.0149

Carbohydrates [g/1000 kcal] 117.9 ±16.8 121.2 ± 15.6 Ns

Sucrose [g/1000 kcal] 24.0 ± 10.1 29.3 ± 12.5 0.0177

Starch [g/1000 kcal] 48.9 ± 11.6 51.2 ± 9.0 Ns

Dietary fiber [1000 kcal] 12.5 ± 3.3 10.3 ± 2.7 0.0005

Protein [g/1000 kcal] 38.5 ± 7.9 37.9 ± 6,6 Ns

Fats [g/1000 kcal] 46.9 ± 6.7 43.3 ± 6.9 0.0149
X ± SD - average ± standard deviation, p - statistical significance, Ns - no statistically significant differences between gender groups

Table 3. Correlation between dietary glycemic load per 1000 kcal and energy and macronutrient intake in analyzed diets,  
             described by the Pearson correlation coefficient

Variables Overall (n=100) Women (n=51) Men (n=49)

R p R p R p
Carbohydrates [g/1000 kcal] 0.85 <0.001 0.85 <0.001 0.87 <0.001
Sucrose [g/1000 kcal] 0.58 <0.001 0.48 <0.001 0.65 <0.001
Starch [g/1000 kcal] 0.57 <0.001 0.60 <0.001 0.51 <0.001
Dietary fiber [g/1000 kcal] -0.00 Ns 0.07 Ns 0.14 Ns
Protein [g/1000 kcal] -0.32 0.001 -0.44 0.001 -0.15 Ns
Fats [g/1000 kcal] -0.75 <0.001 -0.72 <0.001 -0.77 <0.001

R - Pearson’s correlation coefficient, p - statistical significance, Ns - no statistically significant correlation
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Table 4. Average daily intake of particular groups of food products and their energy value (X ± SD)

Products
Women (n=51) Men (n=49)

Intake [g/day] Energy [kcal/day] Intake [g/day] Energy [kcal/day]

Unrefined grain products 124.9 ± 118.4 161.9 ± 136.2 126.6 ± 114.2 143.6 ± 136.6

Refined grain products 95.5 ± 67.8 a 219.8 ± 164.4 a 144.1 ± 78.2 352.3 ± 194.1

Potatoes 97.8 ± 92.4 105.4 ± 100.3 103.1 ± 58.8 116.2 ± 68.1

Fruits 328.4 ± 167.1 162.0 ± 77.0 321.8 ± 176.0 158.5 ± 87.8

Raw vegetables 237.1 ± 146.7 64.4 ± 41.3 194.1 ± 128.9 58.3 ± 40.3

Cooked vegetables 144.1 ± 98.7 94.7 ± 48.3 126.9 ± 69.6 95.1 ± 45.8

Dairy 419.0 ± 290.1 394.7 ± 259.0 546.5 ± 369.0 448.0 ± 262.7

Nuts and seeds 23.2 ± 42.8 132.7 ± 243.0 13.4 ± 17.7 76.1 ± 99.8

Fruit juices 182.0 ± 224.2 83.2 ± 104.8 159.5 ± 175.2 72.1 ± 80.0

Sweetened beverages 69.2 ± 173.0 a 24.1 ± 70.6a 236.4 ± 344.7 95.6 ± 147.8

Honey and sugar 16.7 ± 18.0 a 61.8 ± 69.9 a 28.0 ± 22.2 102.6 ± 81.0

Raisins 8.7 ± 17.1 24.1 ± 47.4 4.0 ± 7.1 11.1 ± 19.7

Milk chocolate 4.9 ± 18.5 26.9 ± 101.6 3.9 ± 7.5 21.5 ± 41.2

Dark chocolate 3.9 ± 6.7 a 21.3 ± 37.0 a 4.5 ± 4.5 24.8 ± 24.9

Sweets 38.8 ± 39.5 a 143.1 ± 149.9 a 66.1 ± 56.6 240.6 ± 210.2

Soups 260.8 ± 160.3 a 103.9 ± 56.6 a 313.3 ± 105.3 128.8 ± 46.3

Crumbed food 23.5 ± 15.1 66.0 ± 42.3 33.7 ± 24.2 97.0 ± 78.1

Mixed polish dishes 36.7 ± 26.0 56.4 ± 42.7 37.3 ± 24.2 55.9 ± 37.1

SD - standard deviation, a - means statistically significant difference between group of women and men

Table 5. Average carbohydrates, sucrose and starch content and glycemic load (GL) of particular groups of food products  
             (X ± SD)

Products

Women (n=51) Men (n=49)
Carbohy-

drates
[g]

Sucrose  
[g]

Starch  
[g]

GL  
[g]

Carbohydrates  
[g]

Sucrose  
[g]

Starch  
[g]

GL  
[g]

Unrefined grain  
products 34.2 ± 29.8 0.9 ± 0.9 25.5 ± 21.7 16.1 ± 14.4 28.7 ± 30.2 0.7 ± 0.9 21.7 ± 22.1 13.4 ± 14.4

Refined grain  
products 47.7 ± 35.8 a 1.1 ± 0.9 a 41.7 ± 31.3 a 30.6 ± 23.2 a 76.2 ± 41.5 2.0 ± 1.2 66.4 ± 36.8 49.7 ± 27.4

Potatoes 18.7 ± 17.6 0.5 ± 0.5 15.2 ± 14.7 11.1 ± 10.5 20.2 ± 11.6 0.5 ± 0.3 15.7 ± 9.1 11.8 ± 6.8

Fruits 42.7 ± 20.4 12.0 ± 6.3 1.2 ± 1.0 15.0 ± 7.2 41.6 ± 23.1 12.6 ± 7.6 1.2 ± 1.0 14.4 ± 8.2

Raw vegetables 13.6 ± 9.3 1.9 ± 1.6 1.2 ± 1.4 3.6 ± 2.5 12.0 ± 8.6 1.8 ± 1.5 1.4 ± 1.7 3.4 ± 2.6

Cooked vegetables 11.6 ± 7.1 2.9 ± 2.2 2.8 ± 2.4 4.0 ± 2.3 11.8 ± 6.0 3.4 ± 2.5 2.8 ± 1.7 4.2 ± 2.3

Dairy 21.0 ± 14.9 a 3.2 ± 3.0 0.0 ± 0.0 6.8 ± 4.9 a 28.5 ± 18.4 4.5 ± 5.1 0.0 ± 0.0 9.5 ± 6.3

Nuts and seeds 4.7 ± 8.3 1.2 ± 2.4 1.6 ± 2.6 0.5 ± 0.8 2.7 ± 3.6 0.6 ± 0.9 1.1 ± 1.4 0.3 ± 0.4

Fruit juices 20.1 ± 25.3 9.8 ± 14.4 0.1 ± 0.2 9.1 ± 11.7 17.3 ± 19.2 7.7 ± 10.8 0.1 ± 0.2 7.9 ± 8.7
Sweetened  
beverages 5.9 ± 17.2 a 5.5 ± 15.9 a 0.0 ± 0.0 3.4 ± 10.0 a 23.4 ± 36.2 21.8 ± 33.7 0.0 ± 0.0 13.5 ± 21.0

Honey and sugar 15.2 ± 17.2 a 9.4 ± 16.4 a 0.0 ± 0.0 9.6 ± 11.4 25.2 ± 19.9 15.0 ± 17.4 0.0 ± 0.0 15.8 ± 12.7

Raisins 6.2 ± 12.2 0.1 ± 0.2 0.0 ± 0.0 3.6 ± 7.1 2.8 ± 5.1 0.0 ± 0.1 0.0 ± 0.0 1.7 ± 2.9

Milk chocolate 2.7 ± 10.1 1.8 ± 6.8 0.1 ± 0.5 1.1 ± 4.3 2.1 ± 4.1 1.4 ± 2.8 0.1 ± 0.2 0.9 ± 1.7

Dark chocolate 2.1 ± 3.7 a 1.4 ± 2.5 a 0.1 ± 0.2 a 0.9 ± 1.6 a 2.5 ± 2.5 1.7 ± 1.7 0.1 ± 0.1 1.0 ± 1.1

Sweets 22.4 ± 23.4 a 10.3 ± 11.3 a 10.4 ± 11.7 a 13.1 ± 14.0 a 39.8 ± 36.4 17.7 ± 18.3 19.3 ± 23.7 23.7 ± 22.5

Soups 17.0 ± 9.3 a 1.2 ± 0.7 a 11.5 ± 6.0 a 7.5 ± 4.0 a 20.0 ± 7.8 1.5 ± 0.5 14.4 ± 5.6 9.4 ± 3.4

Crumbed food 2.4 ± 1.6 0.0 ± 0.0 2.2 ± 1.4 1.6 ± 1.1 3.3 ± 2.8 0.0 ± 0.0 3.1 ± 2.6 2.2 ± 1.9

Mixed polish dishes 6.8 ± 5.4 0.1 ± 0.1 5.7 ± 4.7 4.0 ± 3.3 6.4 ± 4.9 0.1 ± 0.1 5.3 ± 4.2 3.7 ± 3.1

GL – glycemic load, a - means statistically significant difference between group of women and men
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Table 6. Correlation between dietary glycemic load per 1000 kcal and intake (g/day) of particular groups of food products,  
             described by the Pearson correlation coefficient

Products
Overall (n=100) Women (n=51) Men (n=49)
R p R p R P

Unrefined grain products -0.05 Ns 0.02 Ns -0.15 Ns
Refined grain products 0.36 <0.001 0.46 0.001 0.16 Ns
Potatoes 0.08 Ns 0.24 Ns -0.22 Ns
Fruits 0.06 Ns 0.22 Ns -0.10 Ns
Raw vegetables -0.22 0.028 -0.09 Ns -0.31 0.028
Cooked vegetables -0.16 Ns -0.03 Ns -0.32 0.027
Dairy -0.09 Ns -0.08 Ns -0.21 Ns
Nuts and seeds -0.29 0.003 -0.28 0.049 -0.09 Ns
Fruit juices -0.02 Ns -0.03 Ns 0.03 Ns
Sweetened beverages 0.31 0.002 0.04 Ns 0.41 0.004
Honey and sugar 0.21 0.036 0.32 0.022 -0.00 Ns
Raisins 0.02 Ns 0.11 Ns -0.04 Ns
Milk chocolate 0.15 Ns 0.25 Ns -0.05 Ns
Dark chocolate -0.03 Ns -0.12 Ns 0.09 Ns
Sweets 0.17 Ns 0.26 Ns -0.01 Ns
Soups 0.10 Ns 0.04 Ns 0.08 Ns
Crumbed food -0.02 Ns 0.12 Ns -0.22 Ns
Mixed polish dishes -0.07 Ns 0.06 Ns -0.23 Ns

R - Pearson’s correlation coefficient, p - statistical significance, Ns - no statistically significant correlation

DISCUSSION

The diet of study participants was not like diet 
recommended in cancer therapy. It was characterized 
by too high GL, increased content of simple sugars 
and improper macronutrients proportions. In both 
gender groups, carbohydrates content in the diet was 
lower than recommended [18]. Significant differences 
in eating habits between the groups of men and women 
were observed. Compared to women, men consumed 
more sweetened products and refined grains. They also 
had a lower intake of dietary fiber and fats.

The majority of patients were overweight or 
obese and most of them had excess body fat content 
and visceral adipose tissue level. According to The 
International Agency for Research on Cancer (IARC), 
there is a strong relationship between body fatness and 
cancer. At present, sufficient evidence for a preventive 
effect of adequate BMI exists with reference to 13 
cancer types, including esophagus, colon and rectum, 
pancreas and postmenopausal breast cancer [10].

High dietary GL observed in the presented study 
resulted from excessive intake of refined grain products 
(white bread, white rolls, white rice and cornflakes), 
sweets, honey and sugar, as well as a relatively high 
consumption of unrefined grain products and fruits. In 
spite of comparable amount of unrefined and refined 
grain products in the diets of men, the latter provided 

much more energy and had significantly higher GL 
than unrefined. 

The results of studies concerning the influence of 
high GL on cancer development are not conclusive. 
However, Hu et al. [7] conducted a study involving 5039 
oncological patients and observed, that high dietary 
GL increased the risk of developing colon, rectum 
and pancreas cancer. Consumption of food products 
with high GI was found to increase the risk of prostate 
cancer. In a meta-analysis of 39 studies, performed by 
Gnagnarella et al. [6], positive correlation between 
high dietary GL or high GI of consumed products and 
uterus and colon cancer development was observed. 
Furthermore, higher GL and carbohydrate intake 
were significantly associated with an increased risk of 
cancer recurrence and mortality in group of stage III 
colon cancer patients, especially those with BMI ≥ 25 
kg/m2 [13].

Analyzed diets were low-carbohydrate (<45% of 
energy), but they contained large amounts of simple 
sugars. The main sources of sucrose in analyzed diets 
of men were sweetened beverages. Meinhold et al. 
[11], in The Prostate, Lung, Colorectal, and Ovarian 
Cancer Screening Trial, did not found any correlations 
between sucrose and fructose intake and pancreas 
cancer. ACS guidelines also establish that high intake 
of sugar has not been shown to increase the risk of 
cancer progression [18]. Nonetheless, in some studies, 
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high intake of sweetened beverages was associated 
with increased risk of development of pancreas cancer 
[9], as well as increased recurrence and mortality rate 
in group of patients with colon cancer [5].

Besides, frequent consumption of sweetened 
beverages, sweets and sugar may lead to hyperglycemia 
and hyperinsulinemia, as well as diabetes mellitus 
development. Insulin increases the insulin-like growth 
factors (IGF) synthesis in the liver. High level of IGF 
in blood may enhance the risk of prostate and breast 
cancer development and cause resistance to treatment 
with anticancer drugs [17, 22]. 

Pisani [16] found, that high blood glucose, 
insulin, peptide C and glycated hemoglobin level was 
associated with higher risk of colon, rectum, pancreas, 
breast and endometrium cancer development. Ben et 
al. [1] performed a meta-analysis of 35 cohort studies 
and demonstrated that patients with diabetes mellitus 
had higher risk of pancreas cancer development. 

Overall, the average diet of the study participants 
was similar to “Western diet”. Improper eating habits, 
especially in the group of men, included consumption 
of processed and high energy density food products. 
Refined grains, sweets and sweetened beverages 
contain significantly less essential nutrients and 
dietary fiber than unprocessed food, such as whole 
grains, fruits and vegetables. Although in some cases 
high fiber foods are not recommended due to digestive 
problems, large consumption of high-fat and high-
sugar products in the studied group indicates that the 
reason of avoiding whole grains was not associated 
with gastrointestinal disorders.

High intake of sweets and sweetened beverages 
is considered as a risk factor not only for cancer, but 
also for other lifestyle diseases, such as heart diseases, 
hypertension or diabetes mellitus. Meyerhardt et 
al. [12] observed that the Western dietary pattern in 
remission of colon cancer was associated with higher 
risk of recurrence and death in comparison with 
“healthy” dietary pattern, rich in fruits and vegetables. 

Eliminating sweetened beverages, honey and sugar 
from the diet of men could reduce their dietary GL even 
by 15%. In addition, it was estimated that changing 
refined into unrefined grain products, without reducing 
their amount, would have cut dietary GL in the group 
of men to less than 126 g. Moreover, higher intake 
of vegetables, nuts and seeds, which were inversely 
correlated with GL per 1000 kcal, would increase 
many vitamins and minerals content in the diet. 

Above-mentioned changes in dietary habits are 
simple to implement with the participation of qualified 
dietitian. According to current findings, low dietary 
GL and sugar avoidance may improve carbohydrates 
metabolism and protect from cancer development 
and recurrence. Enhancement of knowledge about 

relationships between diet and cancer is thus needed 
in order to change eating behaviors among the 
oncological patients.

CONCLUSIONS

Although analyzed diets did not contain a lot of 
carbohydrates, they had high GL due to the excessive 
consumption of high GI products. The group of men 
was found to have higher energy intake, dietary GL 
value and content of sucrose in the diet in comparison 
with the group of women. Moreover, men consumed 
more products considered as unhealthy, such as 
sweetened beverages, sweets, honey and sugar, white 
bread and rolls, white rice and cornflakes.

High dietary GL and high intake of sucrose 
causes considerable changes in blood glucose level, 
what leads to hyperglycemia and hyperinsulinemia. 
According to current knowledge, improper diet and, 
in effect, abnormal carbohydrates metabolism, may 
increase the risk of cancer development, as well as 
cause higher mortality rate among cancer patients. 

Elimination of sweets, sweetened beverages 
and products containing white flour and greater 
consumption of raw and cooked vegetables, nuts 
and seeds, unsweetened beverages and whole grain 
products is recommended for the study participants in 
order to provide required nutritional status and dietary 
nutrient intake. 
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ABSTRACT
Objective. A risk assessment and dietary exposure to polycyclic aromatic hydrocarbons (PAHs), lead and cadmium 
from bread, a common food consumed in Nigeria.
Material and Methods. Sixty samples of bread were collected from different types of bakeries where the heat is 
generated by wood (42 samples) or by electricity (18 samples) from twenty bakeries located in Gusau Zamfara (B1-
B14) and Port Harcourt Rivers States (B15-B20) in Nigeria. PAHs in bread were determined by gas chromatography. 
Lead and cadmium were determined using atomic absorption spectrophotometry. 
Results. Non-carcinogenic PAHs pyrene (13.72 µg/kg) and genotoxic PAHs (PAH8), benzo[a]anthracene (9.13 µg/
kg) were at the highest concentrations. Total benzo[a]pyrene concentration of 6.7 µg/kg was detected in 100% of 
tested samples. Dietary intake of total PAHs ranged between 0.004-0.063 µg/kg bw. day-1 (children), 0.002-0.028 
µg/kg day-1 (adolescents), 0.01-0.017 µg/kg day-1 (male), 0.002-0.027 µg/kg day-1 (female), and 0.002-0.025 µg/kg 
day-1 (seniors). The Target Hazard Quotient (THQ) for Pb and Cd were below 1. Lead ranged from 0.01-0.071 mg/kg  
with 10.85 and 100% of bread samples violating the permissible limit set by USEPA, WHO and EU respectively. 
Cadmium ranged from 0.01-0.03 mg/kg, with all bread samples below the permissible limits as set by US EPA, 
JECFA and EU. The daily intake of Pb and Cd ranged from 0.03-0.23 µg/kg bw day-1 and 0.033-0.36 µg/kg bw day-1 
respectively. Incremental lifetime cancer risk (ILCR) was 3.8 x 10-7. 
Conclusions. The levels of these contaminants in bread if not controlled might present a possible route of exposure 
to heavy metals and PAHs additional to the body burden from other sources.

Key words: bread, polycyclic aromatic hydrocarbons, lead, cadmium, risk assessment, Nigeria

INTRODUCTION

Food contamination by toxic chemicals has been 
the subject of extensive research in the last decades. 
Miscellaneous classes of chemical compounds 
from different sources such as polycyclic aromatic 
hydrocarbons (PAHs) and heavy metals have been 
detected in foods [29]. New toxicants residues 
(emerging contaminants) in foods are increasing 
as a consequence of new industrial processes, 
environmental pollution and climate changes [18]. 

Bread is an important constituent of the Nigerian 
diet in terms of the quantity consumed, where majority 
of the population eat bread on a daily basis. Chemical 
contamination of bread is thus likely to affect a large 

proportion of the population. Bread provides energy and 
nutrients like vitamins, proteins, lipids and minerals all of 
which are essential in human diet [18]. In Nigeria bread 
is produced in different types of bakeries where the heat 
is generated by wood or by electricity, and this is why 
nutritional concerns is supposed to be an important issue. 
Recently scientists have reported the concentration of 
some PAHs in bread using different fuels [12, 16, 39].

The European Union have stressed and recommended 
that levels of PAHs are to be measured in possibly a wide 
variety of food products in order to obtain data on the 
occurrence and specific concentrations in a wide variety 
of matrices [7]. Occurrence of PAHs in food results from 
environmental deposition, but the thermal treatment used 
in the preparation and manufacture of foods can also 
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be a relevant contamination pathway [1]. Processing 
procedures such as smoking, roasting, grilling, baking 
and frying are documented as major causes of potentially 
high level of food contamination by PAHs [3, 21, 29]. 
According to recent studies on PAHs exposure, food is 
the main source of human exposure to PAHs and cereals 
constitute one of the major contributing sources [3]. The 
public interest in dietary exposure to PAHs has been 
increasing in recent years owing to the recognition of their 
toxic effects and presence in different categories of raw 
and processed food crops [ 23].

