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REVIEW ARTICLE

PHTHALATES - WIDESPREAD OCCURRENCE AND THE EFFECT 
ON MALE GAMETES. 

PART 2. THE EFFECTS OF PHTHALATES ON MALE GAMETES 
AND ON THE OFFSPRING

Małgorzata M. Dobrzyńska*

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

ABSTRACT
The general exposure to endocrine disruptors, including phthalates, is considered as one of the reason diminished sperm count 
and deteriorated sperm quality, which may lead to infertility and higher incidence of congenital malformations of the genital tract. 
This article describes the effects of selected phthalates di(2-ethylhexyl)phthalate (DEHP), dibutyl phthalate (DBP); butylbenzyl 
phthalate (BBP), diethyl phthalate (DEP), di-isononyl phthalate (DINP) on the male gametes, reproduction and the offspring of 
exposed animals. Results of several papers in vitro showed that above mentioned phthalates are weakly estrogenic, whereas in 
vivo studies showed that they have rather antiandrogenic abilities. Review of papers regarding to laboratory animals confirmed 
that phthalates cause diminished sperm count, increased frequency of abnormal spermatozoa and DNA damage in germ cells, 
especially after chronic exposure and in case exposure of immature animals. Phthalates may induce in male gametes mutations 
leading to increased pre- and postnatal mortality of the offspring and to incidence of congenital malformations, growth retardation, 
delay in sexual development, shortening of anogenital distance in males, disturbances in sex ratio and diminished quality of 
semen in F1 generation. The sensitivity on mammalian life stages on phthalates seems to be as follows: fetal>peripubertal>adult. 
The human studies provided limited evidence of an association between phthalate exposure and semen quality. Concentration of 
phthalates in semen of men at the level from 0.08 to 1.32 mg/kg was related to declined semen quality and infertility. Majority 
of human data showed the connection of increased level of phthalates in urine and sperm quality, however on the basis results of 
other studies, the impact of environmental exposure on sperm parameters seems to be rather small.

Key words: phthalates, sperm count and quality, pre- and perinatal exposure, mammalian and human effects

STRESZCZENIE
Powszechne narażenie na substancje estrogenopodobne, w tym na ftalany, jest uważane za jedną z przyczyn zmniejszającej się 
liczbności gamet męskich oraz pogarszającej się ich jakości, co może prowadzić do niepłodności oraz zwiększonej częstości wad 
wrodzonych układu rozrodczego. Niniejszy artykuł opisuje wpływ wybranych ftalanów: butylobenzylu (BBP), dibutylu (DBP) 
i dietyloheksylu (DEHP), dietlylu (DEP) oraz diizononylu (DINP) na gamety męskie, reprodukcję oraz na potomstwo narażanych 
zwierząt. Wyniki wcześniejszych badań in vitro wykazały, że wymienione ftalany wykazują słabe działanie estrogenne, natomiast 
wyniki in vivo świadczą raczej o ich antyandrogennych właściwościach. Analiza publikacji dotyczących zwierząt laboratoryjnych 
potwierdziła, że ftalany powodują zmniejszenie liczebności gamet męskich, zwiększoną częstość występowania plemników o nie-
prawidłowej budowie oraz uszkodzeń DNA komórek płciowych, szczególnie w przypadku narażania chronicznego lub naraża-
nia zwierząt niedojrzałych płciowo. Ftalany mogą indukować w gametach męskich mutacje powodujące zwiększoną śmiertelność 
pre- i postnatalną potomstwa, jak również zwiększoną częstość wad wrodzonych, opóźnienia we wzroście i osiąganiu dojrzałości 
płciowej, skrócenie odległości anogenitalnej u samców, zaburzenia stosunku płci oraz pogorszenie jakości nasienia w pokoleniu F1. 
Wrażliwość stadiów życiowych ssaków na ftalany przedstawia się następująco: płody>osobniki niedojrzałe>dorosłe. 
Znacznie mniej informacji opublikowano na temat wpływu ftalanów na jakość nasienia ludzkiego. Uważa się, że stężenie 
ftalanów w nasieniu ludzkim od 0.08 do 1.32 mg/kg wpływa na pogorszenie jego jakości i niepłodność. Większość wyni-
ków badań na materiale ludzkim wykazała związek podwyższonego stężenia ftalanów w moczu z jakością gamet, jednakże 
na podstawie innych badań, wpływ narażenia środowiskowego na parametry nasienia wydaje się raczej niewielki. 

Słowa kluczowe: ftalany, ilość i jakość nasienia, narażenie na ftalany, narażenie pre- i perinatalne, wpływ na ssaki i ludzi 
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INTRODUCTION

The social interest of ecological and health 
impact of endocrine disrupting compounds is 
of growing concern. The general exposure to 
endocrine disruptors, which are widely present 
in the environment, is considered as one of the 
reason diminished sperm count and deteriorated 
sperm quality, which may lead to infertility and 
higher incidence of congenital malformations of 
the genital tract [23, 30, 142, 148]. Since 90s years 
of XX century scientists publish papers about the 
deterioration of male fertility. Firstly, Carlsen et 
al. [30] analysed 61 papers published between 1938 
and 1990 years, including data of 14 947 males and 
observed that average sperm concentration per ml 
was diminished from 113 mln in 1940 to 66 mln in 
1990. Simultaneously, the sperm volume was reduced 
from 3.40 ml to 2.75 ml, sperm abnormalities were 
increased and motility was decreased [23, 30]. Above 
results were confirmed later by Swan et al. [153], but 
not recently by Axelsson et al. [16] and Jorgensen et 
al. [91]. Anyway, diminished sperm count and quality 
leading to increasing reproductive problems of males 
may be caused among others by widespread exposure 
to endocrine disruptors, including phthalates.

Phthalates are esters of phthalic acid, containing 
a benzene ring, two corboxyl groups, and two alcohol 
groups. They are manufactured by reacting phthalic 
anhydride with alcohol that range from methanol up to 
tridecyl alcohol. They are mainly used as plasticizers 
i.e. substances added to plastics to increase their 
flexibility, transparency, durability, and longevity. 
Phthalates are used in many consumer products such 
as building materials, toys, food packaging, cosmetics, 
and medical devices [139]. More than 1 000 000 
tonnes of phthalates are consumed in Western 
Europe [4]. There is no covalent bond between the 
phthalates and plastics, so they are released into the 
environment, especially after heating or exposure to 
organic solvents. Phthalates are rapidly metabolized 
in the body with limitation of half-lives less than 24 
h [101]. They are not accumulated and are primarily 
excreted in the urine.

This article describes the effects of selected 
phthalates di(2-ethylhexyl)phthalate (DEHP), 
dibutyl phthalate (DBP); butylbenzyl phthalate 
(BBP), diethyl phthalate (DEP), di-isononyl phthalate 
(DINP) on the male gametes, reproduction and the 
offspring of exposed males. Results of several papers 
in vitro showed that above mentioned phthalates 
are weakly estrogenic [28, 72, 88], whereas in vivo 
studies showed that they have rather antiandrogenic 
abilities [66, 81]. 

THE EFFECTS ON GERM CELLS AND 
REPRODUCTION ABILITY OF EXPOSED 

MALES OF LABORATORY ANIMALS

Due to its endocrine disrupting activity, which 
is capable of perturbing the reproductive process by 
mimicking or antagonizing steroid action, phthalates 
have been shown to reduce fertility and induce testicular 
atrophy in laboratory animals [8, 142]. Phthalates 
adversely affect the male reproductive system in 
animals including hypospadias, cryptorchidism, 
reduced testosterone production and sperm count. 
The toxic action of phthalates is connectd with 
inhibiting Leydig cell synthesis of testosterone [6]. 
Diminished sperm count and quality might be caused 
by disturbances in the spermatogenesis induced by 
phthalates [5]. 

The main targets of phthalates are Sertoli cells, 
which does not proliferate after achievement of sexual 
maturity therefore their damage may significantly 
affect spermatogenesis [63, 75, 76, 88]. Animal studies 
showed that DBP and DEHP may affect the structure 
and function of Sertoli and germ cells leading to 
decrease of Sertoli and spermatogonial cell numbers 
and testosterone secretion [18, 62] and DEHP may 
affect sperm morphology [58]. Toxicity of phthalates 
connected with germ cells loss was primarily induced 
through the effects of testicular cells [75, 99, 108, 109]. 
Results of numerous researches showed that pubescent 
animals seems to be more sensitive than adult to the 
testicular toxicity of phthalates [43, 79]. Dysfunction 
of Sertoli cells induced by phthalate may leads to 
disturbances in the development and differentiation 
subsequent stages of spermatogenesis, especially 
to progressive degeneration of spermatocytes and 
spermatids [147]. There is known that DEHP induces 
morphological changes of Sertoli cells, necrosis of 
spermatogonia as well as removing of spermatocytes 
and spermatids from seminiferous tubules [89, 
135]. Moreover, DEHP induced spermatogenetic 
disturbances and Leydig cells dysfunction [117]. 

Animal studies showed toxic effects of DEHP on 
the reproduction and development of mammals [38, 
95]. It disturbs the expression of genes connected 
with development of testes and synthesis of steroid 
hormones [145, 170]. The exposure of adult and 
pubescent male rodents to this phthalate leads to 
diminished testosterone and sperm production, 
reduced testes and epididymis weights as well as to 
histopathological changes in testes [2, 11, 14, 39, 
40, 85, 95, 102, 119, 133, 146]. Zhang et al. [175] 
proposed that the reason of those phenomenon is 
induced by DEHP diminished expression of following 
genes DDX3Y, Usp9Y, RBM, E1F1AY, EGF, FSHR, 
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EGFR. Administration of DEHP to rodents may leads 
to decline of spermatogenesis and atrophy of testes [1, 
85]. Results of Dostal et al. [43] showed that exposure 
of adult male rats for 5 days to doses of 1000 mg/kg 
and 2000 mg/kg of DEHP daily causes degeneration 
of spermatogonia and spermatocytes. This phthalate 
may cause also reduced motility of gametes and 
enhanced the frequency of morphologically abnormal 
spermatozoa [2, 39, 40]. Mice received DEHP for 
4 weeks at dose of 500 mg/kg/day showed 3-fold 
enhanced level of DNA mutations in cells of gonads 
[84]. The spermatozoa of mice treated in vitro to DEHP 
at dose of 1 µg/ml showed significantly diminished 
reproductive ability [84]. 

Some papers showed that the male reproductive 
tract is the most sensitive to DEHP at earlier periods 
of development [67-68, 119]. Noriega et al. [124] 
observed that treatments to DEHP of pubescent male 
rats of Long-Evans and Sprague-Dawley strains 
induced delay in sexual maturation and reduction in 
the weight of androgen-dependent tissues. Gonads 
of immature rodents seems to be more sensitive to 
damage induced by DEHP, and the changes might 
me present after shorter than in case of adult animals 
exposure time [40, 147].

In rats exposed to DBP, BBP, and DINP 
significantly lowered the sperm count and motility 
were observed [102]. Two weeks administration of 
adult rats to 2.5% or 5% BBP in diet cause reduction of 
testes and epidydymis mass [3]. The exposure lasting 
to 25 weeks influence on decreased mass of testis, 
epididymis and prostate, and diminished sperm count 
[110, 125]. Eight-weeks covering full spermatogenic 
cycle exposure to BBP induced weak reduction of 
sperm count and significantly enhanced frequency of 
morphologically abnormal spermatozoa [161]. 

DBP influences particularly toxic on the male 
reproduction because of causing disturbances in 
the differentiation and development of androgen-
dependent tissues, leading to underdevelopment 
of male gonads, necrosis of seminiferous tubules 
epithelium and in consequence to diminished 
reproduction ability [19, 66, 95, 121]. This phthalate 
induces oxidative stress in rats leading to changes in 
the structure and function of epididymes [178]. The 
exposure of adult rodents to DBP causes pathological 
and biochemical changes in testes, reduction of 
testes and epididymes weights and hypospermia [22, 
115, 140]. Eight-weeks DBP administration to male 
mice diminished sperm quality, especially enhances 
frequency of morphologically abnormal spermatozoa 
[41]. Single exposure of 3-weeks old male rats causes 
diminished maturation of gametes [7].

There were no testicular effects in rats in chronic 
studies of DINP at doses up to 600 mg/kg/day [27, 

112] nor in 3-weeks study at doses up to 2600 mg/kg/
day [111]. Similarly, there were no testicular effects in 
rats exposed as juveniles and young adults at dose 960 
mg/kg daily of DINP [168]. 

Treatment of 5-week old rats with 2% DEP in 
diet for 1 week significantly decreased testosterone 
concentrations in testes and serum, contrary to other 
phthalates including DEHP and DBP, which increased 
testosterone level [126]. Dietary administration of 14 
weeks mice to DEP did not affect fertility [31, 103, 
125]. 

THE EFFECTS OF PRECONCEPTIONAL, 
PRENATAL OR PERINATAL EXPOSURE 

ON THE OFFSPRING

There are many papers described the effect of 
intrauterine and during lactation exposure of rodents 
to phthalates and significantly lower number of papers 
are regarded to preconceptional exposure. Majority of 
results showed that phthalates may affect fertility of 
males, pregnancy rate and litter size. 

Exposure of pregnant female rats to DEHP and 
DINP at doses from 300 to 750 mg/kg bw per day may 
leads to reduced testicular testosterone production 
and levels in testes and plasma of male foetuses [24]. 
Intrauterine exposure to the dose of 1000 mg/kg 
daily caused the decreased foetal weight and skeletal 
abnormalities [77, 167]. Prenatal exposure of male rats 
to DINP and DEHP caused genital malformations [66].

The dietary exposure of both sexes of rats to 
DINP at levels 0.5-2% did not disturb male and 
female fertility, fecundity, gestational index or length 
of gestation [168]. Contrary, offspring survival and 
body weights of foetuses exposed in utero and through 
lactation to DINP at dose 1.5% in diet were reduced 
[168]. 

DEHP decreased litter sizes following 
preconceptional exposure of males [2, 40], of pregnant 
females [119] or both sexes of rodents [103]. After 
eight-weeks preconceptional exposure of pubescent 
male mice to DEHP the significantly enhanced 
frequencies of unpregnant females and dead foetuses 
in litters were noted [40]. In case of the exposure of 
adult male mice to dose of 8000 mg/kg bw DEHP 
daily, reduced number of live foetuses was observed 
[39]. Similarly, decreased number of live foetuses 
was noted in the offspring of F1 generation of male 
and female mice exposed to DEHP by feed [103]. 
Prenatal exposure to DEHP induced gross and skeletal 
malformations in foetuses [40, 66, 77, 144]. Other 
study showed that exposure to DEHP in utero and 
during lactation induced dose-dependently increased 
postnatal mortality of the offspring [119]. Then, 
administration of DEHP to pregnant females of rats at 
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dose at least 1000 mg/kg bw daily caused decreased 
number of live foetuses and theirs body weights as 
well as increased incidence of congenital gross and 
skeletal malformations of foetuses [66, 77, 119]. 
Contrary, DEHP given in the diet from 5 to 9 week of 
age of the F0 generation, and after mating to birth of 
the F1 generation of mice showed no adverse effect on 
litter size and weight and on the sex ratio [156, 157]. 

Treatment of pregnant females with BBP affect 
the foetuses leading to their death before or after the 
implantation [5, 55, 56, 123]. Exposure of female 
Wistar rats to doses 500 and 1000 mg/kg/daily of BBP 
between 15 and 17 day of pregnancy caused reduction 
of litter sizes [56]. Then, exposure of females from 4 
day to the end of the pregnancy induced reduction body 
weight of foetuses at birth and at 21 postnatal day [5]. 
BBP or its metabolites, mono-n-butyl and mono-benzyl 
given pregnant female mice on 8th day of pregnancy 
at doses of 0.9-5.4 mmol/kg caused concentration 
related embryolethality and malformations. BBP at the 
same dose range administered to female rats on 10th 
of pregnancy induced increase in post-implantation 
losses and teratogenicity, but with lower susceptibility 
to toxic effects compared to mice [138]. Exposure of 
female rats to BBP at 2.0% concentration in feed on 
gestational days 6-15 resulted in increased incidence 
of resorption and malformations of foetuses [59]. 
Similarly, embryotoxicity was observed after exposure 
of pregnant female rats to 2 % of BBP in diet [47, 
48, 51]. Intrauterine exposure to BBP induced also 
malformations of foetuses [48, 49]. Increase in the 
incidence of resorption and teratogenic effects (defects 
of the ribs, vertebral column, cleft palate and fusion of 
sternebrate) were observed in rats given BBP at doses 
750-1250 mg/kg on gestational days 7-9 and 13-15 
[50, 53]. Perinatal exposure to BBP diminished mass 
of testis and sperm count, and delay in achievement of 
sexual maturity of males [12, 123, 134, 160]. 

In rats administered with DEP by feed on days 
6-15 of pregnancy there were no effects on the number 
of total, living and dead implants per litter and no 
gross and skeletal malformations were observed. Only, 
in high dose group (5% DEP in feed) the incidence of 
foetuses with extra ribs was significantly higher [60, 
136]. Similar skeletal malformations were noted in 
mice administered from 0 to 17 days of pregnancy with 
DEP at doses 500-5600 mg/kg bw daily, however the 
number of malformations did not differ from that of 
control [155]. In the offspring of female mice exposed 
to DEP during pregnancy no effects on the litter size, 
the number of living and dead foetuses was observed 
[71, 155].

Preconceptional or intrauterine and lactational 
exposure to phthalates may also affect development 
of the offspring, especially causing the malformations 
of male reproductive tract and affecting male germ 

cells. As results of studies showed, phthalate exposure 
are more severe after in utero than following adult 
exposure. Exposure of female rats from 14 gestational 
day to 3 postnatal day to DEHP, BBP and DINP altered 
sexual differentiation causing for example reduced 
testis weight, shortened of anogenital distance and 
reproductive malformations [66]. 

Exposure of female rodents to BBP during 
pregnancy and lactation may act as antiandrogen 
leading to reduced testosterone production in male 
foetuses and to deformation of genitals as well as 
to histopathological changes in the structure of 
seminiferous tubules and decreased production of 
the sperm [66, 142]. Following exposure of female 
rats to the dose of 400 mg/kg bw/daily of BBP before 
conception and during pregnancy reduced testes and 
epididymes weight and histopathological changes 
in the structure of seminiferous tubules and Leydig 
cells were observed in F1 generation, whereas in F2 
generation reduced anogenital distance was noted 
[13]. Exposure of female Wistar rats to doses 500 
and 1000 mg/kg of BBP daily between 15 and 17 
day of pregnancy adversely affect the development 
of male reproductive tract of the offspring leading to 
cryptorchidism and decrease of anogenital distance 
in F1 generation [56]. Additionally, the dose of  
100 mg/kg of BBP administered in utero caused 
reduction of the reproductive organs weight, reduced 
sperm count and motility as well as increased frequency 
of malformed spermatozoa and increased production 
of testosterone in adult males of F1 generation [5]. 
BBP administered by gavage in rats at 500 mg/kg on 
days 15-17 of pregnancy caused undescending of testes 
and decrease in anogenital distance [56]. Treatment of 
pregnant females with BBP affect the foetuses leading 
to reduction of the testes and epididymes weights, 
decrease of angogenital distance and increased 
frequency of abnormality in genitals of the offspring 
[5, 56, 123].

Administration of F0 male mice to DBP at dose 
of 500 mg/kg bw for 8 weeks did not decrease of their 
fertility [42]. Other animal studies showed that DBP 
toxically affect the development of rodent foetuses 
leading to teratogenic changes at higher doses without 
the effects in exposed females [52, 143]. Exposure of 
foetuses in utero to DBP may induce disturbances in 
the expression of genes, which affect the development 
of androgen-dependent tissues and cause abnormal 
development of the sexual organs [98]. Other studies 
showed that exposure to DBP of pregnant females 
induced disturbances of organogenesis of testes, 
cryptorchidism, hypospadia, decreased sperm count 
and testosterone production as well infertility of 60 
% male offspring [61, 116, 121, 122]. Intrauterine 
exposure from 7 to 14 day of pregnancy induced 
diminished sperm count, viability and motility, and 
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increased frequency of morphologically abnormal 
gametes [65]. DBP caused also decreased testosterone 
production and disturbances in the metabolism of 
steroid hormones in F1 generation [5, 65, 80, 98, 106, 
173]. After exposure of female rats to DBP from 14 
day to the end of the pregnancy decreased body weight 
was observed postnatally in the progeny. Additionally 
at the dose at least 50 mg/kg bw of DBP decreased 
reproductive organs weight, sperm count and motility as 
well as increased frequency of abnormal spermatozoa 
in adult F1 males was noted [5]. Administration of 
pregnant female rats to DBP directly before testes 
differentiation in the offspring induced reduction in 
the number of germinal cells and limitation of their 
differentiation [87]. Exposure of foetuses in utero 
and newborn laboratory animals to DBP induced 
abnormal development of genital tract, diminished 
sperm production and motility, as well as increased 
frequency of abnormal spermatozoa in those animals 
at adulthood [5, 15, 86, 97, 100, 114, 164, 171, 177]. 
Some papers showed that DBP may more adversely 
affect fertility and quality of gametes in the progeny 
of exposed animals than in those animals themselves 
[33, 169]. Lee et al. [105] showed inconsiderable 
delay in sexual maturity in rats exposed to DBP during 
pregnancy and lactation. Exposure of females to DBP 
in the last trimester of the pregnancy induced delay in 
testes descent of F1 offspring [54]. Then, exposure to 
doses from 250 to 500 mg/kg bw during pregnancy and 
lactation caused decrease in the angenital distance in 
males F1 generation [177]. Administration of F0 male 
mice to DBP at dose of 500 mg/kg bw for 8 weeks 
induce growth retardation, disturbances in the sex ratio 
and delayed vaginal opening in the F1 offspring; and 
at dose of 2000 mg/kg bw daily increased the number 
of abnormal spermatozoa [42]. Exposure of pregnant 
female rats to 500 mg/kg bw of DBP caused abnormal 
aggregation of Leydig cells in the foetal testis with 
simultaneous reduction of cell size and number [114]. 

DEHP, DEP, BBP, DINP administered orally to 
the dam of rats at 0.75 g/kg from gestational day 14 
to postnatal day 3 did not affect litter sizes, however 
DEHP and BBP reduced pup weight at birth, caused 
shortened anogenital distance and reduced testis 
weights in male pups [66]. Intrauterine exposure 
to DEHP appears to shorten gestational length 
[104] as does DBP [115] which also can cause litter 
size reduction or total litter loss in mid-pregnancy. 
Shortened gestational length represents a risk factor 
for mortality. Exposure to DEHP of females from 7 
to 14 day of pregnancy may be a reason of diminished 
sperm count and quality in F1-F4 generation of the 
offspring [44]. Preconceptional 8-weeks treatments of 
adult male mice to DEHP caused delay in the testes 
descent of F1 males [39]. In rats exposed to DEHP 

during pregnancy and lactation an increased frequency 
of congenital malformation in reproductive tract and 
sexual abnormality on the male offspring were observed 
[24, 66, 119, 132]. Exposure of pregnant females to 
monobenzyl phthalate, the metabolite DEHP may be 
a reason of elevated incidence of cryptorchidism in 
their progeny [57]. Treatment of rats with doses 234-
1250 mg/kg day of DEHP from gestational day 14 to 
parturition resulted in increases of the absolute volume 
of Leydig cells per adult testis, and in reduced foetal 
and adult testosterone production [34]. Other study 
showed that DEHP has a biphasic effect on Leydig 
cell function with low-dose exposure advancing the 
onset of puberty [64]. In the offspring of female rats 
treated with DEHP during pregnancy and lactation 
the reduced anogenital distance and sperm count, as 
well as deteriorated sperm quality were noted [10, 35, 
66, 162]. Exposure to DEHP of pregnant female mice 
decreased the testes weight of the offspring [149]. 
Exposure of F0 males during full spermatogenesis 
cycle caused reduced mobility of spermatozoa in 
the progeny [40]. Administration of DEHP at doses 
from 0.1 to 10 mg/kg/day from gestational day 21 to 
postnatal day 21 significantly reduced the male-female 
sex ratio and the sizes of male gonads in the progeny. 
It was accompanied with lower expression levels of 
testicular anti-mullerian hormone, androgen receptor, 
cyclin A and StAR, Gnrh and Fsh at the hypothalamic-
pituitary levels [172].

There were no testicular effects in rats exposed to 
DINP in utero and through lactation [168]. Exposure 
of pregnant female rats to doses of 250 and 750 mg/
kg/day of DINP from 12 to 19 gestation day could 
reduce testosterone concentration in the foetal testes 
and induced incidence of multinucleated germ cells 
[32]. DINP given pregnant female rats from 12 to 
21 gestational day at doses of 10-1000 mg/kg bw 
daily showed increase of foetal Leydig cell size and 
aggregation, multinucleated gonocytes [107]. Pregnant 
female rats were gavaged from gestational day 7 to 
postnatal day 17 with 300-900 mg DINP/kg bw/day 
and as the results histopathological changes in foetal 
testes, increased nipple retention, reduced anogenital 
distance, reduced sperm motility and increased sperm 
count were observed [21].

In mice treated dietary with DEP for 14 weeks 
there were no effects on the litter, size, the number of 
live pups, the viability of pups or pups body weight 
[31, 103, 125]. In the F1 offspring of mice treated 
dietary with DEP for 14 weeks beginning at one week 
before mating epididymal sperm concentration was by 
30% reduced and the weight of prostate was increased 
[31, 103, 125].
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THE EFFECTS OF PHTHALATES 
ON THE HUMAN MALE GAMETES

Little is known about the effects of phthalates on 
the human reproductive health. The human studies 
provided limited evidence of an association between 
phthalate exposure and semen quality. 

Concentration of phthalates in semen of men at the 
level from 0.08 to 1.32 mg/kg was related to declined 
semen quality and infertility [176]. The in vitro study on 
human semen exposed to DBP showed diminished viability 
and motility of human gametes [130]. The metabolite of 
DEHP, mono-(2-ethylhexyl)phthalate (MEHP) has been 
reported to decrease testosterone production in the human 
testis in vitro [37]. In other study, there were negative 
association between DEHP and DINP metabolite levels 
and semen volume [150]. In men from Greenland, Poland 
and Ukraine significant associations between serum 
levels of DEHP and DINP metabolites and serum level of 
testosterone was noted. Additionally, in presence of some 
metabolites of above phthalates semen volume and sperm 
count were reduced [150]. 

In the review paper of Jurewicz and Hanke [92] 
negative association between phthalate level and 
impaired sperm quality (concentration, motility, 
morphology) was noted. The urinary concentration of 
the metabolite of DBP, monobutyl phthalate (MBP), 
was found to be positively associated with the decreased 
sperm concentration and sperm count. Significant 
dose-dependent relationship of urinary level of DEHP 
metabolites and on increased percentage of abnormal 
sperm head was also observed [166]. 

In the semen of men from infertility couples 
there were correlation between concentration of the 
metabolite of DBP, MBP, and sperm quantity and quality 
[45-46, 74]. Results of Pant et al. [131] showed that the 
distribution of phthalate level was significantly higher 
in infertile than in fertile men and overall elevated levels 
of phthalate mainly DEP, DBP, DEHP were observed in 
urban as compared to rural men. 

Elevated urinary levels of DEP and DEHP 
metabolites were associated with increased DNA 
damage in human sperm [46, 74]. Murature et al. [120] 
found relationship between sperm concentration and 
DBP level in cellular fraction of ejaculate. Rozati et 
al. [137] observed correlation of mixture of phthalate 
(including DEP, DBP, BBP, DEHP) concentration and 
sperm morphology as well as frequency of DNA single 
strand breaks in sperm, but not ejaculate volume, 
sperm concentration and motility. In young Swedish 
men the level of DEHP metabolites was associated 
with a lower proportion of progressively motile and 
mature spermatozoa [17].

Several papers on human reported negative 
association between exposure to DEHP and DBP on 
sperm motility [45, 73, 82, 83, 93, 129-131]. Association 

of presence metabolites DBP and DEHP with decreased 
sperm motility was noted also by Jurewicz et al. [93] 
and Jonsson et al. [90]. Exposure to DBP and DEHP has 
been associated with a lower semen quality [96].

Chinese study on the male cohort at reproductive 
age showed dose-response relationship between 
monomethyl phthalate (MMP) presence and sperm 
concentration and between monoethyl phthalate 
(MEP) presence and sperm motility [113]. Other study 
reported that presence of MEHP in semen is associated 
with increased sperm apoptosis, whereas presence of 
MMP and MEP in semen is connected with increased 
sperm DNA damage in Chinese men [174].

A meta-analysis study showed that monobutyl 
phthalate (MBP) and monobenzyl phthalate (MBzP) 
were associated with reduced sperm concentration. 
Then, urinary increased concentration of MBP and 
MEHP were associated with kind of motility. An increase 
in MBzP and MEP levels was associated with increase 
in DNA damage [29]. As Bloom et al. [20] reported, 
urinary concentration of MBzP and monoisononyl 
phthalate (MNP) were connected with decreased sperm 
count and concentration, and with increased frequency 
of morphologically abnormal spermatozoa. Then, 
MMP presence in urine caused lower sperm motility, 
whereas MEHP higher sperm motility [20]. Study of 
Wang et al. [165] on males with reproductive problems 
demonstrated that exposure to DEHP (i.e. presence of 
their metabolites in the urine) may alter hormone levels, 
disrupt semen DNA integrity and induce spontaneous 
apoptosis. Contrary, American study showed that impact 
of adult fertile men exposure to phthalates, including 
DEHP, DBP and DEP at environmental levels, on sperm 
parameters is rather small [158]. Also, Herr et al. [78] 
noted that metabolites of DEHP analyzed in urine of 
subfertile males are not associated with the quality of 
human markers of reproductive function (i.e. semen 
concentration, motility and morphology).

Occupational exposure to DEHP has been linked 
with decreased sperm motility and with an increased 
sperm DNA fragmentation [82, 83] and with reduced 
level of testosterone [128]. Then, occupational exposure 
to PVC plastics containing phthalates were not associated 
with increased risk of testicular cancer [69, 70]. 

Significantly less papers describes the impact of 
phthalates on the pregnancy duration and on the offspring 
exposed prenatally. Latini et al. [104] demonstrated that 
in utero exposure to DEHP is significantly associated 
with shorter pregnancy duration. In turn, other authors 
stated that there were no association between exposure 
to DEHP of male partners and the time to pregnancy 
[118]. Then, higher concentration of DEHP, but not 
DEP, DBP and BBP metabolites in the urine of females 
in the period around conception and pregnancy was 
significantly associated with pregnancy loss [159]. 
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Human studies showed that prenatal exposure to 
phthalates was associated with a shorter anogenital 
distance in boys, i.e. reduced masculinization [25, 26, 141, 
151, 52, 154]. Enhanced concentration of metabolites 
DEP, DBP and BBP in the urine of pregnant females 
was related to decreased anogenital distance among 
male infants [152]. Moreover, shortened anogenital 
distance was associated with an increased proportion of 
boys with incomplete testicular descent. Other studies 
indicated cryptorchidism and hypospadias as the effect 
of prenatal phthalate exposure [127, 153, 163]. Prenatal 
exposure may be also a reason of diminished fertility in 
adult life [36]. In young men born by mother exposed 
during pregnancy to higher levels of DINP and DEHP 
diminished testicular and semen volumes were observed 
[17]. Exposure to phthalates leads to declining proportion 
of male births, because there is an association between 
the level of phthalate metabolites in urine an sperm 
chromosome Y:X ratio [94].

CONCLUSIONS

On the basis of animal studies, the sensitivity 
on mammalian life stages on phthalates seems to 
be as follows: fetal>peripubertal>adult. Phthalates 
may affect male reproductive health of animals and 
human. They cause reduction of sperm count and 
increase in the frequency of abnormal spermatozoa 
and DNA strand breaks. The most dangerous seems 
to be chronic exposure. Damage to male germ cells 
may leads to induction of mutation and enhanced pre- 
and postnatal mortality of the offspring. Congenital 
malformations, delayed sexual maturation, improper 
sex ratio, shortening of anogenital distance in boys, and 
deteriorated sperm quality are possible in F1 offspring. 
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Sylwia Merkiel*, Wojciech Chalcarz

Eugeniusz Piasecki University School of Physical Education in Poznan, 
Department of Food and Nutrition, Poznan, Poland

ABSTRACT
The last review of the literature on nutrition in Polish children covered the years 1980-1995. From that time living conditions 
in Poland have changed due to political and economic changes. Attitudes toward eating and healthy life-style have also 
changed. Therefore, it is necessary to summarise current knowledge about what Polish preschool children eat.
The aim of this article was to present the areas of research on nutrition in Polish preschool children based on the review of 
the literature, and to present and summarise the results of the studies on the assessment of preschool menus. The review of 
the literature showed two main areas of research on nutrition in Polish preschool children: the assessment of meals planned 
and served to children at preschools, and the assessment of food behaviour and daily food and nutrient intake in preschool 
children. Studies on energy and nutrient content of preschool menus should be carried out regularly in order to improve 
nutrition of children during their stay at preschool and vegetarian menus should be studied to fill the gap in the literature. 
The methodology of assessing preschool meals should be the same in order to provide the possibility to compare both 
the results and the conclusions. Preschool menus should be adjusted to the needs of 3-year-old children and 4-6-year-old 
children separately. The nation-wide education programme for preschool staff should be worked out and implemented in 
order to teach the preschool staff about the current nutrition recommendations for children, as well as the nutritional needs 
of 3-year-old children and 4-6-year-old children.

Key words: preschool children, nutrition, preschool menus, energy content, nutrient content

STRESZCZENIE
Ostatni przegląd literatury dotyczącej żywienia polskich dzieci obejmował lata 1980-1995. Od tego czasu warunki życia 
w Polsce uległy zmianie na skutek przemian politycznych i ekonomicznych. Postawy wobec jedzenia i zdrowego stylu 
życia także się zmieniły. Dlatego konieczne jest podsumowanie współczesnej wiedzy na temat tego co jedzą polskie dzieci 
w wieku przedszkolnym. Celem pracy było przedstawienie obszarów badań z zakresu żywienia polskich dzieci w wieku 
przedszkolnym na podstawie przeglądu literatury oraz przedstawienie i podsumowanie wyników badań dotyczących oceny 
jadłospisów przedszkolnych.
Badania z zakresu żywienia polskich dzieci w wieku przedszkolnym skupiły się na dwóch problemach, a mianowicie: 
ocenie posiłków planowanych i serwowanych dzieciom w przedszkolach oraz jakościowej i ilościowej ocenie sposobu 
żywienia dzieci przedszkolnych. Należy regularnie prowadzić badania dotyczące zawartości energii i składników 
pokarmowych w przedszkolnych jadłospisach, aby skorygować ewentualne błędy żywieniowe. Szczególną uwagę powinno 
się zwrócić na jadłospisy w przedszkolach wegetariańskich, gdyż brakuje badań na ten temat. Metodologia oceny posiłków 
przedszkolnych powinna być ujednolicona, aby zapewnić porównywalność zarówno wyników, jak i wniosków. Jadłospisy 
przedszkolne powinny być dostosowane do potrzeb dzieci 3-letnich oraz 4-6-letnich. Należy opracować i wprowadzić 
narodowy program edukacyjny dla personelu przedszkolnego, aby personel znał współczesne zasady żywienia dzieci oraz 
znał potrzeby żywieniowe dzieci 3-letnich oraz 4-6-letnich.

Słowa kluczowe: dzieci w wieku przedszkolnym, żywienie, jadłospisy przedszkolne, zawartość energii, zawartość 
składników pokarmowych
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INTRODUCTION

As early as in 1998, in the review of the literature 
on nutrition in Polish children, Gronowska-Senger et 
al. [22] pointed out the necessity of constant monitoring 
preschool children’s nutrition. In their review [22], 
the authors stated that the meals served to children at 
preschools were not in line with the recommendations, 
both in rural and urban areas, and were characterised 
by insufficient amounts of vegetables and fruit, milk 
and dairy products, eggs and grain products, and by 
excessive amounts of fats, sugar and sweets. In terms 
of energy and nutrient content, preschool meals did 
not provide enough energy, protein and vitamin B1, 
and in rural preschools also vitamin A, vitamin C and 
calcium. On the other hand, fat content was too high and 
sodium content exceeded even the recommendations 
for adults [22]. The results of the few available at that 
time studies on individual food intake were similar and 
included insufficient intake of milk and dairy products, 
vegetables and fruit, and excessive intake of meat, 
fats, sugar and sweets, which resulted in inadequate 
intake of vitamin A, vitamin C and calcium along with 
excessive intake of fat.

The review by Gronowska-Senger et al. [22] 
covered the years 1980-1995. From that time living 
conditions in Poland have changed due to political 
and economic changes. Moreover, in recent years 
people’s attitudes toward eating and healthy life-style 
have also changed and the significant factors which 
play an important role in these changes are first of all 
the increasing access to the Internet and the fact that 
the issues connected with nutrition, diet and cooking 
are simply very popular resulting in many television 
programmes which are broadcast every day, such as 
reality shows, culinary programmes, culinary journeys, 
interviews with famous people about their food habits 
or interviews with dieticians about current dietary 
recommendations. All those television programmes, 
although sometimes spreading information not in line 
with the current nutrition knowledge, have significant 
influence on people’s attitudes and beliefs. Due to 
these changes, it is necessary to summarise current 
knowledge about what Polish preschool children eat 
and what their intake of nutrients is.

The aim of this article was to present the areas 
of research on nutrition in Polish preschool children 
based on the review of the literature, and to present and 
summarise the results of the studies on the assessment 
of preschool menus.

MATERIAL AND METHODS

We searched Polish database: Polska Bibliografia 
Lekarska od 1991 roku (Polish Medical Bibliography 
since 1991), and international databases: ScienceDirect 

and EBSCOhost with the inclusion of the following 
databases: Academic Search Complete, SPORTDiscus, 
MEDLINE, Health Source and Agricola. To ensure an 
exhaustive search, we also browsed through selected 
journals and the reference lists of the articles included 
in this review. The review covered the years from 
1996, because previous studies were summarised in 
the review cited above [22].

When summarising the studies on the assessment 
of energy and nutrient content in preschool menus, we 
decided to compare the results of all these studies to the 
same reference values and in the same way. Otherwise, 
it would be very difficult to summarise the results of 
these studies due to the methodological differences 
described in the section Assessment of preschool 
menus. The values used to assess energy and nutrient 
content in preschool menus are presented in tables 1 
and 2 and all the assumptions are explained as follows.

Table 1. The values used to assess energy content in preschool 
menus

Energy 3-year-olds 4-6-year-olds

Total energy1 700 kcal 980 kcal

Energy from protein2 10-15%

Energy from fat2 20-30%
Energy from saturated fatty 
acids2 <10%

Energy from polyunsaturated 
fatty acids2 6-10%

Energy from 
monounsaturated fatty acids2 ˃10% 3

Cholesterol2 <210 mg

Energy from carbohydrates2 55-70% 4

1 70% of EER , Jarosz M (ed.) [24]  
2  WHO, 2003 [ 46]
3 Calculated by difference as: total fat – (saturated fatty acids 
+ polyunsaturated fatty acids).
4 Calculated by difference as:  the percentage of total energy 
– energy from total protein – energy from total fat.

Firstly, energy and nutrient content in preschool 
menus was compared to 70% of the daily requirement. 
Although the recommended amount of energy and 
nutrients which should be provided with preschool 
meals is either 70% of the daily requirement [29] or 
70% to 75% of the daily requirement [7], we chose 
the first recommendation because it was used in most 
studies. Besides, the presented summary will be more 
clear if the results will be compared to one value 
instead of a range of values.
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Secondly, to assess energy content, estimated 
energy requirement (EER) was applied [24]. Energy 
content from macronutrients was compared to the 
recommendations in the prevention of diet-related 
diseases worked out by the World Health Organization 

(WHO) [46]. We did not use either the estimated 
average requirement (EAR) or the recommended 
dietary allowance (RDA) to assess protein and 
carbohydrate content, because we consider assessing 
energy provided by these macronutrients as sufficient. 