Specific nourishing demands of man are fulfilled 
through a combination of all types of macro and micro 
nutrients of which some are essential metals. Some 
authors have reported the presence of heavy metals in 
bread [30]. Lead and cadmium are very toxic heavy 
metals, and have been identified as health risks by the 
World Health Organization (WHO) [14]. Heavy metals 
are of great concern because of their toxic properties, 
though some metals are also essential for humans. Data 
on the PAHs and heavy metals (Pb and Cd) contamination 
of bread consumed in Nigeria is sparse. This study has 
employed the determination of the concentrations of 
lead, cadmium and PAHs, Estimated Daily Intake (EDI), 
Target Hazard Quotient (THQ), Hazard Index (HI) and 
also the Incremental Lifetime Cancer Risk (ILCR) of 16 
EPA priority PAHs in an in depth risk assessment of wood 
and oven baked bread commonly consumed in Nigeria.

MATERIALS AND METHODS

Sampling and sampling preparations
In June 2015, freshly baked bread were purchased 

from twenty most popular bakeries located in Gusau 
Zamfara (B1-B14) and Port Harcourt Rivers States 
(B15-B20), Nigeria. Three loaves from each bakery, i.e 
sixty bread samples were collected (42 wood baked from 
Gusau Zamfara (B1-B14) and 18 electric oven baked 
breads from Port-Harcourt Rivers States (B15-B20). In 
order to avoid contamination after production, the oven 
fresh loaves were purchased directly from the bakeries 
and wrapped with clean aluminum foils (bread samples 
for PAHs analysis) and polythene bags (bread samples 
for Pb and Cd analyses). Samples of the three loaves from 
each bakery were cut into small pieces, homogenized and 
stored in the refrigerator in tightly sealed glass bottles 
prior to digestion, extraction and analysis.

Extraction and clean-up of PAHs
Glass wares were washed thoroughly with hot 

detergent solution followed by rinsing with purified water 
and acetone (analytical grade) respectively and heated in 
the oven at 100 ◦C overnight. To avoid contaminations of 
bread samples, different glass wares and syringes were used 
for standards and for solutions extracted from samples. 
Extraction of poly aromatic hydrocarbons from the bread 

samples was done with a sonicator (Ultrasonic bath-
Elmsonic S40H) in accordance with US SW-846 Method 
3550. Two grams of bread samples was extracted with 
a 50:50 mixture of acetone and methylene chloride spiked 
with 1 ml of PAH internal standard and shaken thoroughly 
before placing in an ultrasonic bath. The concentrations 
of 16 PAHs (naphthalene, acenaphtylene, acenaphtene, 
fluorene, phenanthrene, anthracene, fluoranthene, pyrene, 
benzo[a]anthracene, chrysene, benzo[b]fluoranthene, 
benzo[k]fluoranthene, benzo[a]pyrene, indeno[1,2,3-
c,d]pyrene, dibenzo[a,h]anthracene, and benzo[g,h,i]
perylene) were analyzed by gas chromatography (Gas 
Chromatograph (GC-FID) with GC recorder interfaced 
with a HP. The EPA-16 PAHs determination was conducted 
at Jaros Inspection Services Limited, Port Harcourt, Rivers 
State, Nigeria using Gas Chromatographic System (6890 
series and 6890 plus) equipped with a dual detector (FID-
ECD), dual column and TriPlus AS auto-sampler with 
helium carrier gas and a quadrupole Mass Spectrometer 
(Agilent 5975 MSD) based on USEPA method 8100 
(EPA 1984). A 2.00 μl of extracts were injected into the 
GC port set at column conditions: HP-5 crosslinked PH-
ME siloxane, length of 30 m, I.D: 0.25 mm, thickness of 
1 μm with helium carrier gas set in the splitless, constant 
flow mode with 1.2 ml/min flow rate. Other GC and MS 
operating set-up were done according to the instrument’s 
method development as specified in the operating 
instruction manual. Identification and quantification of 
individual PAHs was based on internal calibration standard 
containing known concentrations of the 16 PAHs (EPA-
16). The specificity of the 16 PAHs sought for in the 
samples was confirmed by the presence of transition ions 
(quantifier and qualifier) as shown by their retention times 
which corresponded to those of their respective standards. 
The measured peak area ratios of precursor to quantifier 
ion were in close agreement with those of the standards.

The detection limit (LOD), estimated as three times 
the background noise (IUPAC criterion), was similar for 
all analyzed compounds and results were less than 0.015 
μg/kg dry weight (d.w.) for all analytes. The blank values 
of analytical procedure remained always below the 
quantification limit (LOQ) 0.05 μ g/kg d.w., estimated 
as 10 times. The potential for cancer effects was 
subsequently estimated by calculating the incremental 
probability that an individual will develop cancer over 
a lifetime as a result of chronic exposure to a particular 
substance (that is, above baseline lifetime risk). 

Digestion and ashing of bread samples
For each sample of bread, 5 g was measured in 

a weighing balance using plastic materials to prevent 
contamination of metals. After that approximately 9 ml 
of 65% concentrated HNO3and 3 ml perchloric acids 
were added in order to make a digestion prior to heating. 
The solution was then transferred to a hot plate where it 
was heated to a temperature of 120 0C for about 5 hours. 
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Afterwards, the sample was introduced into an oven 
under a temperature that was gradually increased in 10 
oC every 60 minutes until the wished final temperature 
of 450 oC was reached 18 hours later, white ashes were 
obtained. Following this, samples were left to cool. The 
white ashes were then dissolved with 1.5% HNO3 (5 
ml) and a final volume of 25 ml was made by adding 
distilled water. The resulting solution was filtered. Pb and 
Cd concentration were determined using a Solar thermo 
Flame Atomic Absorption Spectrometer (S4 710). 

Quality control 
The instrument was recalibrated after every ten 

runs. The analytical procedure was checked using spike 
recovery method (SRM). A known standard of the 
metals was introduced into already analysed samples 
and re-analysed. The results of the recovery studies for 
Pb and Cd, were greater than 95%. The relative standard 
deviation between replicate analyses was less than 4%. 
The limit of detection (LOD) for Pb and Cd were 0.01 
and 0.005 mg/kg respectively, with blank values reading 
as 0.00 mg/kg for all the metals in deionized water with 
electrical conductivity value of lower than 5 μS/cm. The 
limit of quantification LOQ for Pb was 0.01 and Cd was 
0.004 mg/kg. Two-way analysis of variance (ANOVA) 
and a Student’s t-test were used to determine whether 
the concentrations of the metals varied significantly, 
with values less than 0.05 (p<0.05) considered to be 
statistically significant. The statistical calculations were 
performed with Graph Pad Prism 5.0.

Lead and cadmium health risk assessment

Calculation of Estimated Daily Intake of metals (EDI)
The daily intake of metals depends on both the metal 

concentration in food and the daily food consumption. 
In addition, the body weight of the human can influence 
the tolerance of contaminants. The EDI was calculated 
based on the following formula [34].

Where: 
C - metal concentration in bread (mg/kg) 
D - daily intake of bread (0.3 kg) 
BW - average body weight in kg person-1.

An average daily consumption of 0.3 kg [28] of bread 
was assumed. This method was adapted because bread is 
eaten as a traditional breakfast meal and as in-between 
meal snacks by majority of Nigerian population. Average 
adult body weight was considered to be 70 kg.

Calculation of Target Hazard Quotient (THQ)
Non carcinogenic risk due to lead and cadmium 

consumption was determined using THQ values. THQ is 
a ratio of the determined dose of a pollutant to a reference 

level considered not harmful. THQ values were determined 
based on the following formula (WHO 2001).
THQ = Efr x ED x FIR x C

RfDo x Baverage weight x ATn x 10-3 

Where:
Efr - exposure frequency in 365 days year-1

ED - exposure duration in 70 years (equivalent to an average 
lifetime) [34]
FIR - food ingestion rate in kg person-1day-1, 
C - concentration of metal in food sample, in mg/kg
RfDo - reference dose in mg/kg day-1 
ATn - average exposure time for non – carcinogens in days.

The following reference doses were used Pb = 4.0 
x 10-3 and 1.0 x 10-3 (US EPA). THQs were calculated 
according to the methodology described by the 
Environmental Protection Agency (EPA) in the USA [4]. 
Doses were calculated using the standard assumption 
for an integrated risk analysis and an average adult 
body weight of 70 kg [4, 35]. In addition, based on EPA 
guidelines, it was assumed that ingested doses were 
equal to absorbed contaminant doses [4, 8, 38].

PAHs health risk assessment

Benzo[a]pyrene equivalent (B[a]peq) estimation
Benzo[a]pyrene has been characterized as the most 

potent carcinogenic PAH after dibenz[a,h]anthracene. 
Therefore the total PAH concentration is expressed as B[a]
Peq to illustrate the toxic potency [31]. The B[a]Peq was 
calculated as the sum of the B[a]Peqi i.e. value for individual 
PAHs. The b[a]peq value was calculated for each PAH from 
its concentration in the sample (cPAHi) multiplied by its 
toxic equivalency factor (TEFPAHi) as proposed earlier by 
Nisbet and LaGoy [27] according to the formula below: 

B[a]Peq = ∑(BaPeqi) = ∑(cPAHi x TEFPAHi)

Estimation of dietary exposure
The daily intake of PAHs from foodstuffs was 

calculated by multiplying the respective concentration 
in each bread sample by the weight of bread 
consumed by an average individual from Zamfara or 
Rivers state. Total dietary intake of B[a]P, B[a]Peq& 
PAH8 (carcinogenic PAHs) were also calculated by 
multiplying concentrations for each bread sample with 
the Ingestion Rate (IR) which was assumed to be 0.3 kg. 
Consequently the daily dietary exposure dose level (ED) 
was calculated with the equation below:

EDPAH= ∑i PAHi x IR
EDPAH8 = ∑i PAH8 x IR
EDB[a]P= B[a]Pi x IR
EDB[a]PEQ= B[a]Peq x IR
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The dietary exposure µg/kg body weight/day was 
calculated by dividing the dietary intake with the 
average body weight of 70 kg.

Cancer risk calculation
Incremental lifetime cancer risk (ILCR) for PAHs 

were calculated based on Xia et al. [40] method. The 
carcinogenic risk of a PAH mixture can be expressed by 
its total B[a]Peq concentration. The ILCR of population 
in Zamfara and Rivers states caused by PAHs dietary 
exposure in bread were calculated using the following 
equation;

ILCR = ED x EF x EDB[a]Peq x SF x CF
BW x AT

Where:
ED - the exposure duration (70 yrs), 
EF - the exposure frequency (365 days yr-1), 
EDB[a]Peq - the exposure dose for B[a]P equivalent, 
SF - the oral slope factor of benzo[a]pyrene (7.3 9 mg/kg 
day-1)-1) [36] 
CF - conversion factor (10-6 mg ng-1), 
BW - body weight (70 kg) 
ATn - average life span (70 years i.e 25,550 days).

RESULTS

Lead and cadmium concentration 
The concentration of Pb and Cd in bread samples 

collected from Zamfara and Rivers State respectively 
were within the following ranges: Pb (0.01 – 0.071 
mg/kg) and Cd (0.01 – 0.03 mg/kg). The highest Pb 
concentration (0.071 mg/kg) was found in sample B14, 
this is followed by 0.062 mg/kg in sample B12. All other 
samples were below 0.05 mg/kg. The concentrations 
of Pb in wood baked bread samples ranged from 0.01 
to 0.071 mg/kg, while that from electric baked bread 
was ranged from 0.01 to 0.042 mg/kg. In 45% of 
tested bread samples concentration of Cd was below 
the detection limit (<0.001). The highest concentration 
(0.031 mg/kg) was found in sample B20 followed by 
sample B10 (0.023 mg/kg), B1, B7, B15 (0.02 mg/kg), 
B2, B14 (0.011 mg/kg) and B8, B18 (0.01 mg/kg). The 
Pb levels found in bread (Figure 1) shows that B12 and 
B14 violated the permissible limit set by US EPA (0.05 
mg/kg), B3, B16 and B20 fell within the limit set by 
WHO (0.01 mg/kg), while all the bread samples were 
in violation of the EU standard (0.002).The result of 
Cd levels found in bread (Figure 2), show that all the 
bread samples fell within the permissible limit as set 
by USEPA, WHO and EU (0.05 mg/kg).

 

Figure  1. Lead mean concentration (mg/kg) in bread  samples (B1 - B14 = wood baked bread 
from Zamfara and B15 - B20 = electric baked bread from Portharcourt). 
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Figure 1. Lead mean concentration (mg/kg) in bread samples (B1 - B14 = wood baked bread from Zamfara and B15 - B20  
                = electric baked bread from Portharcourt).
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Figure 2.  Cadmium mean concentration (mg/kg) in bread samples (B1- B14 = wood baked 
bread from Zamfara and B15 - B20 = electric baked bread from Portharcourt)  
 

0

0,01

0,02

0,03

0,04

0,05

0,06

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10

B11

B12

B13

B14

B15

B16

B17

B18

B19

B20
co

nc
en

tr
at

io
n 

(m
g/

kg
) 

bread samples 

EU, WHO, USEPA  

Figure 2. Cadmium mean concentration (mg/kg) in bread samples (B1- B14 = wood baked bread from Zamfara and B15  
                - B20 = electric baked bread from Portharcourt)

 

 

Figure 3. Hazard Index values of lead and cadmium through consumption of bread baked at 
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Table 1 shows the daily intake of Pb and Cd. The 
estimated daily intake (EDI) of Pb and Cd from the 
consumption of analysed bread showed large variations. 
The intake of Pb from bread consumption ranged from 
0.00003 – 0.00023 mg/kg bw day-1. The highest Pb intake 
was from consumption of B14 which was calculated 
from the highest concentration of Pb in wood baked 
bread from Zamfara state, which was lower than the TDI 
of lead (0.3 mg/kg bw day-1) for a 60 kg individual. All 
tested samples were below the TDI. The estimated daily 
intake for Cd ranged from 0.000033 to 0.00036 mg/kg 
bw day-1. Cd intake of in this study for all bread samples 
(wood or electric baked) were below the TDI. 

Figures 3 show the estimated THQs from the 
consumption of bread (wood & electric baked). 
Estimated THQ values Pb and Cd ranged from 0.0083 to 
0.052 and from 0.033 to 0.10 for Pb and Cd respectively. 
All 20 samples had THQ values less than 1.0.

Table 2 shows the distribution of individual PAHs 
analyzed in bread samples. The sum of the total mean 
levels of PAHs found in wood baked bread which ranged 
from 0.64 to 7.57 µg/kg were higher than in electric 
baked bread samples that ranged from 0.49 to 2.88 µg/
kg. Among the single analyzed compounds there was 
a predominance of chrysene (3.3 µg/kg), benzo[a]
pyrene (6.7 µg/kg) and dibenz[a,h]anthracene (7.42 µg/
kg) which were found in all the samples. The highest 
total concentration of individual PAHs as shown in 
Table 2 was found to be pyrene (13.72 µg/kg). Other 
individual PAHs concentrations included benzo[a]
anthracene (9.13 µg/kg), phenanthrene (8.25 µg/kg),  

benzo[g,h,i]pyrelene (6.1 µg/kg), anthracene (2.82 
µg/kg) benzo[b,k]fluoranthene and indenol[1,2,3-cd]
pyrene (2.28 µg/kg). The lowest total concentration for 
individual PAHs were those of fluoranthene (0.48 µg/kg), 
acenaphthalene (0.04 µg/kg) and fluorene (0.25 µg/kg). 
Finally naphthalene and acenaphthalene were not detected 
in any of the samples.

Table 1. Estimated Daily Intake of Pb and Cd (mg day-1  

               person-1) with bread from bakeries for a person  
              60 kg b.w. 

Samples Lead Cadmium

B1 0.0001 0.00006
B2 0.00014 0.000046
B3 0.000033 BDL
B4 0.00005 BDL
B5 0.000076 BDL
B6 0.00014 BDL
B7 0.000046 0.000066
B8 0.000053 0.000033
B9 0.00011 BDL
B10 0.0001 0.000076
B11 0.00011 0.000046
B12 0.0002 0.000036
B13 0.00011 BDL
B14 0.00023 0.00036
B15 0.00011 0.000066
B16 0.000033 BDL
B17 0.000043 BDL
B18 0.00014 0.000033
B19 0.00004 BDL
B20 0.000033 0.0001

Table 2. PAHs concentration (µg/kg) of 16 priority PAHs in tested bread samples
Samples Nap Ace Acn Fln Phe Ant Flt Pyr B[a]A Chr B[bk]F B[a]P D[a,h]A B[ghi]P I[cd]P ∑PAHs

B1 ND ND ND ND ND ND ND 3.56 0.22 0.15 0.08 0.12 0.20 ND 0.01 4.34
B2 ND ND ND ND 0.06 0.06 0.01 5.8 0.37 0.02 0.09 0.25 0.89 ND 0.02 7.57
B3 ND ND ND ND ND ND ND 0.52 0.89 0.33 0.19 0.77 0.88 1.13 0.22 4.95
B4 ND ND ND 0.11 2.04 0.68 0.07 0.13 0.02 0.33 0.05 0.19 0.22 0.28 0.06 4.18
B5 ND ND ND ND 1.28 0.43 0.04 0.08 0.31 0.21 0.12 0.23 0.05 0.71 0.01 3.47
B6 ND ND ND ND ND ND 0.05 0.44 0.06 0.24 0.14 0.55 0.63 0.81 0.16 3.08
B7 ND ND ND 0.05 1.02 0.14 0.04 0.06 0.25 0.17 0.09 0.39 0.04 ND 0.11 2.36
B8 ND ND ND ND ND ND 0.03 0.22 0.37 0.14 0.08 0.32 0.37 0.47 0.09 2.09
B9 ND ND ND ND ND ND ND 0.18 0.06 0.04 0.05 0.21 0.11 ND ND 0.64
B10 ND ND ND ND 1.70 0.23 0.06 0.10 0.41 0.28 0.17 0.31 0.40 0.61 0.19 4.46
B11 ND ND ND ND 0.16 0.14 0.02 0.69 3.66 0.02 0.38 0.17 0.68 ND 0.003 5.94
B12 ND ND ND 0.02 0.51 0.07 0.02 0.03 0.12 0.08 0.05 0.19 0.12 0.18 0.06 1.45
B13 ND ND ND ND ND 0.04 ND 0.05 0.36 0.02 0.03 0.05 0.17 ND ND 0.73
B14 ND ND ND ND ND 0.85 0.09 0.66 1.12 0.41 0.25 0.97 1.10 1.42 0.28 7.13
B15 ND ND ND ND 0.11 ND ND 0.79 0.57 0.03 0.001 0.61 0.39 ND 0.33 2.83
B16 ND ND ND 0.04 0.73 0.09 0.03 0.04 0.03 0.12 0.07 0.13 0.17 0.26 0.08 1.80
B17 ND ND 0.04 0.03 0.64 0.09 0.02 0.04 0.15 0.10 0.06 0.12 0.03 0.23 0.07 1.62
B18 ND ND ND ND ND ND ND 0.33 ND 0.03 0.02 0.07 0.06 ND ND 0.49
B19 ND ND ND ND ND ND ND ND ND 0.57 ND 0.89 0.82 ND ND 2.28
B20 ND ND ND ND ND ND ND ND 0.16 0.03 0.39 0.16. 0.09 ND 0.59 2.88

TOTAL ND ND 0.04 0.25 8.25 2.82 0.48 13.7 9.13 3.32 2.31 6.7 7.42 6.1 2.28
Keys: Naph=Naphthalene, Ace=Acenaphthalene, Acn=Acenaphthene, Fl=Flourene, Phe=Phenanthrene, Anth=Anthracene, Flo=Flouranthene, 
Pyr=Pyrene, BaA=Benzo[a]Anthracene, Chr=Chrysene, BbkF=Benzo[b,k]Flouranthene, BaP=Benzo[a]Pyrene,  BghiP=Benzo[g,h,i]Pyrelene, 
DahA=Dibenzo[a,h]Anthracene,  IcdP=Indeno[1,2,3,cd]Pyrene
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Dietary exposure to PAHs
Tables 3, 4 and 5 show the oral Exposure Doses 

(ED) to B[a]P, ∑B[a]Peq, ∑PAHs and ∑PAH8 with 
(children = 24 kg, adolescents = 54.5 kg, male = 70 kg, 
female = 55 kg, seniors = 62.5 kg) and without body 
weight adjustment. When the dietary intake of the 
sum of the ∑PAHs analyzed was calculated without 
body weight adjustment, the highest intake was from 
the consumption of B2 (1.51 µg/kg day-1) and the 
least was from B9 (0.13 µg/kg day-1.). Carcinogenic 
dietary intake from B[a]P, PAH8 and B[a]Peq ranged 
from B13 (0.01 µg/kg day-1) – B14 (0.19 µg/kg day-1), 
B18 (0.03 µg/kg day-1) – B14 (1.11 µg/kg day-1) and 
B17,B18 (0.03 µg/kg day-1) – B14 (0.45 µg/kg day-1) 
respectively. However when the dietary intake of PAHs 

was expressed per kg of body weight it ranged from; 
Adults (0.0002 – 0.032 µg/kg day-1, 0.001 – 0.019 µg/
kg day-1 and 0.001 – 0.008 µg/kg day-1 for B[a]P, PAH8 
and B[a]eq respectively). Children (0.004 – 0.063 µg/kg 
day-1, 0.001 – 0.046 µg/kg day-1, 0.0004 – 0.007 µg/kg 
day-1, 0.001 – 0.019 µg/kg day-1 for ∑PAH, PAH8, B[a]
P and B[a]Peq). Adolescents (0.002 – 0.028 µg/kg day-1, 
0.0006 – 0.018 µg/kg day-1, 0.0003 – 0.004 µg/kg day-1, 
0.0006 – 0.0083 µg/kg day-1 for ∑PAH, PAH8, B[a]P 
and B[a]Peq). Males (0.001 – 0.017 µg/kg day-1, 0.0004 
– 0.016 µg/kg day-1, 0.0002 – 0.003 µg/kg day-1, 0.0004 
– 0.006 µg/kg day-1 for ∑PAH, PAH8, B[a]P and B[a]
Peq). Females (0.002 – 0.027 µg/kg day-1, 0.0005 – 0.02 
µg/kg day-1, 0.0002 – 0.004 µg/kg day-1, 0.0005 – 0.008 
µg/kg day-1 for ∑PAH, PAH8, B[a]P and B[a]Peq). 