Table 2. The values used to assess nutrient content in preschool menus

Nutrient
1-3-year-olds 4-6-year-olds

70%
EAR

70%
RDA

70%
AI

70%
UL

70%
EAR

70%
RDA

70%
AI

70%
UL

Dietary fibre (g) 71 9.81

Total water (g) 8751 11201

Vitamin A (retinol equivalent) 
(μg) 1961 2801 2101 3151

Retinol (μg) 5602 7702

Vitamin D (μg) 73 10.53 17.52 73 10.53 17.52

Vitamin E (mg) 4.21 702 4.21 842

Vitamin B1 (mg) 0.281 0.351 0.351 0.421

Vitamin B2 (mg) 0.281 0.351 0.351 0.421

Vitamin B6 (mg) 0.281 0.351 3.52 0.351 0.421 4.92

Folate (μg) 841 1051 1402 1121 1401 2102

Vitamin B12 (μg) 0.491 0.631 0.71 0.841

Niacin (mg) 3.51 4.21 74 4.21 5.61 10.54

Vitamin C (mg) 211 281 2805 281 351 4555

Calcium (mg) 3501 4901 17503 5601 7001 17503

Phosphorus (mg) 2661 3221 21006 2871 3501 21006

Magnesium (mg) 45.51 561 45.56* 771 911 776*

Sodium (mg) 5251 8401 7001 10501

Potassium (mg) 16801 21701

Iron (mg) 2.11 4.91 287 2.81 71 287

Zinc (mg) 1.751 2.11 4.92 2.81 3.51 72

Copper (mg) 0.1751 0.211 0.72 0.211 0.281 1.42

Manganese (mg) 0.847 1.47 1.057 2.17

Iodine (μg) 45.51 631 1402 45.51 631 1752

1 Jarosz M. (ed.) [ 24] Normy żywienia dla populacji polskiej – nowelizacja, in Polish. (Dietary reference intakes for the 
Polish population – amendment). Warszawa: Instytut Żywności i Żywienia; 2012. 
2 EFSA, 2006 [43] ScienfiticCommittee on Food, ScientificPanel of Dietetic Products, Nutrition and Allergies: Tolerable 
upper intake levels for vitamins and minerals. Brussels: European Food Safety Authority (EFSA); 2006.
3 FNB, 2011 [14]  Food and Nutrition Board of the Institute of Medicine: Dietary Reference Intakes for calcium and vitamin 
D. Washington DC: the National Academies Press; 2011.
4  FNB, 1998 [16]  Food and Nutrition Board of the Institute of Medicine: Dietary Reference Intakes for thiamin, riboflavin, 
niacin, vitamin B6, folate, vitamin B12, panthotenic acid, biotin and choline. Washington DC: the National Academies Press; 
1998.
5 FNB, 2000 [18] Food and Nutrition Board of the Institute of Medicine: Dietary Reference Intakes for vitamin C, vitamin 
E, selenium and carotenoids. Washington DC: the National Academies Press; 2000.
6  FNB, 1997 [ 15] Food and Nutrition Board of the Institute of Medicine: Dietary Reference Intakes for calcium, phosphorus, 
magnesium, vitamin D and fluoride. Washington DC: the National Academies Press; 1997.
7 FNB, 2001 [ 17] Food and Nutrition Board of the Institute of Medicine: Dietary Reference Intakes for vitamin A, vitamin K, 
arsenic, boron, chromium, copper, iodine, iron, manganese, molybdenum, nickel, silicon, vanadium and zinc. Washington 
DC: the National Academies Press; 2001.
*from supplements only
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If content of macronutrients was given by the authors 
only in grams, and energy content was also reported, 
we calculated energy from macronutrients to assess it 
in comparison to the recommendations of the WHO 
[46]. Content of dietary fibre, water and micronutrients 
was compared to Polish dietary reference values 
(DRVs) [24], that is to EAR and RDA, to the adequate 
intake (AI) if EAR and RDA were not available, and 
to the tolerable upper intake level (UL). Polish DRVs 
include only AI for vitamin D, therefore, in the case 
of this micronutrient, we used EAR and RDA worked 
out by the Food and Nutrition Board of the Institute 
of Medicine [14]. Polish DRVs do not also include 
manganese, thus we used AI for this micronutrient 
worked out by the Food and Nutrition Board of the 
Institute of Medicine [17]. If Polish DRVs did not 
include UL for a nutrient, we used the ULs worked 
out by the Scientific Committee on Food (SCF) [43]. 
If also the ULs by SCF did not include a nutrient, we 
used the ULs worked out by the Food and Nutrition 
Board of the Institute of Medicine [14, 15, 16, 18]. 
Magnesium content was not compared to UL because 
this level of DRVs was worked out for intake from 
supplements only and preschool menus do not include 
any supplements.

Thirdly, because preschool menus should be 
assessed using EAR, but also RDA is acceptable as 
explained in the section Assessment of preschool 
menus, we used both EAR and RDA. Therefore, taking 
into account the application and the interpretation of 
the DRVs [13], we assessed and assumed as follows: 
(1) menus which contained less nutrients than 70% of 
EARs – in this case there is a considerable risk that the 
menus do not provide adequate amount of nutrients 
to preschool children; (2) menus which contained 
more nutrients than 70% of EARs but less than 70% 

of RDAs; (3) menus which contained less nutrients 
than 70% of AIs – in the case when EARs and RDAs 
were not available; (4) menus which contained more 
nutrients than 70% of RDAs and 70% of AIs but less 
than 70% of ULs – the risk of inadequate content is 
low; and finally (5) menus which contained more 
nutrients than 70% of ULs – in this case the risk of 
adverse health effects resulting from excessive content 
is high.

Fourthly, we performed the assessment using 
DRVs for both 3-year-olds and 4-6-year-olds because 
this is the age range of children who attend preschool 
in Poland.

AREAS OF RESEARCH ON NUTRITION 
OF POLISH PRESCHOOL CHILDREN

The review of the literature showed two main areas 
of research on nutrition in Polish preschool children, 
showed in figure 1. These areas are: the assessment of 
meals planned and served to children at preschools, 
and the assessment of food behaviour and daily food 
and nutrient intake in preschool children. The first 
area of research includes: assessment of preschool 
menus, assessment of meals prepared for children at 
preschool based on the reports from the preschool 
food storeroom, chemical analysis of sample meals 
served at preschools and comparison of nutritional 
value determined by chemical analysis to the results 
obtained by calculations. The other area of research 
includes: preschoolers’ food behavior, preschoolers’ 
daily dietary intake and using supplements by 
preschool children.

In this article, which is the first out of the three 
parts of the review, the literature on the assessment of 
preschool menus is presented and summarised.

S. Merkiel, W. Chalcarz
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ASSESSMENT OF PRESCHOOL MENUS

We found 17 studies on the assessment of menus 
from various preschools all over Poland: from Warsaw 
[26, 40], from Warsaw, Dziekanów, Łomianki, Nowa 
Iwiczna and Żyrardów [19, 20], from Warsaw and 
the vicinity [1] and from Warsaw and Zbuczyn near 
Siedlce [30] which are all situated in the central-eastern 
part of Poland; from Białystok [12, 32] situated in the 
north-eastern part of Poland; from Kraków and the 
vicinity [28], and Wieluń [42] situated in the southern 
part of Poland; from Drawsko Pomorskie [27] and 
Koszalin [9, 10, 11] situated in the north-western part 
of Poland; from Legnica [41] situated in the south-
western part of Poland; and from Poznań [6, 39] 
situated in the central-western part of Poland. In seven 
studies [6, 9, 10, 26, 27, 39, 41], menus from one 
preschool were analysed. In two studies, menus from 
two preschools were analysed for comparison: one 
urban preschool compared to one rural preschool [30], 
and one preschool with its own kitchen and kitchen 
staff compared to one preschool with catering [40]. In 
one study menus from three preschools [11], from four 
preschools [32] or from seven preschools [28] were 
analysed, in three studies – from five preschools [12, 
19, 20], and in one study – from six preschools [1], 
including three public preschools and three private 
preschools for comparison. Only one of the mentioned 
studies [26] focused on the analysis of vegetarian 
preschool menus.

All of these studies varied in terms of the season 
of the year and the number of menus analysed. In five 
studies [6, 28, 39, 41, 42], the analysed menus covered 
either the whole year or represented each of the four 
seasons of the year. We need to explain that since 
children attend preschools only on working days, that 
is from Monday to Friday, the menus at preschools 
in Poland are usually planned for two weeks, that is 
for ten days. And so, in two studies [41, 42] four ten-
day menus were analysed, one for each season. In 
one study [28] five-day menus over one month were 
analysed, including the first month of each quarter of 
four consecutive years. In two studies [6, 39] 48 five-
day menus from the whole year were analysed. In the 
remaining studies, menus from selected periods of the 
year were analysed: four consecutive five-day menus 
from early autumn [11], however, only dinner meals 
were included; four ten-day menus from autumn-winter 
period [9]; the unspecified by the authors number of 
ten-day menus from winter [1]; five-day menus from 
a three-month period from January to April [26]; five 
ten-day menus from spring [19, 20]; the unspecified by 
the authors number of ten-day menus from May [40] 
and from spring-summer period [10, 32]; and four ten-
day menus from the unspecified by the authors time of 
the year [27]. In one study [12], the authors provided 

only the information that ten-day menus were analysed 
but neither the season of the year nor the number of the 
menus were specified.

The presented studies vary also in terms of the 
method of assessment. In five studies [1, 9, 27, 28, 
40], qualitative assessment was performed using the 
points method by Starzyńska [1, 9, 27, 28] and/or test 
by Bielińska modified by Kulesza et al. [1, 27, 28, 40]. 
These qualitative methods of menus assessment had 
practical value due to their easy application. However, 
in our opinion these methods are of historical value 
now because the science of nutrition has been 
evolving rapidly from the time when these methods 
were worked out. Knowledge on the role of animal 
protein in the diet has changed causing that vegetarian 
diets, including also a vegan diet, became approved 
even for the youngest children and pregnant women 
[8]. The nutritional recommendations for children 
have changed, both in terms of the foods which should 
be included in the daily diet and in terms of nutrients 
intake. One of the results of these changes are the 
recommendations for children in the form of a plate on 
which the recommended food groups are placed in the 
recommended proportions. These recommendations 
are called MyPlate [44] and include vegetarian 
choices as equivalent to the traditional ones. MyPlate 
contains Protein Group which includes sources of 
animal protein and sources of plant protein of high 
nutritional value addressed especially to vegetarians, 
including vegans. Moreover, from the time when these 
qualitative methods of menu assessment were worked 
out, the DRVs changed several times: first the DRVs by 
Ziemlański [47] were introduced and seven years later 
the DRVs by Jarosz [25] which were amended four 
years later [24]. Therefore, in our opinion, using this 
method currently may not lead to correct conclusions.

In her points method, Starzyńska chose six items 
which are to decide whether the menu is planned 
correctly. These items are: the number of meals, 
the number of meals containing animal protein, the 
frequency of serving milk or cheese, the frequency of 
serving vegetables or fruit, serving raw vegetables and 
fruit every day, and the frequency of serving wholemeal 
bread, groats and pulses [21]. The item ‘number of 
meals containing animal protein’ is scored highest if 
animal protein is in every meal. This means that every 
vegan menu and many vegetarian menus, even the best 
ones, will not score the highest. Moreover, it is in line 
with the current recommendations to include vegetarian 
meals in the daily menu, even if the whole diet is not 
vegetarian. Such plant foods as pulses and nuts contain 
protein of high nutritional value and therefore a meal 
containing these foods but no animal protein should 
not be disqualified. Moreover, it is considered a good 
habit if in a preschool, vegetables and fruit are served 
as a snack between breakfast and dinner. Another item, 

Review of the studies on nutrition in Polish preschool children.
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‘frequency of serving vegetables or fruit’, is scored 
highest if these foods are every day in at least three 
meals. This means that if three meals contain one fruit 
but no vegetables, the menu will be scored highest. 
However, it is not in line with the recommendations 
to eat only fruit. And finally, the item ‘frequency of 
serving wholemeal bread, groats and pulses’ is scored 
highest if at least one of these foods is planned in the 
menu every day. This means the highest score also for 
a menu in which wholemeal bread or groats or pulses 
are served in only one meal and no other foods rich 
in starch are planned, for example wholemeal pasta, 
brown rice or cereals. Moreover, if for example the 
meals contain wholemeal pasta, brown rice and cereals 
every day, but contain no wholemeal bread or groats 
and contain pulses every second day, the menu will be 
scored zero. Bread and groats together with pasta, rice 
and cereals are the basis of all types of food pyramids 
providing the main source of energy from complex 
carbohydrates, therefore choosing only some of these 
foods as a criterion of the assessment may lead to false 
conclusions.

According to the test by Bielińska modified by 
Kulesza et al., the meals should be qualified to nine 
types of meals: 1 – carbohydrates or carbohydrates 
and fat; 2 – the same as 1 + foods providing animal 
protein; 3 – the same as 1 + milk or dairy products; 
4 – the same as 1 + foods providing animal protein + 
milk or dairy products; 5 – the same as 2 + vegetable 
or fruit; 6 – the same as 3 + vegetable or fruit; 7 – 
the same as 4 + vegetable or fruit; 8 – the same as 1 
+ vegetable or fruit; 9 – vegetable or fruit. Only the 
meals number 5, 6 and 7 are considered correct by the 
authors. The first question arises whether the word 
‘carbohydrates’ in the characteristics of meal number 
1 really means carbohydrates only or rather the authors 
meant foods rich in carbohydrates. If so, this method 
qualifies as incorrect such meals as for example: oats 
with milk and pumpkin seeds or nuts (neither seeds nor 
nuts are included among the attributes of a balanced 
menu), rice cakes with tofu, sunflower seeds and fruit, 
and vegetable and/or fruit salads with nuts or seeds 
and plant oil, all of which are in line with current 
recommendations and should be assessed as healthy 
snack between breakfast and dinner and between 
dinner and supper. The other serious weak point of this 
method is not taking into account either the type of 
carbohydrates or the type of fat. Therefore, according 
to this method, a meal consisting of a neck of pork 
(which contains animal protein) with potatoes (which 
is the source of carbohydrates and is also a vegetable) 
poured with thick sauce based on butter and cream 
(which is fat and dairy product, respectively) would 
be correct because it meets all the criterion of the meal 
type 4. Thus, in our opinion, the qualitative methods 

of preschool menus assessment by Starzyńska and by 
Bielińska modified by Kulesza et al. should either be 
modified or no longer used.

It is favourable that from among the four studies [9, 
27, 28, 40], in which the abovementioned qualitative 
methods of assessment were used, three studies 
included also the assessment of energy and nutrient 
content [9, 27, 40]. In the remaining studies, the 
content of energy and/or various nutrients in preschool 
menus was assessed [1, 6, 10, 11, 12, 19, 20, 26, 30, 
32, 39, 41, 42] and in two studies [26, 30] also the 
content of selected foods. In eight studies [6, 9, 10, 
12, 19, 30, 32, 39], the energy and/or nutrient content 
of the preschool menus was compared to 70% of the 
daily requirement for preschool children and in five 
studies – to 75% [20, 26, 27, 41, 42]. This is because 
the recommendations for energy and nutrient intakes 
during stay at preschool are not the same: in one source 
it is set as 70% of the daily requirement [29] and in 
the other – it is 70% to 75% of the daily requirement 
[7]. In one study [40] the reference value was not 
specified in the methodological section, however, it 
seems that the authors compared their results to 70% 
of the daily requirement and they also mentioned this 
recommendation in the introduction to their article.

The analysis of the preschool menus in the above 
mentioned studies showed that in most preschools the 
recommended number of meals was planned, that is 
three [6, 10, 19, 20, 26, 28, 32, 39, 41, 42] or four 
[9, 27]. We need to explain that in Poland the main 
meals are breakfast, dinner and supper. If more meals 
are eaten, the first meal during the day is called the 
first breakfast. The second meal, which is a snack 
eaten between the first breakfast and dinner, is called 
the second breakfast. The next and the biggest meal 
during the day is dinner. The fourth meal is a snack 
which is usually composed of foods of sweet taste, in 
Polish called ‘podwieczorek’. The only English term 
for this meal is the British meaning of tea: a light meal 
eaten in the afternoon or early evening , usually with 
sandwiches and/or biscuits and cakes and with tea to 
drink [23]. However, Polish ‘podwieczorek’ is more 
similar to Spanish ‘merienda’, a light meal known also 
in other countries in Southern Europe. Therefore, we 
will use the term ‘afternoon snack’ to describe Polish 
‘podwieczorek’ in this review. The last meal in Poland 
is supper which is eaten in the evening and so it is 
not served at preschools. Preschool menus were most 
often composed of breakfast, dinner and afternoon 
snack [19, 20, 28, 42]. In two studies, the menus were 
reported to consist of the first breakfast, the second 
breakfast and dinner [10, 41]. In two other studies, the 
menus were reported to consist of four meals: the first 
breakfast, the second breakfast, dinner and afternoon 
snack [9, 27]. However, not all preschools followed 
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the recommendations on the number of meals. In one 
preschool located in the vicinity of Kraków, only two 
meals were planned, that is breakfast and dinner [28], 
and in another preschool, also located in the vicinity 
of Kraków, dinner was the only meal planned for 
the children [28]. In four studies, the authors did not 
provide the information on the kind of meals planned 
at preschool [6, 26, 32, 39] and in one study no 
information about the number of meals was provided 
[12].

In five studies [27, 28, 30, 41, 42], the information 
about the content of selected foods or food groups in 
preschool menus was included, and was expressed 
as amount in grams [26, 41, 42], as percent of the 
reference values [30] or was mentioned by the authors 
in the discussion [27, 28]. In the preschool menus, the 
authors reported low frequency of including cereal 
products [30], wholemeal bread, groats and pulses [27, 
28] or not including pulses at all [41, 42]. The only 
exception were the menus in a vegetarian preschool 
in Warsaw [26] in which pulses and soy products 
were used as meat alternative. Some studies reported 
low frequency of including vegetables and fruit [28] 
and raw vegetables and fruit [27], while other study 
reported their adequate content [30]. One study [30] 
showed insufficient content of foods from the group 
‘meat, meat products and fish’ and milk and dairy 
products along with excessive content of butter, other 
fats, and cream. Two studies reported content of butter 
in preschool menus [41, 42] which was particularly high 
in a preschool in Wieluń [42] and ranged from 13.5 g 
in spring to as much as 27.7 g in winter. Assuming that 
Polish butter contains usually 54.72 g of saturated fatty 
acids [31] and that preschool menu for 4-6-year-olds 
should provide 70% of their daily energy requirement, 
that is 980 kcal [24], such content of butter provides 
6.8% and 13.9% of energy from saturated fatty acids, 
respectively. It should be emphasised that butter was 
not the only source of saturated fatty acids in these 
menus [41, 42]. The authors of two studies [41, 42] 
stated in the discussion that content of salt was limited 
to the minimum, however, no values were reported 
of either salt or sodium content. All of the studies 
reported excessive content of sweets [27, 28, 30] or 
sugar [41, 42] in the preschool menus.

In sixteen studies, the analysis of energy and/or 
nutrient content in preschool menus [1, 6, 9, 10, 12, 
19, 20, 26, 27, 30, 32, 39, 40, 41, 42] and in preschool 
dinners [11] was included. However, the number of 
the analysed indices was diverse and ranged from four 
indices [12, 27] to 25 indices [1]. Content of energy 
and the main macronutrients was most often analysed: 
content of fat in twelve studies [1, 9, 11, 12, 19, 26, 
27, 30, 39, 40, 41, 42] and content of energy, protein 
and carbohydrates in eleven studies [1, 9, 11, 19, 26, 

27, 30, 39, 40, 41, 42]. Content of vitamin A and C 
in preschool menus was assessed in ten studies [1, 
6, 10, 20, 26, 30, 32, 40, 41, 42], content of calcium 
and iron was assessed in eight studies [1, 6, 10, 26, 
30, 40, 41, 42] and content of vitamin B1 and B2 – in 
seven studies [1, 6, 10, 20, 26, 30, 40]. In five studies, 
content of dietary fibre [1, 11, 19, 30, 39], vitamin E 
[1, 6, 20, 26, 32], vitamin B12 [6, 10, 20, 26, 41], niacin 
[1, 6, 20, 26, 30], magnesium [1, 6, 10, 26, 30] zinc 
and copper [1, 6, 26, 30, 32] was analysed. In four 
studies, content of polyunsaturated fatty acids [1, 12, 
19, 39], cholesterol [1, 11, 19, 39], vitamin D [6, 10, 
20, 26], vitamin B6 [1, 6, 20, 26] and phosphorus [1, 
6, 26, 30] was analysed. In three studies, content of 
saturated and monounsaturated fatty acids [12, 19, 39], 
folate [6, 20, 26], sodium and potassium [1, 6, 26] was 
analysed. Content of sucrose was analysed only in two 
studies [19, 39] and content of manganese – in only 
one study [6]. No study included iodine content and 
only one study included water content, however, only 
in dinners [11].

In the studies cited above, various DRVs were 
used, that is the DRVs by Ziemlański [47], the DRVs 
by Jarosz [25] published in 2008, amendment to the 
DRVs by Jarosz [24] published in 2012 and the DRVs 
by the Institute of Mother and Child [45]. The DRVs 
by Ziemlański [47] were used in eight studies: in three 
studies [12, 26, 32] because these values were in use 
at the time of the publication, in three studies [6, 27, 
39] because the articles had already been in press at 
the time of the publication of the new DRVs by Jarosz 
[25], in one study [1] because it was the authors’ 
assumption described in the methodological section 
and in one study [9] although the authors analysed the 
menus collected in 2009 when the new DRVs by Jarosz 
[25] had already been in use. The DRVs by Jarosz 
[25] were used in two studies [19, 20] published at the 
time when these values were in use and in three other 
studies [40, 41, 42] because the manuscripts had been 
probably already in press when the amended DRVs by 
Jarosz [24] were published. The amended DRVs by 
Jarosz [24] were used in two studies [10, 11] and the 
DRVs by the Institute of Mother and Child [45] were 
applied in one study [30].

Another important facet is the level of DRVs used 
by the authors of the cited studies. There are no doubts 
with the application of AI because this level is worked 
out when EAR, and that is also RDA, cannot be 
determined [13]. The problem may arise when using 
EAR and RDA. Although when assessing or planning 
diets for groups, EAR should be used [25], in all of 
the studies in which the new DRVs were used [10, 
11, 19, 20, 40, 41, 42], RDA was applied. However, 
this approach seems to us reasonable because the 
application of RDA for the assessment of diets planned 
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for groups may be justified in the case of increased 
risk of inadequacies. Surely, preschool children may 
be classified as at risk of inadequacies when taking 
into account for example various socio-demographic 
characteristics or psychological and environmental 
factors influencing preschoolers’ food behaviour 
which often cause children’s refusal to eat a preschool 
meal or some components of this meal. Moreover, 
RDA may be used for planning and assessing diets for 
groups which fall in the same age and gender category 
in the DRVs. In preschoolers, there is no difference 
in the DRVs according to gender. Nevertheless, the 
authors compared the nutrient content to RDA for 
children aged 4-6 years, while 3-year-olds also attend 
preschool. Only two studies on preschool menus 
analysis [6, 39], used for comparison the DRVs for 
both 3-year-olds and 4-6-years-olds. In one study [40] 
EAR was used but the authors calculated mean DRVs 
which approach has no longer application after the 
new concept of assessing and planning the diets has 
been worked out and implemented [13].

Due to the methodological differences described 
above, the results of all the cited studies were 
compared to the same reference values and in the same 
way, as described in the section Material and methods. 
It is important to note that in one study the results 
were given only as percent of DRVs and the authors 
compared their results to the mean calculated from 
the reference values for 3-year-olds and 4-6-year-olds 
[40]. In another study, only dinners were assessed [11]. 
Therefore, in the following summary of the studies, 
we could not use these studies in our comparison to the 
reference values showed in tables 1 and 2. However, 
we included these studies whenever possible using the 
authors’ observations and comments.

Almost all of the analysed preschool menus 
contained more energy than recommended during the 
stay at preschool for both 3-year-olds and 4-6-year-
olds [1, 9, 19, 27, 30, 39, 40, 41, 42]. In some of the 
menus, energy content was so high that it exceeded 
the recommended energy intake for the whole day [1, 
19]. Also the dinners in three preschools in Koszalin 
[11] were reported to contain too much energy. The 
only exception was one out of the six preschools in the 
vicinity of Warsaw [1] and one vegetarian preschool 
in Warsaw [26] in which energy content was slightly 
lower than 70% of EER for 4-6-year-old children but 
higher than 70% of EER for 3-year-old children.

Content of energy from protein was within the 
recommended in almost all of the analysed preschool 
menus [9, 19, 26, 27, 30, 39, 41, 42]. Only in 
a preschool in Żyrardów [19] and in six preschools 
in the vicinity of Warsaw [1], content of energy from 
protein was too high. Content of energy from fat was 
reported to be adequate in three studies [9, 30, 39] and 
in five out of six preschools in the vicinity of Warsaw 

[1] and in Dziekanów [19]. Only in one preschool in 
the vicinity of Warsaw [1], content of energy from fat 
was too low. In all the other preschool menus, content 
of energy from fat was too high [19, 26, 27, 41, 42], 
even in a vegetarian preschool in Warsaw [26]. Also 
the dinners in three preschools in Koszalin [11] 
contained too much fat. Fat content in preschool menus 
in Białystok [12] could not be compared according to 
our methodological assumptions because the authors 
did not analyse energy content and so energy from fat 
could not be calculated.

The few studies in which content of fatty acids 
was analysed [1, 12, 19, 39] showed that content 
of energy from saturated fatty acids exceeded the 
recommendations [19, 39], while content of energy 
from polyunsaturated fatty acids was too low [1, 19, 
39]. Also in preschool menus in Białystok [12] fatty acid 
content was reported to be incorrect because saturated 
fatty acid content was only 1 g lower than unsaturated 
fatty acid content, and content of polyunsaturated 
fatty acids was more than three times lower than the 
content of saturated fatty acids. Content of energy 
from monounsaturated fatty acids was adequate in 
preschool menus in Warsaw and the vicinity [19] and 
too low in preschool menus in Poznań [39].

Cholesterol content in preschool menus was 
within the recommended [1, 12, 19, 39] except for 
a preschool in Łomianki [19] and one out of the six 
preschools in the vicinity of Warsaw [1]. Although 
current recommendations do not include any limit 
on cholesterol intake, we think that foods rich in 
cholesterol should be avoided in preschool menus and 
in the children’s daily diets because the foods rich in 
cholesterol are also rich in saturated fatty acids.

As many as six studies reported adequate content 
of energy from carbohydrates [1, 9, 26, 27, 30, 39]. 
In menus in preschools in Warsaw, Nowa Iwiczna, 
Żyrardów and Łomianki [19], in preschool in Legnica 
[41] and in preschool in Wieluń in all four seasons of 
the year except for autumn [42], content of energy 
from carbohydrates was too low. It is interesting how 
much of the carbohydrate content was energy from 
sucrose. Menus from five preschools in Warsaw and 
the vicinity [19] and menus from preschool in Poznań 
[39] contained too much energy from sucrose. It is 
highly probable that in the remaining preschool menus 
energy content from sucrose was also too high because 
in all of the studies on food content analysis, excessive 
content of sweets [27, 28, 30] and sugar [41, 42] was 
reported, as mentioned above.

Content of dietary fibre was within the 
recommended in all of the preschool menus [1, 19, 
30, 39] except for one out of the six preschools in 
the vicinity of Warsaw [1] in which content of this 
macronutrient was too low for 4-6-year-old children 
but adequate for 3-year-olds.
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All of the preschool menus contained more vitamin 
A than 70% of EAR and 70% of RDA both for 3-year-
olds and 4-6-year-olds. While the lack of the risk of 
inadequate content of vitamin A in preschool menus 
is highly favourable, the concern is quite high content 
of this vitamin in almost all the preschool menus. 
Although there is no UL for vitamin A expressed as 
retinol equivalents, comparing vitamin A content to 
UL for retinol may show how high was the content 
of this vitamin. It exceeded the UL for 3-year-olds in 
preschool menus in Warsaw and Dziekanów [20], in 
Zbuczyn [30], in Poznań irrespective of the season 
of the year [6], in a vegetarian preschool in Warsaw 
[26] and in Legnica during spring and winter [41]. 
Moreover, it exceeded the UL for both age groups 
in preschool menus in Białystok [32], Żyrardów 
and Łomianki [20], in Warsaw [30] and in five out 
of the six preschools in the vicinity of Warsaw [1]. 
Also in two preschools in Warsaw, vitamin A content 
was reported to be high [40]. Unfortunately, only 
in one study content of retinol and β-carotene was 
included [6] and the UL for retinol was not exceeded. 
Nevertheless, even if the high content of vitamin A is 
the result of high β-carotene content, these results 
show the need to introduce more diverse vegetables in 
the preschool menus, not only those rich in β-carotene. 
Our observations from many studies carried out in 
preschools showed that carrot is the most frequently 
served vegetable, most probably due to its relatively 
low price.

It is highly disconcerting that there was no preschool 
in which the menus contained adequate amount of 
vitamin D. Moreover, in all of the menus the content of 
this vitamin was very low [6, 10, 20, 26] – the highest 
content of vitamin D was merely 1.8 μg and was 
reported in preschool menus in Dziekanów [20].

In most of the preschools [1, 6, 20, 26, 32] content 
of vitamin E in the menus was adequate. Only in three 
out of the six preschools in the vicinity of Warsaw [1] 
content of this vitamin was too low both for 3-year-
olds and 4-6-year-olds. In all of the analysed preschool 
menus, the authors reported adequate content of 
vitamin B1 [1, 6, 10, 20, 26, 30], vitamin B2 [1, 6, 10, 
20, 26, 30] and vitamin B6 [1, 6, 20, 26].

Content of folate in the preschool menus was 
diverse. In Nowa Iwiczna [20] the content of folate was 
the lowest – it exceeded 70% of EAR for 3-year-old 
children but was lower than 70% of RDA for 3-year-
olds, as well as 70% of EAR and 70% of RDA for 
4-6-year-olds. Content of folate in preschool menus in 
Żyrardów and Warsaw [20], in Poznań irrespective of 
the season of the year [6] and in a vegetarian preschool 
in Warsaw [26] was higher than 70% of EAR and 70% 
of RDA for 3-year-old children, as well as 70% of 
EAR for 4-6-year-old children, but was lower than 
70% of RDA for 4-6-year-olds. Only folate content 

in preschool menus in Dziekanów and Łomianki [20] 
exceeded 70% of RDA for 4-6-year-olds but at the 
same time it also exceeded 70% of UL for 3-year-old 
children because these two levels of DRVs are the same. 
This observation shows that the portions of meals or at 
least the portions of selected meal components should 
be planned separately for 3-year-old children and for 
4-6-year-old children.

In all of the studied preschool menus, content of 
vitamin B12 [6, 10, 20, 41] was adequate for children 
of both age groups. The only exception was the menu 
in a vegetarian preschool in Warsaw [26] in which 
content of vitamin B12 was lower than 70% of EAR for 
3-year-old children. It implies that no fortified foods 
were included in these vegetarian menus although 
it is well recognised that following vegetarian diets 
increase the risk of vitamin B12 deficiency.

None of the preschool menus posed the risk of 
inadequate content of niacin [1, 6, 20, 26, 30]. In 
preschools in Warsaw, Dziekanów, Żyrardów and 
Łomianki [20], in five out of the six preschools in the 
vicinity of Warsaw [1], and in preschools in Warsaw 
and Zbuczyn [30], the menus contained more niacin 
than 70% of UL for 3-year-old children. Moreover, 
in preschools in Warsaw and Dziekanów [20] and in 
two out of the six preschools in the vicinity of Warsaw 
[1], the menus contained more niacin than 70% of UL 
for 4-6-year-old children. Only in preschool in Nowa 
Iwiczna [20], in one out of the six preschools in the 
vicinity of Warsaw [1], in a vegetarian preschool in 
Warsaw [26] and in Poznań irrespective of the season 
of the year [6], niacin content in the menus did not 
exceed 70% of UL for any age group.

In five studies, the authors reported adequate content 
of vitamin C in all of the analysed preschool menus 
[6, 10, 20, 30, 32]. In the menus in one out of the six 
preschools in the vicinity of Warsaw [1] and in winter 
menus in a preschool in Legnica [41], content of vitamin 
C was so low that it did not reach even the 70% of EAR 
for 3-year-olds. In spring menus in a preschool in Wieluń 
[42], in the menus in one out of the six preschools in the 
vicinity of Warsaw [1], in spring and autumn menus in 
a preschool in Legnica [41] and in a vegetarian preschool 
in Warsaw [26], content of vitamin C exceeded 70% of 
EAR for 3-year-olds but it was lower than 70% of RDA 
for this age group and 70% of EAR for 4-6-year-old 
children. In the menus in one out of the six preschools 
in the vicinity of Warsaw [1] and in autumn and winter 
menus in a preschool in Wieluń [42], content of vitamin 
C was higher than 70% of RDA for 3-year-olds and 70% 
of EAR for 4-6-year-olds but it was lower than 70% of 
RDA for 4-6-year-old children. This indicates that the 
preschool menus must have contained insufficient amount 
of vegetables and fruit which is totally unexpected in 
a vegetarian preschool.

Calcium content in preschool menus in 
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a vegetarian preschool in Warsaw [26] and in two 
out of the six preschools in the vicinity of Warsaw 
[1] was extremely low because it did not reach even 
the 70% of EAR for 3-year-old children. The menus 
in a preschool in Zbuczyn [30], spring and autumn 
menus in a preschool in Poznań [6], the menus in two 
out of the six preschools in the vicinity of Warsaw [1], 
as well as all the menus in a preschool in Wieluń [42] 
and Legnica [41] irrespective of the season of the year, 
contained more calcium than 70% of EAR for 3-year-
old children but less than 70% of RDA for this age group 
and less than 70% of EAR for 4-6-year-old children. 
Moreover, the menus in another preschool in Warsaw 
[30] and the menus in another preschool among the 
six preschools in the vicinity of Warsaw [1], as well as 
summer and winter menus in a preschool in Poznań [6] 
contained more calcium than 70% of RDA for 3-year-
old children but less calcium than 70% of EAR for 
4-6-year-old children. Only the menus in one out of 
the six preschools in the vicinity of Warsaw [1] and the 
menus in a preschool in Koszalin [10] contained more 
calcium than 70% of RDA for 4-6-year-old children. 
Such considerable deficit of this crucial mineral during 
most of the day is hardly likely to be compensated by 
intake of calcium at home.

Phosphorus and magnesium content was adequate 
because in all preschool menus content of these 
minerals was higher than 70% of RDA for 4-6-year-
old children and did not exceed 70% of UL for both 
age groups in the case of phosphorus. In the case of 
magnesium, the UL is set only for magnesium from 
supplements and preschool menus do not include any 
supplements.

Sodium content in preschool menus was high and it 
exceeded 70% of UL for both age groups in the menus 
of four out of the six preschools in the vicinity of 
Warsaw [1] and in a preschool in Poznań irrespective 
of the season of the year [6]. Moreover, in the menus 
in a preschool in Poznań in every season of the year 
[6] and in two out of the six preschools in the vicinity 
of Warsaw [1], sodium content was so high that it 
exceeded the 100% of UL for 4-6-year-old children. 
In the menus of one out of the six preschools in the 
vicinity of Warsaw [1], sodium content did not exceed 
70% of UL for 3-year-old children and in another one 
it did not exceed 70% of UL for 4-6-year-old children. 
On the other hand, in a vegetarian preschool in Warsaw 
[26] sodium content in the menus was very low and 
did not reach even the 70% of AI for 3-year-olds.

Potassium content was adequate only in three out 
of the six preschools in the vicinity of Warsaw [1] 
and in winter menus in a preschool in Poznań [6]. 
In the menus in the remaining preschools, content of 
potassium either did not reach 70% of AI for 3-year-
olds, as in the case of two out of the six preschools in 
the vicinity of Warsaw [1], or exceeded this level but 

was lower than 70% of AI for 4-6-year-olds, as in the 
case of the menus in one out of the six preschools in 
the vicinity of Warsaw [1], spring, summer and autumn 
menus in a preschool in Poznań [6] and – surprisingly 
– in the menus in a vegetarian preschool in Warsaw 
[26].

Content of iron was lower than 70% of RDA for 
3-year-old children only in the menus of one out of 
the six preschools in the vicinity of Warsaw [1]. 
Content of iron higher than 70% of RDA for 3-year-
old children but lower than 70% of RDA for 4-6-year-
old children was reported in the menus in preschool in 
Koszalin [10], Poznań [6], Legnica [41], Warsaw and 
Zbuczyn [30] and in three out of the six preschools in 
the vicinity of Warsaw [1]. Adequate content of iron 
was found in the menus in preschool in Wieluń [42], in 
two out of the six preschools in the vicinity of Warsaw 
[1] and in a vegetarian preschool in Warsaw [26].

None of the preschool menus was reported to 
contain inadequate amount of zinc [1, 6, 26, 30, 32]. 
However, in preschools in Warsaw and Zbuczyn 
[30], in preschools in Białystok [32], in a preschool 
in Poznań irrespective of the season of the year [6], 
in a vegetarian preschool in Warsaw [26] and in five 
out of the six preschools in the vicinity of Warsaw [1], 
the menus contained more zinc than 70% of UL for 
3-year-old children and additionally, the menus in two 
out of the six preschools in the vicinity of Warsaw [1] 
contained more zinc than 70% of UL for 4-6-year-old 
children.

All of the preschool menus contained more copper 
than 70% of RDA for 4-6-year-old children [1, 6, 26, 
30, 32]. However, content of copper exceeded 70% of 
UL for 3-year-old children in the menus in almost all 
the preschools, that is in three out of the six preschools 
in the vicinity of Warsaw [1], preschools in Warsaw 
and Zbuczyn [30], preschools in Białystok [32], 
a preschool in Poznań irrespective of the season of the 
year [6] and a vegetarian preschool in Warsaw [26]. 
None of the preschool menus contained more copper 
than 70% of RDA for 4-6-year-old children.

Manganese content, analysed in the menus only in 
a preschool in Poznań [6], was higher than 70% of UL 
for both age groups in all the seasons of the year.

This summary shows that preschool menus 
should be modified according to the current nutrition 
recommendations. Energy content should be lowered 
to cover the needs of children during their stay at 
preschool but it should not be excessive. Attention 
should be paid to the fats used for cooking and at 
the table in order to reduce energy from saturated 
fatty acids and increase energy from unsaturated 
fatty acids, especially polyunsaturated ones. Energy 
from carbohydrates should be increased, however, 
this should be achieved by increasing content of 
starch. Content of mono- and disaccharides should be 
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reduced. High content of vitamin A should be avoided, 
while content of vitamin D needs urgent increase. 
Attention should be also paid to vitamin C content 
to avoid deficits. Calcium and potassium content 
should be increased, whereas sodium content needs 
rapid reduction. Iron content may also be a nutrient of 
concern.

This summary shows that the portions of the meals, 
or portions of meal components, should be planned 
separately for 3-year-olds and for 4-6-year-olds to 
reduce the risk of excessive content of a nutrient for 
the younger group of children. Some results are highly 
surprising, for example the one that vitamin C may be 
a nutrient of concern in the preschool menus since it is 
well known to all people that fruit and vegetables are 
recommended to be eaten in large amounts. Similarly, 
it is unexpected to observe such low content of calcium 
due to many social campaigns broadcast on TV which 
aimed to spread the knowledge about the necessity 
to eat milk and dairy products to provide calcium for 
children’s bone health.

Finally, the results from the vegetarian preschool 
showed that the staff was not prepared to plan 
vegetarian meals. Firstly because the menus contained 
deficient amounts of the nutrients which in vegetarian 
diets are present in high amounts, such as vitamin C and 
potassium. Secondly, because the menus were deficient 
in the nutrients which are known to be at higher risk of 
inadequacy, such as vitamin D, vitamin B12 or calcium, 
and should therefore be supplemented or provided in 
fortified foods. These results indicate that the analysis 
of vegetarian menus in other vegetarian preschools 
should be the aim of future research.

Moreover, almost all authors of the summarised 
studies [1, 6, 9, 10, 19, 20, 28, 39, 40, 41, 42] concluded 
that their results show the need to provide nutritional 
education in order to improve preschool menus. The 
education is necessary for the whole preschool staff, 
but in particular for those who are responsible for 
planning and preparing meals for the children. The 
educational programme should include such areas of 
nutrition as principles of nutrition during childhood, 
nutritional prevention of diet-related diseases, rich 
sources of vitamins and minerals, the role of nutrients 
and principles of composing a diet, as well as the 
principles of preparing meals. The previous studies 
on nutritional knowledge of both preschool staff [3, 4, 
34, 35, 36] and preschoolers’ parents [2, 5, 33, 37, 38] 
showed insufficient knowledge in all of the mentioned 
areas of nutrition.