 

Figure 4. Relative percentage contribution of individual PAHs to the overall PAHs 
concentration in all bread samples 
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Figure 4. Relative percentage contribution of individual PAHs to the overall PAHs concentration in all bread samples

Table 3. Estimated dietary intake of B[a]P, PAH8, ∑PAHs and ∑B[a]Peq
  from tested bread samples

A* B*

Samples Daily intake 
of bread B[a]P PAH8 ∑PAHs ∑B[a]Peq B[a]P PAH8 ∑PAHs ∑B[a]Peq

B1 0.3 0.02 0.05 0.87 0.07 0.0003 0.003 0.015 0.001
B2 0.3 0.05 0.34 1.51 0.24 0.0008 0.006 0.025 0.004
B3 0.3 0.15 0.89 0.99 0.36 0.0026 0.015 0.017 0.006
B4 0.3 0.04 0.23 0.84 0.09 0.0006 0.004 0.014 0.002
B5 0.3 0.05 0.33 0.69 0.07 0.0008 0.006 0.012 0.001
B6 0.3 0.11 0.52 0.62 0.25 0.0018 0.009 0.010 0.004
B7 0.3 0.08 0.21 0.47 0.09 0.0013 0.004 0.008 0.002
B8 0.3 0.06 0.37 0.42 0.15 0.0011 0.006 0.007 0.003
B9 0.3 0.04 0.09 0.13 0.07 0.0007 0.002 0.002 0.001
B10 0.3 0.06 0.47 0.89 0.16 0.001 0.008 0.015 0.003
B11 0.3 0.03 0.98 1.19 0.25 0.0006 0.016 0.020 0.004
B12 0.3 0.04 0.16 0.29 0.07 0.0006 0.003 0.005 0.001
B13 0.3 0.01 0.13 0.15 0.05 0.0002 0.002 0.003 0.001
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Table 4. Estimated dietary intake (mg/kg day-1 person-1) of B[a]P, PAH8, ∑PAHs and ∑B[a]Peq
 for males (70 kg b.w.) and  

             females ( 55 kg b.w.) from tested  bread samples 
 Males Females kg b.

Samples Daily intake 
of bread
(in kg)

B[a]P PAH8 ∑PAHs ∑B[a]Peq B[a]P PAH8 ∑PAHs ∑B[a]Peq

B1 0.3 3.0 E-04 2.0 E-03 1.2 E-02 1.0 E-03 4.0 E-04 3.0 E-03 1.6 E-02 1.0 E-03
B2 0.3 7.0 E-04 5.0 E-03 2.2 E-02 3.0 E-03 9.0 E-04 6.0 E-03 2.7 E-02 4.0 E-03
B3 0.3 2.0 E-03 1.3 E-02 1.4 E-02 5.0 E-03 3.0 E-03 1.6 E-02 1.8 E-02 7.0 E-03
B4 0.3 5.0 E-04 3.0 E-03 1.2 E-02 1.0 E-03 7.0 E-04 4.0 E-03 1.5 E-02 2.0 E-03
B5 0.3 7.0 E-04 5.0 E-03 9.0 E-03 1.0 E-03 8.0 E-04 6.0 E-03 1.3 E-02 1.0 E-03
B6 0.3 2.0 E-03 7.0 E-03 9.0 E-03 4.0 E-03 2.0 E-03 9.0 E-03 1.1 E-02 5.0 E-03
B7 0.3 1.0 E-03 3.0 E-03 7.0 E-03 1.0 E-03 1.0 E-03 4.0 E-03 9.0 E-03 2.0 E-03
B8 0.3 9.0 E-04 5.0 E-03 6.0 E-03 2.0 E-03 1.0 E-03 7.0 E-03 8.0 E-03 3.0 E-03
B9 0.3 6.0 E-04 1.0 E-03 2.0 E-03 1.0 E-03 8.0 E-04 2.0 E-03 2.0 E-03 1.0 E-03
B10 0.3 9.0 E-04 7.0 E-03 1.3 E-02 2.0 E-03 1.0 E-03 9.0 E-03 1.6 E-02 3.0 E-03
B11 0.3 5.0 E-04 1.4 E-02 1.7 E-02 4.0 E-03 6.0 E-04 1.8 E-02 2.2 E-02 5.0 E-03
B12 0.3 5.0 E-04 2.0 E-03 4.0 E-03 1.0 E-03 7.0 E-04 3.0 E-03 5.0 E-03 1.0 E-03
B13 0.3 1.0 E-04 2.0 E-03 2.0 E-03 7.0 E-04 2.0 E-04 2.0 E-03 3.0 E-03 9.0 E-04
B14 0.3 3.0 E-03 1.6 E-02 2.0 E-02 6.0 E-03 4.0 E-03 2.0 E-03 2.6 E-02 8.0 E-03
B15 0.3 2.0 E-03 6.0 E-03 8.0 E-03 3.0 E-03 2.0 E-03 7.0 E-03 1.0 E-02 4.0 E-03
B16 0.3 4.0 E-04 2.0 E-03 5.0 E-03 9.0 E-04 5.0 E-04 3.0 E-03 7.0 E-03 1.0 E-03
B17 0.3 3.0 E-04 2.0 E-03 5.0 E-03 4.0 E-04 4.0 E-04 3.0 E-03 6.0 E-03 5.0 E-04
B18 0.3 2.0 E-04 4.0 E-04 1.0 E-03 4.0 E-04 3.0 E-04 5.0 E-04 2.0 E-03 5.0 E-04
B19 0.3 3.0 E-03 7.0 E-03 7.0 E-03 5.0 E-03 3.0 E-03 8.0 E-03 8.0 E-03 6.0 E-03
B20 0.3. 5.0 E-04 4.0 E-03 8.0 E-03 1.0 E-03 6.0 E-04 5.0 E-03 1.1 E-02 1.0 E-03

Table 5. Estimated dietary intake (mg/kg day-1 person-1) of B[a]P, PAH8, ∑PAHs and ∑B[a]Peq
 for children (24 kg b.w.)  

              and adolescents  (55 kg b.w.) from tested bread samples
 Children  Adolescents

Samples
Qty of 
bread
(in kg)

B[a]P PAH8 ∑PAHs ∑B[a]Peq B[a]P PAH8 ∑PAHs ∑B[a]Peq

B1 0.3 1.0 E-03 7.0 E-03 3.6 E-02 3.0 E-03 4.0 E-04 3.0 E-03 1.5 E-02 1.3 E-03
B2 0.3 2.0 E-03 1.4 E-02 6.3 E-02 1.0 E-02 9.0 E-04 6.0 E-03 2.8 E-02 4.4 E-03
B3 0.3 6.0 E-03 3.7 E-02 4.1 E-02 1.5 E-02 2.8 E-03 1.6 E-02 1.8 E-02 6.6 E-03
B4 0.3 2.0 E-03 9.0 E-03 3.5 E-02 4.0 E-03 7.0 E-04 4.0 E-03 1.5 E-02 1.7 E-03
B5 0.3 2.0 E-03 1.4 E-02 2.9 E-02 3.0 E-03 8.0 E-04 6.0 E-03 1.3 E-02 1.3 E-03
B6 0.3 5.0 E-03 2.2 E-02 2.6 E-02 1.0 E-02 2.0 E-03 9.0 E-03 1.1 E-02 4.6 E-03
B7 0.3 3.0 E-03 9.0 E-03 1.9 E-02 4.0 E-03 1.4 E-03 4.0 E-03 9.0 E-03 1.7 E-03
B8 0.3 3.0 E-03 1.5 E-02 1.8 E-02 6.0 E-03 1.2 E-03 7.0 E-03 8.0 E-03 2.8 E-03
B9 0.3 2.0 E-03 4.0 E-03 5.0 E-03 3.0 E-03 8.0 E-04 2.0 E-03 2.0 E-03 1.3 E-03
B10 0.3 3.0 E-03 1.9 E-02 3.7 E-02 7.0 E-03 1.0 E-03 9.0 E-03 1.6 E-02 2.9 E-03
B11 0.3 1.0 E-03 4.1 E-02 4.9 E-02 1.0 E-02 6.0 E-04 1.8 E-02 2.2 E-02 4.6 E-03
B12 0.3 2.0 E-03 7.0 E-03 1.2 E-02 3.0 E-03 7.0 E-04 3.0 E-03 5.0 E-03 1.3 E-03

A* B*

Samples Daily intake 
of bread B[a]P PAH8 ∑PAHs ∑B[a]Peq B[a]P PAH8 ∑PAHs ∑B[a]Peq

B14 0.3 0.19 1.11 1.43 0.45 0.0032 0.019 0.024 0.008
B15 0.3 0.12 0.39 0.57 0.22 0.002 0.007 0.009 0.004
B16 0.3 0.03 0.17 0.36 0.06 0.0004 0.003 0.006 0.001
B17 0.3 0.02 0.15 0.32 0.03 0.0004 0.003 0.005 0.001
B18 0.3 0.01 0.03 0.09 0.03 0.0002 0.001 0.002 0.001
B19 0.3 0.18 0.46 0.46 0.34 0.0029 0.008 0.008 0.006
B20 0.3 0.03 0.29 0.58 0.07 0.0005 0.005 0.010 0.001

A* - No b.w ;   B* =  Adults (male of 62.5 kg b.w.)
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 Children  Adolescents

Samples
Qty of 
bread
(in kg)

B[a]P PAH8 ∑PAHs ∑B[a]Peq B[a]P PAH8 ∑PAHs ∑B[a]Peq

B13 0.3 4.0 E-04 5.0 E-03 6.0 E-03 2.0 E-03 2.0 E-04 2.0 E-03 3.0 E-03 9.0 E-04
B14 0.3 8.0 E-03 4.6 E-02 5.9 E-02 1.9 E-02 4.0 E-03 2.0 E-02 2.6 E-02 8.3 E-03
B15 0.3 5.0 E-03 1.6 E-02 2.4 E-02 9.0 E-03 2.0 E-03 7.0 E-03 1.0 E-02 4.0 E-03
B16 0.3 1.0 E-03 7.0 E-03 1.5 E-02 3.0 E-03 5.0 E-04 3.0 E-03 7.0 E-03 1.0 E-03
B17 0.3 1.0 E-03 6.0 E-03 1.3 E-02 1.0 E-03 4.0 E-04 3.0 E-03 6.0 E-03 6.0 E-04
B18 0.3 6.0 E-04 1.0 E-03 4.0 E-03 1.0 E-03 3.0 E-04 6.0 E-04 2.0 E-03 6.0 E-04
B19 0.3 7.0 E-03 1.9 E-02 1.9 E-02 1.4 E-02 3.0 E-03 8.0 E-03 8.0 E-03 6.2 E-03
B20 0.3 1.0 E-03 1.2 E-02 2.4 E-02 3.0 E-03 6.0 E-04 5.0 E-03 1.1 E-02 1.3 E-03

DISCUSSION

Food consumption have been declared the major 
pathway for human exposure to environmental 
contaminants, accounting for over 90% of intake as 
compared to inhalation or dermal routes [21, 22]. The 
present study assessed the human health risk associated 
with exposure to lead, cadmium and polycyclic 
aromatic hydrocarbons through consumption of bread 
by the exposed population in Southern (Port-Harcourt) 
and Northern (Gusau) Nigeria. 

There were higher levels of lead than cadmium in 
all the bread samples. The levels of these toxic metals 
ranged from 0.01- to 0.071 mg/kg and 0.01 – 0.03 mg/
kg for Pb and Cd respectively. These values were lower 
than the levels found in bread in Spain (0.06 – 0.52 
mg/kg and 0.1 – 0.22 mg/kg) [26]. The mean levels 
of Pb and Cd detected in bread sold in Baghdad was 
0.33 and 0.07 mg/kg respectively [17]. The highest 
concentration of Pb in wood baked bread (0.071 mg/
kg) was approximately two times higher than the 
highest level (0.032 mg/kg) found in electric baked 
bread. A similar study in Zaria, Nigeria [20] reported 
levels of Pb and Cd in bread ranging from 0.34 to 
3.13 mg/kg and 0.013 – 0.098 mg/kg respectively, this 
finding is in agreement with our study which showed 
that the level of Pb were higher than Cd in bread.

In another study in southern Nigeria Christhopher 
et al. [6], reported a Cd concentration of 0.002 mg/kg 
in bread fluor suggesting that the bread fluor may also 
be a source of heavy metal contamination of bread in 
Nigeria prior to baking process. The non-violation of 
the permissible limit of Cd as set by WHO/FAO may 
indicate little or no risk of public health concern due 
to cadmium in the bread consuming. However the 100, 
85 and 10% violation of the permissible limit of Pb 
set by EU, WHO/FAO and USEPA respectively may 
pose health risk. The degree of toxicity of heavy metal 
to humans depends on their daily intake from various 
sources of exposure which includes air, water and food. 
In order to assess the health risk of any pollutant, it is 
essential to estimate the level of exposure by quantifying 
the routes of exposure of a pollutant to the target 

organisms [41]. There are various possible exposure 
pathways of pollutants to humans but the food chain 
is one of the most important pathways. The Estimated 
Daily Intake (EDI) for Pb and Cd in our present study 
ranged from 0.00003 to 0.00023 mg/kg bw day-1 and 
0.000033 – 0.00036 mg/kg bw day-1 respectively and 
are below the tolerable daily intake (TDI) for a 70 kg 
man. The estimated daily intake EDI of Pb and Cd 
from the consumption of bread samples showed large 
variations when compared with the Tolerable Daily 
Intakes (TDI) of Pb (0.005 mg/kg) and Cd (0.0004-
0.002 mg/kg) as per FAO/WHO recommendations 
(JECFA 2014). In a similar study carried out in Iran an 
EDI of 0.0042 mg/kg bw day-1 from consumption of 
bread was reported by Jawad and Allafaji [17], this is 
higher than the concentration calculated in our present 
study which is lower. Generally the TDI is an estimate 
of daily exposure to the human population that is likely 
to be without an appreciable risk of deleterious effect 
during a lifetime (JECFA 2014).

This may be the first risk assessment on the level of 
PAHs in bread in Nigeria. The PAH8, B[a]P and B[a]
Peq ranged from 0.47 to 5.54 µg/kg, 0.05 – 0.97 µg/
kg and 0.14 – 2.27 µg/kg respectively in this study. 
These levels are similar to the pattern of PAH levels 
reported by Alomirah et al. [1] and Martí-Cid et al. [21] 
in different types of bread. However, our result differ 
from the data of Alomirah et al. [1] that detected no B[a]
P the surrogate marker of PAHs. Kayali-Sayadi et al. 
[18] reported concentration of B[a]P with ranges from 
0.13 to 9.4 µg/kg in wood baked bread. This study with 
concentration of B[a]P ranging from 0.05 to 0.97 µg/
kg is within the permissible limits (1 µg/kg) proposed 
by the European Union for processed cereal foods [37]. 
Also the PAH levels in wood baked bread in the study 
tend to agree with the work of European Commission 
[13] that reported a concentration of 2.2 µg/kg in cereal 
derived products. PAHs can formed as a result of certain 
food preparation such as baking, grilling and roasting.

High PAH concentrations have been reported in 
charcoal baked foods. When some foods, are cooked over 
an open flame, PAHs are formed usually by pyrolysis 
of the fats. Although the understanding of the exact 
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mechanism of formation of PAHs baked and roasted 
foods seem vague, three likely mechanisms have been 
suggested by Alomirah et al. [1] namely: the pyrolysis 
of organic matter (fat, protein and carbohydrates) at 
temperatures above 200 ºC (PAH formation is favored 
at a temperature range of 500-900 ºC), direct contact of 
lipids dripping at intense heat directly over the flame and 
lastly the incomplete combustion of charcoal, which can 
generate PAHs that are brought onto the surface of the 
food. Of these three postulated mechanisms, pyrolysis 
at high temperature and incomplete combustion of 
charcoal especially in wood baked bread may suffice as 
additional explanations for the presence of PAH in the 
studied bread samples from Nigeria.

Several European countries producing olive residual 
oil one of the ingredients used in making bread have set 
a maximum of 2 µg/kg for individual PAHs and 5 µg/kg 
for PAH8 [10]. The concentration of PAH8 were within 
the suggested permissible limit, although B14 with 
a concentration of 5.54 µg/kg showed a slight degree of 
violation. PAH8 represented absolutely 60% of the total 
contamination profile, with benzo[a]anthracene being 
the most concentrated compound. The total amount of 
carcinogenic PAHs as seen in wood baked and electric 
baked bread samples were 29.9 µg/kg and 6.01 µg/kg 
respectively which was higher than the range of PAH8 
observed in other food products by Moret et al. [25], 
Lorenzo et al. [19] and Djinovic et al. [11].

The concentrations of PAHs in food and their daily 
intake have been studied in different parts of the world 
to assess the exposure of humans to this ubiquitous 
compound. Daily intake of B[a]Peq was calculated to 
indicate the daily consumption of carcinogenic PAHs in 
the sample based on the consumption of 0.3kg of bread 
day-1 and the range was between 0.07 – 0.45 µg/kg. This 
concentration is lower than those reported in 2010 by 
Alomirah et al [1]. The daily intake of B[a]P for a 60 
kg individual ranged from 0.01 to 0.19 µg/kg. These 
levels were comparatively lower than those reported by 
Kayali-Sayadi et al. [18] and Dost and Deli [12].

The Agency for Toxic Substances and Disease 
Registry in 1995 [2, 32] established a Provisional 
Tolerable Weekly Intake (PTWI) of 7.3 µg/kg day-1 
for B[a]P. In this study all bread samples are within 
the acceptable and the intake limit which may indicate 
that health risk associated with exposure to B[a]P may 
not be significant. There was greater presence of high 
molecular weight PAHs in all samples implicating 
combustion as a likely source [2, 33]. 

Although the concentration Pb and Cd in this study 
could be adjudged to be low notwithstanding that some 
samples were still in violation of some of the standard 
safety guidelines, the co-contamination of Pb, Cd and PAHs 
could likely be of significant public health importance. Co-
exposure to metals and PAHs will lead to either additive 
or non-additive co-toxicity. In risk assessment, the non-

additive effects are of greater concern since contaminants 
mixture toxicity is greater than the summed toxicity of each 
of its constituent [5]. Co-toxicity can arise from a variety 
of interactions, either directly among the co-occurring 
toxicants or indirectly through the effect of one toxicant on 
the various process involved in the transport, metabolism 
and detoxification of the co-occurring toxicant. 

The estimated incremental lifetime cancer risk 
associated with the dietary intake of B[a]Peq from 
consumption of only bread which suggests that 4 out 
of every 10,000,000 individual from the population is 
likely to get cancer was lower than the acceptable risk 
level [15], but inclusion of PAHs exposure from other 
dietary and inhalation sources can increase this risk. 