CONCLUSIONS

1. Studies on energy and nutrient content of preschool 
menus should be carried out regularly in order to 
improve nutrition of children during their stay at 

preschool and vegetarian menus should be studied 
to fill the gap in the literature.

2. The methodology of assessing preschool meals 
should be the same in order to provide the 
possibility to compare both the results and the 
conclusions.

3. Preschool menus should be adjusted to the needs 
of 3-year-old children and 4-6-year-old children 
separately.

4. The nation-wide education programme for 
preschool staff should be worked out and 
implemented in order to teach the preschool staff 
about the current nutrition recommendations for 
children, as well as the nutritional needs of 3-year-
old children and 4-6-year-old children.
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ABSTRACT
Background. The use of pesticide leads to the increase in quantity and quality of yields, but may also result in presence of 
toxic contaminants in food products.
Objective. The aim of this study was to evaluate presence of pesticide residues in raw agricultural products from the 
south-eastern region of Poland, to verify their compliance with the maximum residue levels’ (MRLs) as specified in the EU 
regulations concerning products present in the market, and to assess the acute risk related to consumption of these products.
Material and Methods. Samples of raw agricultural products were obtained from production farms as a part of an official premarket 
monitoring of pesticide residues conducted on behalf of the Ministry of Agriculture and Rural Development, implemented in 
cooperation with the regional Inspectorates of Plant Health and Seed Inspection. The scheduled tests covered determination of 243 
chemicals included in residue definitions for purposes of pesticide residues monitoring in or on food of plant origin (229 pesticides). 
Results. In 2015, a total of 328 samples of raw commodities collected from the south-eastern region of Poland were analysed 
for the presence of pesticide residues. Pesticide residues were detected in 84 samples (25.6%), while in 7 samples (2.1%) they 
exceeded MRLs. Violations of MRLs concerned 2 samples of Peking Cabbage, 3 samples of dill, 1 sample of raspberry and 
1 sample of spinach. The pesticide residues were most often found in: fruit (38.3% of all fruit samples), herbs (35.3%) and 
vegetables (20.0%). The assessed acute exposure did not exceed the 100% acute reference dose (ARfD) in any sample.
Conclusions. Monitoring of pesticide residues in the agricultural crops prevents penetration of products with MRLs 
exceeded or containing unacceptable pesticide residues into the market, thus protecting consumers’ health. 

Key words: pesticide residues, agricultural products, risk assessment, multiresidue method

STRESZCZENIE
Wprowadzenie. Stosowanie pestycydów prowadzi do wzrostu ilości i jakości plonów, ale może skutkować występowaniem 
szkodliwych zanieczyszczeń w żywności. 
Cel. Celem badań była ocena występowania pozostałości pestycydów w produktach rolnych pochodzących z południowo-
wschodniej Polski w odniesieniu do najwyższych dopuszczalnych poziomów pozostałości (NDP) określonych w rozporządzeniu 
UE dla produktów obecnych na rynku oraz oszacowanie ostrego ryzyka związanego ze spożyciem tych produktów.
Materiał i metody. Próbki produktów rolnych zostały pobrane z gospodarstw produkcyjnych w ramach urzędowej 
kontroli pozostałości pestycydów w produkcji pierwotnej, prowadzonej na zlecenie Ministerstwa Rolnictwa i Rozwoju 
Wsi, realizowanej we współpracy z wojewódzkimi Inspektoratami Ochrony Roślin i Nasiennictwa. Program kontroli 
obejmował oznaczenie 243 substancji chemicznych ujętych w definicji pozostałości do celów monitorowania pozostałości 
pestycydów w żywności pochodzenia roślinnego (229 pestycydów).
Wyniki. W 2015 roku wykonano analizy 328 próbek płodów rolnych na obecność pozostałości pestycydów. Pozostałości tych 
substancji wykryto w 84 próbkach (25,6%), przy czym w 7 próbkach (2,1%) przekroczyły one poziom NDP. Przekroczenia 
dotyczyły 2 próbek kapusty pekińskiej, 3 próbek kopru ogrodowego, 1 próbki malin oraz 1 próbki szpinaku. Najczęściej 
pozostałości stwierdzano w próbkach owoców (38,3% wszystkich próbek owoców), ziół (35,3%) i warzyw (20,0%). Dla żadnej 
z próbek, oszacowane ostre narażenie nie przekroczyło wartości 100% ostrej dawki referencyjnej – ARfD.
Wnioski. Kontrola pozostałości pestycydów w produktach rolnych zapobiega wprowadzaniu na rynek produktów zawierających 
pozostałości powyżej NDP lub zawierających substancje niedozwolone, a tym samym chroni zdrowie konsumentów.

Słowa kluczowe: pozostałości pestycydów, uprawy rolne, oszacowanie ryzyka, metoda wielopozostałościowa



238 No 3E. Szpyrka, M. Słowik-Borowiec, A. Matyaszek et al.

INTRODUCTION

The yield from plant production is continually 
exposed to harmful organisms. It is essential to protect 
plants and plant products against such organisms, to 
prevent yield reduction or damage, and to ensure high 
quality of harvested products and high agricultural 
productivity. Different methods are available in this area, 
including non-chemical methods covering practices such 
as use of resistant varieties, crop rotation, mechanical 
weeding, biological control, as well as chemical 
methods, such as use of plant protection products. One 
of the most common methods for protecting plants and 
plant products against harmful organisms is the use of 
active substances in plant protection products. However, 
a possible consequence of their use may be the presence 
of residues in treated products, in animals feeding on 
those products and in honey produced by bees exposed to 
those substances [2, 9, 12, 17, 21]. 

According to the European Commission Regulation, 
substances may only be included in plant protection 
products when it has been demonstrated that they are 
clearly beneficial for plant production while having no 
foreseeable harmful effect on human or animal health or 
any unacceptable environmental impact [3]. 

In Poland, the regulatory compliance in the use 
of plant protection products is supervised by the 
Inspectorates of Plant Health and Seed Inspection, 
on behalf of the Ministry of Agriculture and Rural 
Development. As part of this supervision, pesticide 
residues levels in agricultural crops are monitored every 
year, including analyses performed, inter alia, by the 
Laboratory of Pesticide Residue Analysis in Rzeszow. 

The aim of this study was to evaluate presence of pesticide 
residues in raw agricultural products from the south-eastern 
region of Poland to verify compliance of these products with 
the maximum residue levels’ (MRLs) as specified in the EU 
regulations for products present in the market [2], and to 
assess the acute risk related to consumption of these products.

MATERIAL AND METHODS

Samples of raw agricultural crops were collected 
from production farms as a part of an official 
premarket monitoring of pesticide residues conducted 
on behalf of the Ministry of Agriculture and Rural 
Development, implemented in cooperation with 
the regional Inspectorates of Plant Health and Seed 
Inspection. Agricultural products were sampled 
from the south-eastern region of Poland from 4 
voivodeships: Lubelskie, Małopolskie, Świętokrzyskie 
and Podkarpackie. Sampling was done according to 
Regulation of the Minister of Agriculture and Rural 
Development from 27 November 2013 on the sampling 
of plants, plant products or other objects to test for the 
presence of residues of plant protection products [15].

The analyses covered the determination of 243 
chemicals included in residue definitions for purposes 

of enforcement of relevant limits and pesticide residues 
monitoring in or on food of plant origin (229 pesticides). 
Limits of quantification for all pesticide/product 
combinations were sufficient to compare the results 
with MRLs. Accredited methods according to ISO/IEC 
17025:2005 [13] were used to determine the presence of 
pesticide residues. The multiresidue analytical method 
was based on the residue extraction with acetone and 
dichloromethane and further purification of the extract 
on a Florisil column [10, 18]. Residues quantification 
was carried out with Agilent 6890 and Agilent 7890 
gas chromatographs, each equipped with ECD and 
NPD detectors. Along with the multiresidue method, 
spectrophotometric determination of dithiocarbamate 
residues expressed as milligrams of CS2 per kilogram 
[1], and high-performance liquid chromatography 
(Waters Alliance 2695) with photodiode array 
detector and fluorescent detector for determination of 
carbendazim residues, were performed [14]. Test results 
were confirmed in compliance with the European 
Commission guidelines [4, 5]. 

The methods were validated before their use for 
determination of pesticide residues in the samples. 
Recovery assays of active substances were carried out 
on blank samples spiked with target compounds at two 
concentrations, in five replicates. The methods’ trueness 
and precision parameters in terms of the average recovery 
and relative standard deviation were calculated and assessed 
according to the European Union guidelines [4, 5]. The 
linearity of the chromatographic and spectrophotometric 
responses were evaluated at five concentration levels. The 
measurement uncertainty of methods was estimated and 
was found to be compliant with European Union guidelines 
[4, 5]. Blank fortified samples were analysed within the 
framework of quality control/assurance, and methods’ 
repeatability and reproducibility were also verified.

In 2015, The Laboratory participated in 
proficiency tests organized by The European Union 
Reference Laboratory for Pesticide Residues in Fruit 
and Vegetables, University of Almeria, Spain, and The 
European Union Reference Laboratory for Pesticides 
in Cereals & Feedingstuff, Technical University of 
Denmark, achieving satisfactory results.

The obtained results were compared to the MRLs 
in force in the European Union [2, 7]. According to the 
guidelines specified in the SANCO (now superseded 
by SANTE) document for samples under official 
control, MRL violations were reported for pesticide 
levels excee ding the MRL, with the method uncertainty 
(50%) considered [4, 5]. Moreover, the analysis verified 
whether plant protection products containing detected 
pesticides were approved for a given crop [16]. 

The acute exposure was calculated for samples 
with MRLs violated, using International Estimated 
Short-Term Intake (IESTI) equations [8]. 

IESTI for dill, raspberry and spinach was calculated 
according to the following formula:
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while IESTI for Peking cabbage was calculated 
according to the following formula: 

where: 
LP – highest large portion reported (97.5th percentile  

of eaters), in kg of food per day;
HR – highest residue in sample, in mg/kg;
V – variability factor – the factor applied to the  

composite residue to estimate the residue level  
in a high-residue unit; defined as the residue  
level in the 97.5th percentile unit divided by the  
mean residue level for the lot.

The large portion, the variability factor and the 
body weight values were taken from the Pesticide 
Residue Intake Model developed by The European 
Food Safety Authority (PRIMo model, rev.2), in 
which the large portion consumption data is provided 
by the Member States [6]. Calculated IESTI values 
were compared with toxicological reference values – 
the acute reference dose (ARfD) or, when this value is 
not provided, with the acceptable daily intake (ADI). 
ARfD values (and the ADI value for pyrimethanil) 
were taken from the EU Pesticide Database [7]. IESTI 
values below 100% of ARfD are considered as safe for 
humans.

Table 1. Pesticide residues detected in analysed samples

Crop
No. of 

analysed 
samples

No. of 
samples 

with 
residues 
< MRLs

No. of 
samples 

with 
residues 
> MRLs

Active substance 
(category)

No. of 
positive 
samples

Range min–
max or value

[mg/kg]

Mean 
(medium-

bound 
option) ± 

SD
[mg/kg]

MRL
[mg/
kg]

Fruits

Apple 3 1 0
captan (F) 1 <0.02–0.04 0.02±0.02 3.0

pirimicarb (I) 1 <0.01–0.03 0.01±0.01 2.0

Apricot 16 3 0
captana (F) 2 <0.02–0.59 0.05±0.14 4.0

cypermethrin (I) 1 <0.01–0.03 0.01±0.01 2.0
dithiocarbamatesa (F) 1 <0.05–0.43 0.05±0.10 2.0

Black currant 7 2 0
difenoconazole (F) 1 <0.01–0.04 0.01±0.01 0.2

dithiocarbamates (F) 1 <0.05–0.73 0.13±0.27 5.0
trifloxystrobin (F) 1 <0.01–0.01 0.01±0.00 1.0

Cherry 7 5 0

captan (F) 3 <0.02–0.14 0.04±0.05 5.0
difenoconazole (F) 2 <0.01–0.05 0.02±0.02 0.3
tebuconazole (F) 1 <0.02–0.27 0.04±0.10 1.0
triadimenol (F) 3 <0.01–0.03 0.01±0.01 0.1

Gooseberry 1 1 0
difenoconazole (F) 1 0.03 – 0.1
trifloxystrobin (F) 1 0.05 – 1.0

Grape (table) 5 3 0

azoxystrobina (F) 1 <0.01–0.02 0.01±0.01 2.0
cyprodinil (F) 1 <0.01–0.12 0.03±0.05 3.0

dithiocarbamates (F) 1 <0.05–0.11 0.04±0.04 5.0
folpeta (F) 2 <0.01–0.22 0.05±0.09 0.02

pyrimethanil (F) 1 <0.01–0.30 0.06±0.13 5.0

Peach 8 1 0
captana (F) 1 <0.02–0.04 0.01±0.01 4.0

pirimicarba (I) 1 <0.01–0.02 0.01±0.01 2.0

Raspberry 47 17 1

boscalid (F) 11 <0.01–1.04 0.07±0.18 10.0
captana (F) 1 <0.02–0.02 0.01±0.00 10.0

cyprodinil (F) 6 <0.01–0.40 0.04±0.10 3.0
fenazaquina, b (I) 1 <0.01–0.06 0.01±0.01 0.01
fenhexamid (F) 2 <0.05–1.42 0.07±0.23 10.0
fludioxonil (F) 4 <0.01–0.32 0.03±0.08 5.0

folpeta (F) 1 <0.01–0.28 0.01±0.04 10.0
iprodione (F) 3 <0.02–1.42 0.04±0.21 30.0

pyrimethanil (F) 9 <0.01–0.23 0.02±0.04 10.0
pyraclostrobin (F) 4 <0.02–0.20 0.02±0.04 3.0
spirodiclofen (I) 2 <0.01–0.04 0.01±0.01 0.02
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Red currant 2 1 0

cypermethrin (I) 1 <0.01–0.03 0.02±0.02 0.05
difenoconazole (F) 1 <0.01–0.01 0.01±0.00 0.2

dithiocarbamates (F) 1 <0.05–3.60 1.81±2.53 5.0
trifloxystrobin (F) 1 <0.01–0.25 0.13±0.17 1.0

Strawberry 16 12 0

azoxystrobin (F) 1 <0.01–0.02 0.01±0.00 10.0
boscalid (F) 7 <0.01–0.17 0.03±0.04 10.0

cyprodinil (F) 6 <0.01–0.26 0.03±0.06 5.0
difenoconazole (F) 1 <0.01–0.02 0.01±0.00 0.4

dithiocarbamates (F) 1 <0.05–0.37 0.05±0.09 10.0
fludioxonil (F) 6 <0.01–0.18 0.02±0.04 4.0

pyrimethanil (F) 2 <0.01–0.06 0.01±0.02 5.0
tetraconazole (F) 2 <0.01–0.01 0.01±0.00 0.2

Sweet cherry 15 4 0

boscalid (F) 1 <0.01–0.04 0.01±0.01 4.0
captana (F) 1 <0.02–0.09 0.02±0.02 5.0

deltamethrin (I) 1 <0.01–0.02 0.01±0.00 0.2
difenoconazole (F) 1 <0.01–0.01 0.01±0.00 0.3

iprodione (F) 1 <0.02–0.77 0.06±0.20 10.0
Vegetables, herbs and cereals

Broccoli 9 1 0 chlorpyrifos (I) 1 <0.01–0.02 0.01±0.01 0.05
Brussels 
sprout 2 1 0 chlorpyrifos (I) 1 <0.01–0.01 0.01±0.00 0.05

Carrot 2 1 0
boscalid (F) 1 <0.01–0.01 0.01±0.00 2.0

chlorpyrifosa (I) 1 <0.01–0.01 0.01±0.00 0.1

Celeriac 8 2 0

azoxystrobin (F) 1 <0.01–0.03 0.01±0.01 1.0
chlorpyrifos (I) 1 <0.01–0.01 0.01±0.00 0.05

difenoconazole (F) 1 <0.01–0.01 0.01±0.00 2.0
linuron (H) 2 <0.05–0.05 0.03±0.01 0.5

propiconazolea (F) 1 <0.01–0.02 0.01±0.01 0.05

Dill 17 3 3

boscalid (F) 2 <0.01–1.10 0.07±0.27 10.0
chlorpyrifosa, b (I) 3 <0.01–0.66 0.08±0.18 0.05

iprodionea (F) 1 <0.02–0.10 0.02±0.02 20.0
pendimethalinb (H) 3 <0.02–0.55 0.06±0.14 0.6

Lettuce 4 1 0 cyprodinil (F) 1 <0.01–0.03 0.01±0.01 15.0

Parsley root 11 3 0

azoxystrobina (F) 1 <0.01–0.01 0.01±0.00 1.0
boscalid (F) 1 <0.01–0.07 0.01±0.02 3.0

chlorpyrifosa (I) 1 <0.01–0.01 0.01±0.00 0.05
linuron (H) 1 <0.05–0.05 0.03±0.01 0.2

propiconazolea (F) 3 <0.01–0.03 0.01±0.01 0.05
tebuconazolea (F) 1 <0.02–0.07 0.02±0.02 0.4
trifloxystrobina (F) 1 <0.01–0.01 0.01±0.00 0.08

Peking 
cabbage 16 6 2

alpha-cypermethrina (I) 1 <0.01–0.04 0.01±0.01 1.0
azoxystrobin (F) 3 <0.01–0.10 0.01±0.02 5.0

bifenthrinc (I) 1 <0.01–0.10 0.01±0.02 0.05
chlorpyrifosa (I) 3 <0.01–0.22 0.02±0.05 0.5
cypermethrin (I) 1 <0.01–0.12 0.01±0.03 1.0
deltamethrin (I) 1 <0.02–0.02 0.01±0.00 0.5

difenoconazole (F) 1 <0.01–0.02 0.01±0.00 2.0
iprodione (F) 1 <0.02–0.10 0.02±0.02 0.7

lambda-cyhalothrina (I) 1 <0.01–0.02 0.01±0.00 1.0
pyrimethanila, b (F) 2 <0.01–0.04 0.01±0.01 0.01

pirimicarba (I) 1 <0.01–0.03 0.01±0.01 2.0
Spinach 7 0 1 dithiocarbamatesb (F) 1 <0.05–1.40 0.22±0.52 0.05
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Tomato 20 8 0

azoxystrobin (F) 4 <0.01–0.03 0.01±0.01 3.0
boscalid (F) 2 <0.01–0.21 0.02±0.05 3.0

chlorpyrifosa (I) 1 <0.01–0.11 0.01±0.02 0.5
chlorothalonil (F) 2 <0.01–0.01 0.01±0.00 6.0
difenoconazole (F) 2 <0.01–0.02 0.01±0.00 2.0

fenamidone (F) 1 <0.02–0.04 0.01±0.01 1.0
iprodione (F) 1 <0.02–0.98 0.06±0.22 5.0

Wheat 10 1 0 pirimiphos-methyl (I) 1 <0.01–0.01 0.01±0.00 5.0
SD – Standard Deviation; MRLs – maximum residue levels; I – insecticide, F – fungicide, H – herbicide.
a Active substance contained in plant protection products not approved for a given crop.
b Pesticide residue above MRL.
c No plant protection product containing this active substance has been authorized for use in Poland.

Figure 1. Presence of pesticide residues in specific groups of fruit 

Figure 2. Presence of pesticide residues in specific groups of vegetables, herbs, seeds, nuts and cereals

Pesticide residues in raw agricultural products.
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insecticide, and its residues were found only in vegetable 
and dill samples. Residues of herbicides were found 
only in 6 samples: linuron was detected in 3 samples (2 
samples of celery root and 1 sample of parsley root) and 
pendimethalin was found in 3 samples of dill (Table 1). 
In 22 (6.7%) samples, analyses also revealed presence of 
34 substances contained in plant protection products not 
approved for a given crop (Table 1). These substances 
can be used in Poland, but for other crops. In one sample 
of Peking cabbage bifenthrin was detected. This active 
substance is approved in the EU, but no plant protection 
product containing this active substance has been 
authorized for use in Poland. 

Over half of the samples with residues contained 
multiple residues, with up to 6 in one sample (Figure 
3). Those multiple residues were found most frequently 
in Peking cabbage, raspberry, strawberry, tomato, and 
parsley root.

Pesticide residues were not detected in the 
following samples (number of analysed samples in 
the brackets): barley (8), broad bean (5), buckwheat 

Figure 3. Single and multiple pesticide residues detected in samples

Table 2. International Estimated Short-Term Intake (IESTI) for samples with MRLs violations

Crop Active substance 
(category)
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Dill chlorpyrifos (I) 0.66 0.05 0.005 1 1 0.0083 62.80 0.00009 1.745 0.1021 17.80 0.00379 75.715
Peking 
cabbage pyrimethanil (F) 0.04 0.01 0.17a 2b 5 0.4500 63.00 0.00143 0.840 0.1270 17.10 0.00149 0.874

Raspberry fenazaquin (I) 0.06 0.01 0.1 1 1 0.2500 63.00 0.00024 0.238 0.0906 16.15 0.00034 0.337

Spinach dithiocarbamatesb 
(thiram) (F) 2.21 0.05 0.6 1 1 0.5630 63.00 0.01976 3.293 0.4023 17.80 0.04996 8.327

MRLs – maximum residue levels, ARfD – acute reference dose, I – insecticide, F – fungicide, H – herbicide, ν – variability 
factor, LP – large portion, bw – body weight, 
a As the ARfD value is not available, the acceptable daily intake (ADI ) value is given.
b For the risk assessment, CS2 level was recalculated as thiram using conversion factor of 1.579.

RESULTS

In 2015, a total of 328 samples: 133 samples of fruit, 
130 samples of vegetables, 33 samples of cereals, 17 
samples of herbs, 10 samples of seeds and 5 samples of 
nuts, collected from the south-eastern region of Poland 
were analysed for the presence of pesticide residues. 
Pesticide residues were detected in 84 (25.6%) analysed 
samples while in 7 (2.1%) samples they exceeded MRLs. 
Violations of MRLs concerned 2 samples of Peking 
Cabbage, 3 samples of dill, 1 sample of raspberry and 1 
sample of spinach. The pesticide residues were most often 
found in: fruit (38.3% of all fruit samples), herbs (35.3%) 
and vegetables (20.0%) (Table 1, Figure 1 and 2). 

Of 243 analysed substances, 31 were detected 
in the samples: 19 fungicides, 10 insecticides, and 2 
herbicides.

The most commonly detected fungicides included: 
boscalid (7.6%), cyprodinil (4.3%), pyrimethanil (4.3%), 
azoxystrobin (3.4%) and difenoconazole (3.4%), while 
chlorpyrifos (3.7%) was the most commonly found 
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(1), cabbage (10), cauliflower (8), cucumber (6), green 
bean (3), hazelnut (3), horseradish (2), leek (1), maize 
(5), mixture of grains (3), oat (3), onion (8), pea seeds 
(9), plum (6), radish (4), sugar beet (4), rye (2), triticale 
(2), and walnut (2).

The acute exposure was estimated for samples 
with MRLs exceeded. For adults, the maximum 
value was obtained for consumption of spinach with 
dithiocarbamate residues, equal to 3.3% ARfD. For 
children, consumption of this food could result in the 
acute exposure at the level of 8.3 % ARfD, while in this 
vulnerable group of consumers, the maximum value of 
75.7% ARfD was determined for consumption of dill. 
As PRIMo model does not provide large portion data 
for dill consumption, values for celery leaves were 
used, for which the same MRLs set up apply. The 
IESTI calculated for dill is overestimated, especially 
for children (LP = 0.1021 kg/day). In calculations of 
IESTI for Peking cabbage sample the ADI value was 
used, because the ARfD value for pyrimethanil is not 
available. IESTI values were very low and equal to 
0.8% ADI for adults and 0.9% ADI for children. For 
the spinach sample with dithiocarbamate residues, CS2 
levels were recalculated as thiram using the conversion 
factor of 1.579, because plant protection products with 
this active substances were applied according to the 
sampling protocol (Table 2).

None of the analyzed samples could pose the acute 
health risk to adults or children. 

DISCUSSION

Results of this study were interpreted in relation 
to MRLs requirements set in the EU regulations for 
products present in the market [2]. Moreover, the 
analysis verified whether plant protection products 
containing detected pesticides were approved for 
a given crop [16]. This study has a preventive nature, 
protecting the market against products posing a risk 
to the consumer and not meeting the requirements of 
relevant legislation. It also aims at verifying whether 
the producers correctly apply the principles of the 
Good Agriculture Practices (GAP). 

Pesticide residues were detected in 84 (25.6%) 
analysed samples. This rate is similar to monitoring 
results obtained for south-eastern Poland (27.9% 
samples with residues) and for whole country (32.4%) 
in 2013 [11, 23]. The percentage of raw agricultural 
products with pesticide residues is lower than 
percentage of food available on the retail market in 
Poland (39.7%), where imported food products with 
a high pesticide content, such as citrus fruits or tea, are 
also available [21]. 

MRLs violations were at a similar level (2.1%) as 
reported by Nowacka et. al and Struciński et al. (2.0% 
and 1.8%, respectively) [11, 21], and slightly higher 

than the percentage reported by European countries in 
2012 and 2013 (1.4%) [19, 20].

Other authors also detected fungicides as the 
most common residue, followed by insecticide and 
herbicide residues. Types of detected substances are 
also very similar [11, 21].

In recent years, an increase in the number of 
samples containing an active substance present in 
plant protection products not approved for a given 
crop is observed, due to reductions in the number of 
approved plant protection products and changes in the 
scope of their application [11, 23, 24].

The calculated acute exposure did not exceeded 
100% ARfD for any samples with violated MRLs, 
but results reported by others authors imply that such 
exposure cannot be excluded. Calculations performed in 
2011–2015 by the Risk Assessment Team at the National 
Institute of Public Health – National Institute of Hygiene 
shows that out of 127 analy tical results non-compliant to 
a respective MRL value, in 15 cases an estimated short-
term exposure exceeded ARfD for children, who are the 
most vulnerable subpopulation of consumers (ranging 
from 102% to 2258%). This represents 11.8% of MRL 
non-compliances. In adults, the exposure expressed per 
kg of body weight is lower than in children, thus the 
estimated exposure exceeded ARfD value in 6 cases only 
(ranging from 100% to 2171%) [22]. 

Acute risk values calculated for raw agricultural 
commodities do not necessarily reflect the risk for 
a consumer that would be calculated for the same 
products present on market. Levels of pesticide 
residues in the product available for consumer may 
change, due to degradation processes.

 
CONCLUSIONS

1. Pesticide residues were detected in 25.6% of 
analysed raw agricultural products samples, 
while in 7 samples (2.1%) they exceeded MRLs. 
Violations of MRLs concerned 2 samples of 
Peking Cabbage, 3 samples of dill, 1 sample of 
raspberry, and 1 sample of spinach. 

2. The pesticide residues were most often found in: 
fruit (38.3% of all fruit samples), herbs (35.3%) 
and vegetables (20.0%). 

3. The calculated acute exposure did not exceed 
100% ARfD for any sample, but such exposure 
could not be excluded.

4. Monitoring of pesticide residues in the agricultural 
crops at premarket stage should be continued, 
to protect the market against the penetration by 
products with unacceptable residues of pesticides, 
and to protect consumers against the excessive 
exposure to pesticide residues. 

Pesticide residues in raw agricultural products.
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MIGRATION STUDIES OF NICKEL AND CHROMIUM FROM CERAMIC 
AND GLASS TABLEWARE INTO FOOD SIMULANTS

Tomasz Szynal*, Małgorzata Rebeniak, Monika Mania

National Institute of Public Health - National Institute of Hygiene, 
Department of Food Safety, Warsaw, Poland

ABSTRACT 
Background. In addition to the release of lead and cadmium from ceramic and glass vessels, (acceptable limits being set 
by the EU 84/500/EC Directive), other harmful metals can migrate, such as nickel and chromium. Permissible migration 
limits for these latter metals however have not yet been set in the EU legislation. Both the toxic properties of nickel and 
chromium and the measures taken by the European Commission Working Group on Food Contact Materials for verifying 
permissible migration limits for lead, cadmium and other metals from ceramics have acted as drivers for studies on nickel 
and chromium release from ceramic and glass tableware.
Objective. To investigate the migration of nickel and chromium into food simulants from ceramic and glassware, available 
on the Polish market, which are intended for coming into contact with food. Potential consumer exposure can thereby be 
estimated from the release of these elements into food.
Materials and Methods. Tableware consisted of ceramics and glass vessels generally available on the domestic market, with 
inner surfaces being mainly coloured and with rim decorations. Migration of nickel and chromium studied from the ceramics 
was carried out in 4% acetic acid (24 ± 0.5 hrs at 22 ± 2°C), whilst that from glassware in 4% acetic acid (24 ± 0.5 hrs at 22 
± 2°C) and 0.5% citric acid (2 ± 0.1 hrs at 70 ± 2°C). The concentrations of metals which had migrated into the test solu-
tions were measured by using flame atomic absorption spectrometry (FAAS). This analytical procedure had been previously 
validated by measuring nickel and chromium released into food simulants from ceramic and glass tableware where working 
ranges, detection limits, quantification limits, repeatability, accuracy, mean recovery and uncertainty were established.
Results. Migration of nickel and chromium was measured from 172 ceramic and 52 and glass vessels samples, with all 
results being below the limits of quantification (LOQ = 0.02 mg/L), excepting one instance where a 0.04 mg/L concentra-
tion of nickel was found. The validated methods for measuring chromium achieved the following parameters; 0.02 to 0.80 
mg/L operating range, 0.01 mg/L detection limit, 0.02 mg/L limit of quantification, 6% repeatability, 2.8% accuracy, 102% 
average recovery and 11% uncertainty. For the nickel method the corresponding parameters were 0.02 to 0.80 mg/L work-
ing range, 0.02 mg/L limit of quantification, 0.01 mg/L detection limit, 5% repeatability, 6.5% accuracy, 101% average 
recovery and 12% uncertainty.
Conclusions. The tested ceramics and glassware did not pose a threat to human health regarding migration of nickel and 
chromium, and thus any potential exposure to these metals released from these products into food will be small. However, 
due to the toxicity of these metals, the migration of nickel and chromium is still required for articles coming into contact 
with food, which includes metalware.

Key words: ceramic tableware, ceramics, glassware, food contact articles, nickel, chromium leaching, migration

STRESZCZENIE
Wprowadzenie. Z wyrobów ceramicznych i szklanych, obok migracji ołowiu i kadmu, dla których w UE określono dopusz-
czalne limity (Dyrektywa 84/500/EC) może zachodzić migracja także innych szkodliwych dla zdrowia metali, w tym niklu 
i chromu. Dla chromu i niklu nie ustanowiono jeszcze w UE dopuszczalnych limitów migracji. Właściwości toksyczne niklu 
i chromu oraz podjęte przez European Commision Working Group on Food Contact Materials prace mające na celu weryfi-
kację dopuszczalnych limitów migracji ołowiu i kadmu z wyrobów ceramicznych oraz wprowadzenie limitowania dla innych 
pierwiastków, skłoniły do podjęcia badań uwalniania niklu i chromu z ceramicznych i szklanych naczyń stołowych. 
Cel. Zbadanie migracji do płynów modelowych niklu i chromu z naczyń ceramicznych i szklanych przeznaczonych do 
kontaktu z żywnością, dostępnych na rynku w Polsce, w celu oszacowania wielkości potencjalnego narażenia konsumen-
tów na te metale uwalniane z takich wyrobów do żywności.
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INTRODUCTION

Nickel and chromium compounds have long been 
used by manufacturers as pigments for visually enhancing 
the aesthetic appeal of ceramic and glassware products 
intended to make food contact. Release of such elements 
is determined on how the products were manufactured, 
the temperature and duration that contact is made with 
the food and what type the foodstuff actually is. By add-
ing nickel compounds to these products, the colour and 
shade of pigments are deepened which is superior to that 
achieved by other pigments. This is important in manu-
facture [6]. For many years, nickel oxide (NiO) has been 
commonly used in traditional ceramic pigments, despite 
concerns about its potentially carcinogenicity [15, 32].

The possible leaching of metals from the surface 
of ceramic and glassware is affected by many factors; 
improperly formulated composition of glaze, inap-
propriate production techniques, defective decoration 
processes and pigmentation and, in particular, insuf-
ficiently high firing temperatures [1]. In order to en-
sure the right quality of products intended to come into 
contact with food, the principles of good manufactur-
ing practice (GMP) should be adopted [5].

Literature reports suggest there is a greater likeli-
hood migration of elements from ceramics or glass-
ware manufactured by using traditional techniques by 
individual craftsmen than those coming from indus-
trial manufacture. This is dependent on the sources 
and how the raw materials were obtained, as well as 
inadequate temperature control during firing. Because 
of high migration levels of metals, such products can 
pose a serious threat to the health of consumers, espe-
cially when adequate controls in the pre-market trad-
ing phase are absent [3, 19, 21, 22, 32].

The diet constitutes the primary source of exposure 
to nickel and chromium, excluding those occupationally 
exposed persons. Concentrations of nickel and chromi-
um compounds are present at low levels in foodstuffs, 
however the release of these elements from kitchen and 
table utensils can significantly contribute to increasing 
dietary intakes of these metals with food [17, 18].

According to the International Agency for Re-
search on Cancer (IARC), nickel compounds are hu-
man carcinogens (Group 1), whilst metallic nickel is 
a possible human carcinogen (Group 2B) [12, 32]. The 
estimated chronic average exposure to nickel for the 
general population ranges 2 μg/kg bw/day (for the el-
derly) to 13 μg/kg bw/day (for small children), which 
is close to the tolerable daily intake (TDI) of 2.8 μg/
kg bw/day and it far exceeds that for the very youngest 
groups of the population [12].

Despite the IARC classification, the Panel on Con-
taminants in the Food Chain (CONTAM Panel) of the 
European Food Safety Authority (EFSA) concluded 
that nickel inducing cancer through the diet is unlikely 
in humans [12]. Other health effects of dietary nickel 
intake concern influence on the gastrointestinal tract, 
haematological, neurological and immune system. 
Nickel intake through inhalation or dermal contact 
also has an allergenic effect [31].

The Maximum Permissible Level of nickel in water 
intended for human consumption is 20 µg/L, as defined 
in the national Regulations of the Minister of Health 
[26, 27] implementing Directive 98/83/EC [8] and Di-
rective 2003/40/EC [4]; this being lower than the level 
(70 µg/L) established in 1997 by the WHO [12].

Besides nickel, chromium compounds are also used 
in manufacturing ceramic and glass products. Metal-
lic chromium and chromium compounds (III) are less 

 Materiał i metody. Materiał do badań stanowiły stołowe naczynia ceramiczne i naczynia szklane, głównie z barwioną 
powierzchnią wewnętrzną i zdobionym obrzeżem, pochodzące z obrotu handlowego. Migrację niklu i chromu z badanych 
wyrobów ceramicznych przeprowadzano do 4% kwasu octowego (24 ± 0,5 h w temperaturze 22 ± 2 ºC), natomiast migra-
cję z naczyń szklanych do 4% kwasu octowego (24 ± 0,5 h w temperaturze 22 ± 2 ºC) i 0,5% kwasu cytrynowego (2 ± 0,1 h 
w temperaturze 70 ± 2 ºC). Zawartość badanych metali w płynach modelowych uzyskanych po migracji, oznaczano meto-
dą płomieniowej atomowej spektrometrii absorpcyjnej (FAAS). Badania poprzedzono walidacją metody oznaczania niklu 
i chromu uwalnianych do płynów modelowych z ceramicznych i szklanych naczyń stołowych. Wyznaczono następujące 
parametry metody oznaczania chromu i niklu: zakres roboczy, granicę wykrywalności, granicę oznaczalności, powtarzal-
ność, poprawność, średni odzysk oraz niepewność.
Wyniki. Migracja niklu i chromu z 172 badanych naczyń ceramicznych i 52 naczyń szklanych, w zastosowanych warun-
kach badania migracji, była poniżej granicy oznaczalności metody analitycznej (LOQ) wynoszącej 0,02 mg/L, z wyjątkiem 
jednego naczynia, z którego migracja niklu była wyższa i wynosiła 0,04 mg/L. Zwalidowaną metodę oznaczania chromu 
charakteryzowały następujące parametry: zakres roboczy - od 0,02 do 0,80 mg/L, granica wykrywalności - 0,01 mg/L, 
granica oznaczalności - 0,02 mg/L, powtarzalność - 6%, poprawność - 2,8%, średni odzysk - 102% i niepewność - 11%. 
Parametry metody oznaczania niklu: zakres roboczy - od 0,02 do 0,80 mg/L, granica oznaczalności - 0,02 mg/L, granica 
wykrywalności - 0,01 mg/L, powtarzalność - 5%, poprawność - 6,5%, średni odzysk - 101% i niepewność -12%.
Wnioski. Zbadane wyroby ceramiczne i szklane nie stanowią zagrożenia dla zdrowia człowieka w zakresie migracji ni-
klu i chromu, a potencjalne narażenie na te metale uwalniane z tych wyrobów do żywności będzie niewielkie. Jednak, ze 
względu na toksyczność tych metali wskazane jest kontynowanie badań uwalniania niklu i chromu z wyrobów do kontaktu 
z żywnością, z uwzględnieniem naczyń metalowych.

Słowa kluczowe: naczynia ceramiczne, naczynia szklane, wyroby do kontaktu z żywnością, migracja niklu, migracja chromu
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harmful than chromium (VI). Chromium (VI) com-
pounds are mutagenic, teratogenic and carcinogenic 
increases the risk of lung cancer as well as nose and 
paranasal sinus cancer (Group I according to IARC). 
Chromium (III) compounds naturally occurs in food, 
whilst in drinking water mainly components of chro-
mium (VI) are found arising from human activities [11].

The maximum concentration of total chromium in wa-
ter intended for human consumption is 50 µg/L as defined 
in the national Regulation of the Ministry of Health [27]. 
Next to the migration of lead and cadmium from ceramics 
and glassware, for which the EU has set acceptable limits 
(Directive 84/500/EC), migration of other harmful metals, 
including nickel and chromium, can occur.

EU legislation has not yet set the limits of nickel and 
chromium in food nor given permissible migration lim-
its of these metals from kitchen utensils that make con-
tact with food. The latest European Commission Work-
ing Group on Food Contact Materials has begun work 
on verifying the permissible migration limits of lead and 
cadmium from ceramic products, that also includes in-
troducing limits on other metals such as nickel and chro-
mium. The Committee of Experts on Packaging Materi-
als for Food and Pharmaceutical Products (P-SC-EMB) 
recommended a permissible migration limit of 0.14 and 
0.250 mg/kg respectively for nickel and chromium re-
leased from metal and metal alloys used in the manufac-
ture of articles coming into contact with food [13].

In the literature there a limited number of publica-
tions on nickel and chromium migration from ceram-
ics into food simulants. In Poland, only studies on lead 
and cadmium migration from ceramic and glass have 
been done [25], but not on the release of nickel and 
chromium from such articles. However, given the toxic 
properties of nickel and chromium and the actions un-
dertaken by the European Commission Working Group 
on Food Contact Materials, it was considered expedient 
to study nickel and chromium migration from ceramics 
and glassware into food simulants in order to estimate 
the potential exposure of consumers to these metals re-
leased from these products.

MATERIALS AND METHODS

Test samples
These consisted of ceramic tableware and glass-

ware available on the retail market and manufactured 
on an industrial scale in China, with the inside surfaces 
being coloured and a decorated rim. There were 172 
ceramic vessels (84 dishes deep and 88 dishes flat) and 
52 glassware with decorated rims.

Method validation
Prior to the actual migration study, the analytical 

method for measuring nickel and chromium in food 

simulants was first validated. For method validation 
white undecorated test samples of ceramic dishes and 
glassware were used. After migration food simulants 
were spiked with nickel and chromium at concentra-
tions of 0.02 mg/L and 0.80 mg/L. There were 2 stages 
in the validation; the release of metals from products 
into test solutions determination of the nickel and chro-
mium which had migrated into the model solutions by 
flame atomic absorption spectrometry (FAAS).

Reagents
Consisted of acetic acid (99.5% - 99.9%, Avan-

tor), citric acid (Merck), a nickel standard solution 
1g/L and a chromium standard solution 1g/L (GUM, 
Poland) and deionised water. All were of the required 
high purity.

Apparatus and instrumentation
These were an ASA Spectr AA 220 spectrometer, 

Varian, hotplate (Ceran 500, Harry Geestigkeit GmbH, 
Germany) and class A laboratory glassware.

Migration test conditions
Migration of nickel and chromium from ceramic 

vessels were into a food simulants comprising 4% ace-
tic acid for 24 ± 0.5 hrs at 22 ± 2 °C, according to 
the test procedure specified in European Standards EN 
1388-1 [23] and EN 1388-2 [24]. Vessels were filled 
with solvent up to 1 mm below the overflow edge and 
placed in a dark room at a temperature of 22 ± 2 °C 
and left for 24 hrs. In the case of the decorated glass-
ware at the rim, then nickel and chromium migration 
occurred into 4% acetic acid for 24 ± 0 5 hours at 22 
± 2 °C [24] or 0.5% citric acid for 2 ± 0.1 hours at 70 
± 2 °C.

Determination of nickel and chromium 
Migrated nickel and chromium was measured by 

FAAS, under the following conditions: for nickel, an 
acetylene-air flame; wavelength λ = 232.0 nm, a slit 
width: 0.2 nm and for chromium wavelength of λ = 
357.9 nm, a slit width: 0.2 nm. Atomization was via 
the air-acetylene flame.

RESULTS
As aforementioned, the validation was in 2 stag-

es ie. release of metals into the food simulants from 
ceramics and glassware followed by measurement of 
nickel and chromium by FAAS. The assessed analyti-
cal parameters were working range, limit of quanti-
fication (LOQ), the limit of detection (LOD), repeat-
ability, accuracy, mean recovery and uncertainty; as 
shown in Table 1.
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Table 1. Summarised validation parameters for the analytical  
              method

Validation parameters Nickel Chromium

Working range [mg/L] 0.02 – 0.80 0.02 – 0.80
Limit of quantification 
(LOQ) [mg/L] 0.02 0.02
Limit of detection 
(LOD) [mg/L] 0.01 0.01

Repeatability [%] 5 6

Accuracy [%] 6.5 2.8

Mean recovery [%] 101 102

Uncertainty [%] 12 11

The method was thus proved to be analytically ac-
ceptable for the routine determination of nickel and 
chromium migrating from ceramic pots and glassware 
intended to come into contact with food; it was thereby 
adopted for this study.

Migration of nickel and chromium from the 171 
test ceramic vessels into 4% acetic acid over 24 hrs 
contact was below the limit od quantification of the 
methods used analytical (LOQ = 0.02 mg/L). On only 
one occasion, for a decorated ceramic bowl’s inner 
surface, the nickel migration was sufficiently high for 
measurement; at 0.04 mg/L.

For the test glassware with decorated rims, the 
migration of nickel and chromium into the 4% acetic 
acid (for 24 hrs of contact at 22 °C) or into 0.5% citric 
acid (for 2 hrs of contact at 70 °C) were below the 
limit of quantification of the analytical method used 
(LOQ=0.02 mg/L).

DISCUSSION

The migrations of metals from ceramic were de-
pends on several factors, that include their material 
composition, techniques for manufacture and decora-
tion, as well as the temperature and duration of contact 
made with the model solution or food.

Comparing the results of our study with others is 
difficult, as different food simulants and extraction 
conditions (eg. temperatures and migration times) had 
been used as well as differing LOQs in the various an-
alytical methods used [1, 2, 16, 28, 30]. The most com-
mon model solutions used for studying metal migra-
tion were acetic, citric and malic acids [3, 9, 10]; these 
being widely present in food. It should also be noted 
that choosing a suitable acid determines not only the 
pH conditions but also its chelating ability. Now fre-
quently used for measuring metal migration are food-
stuffs such as vinegar, orange juice [1], tomato juice 
[3, 10], sauerkraut juice, pickles, low lactose content 
milk [28], colas, soft drinks and guarana [14].

A key feature in studying metal release from the 

surface of ceramic and glassware is selecting the ap-
propriate conditions for migration (type of model so-
lution, temperature and contact time) so as to reflect 
actual conditions of culinary usage. This is justified by 
the diverse use of these products. Ceramic and glass 
vessels may be used in preparing and cooking food 
along with food storage. In order to measure the actual 
migration, this requires choosing appropriate condi-
tions for migration reflecting actual culinary usage of 
ceramics and glassware. These conditions are a vari-
able temperature and duration of contact and, above 
all, using a suitable model fluids that can simulate con-
tact with a given foodstuff. Citric and malic acids more 
aggressively affect enamel and have a greater ability 
to leach metals, with the exception of aluminium, bar-
ium, chromium, iron and magnesium for which 4% 
acetic acid has proven to be the most effective [9].

Mazinianian et al. [20] studied the effect of cit-
ric acid and acetic acid in the leaching of metals from 
stainless steel cookware, where it was found that 0.3% 
citric acid was more effective for this purpose than 3% 
acetic acid, when testing acidic food.

However, it should also be appreciated that the 
properties of citric acid and acetic acid solutions when 
used as food simulants will not always reflect the real 
impact that food makes when coming into contact with 
the product, due to the latter’s very complex composi-
tion. It therefore seems reasonable to study migration 
into food under real conditions so as to simulate the 
procedures of cooking or storage, which will optimize 
this metal leaching process from surfaces [18]. As well 
as the chemical reactivities of the food dishes, the test 
method should ideally reflect their preparation process 
and also how the cooking articles make contact with 
food. It has been shown that the leaching of lead from 
the surface of ceramics subjected to microwave energy 
is similar to the metal’s elution after 24 hrs from the 
product, when 0.5% citric acid is used as the model 
fluid [27]. It can therefore be expected that in micro-
waving food in earthenware vessels, it increase the 
migration of nickel and chromium from their surfaces.

Sheets [30] investigated the release of various met-
als from glazed porcelain decorated with overglazing 
coming from Europe and Asia into 4% acetic acid for 
24 hrs. Nickel leaching measured from 46 vessels was 
below 0.05 μg/mL, whilst chromium migration from 
44 vessels was below 0.10 μg/mL, however 2 vessels 
from Japan were found to be at the LOQ of 0.1 μg/mL. 
Mohamed et al. [21] studied nickel migration from 
glazed earthenware into 4% acetic acid at 30-32 °C 
and found this to be as low as 0.2 mg/L.

In other studies, nickel and chromium release from 
ceramic drinking vessels manufactured in India was 
measured into brewed tea (80 °C for 24 hrs), orange 
juice (23 °C, 24 hrs) and 4% acetic acid (24 hrs at rt, 
then at 40 °C and 60 °C). For the tea, the concentra-
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tions of nickel and chromium after the migration were 
respectively 70-80 μg/L and 62-119 μg/L, whilst for or-
ange juice they were respectively 70-134 μg/L and 66-
945 μg/L and for 4% acetic acid nickel and chromium 
was undetectable; with the method’s LOQ being 15.0 
μg/L (for nickel), and 7.0 μg/L (for chromium) [1].

Findings of the present study demonstrated low 
migration of nickel and chromium (below the LOQ 
of 0.02 mg/L) from ceramics and glassware into the 
tested model fluids, thus indicating that they pose no 
threat to the health of the consumer. Any potential ex-
posure to these metals released from such products 
food will thereby be small.

CONCLUSIONS

1. Due to the low levels of nickel and chromium mi-
gration, the tested ceramics with the inside col-
oured surfaces and glassware with decorated rims, 
available on the Polish market, are not in this re-
spect a health risk to consumers.

2. The validated parameters of the analytical method 
indicate that it can be used for the routine measure-
ment of nickel and chromium migrating into food 
simulants.

3. Because nickel compounds are allergenic and car-
cinogenic and that chromium ones are mutagenic, 
embryotoxic and teratogenic it is advisable to fur-
ther investigate migration of these elements from 
articles intended to come into contact with food, 
including those metallic items.
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ABSTRACT 
Background. Selenium is an element of very great importance for the proper functioning of the human body, mainly 
due to its antioxidant properties. Selenium exhibits a preventive effect in the case of cardiovascular disease, the immune 
system, male infertility and inhibits the toxic action of other agents. Selenium is important for Hashimoto’s disease. Intake 
of selenium in the diet slows the aging process. The biological and toxicological effects of selenium strongly depend on 
its chemical form. Some organisms for example: plant, yeast, are capable of metabolizing low bioavailable selenium 
compounds (inorganic selenium) into its high bioavailable forms (organic selenium). 
Objective. The aim of this study was to investigate the bio-transformation of selenium by Lactobacillus bacteria towards 
the characterisation of selenium metabolites. 
Material and Methods. The speciation of selenium was evaluated by high performance liquid chromatography with 
inductively coupled plasma mass spectrometry detector. The extraction of selenium species from lyophilized bacteria was 
executed with water, the mixture of lipase and protease, as well as lisozyme and sodium dodecyl sulphate. 
Results. All investigated bacteria strains cultivated in the presence of Na2SeO3 effectively uptake selenium. Surprisingly, none of the 
applied extraction media exhibited a strong power to release the majority of the uptaken selenium compounds. Thus a maximum of 
10% of the selenium was extracted from bacteria exposed to the enzymes. However, it was found that Lactobacillus bacteria are able 
to metabolize inorganic ions of selenium (IV) into Se-methionine, Se-methyloselenocysteine and other unidentified forms.
Conclusions. The study confirmed the ability of probiotic bacteria to biotransform inorganic selenium into its organic 
derivatives. Therefore, Se-enriched bacteria can be considered as an addition to the functional food.

Key words: selenium speciation, extraction procedure, Lactobacillus casei bacteria, Lactic acid bacteria (LAB), HPLC 
ICP-MS, functional food

STRESZCZENIE
Wprowadzenie. Selen jest pierwiastkiem o bardzo dużym znaczeniu dla prawidłowego funkcjonowania organizmu 
człowieka, głównie ze względu na swoje właściwości antyoksydacyjne. Selen odgrywa ważną rolę w profilaktyce chorób 
układu sercowo-naczyniowego, układu immunologicznego, niepłodności, a także chroni przed szkodliwym działaniem 
substancji toksycznych. Selen jest istotny dla przebiegu choroby Hashimoto. Jego obecność w diecie wpływa na 
spowalnianie procesów starzenia się. Biologiczne i toksykologiczne efekty działania selenu w znacznym stopniu zależą 
od jego postaci chemicznej. Niektóre organizmy, na przykład rośliny i drożdże, mają zdolność metabolizowania słabo 
przyswajalnych form selenu (nieorganiczny selen) do jego łatwo przyswajalnych związków (selen organiczny).
Cel. Celem niniejszych badań było poznanie procesów biotransformacji selenu przez bakterie Lactobacillus pod kątem 
identyfikacji form chemicznych selenu.
Materiały i metody. Badania specjacji selenu przeprowadzono z wykorzystaniem metody wysokosprawnej chromatografii 
cieczowej połączonej ze spektrometrią mas z plazmą indukcyjnie sprzężoną. Do ekstrakcji form chemicznych selenu 
z liofilizowanych bakterii użyto wody, mieszaniny lipazy i proteazy, a także lizozymu oraz SDS-u.
Wyniki. Wszystkie badane szczepy bakterii, hodowane w obecności Na2SeO3, efektywnie pobierały selen. Żaden 
z zastosowanych ekstrahentów nie uwolnił jednak całego związanego w bakteriach selenu. Maksymalnie udało się 
wyekstrahować 10% pobranego przez bakterie selenu, przy zastosowaniu enzymów. 
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Niemniej jednak, okazało się, że bakterie z rodzaju Lactobacillus są zdolne do metabolizowania nieorganicznych jonów 
selenu (IV) do Se-metioniny, Se-metyloselenocysteiny oraz niezidentyfikowanych form selenu.
Wnioski. Badania potwierdziły zdolność bakterii probiotycznych do biotransformacji nieorganicznych form selenu do 
jego organicznych metabolitów. W związku z tym, wzbogacone w selen bakterie mogą być używane, jako dodatek do 
żywności funkcjonalnej.

Słowa kluczowe: specjacja selenu, procedura ekstrakcji, bakterie Lactobacillus casei, bakterie kwasu mlekowego, HPLC 
ICP-MS, żywność funkcjonalna

INTRODUCTION

Selenium plays an important role as an essential 
micronutrient for animals and humans. Excess of 
selenium intake could lead to toxic reactions in living 
organisms, but its desired content plays an important 
role in prevention against heart diseases and cancer. 
Although a small difference between essential and 
toxic performance of selenium provoked public health 
awareness, selenium, especially its organic derivatives, 
have been recognized as an important dietary factor 
[13]. Plants are the primary distributors of selenium, 
originally present in soils. The amount of selenium in 
soil differs geographically and Europe is known for its 
low content. Therefore, a variety of Se-rich biological 
products have been developed up to present times 
including yeast, wheat, fruits and vegetables cultured 
in selenite enriched soil or medium. 

The biological and toxicological effects of selenium 
strongly depend on its chemical form. Thus the interest 
in speciation of selenium in various matrices, towards 
the evaluation of its metabolisms has grown during the 
recent years. Sample preparation is very important for 
successful assessment of the concentration and range 
of selenium species. Solid-liquid extraction is most 
commonly used for this purpose and different media 
(e.g. water, surface active compounds, HCl, NaOH, 
enzymes) can be applied to release the selenium 
species from biological matrices. The identification of 
individual selenium species supports understanding of 
metabolic processes occurring in plants, animals and 
bacteria. Liquid chromatography (HPLC) coupled 
with inductively coupled plasma mass spectrometry 
(ICP-MS) has been commonly used for this purposes 
[7, 12, 14, 17, 20, 24, 27]. Speciation of selenium has 
been widely investigated in animal tissues [4, 15, 29] 
and in plants [20, 21, 23, 28, 30]. Less attention so far 
was paid to selenium speciation in bacteria, but in all 
papers a very low extraction efficiency was stressed 
[9, 10, 11, 22]. Several selenium species have been 
identified in Bifidobacterium animalis cultivated with 
the addition of sodium selenite [32]. 

The interest in speciation of selenium in bacteria 
comes from the growing popularity and importance 
of the functional food. Selenium is known for its 
health promoting properties and can be considered 
as a component of the functional food. Therefore, 

it is very important to search for different carriers, 
which will deliver this essential micronutrient to the 
human body. It appears that Lactobacillus bacteria are 
likely to be this kind of carrier as well as being able 
to be a functional food component e.g. in the form 
of dairy products like yoghurt or kefir enriched with 
Lactobacillus bacteria. 

Last research show, that selenium-enriched 
probiotics have several health benefits on the host for 
their antioxidative, antipathogenic, antimutagenic, 
anticarcinogenic and anti-inflammatory activities [27]. 

Lactic acid bacteria (LAB) are generally 
recognized as safe microorganisms, and have long 
been used in food industry. Many reports show their 
usefulness as probiotics for human and animals 
with extensive physiological effects (antimicrobial, 
immunomodulatory, anticarcinogenic, antidiarrheal, 
antiallergenic and antioxidant activities) [6]. Probiotic 
bacteria should be safe for the host organism, resistant 
to gastric acids and bile salts in order to survive the 
transit into the gut. 

Several research groups have already demonstrated 
the ability of bacteria to accumulate selenium. It was 
found that Lactobacillus bulgaricus grown on MRS 
or Lactobacillus casei rhamnosus obtained from the 
commercial product of fermented milk, could uptake 
selenium, however no data on the specific selenium 
compounds were given [5, 31]. Selenium speciation 
was investigated in details in milk exposed to the 
fermentation process or in yoghurt [1-3]. A probiotic 
strain of Enterococcus durans was recently reported 
to accumulate Se from the medium at considerably 
high levels [25, 26]. The research demonstrated that 
microorganisms including Lactobacillus had the 
capacity to perform the biotransformation of Se(IV) to 
selenocysteine or Se-methylselenocysteine, however 
no all compounds were identified.

The aim of this work was to investigate the 
performance of pure bacteria strains to execute the 
bio-trasformation of selenium. We assumed that if 
bacteria could accumulate and metabolize inorganic 
selenium into its organic derivatives, this naturally 
induced bio-transformation by Lactobacillus could be 
explored for the production of functional food enriched 
with bioactive selenium compounds. In order to 
investigate the performance of Lactobacillus towards 
biotransformation of selenium, the species extracted 
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by various media were investigated by HPLC ICP 
MS. The second part of this work was optimization 
of extraction conditions, because of problems with 
efficiency of this process.

EXPERIMENTAL

Instrumentation
Inductively coupled plasma mass spectrometry An 

Elan 6100 DRC ICP MS (Perkin Elmer SCIEX, USA) 
was used. A conventional Mainhardt nebulizer and 
a quartz cyclonic spray chamber were used for sample 
introduction. The ICP-MS conditions were as follows: 
plasma power 1100 W, plasma argon flow 15 L/min, 
auxiliary flow 1.21 L/min, nebulizer flow 0.86 L/min. 
The interference-free isotope 82Se was monitored.

HPLC Agilent 1200 (Agilent, USA) equipped 
with Hamilton PRP-X100 anion exchange column, 
250 mm × 4.6 mm i.d., 10 µm (Hamilton, USA) was 
used in connection with ICP MS. HPLC column was 
connected to the nebulizer of the ICP-MS by PEEK 
tubing.

Chemicals and standards
All chemicals were of analytical grade and were 

used without further purification. Nitric acid (V) 65%, 
hydrochloric acid 37%, internal standard (yttrium) 
and multielemental ICP-MS standard solutions were 
obtained from Merck, Germany. Water for analysis 
was obtained from Mili-Q system (Milipore, USA). 
Lipase and protease were obtained from Aldrich 
Chemical Company Inc., USA.

Sodium selenite (Na2SeO3) and sodium 
selenate (Na2SeO4) were obtained from Sigma, 
Germany. Selenomethionine (Se-methionine), Se-
methylselenocysteine (Se-MET-Selenocysteine), Se-
cystine (Se(Cys)2), were purchased from Sigma, USA. 
Selenomethionine-Se-oxide (SeMetO) was achieved 
by adding excess of oxidizing agent, 2.5 ml of 30% 
(v/v) of H2O2 to 25 ml aliquot of a 0.1 mol/L HCI 
solution of selenomethionine (50 mg/L Se) and left 
overnight in the dark. Sodium dodecyl sulfate (SDS), 
tris(hydroxymethyl) aminomethane (TRIS) and 
sodium hydroxide were obtained from Sigma, USA. 
Peroxide of hydrogen 30% and ammonium acetate 
were purchased from POCh, Poland. TES solution 
was composed of TRIS (Sigma, USA), EDTA (POCH, 
Poland) and saccharose (Sigma, USA).

A reference material BCR-CRM 184, bovine muscle 
with total selenium content of 0.183 mg/kg (±7%), 
was obtained from European Commission – Joint 
Research Centre, Institute for Reference Materials and 
Measurements, Belgium. 

Sample preparation
Acid and bile salt resistant strains with antagonistic 

activity against several pathogenic bacteria were 
selected for this work. Those strains present different 
levels of antagonistic activities against tested pathogens 
and were chosen due to their highest antagonistic 
activity in the mixture. Lactobacillus casei (strains 
named as Lb. casei ŁOCK 0900 and Lb. casei ŁOCK 
0908) and paracasei (strain named as Lb. paracasei 
ŁOCK 0919) were fed with bacterial growth medium 
enriched in selenium nutrient (2.5 mg of Na2SeO3 
per 1 L of medium) for 24 hours. Once the process 
was completed, bacterial strain was lyophilized. One 
part of lyophilized material was digested (towards the 
determination of total content of selenium) and another 
part was exposed to a different extraction medium 
(towards investigation of selenium speciation). 

The cultivation of bacterial strains was conducted 
at the Technical University of Łódź by an experienced 
microbiologist. The final selection of the conditions 
was preceded by a series of tests in order to bring 
the appropriate dose of selenium to the agar medium. 
The influence of different selenium compounds 
(SeO2, Na2SeO3, Na2SeO4) as well as increasing 
concentrations of selenium in medium (1, 2.5, 5, 10 mg 
Se/L of medium) on growth and acidifying activity of 
Lactobacillus casei and Lactobacillus paracasei and 
their ability to accumulate selenium was evaluated.

In order to determine the dynamics of growth 
and acidification activity, bacterial cultures were 
prepared/made by the method of periodic MRS 
medium supplemented with different sources and 
concentrations of selenium. The bacteria were cultured 
for 48h at the temperature of 37°C (with limited access 
of oxygen – 5% of CO2) in medium at pH 6.2 – 6.3. 
All measurements were performed immediately after 
inoculation of the medium, then after 3h, 6h, 12h, 18h, 
24h, 36h and 48h of the culture time. 

It was found that selenium present in medium up 
to 5 µg/mL act as a stimulator of growth of bacteria, 
however higher concentrations of selenium in culture 
inhibit their growth. When Se(IV) is above 5 µg/mL, 
the reddish colour of biomass was observed, which 
might be due to the reduction of selenium to its red 
elementary form. 

The most effective grown of bacterial was obtained 
in the presence of selenium (IV) at the concentration 
between 1.0 μg to 2.5 μg of Se per mL of medium. 
Finally, the solution containing 2.5 mg of Na2SeO3 per 
1 L of medium was used. 
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Analytical procedures

Determination of selenium
In order to determine the total concentration 

of selenium, an approximately 0.1 g of lyophilized 
bacteria was digested in 4 mL of HNO3 (65 %) under 
the following conditions: (i) 500 W/10 min.; (ii) 1000 
W/15 min.; (iii) cooling/5 min. A microwave-assisted 
unit (Anton Paar Mutliwave Sample Preparation 
System, Austria) with Teflon vessels was used. Digested 
samples were filtered through sterile syringe-driven 
0.45 μm nylon membrane filters (Millex, France). 
Transparent solutions were transferred to plastic tubes, 
filled with de-ionized water to 20 mL and stored in 
a refrigerator below 4 °C before measurements. 

Selenium content was determined by ICP MS by 
monitoring 82Se isotope. Calibration was performed 
with the standard solutions containing 1 μg/L, 10 μg/L 
and 100 μg/L of selenium.

The validation of the analytical procedure was 
performed with certified reference material BCR-
CRM 184, bovine muscle with the certified value for 
selenium (0.183 mg/kg ± 7 %), which was digested in 
the same conditions as used for bacterial strains. The 
concentration of selenium obtained within this work 
was 0.169 mg/kg ± 8.5 %, which we consider as being 
within the uncertainty of certified value.

Extraction procedure
Water or the solutions of surface-active compound 

SDS, NaOH, HCl and enzymes (lysozyme as well as 
the mixture of protease and lipase) were used for the 
extraction with support of ultrasonic shaking. About 
0.1 g of dry mass of lyophilized bacteria was weighted 
in the plastic centrifuge tubes and 5 mL of extractant 
solution was added. The extraction was performed 
under the following conditions: (i) water at (37 ± 1)°C 
for 30 min.; (ii) 4% SDS in 30 mmol/L Tris HCl at (37± 
1)°C for 30 min.; (iii) 0.4% protease in 30 mmol/L 
Tris HCl at (37 ± 1)°C for 30 min.; (iv) 0.4% lipase 
in 30 mmol/L Tris HCl at (37 ± 1)°C for 30 min.; (v) 
mixture of protease and lipase aqueous solution at (37 
± 1)°C for 30 min.; (vi) 0.4% lysozyme in 30 mmol/L 
Tris HCl or 10 g/L lysozyme in TES at (37 ± 1)°C for 
30 min; (vii) 0.1 mol/L NaOH solution at (37 ± 1)°C 
for 30 min.; and (viii) 1 mol/L HCI solution at (37 ± 
1)°C for 30 min. The supernatant was separated from 
the residue by centrifugation for 10 min. at 10000 rpm 
and filtered through a 0.45 µm membrane filters. The 
centrifuge MPW-53 (MPW Med. Instruments, Poland) 
was used for this purpose. 

Determination of selenium content in extracts was 
performed directly after digestion of supernatants. 
Aliquots used for HPLC separation were kept at -10 
°C before measurements.

Chromatographic separation procedure
HPLC: Eluent A: 5 mM acetate buffer (pH 4.7); 

eluent B: 100 mM acetate buffer (pH 4.7), were used. 
The mobile phase was delivered at 1.0 mL/min. in 
gradient mode: (0 – 4) min. - 100% A, (4 – 7) min. – 
from 100% A to 0% A, (7 – 30) min. - 100 % B. 

Filtered solutions were degassed before the 
injection, then 100 µL or 25 µL of the sample was 
injected for ICP MS.

RESULTS

Efficiency of accumulation of selenium by bacteria
In order to evaluate the accumulation performance 

of the Lactobacillus bacteria, the total content of 
selenium was determined in strains before and 
after being exposed to the agar medium with added 
Na2SeO3. Sodium selenite (Na2SeO3) was chosen for 
the enrichment as it is known to be more likely to be 
converted into its organic derivatives [32]. 

Carefully selected strains of bacteria (chapter 2.3) 
- Lactobacillus casei ŁOCK 0900, ŁOCK 0908 and 
paracasei, ŁOCK 0919, were cultivated on bacterial 
growth medium with the addition of selenium nutrient. 
It was found that the content of selenium in original 
bacteria culture (ŁOCK0900, ŁOCK0908 and 
ŁOCK0919) was below the limit of detection (LOD) 
of the entire analytical procedure, including sample 
digestion and ICP MS measurements. When bacteria 
were cultivated on the selenium enriched agar, 
regardless of the type of bacteria strain, the efficiency 
for selenium accumulation was found to be significant 
(Table 1). All data given in the Table 1 relates to the 
total selenium contents in respective bacteria cells.

Table 1. Mean and standard deviation values of content  
          of selenium in bacterial strains (calculated from  
        three replicates of the analytical procedure for  
        each strain). “+ Se” means the addition of se- 
       lenium to the agar medium. The LOD of the  
            analytical procedure is 0.9*10-3 mg/kg. The LOQ  
                of the analytical procedure is 1.4*10-3 mg/kg.

Bacterial strains Concentration ± SD [mg/kg]

ŁOCK 0900 < LOD

ŁOCK0900 + Se 1357 ± 61

ŁOCK 0908 < LOD

ŁOCK 0908 + Se 1313 ± 33

ŁOCK 0919 < LOD

ŁOCK 0919+ Se 1913 ± 63

E. Kurek, A. Ruszczyńska, M. Wojciechowski et al.
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Efficiency of extraction of selenium compounds
Extractions were carried in ultrasound as well 

as using a magnetic stirrer, also various time and 
temperatures of extraction were tested. Water, SDS, 
NaOH, HCl, lysosyme, protease, lipase as well as 
the mixture of lipase and protease were tested. The 
selected conditions for each extraction solutions are 
listed in the experimental part (chapter ‘Extraction 
Procedure’).

The amount of selenium extracted from bacteria 
with the use of various media is presented in Table 
2. The comparison of the data from Table 1 and 2 
indicates low extraction efficiency, regardless the 
applied media, which was presumably due to the 
resistant cell walls of bacteria.

Despite the use of different variants of extraction, 
very low extraction efficiency was obtained. The next 
stage of research will be the further optimization of the 
extraction conditions.

Speciation of selenium by HPLC ICP MS
Although the extraction power of the applied 

solutions was not very high, the obtained extracts were 
characterized in respect to their chemical speciation. 
In order to evaluate a possible bio-transformation of 
selenium in bacteria, further investigation towards 
identification of chemical forms of selenium was 
performed using anion-exchange HPLC followed by 
ICP-MS detection of 82Se isotope.

Table 2. Content of selenium [µg/kg] in bacteria extractable by various media given with standard deviation (±) calcu- 
          lated from two repetitions of the analytical procedure calculated for each sample. The LOD of the analytical  
               procedure is 0.9 µg/kg. The LOQ of the analytical procedure is 1.4 µg/kg.

Extractant Lb. casei ŁOCK 
0900+Se

Lb. casei ŁOCK 
0908+ Se

Lb. paracasei ŁOCK 
0919+Se

Water 48.5±0.3 29.1±0.2 19.9±0.2
4 % SDS in Tris HCl 14.4±0.2 17.2±0.4 22.2±0.3
0.4 % protease in Tris HCl 88.5±6.3 87.9±1.9 118.8±2.5
0.4 % lipase in Tris HCl 19.8±1.0 18.6±0.3 24.3±0.5
0.4 % lipase and 0.4 % protease in Tris HCI 109.5±4.3 98.4±1.3 133.7±8.0
Lisozyme in TES 136.2±3.1 116.5±4.1 186.0±9.7
0.1 mol/L NaOH 87.7±2.8 92.4±2,0 127.1±5.3
1 mol/L HCI 15.1±0.6 21.2±0.5 17.4±0.2
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Figure 1. An anion exchange HPLC-ICP-MS chromatograms of selenium standards. 
Sequence of standards, concentrations and retention times: Se-methionine-Se-oxide (CSe = 10 
mg/L, tR = 2.2 min), Secystine (CSe = 10 mg/L, tR = 2,3 min),  Se-METSelenocysteine (CSe = 
100 g/L, tR = 2.8 min) and Se-methionine (CSe = 100 g/L, tR = 4.4 min), Se(IV) (CSe = 100 
g/L, tR = 9.9 min) and Se(VI) (CSe = 100 g/L, tR = 18.7 min) 

Figure 1. An anion exchange HPLC-ICP-MS chromatograms of selenium standards. Sequence of standards, concentrations  
                 and retention times: Se-methionine-Se-oxide (CSe = 10 mg/L, tR = 2.2 min), Secystine (CSe = 10 mg/L, tR = 2,3 min), 
          Se-METSelenocysteine (CSe = 100 μg/L, tR = 2.8 min) and Se-methionine (CSe = 100 μg/L, tR = 4.4 min),  
              Se(IV) (CSe = 100 μg/L, tR = 9.9 min) and Se(VI) (CSe = 100 μg/L, tR = 18.7 min)
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Figure 2. An anion exchange HPLC-ICP-MS chromatograms of extract for: a) water (30 min at (37 ± 1) ºC in ultrasound);  
             gradient elution, pH= 4.7; b) a mixture of protease and lipase (30 min at (37 ± 1) ºC in ultrasound), gradient elution,  
               pH= 4.7; c) lysozyme (30 min at (37 ±1) ºC in ultrasound) gradient elution, pH = 4.7
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Calibration of HPLC-ICP-MS system
The commercially available selenium compounds 

were used to calibrate the retention times of HPLC 
under described conditions (Figure 1). The standard 
solutions of the reference selenium compounds were 
prepared to contain 100 µg/L of selenium. For the 
mixture of all compounds (Figure 1), selenium signals 
appeared sequentially: (i) Se-MET-Selenocysteine 
[2.8 min]; (ii) Se-methionine [4.4 min]; (iii) Se 
(IV) [9.9 min]; (iv) Se (VI) [18.7min]. Individual 
chromatograms were prepared for Se-methionine-Se-
oxide [2.2 min.] and for Se-cystine [2.3 min.], as to 
avoid the overlap with the retention time of Se-MET-
Selenocysteine (Figure 1).

Selenium speciation in extracts from bacteria 
Lactobacillus

Using the anion exchange chromatographic 
separation, the selenium profiles for each of the extracts 
were registered for all the investigated strains. At first 
instance it was visible that the common feature of all 
chromatograms was the presence of intensive selenium 
signal occurring at 2.3 minutes, indicating the presence 
of Se-methionine-Se-oxide or Se-cystine (Figure 1). 
The less intensive signal was also noted at 9.9 minute, 
indicating the presence of Se(IV). Interestingly, the ratio 
of both signals, evaluated in terms of peak intensity, 
varies depending on the extraction media. Water and HCl 
solution mainly extracts species eluted after 2.3 minutes, 
while under enzymatic extraction a significant amount of 
Se(IV) is co-extracted. Apparently none of the extraction 
medium releases Se(VI), which could possibly indicate 
that no oxidization of selenium occurs in bacterial cell. 

Besides the identified signal for Se(IV) and non-
identified signals for species eluted at 2.3 minute, the 
presence of Se-methionine, eluted at 4.4 minute were 
confirmed in majority of cases. However, in contrast 
to the intensive signal occurring at 2.3 minute. The Se-
methionine is present in a much smaller amount. As it 
was already mentioned, selenium signal appearing at 2.3 
minute can be assigned to Se-methionine-Se-oxide or Se-
cystine, both eluted at the same time. In case of described 
chromatography separation of the mixture of selenium 
compounds, a signal for Se-MET-Selenocysteine was 
obtained at 2.8 minute. The authors assumed that in 
the bacteria’s samples, Se-MET-Selenocysteine might 
be also present, but its presence is masked by the high, 
extending signal at the elution time of 2.3 minute.

An example of chromatograms, received for the 
extracts obtained with water, mixture of protease and 
lipase or lysozyme are given in Figure 2a, 2b and 2c, 
respectively. One can see that while the overall patterns 
of all chromatograms are very close, they are far from 
being identical. One of the differences comes from the 
lack of signal present in 4.4 minute (Se-methionine) 

for strain Lb. casei ŁOCK 0908, regardless of the 
extraction medium being used. Interestingly, also the 
ratio of the signals at 2.3 min. to the one at 9.9 min. 
varies between all examined bacterial strains. The 
most pronounced difference was found for the strain 
Lb. casei ŁOCK 0908, where the highest amount of 
extracted Se(IV) was detected. 

DISCUSSION

Efficiency of accumulation of selenium by bacteria
Lactobacillus bacteria strains meet requirements of 

probiotics, according the World Health Organization. 
It is known that some Lactobacillus bacteria may 
possess potentially therapeutic properties including 
maintenance of healthy digestive juices as well as 
improving immune function, thus are frequently added 
to some food products, e.g. yoghurt or cheese.

Various microorganisms, including bacteria, can 
accumulate selenium inside their cells as organic 
and inorganic compounds. In general, the process of 
accumulation of selenium by microorganisms can be 
due to two mechanisms: extracellular binding by the 
active groups of biopolimers present in the structure of 
cell-membrane conjunction and intracellular binding 
coupled with the ion transportation thorough the 
biological membrane into the cell [8]. 

Efficiency of extraction of selenium compounds
The efficiency of extraction was expressed as 

the ratio of selenium amount extracted from the 
bacteria to its total content. Hence the extraction 
efficiency provides the information about the selenium 
compounds which are soluble in the respective 
medium under defined extraction conditions (time and 
temperature).

Although the extraction conditions for animal’s 
and plant’s tissues are well described in the literature 
[4, 16, 21, 22, 29, 30, 31], less information is available 
in respect to bacteria [9, 10, 11, 22]. Therefore, the 
detailed studies on the selection of the extraction 
conditions were required. For this purpose water, 
SDS, NaOH, HCl, lysosyme, protease, lipase as well 
as the mixture of lipase and protease were selected. 
Various conditions for performing the extraction of 
selenium from bacterial strains Lactobacillus casei 
and paracasei (ŁOCK0900 + Se, ŁOCK0908 + Se and 
ŁOCK0919 + Se) were tested.

The comparison of the data from the above with 
the total selenium contents indicates low extraction 
efficiency, regardless of the applied media, which was 
presumably due to the resistant cell walls of the bacteria.

Lactobacillus bacteria adhere to the Gram (+) type 
characterized by very good cross-linked cell walls 
expected to prevent the release of inter alia selenium 
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compounds. Moreover, Lactobacillus bacteria have 
a surface layer (S-layer) consisting of hard and 
tightly packed monomolecular layer composed of 
identical proteins. This structure encloses the whole 
cell surface. The S-layer protects the bacteria from 
the chemical and physical agents and may be a barrier 
against high-molecular-weight substances (e.g. lytic 
enzymes) or against low pH and mechanical impulses 
[18]. 

Interestingly, bacteria exhibit a high efficiency 
uptake of selenium from the media enriched with 
inorganic selenium ions, which are then being 
incorporated into a form which is not easily extracted 
by the media applied. Regardless of the medium 
used the efficiency of the extraction did not exceed 
10% of the total content of selenium, which means 
that close to 90% of selenium species were trapped 
in the bacterial cells and were not accessible for the 
chemical investigation of speciation. Water medium 
extracted from 20 µg/kg to 50 µg/kg of selenium, 
which corresponds to an average of 2% of its total 
content. The most effective medium, lysozyme, which 
was expected to breakdown the cell walls of Gram (+) 
bacteria, released close to 10 % of the total accumulated 
selenium. 

Protease, which is responsible for the hydrolysis 
of peptide bonds, and lipase, applied for the 
hydrolyze of ester bonds in fat cells, were expected 
to release selenium incorporated in selenoamino acids. 
Surprisingly, in the presence of lipase only 1.5% 
of selenium was released. More effective protease 
eluted about 7% of selenium. Whereas, the mixture 
of both enzymes resulted in 8% of the extraction 
efficiency, thus did not exhibit any synergistic effects; 
seems that both enzymes present in the mixture act in 
the same way when applied separately.

Sodium hydroxide, which was expected to release 
selenium compounds of high molecular weight, 
offered the efficiency of extraction close to 7% of the 
total selenium content. Although hydrochloric acid 
is often used in speciation studies [19], in the case of 
bacteria it did not extract more than 1% of selenium 
compounds.

The overall results indicate that the best efficiency, 
close to 10%, can be achieved only when lisozyme or 
the mixture of lipase and protease were used. Slightly 
less effective is sodium hydroxide alone, whereas 
the other media exhibit much lower performance to 
release selenium species from bacteria. 

The examination of the extraction efficiency of 
selenium compounds from the bacterial strains were 
performed by Michalke [19], who pointed out low 
extraction efficiency, mostly below 10%. Our results 
were in agreement with the previously described and 
support the hypothesis that specifically cross linked 
bacterial cell walls are very resistant to the destruction 

by chemical agents. The sequential extraction 
procedure was also used, but this did not bring any 
significant increase of the extraction efficiency. 

The next stage of research will be searching for 
the new paths of extraction of selenium compounds 
from microbial biomass. The conditions similar to the 
human digestive tract were used in order to achieve 
the most effective conditions of selenium compounds 
extraction. Finding the right path of selenium release 
from the bacterial biomass is very important for the 
possibility of using bacteria as the source of selenium 
in the diet.

Selenium speciation in extracts from bacteria 
Lactobacillus

Using the anion exchange chromatographic 
separation, the selenium profiles for each of the 
extracts were registered for all the investigated strains. 
The investigation of the released selenium species was 
performed by HPLC ICP MS.

It was found that Lactobacillus bacteria are 
able to metabolize inorganic ions of selenium (IV) 
into Se-methyloselenocysteine, Se-methionine and 
other unidentified forms. Only a small fraction of 
selenium stays in the original Se(IV) form. Apart 
from the identified signals, a very intensive signal 
for the compound eluted at 2.3 min appears on all 
chromatograms, regardless of the extraction medium. 

In case of described chromatography separation 
of the mixture of selenium compounds, a signal for 
Se-MET-Selenocysteine was obtained at 2.8 minute. 
The authors assumed that in the bacteria’s samples, 
Se-MET-Selenocysteine might be also present, but its 
presence is masked by the high, extending signal at the 
elution time of 2.3 minute.

Further investigation in the identification of 
unknown forms of selenium will be performed with 
the use of MS/MS and will be describe in the next 
work. 

It is worth emphasising that the amount of selenium 
compound observed by HPLC ICP MS cannot be 
directly related to the entire efficiency of extraction, 
as summarized in chapter ‘Efficiency of extraction of 
selenium compounds’.

Although the originally up-taken compound of 
selenium (selenite) could be extracted with a very low 
efficiency by water, that does not indicate that it is 
almost completely transformed to the respective organic 
derivatives (e.g. Se-methionine and compounds eluted 
at 2.3 min.). The use of enzymatic extraction leads to 
the release of higher amount of extractable selenium 
inorganic ions, where the most pronounced effect 
was found for lysozyme. Although the highest signal 
was detected in the case of Lb. casei ŁOCK 0908, the 
extractable amount of Se(IV) can be estimated not to be 
higher than 1% of the total selenium content in bacteria. 
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The chromatographic profiles, especially the 
presence of the signals at 2.3 and 4.4 minutes, proved 
the performance of Lactobacillus bacteria for the 
bio-transformation of the inorganic selenium into its 
organic derivatives: Se-methionine (4.4 min) and non-
identified selenocompounds (2.3 min). The ability 
to biotransform inorganic selenium compounds to 
its organic derivatives was also shown in study on 
different lactic acid bacteria [1, 16, 27, 32]

 It should be noted, that due to low efficiency of 
extraction, still close to 90% of the total up-taken 
selenium remains incorporated inside the bacteria cell. 