The THQ values of Pb and Cd were below 1, 
which indicates no health concern. The maximum 
acceptable concentration of 1 µg/kg for B[a]P set by 
European regulations for cereal processed foods was 
not exceeded in any of the samples. The contamination 
profile of PAHs, Pb and Cd in wood and electric baked 
bread showed no significant difference. 

The major source of contaminants of bread 
consumed in Nigeria may be the raw materials and the 
different ingredients used in making the bread.

CONCLUSIONS 

Results of this study suggest that the consumption 
of bread baked in wood or electric oven may pose no 
health risk for the consumers in Nigeria. 
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ABSTRACT
Background. Macrofungal β-glucans are mainly represented by compounds with β-1,3- and β-1,6 glycosidic bonds. They 
have been shown to have immunomodulatory, anticancer, and antioxidant properties. Although there are many reports on 
the bioactivity and structure of fungal glucans, studies on the quantitative assessment of these compounds are sparse.
Objective. The aim of the study was to determine total β-glucans and 1,3-1,6-β-D-glucan contents in selected species 
of wild-growing edible Polish mushrooms.
Material and methods. Eight species of wild-growing edible mushrooms Boletus pinophilus, Hydnum repandum, 
Craterellus cornucopioides, Suillus variegatus, Suillus granulatus, Gyroporus cyanescens, Tricholomopsis rutilans, 
and Auricularia auricula-judae and one species of cultivated mushroom for comparison purposes Agaricus bisporus, 
were analyzed. Quantitative analysis of 1,3-1,6-β-D-glucans was done using a colorimetric method in accordance 
with Nitschke et al.
Result. Mean total β-glucan content varied from 13.5 g/100 g dry mass in A. bisporus (portobello variety) to 40.9 
g/100 g dry mass in T. rutilans. Mean 1,3-1,6-β-D-glucan content in the analyzed fruiting bodies ranged from 3.9 
g/100 g dry mass in Agaricus bisporus (cremini) to 16.8 g/100 g dry mass in Auricularia auricula-judae (wood 
ear). The following mushrooms demonstrated the greatest percentage of 1,3-1,6-β-D-glucan contents in relation to 
the total β-glucan content: Gyroporus cyanescens (54%), Suillus granulatus (49.8%), Auricularia auricula-judae 
(47.9%), and Suillus variegatus (40.6%). 
Conclusions. Among the analyzed species, wild-growing mushrooms had a generally higher average 1,3-1,6-β-D-
glucan content compared with cultivated mushrooms such as A. bisporus. The highest average content of these 
polysaccharides was observed in medicinal mushroom Auricularia auricula-judae. Comparable 1,3-1,6-β-D-glucan 
content, in relation to this mushroom species, was found in Gyroporus cyanescens, Suillus granulatus and Suillus 
variegatus, which points to the possibility of the use of these species of mushrooms as medicinal foods.

Key words: beta-glucans, edible mushrooms, medicinal mashrooms

STRESZCZENIE
Wprowadzenie. β-glukany grzybów wielkoowocnikowych występują głównie w postaci związków o wiązaniach 
β-1,3 oraz β-1,6 glikozydowych. Wykazano, że posiadają one właściwości immunomodulacyjne, przeciwnowotwo-
rowe i przeciwutleniające. Pomimo, że istnieje wiele doniesień na temat bioaktywności i struktury glukanów grzybo-
wych, badania dotyczące ilościowej oceny tych związków są rzadkie. 
Cel. Celem badań była ocena i oznaczenie całkowitej zawartości β-glukanów oraz 1,3-1,6-β-D-glukanów w wybra-
nych jadalnych gatunkach polskich grzybów dziko rosnących. 
Materiał i metody. Przebadano osiem gatunków grzybów jadalnych dziko rosnących: borowika sosnowego (Bole-
tus pinophilus), kolczaka obłączastego (Hydnum repandum) lejkowca dętego (Craterellus cornucopioides) maślaka 
pstrego (Suillus variegatus) maślaka ziarnistego (Suillus granulatus) piaskowca modrzaka (Gyroporus cyanescens), 
rycerzyka czerwonozłotego (Tricholomopsis rutilans) i uszka bzowego (Auricularia auricula-judae) oraz jeden 
uprawny – pieczarkę dwuzarodnikową (Agaricus bisporus) w celach porównawczych. Ilościową ocenę 1,3-1,6-β-D-
glukanów przeprowadzono metodą kolorymetryczną według Nitschke i wsp. 
Wyniki. Średnia całkowita zawartość β-glukanów wahała się od 13,5 g/100 g suchej masy w pieczarce dwuza-
rodnikowej (A. bisporus, odmiany portobello) do 40,9 g/100 g suchej masy w rycerzyku czerwonozłotym (T. ruti-
lans). Średnia zawartość 1,3-1,6-β-D-glukanów w analizowanych owocnikach grzybów wynosiła od 3.9 g/100 g s.m. 
w pieczarce dwuzarodnikowej (A. bisporus odmiany cremini) do 16,8 g /100 g s.m. w uszaku bzowym (Auricularia 
auricula-judae). Największy udział 1,3-1,6-β-D-glukanów w stosunku do całkowitej zawartości β-glukanów wyka-
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zywały następujące gatunki grzybów: piaskowiec modrzak (Gyroporus cyanescens) (54%), maślak ziarnisty (Suil-
lus granulatus) (49,8%), uszak bzowy (Auricularia auricula-judae) (47,9%) oraz maślak pstry (Suillus variegatus) 
(40,6%).
Wnioski. Pośród analizowanych grzybów, gatunki dziko rosnące charakteryzowały się wyższą średnią zawartością 
1,3-1,6-β-D-glukanów w porównaniu do uprawnych – pieczarki dwuzarodnikowej (A. bisporus). Najwyższą średnią 
zawartość tych polisacharydów stwierdzono w owocnikach grzybów leczniczych – uszak bzowy (Auricularia auri-
cula-judae). Porównywalną zawartość 1,3-1,6-β-D-glukanów, w stosunku do uszaka bzowego, stwierdzono w owoc-
nikach piaskowca modrzaka, maślaka ziarnistego oraz maślaka pstrego, co wskazuje na możliwość wykorzystania 
tych gatunków grzybów jako żywności funkcjonalnej. 

Słowa kluczowe: beta-glukany, grzyby jadalne

INTRODUCTION

Beta-glucans are polymers of β-D-glucose, present 
in the cell walls of cereals, bacteria, microscopic 
fungi and macrofungi [18]. Macrofungal β-glucans 
are mainly represented by compounds with β-1,3- and 
β-1,6 glycosidic bonds. Their structure can vary from 
a single unbranched chain to branched structures with 
side glycosidic chains or non-sugar substances, such as 
proteins. The side branches of polysaccharides can be 
chains other than glucose, comprised of xylose, mannose 
or other sugars. The chains of β-glucans can form triple 
helices, single helices or random coils [8]. 1,3-1,6-β-D-
glucans, which are believed to have a number of 
preventive and therapeutic properties, represent 
a valuable type of β-glucans found in macrofungi. 
They have been shown to have immunomodulatory [9], 
anticancer [16] and antioxidant properties [12].

1,3-1,6-β-D-glucans include, among others, lentinan 
isolated from Lentinus edodes, schizophyllan from 
Schizophyllum commune, and pleuran from Pleurotus 
ostreatus [2]. Polysaccharide extracts from Auricularia 
auricula-judae have proven anti-inflammatory, 
antioxidative, and cardioprotective properties [4, 11]. 
These species have been considered medicinal due to 
their significant amounts of total β-glucans as well as 
1,3-1,6-β-D-glucans [2]. Medicinal fungi of significant 
medical importance include species such as: Ganoderma 
lucidum (M.A. Curtis), Grifola frondosa (Dicks.) Gray), 
Hericium erinaceus (Bull.) Pers.), Lentinula edodes (Berk.) 
Pegler), Pleurotus ostreatus (Jacq.) Kumm.), Auricularia 
auricula-judae (Bull.) Quél), Armillaria mellea (Vahl) P. 
Kumm), and Sparassis crispa (Wulf.: Fr.) [13, 17].

The assessed mushrooms included are mycorrhizal 
species, such as: Boletus pinophilus, Hydnum repandum, 
Craterellus cornucopioides, Suillus variegatus, Suillus 
granulatus, Gyroporus cyanescens, and Tricholomopsis 
rutilans; as well as saprophytes showing some parasitic 
characteristics: Auricularia auricula-judae; and 
saprophytes, including Agaricus bisporus: cremini and 
portobello varieties. Saprophytic fungi are easier to 
grow; therefore they can be cultivated on an industrial 
scale [6] and are more commonly used for fungi-
derived formulations. Growing mycelial in vitro cultures 
is another method for obtaining secondary fungal 

metabolites [20]. Basic tests used to determine the content 
of health promoting components in different mushroom 
species enable selecting species with significant amounts 
of β-glucans, for example, and thus identify species 
whose mycelial growth is important for commercial 
(technological and pharmacological) purposes. Although 
there are many reports on the bioactivity and structure 
of fungal glucans [5, 13, 24], studies on the quantitative 
assessment of these compounds are sparse [13, 19]. The 
fungal contents of β-glucans varies considerably and 
depend on factors such as species, growth environment, 
and maturity of the fruiting body [14].

The aim of the study was to determine total 
β-glucans and 1,3-1,6-β-D-glucan contents in selected 
species of wild-growing edible Polish mushrooms, 
which were not so far tested for these compounds. 

MATERIAL AND METHODS

The study material consisted of nine edible mushroom 
species (3 samples for each species), including 8 wild-
growing species: Boletus pinophilus (Pilát & Dermek), 
Hydnum repandum (L.), Craterellus cornucopioides 
(L.) Pers.), Suillus variegatus (Sw.) Kuntze), Suillus 
granulatus (L.) Roussel), Gyroporus cyanescens (Bull.) 
Quél), Tricholomopsis rutilans (Schaeff.) Singer) and 
Auricularia auricula-judae (Bull.) Quél); as well as two 
cultivated varieties of Agaricus bisporus: cremini and 
portobello. Mushroom samples were collected in 2012-
2013. The fruiting bodies were obtained from natural 
stands located within the area of six municipalities of 
Podlaskie Province, Poland. Commercially cultivated 
mushrooms were purchased in local food markets. 
The obtained fruiting bodies were fully developed (of 
a typical size for each species), without reddening. 
The mushrooms harvested from natural stands were 
identified using atlases and fungi identification keys 
[6, 7]. Fresh, whole fruiting bodies (stems and pilei) 
of approximately 50-100 g were used as test samples. 
They were weighed, cut into pieces using disposable 
plastic knives (LDPE) and stored frozen (-70ºC) in grip 
bags until freeze-drying. Next, the samples were freeze-
dried at -50ºC under reduced pressure of 0.027 mBar 
using the FreeZone Freeze System (Labconco, USA).

Quantitative evaluation of 1,3,1,6 beta-D-glucan contents in wild-growing species of edible Polish mushrooms
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Dry mass determination 
Dry mass contents of mushroom samples were 

determined by freeze-drying method. Mushroom samples 
were weighted before and after the drying process on an 
analytical balance with an accuracy up to 0.01 g. The 
freeze-drying process was conducted until the solid mass 
was achieved (about 24 h). The freeze-dried mushrooms 
were ground in a ceramic mortar and stored in a desiccator 
until analysis in sealed grip bags without access of air. 

Total β-glucan content
The assay of the total β-glucan content in the 

evaluated mushrooms was performed using the 
K-YBGL 09/13 kit (Megazyme, Ireland). Extraction, 
laboratory analysis and mathematics calculation were 
performed in accordance with the manufacturer’s 
instructions [1]. β-glucan content were calculated from 
the difference between total glucan content and alfa-
glucan content. The obtained values were converted 
into g/100 g dry mass, in accordance with the formulas 
provided with the assay kit (K-YBGL 09/13).

Total glucan (α-glucan and β-glucan) and D-glucose 
in oligosaccharides, sucrose and free D-glucose 
extraction procedure

Weighed amounts of 100 mg were prepared from 
the freeze-dried mushroom powders. Next, 1.5 cm3 of 
concentrated hydrochloric acid (37% v/v) was added to 
each test tube and the samples were thoroughly mixed in 
a shaker and placed in a 30°C water bath for 45 minutes. 
The samples were stirred on a shaker every 15 minutes. 
Then, 10 cm3 of distilled water was added to each tube 
and the stirring continued. Thus prepared samples were 
placed in an uncovered 100ºC water bath for 5 minutes. 
Next, the test tubes were capped and incubated for 2 
hrs. The samples were then cooled at room temperature 
and 10 cm3 of 2 mol/L potassium hydroxide (KOH) was 
added. Each sample was subsequently transferred to 
a 100 cm3 volumetric flask. The flasks were filled up 
to the mark with 0.2 mol/L acetate buffer at pH=5 and 
stirred thoroughly. Next, the contents of the flasks were 
centrifuged for 10 minutes at 3000 rpm. Thus obtained 
supernatant was used to determine the total glucan 
(α-glucan and β-glucan) and oligomers etc. content.

Determination of total glucan (α-glucan and β-glucan) 
and oligomers etc. content by spectrophotometric 
method (a)

Portions of 0.1 cm3 of the obtained supernatant were 
transferred into test tubes. Next, 0.1 cm3 of a mixture of 
1,3-β-glucanase (20 U/cm3) and β-glucosidase (4 U/cm3) 
dissolved in 0.2 mol/L acetate buffer at pH=5 was added 
to each test tube. The contents of the test tubes were 
stirred with a vortex and incubated for 60 minutes at 
40ºC. Then, 3 cm3 of GOPOD reagent (glucose oxidase/
peroxidase) was added. Absorbance was measured 

against blank samples, at a wavelength of 510 nm using 
a UV-1800 spectrophotometer (Shimadzu, Japan). 

Solubilisation, hydrolysis and measurement of 
α-glucan (phytoglycogen and starch), and D-glucose 
from sucrose and free D-glucose (b)

100 mg of milled sample were added to the tube with 
2 mol/L KOH and stirred for approximately 20 min in ice/
water bath. Then, 8 cm3 of 1.2 mol/L sodium acetate buffer 
and the amyloglucosidase and invertase was added to each 
tube. Thus prepared samples were mixed well and placed 
in a water bath at 40ºC for 30 min. Next, the contents of 
the tubes were centrifuged for 10 minutes at 3000 rpm. 
Thus obtained supernatant was used to determine the 
α-glucans (phytoglycogen and starch) and D-glucose in 
oligosaccharides, sucrose, and free D-glucose. Portions of 
0.1 cm3 of the obtained supernatant were transferred into 
glass test tubes. Next the 0.1 cm3 of the sodium acetate 
buffer 0.2 mol/L and 3 cm3 of GOPOD reagent and 
incubate for 20 min. at 40ºC. Absorbance was measured 
against blank samples, at a wavelength of 510 nm using 
UV-1800 spectrophotometer. 

Results obtained from procedure named as a and b 
were subtracted to eliminate the interference induced 
by the other compounds such as free D-glucose, 
sucrose, oligosaccharides etc. 

The obtained absorbance values were converted 
into g/100 g dry mass, in accordance with the 
formulas provided with the assay kit (K-YBGL 09/13, 
Megazyme, Ireland).

1,3-1,6-β-D-glucan extraction procedure
A 500 mg of dry, powdered mushroom sample 

was used for extraction. Each sample was subjected 
to triple extraction in accordance with the method by 
Nitschke et al. [14]. The first phase of extraction was 
performed in 1 mol/L solution of potassium hydroxide 
(KOH) in a water bath with shaking, at 60ºC for 20 
minutes. The suspension was then centrifuged for 15 
minutes at 3000 rpm. The supernatant was collected 
into a 50 cm3 volumetric flask and designated as 
“KOH fraction.” The sediment remaining in the tube 
was quantitatively transferred into a 100 cm3 flask 
by rinsing it with hydrochloric acid (HCl) solution 
at two concentrations: 0.55 mol/L and 1 mol/L, and 
again subjected to shaking in a water bath at 100ºC 
for 60 minutes. The obtained suspension was cooled 
and again centrifuged. The supernatant was collected 
into a 50 cm3 volumetric flask and designated as “HCl 
fraction.” The remaining sediment was suspended in 1 
mol/L sodium hydroxide solution and placed in a water 
bath with shaking, at 60ºC for 20 minutes. Again, 
the supernatant was collected, and the fraction was 
designated as “NaOH fraction.” Each of the collected 
fractions was neutralized to pH=7.0.

I. Mirończuk-Chodakowska,  A. M. Witkowska, M. E. Zujko et al. 
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Determination of 1,3-1,6-β-D-glucans by spectropho-
tometric method 

The 1,3-1,6-β-D-glucan content was determined 
spectrophotometrically (UV-1800 spectrophotometer, 
Shimadzu, Japan) in accordance with the method by 
Nitschke et al. The new quantitative colorimetric 
method using Congo red allows to determine the 
amount of 1,3-1,6-β-D-glucans in the form of triple 
helices [14, 19]. The sample concentration of β-glucans 
was read from a calibration curve plotted from the 
known concentration of schizophylane (Contipro 
Group, Czech Rep.). The analysis of each extract was 
done in triplicate. 

Statistical analysis
Statistical analysis was performed using the 

Statistica 10 software (StatSoft, Inc., USA). The 
results were not normally distributed therefore 
a nonparametric ANOVA Kruskal-Wallis test with 
the post-hoc analysis was used. Differences between 
the samples were analyzed using the Spearman’s 
rank correlation test. The differences were considered 
significant at p < 0.05.

RESULTS AND DISCUSSION

The methods of extraction and determination of 
total glucan content we used in the study were also used 
by Synytsya et al. [21]. The 1,3-1,6-β-D-glucan triple 
extraction method using sodium and potassium hydroxide 

solutions as well as hydrochloric acid solution was 
used by Nitschke et al. and Semedo et al. [14, 19]. The 
validity of using the colorimetric method to determine 
1,3-1,6-β-D-glucans with Congo red, developed by 
Nitschke et al. [14], is confirmed by reports of Ogawa et 
al. and Semedo et al. [15, 19]. Total content of glucans 
and β-glucans in the form of triple helix (1,3-1,6-β-D-
glucans) was determined by spectrophotometric method, 
in accordance with the guidelines set forth by the authors 
of these methods [1, 14]. The spectrophotometric method 
is recommended for quantitative analysis of β-glucans 
due to its low cost, speed and ease of determination, 
without the need for additional cleaning of extracts [14, 
19, 22]. Among the analyzed mushroom species, there 
were species commonly harvested by mushroom pickers 
but rarely studied thus far. 

The dry mass of the analyzed samples was 
from 6.56 % to 23.70 % (Table 1). Average dry 
mass in the mushrooms was 11.06 %. These values 
are in accordance with other authors’ reports [10]. 
Tricholomopsis rutilans had the lowest dry mass 
content (6.56%), and Auricularia auricula-judae had 
the highest (23.70%). 

Figure 1 presents the total β-glucan content in 
the analyzed mushroom samples. The lowest average 
β-glucan content was found in: portobello mushrooms 
(13.5 g/100 g dry mass) and Craterellus cornucopioides 
(16.2 g/100 g dry mass); while the highest in 
Tricholomopsis rutilans (40.9 g/100 g dry mass) and 
Auricularia auricula judae (35.0 g/100 g dry mass). 
Other authors obtained similar β-glucan values [13]. 

Table 1. 1,3-1,6-β-D-glucan content in the analyzed wild-growing and cultivated mushrooms in different fractions

No. Species n Dry mass  
(%)

KOH HCl NaOH
Total

1,3-1,6-β-D-
glucan 

X ±SD
g/100 g

dry mass
g/100 g

dry mass
g/100 g

dry mass
g/100 g

dry mass
1. Boletus pinophilus 3 9.42-9.92 6.06±1.27 0.801±0.02 2.95±0.44 9.81±0.86
2. Suillus granulatus 3 6.89-7.80 7.58±0.08 1.70±0.29 4.02±0.21 13.3±0.89
3. Craterellus cornucopioides 3 10.00-11.12 0.81±0.24 2.72±0,35 0.95±0.13 4.48±0.25
4. Suillus variegatus 3 7.55-10.55 8.29±0,62 1.79±0,17 3.6±0.04 13.69±0.41
5. Hydnum repandum 3 12.89-16.31 1.01±0.22 1.82±0.03 1.35±0.09 4.18±0.10
6. Gyroporus cyanescens 3 9.28-9.28 9.70±1.09 1.18±0.05 3.45±0.51 14.33±0.63
7. Tricholomopsis rutilans 3 6.56-8.10 3.67±0.28 1.03±0.11 5.49±0.61 10.20±0.73
8. Agaricus bisporus (portobello) 3 8.75-10.12 0.72±0.11 0.844±0.02 2.39±0.51 3.96±0.64
9. Agaricus bisporus (cremini) 3 9.97-10.65 0.65±0.10 1.32±0.04 1.95±0.04 3.94±0.08
10. Auricularia auricular-judae 3 20.22-23.70 2.54±0.68 1.73±0.21 12.49±0.84 16.76±0.67

X – mean 1,3-1,6-β-D-glucan content; SD – standard deviation
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The average content of 1,3-1,6-β-D-glucans in 
individual fractions (KOH, HCL, and NaOH) for the 
analyzed species of edible mushrooms is presented in 
Table 1. The highest average content of 1,3-1,6-β-D-
glucans in the KOH fraction was extracted from the 
fruiting bodies of Gyroporus cyanescens (9.7 g/100 g 
dry mass); in the HCl fraction, from the fruiting bodies 
of Craterellus cornucopioides (2.7 g/100 g dry mass); 
and in the NaOH fraction, from Auricularia auricula-
judae (12.5 g/100 g dry mass).