CONCLUSIONS

The aim of this study was to evaluate whether 
the probiotic Lactobacillus bacteria could effectively 
up-take selenium and possibly perform its bio-
transformation into seleno-organic derivatives. For this 
purpose various Lactobacillus strains were cultured 
on bacterial growth medium enriched with Se(IV). 
By determination of the total content of selenium in 
pure bacteria, before and after the enrichment, their 
high ability to up-take selenium was thus confirmed. 
Surprisingly, none of the applied extraction media 
exhibited a strong power to release the majority of 
the uptaken selenium compounds. Thus a maximum 
of 10% of the selenium was extracted from bacteria 
exposed to the enzymes. The investigation of the 
released selenium species was performed by HPLC 
ICP MS. It was found that Lactobacillus bacteria are 
able to metabolize inorganic ions of selenium (IV) into 
Se-methionine, Se-methyloselenocysteine and other 
unidentified forms. Only a small fraction of selenium 
stays in the original Se(IV) form. 

The study confirmed the ability of probiotic 
bacteria to transform partially inorganic selenium into 
its organic forms as a result of direct culture on agar 
medium supplemented with inorganic selenium. It was 
noted that Lactobacillus, which might exists in various 
strains, exhibits some differences in selenium bio-
transformation, which should be taken into account 
during the control process in the production process 
of selenium enriched foodstuff. However, because 
of its ability to biotransform inorganic selenium to 
its organic derivatives, Se-enriched bacteria can be 
considered as an addition to the functional food.
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ABSTRACT
Background. Many studies documented an increase in the alcohol consumption among athletes, particularly among repre-
sentatives of some disciplines, such as team sports.
Objective. The aim of the study was to analyse the consumption of alcohol beverages among Polish elite team sport ath-
letes, depending on their sex, age and selected personality traits (general self-efficacy and health locus of control).
Material and Methods. The study included 517 Polish team sport athletes (251 women an 266 men). The subjects were 
examined with an original alcoholic beverage intake survey, General Self-Efficacy Scale (GSES) and Multidimensional 
Health Locus of Control Scales (MHLC). Relationship between the intake of alcoholic beverages and explanatory variables 
(sex, age, psychological traits) was determined on multivariate analysis of variance and analysis of regression.
Results. Beer turned out to be an alcoholic beverage which the surveyed athletes consumed most often (a few times per 
month on average). Wine, spirits and alcoholic cocktails were consumed less often (once a month on average). Multivari-
ate analysis showed that consumption of wine, including dry wine, increased significantly with age of the study subjects 
(p<0.001). Women significantly less frequently considered beer and vodka (p<0.001), whereas men significantly less often 
preferred wine (p<0.05). The level of general self-efficacy did not influence the intake of alcoholic beverages (p>0.05). 
Lower levels of Internality were associated with less frequent consumption of beer (p<0.001), and lower scores for Power-
ful Others with lower intakes of dry wine (p<0.001) and vodka (p<0.01). Lower scores for Chance showed a significant 
association with lesser preference for alcoholic cocktails (p<0.05).
Conclusions. The frequency and structure of otherwise relatively limited intake of alcoholic beverages among elite team 
sport athletes were influenced by their sex, age and health locus of control.

Key words: athletes, team sports, alcoholic beverages, personality traits, self-efficacy, health locus of control

STRESZCZENIE 
Wprowadzenie. Liczne prace wskazują na wzrastające spożycie alkoholu przez sportowców, ze wskazaniem na szczegól-
ne jego rozpowszechnienie w niektórych dyscyplinach sportu, w tym w grach zespołowych. 
Cel. Celem badań była analiza częstości konsumpcji napojów alkoholowych w zależności od płci i wieku oraz wybranych 
cech osobowości (uogólnionego poczucia własnej skuteczności i umiejscowienia poczucia kontroli zdrowia) w grupie 
sportowców wyczynowo trenujących gry zespołowe. 
Materiał i metody. Badania przeprowadzono w grupie 517 polskich sportowców trenujących gry zespołowe (251 kobiet 
i 266 mężczyzn). W badaniach zastosowano: autorski kwestionariusz częstości spożycia napojów alkoholowych oraz Skalę 
Uogólnionej Własnej Skuteczności (GSES) i Wielowymiarową Skalę Umiejscowienia Kontroli Zdrowia (MHLC). Ocenę 
częstości konsumpcji napojów alkoholowych w zależności od analizowanych zmiennych (płci i wieku oraz cech psycholo-
gicznych) przeprowadzono z zastosowaniem wieloczynnikowej analizy wariancji z analizą regresji. 
Wyniki. Spośród napojów alkoholowych badani sportowcy ogółem najczęściej (średnio kilka razy w miesiącu) spożywali 
piwo, a rzadziej (średnio raz miesiącu) wino, napoje wysokoprocentowe i koktajle alkoholowe. Analiza wieloczynnikowa 
wykazała, że wraz z wiekiem badanych osób wzrastało spożycie wina, w tym wina wytrawnego (p<0,001). Kobiety istotnie 
rzadziej wybierały piwo i wódkę (p<0,001), a mężczyźni wino (p<0,05). Poziom uogólnionej własnej skuteczności nie wyka-
zywał związku z częstością spożycia napojów alkoholowych (p>0,05). Niski poziom wewnętrznej kontroli zdrowia był istot-
nie związany z mniejszą częstością konsumpcji piwa (p<0,001), a niski poziom kontroli zdrowia umiejscowionej w innych 
osobach był istotnie związany z mniejszą konsumpcją wina wytrawnego (p<0,001) i wódki (p<0,01). Niski poziom kontroli 
zdrowia umiejscowionej w przypadku był istotnie związany z mniejszą konsumpcją koktajli alkoholowych (p<0,05). 
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Wnioski. Relatywnie ograniczona skala konsumpcji napojów alkoholowych wśród sportowców wyczynowo trenujących 
dyscypliny zespołowe wykazywała zróżnicowaną częstość i strukturę w zależności od płci i wieku oraz umiejscowienia 
poczucia kontroli zdrowia. 

Słowa kluczowe: sportowcy, gry zespołowe, napoje alkoholowe, cechy osobowości, poczucie własnej skuteczności, poczu-
cie kontroli zdrowia

INTRODUCTION

Drinking alcohol by athletes causes metabolic, 
somatic and psychological dysfunction, increases the 
incidence of injuries and lowers the effectiveness of 
training [5, 23, 32, 33]. 

Athletes usually consume alcohol occasionally or for 
stimulation. Frequently their drinking patterns are the result 
of cultural influences [24]. Since 2004, alcohol is included 
on the “List of Prohibited Substances and Methods”. How-
ever, many authors reported an increase in alcohol con-
sumption among athletes [1, 4, 20, 24, 34, 35], especially 
in certain sports disciplines, inter alia team sports [21, 24].

Health behaviors of various populations are deter-
mined by a wide spectrum of socioeconomic, cultural 
and personality-related factors. General self-efficacy and 
health locus of control play an important role among per-
sonality traits that determine health culture of a human be-
ing. Self-efficacy, an optimistic belief on the self-ability to 
achieve one’s objectives, allows to predict intentions and 
activities in various spheres, including health behaviors. 
Self-efficacy correlates positively with internal health lo-
cus of control. The latter is also a measure of self-efficacy; 
this distinguishes it from external health locus of control, 
i.e. the disbelief that one can function effectively and the 
sense of dependence on external environment, inter alia 
good lack, chance or other persons [15]. 

We undertook this study to explain a role of the 
abovementioned personality traits as predictors of health 
behaviors, specifically alcohol consumption, among ath-
letes. The aim of the research was to analyze the intake 
of alcohol beverages among elite team sport athletes, and 
a relationship between this parameter and sex, age, gen-
eral self-efficacy and health locus of control.

MATERIAL AND METHODS

The study was conducted in 2010-2013 and in-
cluded a group of Polish elite team sport athletes prac-
ticing handball (n=172), volleyball (n=169), football 
(n=125) and basketball (n=51). The majority of the 
participants were handball (33.27%) and volleyball 
players (32.69%); the proportions of football (24.18%) 
and basketball (9.86%) players were relatively lower. 
The study group included 251 women aged 19-34 years 
(mean 22.59±3.27 years) and 266 men between 19 and 
34 years of age (mean 23.72±4.02). Years of sport ex-
perience ranged from 3 to 22 (mean 11.21±3.42) for 
women and from 3 to 23 (mean 12.10±3.95) for men.

The intake of alcohol beverages was determined 
with an original survey based on a 7-item scale: a few 
times per day (7 points), once a day (6 points), 4-6 times 
per week (5 points), 2-3 times per week (4 points), a few 
times per month (3 points), once a month (2 points) and 
rarer/never (1 point). Mean alcohol beverage intake 
in the study group was interpreted as follows: a few 
times per day (7.00-6.50 points), once a day (6.49-5.50 
points), 4-6 times per week (5.49-4.50 points), 2-3 times 
per week (4.49-3.50 points), a few times per month 
(3.49-2.50 points), once a month (2.49-1.50 points) and 
rarer/never (1.49-1.00 points). Prior to the proper study, 
the survey was validated in a group of 23 participants, 
with a retest after 6 weeks. The reliability of the survey 
turned out to be high with the Pearson’s test-retest cor-
relation coefficient r=0.5578 (p<0.01). 

The study included also two validated question-
naires used in psychology and health promotion. The 
level of general self-efficacy was determined with the 
General Self-Efficacy Scale (GSES) by Schwarzer, 
Jerusalem and Juczyński [15]. The scale includes 10 
statements that are scored in such way that the higher 
the global GSES score (ranging from 10 to 40 points), 
the stronger one’s sense of self-efficacy. Based on the 
median raw GSES score for our participants, we clas-
sified them as presenting with lower and higher levels 
of self-efficacy. Median GSES score for both women 
and men taking part in the survey was 31. Health locus 
of control was determined with the Multidimensional 
Health Locus of Control Scales (MHLC) developed 
by Wallston and adapted into Polish by Juczyński [15]. 
The scale includes 18 diagnostic statements character-
izing the health locus of control in three dimensions: 
Internality (MHLC-I), Powerful Others (MHLC-P) 
and Chance (MHLC-C), reflecting influences of the 
subject himself/herself (I), other people (P), chance and 
other extrinsic factors (C). High MHLC-P and MHLC-
C scores correspond to more external health locus of 
control. The scores for each scale may range between 
6 and 36 points with higher values corresponding to 
greater contribution of a given factor to one’s health. 
In line with the established methodology [15], based 
on median MHLC-I, MHLC-P and MHLC-C scores, 
the subjects were stratified into subgroups presenting 
with higher and lower values of these dimensions. Me-
dian raw scores for women and men were as follows: 
27 and 28 for MHLC-I, 22 both for MHLC-P, 18 and 
17 for MHLC-C.
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Statistical analysis was conducted with PQStat ver. 
1.4.2.324 software and R-package. The intake of al-
coholic beverages was expressed with descriptive sta-
tistics (arithmetic mean, standard deviation, median, 
upper and lower quartile, minimum and maximum). 
Relationship between this parameter and cumulative 
effect (interaction) of explanatory variables (sex, age, 
psychological traits: general self-efficacy and health 
locus of control) was tested on multivariate analysis 
of variance and analysis of regression. The results of 
all the tests were considered significant at p<0.05 and 
highly significant at p<0.001.

RESULTS

Beer turned out to be an alcoholic beverage which 
the surveyed athletes consumed most often (a few 
times per month on average). Wine, spirits and al-
coholic cocktails were consumed less often (once 
a month on average) (Table 1).

The relationships between explanatory variables 
and intake of alcoholic beverages are summarized in 
Table 2. Multivariate analysis showed that both con-

sumption of wine in general (p<0.001) and the intake 
of dry wine (p<0.001) increased significantly with 
age of the study subjects. Women considered beer 
(p<0.001) and vodka (p<0.001) significantly less fre-
quently than men, and significantly more often con-
sumed wine (p<0.05). The level of general self-effi-
cacy was not associated with the intake of alcoholic 
beverages (p>0.05). Lower levels of Internality turned 
out to be associated with less frequent consumption of 
beer (p<0.001), and lower scores for Powerful Others 
correlated with lower intakes of dry wine (p<0.001) 
and vodka (p<0.01). Lower scores for Chance showed 
a significant association with lesser preference for al-
coholic cocktails (p<0.05). The analysis of effect size 
(eta-squared values) showed that age explained the 
largest proportion of variance in wine intake (7.62%) 
of all the factors included in the multivariate model. 
Athlete’s sex explained 11.37% of variance in the fre-
quency of beer consumption. Among the MHLC di-
mensions, Internality contributed to 3.11% of variance 
in beer intake, Powerful Others to 2.96% of variance 
in dry wine and Chance to 1.06% of variance in alco-
holic cocktail consumption.

Table 1. Intake of alcoholic beverages among elite team sport athletes, stratified according to their sex (descriptive  
              statistics)

Alcoholic beverage
Sex 

Descriptive statistics

X SD Min Q25 Me Q75 Max

Beer
F 2.62 0.79 1 2 3 3 4

M 3.42 1.07 1 3 3 4 6

Total 3.03 1.03 1 2 3 4 6

Wine (overall)
F 2.13 0.65 1 2 2 3 4

M 1.92 0.92 1 1 2 2 5

Total 2.02 0.81 1 1 2 2 5

Red dry wine
F 1.60 0.73 1 1 1 2 4

M 1.72 0.77 1 1 2 2 4

Total 1.66 0.75 1 1 2 2 4

Spirits (vodka)
F 1.92 0.68 1 1 2 2 3

M 2.28 0.66 1 2 2 3 4

Total 2.10 0.69 1 2 2 3 4

Alcoholic cocktails
F 2.16 0.61 1 2 2 3 3

M 2.09 0.73 1 2 2 2 4

Total 2.12 0.68 1 2 2 3 4
X– arithmetic mean, SD – standard deviation, Min – minimum, Me – median, Max – maximum, Q25 – lower quartile,  
Q75 – upper quartile, K – women, M – men
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DISCUSSION
This study showed that consumption of alcoholic 

beverages is a component of lifestyle in Polish elite 
athletes, and the frequency of drinking is modulated 
by sex, age and personality (specifically, health locus 
of control).

Low-alcoholic beverages, especially beer (con-
sumed a few times per month on average), turned out 
to be the most commonly consumed alcohols in the 
study group. Other alcoholic beverages were chosen 
less often, once a month on average. The abovemen-
tioned structure of consumption, as well as relatively 

Table 2. Influence of explanatory variables on the intake of alcoholic beverages among elite team sport athletes
Alcoholic 
beverage Explanatory variable Β Error of B -95% CI +95% CI p Eta-squared

Beer Age 0.0130 0.0120 -0.0105 0.0365 0.2773 0.0025

Sex (F : M) -0.3354 0.0434 -0.4206 -0.2502 0.0000 0.1137

GSES (lower : higher) -0.0696 0.0432 -0.1545 0.0153 0.1081 0.0055

MHLC-I (lower : higher) -0.1660 0.0428 -0.2502 -0.0818 0.0001 0.0311

MHLC-P (lower : higher) 0.0241 0.0430 -0.0604 0.1085 0.5757 0.0006

MHLC-C (lower : higher) -0.0543 0.0432 -0.1392 0.0306 0.2091 0.0033

Wine Age 0.0624 0.0101 0.0426 0.0822 0.0000 0.0762

Sex (F : M) 0.1801 0.0365 0.1085 0.2518 0.0000 0.0497

GSES (lower : higher) -0.0247 0.0363 -0.0961 0.0467 0.4964 0.0009

MHLC-I (lower : higher) 0.0206 0.0360 -0.0502 0.0914 0.5673 0.0007

MHLC-P (lower : higher) -0.0133 0.0361 -0.0842 0.0577 0.7139 0.0002

MHLC-C (lower : higher) 0.0182 0.0363 -0.0531 0.0896 0.6161 0.0005

Dry wine Age 0.0394 0.0090 0.0218 0.0571 0.0000 0.0397

Sex (F : M) -0.0256 0.0325 -0.0894 0.0383 0.4321 0.0013

GSES (lower : higher) -0.0137 0.0324 -0.0773 0.0500 0.6732 0.0003

MHLC-I (lower : higher) -0.0106 0.0321 -0.0737 0.0526 0.7425 0.0002

MHLC-P (lower : higher) -0.1215 0.0322 -0.1848 -0.0582 0.0002 0.0296

MHLC-C (lower : higher) 0.0475 0.0324 -0.0161 0.1111 0.1430 0.0045

Vodka Age 0.0035 0.0089 -0.0139 0.0210 0.6919 0.0003

Sex (F : M) -0.1645 0.0322 -0.2277 -0.1013 0.0000 0.0531

GSES (lower : higher) 0.0004 0.0320 -0.0625 0.0634 0.9899 0.0000

MHLC-I (lower : higher) -0.0219 0.0318 -0.0843 0.0405 0.4907 0.0010

MHLC-P (lower : higher) -0.0971 0.0319 -0.1597 -0.0345 0.0024 0.0195

MHLC-C (lower : higher) -0.0167 0.0320 -0.0797 0.0462 0.6016 0.0005

Alcoholic 
cocktails 

Age -0.0034 0.0082 -0.0194 0.0127 0.6808 0.0003

Sex (F : M) 0.0323 0.0296 -0.0259 0.0905 0.2759 0.0025

GSES (lower : higher) 0.0258 0.0295 -0.0321 0.0838 0.3814 0.0016

MHLC-I (lower : higher) -0.0482 0.0292 -0.1056 0.0093 0.1003 0.0057

MHLC-P (lower : higher) 0.0333 0.0293 -0.0244 0.0909 0.2576 0.0027

MHLC-C (lower : higher) -0.0661 0.0295 -0.1240 -0.0082 0.0254 0.0106

F – women, M – men, GSES – General Self-Efficacy Scale, MHLC – Multidimensional Health Locus of Control Scales 
(I – Internality, P – Powerful Others, C – Chance), B – intercept, CI – confidence interval, p – test probability, Eta-squared 
– effect size

Interpretation of relationships presented in the table: + in front of B intercept corresponds to higher intake of a given bever-
age in women, older persons, individuals presenting with lower levels of the analyzed personality traits (GSES and MHLC 
scores), – in front of B intercept corresponds to lower intake of a given beverage in women, older persons, individuals 
presenting with lower levels of the analyzed personality traits (GSES and MHLC scores)
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low popularity of alcoholic beverages among Polish 
elite team sport athletes should be considered positive 
findings in the context of harmful effects exerted by 
alcohol on health and physical capacity. Also the au-
thors of previous studies documented occasional con-
sumption of alcohol among athletes [24]. However, 
available evidence suggests that the popularity of al-
coholic beverages among athletes varies. For example, 
the studies conducted in the United States and New 
Zealand showed that consumption of alcohol among 
athletes from college and university sports teams was 
higher than among their peers [25]. Similar tendency 
was documented in another American study in which 
student athletes were shown to be more prone to drink 
alcohol than their peers [4]. The vast popularity of al-
coholic beverages was also recorded among French 
student athletes [20]. However, different tendencies 
were documented in other study populations, includ-
ing French, Spanish and Slovenian athletes [19, 27, 
36]. Australian [22] and French [24] studies demon-
strated high alcohol consumption among football play-
ers, especially after games. A Polish study, including 
professional athletes practicing various sport disci-
plines, showed that up to 95% of the participants drank 
high-alcoholic drinks at least several times a month, 
and 83.7% consumed low-alcoholic beverages with 
similar frequency [7]. Another Polish study, conduct-
ed in a group of professional team sports players from 
Krakow, showed that 47.3% of the participants con-
sumed alcoholic beverages at least once a week [8]. 
Less frequent consumption of alcoholic beverages 
(less than several times a month on average) was docu-
mented among youth footballers (15-17 years of age) 
from Krakow football clubs [9]. Previous research on 
alcohol drinking patterns and its determinants among 
professional Polish athletes showed that the most pop-
ular mode of consumption corresponds to the so-called 
German model (33.2%), i.e. frequent consumption of 
beer; the least popular mode in turn represented the 
so-called Scandinavian model (1.8%), i.e. consuming 
large quantities of alcohol in one sitting [31].

The hereby documented variance in the frequency 
and structure of alcohol consumption, namely greater 
popularity of beer and vodka among men and wine 
among women, is consistent with the tendencies ob-
served in other groups of athletes, including Polish 
[31] and South African sportsmen [29]. More frequent 
consumption of alcoholic beverages among men was 
also reported among Slovenian non-professional gym-
nasts [36] and among American college athletes [3]. 
However, another study, conducted among profession-
al athletes practicing various sport disciplines, did not 
demonstrate a significant gender-specific difference in 
alcohol consumption frequency [7]. The abovemen-
tioned less frequent consumption of alcoholic bev-
erages among female athletes should be considered 

a positive finding in view of postulated higher toxicity 
of alcohol for women [33]. However, unfavorable ef-
fects of moderate (10-30 g/day) and high (>30 g/day) 
alcohol consumption on blood triglyceride levels were 
also documented among men [30].

The hereby documented tendency to an age-relat-
ed shift in the structure of consumed alcoholic bever-
ages, specifically more frequent consumption of wine, 
including a dry wine, and generally low intake thereof, 
should be assessed positively owing the well-estab-
lished cardioprotective properties of red dry wine. 
Moderate consumption of alcohol, especially red wine, 
was shown to lower the risk of cardiovascular diseas-
es, due to optimization of blood lipid profile, decrease 
in blood viscosity and activity of pro-inflammatory 
cytokines [2]. Our findings are consistent with previ-
ously published data on the dietary behaviors in this 
group of athletes. Previous studies showed that age of 
male and female team sport athletes correlates posi-
tively with dietary intake of some recommended prod-
ucts, such as vegetable juices, mineral water, moder-
ate- and low-glycemic-index foods and meals reach in 
unsaturated fatty acids; further, an inverse correlation 
was observed between age and dietary intake of high-
glycemic-index cereal products, atherogenic animal 
fats and trans fatty acid isomers [12]. 

The otherwise relatively low intake of alcoholic 
beverages among athletes taking part in our study was 
not modulated by their general self-efficacy levels. 
Also another study conducted in a group of team sport 
athletes did not document an effect of general self-
efficacy on the consumption of alcoholic beverages 
overall [9, 14]. However, an American study showed 
a tendency to more frequent consumption of alcohol 
among female students presenting with lower self-ef-
ficacy levels [18]. Other studies confirmed that general 
self-efficacy may serve as a predictor of various health 
behaviors. Individuals with higher levels of this trait 
were more likely to make rational dietary choices; this 
phenomenon was observed in various populations, in-
ter alia among athletes [12, 13, 14]. An association be-
tween stronger self-efficacy and drinking refusal was 
previously reported by Oei et al. [26]. This evidence is 
not surprising owing characteristics of this personality 
trait, namely the fact that it promotes more optimistic 
attitudes and expectations in terms of health [15].

The relationships between health locus of con-
trol and alcoholic beverage intake were not straight-
forward. Individuals with more internal health locus 
of control declared drinking beer more often than the 
subjects with lower levels of this trait. However, owing 
relatively infrequent consumption of beer in general, 
its slightly alkalizing properties, stimulatory effect on 
diuresis and thus, elimination of post-exercise metabo-
lites, this finding does not necessarily puts into ques-
tion the role of Internality as a determinant of more 
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rational dietary choices [8, 12]. The fact that male and 
female athletes with more external health locus of con-
trol related to others significantly more often declared 
drinking of both dry red wine and vodka is somehow 
surprising. Taking into account that these two bever-
ages exert totally different effects on human health, 
one can hardly conclude on the role of external health 
locus of control related to others as a determinant of 
alcohol consumption. In contrast, quite obvious rela-
tionship was observed in the case of external health 
locus of control related to chance: individuals who 
scored higher on this scale consumed alcoholic cock-
tails significantly more often than the subjects with 
lower levels of this trait. This corresponds well with 
the beliefs of individuals presenting with this health 
locus of control; such persons believe that their health 
is determined primarily by extrinsic factors related to 
chance, and consequently the role of their own choices 
is fairly limited. Our findings are also consistent with 
the results of previous studies that showed a tendency 
to less rational health behaviors of individuals with 
more external locus of control related to chance [10, 
11, 12]. In other studies of team sport athletes, health 
locus of control did not exert a significant effect on 
the intake of alcoholic beverages overall [8, 9]. How-
ever, these studies did not focus on the consumption 
of specific alcoholic beverages, included junior foot-
ball players [9] and were based on a survey with Delta 
questionnaire which determines general sense of con-
trol rather than distinguishes between the external con-
trol related to others and chance [8,9]. Furthermore, 
the tendencies to more rational health behaviors that 
have been documented in some studies were not al-
ways straightforward owing complex and multifaceted 
character of this domain [15]. One study analyzing the 
role of health locus of control as a predictor of alcohol 
consumption and tobacco smoking showed that these 
two activities were undertaken more often by individ-
uals with higher levels of externality [17].

Markedly limited intake of alcohol should con-
stitute a key component of health culture in athletes, 
since consumption of alcoholic beverages may mark-
edly deteriorate the effects of training for motor skills 
and psychological function. Previous studies docu-
mented numerous detrimental effects of alcohol, also 
with regards to the processes being directly connected 
to exercise abilities [32, 33]. A study of adult Ameri-
cans showed that reduced alcohol intake was associ-
ated with higher levels of physical activity and more 
rational dietary choices [6]. Both our findings and pre-
viously published data imply that athletes should be 
educated on detrimental effects of alcohol, especially 
spirits, on exercise abilities and the course of post-
exercise restitution. The educational activities should 
be aimed at elimination of alcohol consumption, espe-
cially during the periods of competition and biological 

renewal. Importantly, these activities should be adjust-
ed for psychological characteristics of athletes, which 
was also suggested by other authors [16, 28].

CONCLUSIONS

1. The frequency and structure of otherwise rela-
tively limited intake of alcoholic beverages among 
elite team sport athletes were influenced by their 
sex, age and health locus of control.

2. The least rational choices in terms of alcoholic bev-
erage intake, specifically consumption of vodka, 
were more prevalent among persons with stronger 
external health locus of control related to other per-
sons, more frequently in men than in women.

3. The most rational choices, namely consumption 
of red dry wine, were more common among older 
athletes presenting with stronger external health 
locus of control.

4. Educational activities aimed at development 
of a negative attitude towards alcoholic bever-
ages, especially spirits, and complete elimination 
thereof from diet, particularly during the periods 
of competition and biological renewal, should be 
adjusted for factors determining the prevalence of 
alcohol consumption in this population, including 
personality traits.
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ABSTRACT 
Background. Athletic performance can be substantially enhanced with supplements and functional food which are 
considered by scientists as efficient, safe and legal, such as protein, carbohydrate and protein-carbohydrate supplements, 
isotonic sports drinks, carbohydrate-protein bars, carbohydrate bars, creatine and caffeine.
Objective. The study is aimed at an analysis and evaluation of the prevalence of using effective ergogenic aids (creatine, 
caffeine, isotonic drinks, carbohydrates, and proteins) in a group of Polish professional athletes. 
Material and Methods. The research was conducted on 600 athletes (216 women, 384 men) practicing various sports 
disciplines; the younger group (18-23 years old) consisted of 307 people, while the older one (24-35 years old) was 
comprised of 293 subjects. A questionnaire was used with questions concerning the frequency and types of consumed 
supplements. 
Results. Nearly half of the athletes (48,2%) admitted to taking supplementation, of which 36.7% consumed the supplements 
occasionally and 11.5% continually. The majority of the group (75.4%) claimed to be consuming isotonic drinks, which 
were the most commonly chosen nutritional aid enhancing physical performance, most frequently supplementing the diet in 
a continuous manner (41.2%). The least frequently used supplement was creatine, chosen by only one in three interviewees 
(34,5%). The ergogenic aids were used more often by men than women (50.5% vs. 44.1%), and so were nutrients based 
on proteins (51.8% vs. 32.0%), carbohydrates (60.7% vs. 46.8%), protein-carbohydrates (45.6% vs. 32.9%), as well as 
creatine (39.8% vs. 25.0%). The studies showed the inessential difference in the frequency of taking supplementation based 
on the interviewees’ age (0.4%).
Conclusions. Competitors who use supplements over those who choose not to, seems to reflect the continuous lack of 
the athletes’ sufficient awareness of the effectiveness, safety, and health benefits of dietary supplementation that enhances 
physical performance.

Key words: supplements, dietary supplementation, sport, performance-enhancing substances, athletes 

STRESZCZENIE
Wprowadzenie. We wspomaganiu zdolności wysiłkowych istotną rolę odgrywają suplementy i odżywki bezsprzecznie 
uznane przez środowiska naukowe za skuteczne, bezpieczne i legalne, tj. odżywki białkowe, węglowodanowe, białkowo-
-węglowodanowe, płyny izotoniczne, batony węglowodanowo-białkowe, węglowodanowe, kreatyna i kofeina.
Cel. Celem badań była analiza i ocena rozpowszechnienia stosowania skutecznych substancji ergogenicznych (kreatyna, 
kofeina, płyny izotoniczne, węglowodany oraz białka) w grupie polskich sportowców trenujących wyczynowo. 
Materiał i Metody. Badania zostały przeprowadzone wśród 600 sportowców (216 kobiet i 384 mężczyzn), w tym 307 
młodszych (18-23 lata) i 293 starszych (24-35 lat), uprawiających zróżnicowane dyscypliny. W grupie badawczej przewa-
żały osoby trenujące piłkę ręczną (15,3%), nożną (14,7%) i siatkową (13,3%). Narzędziem badawczym był kwestionariusz 
ankiety dotyczący częstości przyjmowania i rodzaju stosowanych suplementów. Analizę statystyczną zebranych wyników 
przeprowadzono za pomocą pakietu statystycznego PQStat ver. 1.6.
Wyniki. Blisko połowa sportowców (48,2%) deklarowała korzystanie z suplementacji, w tym 36,7% w sposób okresowy, 
a 11,5% stały. Większość grupy (75,4%) przyjmowała płyny izotoniczne, które były najczęściej wybieranym środkiem 
wspomagającym zdolności wysiłkowe, uzupełniającym dietę w sposób ciągły (41,2%). Najrzadziej stosowanym suple-
mentem była kreatyna, z przyjmowania której korzystał co trzeci ankietowany (34,5%). Mężczyźni istotnie częściej niż 
kobiety (50,5% vs 44,1%) suplementowali dietę środkami ergogennymi, częściej wybierając odżywki białkowe (51,8% 
vs 32,0%), węglowodanowe (60,7% vs 46,8%), białkowo-węglowodanowe (45,6% vs 32,9%), a także kreatynę (39,8% 
vs 25,0%). Wykazano nieistotną różnicę częstości stosowania suplementacji w zależności od wieku sportowców (0,4%). 
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Wnioski. Nieznaczna przewaga zawodników stosujących suplementy diety nad respondentami rezygnującymi ze wspo-
magania wysiłku fizycznego świadczy o ciągle niewystarczającej wiedzy sportowców na temat skuteczności i bezpie-
czeństwa zdrowotnego oraz korzyści wynikających z suplementacji diety wspomagającej wysiłek fizyczny.

Słowa kluczowe: suplementy, suplementacja żywieniowa, substancje ergogeniczne, sportowcy

B. Frączek, M. Warzecha, F. Tyrała et al.

INTRODUCTION

Contemporary athletic training challenges the 
boundaries of human body capabilities. Homoeostasis, 
if intentionally disturbed with physical exercises, 
is typically restored during the rest period. Athletic 
performance can be substantially enhanced with 
supplements and functional food which are considered 
by scientists as efficient, safe and legal, such as 
protein, carbohydrate and protein-carbohydrate 
supplements, isotonic sports drinks, carbohydrate-
protein bars, carbohydrate bars, creatine and caffeine 
[36,5]. Numerous scientific studies have evaluated 
the effects of individual substances, knowledge 
of supplementation principles among athletes and 
prevalence of supplementation across various 
populations [38,7,26,32,]. The study is aimed at an 
analysis and evaluation of the prevalence of using 
effective ergogenic aids (creatine, caffeine, isotonic 
drinks, carbohydrates, and proteins) in a group of 
Polish professional athletes

MATERIALS AND METHODS

A questionnaire survey was conducted in a group of 
600 athletes from various sports, including 216 female 
and 384 male athletes. The respondents’ age ranged 
from 18 to 35 years (mean age: 24.2 years). Most of 
study participants were handball players (15.3%), 
soccer players (14.7%) and volleyball players (13.3%). 
Among women, the most numerous group was female 
volleyball players (7.3%), whereas the biggest group of 
male athletes were soccer players (14.2%). The research 
tool was an anonymous questionnaire concerning the 
frequency of supporting the physical exercise and type 
of supplements used. The questionnaire was composed 
of two parts. The first part contained personal data 
(gender, age, type of sport). The second part contained 
items concerning ingesting frequency for supplements 
regarded as effective, such as protein supplements, 
carbohydrate supplements, protein-carbohydrate 
supplements, isotonic sports drinks, carbohydrate-
protein bars, carbohydrate bars, creatine and caffeine. 
The respondents were asked to choose one of the three 
answers: “never”, “periodically” and “constantly”. 
Statistical analysis of the results was performed 
using PQStat 1.6 software package. The Chi-squared 
test was used to examine the correlations between 
frequency of using individual ergogenic aids and (1) 

gender and (2) age. The differences in the frequency 
of supplementation were analysed with Friedman test 
and post-hoc Dunn test. The significant test probability 
was set at p<0.05 whereas highly significant was set at 
p<0.01 and p<0.001.

RESULTS

The analysis of the results revealed that 48.2% of 
respondents declared using the ergogenic aids, including 
36.7% periodically and 11.5% regularly. Every second 
athlete ingested effective dietary supplements to 
enhance their performance. Proportion of the number of 
Polish athletes who used supplementation to non-users 
was 1.3:1. Periodical supplementation (36.7%) was 
almost 3 times more frequent than constant (11.5%) 
(Table 1). Isotonic sports drinks were found to be most 
often used ergogenic aid among all the supplements 
(75.4%, p<0.001), enhancing diets usually in a constant 
manner (41.2%) (Table 1, Table 2). The highest, 
highly significant difference in the frequency of using 
was observed between creatine and isotonic sports 
drinks, with the latter chosen almost twice more often 
than creatine (40.7%, p<0.001) (Table 2). The second 
supplement which was most often chosen to support 
athletic performance were carbohydrate supplements 
(55.7%) (Table 1), used by athletes significantly 
more often than other effective supplements, such as 
protein supplements (11.0%), protein-carbohydrate 
supplements (14.7%), carbohydrate-protein bars 
(17.3%), carbohydrate bars (15.1%) and creatine 
(21.2%) (p<0.001) (Table 2). Caffeine was the third 
supplement chosen by the athletes from the study group 
(55.1%) (Table 1). Athletes decided significantly more 
often to ingest caffeine compared to carbohydrate-
protein bars (16.7%), carbohydrate bars (14.5%) and 
creatine (20.6%) (p<0.001) (Table 2). Among all the 
supplements, periodical consumption of ergogenic aids 
concerned most often caffeine (43.3%), with other aids 
being less popular. The least frequently ergogenic aid 
was creatine, used by every third respondent (34.5%) 
(Table 1). It was ingested significantly less often than 
carbohydrate supplements (22.2%), isotonic sports 
drinks (40.7%) and caffeine (20.6%) (p<0.0001). In 
general, highly significantly (p<0.0001) difference 
between frequency of the use of individual ergogenic 
aids was found, concerning 54% of the relationships 
analysed (Table 2).
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Distribution of statistical data indicates 
differentiation in the frequency of the use of 
supplements depending on the athlete’s gender. Men 
used dietary supplements to enhance their athletic 
performance more often than women (50.5% vs 44.1%)  
Men chose more often (p<0.001) protein supplements 

(51.8% vs 32%), carbohydrate supplements (60.7% vs 
46.8%), protein-carbohydrate supplements (45.8% vs 
32.9%) (using them periodically) and creatine (39.8% 
vs 25%), used least frequently. Frequency of the use of 
other ergogenic aids did not show differentiation with 
respect to gender (Table 3).

Table 1. Consumption of of effective ergogenic aids in research group (n- number of athletes, %-percentage of athletes)

Types of supplements
Studied group (n=600)

Never Periodically Constantly No answer
n % n % N % n %

Protein supplements 240 40 229 38.2 39 6.5 92 15.3
Carbohydrate supplements 174 29 241 40.2 93 15.5 92 15.3
Protein-carbohydrate supplements 262 43.7 207 34.5 39 6.5 92 15.3
Isotonic drinks 59 9.8 205 34.2 247 41.2 89 14.8
Carbohydrate-protein bars 277 46.2 208 34.7 22 3.7 93 15.3
Carbohydrate bars 266 44.3 218 36.3 26 4.3 90 15
Creatine 325 54.2 192 32 15 2.5 68 11.3
Caffeine 198 33 260 43.3 71 11.8 71 11.8
Average 37.5 36.7 11.5 14.3

Table 2. Differences in the consumption of effective ergogenic aids (%- percentage of athletes)

Types of supplements

Pr
ot

ei
n 

 
su

pp
le

-
m

en
ts

C
ar

bo
hy

-
dr

at
e 

su
-

pp
le

m
en

ts

Pr
ot

ei
n-

-c
ar

bo
hy

-
dr

at
e 

su
-

pp
le

m
en

ts

Is
ot

on
ic

 
dr

in
ks

C
ar

bo
hy

-
dr

at
-p

ro
te

in
  

ba
rs

C
ar

bo
hy

-
dr

at
e 

ba
rs

C
re

at
in

e

C
af

fe
in

e

Protein supplements - 11.0*** 3.7 30.5*** 6.3 4.1 10.2 10.4
Carbohydrate supplements 11.0*** - 14.7*** 19.5*** 17.3*** 15.1*** 21.2*** 0.6
Protein-carbohydrate suppl. 3.7 14.7*** - 34.2*** 2.6 0.4 6.5 14.1
Isotonic drinks 30.5*** 19.5*** 34.2*** - 36.8*** 34.6*** 40.7*** 20.1***
Carbohydrate-protein bars 6.3 17.3*** 2.6 36.8*** - 2.2 3.9 16.7***
Carbohydrate bars 4.1 15.1*** 0.4 34.6*** 2.2 - 6.1 14.5***
Creatine 10.2 21.2*** 6.5 40.7*** 3.9 0.8744 - 20.6***
Caffeine 10.4 0.6 14.1 20.1*** 16.7*** 14.5*** 20.6*** -

Statistical significance: ***p<0,001

Table 3. Consumption of effective ergogenic aids in relation to sex ( n-number of athletes, %- percentage of athletes)

Types 
of supplements

Woman (n=216) Men (n=384)
Never Periodically Constantly No answer Never Periodically Constantly No answer

n % n % n % n % n % n % n % n %
Protein 
supplements 123 56.9 

*** 63 29.2 6 2.8 24 11.1 117 30.5 166 43.2 
*** 33 8.6 68 17.7

Carbohydrate 
supplements 91 42.1 

*** 71 32.9 30 13.9 24 11.1 83 21.6 170 44.3 
*** 63 16.4 68 17.7

Protein-carbohy-
drate supplements 121 56 

*** 57 26.4 14 6.5 24 11.1 141 36.7 150 39.1 
*** 25 6.5 68 17.7

Isotonic drinks 27 12.5 72 33.3 93 43.1 24 11.1 32 8.3 133 34.6 154 40.1 65 16.9
Carbohydrate-pro-
tein supplements 110 50.9 71 32.9 10 4.6 25 11.6 167 43.5 137 35.7 12 3.1 68 17.7

Carbohydrate 
supplements 102 47.2 77 35.6 13 6 24 11.1 164 42.7 141 36.7 13 3.4 66 17.2

Creatine 144 66.7 
*** 49 22.7 5 2.3 18 8.3 181 47.1 

*** 143 37.2 10 2.6 50 13

Caffeine 68 31.5 96 44.4 35 16.2 17 7.9 130 33.9 164 42.7 36 9.4 54 14.1
Average 45.5 32.2 11.9 10.4 33 39.2 11.3 16.5

Statistical significance: *p<0,05; **p<0,01;  ***p<0,001



274 No 3

The difference between the frequency of 
supplementation to support athletic performance by 
younger athletes (18 to 23 years) and older athletes (24 
to 35 years) was insignificant (0.4%). It was observed, 
however, that older athletes declared significantly 
more often taking creatine (38.6% vs. 30.6%, p<0.05) 
and protein supplements (48.1% vs 41.4%, p<0.05). 
The use of other supplements was similar in both age 
groups. More differences were observed in terms of 
the method of supplementation. Protein supplements 

(41.6% vs 34.9%, p<0.05) and protein-carbohydrate 
supplements (39.6% vs 29.6%, p<0.01) taken 
periodically was significantly more observed in older 
athletes. The most of the athletes did not use creatine 
supplementation, which was more often observed in 
the younger group (61.9% vs 46.1%, p<0.05). The 
reverse situation was observed in the case of caffeine, 
which was more often ingested periodically by the 
younger group (47.6% vs 38.9%, p<0.05) (Table 4).