We compared the 1,3-1,6-β-D-glucan content in 
each fraction, using the nonparametric ANOVA Kruskal-

Wallis test with post-hoc analysis of multiple comparisons 
of mean ranks for all samples in the case of many groups. 

Post-hoc analysis showed statistically significant 
differences in the 1,3-1,6-β-D-glucan content in the 
KOH fraction and the HCl fraction (p=0.0004), and 
in the NaOH fraction and the HCl fraction (p=0.005). 
Median 1,3-1,6-β-D glucan content in the KOH fraction 
was 3.59 g/100 g dry mass (Q1=0.98; Q3=7.69), in 
the HCl fraction was 1.53 g/100 g dry mass (Q1=1.14; 
Q3=1.84), and in the NaOH fraction was 3.27 g/100 
g dry mass (Q1= 2.03; Q3=4.27). The differences are 
presented in a box and whisker plot.
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Figure 1. Total β-glucan content in the analyzed edible mushrooms. 
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Figure 2. Statistically significant differences between the content of 1,3-1,6-β-D-glucans in 
the KOH, HCl, and NaOH fractions 
 

 Median
 25%-75% 
 Min-Max

 KOH f raction (a) HCl f raction(b) NaOH f raction (c)

Fractions

0

2

4

6

8

10

12

14

C
on

te
nt

 o
f 1

,3
-1

,6
- β

-D
-g

lu
ca

n(
g/

10
0 

g 
dr

y 
m

as
s)

p(a/b) =  0.005 
p (b/c) = 0.0004 
 

Figure 2. Statistically significant differences between the content of 1,3-1,6-β-D-glucans in the KOH, HCl, and NaOH fractions

Our analysis shows that extraction using potassium 
hydroxide and sodium hydroxide solutions was more 
effective compared with extraction using hydrochloric 
acid solution; other authors observed a similar 
tendency [14, 25].

We calculated total 1,3-1,6-β-D-glucan content 
by summing 1,3-1,6-β-D-glucans extracted in each 
fraction (KOH, HCl, NaOH), in accordance with the 
method by Nitschke et al. [14]. Figure 3 presents 
total 1,3-1,6-β-D-glucan content in the analyzed wild-
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Figure 3. Total 1,3-1,6- β-D-glucan content in the analyzed mushrooms. 
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Figure 4. Correlation between total β-glucan content and 1,3-1,6-β-D-glucan content in the 
analyzed mushrooms 
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growing and cultivated mushrooms. Their average 
content ranged from 3.9 g/100 g dry mass (cremini 
mushroom) to 16.8 g/100 g dry mass (Auricularia 
auricula-judae). This is confirmed by prior findings 
of the health-promoting properties of Auricularia 
auricula-judae resulting from its 1,3-1,6-β-D-glucan 

content [23]. In addition to Auricularia auricula-judae, 
the following mushrooms had a high 1,3-1,6-β-D-
glucan content: Gyroporus cyanescens (14.3 g/100 g 
dry mass), Suillus variegatus (13.7 g/100 g s.m.), and 
Suillus granulatus (13.3 g/100 g dry mass) 

The 1,3-1,6-β-D-glucan content in Suillus 
variegatus, Suillus granulatus, Gyroporus cyanescens, 
and Auricularia auricula-judae was similar to the 
content obtained in other authors’ studies [14]. The 
1,3-1,6-β-D-glucan content in mushrooms with 
therapeutic properties in the study by Nitschke et al. 
was approximately 10 g/100g dry mass in Lentinula 
edodes and approx. 8 g/100g dry mass in Pleurotus 
ostreatus [14]. The β-glucan content in Lentinula 
edodes in the study of Bak et al. [3] was in the range 
of 25 to 44 g/100 g dry mass. The thus far conducted 

quantitative analyses of 1,3-1,6-β-D-glucan content 
pertained a small group of macrofungi, therefore there 
are few reports on this topic [3, 14].

Spearman’s rank correlation coefficient was used 
to analyze the correlation between the total β-glucan 
content and the 1,3-1,6-β-D-glucan content in the 
analyzed mushrooms. Results with a level of p < 0.05 
were considered statistically significant. We observed 
a strong correlation (r=0.7) between the total glucan 
content and the 1,3-1,6-β-D-glucan content in the 
analyzed mushrooms. Figure 4 illustrates this correlation. 
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Figure 5 presents the percentage value of 
1,3-1,6-β-D-glucan content in relation to total β-glucan 
content. The mushrooms with the lowest percentage 
of 1,3-1,6-β-D-glucan content in relation to total 
β-glucan content were: Hydnum repandum (18.8 %) 

and Agaricus bisporus (cremini variety) (19.2 %) and; 
and the highest were: Gyroporus cyanescens (54 %), 
Suillus granulatus (49.8 %) and Auricularia auricula-
judae (47.9 %).
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Figure 5. Percentage of 1,3-1,6-β-D-glucan content in relation to total β-glucan content in the 
analyzed mushrooms 
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CONCLUSIONS

Among the analyzed species, wild-growing 
mushrooms had a generally higher average 
1,3-1,6-β-D-glucan content compared with cultivated 
mushrooms such as A. bisporus. The highest average 
content of these polysaccharides was observed in 
medicinal mushroom Auricularia auricula-judae. 
Comparable 1,3-1,6-β-D-glucan content, in relation 
to this mushroom species, was found in Gyroporus 
cyanescens, Suillus granulatus and Suillus variegatus, 
which points to the possibility of the use of these 
species of mushrooms as medicinal foods.
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ABSTRACT
Background. The key tool used in the European Union in order to eliminate the risks associated with the consumption of 
potentially hazardous food is RASFF - Rapid Alert System for Food and Feed Safety. The RASFF was established to increase 
accountability and strengthening cooperation between states of the European Union in the field of food safety control. 
Objective. The aim of this study was to explore the trends and temporal and spatial distribution of notifications on 
food safety hazards between January 2011 and December 2015 with a special emphasis on meat and meat products 
on the basis of notification from RASFF. 
Material and methods. The study analyzed notifications on the annual reports of the RASFF published by the European 
Commission and requests added to the portal RASFF in the period 01.01.2011 - 31.12.2015 on the category of “meat and 
meat products (other than poultry) and “poultry meat and poultry meat products”. Analysis included detailed information 
on each notification, such as the classification and date, hazard category, notifying country, country origin.
Results. The most common classifications of notification were ‘alert’ and ‘border rejection’. Generally, basis of this 
notifications were ‘company’s own check’ and ‘official control on the market’. Pathogenic microorganisms were the 
most often hazard of category in which the higher number of notifications concerned with Salmonella spp. 
Conclusion. Alert notification which is the most dangerous for consumers were the most common type of classification 
for notifications on ‘meat and meat product’ category. The most of notifications in category ‘poultry meat and poultry 
meat products’ were the result of border control. Pathogenic microorganisms were the reason for the huge number 
of notifications in studied product categories. Many of notifications were associated with products which origin 
countries were outside RASFF member states.

Key words: RASFF, food safety, meat and meat products, poultry meat and poultry meat products

STRESZCZENIE
Wprowadzenie. Kluczowym narzędziem stosowanym w Unii Europejskiej w celu wyeliminowania ryzyka 
związanego ze spożywaniem potencjalnie niebezpiecznej żywności jest RASFF - System Wczesnego Ostrzegania 
o Niebezpiecznej Żywności i Paszach. Stworzenie Systemu miało na celu zwiększenie odpowiedzialności 
i wzmocnienie współpracy pomiędzy państwami Unii Europejskiej w zakresie kontroli bezpieczeństwa żywności. 
Cel. Celem niniejszego opracowanie była analiza powiadomień zgłoszonych do systemu RASFF w latach 2011 - 
2015 dotyczących mięsa i produktów mięsnych.
Materiał i metody. W niniejszym opracowaniu przeprowadzono analizę powiadomień dostępnych w rocznych 
sprawozdaniach RASFF i znajdujących się w portalu RASFF opublikowanych przez Komisję Europejską w okresie 
01.01.2011 - 31.12.2015. Analizowane zgłoszenia należały do kategorii „mięso i produkty mięsne (inne niż drób) 
i „mięso i produkty drobiowe”. Badania opierały się na informacjach zawartych w raportach rocznych systemu 
RASFF i platformie internetowej Systemu RASFF. 
Wyniki. Najczęściej zgłoszenia klasyfikowane były jako powiadomienia alarmowe lub odrzucenia na granicy. 
Podstawą zgłoszeń były głównie kontrole wewnętrzne lub urzędowe kontrole. Najczęściej pojawiającym się 
zagrożeniem były patogenne mikroorganizmy, które najczęściej spowodowane były obecnością Salmonella spp. 
Krajami, które najczęściej wysyłały zgłoszenia do Systemu RASFF były Włochy w przypadku kategorii ‘mięsa 
i produktów mięsnych’ oraz Holandia w przypadku ‘drobiu i produktów z drobiu’. 
Wnioski. Powiadomienia alarmowe, które stanowią największe zagrożenie dla konsumenta były najczęściej 
pojawiającym się typem zgłoszeń w przypadku mięsa i produktów mięsnych. Najwięcej powiadomień w kategorii 
‘drób i produkty drobiowe’ było wynikiem kontroli granicznej. Patogenne organizmy były powodem ogromnej liczby 
zgłoszeń w badanych kategoriach produktów. Duża liczba zgłoszeń związana była z produktami, które pochodziły 
z krajów spoza UE, nie objętych systemem RASFF. 
 
Słowa kluczowe: RASFF, bezpieczeństwo żywności, mięso i produkty mięsne, drób i produkty drobiowe



290 No 3

INTRODUCTION

Consumer perception relates to access and 
availability to fresh, safe and variable food. Ensuring 
food safety is becoming increasingly important in the 
context of increasing imports many variety of products 
from all over the world. In 2015 year in European Union 
Countries, 14 293 thousand tons of poultry meat, 7591 
thousand tons of bovine and 22 958 thousand tons of 
pig meat were produced. In addition the 651 thousand 
tons of poultry (mainly from Brasil, Thailand and 
Ukraine), 324 thousand tons of bovine (mainly from 
Brasil, Uruguay and Argentina) and 33 thousand tons 
of pig meat (mainly from China, Japan and Mexico) 
were imported into European Union Countries [3-5]. 

According to data published in Statistical Yearbook 
of Agriculture 2015, meat consumption in Poland per 
capita was 73.6 kg/year, therein 39.1 kg/year pork, 1.6 
kg/year beef and 28.2 kg/year poultry meat [14]. That 
numbers suggest that meat and meat products are in 
demand in human diet. Therefore, food safety in this 
group of products is especially important. 

In 2002 year the European Parliament and Council 
made the Regulation (EC/178/2002) which laying down 
the general principles and requirements of food law, 
establishing the European Food Safety Authority (EFSA) 
and laying down procedures in matters of food safety 
[13]. In Section 1 of chapter IV, this Regulation defined 
Rapid Alert System, identifies the members of the system, 
gives the Commission appropriate power and sets out the 
confidentiality requirements for the RASFF system. The 
RASFF (The Rapid Alert System for Food and Feed) is 
an early warning system for Food and Feed. Creation of 
the system was intended to facilitate the safety of food 
and feed control authorities through the creation of an 
effective tool for exchange of information on major 
threats identified in relation to food and feed and take 
appropriate preventive measures in the EU countries. 
The exchange of information helps the members of the 
system to act in response to a health threat caused by food 
or feed in more rapidly and in a coordinated way [9]. 

The RASFF system includes all the countries of 
the European Union and European Economic Area 
(currently 31 countries). The structure of the system 
involves efficient exchange of information between 
member states. In every country of the RASFF network 
the contact points. Their role is to transmit and receive 
notifications of risks associated with food that does 
not meet the safety requirements. National contact 
points are required to immediately notify the European 
Commission and the European Food Safety Authority 
(EFSA) of any detected potential risks associated with 
food or feed for consumer. Actions taken are aimed at 
restricting the placing on the market or withdraw from 
the market products that may pose a danger to consumers 
[9]. When the System RASFF member detected threat for 

food safety, the countries contact point must be notified 
of this. Next the notification is verified by the European 
Commission contact point, classified as alert, information 
or border rejection and transmits to all network members 
and European Food Safety Authority (EFSA). 

According to seriousness of the risk identified, the 
RASFF system provided four types of notification: 
alert, information, border rejection and news. The 
RASFF system distinguishes the following notification 
basis: border control, official control on the market, 
company own-check, consumer complaint and food 
poisoning. Notifications which are available on the 
RASFF web platform have many information, for 
example notified country, type of products, type of 
classification, product’s category, hazard category, 
distribution/origin country. All of them are very 
important and possible to assess the food safety control 
[9]. 

MATERIAL AND METHODS

The study analyzed the annual reports of the 
RASFF published by the European Commission and 
requests added to the portal RASFF in the period of 
01.01.2011 - 31.12.2015 on the category of “meat 
and meat products (other than poultry) and “poultry 
meat and poultry meat products”. Annual reports of 
the RASFF system and the platform which are general 
available were used in this study. The number of 
notifications on products of selected categories, types 
of notifications, hazard categories, product origin and 
countries in which the notifications were made were 
analyzed. Data analysis and visualization of results 
were performed with Excel, Microsoft Office 2007. 

RESULTS

In the analyzed period, total number of notification 
in RASFF portal was 16305, 4801 of them related to 
food products of animal origin. Among all notifications 
on products of animal origin 37% of them were 
notified about fish and fish products. The second and 
third largest category were meat and meat products 
(other than poultry) and poultry meat and poultry meat 
products which summary accounted for 35% of all 
notifications for food of animal origin (Table 1) [15].

Over the five years the annual number of 
notifications of meat and meat products as well as 
poultry and poultry products was variable (Figure 1). 
The largest number of notifications in both cases was 
recorded in 2013. In years 2011 - 2013 the number 
of notifications of meat and meat products were 
significantly higher than the number of notifications 
for poultry. These values have changed in the 2014 
and 2015 year, however, differences in the number of 
notifications are not as significant [15].

Meat and meat products – the most common threats in the years 2011-2015 in RASFF
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Classification and basis of notifications
Classification type of recorded notifications per 

year were presented on Figure 2. In all years the most 
common classification of notifications in ‘meat and 
meat products’ category was alert, especially in 2015 
their number was the highest. On the second place in 
this product category were the notifications classified 
as border rejection, which had the highest level in 
2013 year. In ‘poultry meat and poultry meat products’ 
the most common classification type was border 
rejection. Only in 2011 year the number of this type 
of notification was the same as information for follow 

up (which in the next year had the lowest number of 
notification). In the next year border rejection were the 
most numerous group of notification [15]. 

In case of meat and meat products (other 
than poultry) category the most common type of 
notifications was ‘alert notification’ – 349. The basis 
of this notification were: company’s own check 
(n = 145), official control in the market (n = 160), 
consumer complaint and food poisoning (n = 18) and 
border control - consignment released (n = 8). Every 
of border rejection notification based on border control 
- consignment detained (n = 230). In the case of 

A.D. Kononiuk, M. Karwowska

Table 1. Statement number of applications for food of animal origin in individual years [RASFF annual reports from the  
               years 2011-2015]

Product category
Number of notification

2011 2012 2013 2014 2015 Summary
Fish and fish products 482 373 311 323 297 1786
Meat and meat products (other than poultry) 172 184 250 157 159 922
Poultry meat and poultry meat products 72 117 215 185 176 765
Bivalve molluscs and products thereof 68 53 123 125 61 430
Crustaceans and products thereof 75 60 54 72 59 320
Milk and milk products 50 52 43 66 59 270
Cephalopods and products thereof 78 53 22 21 18 192
Eggs and eggs products 13 17 6 5 14 55
Honey and royal jelly 10 8 6 2 7 34
Gastopods 0 4 2 5 3 14
Animal by-products 0 8 0 5 nd 13

Table 2. The number of notifications in different hazard category for meat and meat products (other than poultry) and  
               poultry and poultry meat products

Hazard category
Number of notifications

Meat and meat products  
(other than poultry)

Poultry meat  
and poultry meat products

Pathogenic microorganisms 53.41% 80.16%
Residues of veterinary medicinal products 14.29% 2.50%
Adulteration / fraud 7.36% 1.05%
Poor or insufficient controls 5.22% 3.42%
Allergens 3.62% 1.05%
Foreign bodies 3.62% 0.66%
Organoleptic aspects 2.13% 1.71%
Heavy metals 1.81% 0.53%
Food additives and flavourings 1.28% -
Labeling absent/incomplete/incorrect 1.28% 1.31%
Packaging defective / incorrect 1.28% 0.53%
Industrial contaminants 1.17% 0.39%
TSEs 0.96% -
Composition 0.75% 0.13%
Non-pathogenic microorganisms 0.75% 0.13%
Radiation 0.43% -
Parasitic infestation 0.21% -
Other 0.21% -
Feed additives 0.11% 6.18%
Pesticide residues 0.11% 0.26%
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information for follow up most notifications were the 
basis of official control on the market (n = 99), 43 of 
notifications were the basis on company’s own check, 
14 on consumer complaint, 10 on border control - 
consignment released and 1 on each food poisoning, 
official control following RASFF notification, official 
control in non-member country. Information for 
attention were mainly basis on official control on 
the market (n = 82), company’s own check (n = 51), 
border control - consignment released (n = 37), 3 food 
poisoning and 1 consumer complaint (Figure 3) [15]. 

In the case of poultry meat and poultry meat products 
the most common classification type on notifications 
was border rejection – 311 notifications, in all cases 
on the border control consignment was detained. Alert 
notifications mainly based on company’s own check 
(n = 101), official control on market (n = 81). Three 
notifications in this type of classification based on 
food poisoning, 2 on consumer complaint and 1 on the 
border control. Within information for attention, 120 
of notification based on official control in the market, 
36 on company’s own check, 22 on border rejection, 
3 on food poisoning and 1 on consumer complaint. 
Notification classified as information for follow up 
based in 48 cases on official control in the market, 
14 on company’s own check, 4 on border control and 
consumer complaint (Figure 4). 

 
Figure 1. The number of notifications to the RASFF on categories of products: meat and meat products (other than poultry) 

and poultry meat and poultry meats products. 
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Hazard category
As far as a hazard category are concerned the most 

common hazard was pathogenic microorganisms in meat 
and meat products. Salmonella is most common cause of 
notifications in both cases. Around 91% of notifications 
on poultry meat and poultry meat products, and around 
46% on meat and meat products (other than poultry) of 
category ‘pathogenic microorganisms’ were associated 
with the detection of this bacterium (Table 2). 

The other common hazard category for meat and meat 
products (other than poultry) was residues of veterinary 
medicinal products – from all notifications in this group 
only 51 had serious risk decision. Reports of detection 
unauthorized presence of ivermectin (which is a potent 
ecto- and endo- parasitic agent with broad spectrum of 
activity which covers nematodes and arthropods) in beef 
from Brazil were received more often. Nitrofuran which 
is prohibited substance was also often notified, mainly in 
meat from Brazil. In the meat and meat product (other than 
poultry) the third in order of the most frequently reported 
hazard category was adulteration/fraud. Fifty four of this 
notification is associated with presence of equidae/horse 
DNA in sample of beef meat or beef meat products and all 
of them were notified in 2013 year. In 26 cases (37%), in 
this hazard category, origin country was Poland (Table 2). 

Meat and meat products – the most common threats in the years 2011-2015 in RASFF
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In case of poultry meat and poultry meat products, in 
addition to the previously mentioned hazard category, 
the most common was also feed additives and poor or 
insufficient controls. All notifications on feed additives 
concerned with presence of unauthorized substance 
– clopidol (which used in veterinary medicine as 
a anticoccidial substance). About 70% of notifications 
in this hazard category concerned products from 
Brazil, and about 25% from Israel (Table 2). 

Pathogenic microorganisms and origin country
In poultry meat and poultry meat products, about 

half of notifications (n=232) concerned Salmonella spp.  
included meat which origin country was Brazil, 103 
notifications were associated with products from 
Poland and 42 from France (Figure 5). Over the years, 
the number of notifications has greatly increased from 
42 in 2011 to 169 in 2013. In the last two years the 
number of notifications decreased to 148 requests 
in 2014 and 145 in 2015. In notifications concerned 
pathogenic microorganisms in poultry meat and 
poultry meat products, the second most often detected 
threat was Camphylobacter spp. Within 5 years RASFF 
noted 37 notifications on Camphylobacter spp. 

Among the countries of products origin, Germany 
(43 notifications), Poland (n=29) and Spain (n=22) 

A.D. Kononiuk, M. Karwowska

occurred most frequently in notifications concerning 
Salmonella spp. in meat and meat products (other than 
poultry). Many of notifications were associated with 
the presence of Shiga toxin-producing Escherichia 
coli (n=184). Products contaminated this hazard most 
frequently came from Argentina (46 notifications), 
Brazil (n=40) and New Zeland (n=26) (Figure 6). 
Listeria monocytogenes was the reason of notifications 
only in 77 cases. In the period between 2011 and 
2016 system RASFF recorded only one notification 
on Clostridium botulinum. Notification concerned 
sausages from Portugal, action taken was withdrawal 
from the market.

Notification country
The countries that sent the largest number of 

notifications in RASFF belong Italy, Netherlands and 
Germany in case of category meat and meat products 
(other than poultry) and Netherlands, Denmark 
and France for category poultry meat and poultry 
meat products (Figure 7). Notification from Poland 
accounted for 2.4% in product category ‘meat and meat 
product’ and 5.5% in ‘poultry meat and poultry meat 
products’. The most common reason for notifications 
in the Netherlands concerning the poultry meat and 
poultry meat products was Salmonella spp. 

 
Figure 5. Notified microbiological hazards and origin country for category poultry meat and poultry meat products (%) 
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DISCUSSION

General number of notifications in RASFF system 
in years 2011 – 2015 gradually decreased, from 3708 
in 2011 year to 2984 notifications in 2015 [6, 7, 8, 9, 
10]. This trend is not so clear in case of notifications  

 
on studied categories of products. In ‘meat and meat 
product’ and ‘poultry meat and poultry meat product’ 
categories number of notifications increased to 2013 
year and then in last two years a little decreased. In case 
of ‘poultry meat and poultry meat products’ number of 
notifications in 2015 year is higher than in 2011. 

Figure 7. Number of notification by notified country in category: A - meat and meat products (other countries (%): Cyprus  
            0.9; Latvia 0.8; Romania 0.5; Bulgaria 0.5; Lithuania 0.5; Switzerland 0.4; Estonia 0.4; Luxemburg 0.3; Malta  
           0.3; Hungary 0.2; Iceland 0.1); B- poultry meat and poultry meat products (other countries (%): Romania 0.5;  
         Lithuania 0.4; Malta 0.4; Iceland 0.3; Estonia 0.3; Slovenia 0.3; Greece 0.3; Luxemburg 0.1; Norway 0.1;  
              Commission Service 0.1, Switzerland 0.1)
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In years 2011 – 2015 total numbers of notifications 
by category of notifications was similar. Every year 
notifications classified as ‘border rejection’ was the 
most numerous [8-12]. However, in case of meat 
and meat products different trends were indicated. 
In category ‘meat and meat products’ the largest 
classification of notification was ‘alert’ throughout the 
entire period of time. On the second place was border 
rejection in year 2011, 2012, 2014. In case of ‘poultry 
meat and poultry meat products’ except year 2011 the 
most common notification classification was ‘border 
rejection’. It may indicate that imported meat and 
meat products pose a considerable risk of consumers 
in the European Union. Jansen et al. noted that border 
rejection notifications are increasing exponentially, 
frequently due to Salmonella in poultry and shiga-
toxin-producing E. coli in meat and meat products. 

Notification basis on total number of notifications 
was generally ‘border control – consignment detained’ 
and ‘official control on the market’. Notifications 
based on ‘company’s own check’ in general accounted 
for few in 2011 – 2012 to several percent in last three 
years [8, 9, 10, 11, 12]. In selected product categories 
the most often basis of notification (except notifications 
classified as ‘border rejection’) were ‘official control 
on the market’ and ‘company’s own check’. Especially 
in case of ‘alert’ notifications ‘company’s own check’ 
was the main basis of notification. 

The most frequently occurring hazard category 
in studied time period in RASFF were ‘pathogenic 
microorganisms’, ‘mycotoxins’ and ‘pesticide 
residues’ [8, 9, 10, 11, 12]. In ‘poultry meat and poultry 
meat products’ and ‘meat and meat products’ product 
category ‘pathogenic microorganisms’ were also the 
most common hazards. Hazard category ‘residues 
of veterinary medicinal products’ and ‘adulteration/ 
fraud’ were also common in case of ‘meat and meat 
products’ category. In ‘poultry meat and poultry 
meat products’ the next common notified hazard 
category were ‘feed additives’ and poor or insufficient 
controls. Usually in hazard category ‘pathogenic 
microorganisms’ the RASFF system notified presence 
of bacteria such as Escherichia coli, Salmonella 
spp. or Listeria monocytogenes. In studied product 
category this microorganisms were also most common. 
Additionally in case of ‘poultry meat and poultry meat 
products’ Camphylobacter spp. also appeared. In 
RASFF annual report from 2013 year we could find 
information that the most of notifications reported in 
this hazard category were reported in products from 
third countries (countries which are not member of 
European Union). Actually, the most common notified 
pathogenic microorganism such as Salmonella spp. 
in poultry meat and Shiga–toxin producing E. coli in 
meat came from countries outside EU. This fact can be 
associated with active imports this products into EU. 

For example beef and veal are mainly imported from 
Brazil, Uruguay and Argentina. Notification in RASFF 
about meat and meat products showed that Shiga-toxin 
producing E. coli was mainly detected in products from 
Brazil and Argentine [3, 4, 5]. However, not much 
less numerous notifications concerning Salmonella 
spp. and L. monocytogenes on meat products refer to 
products which generally originate from EU countries. 
A similar situation occurs in the case of poultry meat 
and poultry meat products. According to Hansen et al. 
the most important factors in preventing Salmonella 
sp. in meat and meat products are maintaining good 
hygiene conditions and to avoid cross-contamination 
in the meat processing chain after slaughter.

In 2013 year the RASFF system notified increase 
in notifications on category ‘meat and meat products’ 
related with fraud, exactly related to food products 
adulterated with horse meat. Through the first notification 
and rapidly reaction of all members states that practice 
was quickly investigated and built comprehensive 
traceability which could restricted that problem [1]. 
This horse meat scandal revealed the problem with 
adulteration in food sector, and caused that European 
Commission started working on creation the similar 
to RASFF system which concerning information refer 
to fraudulent activities (Food Fraud System) (RASFF 
2013). Since the date of its creation in July 2013 the 
Food Fraud Network were exchanged on 60 cases in 
2014 and 106 cases in 2015 year [11, 12]. 

Although the maximum residue limit (MRL) and 
list of prohibited substance in food was defined, RASFF 
notifications for residues of veterinary medicinal 
products was still appeared. RASFF system divided 
residues of four groups depending on the “legal status” 
of the detected substance: prohibited substances, residue 
level above MRL, unauthorized and unauthorized 
substance. Prohibited substance included explicitly 
forbidden for use veterinary medicines. Unauthorized 
substances were not explicitly banned in legislation, 
this substances have not been authorized for use in 
veterinary medicines. Unauthorized is the group of 
substance which are authorized only for particular use 
(not for all animals). Residue level above MRL means 
that the limit of legislation maximal residues in tissues 
of animal has been exceeded [7]. In category ‘meat 
and meat products’ RASFF mainly notified presence 
of metabolite prohibited substance nitrofuran and 
unauthorized in reported cases presence of ivermectin. 
Nitrofuran has short half-lives and do not occur generally 
as residues in foods. It formed reactive metabolites and 
they have toxicity and carcinogenicity influence on 
living organisms [2]. Ivermectin is a board-spectrum 
antiparasitic substance, which is used in animal and 
also in human treatment. As all drugs it may cause side 
effects mainly due to neurotoxicity. 

A.D. Kononiuk, M. Karwowska
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CONCLUSIONS

1. Alert notification – the most dangerous for 
consumers were mainly basis on company’s own 
check which could evidence that food safety 
control system like HACCP, GHP or GMP work 
properly. 

2. Many of notifications in the RASFF system is 
caused by the increasing import of food products. 
This reason also influenced the increased on 
notifications for products which origin country was 
the countries outside the RASFF member states. 

3. Official control in the Polish market was the 
common basis of notification what constitutes 
about proper action of food safety control. 

4. Pathogenic organisms were the most dangerous 
hazard in meat and meat products. Contaminated 
products comes mainly from the third countries. 
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ABSTRACT
Background. Potatoes are an important component of the human diet. In addition to components which determine 
the nutrition and dietary values, potato tubers also contain anti-nutritional substances, inter alia radioactive elements. 
Natural and artifical radionuclides are released to the environment as a result of antropogenic activity, in a controlled 
or uncontrolled manner, and they are transferred to the human body through the food chain. 
Objective. The aim of the study was to determine the activity of radioactive cesium 137Cs isotope and potassium 
content, including the activity of 40K isotope, in new potatoes imported to Poland during the winter period from 
Mediterranean countries.
Material and methods. The study material included new potatoes imported from Cyprus, Egypt and Israel, 
purchased in the city of Siedlce from the beginning of February to the end of March 2015. The activity of 137Cs and 
40K isotopes in potato tubers was determined. Analyses were performed by γ-spectrometric method. Laboratory tests 
were performed on a total of 18 samples. Based on the activity of 40K isotope, the total potassium content of potato 
tubers was calculated, with the assumption that 31.00 Bq 40K is equivalent to 1 g potassium.
Results. The activity of 137Cs in most tested potato samples was below 0.2 Bq kg-1 (limit of quantification), and in 
other samles it was from 0.3 Bq kg-1 to 5.4 Bq kg-1. Potatoes of the same variety, originating from the same country, 
differed in terms of the activity of 137Cs. The highest activity of 137C, determined in potatoes imported from Cyprus, 
was seven times higher than the lowest value. The activity of 40K changed from 93.3 Bq kg-1 to 259.1 Bq kg-1. The 
average activity of 40K in potatoes imported from Cyprus, Egypt and Israel was at a similar level. The ratio of the 
activity of 137Cs determined in the tested potatoes to the activity of 40K changed from 0.00242 to 0.04163. The 
calculated potassium content in imported new potatoes was on average 4.376 g K kg-1 of the fresh weight of tubers 
and ranged from 3.010 g K kg-1 to 8.358 g K kg-1.
Conclusions. The activity of the 137Cs cesium isotope in imported new potatoes in most tested samples was at a very 
low level (below the limit of quantification) and in other samples it did not exceed 5.5 Bq kg-1 and posed no threat to 
human lives. Potatoes originating from the same country differed in terms of the activity of 137Cs. The average activity 
of 40K in potatoes imported from Cyprus, Egypt and Israel was at a similar level and did not differ from the activity of 
40K in domestically produced potatoes. The potassium content in imported new potatoes was determined by the variety.

Key words: 137Cs activity, 40K activity, potassium content, new potatoes

STRESZCZENIE
Wprowadzenie. Ziemniaki są ważnym składnikiem diety człowieka. Obok składników decydujących o wartości od-
żywczej i dietetycznej, bulwy ziemniaka zawierają również substancje antyżywieniowe, m in. pierwiastki promienio-
twórcze. Naturalne i sztuczne radionuklidy uwalniane są do środowiska na skutek działalności człowieka, w sposób 
kontrolowany lub niekontrolowany, i poprzez łańcuch pokarmowy przenoszone są do organizmu człowieka.
Cel. Celem było zbadanie i określenie aktywności radioaktywnego izotopu cezu 137Cs oraz zawartości potasu, w tym 
aktywności izotopu 40K, w młodych ziemniakach importowanych do Polski w okresie zimowym z krajów Basenu 
Morza Śródziemnego.
Materiał i metody. Materiał do badań stanowiły młode ziemniaki importowane z Cypru, Egiptu i Izraela, zakupione 
w Siedlcach wokresie od poczatku lutego do końca marca 2015 roku. Oznaczono aktywność izotopów 137Cs i 40K. 
Analizy wykonano metodą γ spektrometryczną. Badania laboratoryjne wykonano w 18 próbkach. Na podstawie ak-
tywności izotopu 40K, wyliczono całkowitą zawartość potasu w bulwach ziemniaka, przyjmując, że 31,00 Bq 40K 
odpowiada 1 g potasu.
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Wyniki. Aktywność 137Cs w większości badanych próbek ziemniaków była poniżej 0,2 Bq kg-1 (poniżej granicy 
oznaczalności), a w pozostałych próbkach wynosiła od 0,3 Bq kg-1 do 5,4 Bq kg-1. Ziemniaki tej samej odmiany, 
pochodzące z tego samego kraju różniły się pod względem aktywności 137Cs. Najwyższa aktywność 137Cs oznaczona 
w ziemniakach importowanych z Cypru była siedem razy większa od wartości najniższej. Aktywność 40K zmieniała 
się od 93,3 Bq kg-1 do 259,1 Bq kg-1. Średnia aktywność 40K w ziemniakach importowanych z Cypru, Egiptu i Izraela 
była na zbliżonym poziomie. Stosunek aktywności 137Cs oznaczonej w badanych próbkach ziemniaków do aktywno-
ści 40K zmieniał się od 0,00242 do 0,04163. Wyliczona zawartość potasu w ziemniakach młodych z importu wynosiła 
średnio 4,376 g K kg-1 świeżej masy bulw i wahała się od 3,010 g K kg-1 do 8,358 g K kg-1.
Wnioski. Aktywność izotopu cezu 137Cs w ziemniakach młodych z importu w większości badanych próbek była na 
bardzo niskim poziomie, poniżej granicy oznaczalności, a w pozostałych próbkach nie przekraczała 5,5 Bq kg-1 i nie 
stanowiła zagrożenia dla zdrowia człowieka. Ziemniaki pochodzące z tego samego kraju różniły się pod względem 
aktywności 137Cs. Średnia aktywność 40K w ziemniakach importowanych z Cypru, Egiptu i Izraela była na zbliżonym 
poziomie i nie różniła się od aktywności 40K w ziemniakach z produkcji krajowej. Zawartość potasu w badanych 
ziemniakach młodych z importu zależała od odmiany.

Słowa kluczowe: aktywność 137Cs, aktywność 40 K, zawartość potasu, ziemniaki młode

Activity of cesium 137Cs and potassium content in new potatoes imported to Poland

INTRODUCTION

Potatoes are an important component of the human 
diet. They are a source of proteins of high biological 
value, minerals, vitamins, dietary fibre, phenolic 
compounds and other health-promoting compounds. 
In addition to components which determine the 
nutrition and dietary values, potato tubers also contain 
anti-nutritional substances (glycoalcaloids, nitrates, 
heavy metals and radioactive elements). As regards 
the latter, some of them are either natural components 
of the tuber or are formed naturally due to metabolic 
disorders of the plant and others originating from 
a contaminated environment [1, 10]. Natural and 
artificial radionuclides are released to the environment 
as a result of anthropogenic activity, in a controlled 
or uncontrolled manner. Uncontrolled releases of 
artificial radioactive isotopes have occurred during 
experimental nuclear explosions as well as during 
an accidental release from nuclear facilities, such as 
the accident at the nuclear power plant in Chernobyl 
in 1986, or the accident at the nuclear power plant in 
Fukushima in 2011. The Chernobyl nuclear power 
plant disaster resulted in the deposition of radioactive 
cesium over a large area of soils in Europe and 
countries of the former Soviet Union. Initially, the 
emission was transferred to the north-west over 
Poland, the Baltic States, Finland, Sweden and 
Norway and later spread over Central and Eastern 
Europe, southern Germany, Italy, and Yugoslavia [15]. 
The fallout of cesium 137Cs and 134Cs radionuclides 
in European countries, following the accident at the 
nuclear power plant in Chernobyl, was at a level of 
0.012-190 kBq m-2. The smallest amounts of cesium 
isotopes were noted in Portugal and the greatest was 
in Sweden [2]. Soil contamination with a radioactive 
isotope of cesium 137Cs has a long-term radiological 
effect. This is determined by its long half-life period 
(T1/2=30.1 years) and high biological availability. This 
isotope is transferred to the human body through the 
food chain [26].

The ingestion of agricultural produce contaminated 
with radioactive cesium is the main route of human 
exposure to the effects of this radionuclide. The uptake 
of 137Cs by plants is determined by the level of soil 
contamination with this radionuclide, biological 
characteristics of plants, soil properties and climatic 
conditions and is subject to seasonal changes [5, 7, 
11, 14, 16, 26]. A significant relationship has been 
found between the uptake of 137Cs by plants and the 
potassium content of soil, including the activity of 
40K isotope. Potassium 40K is a natural isotope found 
in soil (T1/2=1.32×109 years). Numerous studies have 
demonstrated that the coefficient of cesium 137Cs 
transfer from soil to plants was negatively correlated 
with the 40K content of soil. The coefficient of 137Cs 
transfer decreased with the increase in the potassium 
content of the soil [3, 24, 25, 26].

 Cesium is very mobile in plants [26]. As 
regards the content of this radionuclide, a significant 
difference exists between the above-ground and 
underground part of plants. For most plants, the values 
of specific activity of 137Cs in the underground part 
(mainly in the roots) are from two to five times higher 
than in the green parts of plants. As regards potatoes, 
the distribution of 137Cs within the entire biomass of 
plants is relatively equal [16]. The coefficient of 137Cs 
transfer in vegetables and cereal grains decreased in 
the following order: lettuce, cabbage > carrot, potato > 
cereals, onions [14]. 

Radioactive elements, even when the soil is heavily 
contaminated with them, are transferred to potato 
tubers in small amounts. A study carried out in Austria 
following the accident at the nuclear power plant in 
Chernobyl in 1986 demonstrated that the coefficient 
of 137Cs transfer from soil to potato tubers was 0.0017 
[7], while a study carried out in Japan following the 
accident at the nuclear power plant in Fukushima in 
2011 demonstrated that the average coefficient of 137Cs 
transfer to potato tubers was 0.0057 [13]. In the first 
year following the Chernobyl accident, the activity 
of 137Cs in potato tubers, determined in Sweden, was 
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at a level of 5 Bq kg-1 [9]. The activity of radioactive 
cesium 137Cs in potato tubers in Poland was 1.2 Bq kg-1, 
and was the lowest for all tested food products [19]. The 
activity of 137Cs in soil, average for Poland, decreased 
from the value of 4.64 kBq m-2 in 1988 to 1.54 kBq 
m-2 in 2012. This was due to both the radioactive decay 
of this isotope and the migration processes occurring 
in the environment, mainly the penetration of cesium 
into deeper soil layers [6]. The activity of 137Cs in potato 
tubers, average for Poland, changed during this period 
from 0.8 to 0.4 Bq kg-1, and in vegetables, from 0.9 to 0.4 
Bq kg-1. In the years 2012–2014, a slight increase in the 
activity of 137Cs was noted in potatoes and vegetables, 
which was a result of the globally higher concentrations 
of this radionuclide, recorded following the accident at 
the nuclear power plant in Fukushima [19].

Most actinides (239Pu, 240Pu, 241Am), as well as 
90Sr, mainly accumulate in potato tuber skin and may 
be removed by peeling, while 137Cs occurs rather 
uniformly throughout the tuber [8]. In order to ensure 
radiological security, it is required that the possibilities 
for the transfer of radioactive isotopes from the 
environment to the human body be monitored. 

The aim of the study was to determine the activity 
of radioactive cesium 137Cs isotope and potassium 
content, including the activity of 40K isotope, in new 
potatoes imported to Poland during the winter period 
from Mediterranean countries. 