DISCUSSION

Popularity of dietary supplementation has 
substantially increased over the last decade [1, 10]. 
Both professional and amateur athletes have become 
convinced that ergogenic aids are indispensable to 
improve athletic performance [8]. Our study also 
demonstrated that substantial part of athletes use 
ergogenic aids (48.2%). High percentage of athletes 
(86.5%) ingesting ergogenic aids was also found in other 
study among 156 Polish athletes [13]. In a study carried 
out two years before, the percentage of athletes using 
ergogenic aids was 76% [14]. Over 50% popularity was 
also shown among other athletes, including combat 
sport athletes (65%) [37], Canadian swimmers (56%) 
[19], canoe athletes, field hockey players, rowers, 
water polo players, swimmers, track and field athletes 
and volleyball players (64%) [8], 1625 Iranian athletes 

(66,7%) [26], track and field athletes (85%) [25] and 
216 volleyball players and weightlifters (64%) [22]. 
More than half (51.3%) of students from the Athletic 
Championship School in Police, Poland also declared 
the use of ergogenic aids [30]. Similar results were 
obtained for a group of 55 basketball players (58%) 
and 990 soldiers from the US army (53%) [29,24]. 
The use of supplementation to enhance athletic 
performance was declared by 80% of people from 
a group of male jiu-jitsu athletes, Norwegian athletes 
from the Olympic team 2002 and 83% of respondents 
from a group of 52 Norwegian Olympians 2004 
[3,18, 32]. The use of dietary supplements to enhance 
athletic performance was declared by all bodybuilders 
(127 people) [17]. A study by Dietz et al. demonstrated 
the wide-scale use of dietary supplementation by 
German elite athletes [11]. Another study on dietary 
supplementation among 113 athletes aged 15 to 35 

B. Frączek, M. Warzecha, F. Tyrała et al. 

Table 4. Consumption of effective ergogenic aids in relation to age (n- number of athletes, %-percentage of athletes)

Types of supplements

Younger athletes (n=307) Older athletes (n=293)

Never Periodi-
cally

Constan-
tly

No 
answer Never Periodically Constantly No anwser

n % n % n % n % n % n % n % n %

Protein supplements 140 45.6* 107 34.9 20 6.5 40 13 100 34.1 122 41.6 
* 19 6.5 52 17.7

Carbohydrate 
supplements 98 31.9 114 37.1 55 17.9 40 13 76 25.9 127 43.3 38 13 52 17.7

Protein-carbohydrate 
supplements 150 48.9 91 29.6 

** 26 8.5 40 13 112 38.2 116 39.6 
** 13 4.4 52 17.7

Isotonic drinks 25 8.1 111 36.2 132 43 39 12.7 34 11.6 94 32.1 115 39.2 50 17.1

Carbohydarte-protein 
bars 145 47.2 107 34.9 15 4.9 40 13 132 45.1 101 34.5 7 2.4 53 18.1

Carbohydrate bars 134 43.6 118 38.4 16 5.2 39 12.7 132 45.1 100 34.1 10 3.4 51 17.4

Creatine 190 61.9* 86 28 8 2.6 23 7.5 135 46.1* 106 36.2 7 2.4 45 15.4

Caffeine 110 35.8 146 47.6 
* 26 8.5 25 7.5 88 30 114 38.9 

* 45 15.4 46 15.7

Average 40.4 35.8 12.1 11.6 34.5 37.5 10.8 17.1

Statistical significance: *p<0,05; **p<0,01;  ***p<0,001
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years in Sri Lanka also found substantial popularity 
of such substances. Most of athletes (94%) of various 
sports (badminton, soccer, swimming, cycling, karate) 
used dietary supplementation [9]. Most of studies 
have reported on the widespread use of ergogenic 
aids, although there have been also studies which have 
demonstrated lower popularity of supplementation [4, 
27, 31]. Insignificant popularity of supplementation 
was also found in a group of 209 basketball players 
and volleyball players as it concerned only one third of 
the group [31]. Similar pattern was observed in studies 
performed by foreign research centres. Less than 30% 
of people from the group of 561 Italian athletes who 
trained regularly in a gym and 817 Brazilian runners 
were found to use dietary supplementation [4, 27]. The 
most recent survey of supplementation in a group of 
253 Iranian university students from sports schools 
who participated in Summer Olympic Games in 2012 
showed that 70.7% of the athletes would be willing 
to ingest supplementation, with the most frequent 
athletes being wrestlers (82.5%) and track and field 
athletes (76%) [1]. 

The most of studies showed differences in the 
frequency of the use of supplementation between 
women and men [16,30,4]. In our study, men used 
dietary supplementation more often than women 
(50.5% vs 44.1%) to enhance physical capacity, 
although the differences were relatively insignificant. 
More frequent use of supplementation by women was 
also observed in a group of 210 volleyball players 
aged 13 to 25 years from sports clubs in Poland in 
Ostrołęka, Myślenice, Bydgoszcz and Warsaw [16]. 
Similar results were obtained in a study by Seidler 
and Sobczak, where the use of supplementation was 
declared by 67.6% boys and 35.9% girls from the 
Athletic Championship School in Police, Poland 
[30]. High percentage of men (54.1%) who used 
supplementation was also found in a study by Bianco  
et al.[4]. Other pattern, connected with higher 
popularity of dietary supplementation among women, 
was revealed in a group of 156 professional athletes 
across various sports (91%) [13]. In a group of athletes 
from the Norwegian Olympic Team 2002, differences 
between supplementation among women and men 
were insignificant (79% vs 81%). However, two years 
later the diet was more often supplemented by women 
compared to men (94% vs 77%) [3,18]. 

Our own study showed that the differences 
concerning the use of dietary supplementation with 
regards to age were insignificant: the supplementation 
was used by 48.3% of older athletes (24-35 years) 
and 47.9% of younger athletes (17 to 23 years). More 
frequent dietary supplementation in older athletes was 
also observed in the previous studies by Frączek and 
Gacek in a group of 70 athletes [14]. On the other hand, 
more frequent use of supplementation by younger 

people was found in a group of 1625 Iranian athletes 
who regularly attended fitness clubs [26]. 

The use of creatine as a dietary supplement was 
started in the nineties. Over years, and stimulated by 
more recent scientific research, the use of creatine 
has gained in popularity. Eventually, Kreider 
unequivocally demonstrated that creatine is one of the 
most effective and safe dietary supplements to improve 
strength, power, muscle mass and physical capacity of 
athletes [23]. Only one study, published by Kim et al. 
[21], suggested an unfavourable effect of creatine on 
health of swimmers, simultaneously demonstrating the 
substantial popularity of this ergogenic aid in this group 
of athletes. Despite the above conclusions, popularity 
of the use of creatine evaluated in our study was not 
high since it was not used by 54.2% athletes. Creatine 
was found to be the least frequently used supplement 
among the dietary methods to enhance athletic 
performance analysed in the study. Men and older 
athletes used creatine supplementation more often 
than women and younger athletes (39.8% vs 25% and 
38.6% vs 30.6%, respectively). Another study of Polish 
athletes demonstrated the use of creatine declared by 
small number of people (7.8%) with women using 
this ergogenic aid more often than men (22.5% vs 
12.5%) [13]. Similar results were observed in a group 
of Olympians participating in the Olympic Games 
in 2002 (7%) and 2004. (7%) and among 516 Italian 
athletes who regularly trained in a gym (14%) [3, 4, 
18]. Creatine was found to be the second most frequent 
(32%) supplement in a group of 91 navy soldiers from 
the US army [28]. Similar observation was made 
among 490 bodybuilders (76.5%) [15]. In his study, 
Hackett et al. [17] demonstrated high popularity of the 
use of creatine among 127 bodybuilders. A widespread 
use of creatine was observed first and foremost in 
a group of bodybuilders, although ingesting creatine 
was also declared by athletes from strength sports and 
sprinters [35]. 

Caffeine is an ingredient of food products which 
is regularly consumed by most of the population. The 
market for caffeine products has been substantially 
growing in the last years, especially concerning energy 
drinks and supplements. Caffeine has a stimulating 
effect and enhances a number of metabolic and 
psychological functions [36]. Scientific studies 
have demonstrated an ergogenic effect of caffeine 
on aerobic exercise [2]. In our study, popularity of 
the use of caffeine was moderate: it was ingested by 
55.1% of athletes (43.3% periodically and 11.8% 
constantly). The enhancement of performance with 
caffeine was used more often by women compared to 
men (60.6% vs 52.1%) and athletes from the younger 
group compared to the older group (56.1% vs 54.3%). 
In a group of 127 bodybuilders, only 24.3% declared 
the use of products with caffeine in the period of 6 
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weeks prior to competition [17]. The use of caffeine 
was not found in a study of 56 athletes from different 
sports [13]. Popularity of caffeine in food products is 
very high while its use as an ergogenic aid to improve 
athletic performance is much lower. This is likely to be 
connected with eating habits rather than knowledge of 
its ergogenic properties.

According to the American College of Sports 
Medicine, adequate fluid replacement helps maintain 
body hydration and, consequently, health, safety and 
optimal physical fitness in people who are regularly 
involved in physical activity [6]. The isotonic sports 
drinks have been developed to protect human body 
from dehydration, supply carbohydrates and replenish 
electrolyte deficiency which occurs during vigorous 
physical exercise [20]. An increasing popularity of the 
use of isotonic sports drinks has been observed for the 
last several years. Our study also demonstrated that 
the use of isotonic sports drinks was the most frequent 
type of ergogenic aid. They were periodically used by 
34.2% of athletes and constantly by 41.2% of athletes. 
Despite small differences, a tendency was observed 
for women to take isotonic sports drinks more often 
than men (76.4% vs 74.7%). This was consistent with 
a study by Frączek who demonstrated that isotonic 
sports drinks were taken by 68% of athletes, with 
women taking them more frequently than men [13]. 
On the other hand, isotonic sports drinks were used in 
a group of 210 volleyball players more frequently by 
women (64% vs 32%) [16]. High popularity of isotonic 
sports drinks was found in a group of volleyball players 
(100%), soccer players (51.4%) and university students 
of the Academy of Physical Education and dancers 
from the folk song and dance ensemble aged 20 to 30 
years (89%) [30,20]. Among 55 basketball players, 
21.8% of the respondents used isotonic sports drinks 
as the second most frequent choice of supplement to 
enhance athletic performance [29]. Similar frequency 
of the use of sports drinks (23%) was found in a study 
of 990 soldiers [24]. Few reports have demonstrated 
a small scale of the use of sports drink. Only 20 of 
1421 physically active children declared the use of this 
type of support. [34].

Athletes often decide to increase protein intake 
in their diet using protein supplements and amino 
acid supplements [5]. Popularization of the use of 
protein supplements among athletes in our study was 
moderate. Protein supplements were the fourth most 
frequent choice of dietary supplementation (44.7%), 
used by 38.2% of athletes periodically and by 6.5% 
constantly. Protein supplementation was significantly 
more often chosen by men compared to women (51.8% 
vs. 32%) and older compared to younger athletes 
(48.1% vs 41.4%). More frequent use of protein 
supplements by men compared to women (35.9% vs 
28.2%) has been also observed in other studies that 
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have demonstrated protein supplements to be taken by 
every third athlete (32%), including all the gymnasts, 
short distance runners and cross-country skiers [13]. 
Protein supplements were found to be moderately 
popular in studies by Schroder et al. (12.7%) [29] and 
Salgado et al. (13.48%) [27]. Only 9% of professional 
athletes in a group of 582 Canadian athletes took 
protein supplements [12]. However, in a group of 
209 basketball players and volleyball players [31] 
and a group of 990 soldiers, these supplements 
were the second most popular type of ergogenic aid 
[24]. In a group of 52 Norwegian Olympians 42% 
of them used protein supplementation [18]. Protein 
supplements are a very popular aid used to enhance 
athletic performance among bodybuilders and athletes 
training in a gym, which was demonstrated in studies 
by Frączek et al. (55.92%) [15], Bianco et al. (58.8%) 
[4], Hackett et al. (86.4% in the off-season and 73.6% 
before competition) [17]. 

Carbohydrates are the most essential component 
of an athlete’s diet. In order to improve the ability 
to perform high-intensity endurance efforts, the 
glycogen stores should be replenished through 
ingesting high amounts of carbohydrates [36]. In 
our study, this was the second most frequent form of 
dietary supplementation (55.7%), used periodically 
by 40.2% athletes and constantly by 15.5% athletes. 
Carbohydrate supplements were significantly more 
frequently taken by men compared to women (60.7% 
vs 46.8%). Another study carried out among 156 
Polish athletes from various sports demonstrated that 
carbohydrate supplements were used by 36.5% people. 
Carbohydrate supplements were used by all gymnasts, 
sprinters and ski jumpers and these ergogenic aids 
were least frequently taken by team sports athletes 
[13]. This was also demonstrated in a study carried out 
in a group of 55 basketball players, with carbohydrates 
chosen as the most frequent supplementation (12.7%) 
(12,7%) [29]. Similar results were observed among 
young players: only 10.6% took carbohydrate 
supplements [33]. This type of supplementation was 
the most frequently used (52.17%) in a group of 817 
Brazilian runners [27]. Carbohydrate supplements 
were more often chosen by men compared to women 
(38.5% vs 34.6%) in a group of 156 Polish athletes 
from different sports [13].

CONCLUSIONS

1. The fact that nearly half of the surveyed athletes 
take ergogenic aids, which enhances exercise 
capacity, demonstrates their high level of 
knowledge about safety and efficacy of dietary 
supplements. However, demonstrated slight 
predominance of athletes taking supplements over 
the respondents who refused to support their efforts 
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with them suggests that the level of awareness 
concerning efficacy, safety and benefits of dietary 
supplementation is still insufficient. 

2. The great popularity of isotonic sports drinks 
should be considered as a positive attitude that 
proves a high level of knowledge about the 
importance of isotonic drinks in the regulation 
of fluid and electrolyte balance in conditions of 
physical exertion.

3. Among the studied group of athletes, the least 
frequently used supplement was creatine which 
may indicate insufficient knowledge about 
the efficacy, safety and benefits of using this 
supplement, suggesting the need for education in 
this area.

4. Male athletes took dietary supplements often than 
female which indicates that men are more aware 
of the efficacy, safety and health benefits resulting 
from the use of ergogenic aids. The observed 
different preferences in the selection of individual 
supplements in the case of men and women may 
indicate different motives of ergogenic aids usage 
basing on gender. Women more often saw the need 
to fulfil the shortages caused by exercise (isotonic 
liquids) while men were more likely to expect 
improvement in exercise capacity by an increase 
in energy and power (carbohydrates, creatine). 

5. Differences between the frequency of the use of 
dietary supplements by younger and older athletes 
indicated no association between the age of an 
athlete and the efficiency of supplementation 
on the exercise capacity. More frequent use of 
creatine by older athletes was probably due to 
more experience in supporting physical effort with 
aids containing creatine.
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ANALYSIS OF THE DIETARY FACTORS CONTRIBUTING TO THE 
FUTURE OSTEOPOROSIS RISK IN YOUNG POLISH WOMEN
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ABSTRACT 
Background. The osteoporosis is becoming serious problem for the preventive healthcare, that is stated for Poland and 
western countries. The loss of bone mass in women may be even five times higher than in men, so in the osteoporosis pre-
ventive strategies, young women are indicated as best potential target group.
Objective. The aim of the study was to analyze the osteoporosis risk, on the basis of diet assessment in young Polish 
women, while satisfying nutritional needs for bone health-related nutrients was taken into account.
Material and Methods. The study was conducted in the group of 75 women, aged 20-30, who prepared three-day dietary record 
(14% of underweight, 15% of excessive body mass individuals). The intakes of nutrients being associated directly with risk of osteo-
porosis (protein, potassium, calcium, magnesium, vitamin D, vitamin B6, folates, vitamin B12, vitamin C) were analysed.
Results. The vast majority (89%) of individuals was characterized by lower declared energy intake than calculated require-
ment. The majority was characterized by inadequate intake of  potassium, calcium, magnesium, vitamin D and folates. 
Only 25% was characterized by an adequate intake of calcium and, while supplementation was taken into account, 10% 
was characterized by an adequate intake of vitamin D.
Conclusions. Following diets declared by the analysed young women may be the factor increasing seriously the risk of os-
teoporosis, as well as the risk of other diet-related diseases. The low intake of majority of analysed nutrients in the analysed 
group may result mainly from low energy value of declared diets. Taking into account the proper BMI of the majority of 
analysed group of young women and low energy value of their declared diets, the common underreporting may be sup-
posed, and it may contribute to osteoporosis risk overestimation.

Key words: osteoporosis, young women, calcium, vitamin D, nutrients, underreporting

STRESZCZENIE
Wprowadzenie. Osteoporoza staje się obecnie, zarówno w Polsce, jak i innych krajach rozwiniętych, coraz poważniej-
szym problemem, który należy rozwiązywać, podejmując odpowiednie działania profilaktyczne. Utrata masy kostnej u ko-
biet może być nawet pięciokrotnie większa, niż u mężczyzn, stąd dla strategii w dietoprofilaktyce osteoporozy wskazuje 
się młode kobiety jako najlepszą potencjalną grupę docelową.
Cel badań. Celem badania była analiza ryzyka osteoporozy, w oparciu o ocenę diety młodych kobiet z Polski, w której 
uwzględniono ocenę pokrycia zapotrzebowania na składniki odżywcze niezbędne dla prawidłowego funkcjonowania kości. 
Materiał i metody. Badanie przeprowadzono w grupie 75 kobiet w wieku 20-30 lat, które wykonały 3-dniowe bieżące 
notowanie spożycia (14% kobiet niedożywionych, 15% – z nadmierną masą ciała). Analizowano spożycie składników 
odżywczych bezpośrednio związanych z ryzykiem osteoporozy (białko, potas, wapń, magnez, witamina D, witamina B6, 
foliany, witamina B12, witamina C).
Wyniki. W przypadku zdecydowanej większości badanych kobiet (89%) stwierdzono niższą wartość energetyczną dekla-
rowanej diety niż ich wyliczone zapotrzebowanie energetyczne. Większość z nich charakteryzowała się niedostatecznym 
spożyciem potasu, wapnia, magnezu, witaminy D i folianów. Zaledwie 25% miało zalecaną podaż wapnia i, po uwzględ-
nieniu stosowanej suplementacji, 10% – witaminy D.
Wnioski. Stosowanie diet deklarowanych przez badane młode kobiety może być czynnikiem istotnie zwiększającym ry-
zyko osteoporozy, jak również ryzyko innych chorób dietozależnych. Niskie spożycie większości ocenianych składników 
odżywczych mogło w badanej grupie wynikać głównie z niskiej wartości energetycznej deklarowanych diet. Uwzględnia-
jąc prawidłowe BMI większości młodych kobiet z badanej grupy i niską wartość energetyczną deklarowanych przez nie 
diet, można podejrzewać w tej grupie powszechne niedoszacowanie spożycia, co przyczyniać się może do przeszacowania 
faktycznego ryzyka rozwoju osteoporozy. 

Słowa kluczowe: osteoporoza, młode kobiety, wapń, witamina D, składniki odżywcze, niedoszacowanie spożycia
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INTRODUCTION

Due to increasing life expectancy, the osteoporosis 
is becoming and will still be more and more serious 
problem for the preventive healthcare, that is stated both 
for Poland [11] and western countries [20]. According to 
the World Health Organization (WHO), the frequency 
of osteoporosis contribute to indicating it as a one of the 
most alarming health-related conditions [45]. According 
to Czerwinski et al. [13], the hip fracture osteoporosis 
frequency in Poland, in case of female inhabitants aged 
over 50 years, is 165 incidents per 100 000 individuals 
a year, while in case of inhabitants aged over 85 years 
– 1138 incidents per 100 000 women a year and 666 
incidents per 100 000 men a year.

Moreover, the consequences of osteoporosis, 
including increased fractures incidence, health care 
use, disability and mortality, are also severe [12]. It 
was estimated, that in Europe each 30 seconds one 
osteoporotic fracture takes place [34] and the number 
of them will increase at least until 2050 year, when 
number of osteoporotic fractures will double [24]. As 
a consequence, it is stated, that osteoporosis prevention 
is essential [5].

In spite of the fact, that consequences of 
osteoporosis in men and women are similar, the 
incidence of osteoporosis in female is higher than in 
case of male individuals, due to estrogen-deficient bone 
loss [7]. As a result, the loss of bone mass in women 
may be even five times higher than in case of men 
[38]. To overcome the problem, in the osteoporosis 
preventive strategies, young women are indicated as 
the best potential target group [21, 37].

The aim of the study was to analyze the osteoporosis 
risk, on the basis of diet assessment in young Polish 
women, while satisfying nutritional needs for bone 
health-related nutrients was taken into account.

MATERIAL AND METHODS

The study was conducted according to the 
guidelines laid down in the Declaration of Helsinki 
and all procedures involving human subjects were 
approved by the Ethic Committee of the Regional 
Medical Chamber in Warsaw, Poland (No 4/08; 
7.02.2008).

The invitation to participate in the study, as well as 
information about inclusion criteria were distributed 
via social media. Inclusion criteria were: women, 
aged 20-30, not being on any special diet and not 
being during body mass reduction, not being pregnant 
and during lactation, without any chronic diseases 
diagnosed, living in Warsaw. The number of 75 
individuals meeting the inclusion criteria volunteered 
to participate in the study. 

The study was conducted during the period of 3 
months – since September to November 2014. During 
mentioned period, participants were asked to conduct 
three-day dietary record based on the self-reported 
data. The basis of the analysis was record conducted in 
three typical random not following days (2 weekdays 
and 1 weekend day). The dietary record was conducted 
on the basis of widely accepted and applied rules 
[18]. To provide the reliable estimates of food intake, 
participants were instructed about the principles of 
doing dietary record, as well as about the necessity of 
accurate and scrupulous recording of all food products 
consumed and beverages drunk, while the serving 
sizes were verified using the Polish “Atlas of food 
products and dishes portion sizes” [41]. The energy 
and nutritional value of diets were assessed using the 
Polish dietician software “Dietetyk 2” and the Polish 
base of the nutritional value of the products [23]. The 
participants were asked also additional question about 
applied supplementation.

The nutrients that are especially important in 
preventing osteoporosis were chosen to be analyzed. The 
nutrients associated directly with risk of osteoporosis 
(protein, potassium, calcium, magnesium, vitamin 
D, vitamin B6, folates, vitamin B12, vitamin C) were 
chosen on the basis of the review of literature associated 
with osteoporosis prevention [43]. The total contents of 
mentioned nutrients in diets were compared with the 
recommendations for healthy women on the Estimated 
Average Requirement (EAR) / Adequate Intake (AI) 
level (Table 1) [19]. 

Table 1. Recommendations for nutrients intake for analysed  
              group of young women [19]

Recommended
 intake

Total protein [g/kg of ideal body mass] 0,731

Potassium [mg] 47002

Calcium [mg] 8001

Magnesium [mg] 2551

Vitamin D [μg] 101

Vitamin B6 [mg] 1,11

Folate [μg] 3201

Vitamin B12 [μg] 2,01

Vitamin C [mg] 601

1 EAR level, 2 AI level

The obtained data are presented as means ± standard 
deviations (SD) with minimum, maximum and median 
values. The normality of distribution was verified 
using the Shapiro-Wilk test. The Spearman’s rank 
correlation was applied in the analysis of correlation 
between energy value of diet and intake of minerals 
and vitamins. The level of significance p≤0.05 was 
accepted. The statistical analysis was carried out using 
the Statistica software version 8.0 (StatSoft Inc).
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RESULTS

The recruited female individuals were aged 20-30 
(24,1 ± 3,4 ages), while the mean height was 167,8 ± 
6,1 cm (156 – 191 cm) and weight was 60,9 ± 11,2 kg 
(44,5 – 96,0 kg). The mean BMI was 21,5 ± 3,24 kg/ m2, 
but 14% of individuals were characterized by BMI ≤ 
18,5 kg/m2 (underweight) and 15% were characterized 
by BMI ≥ 25,0 kg/m2 (excessive body mass).

The mean energy requirement calculated 
individually for analyzed female participants, on the 
basis of the Harris-Benedict equation and adequate 
physical activity level coefficient, was 2020 ± 143 
kcal, while mean energy intake, calculated on the 
basis of declared diet, was 1488 ± 583 kcal. The vast 
majority (89%) of individuals was characterized by 
lower declared energy intake than calculated energy 
requirement, while only for 11% energy value of 
declared diet was higher than calculated energy 
requirement.

The nutrients intake in analysed group of young 
women is presented in the Table 2, while comparison 
with recommendations is presented in Table 3. The 
analysis of the diets of analyzed female individuals 
revealed, that majority of them was characterized by 
inadequate intake of  potassium, calcium, magnesium, 
vitamin D and folate. The highest share of individuals 
characterized by inadequate intake was stated for 
vitamin D, as for less than 3% the intake from diet was 
higher than 10 μg of cholecalciferol daily, while less 
than 7% of group declared additional supplementation. 
While supplementation was taken into account, it was 
stated, that 10% of individuals were characterized by 
an adequate intake of vitamin D.

Table 2. Nutrients intake in analysed group of young women

Mean ± SD Median 
(min – max) 

Total 
protein [g] 67.75 ± 23.59 61.711 (23.96 – 159.6)

Potassium 
[mg] 2753.08 ± 951.95 2542.15 (785.52 – 5039.4)

Calcium 
[mg] 605.57 ± 278.62 563.521 (103.39 – 1456.0)

Magnesium 
[mg] 267.14 ± 123.04 239.881 (89.84 – 780.3)

Vitamin D 
[μg] 2.57 ± 3.04 1.581 (0.02 – 17.2)

Vitamin B6 
[mg] 1.82 ± 0.68 1.74 (0.46 – 3.5)

Folate 
[μg] 267.12 ± 115.61 249.651 (89.56 – 708.6)

Vitamin B12 
[μg] 3.44 ± 2.59 2.861 (0.39 – 17.5)

Vitamin C 
[mg] 117.21 ± 72.93 108.311 (10.83 – 378.6)

1 nonparametric distribution 

Table 3. Nutrients intake in analysed group of young women  
              in comparison with recommendations

% of group characterised by intake
below

recommended level
above

recommended level
Total protein 0.0 100.0
Potassium 93.3 6.7
Calcium 74.7 25.3
Magnesium 53.3 46.7
Vitamin D 97.3 2.7
Vitamin B6  12.0 88.0
Folate 76.0 24.0
Vitamin B12 28.0 72.0
Vitamin C 22.7 77.3

The protein was stated to be the only of the assessed 
nutrients for which no women of inadequate intake was 
observed in the analyzed group. Simultaneously, for 
73,3% of analyzed young women, inadequate intake 
of multiple nutrients was stated, as for at least 5 of 
9 assessed nutrients, intake lower than recommended 
was observed.

Due to the fact, that energy value lower than 
recommended was observed in the analysed group, 
it was checked, if it may be the main reason of 
inadequate intake of mentioned minerals and vitamins. 
The analysis of correlation between energy value of 
diet and intake of analysed minerals and vitamins is 
presented in Table 4. It was observed, that for majority 
of assessed nutrients, the statistically significant 
correlation was stated, but not for vitamin C. The 
strongest correlation was observed for potassium, 
magnesium, vitamin B6 and vitamin B12.

Table 4. Analysis of correlation between energy value of diet  
     and intake of analysed minerals and vitamins  
             (Spearman rang correlation)

p-Value R
Potassium 0.0000 *** 0.5494
Calcium 0.0001 ** 0.4373
Magnesium 0.0000 *** 0.6328
Vitamin D 0.0001 ** 0.4449
Vitamin B6  0.0000 *** 0.5654
Folate 0.0025 * 0.3434
Vitamin B12 0.0000 *** 0.5397
Vitamin C 0.0527 0.2246

* p < 0,01, ** p < 0,001, *** p < 0,0001

DISCUSSION

Taking into account the inadequate intake 
of multiple nutrients, associated with the risk of 
osteoporosis, that was stated in the case of majority 
of the analysed women, it may be concluded, that 
their declared diet was not properly balanced and may 
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result in the osteoporosis development. As the number 
of osteoporotic fractures, in comparison with observed 
now, in the 2050 will double [24], it may be supposed, 
that they will affect the analysed women, who will 
be 55-65 years old in 2050. The women being older 
than 50 years old, regardless of menopause status, are 
indicated by the National Osteoporosis Foundation 
[27] as a risk group of osteoporosis, if they have 
family history of osteoporosis, personal history of low 
trauma fracture at age of more than 45 years old, are 
currently smokers or have low body mass (<127 lb, i.e. 
<58 kg). Currently observed improperly balanced diet 
and low energy value of diet, in the analysed group, 
may contribute to low body mass in the future and, in 
consequence, increase the osteoporosis risk. 

By the age of 30 years, peak bone mass, maximum 
bone strength and maximum bone density are reached, 
while afterwards the initiation of progressive loss of 
bone mass occurs [5]. Taking it into account, it must be 
indicated, that in young adults, osteoporosis prevention 
and related nutritional education are necessary [10]. 

However, the results of the study of Bohaty et al. 
[6] indicated, that nutritional education, associated 
with osteoporosis prevention, conducted in a group of 
female individuals aged 19-30 contributed to knowledge 
improvement, but simultaneously, did not contribute 
to change in dietary intake of calcium, vitamin D, or 
dairy products. Moreover, authors concluded, that 
calcium, vitamin D and dairy products intake were 
not adequate in comparison with recommended daily 
allowance for young adult women, both before and 
after education [6]. Nevertheless, in the study of Chan 
et al. [9], different results were observed – in a group 
of women aged more than 18 years old, nutritional 
education, associated with osteoporosis prevention, 
contributed not only to higher calcium intake, but also 
to higher sunlight exposure in order to obtain higher 
skin synthesis of vitamin D. In the mentioned study, 
authors stated, that they observed positive feedback, 
that suggests that women who participated in their 
education were motivated to make changes in their 
diet and their lifestyle [9].

It is stated, that for adults, the evidence of a link 
between intakes of nutrients, with the exception 
of calcium and vitamin D, and fracture risk is not 
sufficiently secure to make firm recommendations, 
but accumulated evidences suggest that following 
current healthy-eating advices may be beneficial [33]. 
However, it must be indicated, that for calcium and 
vitamin D, in analysed group of young women, high or 
very high frequency of inadequate intake was stated. 
Even, when applied supplementation of vitamin D, 
recommended for Central Europe [32], was taken into 
account, only 25% (for calcium) or 10% (for vitamin D) 
of individuals in the studied group were characterized 
by an adequate intake. In the recent meta-analysis of 

studies analyzing the effect of combined calcium and 
vitamin D supplementation, it was concluded, that 
supply of mentioned nutrients may effectively cause 
fracture risk reduction in middle-aged to older adults 
[44]. Also for young women, the sufficient intake of 
calcium and vitamin D is indicated as an evidence-
informed strategy to prevent osteoporosis [16].

Taking into account the group of young women, 
not only future osteoporosis risk may be emphasized 
to be as a serious issue for public health policy, but 
also a fact, that vitamin D and calcium insufficiencies 
are risk factors for multiple chronic diseases [39]. 
Both for vitamin D insufficiency and calcium 
deficit, the convincing evidences from multiple 
epidemiological large cohort studies, interventional 
trials and experimental studies are indicated not only 
for osteoporosis, but also for colorectal cancer and 
breast cancer risk [31]. The breast cancer accounts for 
more than 40% of all cancers in the group of women 
before the age of 40, while about 7% of breast cancers 
are diagnosed in this age group [4]. Simultaneously, 
colorectal cancer is now one of the most commonly 
diagnosed cancers among women before the age of 
50 and its frequency is especially increasing in case 
of young individuals [17]. The increasing frequency 
of mentioned cancers and previously mentioned 
increasing frequency of osteoporosis is corresponding 
with, commonly stated in case of young women, low 
calcium and vitamin D intake. As it is indicated by 
the EURopean micronutrient RECommendations 
Aligned (EURRECA) Network of Excellence Project, 
the frequency of inadequate vitamin D intake in adult 
female individuals is 77-100% and the frequency of 
inadequate calcium intake in adult female individuals 
is 26-61% in majority of analyzed European countries 
[35].

However, in the analysed group, not only inadequate 
intake of calcium and vitamin D, but inadequate intake 
of multiple minerals and vitamins was stated, while only 
protein intake was observed to be not inadequate. It may 
be associated not only to the increased osteoporosis 
risk, but also other diet-related diseases. Especially 
important may be deficiencies observed for majority of 
assessed group, that was stated, except from calcium 
and vitamin D, for potassium, folate and magnesium. 
Inadequate intake of potassium is indicated as the 
second, except from the excessive sodium intake, key 
to the pathogenesis of hypertension [1]. It should be 
indicated, that in spite of the fact that excessive body 
mass is the risk factor of hypertension in youth [22], 
the hypertension is diagnosed also in the case of young 
women with BMI lower than 25 kg/m2 – it was stated 
to be diagnosed in 1,6% of healthy weight female 
individuals aged 20-39 years [8]. As in the group, 
majority of individuals was characterized by proper body 
mass, the inadequate potassium intake may be indicated 
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as a factor influencing possibility of hypertension. 
Especially, taking into account the National Health 
and Nutrition Examination Survey (NHANES) data, 
indicating, that individuals characterized by BMI lower 
than 25 kg/ m2 were more likely to be not aware of their 
hypertension, than individuals with higher BMI [30], 
the education associated with hypertension risk factors 
seems also to be essential.

In the case of folate, its role in the diet of young 
women is obvious and this issue is indicated as an 
important aim in public health strategies [2]. The 
main possible consequence of the inadequate folate 
intake is associated with indicated by WHO influence 
of low maternal folate intake or low folate status and 
increased risk of neural tube defects in their offspring 
[14]. The problem of inadequate intake of folate 
is serious worldwide, as in the United States, in the 
NHANES study, the majority of non-pregnant women 
of childbearing age reported dietary folate intake lower 
than recommended [46]. The result of other studies, 
conducted in the United States, indicate also, that not 
only non-pregnant women, but also pregnant women 
are likely to develop folate deficiency, that is stated 
especially in the case of individuals characterized by 
short inter-pregnancy intervals [26].

The inadequate intake of magnesium is the factor 
influencing general body functioning, as it may impact 
heart rhythm, glucose tolerance, serum cholesterol 
[28], or neurological transition [3]. However, it must 
be stated, that in a Polish populations of women of 
various age, the inadequate intake of magnesium 
is common [40]. Simultaneously, in Polish study, in 
the case of women characterized by BMI lower than  
18,5 kg/ m2, in comparison with proper body 
mass female individuals, lower body magnesium 
concentration was stated [15].

As it was described above, it may be suggested, that 
in the analysed group of women, not only osteoporosis 
risk, but also risk of other diet-related diseases is 
stated. However, the existing correlations between 
energy value of diet and the intake of potassium, 
calcium, magnesium, vitamin D, vitamin B6, folate, as 
well as vitamin B12, indicates, that not the improperly 
balanced diet, but too low intake may be the main 
reason of observed situation. 

When too low reported energy intake is stated, real 
low energy intake and underreporting must be always 
considered. For women, underreporting is commonly 
stated, and is observed for various methods of dietary 
assessment [36]. Moreover, it is stated, that one of the 
factors leading to food intake underreporting may be 
dissatisfaction with body image [29]. In general, body 
image dissatisfaction is observed more commonly in 
women, than in men [25], while the importance of 
body shape and weight decreases for them with the 
age progression [42]. As a result, the analysed group 

of young women, as other groups of young women 
may be perceived as a group of individuals prone to 
underreporting. Especially the fact, that for the vast 
majority of group (89%) energy value of diet being 
lower than calculated mean energy requirement was 
declared, while BMI ≤ 18,5 kg/ m2 (underweight) 
was stated only for 14% of individuals, may confirm 
supposed underreporting. Taking it into account, it 
must be concluded, that possible underreporting may 
cause that the real level of inadequate intake in the 
analysed group may be lower than stated on the basis 
of the declared diets. 

CONCLUSIONS

1. The declared diets of analysed young women were 
characterized by low energy value, in comparison 
with their calculated energy requirements, as well 
as low intake of potassium, calcium, magnesium, 
vitamin D and folate, as the inadequate intake of 
mentioned nutrients was stated for majority of 
analysed individuals.

2. Following diets declared by the analysed group 
of young women may be the factor increasing 
seriously the risk of osteoporosis, as well as the 
risk of other diet-related diseases.

3. The low intake of majority of analysed nutrients 
(potassium, calcium, magnesium, vitamin D, 
vitamin B6, folate and vitamin B12) in the analysed 
group of young women may result mainly from 
low energy value of declared diets.

4. Taking into account the proper BMI of the majority 
of analysed group of young women and low 
energy value of their declared diets, the common 
underreporting may be supposed and it may 
contribute to osteoporosis risk overestimation.
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ABSTRACT
Background. Electronic cigarettes as possibly healthier alternative to conventional cigarettes are gaining popularity 
worldwide, although they are still hazardous to human health. Partly it is caused by unregulated advertising and online 
sales. Unfortunately it is more and more popular for youth to try electronic cigarettes.
Objective. The aim of the study was to assess  the marketing claims used by Polish websites offering electronic cigarettes
Material and Methods. A search using Google search engine was performed in July 2015 for two keywords: e-papierosy 
[e-cigarettes] and elektroniczne papierosy [electronic cigarettes]. First 150 websites (15 pages) were listed. After initial 
review 86 pages met all inclusion criteria and were included in the study. Pages were searched for presence of 13 selected 
marketing claims as well as age-related warning and any social websites connections.
Results. Age-related warning was present on only 33.72% (n=29) websites. Two thirds has its own Facebook fan-page 
with average 1922.09 ± 3634.86 likes. Articles about health are available on 10.46% (n=9) websites, 53.49% (n=46) 
states that e-cigarettes are healthier than conventional ones, 39.53% (n=34) emphasized that during usage of e-cigarettes 
no tarry substances are produced. Two pages had special article in which conventional and electronic cigarettes were 
compared. Almost half (44.19%) remarked that e-cigarettes are cheaper in usage than conventional, one third pointed out 
the simplicity of usage. 32.56% advertised e-cigarettes as aid in quitting smoking. One fourth stated that e-cigarettes are 
harmless for surroundings. 33.72% marketed them as a way of bypassing public smoking act. 56.98% remarked the variety 
of liquid tastes offered.
Conclusions. Electronic cigarettes and their rising popularity create another new possible threat for public health as the 
widely available information emphasize safety of e-cigarettes usage and as their availability and usage is not limited or 
restricted by law.

Key words: electronic cigarettes, e-cigarettes, internet retail websites

STRESZCZENIE
Wprowadzenie. Elektroniczne papierosy (e-papierosy) jako prawdopodobnie mniej szkodliwa alternatywa dla 
konwencjonalnych papierosów zyskują coraz większą popularność na świecie, chociaż są szkodliwe dla zdrowia. 
Częściowo, jest to wynikiem braku regulacji prawnych odnoszących się do reklamowania i sprzedaży internetowej 
e-papierosów. Niestety, korzystanie z  e-papierosów staje się coraz popularniejsze także wśród młodzieży.
Cel badań. Celem badania było określenie i analiza praktyk i twierdzeń marketingowych używanych przez polskie sklepy 
internetowe oferujące e-papierosy.
Materiał i metody. W lipcu 2015 z pomocą polskiej wersji wyszukiwarki Google wykonano zapytanie na hasła: e-papierosy 
oraz elektroniczne papierosy. Pierwsze 150 wyników (15 stron wyników) wypisano. Po wstępnym przejrzeniu 86 stron 
spełniało wszystkie warunki włączenia do badania. Przeprowadzono analizę stron pod kątem obecności 13 twierdzeń lub 
technik marketingowych oraz połączeń z mediami społecznościowymi, jak również ograniczenia wiekowego w dostępie 
do strony.
Wyniki. Ograniczenie wiekowe w dostępnie do e-papierosów znaleziono na 29 (33.72%) stronach. Dwie trzecie stron miało 
fanpage na Facebooku (średnio 1922.09 ± 3634.86 polubień). Artykuły o zdrowiu były dostępne na 10.46% (n=9) stron. 
Na 53.49% (n=46) stron znaleziono twierdzenie, że e-papierosy są zdrowsze od papierosów tradycyjnych, 39.53% (n=34) 
stron podkreślało brak substancji smolistych. Dwie strony miały specjalny artykuł porównujący elektroniczne i tradycyjne 
papierosy. Niemal na połowie analizowanych stron (44.19%) przedstawiano e-papierosy jako tańsze w użytkowaniu, a na 
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jednej trzeciej jako bardzo proste w użyciu. Na 32.56% stron reklamowano e-papierosy jako pomoc w rzucaniu palenia. 
Jedna czwarta stron zawierała twierdzenie o nieszkodliwości e-papierosów dla otoczenia. Na 33.72% stron reklamowano je 
jako sposób na obejście zakazu palenia w miejscach publicznych. Na 56.98% stron podkreślano różnorodność dostępnych 
smaków e-papierosów.
Wnioski. Rosnąca popularność elektronicznych papierosów jest nowym zagrożeniem dla zdrowia publicznego, tym 
bardziej, iż powszechnie dostępne informacje podkreślają wysoki profil ich bezpieczeństwa, a dostępność i używanie nie 
jest ograniczone.

Słowa kluczowe: elektroniczne papierosy, e-papierosy, sklepy internetowe

INTRODUCTION

Electronic cigarettes are a new way of administering 
nicotine. They were invented in China at the beginning 
of XXI century and in the last few years they gained 
popularity worldwide.

Electronic cigarette is a small electronic device, 
composed of atomizer, liquid-filled tank, mouthpiece 
and casing. The primary part of atomizer is a special 
heating element, it creates vapour from the liquid - 
later to be inhaled by the user. 

The popularity of electronic cigarettes is rising, 
they are especially widespread among current smokers 
and recent ex-smokers - according to Brown et al. up 
to 20% of this group in United Kingdom use electronic 
cigarettes [5]. Because of an easy access to electronic 
cigarettes many youth have ever tried them - according 
to Babineau et al. almost one forth Irish youth tried 
electronic cigarettes [3]. White et al. reported that 
one fifth New Zealand’s adolescents tried electronic 
cigarettes [19]. 

In many countries there are no special regulations 
involving electronic cigarettes and their advertising. It 
results with many small manufacturers and widespread 
adverts. Commercial expenditures in United Kingdom 
rose almost 8 times from £1.7 m in 2010 to £13.1 m in 
2012[2], for comparison  in USA it tripled from $6.4 m 
in 2011 to $18.3 m in 2012[10]. 

The aim of the our study was the assessment of 
the marketing claims used by Polish websites offering 
electronic cigarettes. The internet sales market is 
constantly growing and in some specialised fields it 
wins the competition with traditional shops. Therefore 
some questions arose: what is the state of electronic 
cigarettes internet retail in Poland, are the information 
on those specialised e-shops accurate and how are the 
electronic cigarettes marketed.

MATERIAL AND METHODS

Sample identification

In July 2015, Web search was conducted using 
Polish edition of Google search engine. Two keywords in 
Polish language were chosen: e-papierosy [e-cigarettes] 
and elektroniczne papierosy [electronic cigarettes]. 
First 15 pages (150 sites) of results for both entries were 

looked through and 109 URLs were obtained. The rest 
of the results were either news articles, unrelated staff, 
inactive pages or pages seen before. 

Inclusion criteria

Specific inclusion criteria were set: (1) Web page 
is in Polish language, (2) Web page is either e-shop 
with e-cigarettes and/or equipment or has an option to 
purchase e-cigarettes’ products (3) Web page is active.

86 pages out of 109 met all inclusion criteria and 
were prepared for further evaluation.

Content analysis

Presence of 13 marketing claims or techniques (blog, 
articles about e-cigarettes and health, electronic and 
conventional cigarettes, stars involvement in marketing, 
electronic cigarettes as cheaper and healthier alternative 
to traditional cigarettes, simplicity of e-cigarettes’ 
usage, e-cigarettes as aid in quitting smoking, as way 
to omit public smoking ban, e-cigarettes being harmless 
for surroundings, no tarry substances and no unpleasant 
smell, variety of e-cigarettes’ liquids tastes) was 
checked at each web page as well as connection to any 
social networking site (Facebook, Twitter, Google+). 
The presence or absence of age-related warning (age 
restricted access) was also noted.

 
Statistical analysis

Collected data was statistically analysed with 
Statistica 10 (StatSoft®, USA) software, statistical 
significance was calculated with U-Mann-Whitney test.

RESULTS
Age restrictions

Only 33.72% (n=29) of web pages had age-related 
warning, in all cases it was stating that the page is 
only accessible for people at least 18 years old and 
everyone willing to enter the site had to declare being 
at least 18 years old.

Social networks connections and company blogs

67.44% (n=58) of pages has its own Facebook fan-
page with average 1922.09 ± 3634.86 likes (minimum 
21, maximum 17187). The number of Facebook profile 
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likes was found to be higher for pages with articles 
about health issues related to e-cigarettes’ usage (mean 
number of likes for pages with such article(s) was 
3173,125 ± 5731,559 likes, pages without such articles: 
1717,837 ± 3212,481 likes, p=0,245977). Opposite 
situation was observed in case of articles comparing 
electronic and traditional cigarettes (respectively: 
1220,000 ± 1156,827 and 1947,618 ± 3695,649 likes, 
p=0,811470).  Only 4.65% (n=4) of websites has its 
own twitter account - average number of followers: 
5730.50 ± 11446.33, minimum: 2, maximum: 22900. 
10.47% (n=9) of pages is connected to Google+ 
profile with average number of followers: 11.67 ± 
8.16, minimum: 1, maximum: 22. 5.81% (n=5) of web 
pages had its own blogs. 

Health related claims and issues

10.46% (n=9) of pages had articles about health-
related issues connected with usage of electronic 
cigarettes, while 53.49% (n=46) had among its 
marketing claims one stating that e-cigarettes are 
healthier than conventional cigarettes. 39.53% (n=34) 
of websites remarked that electronic cigarettes produce 
no tarry substance while being used and therefore are 
safer for users and their surroundings.

Comparison between electronic and conventional 
cigarettes

Many marketing claims were focused on 
comparison between electronic and conventional 
cigarettes. 2.33% (n=2) of pages had special articles 
comparing conventional and electronic cigarettes. 38 
pages (44.19%) asserted that electronic cigarettes’ 
usage is cheaper than conventional cigarettes’ 
smoking. 30.23% (n=26) pages contained claims 
about simplicity of electronic cigarettes’ usage.

Other marketing claims

28 (32.56%) web pages advertised electronic 
cigarettes as help in quitting smoking. On 21 (24.42%) 
web pages statement that electronic cigarettes are 
harmless for surroundings was found. “No aroma” as 
marketing claim was found on 36.05% (n=31) web 
pages. 33.72% (n=29) websites spotlighted electronic 
cigarettes as the way of bypassing public smoking ban 
act. 49 (56.98%) web pages marketed variety of tastes 
available for electronic cigarettes. 

Stars involved in advertising

Only one page had star involved in advertising 
electronic cigarettes. They chose famous Polish film 
actor.

DISCUSSION

Health risk linked to cigarettes’ smoking is 
unquestionable and even for ordinary people the link 
between smoking and cancer is obvious. Cigarettes’ smoke 
has been extensively studied and a long list of carcinogens 
it contains has been collected [17]. In case of electronic 
cigarettes knowledge about their influence on human 
health is insufficient. Yet still they are believed to be safer 
- some indirect evidence support this thesis, but they do 
cover only some risks related to conventional cigarettes - 
are the potential risk factors the same in both cases? The 
only well studied field is the cytotoxic potential comparison 
between conventional and electronic cigarettes, available 
studies confirm marketing claim of safer choice [4, 7, 
15]. These studies were conducted on cell lines not on 
living organisms and therefore their results may not fully 
correspond with actual health risk of electronic cigarettes. 
However the marketing claim is further supported by the 
study conducted by Goniewicz et al., in which they found 
several toxic substances, like acrolein and formaldehyde, 
but the concentration was 9-450 times lower than in 
cigarette smoke [8]. In such case we can assume that to 
some level electronic cigarettes are less harmful than 
conventional cigarettes, but still they pose a threat for users 
and possibly also for their surroundings. 

Different forms of electronic cigarettes advertising are 
used and various marketing claims are presented. All kinds 
of advertisements are focused on positive things while 
omitting negative aspects, it is what was found not only 
in this study regarding internet sales in Poland but also in 
newspaper coverage in UK [16], as well as in the analysis 
of English retail websites [9] and in point of sale marketing 
[20]. Agaku and Ayo-Yusuf [1] found a direct correlation 
between the probability of e-cigarettes’ usage among youth 
and the exposure to e-cigarettes’ advertisements. Children 
are especially prone to all kinds of advertisements (also 
tobacco products) and according to Maruska et al. [13]  
more than 5% of children in Polish population can be 
described as susceptible to smoking. Children are not only 
susceptible to smoking as addiction but also as health risk 
when it comes to passive smoking or smoking of pregnant 
or breast-feeding woman. Smoking during pregnancy can 
causes multiple disease and defects for the child eg. cleft 
palate, obesity, ADHD (Attention Deficit Hyperactivity 
Disorder) or conduct disorder [6, 11, 12, 18]. Smoking 
during the period of breast feeding can pose a threat for child 
as it affects the milk concentration of various chemicals, 
also those highly toxic as polychlorinated biphenyls [14]. 
Young people are the most prone to advertisements group 
and should be specially protected from any tobacco products 
ads also those on the retail websites. White et al. in their 
study of electronic cigarettes’ usage among New Zealand’s 
youth (mainly 14-15 years old) compared percentage of 
those who have ever tried in 2012 and 2014, they found 
out that it has nearly tripled (from about 7.9% to 19.9%) 
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[19]. According to most recent studies almost one third 
of Polish universities students have ever used electronic 
cigarettes while more than 8% used it at the time of our 
study [21]. Internet sales of electronic cigarettes may be a 
way for adolescents to buy electronic cigarettes and omit 
age-restriction as tobacco products should not be sold to 
minors (<18 years old). Therefore the internet tobacco and 
electronic cigarettes market should be strictly supervised 
to prevent minors from buying tobacco products and early 
entering the dangerous world of tobacco addiction. 

CONCLUSIONS

The rising popularity of electronic cigarettes (also 
among adolescents) is another major public health 
problem that needs to be addressed. Current status 
is mainly a result of not sufficient legal restrictions, 
although in 2015 Polish government for the first time 
addressed this issue by changing the 1995 Health 
Protection Against Tobacco Products Act. As the 
health risk related to electronic cigarettes’ usage has 
not yet been indisputably determined no marketing 
claims about “healthier choice” should be allowed.
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ABSTRACT 
Background. Prevalence of malnutrition among hospitalized patients is a common issue increasing the morbidity and mortality 
rate. In response to the aforementioned problem the European Society for Clinical Nutrition and Metabolism (ESPEN) stated an 
action plan to fight malnutrition and created in 2004 the global health project named NutritionDay (nD) - a single-day, population 
based, standardized, multinational cross-sectional audit which is performed worldwide in hospitals and nursing homes. 
Objectives. To present selected NutritionDay (nD) results from Poland describing the nutritional situation of hospitalized 
patients in 2006 – 2012 compared to other countries participating in nD study. 
Material and Methods. Data were collected in nD study through voluntary participation all over the world during seven 
years - from 2006 to 2012. Data collection was performed on ward level by staff members and patients using standardized 
questionnaires. The data were analyzed by the Vienna coordinating centre using the Structured Query Language (“my SQL”) 
- an open source relational database management system as well as the Statistical Analysis System version 9.2 (SAS).
Results. In Poland 2,830 patients were included in the study during a 7-year survey, while 5,597 units recruited 103,920 
patients in the world (nD reference). About 45% of the patients had a weight loss within the last 3 months prior to admission 
(same for nD references); 58.34% reported a decrease in eating during last week (54.85% in case of nD references). 
Food intake at nD illustrated that 60.55% of the patients ate half to nothing of the served meal (58.37% in the case of nD 
references). For both Poland and other countries participated in audit at the time of detection of malnutrition on the half of 
hospital wards wasn’t reported any action aimed at combating this phenomenon. 
Conclusions. Malnutrition of hospitalized patients in Poland was found comparable to the rest of the world. These results 
reflects the fact that malnutrition is a common issue among hospitalized patients all over the world and it would be 
recommended to continue the action plan to fight against malnutrition commenced by the European Society for Clinical 
Nutrition and Metabolism (ESPEN) on international and national level. 

Key words: malnutrition, disease-related malnutrition, fight against malnutrition

STRESZCZENIE
Wprowadzenie. Występowanie niedożywienia wśród hospitalizowanych pacjentów jest zjawiskiem powszechnym, przy-
czyniającym się do zwiększenia stopnia powikłań i śmiertelności. W odpowiedzi na ten problem, Europejskie Towarzystwo 
Żywienia Klinicznego i Metabolizmu (ESPEN) w 2004 roku utworzyło ogólnoświatowy projekt zdrowotny NutritionDay 
(nD), będący jednodniowym, dobrowolnym i wystandaryzowanym badaniem przeprowadzanym na całym świecie. 
Cel. Celem pracy było zaprezentowanie wybranych wyników badania NutritionDay (nD) przeprowadzonego w Polsce 
w latach 2006 - 2012, obrazujących występowanie czynników ryzyka niedożywienia szpitalnego na tle innych krajów 
uczestniczących w projekcie. 
Materiał i metody. Dane do projektu nD zbierane były na całym świecie w okresie od 2006 do 2012 roku. Udział w tym 
badaniu był dobrowolny i polegał na wypełnieniu wystandaryzowanych kwestionariuszy przez pacjentów oraz perso-
nel medyczny oddziału uczestniczącego w badaniu. Wszystkie dane uzyskane podczas badania zostały przeanalizowane 
w biurze projektu nD znajdującym się w Wiedniu, przy pomocy systemu SAS wersja 9.2. 
Wyniki. W Polsce do badania nD przystąpiło 2.830 pacjentów z 5.597 jednostek medycznych, natomiast na świecie bada-
niem objęto 103.920 respondentów. Zarówno w Polsce jak i w innych krajach uczestniczących w badaniu ok. 45% pacjen-
tów zgłaszało utratę masy ciała w ciągu ostatnich 3 miesięcy, a w przypadku ok. 60% respondentów z Polski oraz ok. 55% 
z całego świata odnotowano zmniejszoną podaż pożywienia w tygodniu poprzedzającym badanie. W dniu przeprowadza-
nia badania nD odnotowano, że 60,55% pacjentów hospitalizowanych na polskich oddziałach szpitalnych spożyło mniej 
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INTRODUCTION

Disease-related malnutrition is a critical public 
health concern in Europe costing the EU governments 
up to 120 billion Euros every year [5, 15]. Malnutrition 
is caused primarily by poor nutrient intake when 
patients in hospitals or people in the community 
settings fail to meet their daily need for energy, protein 
and micronutrients and is further frequently observed in 
chronic and acute diseases. Malnutrition significantly 
increases morbidity, mortality, hospital readmissions’ 
rate and length of hospital stay. The prevalence of 
malnutrition reaches 20-60% of hospitalized patients 
but it may deteriorate during hospital stay – this 
phenomena is called ‘hospital malnutrition’ (7-16%). 

niż połowę podanego posiłku, z kolei w pozostałych krajach uczestniczących w projekcie odnotowano ten fakt w przypad-
ku 58,37% respondentów. Zarówno w polskich oddziałach szpitalnych jak i w innych krajach, w momencie rozpoznania 
niedożywienia, na około połowie z nich nie zostały podjęte żadne kroki mające na celu przeciwdziałanie temu zjawisku. 
Wnioski. Skala niedożywienia pacjentów hospitalizowanych na polskich oddziałach szpitalnych jest porównywalna z in-
nymi państwami uczestniczącymi w badaniu. Wynik ten zwraca uwagę na fakt, że niedożywienie jest zjawiskiem po-
wszechnie występującym w środowisku szpitalnym na całym świecie. Dlatego też konieczna jest kontynuacja prowadzenia 
badań w ramach projektu nD powstałego z ramienia Europejskiego Towarzystwa Żywienia i Metabolizmu.

Słowa kluczowe: niedożywienie, niedożywienie związane z chorobą, walka z niedożywieniem 

[1, 3, 6, 7, 9 10]. Nutritional risk may not only vary due 
to medical or geographical settings but also because of 
the different patient population admitted to the hospital 
and different criteria for diagnosing malnutrition [5].

Unfortunately, the problem of malnutrition often 
passes unnoticed or untreated. The European Society 
for Clinical Nutrition and Metabolism (ESPEN) stated 
an action plan to fight malnutrition. The first step 
was the organization of the nutritionDay (nD) annual 
audit in 2006. It soon became a worldwide event 
which resulted in gathering of unique data about the 
nutritional status of over 140,000 patients on almost 
all continents. It is to be emphasized that the major 
part of the results is obtained from Austria, Germany, 
Hungary and Belgium (Figure 1).

The nutritionDay study is a single-day, population 
based, standardized, multinational cross-sectional 
audit which is performed worldwide. The nD collects 
and systematically assesses data of hospitals, nursing 
homes and ICU units, while audit for hospitals is 
designed for all types of hospital wards, including 
intermediate care, high dependency and specialized 
units. The project was created in close collaboration 

with the European Society for Clinical Nutrition and 
Metabolism (ESPEN), the Austrian Society of Clinical 
Nutrition (AKE) and the Medical University, Vienna. 

The aim of the following study was to analyse 
selected results from the NutritionDay survey 
from Poland describing the nutritional situation of 
hospitalized patients in 2006 – 2012 compared to other 
countries participating in nD study.

 

 

 

 

 

 

 

Figure 1. Number of patients from countries participating in the "NutritionDay” study in the 
subsequent years of the project [11]  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Number of patients participating in the study NutritionDay study all over the world 
in 2006-2012 
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Figure 2. Number of patients participating in the NutritionDay study all over the world in 2006-2012

MATERIAL AND METHODS

This study was based on data collected in nD study 
all over the world during seven years - from 2006 to 
2012. Participation in nD survey was voluntary and 
anonymous – all hospital units which has registered 
on the nD website were provided anonymous codes 
enabling participation. Data collection was performed 
on ward level by staff members and patients using 
four standardized questionnaires. During time of data 
collection all patients should be included in the audit 
and were informed via oral or written informed consent 
depending on local regulations. After data collection 
units received individual reports comparing their unit 
results to an international reference. The coordinating 
center in Vienna gained ethical approval for multicenter 
data collection. All unit data was accepted as reference 
apart from units without patient data entries and units 
with only one patient included. In the following the nD 
international reference database is referred to as “nD 
reference”.

The questionnaires included domains about unit 
structure and patients’ medical status. Structural 
information comprises information on unit staff, 
nutritional procedures applicable in the unit, screening 
for malnutrition on admission to the unit, type of 
screening tools used, weight assessment and actions in 
case of malnourished patients. Patients’ information 
comprises a demographic profile of the patient’s medical 
status, medical interventions and the patient’s actual 
diet/nutrition therapy. The patients themselves report on 
unintended weight loss, previous and actual food intake, 
social situation, physical function, drug intake and 
perceived health status. 

In this paper selected NutritionDay results from 
2006 to 2012 are presented in division on five groups: 
(1) General results; (2) Results regarding characteristics 
of patients; (3) Results concerning nutrition care 
structure; (4) Results regarding malnutrition risk 
profile; (5) The impact of selected risk factors for 
malnutrition on length of hospital stay.

The database management system used for nD 
is named “My SQL” which is a widely used open 
source relational database management system. Data 
is analyzed using the SAS. Statistical modeling is 
performed using descriptive statistical analysis and 
different regression models depending on the type 
of outcome. To adapt for clustering by hospitals 
generalized estimating equations (GEE) with 
exchangeable covariance structure are used. Where 
necessary model selection and estimation is done using 
p-value tresholding, bootstrapsampling and bagging.

All data analysis is done at the Department for 
Medical Statistics, Medical University in Vienna.

RESULTS

General results
Overall participation rates

The one-day cross-sectional nD audit in 2006 - 
2012 consisted of 103,920 patients treated in 5,597 
units in almost 60 countries. Most of all patients have 
participated in survey in 2010 (n = 16,467), while the 
least in 2007 (n = 10,386) (Figure 2). 
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The national audit in Poland included a total of 
2,830 patients treated in 164 units. The greatest number 

of respondents was recorded in 2007 (n = 599), and the 
lowest in 2011 (n = 54) and 2012 (n = 137) (Figure 3).
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Specialties represented in the audit
Between 2006 and 2012, 5,597 wards across the 

world participated in the NutritionDay survey. The 
participation in the project was most often reported by 
the general medicine and oncology wards (n = 2,294) 
and general surgery wards (n = 1,487) (Figure 4).

Among 164 Polish wards involved in the study in 
2006-2012, the greatest number of respondents was 
also recorded at general surgery wards (n = 63) as well 
as general medicine and oncology wards (n = 54) and 
(Figure 5).

Results regarding characteristics of patients 

Patient’s demographics was presented in Table 1. 
 

Table 1. Basic information about the patients participating 
              in the NutritionDay study in 2006-2012

NutritionDay  
survey in Poland  

in 2006-2012

NutritionDay  
survey all over the 

world in 2006-2012
“nD reference”

N
all  

patients
(%)

N
all  

patients
(%)

Number  
of women 1,432 50.57 52,168 50.29

Number  
of men 1,398 49.43 51,752 49.71

Median Range Median Range

Age 61 50-72 66 52-88

Mean Standard 
deviation Mean Standard 

deviation
Average  

body mass 
Index (BMI)

25.80 ± 6.50 25.50 ± 5.90
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Affected organs
In the case of Polish patients participating in the 

survey the most numerous group consisted of patients 
with a one affected organ (45.34%). This referred also 
to all respondents participating in the survey (59.89%) 
(Table 2).

Table 2. General health condition of patients participating 
              in the NutritionDay study in 2006-2012

NutritionDay  
survey in Poland  

in 2006-2012

NutritionDay survey 
all over the world in 

2006-2012
“nD reference”

N
all  

patients
(%)

N
all  

patients
(%)

1 affected 
organ 1,283 45.34 62,242 59.89

2 affected 
organs 612 21.63 23,564 22.68

3 affected 
organs 389 13.75 13,226 12.73

Results concerning nutrition care structure 
Amount of patients per unit staff 

In the case of the Polish wards participating in the 
survey the median of patients per one doctor amounted 
to 2.5 and 2.9 per one nurse. The nD reference (all 
respondents participating in the survey) amounted to 5 
patients for each doctor and 3.5 patients for each nurse 
(Table 3).

Person or team dedicated to nutritional care in the unit
The study conducted in Poland revealed that 

a dietician was present at 64% of hospital wards, 
whereas in the nD reference the presence of the 
dietician at the ward was noticed in the case of 69.38% 
units. Further, the study confirmed that 74.07% of all 

Polish units involved in the project and 71.64% units 
in the nD reference had its own nutrition team.

Table 3. Number of patients per individual members of the  
              medical staff. Based on results of the NutritionDay  
                 study in all over the world and Poland in 2006-2012

NutritionDay survey 
in Poland in 2006-

2012

NutritionDay survey 
all over the world in 

2006-2012
“nD reference”

Median Range Median Range
Number of 
patients per 
one doctor

2.50 1.60 – 3.80 5.00 2.50 – 9.70

Number of 
patients per 
one nurse

2.90 1.70 – 4.40 3.50 2.00 – 5.60

Number of 
patients per 
one nursing 

aide

8.50 5.00-14.00 6.80 4.00-12.00

Written guidelines or standards existing in the unit 
In 25.61% units in our country nutritional care 

was performed according to national guidelines 
which was also in the case of 37.70% units in the 
nD reference. While in Poland local guidelines were 
used routinely in 42.07% units, they were applicable 
in 42.70% in the nD reference. Nutritional care was 
performed according to individual patient nutritional 
care plans in 58.54% units in Poland and in 63.21% 
units worldwide.

Nutritional screening on admission and screening tool 
which is used

In 2006 – 2012 nutritional screening for risk of 
malnutrition on patient’s admission was performed in 
60.37% units in Poland and in 53.81% units in the nD 

Fight against malnutrition (FAM): Selected results of 2006-2012 nutrition day survey in Poland. 
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reference. In Poland nutritional screening was most 
often performed using locally developed tools whereas 
the Malnutrition Universal Screening Tool (MUST) 

was used least often. In the worldwide nD reference 
nutritional screening was most often conducted using 
locally developed tools (Figure 6 and Figure 7). 

Involvement of nutrition related staff in case of 
malnutrition

In case a patient was at nutritional risk in our 
country nutrition related staff was involved in 50.37%. 
Thus, still in 49.63% cases nutritional staff was not 
involved. In this period in our country units most 
often developed an individual nutrition care plan. 
The nD reference showed that 47.00% hospital units 
called nutrition related staff when the patient was at 
nutritional risk. Consequently, in 53.00% of all units 
nutrition related staff was not involved. In this period 
in the case of all countries participating in the survey, 
on a hospital wards most often were developed an 
individual nutrition care plan.

Weight assessment 
In Poland 71.95% of all units indicated that the 

mass of the patients was registered on admission to 
the hospital. The above mentioned action was applied 
also by 65.41% units in the nD reference. Moreover, 
in Poland, 31.01% units declared that patients were 
weighed on a weekly basis, 14.02% recorded the 
patient’s mass occasionally and 36.59% units only 
when it was requested. Nonetheless, in Poland 1.83% 
of all units indicated that the mass of the patients has 
never been recorded, whereas in the nD reference the 
above mentioned referred to 2.54% (Table 4).
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Table 4. Number of hospital wards depending on measurement  
         frequency of patients’ body weight. Based on results  
        of the NutritionDay study in all over the world and  
              Poland in 2006-2012 

NutritionDay  
survey in Poland 

NutritionDay survey 
all over the world
 “nD reference”

N all hospital 
wards (%) N all hospital 

wards (%)
Number 
of hospital 
wards in 
which patient 
is weighed 
on admission

118 71.95 3,661 65.41

Number 
of hospital 
wards, in 
which patient 
is weighed 
once a week

51 31.10 1,950 34.84

Number 
of hospital 
wards, in 
which patient 
is weighed 
occasionally

23 14.02 631 11.27

Number 
of hospital 
wards in 
which patient 
is weighed 
on demand

60 36.59 2,969 53.05

Number 
of hospital 
wards in 
which pa-
tient is never 
weighed

3 1.83% 142 2.54

Nutritional support
In our country ordinary hospital food without 

additional nutritional support was served to 57.92% 
patients according to the caregivers. 14.03% patients 
received hospital food but modified according to 
a special diet, 3.78% were taking only supplements and 
20.18% were on enteral, parenteral nutrition or both. 

In the nD reference ordinary hospital food without 
additional nutritional support was served to 60.74% 
patients. 19.26% patients received hospital food but 
modified according to a special diet, 8.03% were 
taking only supplements and 14.56% were on enteral, 
parenteral nutrition or both. 

Results regarding malnutrition risk profile

In the nD audit nutritional risk can be assessed by 
analyzing the parameters: Body Mass Index (BMI), 

weight loss within the last 3 months, nutritional 
intake in the previous week, nutritional intake on 
NutritionDay and patients not allowed to eat (Table 5).

Body weight loss
In Poland the prevalence of unintentional body 

weight loss within the last 3 months was 42.47% while 
significant body weight loss was reported in 69.52% 
patients. Mild or insignificant weight loss was observed 
in 30.48%. In the nD reference data unintentional weight 
loss within the last three months was stated by 45.38% 
of all patients while significant weight loss was reported 
in 48.45% patients. Mild or insignificant weight loss 
was observed in 41.55% (Table 5) .

Table 5. Indicators for nutritional risk of patients participating  
              in the NutritionDay study in 2006 – 2012

NutritionDay 
survey in Poland 

NutritionDay  
survey all over  

the world  
“nD reference”

N
all  

patients

 (%)
N  (%)

Body mass index 
(BMI)    < 18,5 14 5.12 7,524 7.24

Body weight loss 1,122 42.47 43,061 45.38

Insufficient intake 
last week (less 
than half nearly 

nothing)

832 31.88 25,463 27.18

Eat less on nD  
(a half to nothing) 1,492 60.55 53,410 58.37

Not allowed to eat 514 19.44 9,574 10.04

Patient’s food intake one week before nD 
Nutritional intake was indicated by 92.23% patients 

in Poland for the week before nD. 16.33% ate less 
than half of normal and 13.07% ate less than a quarter 
to nearly nothing. 41.66% ate normal while 21.17% 
reported to eat a bit less than normal. Most often reasons 
for eating less were loss of appetite 13.14% patients in 
the nD reference ate less than half of normal and 11.36% 
ate less than a quarter to nearly nothing in the week 
before nD. 45.15% ate normal while 20.49% indicated 
to eat a bit less than normal. Most often patients ate less 
because they lost appetite (Table 5). 

Food intake on nD
20.95% of the patients in our country ate the complete 

meal served on nD. 60.55% indicated to eat half to 
nothing of the served meal, while 28,18% reported to eat 

Fight against malnutrition (FAM): Selected results of 2006-2012 nutrition day survey in Poland. 
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quarter to almost nothing. The most frequently mentioned 
reasons for eating less were: “I was not hungry” and 
“I was not allowed to eat” (Table 5). 

Impact of selected risk factors for malnutrition 
on length of hospital stay

The reduced food intake of a quarter to nearly 
nothing of the served meal on nD was observed in case 
of 28.18% of all patients in our country and 5.12% were 
additionally associated with having the BMI < 18,5. 
Decreasing food supply within last week was connected 
with increasing the average number of days in hospital 
- from 12 days on normal supply to almost 14 days on 
supply at a quarter of the usual supply (Table 6). 

Table 6. Mean length of hospital stay (in days) depending on  
          the amount of food consumed over the last week.  
             Based on results of the “NutritionDay” study in all  
             over the world and Poland in 2006-2012

Food intake 
within last week

Time from admission  
to the hospital (in days)

Average  
number  
of days

Standard  
deviation

Number  
of patients

normal 11.99 19.38 45, 867

a bit less than normal 12.25 17.44 20, 973

less than half of normal 12.84 16.91 13, 446
less than a quarter to 
nearly nothing 13.93 18.19 11, 656

TOTAL 12.42 18.46 91, 942

Patients who reported weight loss during last 
three months stay in hospital on average 5 days longer 
compared with patients who did not report weight loss 
or declare its growth (Table 7). 

Table 7. Average length of hospital stay (in days) depending  
              on  the body weight loss of patients in the past three  
             months before the survey

Body weight loss

Time from admission  
to the hospital (in days)

Average  
number  
of days

Standard  
deviation

Number  
of patients

yes 14.96 20.46 42,394

no 9.73 15.55 36,047

weight gain 10.85 19.31 8, 053

it is not known 14.92 20.07 6,601

Total 12.58 18.75 93, 095
Based on results of the “NutritionDay” study in all over the 
world and Poland in 2006-2012

DISCUSSION

Malnutrition is a major global and national health 
concern and most commonly affects patients with 
chronic and acute diseases. It could be shown that 
nutritional structures and screenings do not exist 
routinely on a world wide scale and in some cases 
differ to a major extent internationally. 

First step to recognize the malnutrition among 
the hospitalized patients is the screening test focused 
on detecting deficiencies of nutritional status. In 
2011 Poland introduced the obligatory assessment 
of nutritional status of each patient carried out at the 
admission to the hospital, that has been established in 
Ordinance of Minister of Health from 15 September 
2011 [13]. Whereas in the nD survey in Poland nutritional 
screening for risk of malnutrition on patient’s admission 
was performed only in 60.37% units. This may prove 
the shallow knowledge of hospital personnel on the 
importance of carrying out the screening assessment 
of nutritional status and its legal regulations. However, 
not only in Poland such a low results of filling in the 
nutrition screening questionnaires has been obtained. In 
the nD survey conducted all over the world nutritional 
screening for risk of malnutrition on patient’s admission 
was performed only in 53.81% of units. This lack of 
knowledge of unit stuff has been endorsed by some 
others studies. In Norwegian research Tangvik et al. [16] 
from year 2010, carried out with screening assessment 
method, the nutritional status has been noted only in 
27% of cases of admitted patients. In Denmark, in 2006 
[12] carrying out of the assessment has been noted only 
at 15% of patients and in China in research Liang et al. 
[8] it has been proved that 97.7% of patients admitted 
to the hospital departments have not been subjected to 
screening assessment of nutritional status. 

The result of measurement of patient body weight 
is one of the most important information required for 
a proper determination of the nutritional treatment. 
That is why this process should be included in standard 
procedure conducted with every admission of the 
patient to the hospital. Knowing the actual body weight 
and height of the patient, the Body Mass Index (BMI) 
can be calculated, which has very important meaning 
both diagnostic as well as therapeutic. To assess changes 
in nutritional status by determining the direction of 
changes in BMI at least two measurements should be 
carried out in succession, e.g. 4 months [14]. Despite 
all the advantages in favour of the strict control of 
patients body weight, it has been shown that in Poland 
not everyone has been weighted at the time of hospital 
admission - only 71.95% of all responders. Comparable 
results have been noted in research Jensen et al. [4], 
where 65.7% of patients have been weighted at the 
admission to the hospital, while among the patients not 
weighted 67% declared that they had never been asked 
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about current body weight. Much more pessimistic 
results have been obtained in the research McWhirter 
and Pennington [9], where it has been stated that only 
23% of patients had been weighted at the admission 
to the hospital, and in less than 50% cases in medical 
history any information about change in appetite and 
body weight had been noted.

Malnutrition of hospitalized patients in Poland was 
found comparable to the rest of the world. These results 
reflect the fact that malnutrition is a common issue 
among hospitalized patients all over the world and it 
would be recommended to continue the action plan 
to fight against malnutrition began by the European 
Society for Clinical Nutrition and Metabolism 
(ESPEN) on international and national level to further 
decrease the prevalence of malnutrition of patients in 
the hospital setting. Hence, structural changes have to 
be implemented but also awareness of malnutrition 
and interest in tackling the problem of malnutrition 
as such has to be increased continuously. Therefore 
it is important to perform simple audits regularly in 
the country to monitor the status of nutritional risk and 
nutritional care habits and create a solid database for 
health care actions. The nD project is a suitable starting 
point as it provides a snapshot of the actual nutritional 
care situation on hospital unit level and benchmarks 
unit data to an international reference. Thus, nD 
compares local and national nutrition risk profiles 
and associated treatments in a standardized and actual 
format. ESPEN recommends the nD audit project to 
identify and implement change in local practice.

CONCLUSIONS

1. Above results reflect the fact that malnutrition 
is a common issue among hospitalized patients, 
both in Poland and in the rest of the countries 
participating in the study.

2. The reason for such poor percentage of Polish 
patients participating in the study “NutritionDay” - 
in contrast to most of the countries, covered by the 
project – may result from the low interest of Polish 
government and hospitals in implementation of 
prevention nutrition programs.

3. Results which reveal failure to take steps aimed at 
combating hospital malnutrition may prove a lack 
of knowledge of medical and management staff 
about the importance of proper nutrition in the 
treatment of diseases and not developed adequate 
procedures in this issue. 

4. Such variables as reducing supply of food in the 
week preceding the survey and weight loss in the 
last three months, seem to be a significant factors 
in extending the time patients hospitalization.
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ABSTRACT
Background. Glycemic Load (GL) is one of the indicators that can be used to assess the nutritional value of the diet. The 
results of numerous studies have shown that high glycemic index and/or high GL diets were associated with increased risk 
for type 2 diabetes, cardiovascular disease and cancer.
Objectives. The aim of the study was to evaluate dietary GL, intake of food products which are source of carbohydrates 
and contribution of particular carbohydrates in students’ diets. 
Material and Methods. The study group consisted of 140 female students from Wroclaw (Poland) aged 21±1.6 years. The 
dietary assessment was performed using food frequency-questionnaire. The GL of daily food ration (DFR) was considered 
low for values <80 g, medium for values between 80-120 g and high for values >120 g.
Results. The mean GL of the diets was 120.7±42 g. DFR of 12.1% of the students had low GL, 46.6% - medium, and 39.3% 
- high. Diets in the 4th quartile of GL were characterized by the highest energy value, total carbohydrate, sucrose, starch 
and fiber content and energy contribution from carbohydrates when compared with lower quartiles. Higher percentage of 
energy from protein and fats in the diets was related with lower dietary GL. The highest correlation coefficient between 
GL and weight of the consumed food was observed for sweets (r=0.67), cereal products (r=0.52), juices and sweetened 
beverages (r=0.50), vegetables (r=0.45) and fruits (r=0.44). In the study, cereal products, fruits, sweets, vegetables and 
juices and sweetened beverages consumed by the female subjects constituted respectively 26.6%, 12.8%, 11.4%, 9.1% and 
8.8% of the total dietary GL.
Conclusions. Lower dietary GL in the female students participating in the study can be achieved by limiting the intake of 
sweets and sweet beverages as well as consuming cereal products with a low GI.

Key words: glycemic index, glycemic load, carbohydrates, students, diet

STRESZCZENIE
Wprowadzenie. Ładunek glikemiczny (ŁG) jest jednym ze wskaźników, na podstawie którego można ocenić wartość 
odżywczą diety. W licznych badaniach stwierdzono, że wysoki indeks i/lub ŁG diety były związane ze zwiększonym ryzy-
kiem rozwoju cukrzycy typu 2, chorób sercowo-naczyniowych oraz nowotworowych.
Cel. Celem badań była ocena wartości ładunku glikemicznego (ŁG), udziału produktów będących źródłem węglowodanów 
oraz struktury węglowodanów w dietach studentek dietetyki Uniwersytetu Medycznego we Wrocławiu. 
Materiał i metody. Grupę badaną stanowiło 140 studentek, których średni wiek wynosił 21±1,6 lat. Ocenę spożycia żyw-
ności przeprowadzono z wykorzystaniem food frequency-questionnaire (FFQ). ŁG całodziennej racji pokarmowej uznano 
za niski dla wartości <80 g, średni dla wartości 80-120 g i wysoki >120 g. 
Wyniki. Średnia wartość ŁG diet wynosiła 120,7±42 g. Diety 12,1% badanych kobiet miały niski ŁG, 46,6% średni, 
a 39,3% wysoki ŁG. Diety należące do czwartego kwartyla pod względem ŁG w porównaniu z kwartylami: pierwszym, 
drugim i trzecim, charakteryzowały się największą wartością energetyczną, zawartością węglowodanów ogółem, sacharo-
zy, skrobi i błonnika pokarmowego oraz udziałem energii z węglowodanów. Większy udział energii z białka i tłuszczów 
w dietach był związany z niższym ŁG diety. Najwyższą wartość współczynnika korelacji między ŁG a masą spożytych 
produktów stwierdzono dla słodyczy (r=0,67), a następnie dla produktów zbożowych (r=0.52), soków i napojów słodzo-
nych (r=0,50), warzyw (r=0,45) i owoców (r=0,44). Sumaryczny ŁG diet badanych osób w 26,6% pochodził z produktów 
zbożowych, w 12,8% z owoców, w 11,4% ze słodyczy, 9,1% z warzyw oraz 8,8% z soków i napojów słodzonych. 
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Wnioski. Zmniejszenie wartości ŁG diet badanych kobiet można osiągnąć poprzez ograniczenie spożycia słodyczy i sło-
dzonych napojów oraz wybieranie produktów zbożowych o niskim indeksie glikemicznym.

Słowa kluczowe: indeks glikemiczny, ładunek glikemiczny, węglowodany, studenci, dieta

INTRODUCTION

Carbohydrates are main source of energy in properly 
balanced diet. The chemical structure of carbohydrates 
is diverse, what determine their diverse properties and is 
reflected in dietary recommendations. It is recommended 
to intake 50% to 70% of energy from carbohydrates, 
including 10 to 20% of calories from sugars and not more 
than 10% of added sugars [30]. An adequate intake of 
dietary fiber for adults is 20 to 25 grams per day [9].

From a nutritional point of view, a dominant is an 
effect of carbohydrates on postprandial glycaemia and 
depending on the glycaemic index (GI) value of foods. 
The GI is defined as the measurement of the effect of 
50 g digestible carbohydrates of a test food on blood 
glucose level compared to the effect of 50 g glucose. 
GI of various food products can be rated as low (GI < 
55), medium (55-70) or high (> 70) [2]. However GI is 
not a precise measurement to estimate nutritional value 
of daily food ration (DFR), because it is determined 
experimentally and it should not be computed for mixed 
dishes. Moreover GI does not include real portion of 
consumed carbohydrates. Better measurement to estimate 
nutritional value of DFR is glycaemic load (GL), which 
is calculated based on the GI and the portion size of food 
eaten [GL= (GI x carbohydrate per serving)/100] [17].