MATERIAL AND METHODS

The study material included imported new potatoes 
purchased in small local fruit and vegetable shops 
and in supermarkets (Topaz, Stokrotka, Kaufland, 
Tesco) once a week in the city of Siedlce from the 
beginning of February to the end of March 2015. The 
potatoes purchased in February were imported from 
Cyprus (n=5), and in March, from Cyprus (n=5), 
Egypt (n=3) and Israel (n=5). Only potatoes imported 
from Cyprus exhibited the characteristics of new 
potatoes, consistent with Regulation of the Minister of 
Agriculture and Rural Development [21] on detailed 
requirements for the commercial quality of potatoes, 
i.e. were harvested prior to reaching full maturity, had 

flaky skins, were not washed and were sold in bulk. 
The other potatoes introduced to the market as new 
potatoes were harvested after reaching full maturity, 
had corky skins and were washed and packed. Each 
potato sample used in the study weighed approx. 1 kg.

The activity of 137Cs and 40K isotopes in potato 
tubers was determined. Analyses were performed 
by γ-spectrometric method using a γ-spectrometer 
with a NaI scintillation detector. Washed and minced 
potatoes were transferred to measuring containers of the 
Marinelli type with a volume of 450 ml. The duration 
of measurement of the activity of radioactive isotopes 
in each sample was 80,000 seconds. γ-spectrometric 
measurements were performed at the Radiation Hygiene 
Section in Siedlce and at the Provincial Sanitary-
Epidemiological Station in Warsaw, Radiation Hygiene 
Section in Siedlce. Laboratory tests were performed on 
a total of 18 samples. The test results were expressed in 
Bq per 1 kg of the fresh weight of potatoes. Based on 
the activity of 40K isotope, the total potassium content of 
potato tubers was calculated, with the assumption that 
31.00 Bq 40K is equivalent to 1 g potassium [23].

RESULTS AND DISCUSSION

The activity of cesium 137Cs isotope in most tested 
potato samples (n=11) was negligible, at the level of 
apparatus background (limit of quantification), i.e. 
below 0.2 Bq kg-1, and in other samples (n=7) it was 
from 0.3 Bq kg-1 to 5.4 Bq kg-1 (Table 1). Potatoes of 
the same variety, originating from the same country, 
differed in terms of the activity of 137Cs. The highest 
activity of 137Cs, determined in tubers of potato of 
the ‘Spunta’ variety imported from Cyprus, was 
seven times higher than the lowest value. At the 
same time, in half of the analysed samples of this 
variety, the activity of 137Cs was below the apparatus 
background (<0.2 Bq kg-1). The activity of 137Cs, 
determined in ‘Spunta’ variety potatoes imported 
from Egypt, was lower than that in potatoes of this 
variety originating from Cyprus. Particular varieties of 
potatoes imported from Israel varied. The activity of 
137Cs in tubers of ‘Nicola’ and ‘Maris Peer’ varieties 
was below the apparatus background, and in tubers 
of ‘Orchestra’ variety, the activity was 2.1 Bq kg-1.  

Table 1. 137Cs and 40K activity in potato tuber 

Country of origin Variety Number of samples
137Cs

(Bq kg-1 f. w.)
40K

(Bq kg-1 f. w.)
137Cs : 40K

Cyprus Spunta 5 0.8 – 5.4 112.6 – 129.7 0.00627-0.04163
Cyprus Spunta 5 <0.2* 114.7 – 259.1 <0.00174
Egypt Spunta 1 0.3 123.9 0.00242
Egypt Spunta 2 <0.2* 115.7 – 125.8 <0.00173
Israel Nicola 3 <0.2* 93.3 – 118.7 <0.00214
Israel Maris Peer 1 <0.2* 193.5 <0.00103
Israel Orchestra 1 2.1 102.5 0.02049

*0,2 Bq kg-1 – the limit of quantification 
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The differences in the activity of 137Cs in potatoes 
imported from Israel could have been due to the 
biological characteristics of plants. ‘Nicola’ and ‘Maris 
Peer’ are early varieties, and ‘Orchestra’ is a medium-
early variety. The activity of 137Cs, determined in 
potato tubers of ‘Orchestra’ variety imported from 
Israel, was higher than in potato tubers of ‘Spunta’ 
variety originating from Egypt and in most tested 
samples of this variety originating from Cyprus. The 
same plant species originating from the same field, but 
harvested at different times, may differ in the activity 
of 137Cs in the tissues even by one order of magnitude 
[19], which is confirmed by this study. In a study by 
Oshita [13], the activity of 137Cs in tubers, determined 
58 days after planting, was 2.4 Bq kg-1 and it was not 
detected 82 days after planting. The uptake of 137Cs by 
plants is determined by their biological characteristics, 
the level of soil contamination with this radionuclide, 
soil properties and climatic conditions [5, 7, 14]. In 
Cyprus, potato cultivation is concentrated in the 
south-eastern part of the island in Lixisols, in Egypt 
in Fluvisols and in Israel in Cambisols. The coefficient 
of 137Cs transfer to plants from loamy soils is lower 
than that for the transfer from coarse-grained mineral 
soils [14]. The coefficient of 137Cs transfer from Calcic 
Chernozem was higher than for the transfer from 
Eutric Combisol [7]. Studies by other authors have 
demonstrated a higher transfer of 137Cs from Chromic 
Luvisol than from Eutric Fluvisol [5]. In an earlier 
study by Królak and Karwowska [12], the activity of 
137Cs in domestically produced potatoes purchased 
commercially in the city of Siedlce was 1.44 Bq kg-1.

The average activity of 40K potassium isotope in 
the tested potato samples (n=18) was 135.6 Bq kg-1, 
and changed from 93.3 Bq kg-1 to 259.1 Bq kg-1 (Table 
1). The average activity of 40K in potatoes imported 
from Cyprus, Egypt, and Israel was at a similar level. 
Oshita [13] estimated the natural activity of 40K in 
potato tubers to be 124.6 Bq kg-1. In the study by 

Królak and Karwowska [12], the average activity of 
40K, determined in domestically produced potatoes, 
was at a level of 120.1 Bq kg-1, and in the study by 
Oshita [13], carried out in Japan, it was 151.2 Bq kg-1.

The 137Cs and 40K isotopes represent elements with 
similar chemical properties, yet they have different 
sources in the environment. 40K is a natural isotope 
(T1/2=1.32×109 years), and 137Cs is released to the 
environment as a result of nuclear explosions (T1/2=30.1 
years). 137Cs is taken up by plants by the same route as 
potassium. The coefficient of 137Cs transfer decreases 
with the increase in available potassium content of 
soil. The selective uptake of cesium and potassium 
by plants indicates that the cesium and potassium 
contents in soil do not reflect the content of cesium or 
the cesium-to-potassium content ratio in plant tissues 
[18, 25]. The ratio of the activity of 137Cs determined 
in the tested potato samples (n=7) to the activity of 
40K changed from 0.00242 to 0.04163 (Table 1). In 
a study by Królak and Karwowska [12], the ratio of 
the 137Cs activity to 40K activity in potato tubers was 
0.01199. The performed studies failed to demonstrate 
a significant relationship between the activity of 137Cs 
determined in the tested potato samples (n=7) and the 
activity of 40K (r=0.2731, p≥0.05).

The activity of 40K corresponds to the concentration 
of potassium in potato tubers [13]. The calculated 
potassium content of the tested potato samples (n=18) 
was on average 4.376 g K kg-1 of the fresh weight of 
tubers and ranged from 3.010 to 8.358 g K kg-1 (Table 
2). Leszczyński [10] reports that the potassium content 
of potato tubers may range from 2 to 9 g K kg-1 of fresh 
weight. The average potassium content of potatoes of 
the ‘Spunta’ variety imported from Cyprus was higher 
than for tubers of the same variety originating from 
Egypt (Table 2). The potassium content of potatoes 
of the ‘Maris Peer’ variety imported from Israel was 
almost two times higher than in ‘Nicola’ and ‘Orchestra’ 
varieties originating from the same country. 

The activity of 137Cs isotope and potassium content 
in imported new potatoes was similar to the values 
determined in domestically produced potatoes [12, 
20]. The activity of 137Cs isotope was at a very low 
level which posed no threat to consumer health. The 
maximum permitted level of radioactive contamination 
of food with nuclides with a half-life period longer 

Table 2. Calculated potassium content in potato tuber (g K kg-1 f. w.)

Country of origin Variety Number of samples Range
min – max Mean

Cyprus Spunta 10 3.632 – 8.358 4.720
Egypt Spunta 3 3.732 – 4.058 3.929
Israel Nicola 3 3.010 – 3.829 3.414
Israel Maris Peer 1 6.242 6.242
Israel Orchestra 1 3.306 3.306

than 10 days, in particular 137Cs (T1/2=30.1 years) and 
134Cs (T1/2=2.06 years) must not exceed 1250 Bq kg-1 
[4], and the maximum yearly intake of 137Cs isotope 
by the oral route, equivalent to the annual effective 
equivalent of the dose of 1 mSv, amounts to 80,000 Bq 
[22]. Assuming that the daily consumption of potatoes 
is approx. 200 g, and the duration of consumption of 

Activity of cesium 137Cs and potassium content in new potatoes imported to Poland
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imported new potatoes is 4 months, the intake of 137Cs 
isotope by the oral route, at the determined maximum 
activity of 137Cs of 5.5 Bq kg-1, does not exceed 150 Bq 
and is below the limit value.

CONCLUSIONS

1. The activity of the 137Cs cesium isotope in imported 
new potatoes in most tested samples was at a very 
low level (below the limit of quantification) and 
in other samples it did not exceed 5.5 Bq kg-1 
and posed no threat to human health. Potatoes 
originating from the same country differed in 
terms of the activity of 137Cs.

2. The average activity of 40K in potatoes imported 
from Cyprus, Egypt and Israel was at a similar 
level and did not differ from the activity of 40K in 
domestically produced potatoes.

3. The potassium content in imported new potatoes 
was determined by the variety.
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National Veterinary Research Institute,  
Department of Pharmacology and Toxicology, Pulawy, Poland

ABSTRACT
Background. The risk for public health posed by endocrine disruptors present in food is relatively new issue. Our 
current understanding of human exposure is mainly based on the residue analysis of selected compounds. With such 
approach potential, effects of mixtures, including so-far unidentified compounds are not taken into consideration. 
Therefore, the knowledge of overall hormonal activity in food samples is of big importance.
Objective. Milk and dairy products are a rich source of estrogens but very rarely undergo testing for estrogenic activity. 
For this reason the rodent uterotrophic bioassay is one of the most useful tool. This preliminary study was conducted in 
immature hamsters to assess commercially available milk. The endpoint measured was uterine weight increase.
Material and methods. Fifteen-day old females received ad libitum throughout 7 days commercially available milk 
i.e. raw goat’s, raw cow’s, processed 3.2% UHT, and for comparison soy milk. The animals of negative control group 
received water but positive control group got 17β - estradiol (E2) at the concentration of 100 ng/ml. 
Results. All samples of milk showed estrogenic activity as follow: goat’s >cow’s >soy >processed milk. Significant 
increase of uteri weights were recorded in goat’s (p<0.001) and cow’s milk (p<0.01). However, the activity was 
approximately 5-fold lower than induced by 17β-estradiol. The ratio uterine weight/body weight (%) in negative control 
was 0.096%, in milk experimental groups ranged from 0.112% to 0.153% and in positive control this value was 0.493%. 
Conclusion. The results suggest that commercially available milk has a weak uterotrophic activity. Further in vivo 
and in vitro studies are warranted to gain more insight into the estrogenic risk from milk and other dairy products.

Key words: milk, estrogenic activity, immature hamster, uterotrophic assay

STRESZCZENIE
Wprowadzenie. Zagrożenie ze strony związków hormonalnie aktywnych pobieranych z żywnością jest nowym 
wyzwaniem w ochronie zdrowia publicznego. Jak dotąd ocena narażenia ludzi opiera się na podstawie analizy 
pozostałości wybranych związków. Takie podejście nie pozwala na przewidywanie efektów oddziaływania związków 
niezidentyfikowanych oraz ich mieszanin. Dlatego też znajomość ogólnej aktywności hormonalnej w próbkach 
żywności ma duże znaczenie.
Cel pracy. Mleko i jego produkty są obfitym zewnętrznym źródłem estrogenów lecz rzadko podlegają badaniu 
w kierunku aktywności estrogennej. Jednym z bardziej przydatnych biotestów umożliwiających taką ocenę jest test 
wzrostu macicy wykonywany na gryzoniach.
Celem pracy była wstępna ocena aktywności estrogennej mleka dostępnego na rynku krajowym z wykorzystaniem 
niedojrzałych płciowo samic chomika złocistego. 
Materiał i metody. Samicom w wieku 15 dni podawano ad libitum przez 7 dni mleko surowe kozie, krowie, 
przetworzone 3,2% UHT i dla porównania mleko sojowe. Zwierzęta kontroli negatywnej i pozytywnej otrzymywały 
odpowiednio wodę lub 17β- estradiol (E2) w stężeniu 100 ng/ml. 
Wyniki. Wszystkie rodzaje badanego mleka wykazywały aktywność estrogenną (mleko kozie>krowie>sojowe>3,2% 
UHT). Statystycznie istotny wzrost masy macicy zanotowano dla mleka koziego (p<0,001) i krowiego (p<0,01). 
Jednakże wartości te był około 5-krotmie mniejsze niż w kontroli pozytywnej. Stosunek masy macicy/masy ciała 
(%) w grupie kontroli negatywnej wynosił 0,096%, grupach otrzymujących mleko zawierał się w zakresie 0,112% 
-0,153%, a kontroli pozytywnej – 0,493%.
Wniosek. Uzyskane wyniki wskazują, że mleko dostępne w sprzedaży wykazuje aktywność biologiczną w teście 
wzrostu macicy. Aby uzyskać więcej informacji o potencjalnym ryzyku niezbędne są dalsze badania nad oceną 
aktywności estrogennej mleka z uwzględnieniem także przetworów mlecznych

Słowa kluczowe: mleko, aktywność estrogenna, chomik, test wzrostu macicy
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INTRODUCTION

In last decades increasing concern has been raised over 
the adverse effects from exposure to endocrine disruptors 
(EDs) [14, 19]. So far, compounds with estrogenic-like 
action have attracted the most attention because they may 
play a role in the etiology of cancers and reproductive 
disorders [7]. Estrogens, both synthetic and natural, 
are ubiquitous in the environment and the main way of 
human exposure is food [2, 13] and water [30]. Within 
the last decade, it has become accepted that Food Contact 
Materials (FCMs) including food packaging are important 
contributors to human EDs exposure [6]. In recent years 
special attention was paid on the risk from milk and dairy 
products [17]. Since modern practices involve milking of 
cows during pregnancy significantly elevated endogenous 
estrogens and their metabolites may be detected in milk 
[8]. Their concentrations depend on cow`s physiological 
stage, age and type of diet [5, 9, 10, 17]. Additionally, 
xenoestrogens and phytoestrogens could be present in milk 
[16] but estrogenic steroids produced endogenously by the 
food producing animals possess a much more profound 
estrogenic activity [25, 27].

Our current understanding of human exposure to 
estrogens is mainly based on the analytical detection 
of few specific chemicals [26]. With such approach 
potential mixture effects and the effects caused by so-far 
unidentified compounds are not taken into consideration. 
Nowadays, assessment of the total estrogen load in 
the sample is increasingly used [1, 3]. Both, in vitro 
and in vivo short bioassays are introduced. The rodent 
uterotrophic bioassay, long considered the “gold 
standard” for determining estrogenicity, is identified as 
a preferred in vivo screen [22]. The assay is based on the 
principle that the growth phase of the uterus in the natural 
estrous cycle is under the control of estrogens. When 
the natural source of estrogens is not available, either 
because the animal is immature or because it has been 
ovariectomized, then the growth of the uterus becomes 
sensitive to external sources of estrogens. Due to animal 
welfare concerns regarding survival surgery the OECD 
recommends the use of immature animals. Moreover, 
past experience suggests that immature uterotrophic 
assay is more sensitive to estrogenic compounds than the 
ovariectomized model [15, 23, 28].

The aim of this preliminary study was to assess 
biological activity of commercially available milk 
in immature hamster uterotrophic assay which was 
previously found to be very sensitive to reference 
estrogen agonists [24]. 

MATERIALS AND METHODS

Animals, housing, diet
Golden hamsters (Mesocricetus auratus) of own 

colony were housed in clear polypropylene cages (48 x 

Estrogenic activity of commercial milk as revealed in immature hamster uterotrophic assay

26.5x 21 cm) and under controlled conditions: temperature 
(22±2°C), lighting (light: dark cycle 14h:10h) and 
humidity (40-60%). Distilled water and certified hamster 
phytoestrogen-free diet Altromin 7010 (ALTROMIN 
Spezialfutter GmbH&Co., Germany) were provided ad 
libitum until the pups were weaned. On the 15 postnatal day 
(PND) female pups were weaned, weight and randomly 
assigned to experimental groups (12 per cage). 

Uterotrophic assays
The experimental protocol was approved by the 

Local Ethics Committee at the University of Life 
Sciences in Lublin (no. 72/2013). 

The females were kept ad libitum for seven days 
(15-22 PND) on one of four different milk: processed 
milk (3.2%); raw milk samples from individual farm 
cow’s or goat’s; soy milk, and water (negative control) 
or 17β - estradiol (E2) (Sigma-Aldrich, Poland) at the 
concentration of 100 ng/ml water (positive control).

Approximately 24 h after the last treatment the 
animals were killed by an overdose of pentobarbital. 
The uteri were carefully dissected and weighed 
immediately (wet weight) and after drying at 60°C for 
at least 24h (dry weight). 

Statistical analysis
The results are presented as a mean and standard 

deviations (n=12). The statistical significance of the 
difference between the mean values was evaluated with 
analysis of variance (ANOVA). All statistical analyses 
were performed using the GraphPad Software (San Diego, 
CA, USA). Values of P<0.05 were considered significant.

RESULTS

As presented in Table 1 initial animal body weights 
were comparable among the 6 groups. Comparison of 
terminal weights showed that out of four experimental 
groups in two, receiving raw goat’s and cow’s milk 
animal body gains were significantly higher than in 
negative control group. In the same groups higher 
absolute wet and dry uteri weights were recorded. The 
induction over negative control wet uteri weights were 
1.79-fold in group received goat milk and 1.61-fold in 
group received cow milk. The mean weight of absolute 
wet uterus weight in the positive control group was 
7.43-fold over negative control. 

Another endpoint taken into account in our study 
was the ratio uterine weight/body weight (UW/BW 
%). In comparison with negative control value (0.096 
%) in all experimental groups the values were higher, 
and ranged from 0.112 % (raw cow’s milk and soy 
milk) to 0.114 % (raw goat’s milk). The highest value 
0.153% was calculated for processed UHT milk.

The solution of E2 (100 ng/ml) induced a significant 
effect (P<0.001) on all endpoints measured including 
the ratio UW/BW (0.493%). 
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Table 1. Uterotrophic effects of different kind of milk in immature hamsters
      Animal body weight (g)                                                                           Uteri

Group Initial Terminal Wet uterine  
weight (mg)

Fold  
induction  

over control

Wet uterine  
weight/ body  
weight (%)

Dry uterine 
weight  
(mg)

Dry uterine  
weight

mg/100g
Negative control 
– water 11.9 ± 1.6 18.0 ± 2.8 17.1 ± 3.7 1 0.096±0.022 3.4 ± 0.4 19.2±3.8

Raw goat’milk 14.0 ± 2.3 26.8 ± 4.2* 30.6 ± 8.6*** 1.79 0.114 ± 0.024 5.5 ± 1.3*** 20.6 ± 2.9
Raw cow’s milk 12.7 ± 1.4 25.2 ± 2.8* 27.5 ± 5.3** 1.61 0.112 ± 0.021 4.9 ± 0.8** 19.6 ± 3.5
Processed 3.2% 
UHT milk 10.4 ± 2.5 14.4 ± 4.7 21.3 ± 5.2 1.25 0.153 ± 0.030* 4.6 ± 1.1 32.9 ± 6.8***

Soy milk 12.2 ± 1.7 21.7 ± 3.2 24.1 ± 5.4 1.41 0.112 ± 0.022 4.8 ± 1.0** 22.4 ± 4.1

Positive control- 
E2 100 ng/ml 12.6 ± 2.8 26.0 ± 5.8* 127 ± 24.6*** 7.43 0.493±0.065*** 19.6±4.1*** 76.3 ± 11.7***

Data is presented as mean ± SD (n=12); *P<0.05; **P<0.01; ***P<0.001 vs negative control.

L. Radko, M. Minta, S. Stypuła-Trębas

DISCUSSION

There is growing concern of whether or not 
exposure to the estrogens from milk can cause adverse 
effects in the consumer [11]. However, a number of 
publication have reported that hormones present 
in cow`s milk may be responsible for the adverse 
effect on human health. Available literature data on 
estrogenic activity of cow’s milk and dairy products, 
either in vitro and in vivo, are inconsistent. 

One of the most frequently cited limitations of in 
vitro tests for assessing health effects are qualitative 
and quantitative deficiencies in the biotransformation 
of test chemicals, in comparison with the in vivo 
situation [4]. In this place it is interesting to mention 
the results of our previous work in vitro in which the 
estrogenic activities of cow’s milk samples without 
hydrolysis were below the detection limit, whereas in 
50% of the deconjugated samples they were detectable 
and varied between 0.29 and 0.49 ng EEQ/ml [27]. 
To avoid ‘false negative’ results, in vivo bioassays are 
very desirable.

In the present study we evaluated activity of 
different kind of milk available on the Polish market. 
The model system was immature hamster uterotrophic 
assay. As it is recommended [22, 29] before conducting 
the assay the sensitivity of this model was confirmed 
in our laboratory in the previous experiments with 
reference compounds [24]. The animals were fed with 
phytoestrogen-free diet, Altromin which was shown 
not to affect the sensitivity of the uterotrophic assay 
[20]. In this study the variance in body weights at the 
start of the experiments was insignificant (Table 1) 
and these values were in line with our historical data 
for immature hamsters [24]. Significant differences 
(increase of terminal body weight and uterine weight) 
were recorded in groups receiving raw milk (goat’s 

and cow’s). In the same groups significant uterotrophic 
activity was observed. Comparing with the effects in 
positive control (E2, 100 ng/ml) observed activity 
was low, however similar to those induced by weak 
estrogen BPA (p.o. 160 mg/kg/d ≈ 3days) what was 
revealed in our previous study [24]. 

We observed that significant differences were 
noticed in the groups in which wet uterine weight 
increase was at least 1.4-fold over control. The 
induction of uteri weights in raw milk groups was 1.79 
and 1.61-fold over negative control (Table 1), and  
1.76-fold for BPA [24], respectively. 

Until now just few authors utilized uterotrophic 
assay to assess total estrogenic activity of milk. 
Ganmaa et al. showed that commercially available 
low-fat milk has uterotrophic effects in both young 
ovariectomized rats and sexually immature rats [12]. 
More recently commercial milk was also shown to 
have weak uterotrophic and also estrogenic effects on 
immature ovariectomized rats [31]. In opposite, lack of 
biologically active estrogens in commercial milk was 
confirmed after 2 week exposure of ovariectomized 
rats [11]. Similar results were obtained on gonadally 
intact immature mouse, however activation of the 
estrogen receptor in in vitro assay took place [21].

The current study on immature hamsters was 
designed in a similar manner to those previously 
published on immature mice [21]. Seven day oral 
ad libitum exposure of milk and reference estrogen 
agonist (E2) were applied. The increase of the mean 
uterus weight of immature hamsters in positive E2 
control was 7.43-fold over control and was higher than 
those (approximately 5-fold) observed in immature 
mice by Nielsen et al. [21]. You can therefore believe 
that hamster model is more sensitive than mice. 

It seems to be that the existed differences are 
due to different models used and different endpoints 
assessed. 
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CONCLUSIONS

1. The final conclusion of the study is that milk has 
a weak estrogenic activity. 

2. Further studies are warranted to evaluate the 
significance of milk and dairy products as a source 
of estrogens for humans.

3. There is an urgent need to harmonize research in 
this field and the most important key learnings were 
defined from the Endocrine Disruptor Screening 
Program (EDSP).
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ANNIVERSARY MEMORIAL

MARIA SKŁODOWSKA-CURIE, HER LIFE AND WORK  
- THE 150 ANNIVERSARY OF HER BIRTHDAY

Małgorzata M. Dobrzyńska

National Institute of Public Health – National Institute of Hygiene, 
Department of Radiation Hygiene and Radiobiology, Warsaw, Poland 

ABSTRACT 
Maria Skłodowska was born on November 7, 1867 in Warsaw (Poland). Her parents were teachers. Maria’s mother 
has died in 1878 of tuberculosis. In 1893 and 1894, respectively, Maria was awarded master’s degrees in physics 
and in mathematics from the Sorbonne University. In 1895 Maria married Pierre Curie. In 1897 their daughter Irene 
was born. Maria investigated rays emitted by uranium salts. She hypothesized that the radiation come from atom and 
called this phenomenon “radioactivity”. In 1898, Maria and Pierre discovered new radioactive elements polonium and 
radium. In 1902 she isolated pure radium chloride and defined radium atomic mass. In June 1903, Maria supervised by 
Professor Lippmann was awarded her doctorate in physics from the Sorbonne University of Paris after presentation of 
the thesis “Investigation of radioactive bodies”. In December 1903, Maria was awarded the Nobel Prize in Physics, 
along with her husband Pierre and Henri Becquerel, for their work on radioactivity. In 1904, the daughter Eve was 
born. On 19 April 1906, Pierre was killed in a road accident in Paris. 
In 1910 Maria isolated radium as a pure metal. She also defined an international standard for radioactive emissions (curie), 
published her fundamental results on radioactivity and textbook of radiology. She also defined the international pattern of 
radium. In 1911, she won her second Nobel Prize, this time in Chemistry, for her discovery of radium and polonium.
In 1914 she was appointed director in the Radium Institute in Paris. During World War I, Maria became the director 
of the Red Cross Radiology Service and set up France’s first military radiology centre. In May 1932 she has attended 
the official opening ceremony of the Radium Institute in Warsaw. On 4 July 1934, Maria Skłodowska-Curie has died 
aged 66 years in Sancellemoz sanatorium (France) of aplastic anemia.

STRESZCZENIE
Maria Skłodowska urodziła się 7 listopada 1867 r. w Warszawie (Polska). 
Jej rodzice byli nauczycielami. Matka Marii zmarła na gruźlicę w 1878 r. 
W latach 1893-1894 Maria uzyskała magisteria z fizyki i matematyki na uni-
wersytecie Sorbona w Paryżu. W 1895 r. poślubiła Piotra Curie, a w 1897 r. 
urodziła się ich córka Irena. Maria badała promieniowanie emitowane przez 
sole uranowe. Postawiła hipotezę, że promieniowanie pochodzi z atomu i na-
zwała to zjawisko radioaktywnością. W 1898 r., Maria i Piotr odkryli nowe 
pierwiastki promieniotwórcze polon i rad. W 1902 r. Maria wyizolowała czy-
sty chlorek radu i określiła masę atomową radu. W czerwcu 1903 r. Maria 
obroniła na Uniwersytecie Sorbona pracę doktorską w dziedzinie fizyki pt. 
“Badania ciał radioaktywnych”, której promotorem był Profesor Lippmann. 
W grudniu 1903 r. wraz z mężem Piotrem Curie i Henri Becquerelem uzyskała 
Nagrodę Nobla w dziedzinie fizyki za prace nad radioaktywnością. W 1904 r.  
urodziła córkę Ewę. W kwietniu 1906r., Piotr Curie zginął tragicznie w wy-
padku drogowym w Paryżu. 
W 1910 r. Maria wyizolowała metaliczny rad, zdefiniowała międzynarodo-
wą jednostkę aktywności promieniotwórczej (curie), opublikowała najważ-
niejsze wyniki prac nad radioaktywnością oraz podręcznik radiologii. Zde-
finiowała także międzynarodowy wzorzec radu. W 1911 r., otrzymała drugą 
Nagrodę Nobla, tym razem w dziedzinie chemii, za odkrycie polonu i radu.
W 1914 została powołana na stanowisko dyrektora w Instytucie Rado-
wym w Paryżu. Podczas I wojny światowej, kierowała sekcją Radiolo-
giczną Czerwonego Krzyża oraz utworzyła we Francji pierwsze wojsko-
we centrum radiologiczne. W maju 1932 r. wzięła udział w ceremonii otwarcia Instytutu Radowego w Warszawie. 
Maria Skłodowska-Curie zmarła w wieku 66 lat 4 lipca 1934r. w sanatorium Sancellemoz (Francja) z powodu anemii 
aplastycznej. 

„Trzeba mieć wytrwałość i wiarę w siebie. 
Trzeba wierzyć, że człowiek jest do czegoś 
zdolny i osiągnąć to za wszelką cenę.”

Maria Skłodowska-Curie
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Maria Salomea Skłodowska, famous Polish and 
international scientist, was born on November 7, 1867 in 
Warsaw (then the Kingdom of Poland, part of the Russian 
Empaire) as the youngest, fifth child of Władysław 
Skłodowski and Bronisława de domo Boguska. At 
a moment of her birth Maria had the brother Józef (4 years 
old) and 3 sisters Zofia (6), Bronisława (2) and Helena 
(1). Parents of Maria came from nobleman’s families, 
but had lost their property and fortunes through patriotic 
involvements in Polish national uprisings. Both her 
parents were teachers. Maria’s father taught mathematics 
and physics, and was also director of schools for boys. 
Later, due to pro-Polish sentiments, he has lost his job 
and official apartment, and forced to take lower-paying 
posts. In order to earn more, he set up dormitory for boys 
in the family flat. Maria’s mother operated a prestigious 
Warsaw boarding school for girls, but she resigned from 
the position after Maria was born. Soon she has fallen 
ill on tuberculosis, which was then incurable. From fear 
before infecting, she did not display children of affection. 
The lack of close contact with mother was the most 
unpleasant to the youngest child, Maria. Her the oldest 
sister Zofia tried to substitute mother in custody over 
Maria. Unfortunately, in 1876 Zofia had died at the age of 
15 of typhus. Two years later Maria’s mother past away 
of tuberculosis. 

When Maria was 10 she was taken together with 
her sister Helena to the boarding school of Jadwiga 
Sikorska and then she attended the 3rd Governmental 
Gymnasium for Girls in Warsaw. At the age of 15 
years, she graduated with a gold medal. Then due to 
health problems, she spent the following year in the 
countryside with relatives of her father. After returning 
to Warsaw, she joined of Polish patriotic institution 
Flying University, and also participated in organization 
of secret educational trainings for workers. Maria 
and her sister Bronisława wanted to study, but it was 
impossible in the Kingdom of Poland for women. 
They both made an agreement that Maria would give 
Bronisława financial assistance during her medical 
studies in Paris, in exchange for similar assistance 
to Maria later. Firstly, Maria did some tutoring in 
Warsaw, and then for two years she took a position 
as governess in Szczuki with a aristocratic family 
Żurawski. Maria fell in love with mutuality to their 
oldest son Kazimierz, who was a student of University, 
but unfortunately his parents have disagreed on their 
marriage. In 1889 she took a position as governess 
in Sopot with a family Fuchs. Finally she returned to 
Warsaw and continued working as a governess, and 
educated herself. Her first independent laboratory 
investigations Maria started in Physical Laboratory of 
her cousin Józef Jerzy Boguski, which was located at 
Museum of Industry and Agriculture in Warsaw.

In 1891 Bronisława, who graduated and married 
Polish physician Kazimierz Dłuski, invited Maria to 

Paris, where Maria started her study of physics and 
mathematics at the Sorbonne University. In 1893, she 
was awarded a master’s degree in physics with first 
place, and earned another degree in mathematics with 
second place the following year. After graduated of 
physics she began work in an industrial laboratory 
of Professor Gabriel Lippmann, where she has 
investigated the magnetic properties of various steels. 
In 1894 Maria has meet Pierre Curie, who was already 
famous scientist working at the School of Physics and 
Chemistry in Paris. On 26 Jul 1895 they have married. 
Maria became a French civilize and has legally changed 
her surname on Curie, but in Poland she is known as 
Skłodowska-Curie to underline her Polish nationality. 
Next year she has gotten entitlement of teacher in 
high schools. In September 1897 their daughter Irene 
was born. Shortly after that, Maria started laboratory 
experiments leading to her doctoral thesis. She 
investigated rays emitted by uranium salts, discovered 
in 1896 by Henry Becquerel. Using electrometer, 
developed by Pierre and his brother, she discovered that 
uranium rays caused the air around a sample to conduct 
electricity. Maria and her husband worked in very hard 
conditions. They did not have proper laboratory, but 
adapted the shed, formerly a medical school dissecting 
room, which was next to the School of Physics and 
Chemistry. Maria’s research, was sponsored only by 
metallurgical and mining companies and from various 
organizations and governments, but not by University. 
Maria Sklodowska-Curie observed that the activity 
of the uranium compounds depended on its quantity. 
She hypothesized that the radiation come from atom. 
She studied two uranium minerals, pitchblende and 
chalcolite, which occurred four times, and twice as 
active as uranium, respectively, and she concluded 
that above minerals must contain additional compound 
which emit radiation. In 1898 Maria Skłodowska-
Curie discovered that the element, thorium had 
similar properties. Maria called this phenomenon 
“radioactivity”. This year is considered as beginning 
of the new branch of science, radiobiology. At that 
time, Pierre, who was extremely interested in Maria’s 
discovery, put aside his own work to help his wife with 
her exploration of radioactivity. 

In July 1898, Maria and Pierre Curie published 
a joint paper announcing the existence of an new 
radioactive element which they named polonium in 
honor of Maria’s homeland. On 26 December 1898, 
they announced the existence of a second unknown 
radioactive element, radium. They observed that 
radioactive agents shine, salts of radium give off 
warm, and color porcelain and glass. Moreover, they 
noted that radiation penetrates by air and some bodies, 
and may transform oxygen to ozone. Thus, in 1900, 
Maria became the first woman faculty member at 
the École Normale Supérieure. In 1902 she isolated 
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pure radium chloride and defined radium atomic 
mass. Between 1898 and 1902, Maria and Pierre 
published over 30 scientific papers. In recognition of 
their discovery, Curies have obtained several awards 
like Plante, Lacaze, Gegner, Osiris, Davy Medal. 
In June 1903, Maria Skłodowska-Curie supervised 
by Professor Gabriel Lippmann was awarded her 
doctorate in Physics from the Sorbonne University of 
Paris after presentation of the thesis “Investigation of 
radioactive bodies”. Soon after that, Maria and Pierre 
were invited to the Royal Society in London to give 
a speech on radioactivity. Unfortunately, they have 
survived tragedy in their personal life. In August 1903, 
their baby-girl has died just after her birth. 

In December 1903, Maria Skłodowska-Curie 
became the first woman awarded the Nobel Prize 
by Royal Swedish Academy of Sciences. She won 
the prestigious honor in Physics along with her 
husband Pierre and Henri Becquerel, for their work 
on radioactivity. In the beginning in the nomination 
letter submitted by the group of scientists, including 
Maria’s doctorate supervisor, the name of Maria was 
omitted. Fortunately, one of the committee members 
and an advocate of women scientists, Magnus Goesta 
Mittag-Leffler informed Pierre about this. Pierre stated 
that he did not agree to be honored without Maria. 
Also, Charles Bouchard, who nominated Maria for 
Nobel Prize in 1901 and in 1902 supported her in 
1903. Finally her name was added to the nomination, 
however Curies got together only a half of money 
award, instead of two third. Maria and Pierre received 
the prize personally in the middle of 1905 after 
presentation of Nobel laureates lecture by Pierre on 
behalf of Maria and himsef. After that, the University 
of Paris gave Pierre a Professorship and the Chair of 
Physics, and agreed to organize a new laboratory for 
Curies. In December of 1904, the daughter of Maria 
and Pierre Curie, Eve was born. Unfortunately, family 
luck of Curies did not last long. On 19 April 1906, 
Pierre was killed by horse-drawn wagon in a road 
accident in Paris. Maria heavily survived the sudden 
death of her husband and co-worker. 

In May 1906 Maria Sklodowska-Curie became 
the first woman to teach in the Sorbonne University 
in Paris. She took the position as Professor of General 
Physics in the Faculty of Sciences that had been left 
vacant after her husband’s death. In 1908 she became 
a titular Professor. In 1910 Maria Skłodowska-Curie 
succeeded in isolating radium as a pure metal. She 
also defined an international standard for radioactive 
emissions that was named for Pierre and her honor, the 
curie. In the same year she published her fundamental 
results on radioactivity and textbook of radiology. 
She also defined the international pattern of radium. 
Nevertheless, in 1911 the French Academy of Sciences 
did not elected her to be a member. After Pierre’s death, 

his former student physicist Paul Langevin, a married 
man, assisted her in investigations and helped in 
preparation of lectures. For about one year, Maria had 
conducted an affair with him. This resulted in a press 
scandal in 1911, which her academic opponents wanted 
to take advantage against her and make impossible 
getting the second Nobel Prize by her. 

Fortunately, the members of Royal Swedish 
Academy of Sciences ignored campaign against Maria 
and taken into consideration international recognition 
of her investigations. In 1911, Maria Skłodowska-
Curie received another great honor, winning her 
second Nobel Prize, this time in Chemistry. She was 
selected for her discovery of radium and polonium, 
and became the first scientist to win two Nobel Prizes. 
This is interesting to note that on the second Nobel 
Prize Diploma her full name “Maria Sklodowska-
Curie” is inscribed. Just after that, Warsaw Scientific 
Society nominated her honorable member.. In 1914 
she was appointed Director of the Curie Laboratory in 
the Radium Institute of the University of Paris, where 
research in chemistry, physics, and medicine was 
conducted.

During World War I, Maria Skłodowska-Curie 
became the director of the Red Cross Radiology 
Service and set up France’s first military radiology 
centre. She directed the installation of 20 mobile 
radiological vehicles and another 200 radiological 
units at field hospitals in the first year of the war. 
Then, she passed examination for driving license and 
personally droved the mobile vehicle. Her 17-year old 
daughter Irene assisted her. Maria produced hollow 
needles containing radon, a radioactive gas given off 
by radium, to be used for sterilizing infected tissue. 
Moreover, she trained technicians and nurses in the 
range of X-ray service. In 1918 the Radium Institute 
became a universal centre for nuclear physics and 
chemistry. Next year, she described her wartime 
experiences in a textbook, Radiology in War. In 1921 
Maria and her daughters Irena and Eva were invited 
to United States of America. Maria presented there 
several lectures about the radioactivity. The President 
of USA gave her as a present 1 gram of radium bought 
as a result of collection money among American 
women. In 1922, she became a member of the newly 
created International Commission for Intellectual 
Cooperation by the Council of the League of Nations. 
In 1923 the 25th anniversary of radium discovery 
was celebrated. For this reason Maria received many 
aspects of recognition and estimate. As a gift of French 
nation, Maria received lifelong salary (40 000 French 
frank per annum). Maria Skłodowska-Curie came to 
Poland in 1925 to laid foundations for the Radium 
Institute in Warsaw. To equipped that new institute, 
she went in 1929 for her second tour to USA, where 
again received 1 gram of radium as a gift of American 
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nation. Next year she was elected to a member of the 
International Atomic Weights Committee, where she 
served until her death. At last, the construction of the 
Radium Institute in Warsaw was finished. Maria came 
for its official opening ceremony in May 1932. The 
first director of Radium Institute in Warsaw became 
Bronisława Dłuska, the sister of Maria Skłodowska-
Curie. 

Unfortunately, since several years Maria had health 
problems caused by her job. She proceeded seriously 
operation of kidney and four operations of cataract. 
In the spring of 1934 the condition of Maria’s health 
has been considerably deteriorated. She felt tired, her 
temperature had gone up to 40ºC. She was transferred 
to Sancellemoz sanatorium. Unfortunately, on 4 July 
1934, she has died aged 66 years from aplastic anemia 
caused by her long-term exposure to radiation. She 
was interred in Paris in the family tomb of Curies. In 
1995, the French Government transferred her ashes, 
together with those of Pierre, to the Pantheon in Paris, 
making her the first woman to be recognized in this 
way for her own achievements. 

Many institutions and foundations bear name 
of Maria Skłodowska-Curie, for example Institute 
of Oncology in Warsaw, Curie Institute in Paris, 
Maria Skłodowska-Curie University in Lublin. She 
is a patron of the Polish Radiation Research Society 
founded in June 1967, in the year of 100 anniversary of 
her birthday. This Society concedes medals of Maria 
Skłodowska-Curie name in recognition of desert in 
radiation research for polish and foreign scientists. 

Moreover, the Maria Skłodowska-Curie Action was 
established by European Union/European Commission 
to support young scientists. 

Scientific work become tradition in the progeny of 
Maria Skłodowska-Curie. Her daughter, Irene Joliot-
Curie jointly with her husband, Frederic, in 1935 
were awarded the Nobel Prize in Chemistry for their 
discovery of artificial radioactivity. Moreover, both 
children of the Joliot-Curies, Helene, who married 
the grandson of Paul Langevin, and Pierre are also 
scientists.
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