The results of numerous studies have shown that 
high GI and/or high GL diets were associated with 
increased risk for type 2 diabetes [1, 26], cardiovascular 
disease (CVD) [16, 33] and cancer [28, 29]. Based 
on a meta-analysis conducted by Schwingshackl 
and Hoffmann [27] it was found beneficial effects of 
long-term use of a low GI/GL diet with respect to 
fasting insulin and pro-inflammatory markers such as 
C-reactive protein. Moreover Liu et al. [13] observed 
lower fasting high-density-lipoprotein cholesterol 
(HDL-C) level and higher fasting plasma triglyceride 
(TG) with increasing dietary GL in study group.

The aim of the study was to evaluate dietary 
GL, intake of food products which are source 
of carbohydrates and contribution of particular 
carbohydrates in students’ diets.

MATERIAL AND METHODS

The study group included 140 female dietetics 
students of Wroclaw Medical University, Poland. The 
average age of students was 21±1.6 years. Dietary 
habits in the study group were evaluated by validated 
food frequency-questionnaire (FFQ) [4]. The study was 
conducted in 2013. The questionnaire contained 154 

food items. The servings were specified as commonly 
used portion sizes (e.g. one average banana, one ice 
cream scoop, one slice of bread) or household measures 
(e.g. spoon, teaspoon, plate, cup). The food groups from 
the food frequency questionnaire that were assessed 
included: milk and dairy products, fruits, vegetables, 
meat, fish and eggs, bread and cereal products, mixed 
dishes, beverages and snacks. Participants were asked 
to indicate their usual frequency of intake during the last 
year of each food item, choosing from nine frequency 
categories: „never or less than once a month”, „one 
to three per month”, „one per week”, „two to four per 
week”, „five to six per week”, „one per day”, „two to 
three per day”, „four to five per day” or „six or more 
times per day”. Frequency of consumption of each food 
item in the FFQ was converted to intake in grams per 
day by multiplying the given serving size of each food 
and appropriate factors of frequency. Afterwards the 
nutritional value of DFR was computed by using “Food 
Composition Tables” [8].

GL values of individual foods were calculated by 
multiplying a food’s GI by the number of digestible 
carbohydrates in a given serving. There are not many 
polish studies where GI of food products would be 
examined [12, 15] and therefore GI values of individual 
foods were read from international tables wherein GI 
values were determined experimentally for many food 
products and dishes [5, 20]. GL values for typical Polish 
dishes were computed based on their recipes [8].

GLs of DFRs were calculated by summing GL 
values of consumed foods. GL of 80 g or below was 
considered low, a GL of 80-120 g was considered 
medium, and a GL of 120 g or above was considered 
high. GL of diets was assessed based on contribution 
in diet: cereals, fruits, vegetables, sweets, juices, 
sweetened beverages and soups. Daily intake of other 
products such as: potatoes, French fries, sugar, honey, 
raisins, walnuts, seeds, dairy products and the following 
meals: fried breaded food products, dumplings and 
oatmeal with milk was also taken into consideration.

Statistical analysis
The obtained results were summarized by average 

(X), standard deviation (SD), median (M), the lowest 
and the highest quartile. To estimate relationship between 
dietary GL and total energy intake, carbohydrates, proteins 
and fats contents and intake of individual food groups was 
used Pearson’s linear correlation test. Correlation was 
considered as weak for statistically significant correlation 
coefficient (R) value below 0.4, for R between 0.4 and 
0.6 was considered as moderate and for R above 0.6 was 
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considered as strong. A nutritional value of diet grouped 
by quartile of their GL was compared by Kruskal-Wallis 
test for non-parametric variables. Differences were 
considered statistically significant at p < 0.05. Statistical 
analysis was performed using the software STATISTICA 
10 (StatSoft Inc., USA).

RESULTS

Table 1 presents the average value of GL, energy 
intake and content of carbohydrates, proteins and fats 

in the diets of surveyed female students. The average 
value of dietary GL was 120.7 ± 42 g. Low GL (< 80 g) 
was observed in 12.1% of analyzed diets, while medium 
GL (80-120 g) and high GL (> 120 g) was observed 
respectively in 48.6% and 39.3% of the students diets. 
The diets were characterized by low energy intake 
from carbohydrates (46.2 ± 6%), however the average 
content of dietary fiber (30.4 ± 11.2 g per day) was 
consistent with the recommendations. The average 
energy intake from protein and fat amounted to 16.1 ± 
2.6% and 35.8 ± 5.2%, respectively.

Table 1. Glycemic load, energy intake and carbohydrates, protein and fat content in the diets of the studied female students 

Variables X ± SD Lower quartile Median Upper quartile

Glycemic load (g) 120.7 ± 42.0 93.3 111.4 137.4
Energy (kcal) 2064.8 ± 600.7 1649.0 1961.7 2396.1
Carbohydrates (g) 269.0 ± 87.0 211.7 255.6 304.9
Carbohydrates (% of energy) 46.2 ± 6.0 43.0 46.5 50.3
Sucrose (g) 59.0 ± 26.8 39.3 53.4 69.6
Lactose (g) 19.2 ± 12.2 10.3 16.4 25.7
Starch (g) 96.7 ± 37.6 70.9 91.6 114.0
Dietary fiber (g) 30.4 ± 11.2 23.3 28.8 34.8
Protein (g) 82.9 ± 26.4 63.3 80.1 103.3
Protein (% of energy) 16.1 ± 2.6 14.5 15.9 17.2
Fats (g) 82.4 ± 27.3 62.7 77.7 99.8
Fats (% of energy) 35.8 ± 5.2 32.4 35.6 39.3

X ± SD -average ± standard deviation

The diets belonging to the fourth quartile (Q4) 
of the GL, in comparison with the first (Q1), second 
(Q2) and third (Q3) quartile, were characterized by the 
highest value of energy, intake of total carbohydrate, 
sucrose, starch and dietary fiber and the percentage 
of energy from carbohydrates (Table 2). The starch 
content in the surveyed students diets increased with 
the increasing dietary GL. No statistically significant 
differences in the energy intake from carbohydrates 

between diets belonging to Q1, Q2, and Q3 were 
recorded. Furthermore, no differences were observed 
between diets from Q2 and Q3 in terms of energy 
intake, total carbohydrate, sucrose, lactose and dietary 
fiber. There was no statistically significant difference 
in analyzed diets belonging to each GL quartiles in 
relation to energy intake from protein and fats. Other 
relationships between diets belonging to each GL 
quartile are shown in Table 2.

Table 2. Comparison of the daily energy intake and macronutrients content in the diets of the study group, classified into GL quartiles

Variable Quartile 1 (Q1) Quartile 2 (Q2) Quartile 3 (Q3) Quartile 4 (Q4)

Glycemic load (g) 77.3 ± 11.7a,b,c 103.8 ± 5.2d,e 122.6 ± 7.1f 178.9 ± 35.7
Energy (kcal) 1445.5±237.3a,b,c 1863.8 ± 228.3e 2154.1 ± 324.0f 2795.8 ± 516.6
Carbohydrates (g) 177.5 ± 29.9a,b,c 242.1 ± 23.1e 272.2 ± 29.0f 384.3 ± 74.9
Carbohydrates (% of energy) 44.1 ± 7.6c 46.1 ± 4.9e 45.3 ± 5.1f 49.4 ± 4.6
Sucrose (g) 37.0 ± 13.3a,b,c 51.0 ± 9.9e 57.5 ± 17.8f 90.5 ± 27.3
Lactose (g) 15.3 ± 11.0c 19.4 ± 11.0 18.1 ± 10.9 24.0 ± 14.2
Starch (g) 62.8 ± 19.1a,b,c 83.0 ± 15.6d,e 102.1 ± 15.6f 139.0 ± 41.1
Dietary fiber (g) 20.7 ± 6.9a,b,c 29.3 ± 6.6e 31.3 ± 7.7f 40.4 ± 12.7
Protein (g) 60.0 ± 20.0a,b,c 77.0 ± 17.8e 89.5 ± 23.0 105.2 ± 21.8
Protein (% of energy) 16.4 ± 3.6 16.4 ± 2.3 16.4 ± 2.3 15.1 ± 1.8
Fats (g) 59.5 ± 18.0a,b,c 74.6 ± 17.2e 88.6 ± 20.9 107.0 ± 26.7
Fats (% of energy) 36.5 ± 6.7 35.7 ± 5.1 36.6 ± 4.2 34.3 ± 4.3

small letters means statistically significant differences between quartiles: a - Q1 vs Q2; b – Q1 vs Q3; c – Q1 vs Q4; d – Q2 
vs Q3; e – Q2 vs Q4; f – Q3 vs Q4
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Table 3. Correlation between dietary glycemic load and  
               energy and macronutrient intake in the diets of the  
          study female students, described by the Pearson  
                 correlation coefficient

Variables R p
Energy (kcal) 0.90 0.00
Carbohydrates (g) 0.96 0.00
Carbohydrates (% of energy) 0.38 0.00
Sucrose (g) 0.82 0.00
Lactose (g) 0.22 0.01
Starch (g) 0.85 0.00
Dietary fiber (g) 0.68 0.00
Protein (g) 0.64 0.00
Protein (% of energy) -0.26 0.002
Fats (g) 0.69 0.00
Fats (% of energy) -0.18 0.036

R – Pearson’s correlation coefficient, p – statistically sig-
nificant

Table 3 presents the relationship between dietary 
GL and energy intake and the content of carbohydrates, 
proteins and fats in the students diets, described by 
the Pearson correlation coefficients. Strong positive 
correlation between the dietary GL and the energy 
intake as well as carbohydrate, proteins and fats intake 
was observed. Moreover, the dietary GL was positively 
correlated with the energy intake from carbohydrates. 
Whereas the higher energy intake from protein and 
fats affected the reduction of the dietary GL.

Average daily intake of the groups of food products 
and their caloric value, content of carbohydrates, 
dietary fiber and GL are presented in Table 4. The 
total GL of cereal products, which the average daily 
intake amounted to 149.6 g, was the highest among 
all the assessed groups. These products were also the 
main source of carbohydrates in women diets and 
the third source of dietary fiber. The GL of fruits and 
vegetables was significant in the summary dietary 
GL, because of their high consumption that amounted 
respectively to 336.4 g and 421.4 g. These products 
simultaneously were the main source of dietary fiber 
(53.6%). In the analyzed diets the third place in total 
GL had sweets and their average daily intake was 52.2 
g. Cereal products accounted 26.6% of the total dietary 
GL, while fruits, sweets, vegetables and juices and 
sweetened beverages accounted respectively 12.8%, 
11.4%, 9.1%, 8.8% (Figure 1).

In Table 5 the relationship described by the 
Pearson correlation coefficient (R), between the 
weight of consumed food products and the total diet 
GL are presented. The highest value of R between the 
dietary GL and the products consumption was recorded 
for sweets (0.67). Moderate correlation, between the 
GL and the mass of consumed products, for: cereals, 
juices and carbonated beverage, vegetables, fruits and 
dumplings was found. Although the intake of certain 
groups of products, eg. soups or dairy products, was 
much higher than sweets, the correlation between 
dietary GL and their intake was weak, due to the low 
content of carbohydrate in these products.
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Table 4. Average daily intake of particular groups of food products and their energy value, total carbohydrate and fiber  
              content and glycemic load (GL)

Products Intake
(g/day)

Energy
(kcal/day)

Carbohydrates 
(g/day)

Dietary fiber 
(g/day) GL

Cereals 149.6 ±81.3 272.4 ±149.2 60.2 ±32.9 6.4 ±3.8 32.1 ±18.6

Fruits 336.4 ±217.2 168.7 ±105.9 43.9 ±27.6 6.8 ±4.3 15.5 ±9.7

Vegetables 421.4 ±241.2 207.9 ±115.1 34.2 ±20.7 9.5 ±5.6 11.0 ±7.2

Potatoes and french fries 49.1 ±40.5 60.4 ±47.6 10.1 ±8.1 0.8 ±0.7 5.7 ±4.7

Juices and sweetened beverages 219.8 ±191.8 93.3 ±80.9 22.4 ±19.3 0.7 ±0.8 10.6 ±9.4

Sweets 52.2 ±38.6 194.0 ±151.4 26.4 ±21.8 0.5 ±0.5 13.8 ±12.2

Sugar and honey 10.4 ±12.3 37.4 ±45.2 9.2 ±11.1 0.0 ±0.0 5.7 ±7.0

Raisins dried 8.8 ±13.5 24.5 ±37.5 6.3 ±9.6 0.6 ±0.9 3.7 ±5.6

Nuts and seeds 23.5 ±24.3 133.2 ±137.3 4.6 ±4.8 1.7 ±1.7 0.5 ±0.5

Milk and dairy products 355.5 ±231.3 296.3 ±152.4 18.5 ±12.6 0.1 ±0.2 5.8 ±4.0

Dishes
Soups 216.5 ±154.7 86.5 ±57.3 13.7 ±9.2 2.1 ±1.7 6.2 ±4.1

Breaded fried products 54.5 ±41.1 143.6 ±107.1 4.3 ±3.3 0.3 ±0.2 2.9 ±2.3
Dumplings with meat and with potato 
filling 16.4 ±21.4 29.3 ±38.7 3.8 ±4.9 0.2 ±0.2 2.5 ±3.2

Soup milk with rolled oats 87.0 ±115.2 53.9 ±71.4 7.1 ±9.4 0.5 ±0.7 3.5 ±4.7
GL – glycemic load
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Table 5. Correlation between the consumption of particular  
            groups of food products and the glycemic load of  
          the diets of the female students, described by the  
              Pearson correlation coefficient

Products R p
Sweets 0.67 0.00
Cereals 0.52 0.00
Juices and sweetened beverages 0.50 0.00
Vegetables 0.45 0.00
Fruits 0.44 0.00
Dumplings 0.41 0.00
Potatoes 0.37 0.00
Sugar and honey 0.32 0.00
Soups 0.30 0.00
Raisins dried 0.24 0.00
Breaded fried products 0.24 0.00
Nuts and seeds 0.19 0.03
Milk and dairy products 0.16 0.06
Soup milk with rolled oats 0.11 0.18

R – Pearson’s correlation coefficient, p – statistically significant
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Figure 1. Contribution of selected groups of food products  
           in total glycemic load of the diets of the female  
                students 

DISCUSSION

GL is one of the indicators that can be used to assess 
the nutritional value of the diet. The consumption 
of low GI foods, that contains slow-digestible 
carbohydrates, promotes to maintain proper blood 
glucose concentration. As a result the hyperglycemia 
does not appear, as well as hypoglycemia caused by 
the action of insulin, which is manifested by a sudden 
feeling of hunger. Diet with low GI foods promotes 
regularly nutrition and avoidance snacking during the 
day. Some benefits arising from the consumption low 
GI foods were described by Ukleja et al. [31]. Warren 
et al. [32] demonstrated that children who ate low GI 
breakfast, more frequently during the lunch ate low 
calories meals compared to children whose breakfasts 

contains a high GI products. The authors suggested 
that eating a low GI meals may be the important step in 
body weight control and obesity treatment [32]. This 
is confirmed by the results obtained by Murakami et 
al. [18], who showed that higher dietary GL correlated 
with increased risk of overweight and abdominal 
obesity in children and adolescents. In another study, 
a reduction in waist circumference and waist-to-hip 
ratio (WHR) in patients with excess body weight 
was observed among those on a diet with a low GI 
compared to those on a diet with a high GI. Statistically 
significant changes were recorded after 15 days from 
the beginning of the study [3].

In Polish reference there are a few studies [23,24] 
which evaluated dietary GL, while the numerous 
authors of studies conducted in the world have 
considered this problem [11, 19,  25]. Murakami et al. 
[19] evaluated the value of GL in diets of 3931 dietetics 
students from Japan. It was higher than estimated in this 
study and amounted to 147 g. It should be pointed out 
that the average daily energy intake in Japan students 
diets was 1822 kcal per day and the energy intake from 
carbohydrates was 55.2%. In their diets the white rice 
accounted 45.8% of the total dietary GL. In a study 
conducted among 40-69 years old population from the 
United States, the average daily energy intake from the 
diet, carbohydrate intake, and dietary GL amounted to 
1964 kcal, 220.5 g and 128.3 g, respectively [11]. Diets 
of 70-80 year-old men and women participating in the 
Health, Aging and Body Composition Study were 
characterized by the GL amounted to 145.2 and 118.3 
g, respectively. The average daily energy intake and 
the content of carbohydrates amounted respectively to 
2082 kcal and 273 g in the diets of men and 1710 kcal 
and 228 g in the diets of women [25].

In the present study the dietary GL was positively 
correlated with the energy intake from carbohydrates 
and negatively correlated with the energy intake from 
protein and fat. It may therefore resulted in wrong 
conclusions to recommend a low-carbohydrates diet 
with a high content of protein and/or fat. However it 
would not be correct as evidenced by the study results 
conducted by McMillan-Price et al. [14]. The authors 
compared the impact of four diets, differing in content 
and type of carbohydrates and content of protein, 
on weight loss and reduction of cardiovascular risk 
in young adults with excess body weight. First of 
the analyzed diets contained 55% of energy from 
carbohydrates with high GI. Second of the diets 
contained 55% of energy from carbohydrates with 
low GI. The diet number 3 contained 25% of energy 
from protein and carbohydrates products with high 
GI, while the diet number 4 contained also 25% of 
protein but the carbohydrates products with low GI. 
The dietary GL of each diet amounted respectively 
116, 65, 84 and 43 g. The authors observed that each 
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of the analyzed diet were favorable to weight loss, 
wherein the lowest effect was noticeable for the first 
diet and the highest for the second diet. After 12 weeks 
of the study, in patients applying different diets has 
been observed statistically significant differences in 
total cholesterol concentration and LDL cholesterol 
concentration, as well as leptin concentration in blood 
serum. The diet number 2 resulted in a reduction in 
total cholesterol and LDL cholesterol concentration 
respectively by 0.18 and 0.17 mmol/l, however the 
3rd diet resulted in an increase concentration of these 
parameters respectively by 0.24 and 0.26 mmol/l. The 
4th diet (high protein + low GI foods) contributed to 
the reduction of total cholesterol and LDL cholesterol 
concentration by only 0.05 and 0.04 mmol/l, and was 
less effective than a diet containing 55% of energy 
intake from carbohydrates with a low GI foods. The 
2nd diet was the most effective in reducing leptin 
concentration in blood serum, a hormone involved 
in the regulation of food intake. The authors also 
observed that the dietary GL was significantly 
correlated with the glucose and insulin concentration 
in the blood serum [14]. Beneficial to health is 
therefore reasonably balanced diet containing the low 
GI foods.

Analyzing dietary GL it is worth to pay attention 
to food products which influence on the total value of 
GL and the degree of correlation between the intake of 
these products and the increase of GL. In the present 
study the highest contribution in the total GL of students 
diets had cereal products, which were also the main 
source of carbohydrates. However, the correlation 
coefficient between the dietary GL and the intake of 
these products (r=0.52) was in the second place. The 
strongest positive correlation was observed between 
the GL and sweets consumption (r=0.67), although 
this group of products had the third contribution in the 
dietary GL and was the fourth source of carbohydrates. 
Significant part of the GL value of analyzed diets 
had also fruits and vegetables, but recommendations 
indicate to not limit their consumption because they 
are the source of many valuable nutrients, including 
dietary fiber.

Among other foods, which are the source of GL, 
is worth to pay attention to dairy and fried breaded 
products. Dairy products contains a small amount 
of carbohydrates and have a low GI. However, the 
high intake of dairy in the analyzed students diets 
caused, that they accounted 4.8% of the total dietary 
GL. Therefore, it is recommended to choose these 
dairy products that not contain added sugars eg. milk, 
natural yogurt, cottage cheese and hard cheese. Meat 
and fish not contain carbohydrates and therefore not 
influence on the GL of the diet. In this type of products 
a source of carbohydrates is a coated, both in the form 
of breadcrumb or flour, which is added during culinary 

D. Różańska, A. Kawicka, K. Konikowska et al.

processes. In the studied students diets the fried breaded 
products accounted 2.4% of the total dietary GL.

The female students diets which had higher GL 
were also characterized by higher content of dietary 
fiber. Oh et al. [21] showed that a higher content of 
dietary fiber in the high GL diets was associated with 
increased fruits intake. Indeed the role of dietary fiber 
in lowering postprandial serum glucose and decreasing 
insulin secretion is valuable [9]. Schulze et al. [26] 
found out that dietary fiber intake which source where 
cereal products was associated with lower incidences 
of type 2 diabetes in women. Furthermore European 
Society of Cardiology recommends adequate intake 
of dietary fiber because of its important role in 
cardiovascular disease prevention and reducing LDL 
cholesterol concentration in the blood serum [22]. The 
average daily fiber content in the students diets was 
consistent with the recommendations and amounted 
to 30.4 g. Approximately in 67% of women diets the 
dietary fiber intake was higher than 25 g/day, which 
was mainly due to the high consumption of vegetables 
and fruits.

Carbohydrates should be the main source of 
energy in the daily diet, however their  amount and 
type have impact on the value of dietary GL, therefore, 
it is advisable to choose a low GI foods. At the second 
level from the bottom of Healthy Nutrition Pyramid 
[6] are whole grain cereals products. The low GI 
products of that group are: whole grain bread, oatmeal, 
buckwheat and barley, basmati rice or durum wheat 
pasta. Lebiedzinska [10] and Ilow [7] observed the 
improper habits of cereal products intake among 
students. Among those studying in Gdansk and Sopot, 
especially in men (approximately 74%) dominated 
the intake of wheat bread [10]. Although the female 
pharmacy students from Wroclaw consumed 
significantly more often whole grain bread than men, 
in both groups prevailed consumption of wheat bread 
and both wheat and whole grain bread (86.5% women, 
92.3% men) [7].

According to food pyramid [6] it is recommended 
to consume as much as possible of vegetables and 
fruits daily, but they are also a source of carbohydrates. 
In the diets of studied women, these products provided 
13% and 16% of carbohydrates. Most of the vegetables 
and fruits have low GI. Moreover these products are 
the source of dietary fiber, which reduces postprandial 
glycemia. In the study group the fruit and vegetable 
intake was high and amounted approximately to 758 
g/day, what may be a result of the proper nutrition 
education among dietetics students. 

In the daily diet should predominate the products 
contains slow-digestible carbohydrates. Whereas it is 
instead to limit the intake of sugar and products which 
may contain significant amounts of added sugars and 
could significantly increases the GL of diet, such as 
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sugar-sweetened beverages and carbonated beverages, 
sweets, pastries, sugar- sweetened yogurt or cream 
cheese. It should be recommended to choose their 
natural food substitutes. 

CONCLUSIONS

Most of the analyzed diets were characterized by 
a medium or high value of GL, low energy intake from 
carbohydrates and proper content of dietary fiber.

The analysis shown that the greatest impact on 
increasing dietary GL had the increased consumption 
of products such as: sweets, cereals, juices and 
sweetened beverages. Therefore to decrease the value 
of dietary GL it is recommend to reduce intake of 
sweets and sweetened beverages, while among cereal 
products choose those with a low GI.

The lowering of GL diet should not be a result of 
the reduction of vegetables and fruits intake, most of 
which have low GI and are a source of soluble fiber 
affecting the reduction in postprandial serum glucose.
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ABSTRACT
Background. Natural spices are commonly used by the people in Nigeria. They may be easily contaminated with heavy 
metals when they are dried and then pose a health risk for the consumers. 
Objective. The aim of this study was to determine the levels of heavy metals in some commonly consumed natural spices 
namely Prosopis Africana, Xylopia aethiopica, Piper gineense, Monodora myristica, Monodora tenuifolia and Capsicum 
frutescens sold in the local markets of Awka, Anambra state, South East Nigeria to estimate the potential health risk.
Results. The range of heavy metal concentration was in the order: Zn (14.09 – 161.04) > Fe (28.15 – 134.59) > Pb 
(2.61 – 8.97) > Cr (0.001 – 3.81) > Co (0.28 – 3.07) > Ni (0.34 – 2.89). Pb, Fe and Zn exceeded the maximum allowable 
concentrations for spices. The Target Hazard Quotient (THQ) of the spices varied from 0.06 – 0.5. Estimated daily intakes 
(EDI) were all below the tolerable daily intake (TDI). The lead levels in Prosopis africana, Xylopia aethiopica, Piper 
gineense, Monodora myristica and Capsicum frutescens which are 8-30 times higher than the WHO/FAO permissible limit 
of 0.3 mg/kg. 
Conclusions. Lead contamination of spices sold in Awka (south east Nigeria) may add to the body burden of lead. A good 
quality control for herbal food is important in order to protect consumers from contamination.

Key words: food products, spices, potential toxic metals, risk assessment, public health

INTRODUCTION

Spices are dried parts of plants which are used to 
improve colour, aroma, palatability and acceptability of 
food [25]. Most common spices have been documented 
to possess outstanding microbial, antidiabetic, anti-
inflammatory, antioxidant and antihypertensive 
potential [9, 15, 37]. On the other hand, the method 
of preparation and handling of spices can make them 
a source of food poisoning [34]. Currently there is an 
increased emphasis on eating healthy foods which 
are low in fat and salt [27], although they belong 
to condiments, spices are substances which do not 
contain nutritive components [21] but their ability 
to improve taste and sometimes appearance of food 
has led to increased usage among locals in Nigeria. 
Spices are a potential link to transfer contaminants and 
heavy metals from the environment to humans through 
the food chain due to their plant origin. These spices 
may easily be contaminated by heavy metals from the 

soil or aerial depositions as these spices are dried on 
the ground or on roof tops [36]. Exposures to toxic 
metals are associated with severe health problems 
with varying degrees of severity and conditions: 
kidney problems, neurobehavioral and developmental 
disorders, high blood pressure and possibly cancer [5, 
12, 17]. Natural spices used in Nigeria are mostly used 
by the population in the rural areas although different 
local spices have ethnic and regional peculiarities, 
which may be as a result of distinct preparation 
methods.

Most of these spices are produced from natural 
sources and therefore the wide spread public opinion 
that they are harmless and free from adverse effect. 
Nevertheless, a good quality control for herbal food 
is important in order to protect consumers from 
contamination [41].

Although spices represent a small fractions of 
the total food intake, their use in the preparation of 
popular daily Nigerian meals such as jollof rice, 
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beans, moi-moi, and a variety of soups, results in the 
need to determine its safety. Spices have now been 
considered a potential non-paint, non-petrol source 
of lead poisoning within apparently lead safe home 
environments [13]. 

The aim of this study is to determine the levels 
of heavy metals contamination in some commonly 
consumed natural spices namely Prosopis africana, 
Xylopia aethiopica, Piper gineense, Monodora 
myristica, Monodora tenuifolia and Capsicum 
frutescens sold in the local markets of Awka, Anambra 
state, South-East Nigeria and to estimate their potential 
health risk.

MATERIALS AND METHOD

Sample collection, preparation and analysis
Samples of spices namely Prosopis africana, Xylopia 

aethiopica, Piper gineense, Monodora myristica, 
Monodora tenuifolia and Capsicum frutescens (Figure 
1) sold in different parts of Awka, Anambra state, south-
east region of Nigeria, were taken from the open markets 
within the state in March 2015 and kept in plastic 
bags. Only edible parts of the samples were used for 
the analysis. The sources of spices were authenticated 
from the seller at the point of purchase to validate they 
were locally produced in the area. The samples were 
cutting into small pieces before drying in the oven to the 
constant weight. The samples were then pulverized with 
a ceramic mortar and pestle to fine powder. About 0.5 g 
of dried powdered sample was weighed and transferred 
into beaker and were subjected to wet digestion with 
10 mL HNO3:HClO4 (at a volume ratio of 4:1) at  
150 oC for four hours. Following this, samples were left 
to cool; filtered using a filter paper, transferred into a  
50 mL volumetric flask and a final volume of 25 mL 
was made by adding deionized water. For each of the 
samples, triplicate digestion were carried out together 
with blank reagent and kept in refrigerator until analysis. 
The samples were analysed for the presence of Pb, Cr, 
Ni, Zn, Fe and Co using Flame Atomic Absorption 
Spectrometer (FAAS). The limit of detection of the 
heavy metals were 0.005 µg/g, with blank values reading 
below this value for the metals in deionized water with 
an electrical conductivity value of <5 µS cm-1. Standard 
quality control measures were carried out to reduce the 
risk of contamination and assure reliability of the results.

Figure 1. Samples of tested spices

HEAVY METAL 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 humans 
can influence the tolerance of contaminants. The EDI 
was calculated based on the following formula [35]. 

Where: 
C - the metal concentration in spices in mg/kg, 
D - the daily intake of food in kg person-1 

BW - average body weight in kg person-1.

An average daily consumption of 0.01 kg of spices was 
assumed in this study. This method was adapted because 
spices are widely consumed as a major part of the diet. 
Average adult body weight was considered to be 65 kg.

Non carcinogenic risk estimation of heavy metals 
consumption was determined using THQ values. 
THQ is a ratio of the determined dose of a pollutant 
to a reference level considered harmful. THQ values 
were determined based on the following formula [35]. 

Where:
Efr - exposure frequency in 156 days year-1

ED - exposure duration in 70 years (equivalent to an 
average lifetime) [3] 
FIR - average daily consumption 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. 

R. N. Asomugha, N. A. Udowelle, S. J. Offor et al.
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The following reference doses were used (Pb = 4.0 
x 10-3, Cd = 0.001, Cu = 0.04, Fe = 0.7, Zn = 0.3, Mn 
= 0.014, Co = 0.043). THQs were calculated according 
to the methodology described by the Environmental 
Protection Agency (EPA) in the USA [39]. Doses 
were calculated using the standard assumption for 
an integrated risk analysis and an average adult body 
weight of 65 kg [39, 42]. In addition, based on EPA 
guidelines, it was assumed that ingested doses were 
equal to absorbed contaminant doses [7].

RESULTS

The concentration (mg/kg) of heavy metals (Pb, 
Cr, Co, Zn, Fe and Ni) analysed in the local spices 
collected from various location in Awka are presented 
in Table 1 with the following ranges Pb (2.61 – 8.97), 
Cr (0.001 – 3.81), Fe (28.15 – 134.59), Zn (14.09 – 
161.04), Co (0.28 – 3.07) and Ni (0.34 – 2.89). 

Table 1. Concentration (mg/kg) of heavy metals in studied spices
Spices Nickel Cobalt Zinc Iron Chromium Lead
Prosopis Africana 0.34 1.69 15.31 134.59    1.2 8.51
Xylopia aethiopica 2.34 3.07 14.32 28.15   <0.001 6.1
Mondora myristica 1.42 0.28 161.04 84.45   0.92 8.97
Piper gineense 0.98 1.77 16.1 55.9   1.48 2.67
Capiscum frutescens 1.37 1.16 14.09 87.68   0.08 2.61
Mondora tenuifolia 2.89 1.55 23.4 83.63   3.81 <0.001
____________________________________
Permissible limits (WHO/FAO) 5.0 3.5 50 20 - 0.3

<0.001 = Below detectable limit
WHO/FAO - World Health Organization/ Food and Agricultural Organization, (2009) permissible limit.

The heavy metals with the highest concentration 
(mg/kg) was Zinc (161.04) in Mondora myristica 
and Iron (134.59) in Prosopis africana. While the 
least concentration of heavy metals was in Xylopia 
aethiopia while Mondora tenuifolia had Lead and 
Chromium levels below the detectable limit. The level 
of iron in all the samples was relatively high when 
compared with other heavy metals present in different 
samples. Also the least concentration of heavy metal 
was chromium with the highest concentration of 
3.81 mg/kg in Mondora tenuifolia. The lead levels in 
Prosopis Africana, Xylopia aethiopica, Piper gineense, 
Monodora myristica and Capsicum frutescens were 
higher than the World Health Organization/ Food and 
Agricultural organization permissible limit of 0.3 mg/
kg. The combined heavy metal contamination (mg/
kg) in the local spices followed this trend Mondora 
myristica (257.08) > Prosopis Africana (161.64) > 
Mondora tenuifolia (115.28) > Capiscum frutescens 
(106.99) > Piper gineense(78.9) and Xylopia 
aethiopica (53.98). The FAO/WHO permissible limits 
of Pb, Zn, Fe, Co and Ni is shown in Table 1 and when 
compared with the result of our present work were 
lower than the permissible limit for spices, except for 
Pb, Fe and Zn (Mondora tenuifolia) which was above 
the set standard.

Table 2. Provisionally tolerable daily intake of heavy metals
Heavy  
metals

Concentration 
(mg/kg day-1 bw) Regulatory body

Ni 0.0028 EFSA, 2015
Pb 0.0005 WHO/FAO, 2010
Cr 0.3 EFSA, 2014
Co 0.023 FSA, 2003
Zn 0.43 SCF, 2003
Fe 0.8 EFSA, FAO/WHO, 2010

Table 2 shows the Estimated Daily Intake (EDI) of 
metals from the consumption of spices. All samples were 
below the Tolerable Daily Intake (TDI) of the different 
metals when compared with the calculated result in Table 
2. The THQ values of Pb, Zn, Fe, Co, Cr and Ni for the 
investigated samples had THQ values less than one. Also 
the Total Target Hazard Quotient (TTHQ) of all samples 
ranged from 0.06 – 0.5 (Figure 2). 

Figure 2. Target Hazard Quotient

Heavy metals hazards  from Nigerian spices.
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DISCUSSION

Spices include the leaves, seeds, flowers, and/or 
other plant parts of herbs containing oils and other 
chemicals, which impart the characteristic taste and 
aroma give to the spices. Spices used in foods are 
purchased after grinding has produced a powdered 
substance, and mixtures of individual spices are 
commonly used to enhance the flavouring of prepared 
foods. There has been an increasing concern over the 
years on the adverse health effect resulting from heavy 
metal exposure through food consumption in Nigeria. 
Trace food components such as spices which are 
contaminated by heavy metals from the atmosphere, 
soil and water pose health risk to humans and animals 
[18]. The present study investigated the presence of 
toxic and essential heavy metals in local spices which 
is a major component of the diet among the population 
in South Eastern Nigeria. The growing use of these 
spices as flavouring, colouring and preservative agent 
gotten/prepared from variety of plant seed, fruit, root 
and vegetables which could have been contaminated 
by heavy metals during agricultural cultivation, 
industrial or human activities and from leaded gasoline 
[20]. However there should be strict regulation or 
sensitization on the level of contaminants present in 
locally produced spices in Nigeria, arising from food 
preparation processes. This may support export as 
there is an increased use of spices in most regions of 
the world including Europe, North America and Asia 
[27]. 

The concentration (mg/kg) in the present study 
with Pb range (< 0.001 – 8.97) were higher than those 
reported by others [21, 27] in Ghana, Poland and 
Libya. They are also lower than the level reported 
by Umar and Salihu [38] and Mubeen et al. [25] in 
Abuja and Pakistan respectively. In studies of heavy 
metal levels in artificial spices in Nigeria, Nnorom 
et al. [28] reported lead and cadmium (µg/g) levels 
which ranged from 3.60-3.65 for bouillon cubes, 3.9-
5.05 for chicken seasoning, nd-1.80 for curry powder, 
0.85- 4.80 for beef seasoning, 1.10-1.15 for thyme and 
0. 80-4.90 for mixed species. Although the Estimated 
Daily Intake (EDI) of metals from the consumption of 
spices were below Tolerable Daily Intake (TDI) and 
the Total Target Hazard Quotient (TTHQ) were <1, the 
lead levels in Prosopis africana, Xylopia aethiopica, 
Piper gineense, Monodora myristica and Capsicum 
frutescens were 8-30 times higher than the World Health 
Organization/ Food and Agricultural organization 
permissible limit of 0.3 mg/kg [43]. The public health 
implication of this should not be overlooked. The high 
consumption of these natural spices in Eastern Nigeria 
may explain at least in part the higher blood lead 
levels in rural than urban pregnant women in Eastern 

Nigeria reported by Njoku and Orisakwe in 2012 [26]. 
Although most cases of lead poisoning are caused by 
contaminated paint and dust in older homes, a variety 
of unusual sources of lead exposure are occasionally 
found. Woolf and Woolf [44] reported families whose 
children were poisoned by lead-contaminated spices. 
A middle aged German suffered clinically severe lead 
intoxication that required chelation with intravenous 
Na-CaEDTA after using “red lead” adulterated paprika 
[24]. In 1994, Hungarian health officials reported that 
the intentional adulteration of paprika with red lead had 
resulted in widespread poisoning of 141 adults, many 
of whom were symptomatic and required chelation 
therapy [19]. Mixed spices generally exhibited higher 
value for trace metals specially lead (6.6–9.2 µg/g), 
cadmium (0.65–1.34 µg/g), iron (142.3–285.0 µg/g) 
and zinc (64.2–65.8 µg/g) [32].

The presence of heavy metals in spices has 
been reported from different places [1, 14, 45]. 
Contamination may occur accidentally through 
contaminated irrigation water and fertilizer or 
deliberately when weight and colour are deceptively 
enhanced for profit especially to the artificial spices. 

Lead forms complexes with oxo-groups in 
enzymes used in haemoglobin synthesis and porphyrin 
metabolism [2]. Lead is a toxic metal of public health 
concern with no known biological function and report 
to induce toxicity at concentrations as low as 10 µg/
kg [43].

Exposure to Cr can occur through food, it is 
considered an essential metal for carbohydrate and 
lipid metabolism [29]. The level of chromium in this 
study with range (0.001 – 3.81), is in contrast with 
levels reported for spices in Northern Nigeria; Singh 
et al. [35] reported a range of (3.87 – 7.87) in spices 
gotten from plants irrigated with effluent water, while 
Umar and Salihu [38] reported Cr levels which were 
below detectable limit. Although Cr exist in two forms 
Cr3+ and Cr6+, the essential Cr3+ is mainly found in food 
and dietary supplements while the carcinogenic Cr6+ 
form is found in water [33].

It is known that zinc is an essential trace element 
not only for humans, but for all organisms, it is 
a component of over 300 enzymes and even greater 
number of other proteins, which emphasizes its 
indispensable role for human health [31]. The observed 
range of Zn in the current study was between (14.09 
– 161.04 mg/kg) with Mondora myristica having the 
highest concentration of 161.04 mg/kg. The result 
indicates that only Mondora myristica exceeded the 
FAO/WHO permissible limit of Zinc among all the 
studied samples. This result is comparable with the 
results of Dghaim et al [8] and Krejpcio et al. [21].

There is relatively high level of Fe recorded 
in the present study ranging from 28.15 – 134.59 
when compared to other metal concentrations across 
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all samples. Fe serves as a constituent in proteins 
e.g. haemproteins: haemoglobin, myoglobin; non-
haemproteins: ferritin, transferrin and as a co-
factor for many important iron dependent enzymes 
(Cytochromes A, B, C; peroxidases, catalases) [10]. 
The levels reported in UAE, Egypt and Pakistan [1, 8, 
25, 36] were significantly higher in comparison with 
our present study thus confirming that the heavy metal 
contents in spices varied depending on the country of 
origin, environmental pollution levels, plant parts and 
technological processes [21].

The cobalt concentration (mg/kg) varied slightly 
between 0.28 – 3.07. The maximum concentration is in 
Xylopia aethiopica with 3.07. Cobalt is a component of 
the essential Vitamin B12, important for the functioning 
of red blood cells, with the largest source of cobalt 
in humans through the diet. Although environmental 
exposure to toxic levels may occur in industrial 
settings [22] and this has been shown to cause adverse 
health effects which includes liver toxicity, dermatitis, 
endocrine and reproductive toxicity [11, 23, 30]. 
Although there is no permissible limit for the levels 
of Cobalt in food, a 1.5 mg/kg maximum permissible 
limit of this metal has been reported because higher 
levels can be related with health problems [40].

In humans nickel toxicity is influenced by the 
route of exposure, dose and solubility [4]. Samples 
with concentrations ranging from 0.34 – 2.89 in this 
study which were below the WHO/FAO permissible 
limit of 50 mg/kg in spices, suggests the levels 
currently detected in the various samples are within 
the safe limit. The most common effect of Nickel 
exposure is allergic reaction [16] from products 
like jewellery, coins and stainless steel but dietary 
exposure is responsible for the high intake of Nickel 
in the general population [6].

The toxic metals investigated in this study 
which includes Pb, Ni and Cr are known food and 
environmental contaminants, continuous ingestion from 
spices and other sources of heavy metal exposure taken 
into account is likely to result in health risk challenges. 
The estimated daily intake (EDI) of metals based on 
the assumption that an adult consumes at least 10 g of 
spices daily suggests that all metals were below the 
tolerable daily intake with the essential metals below 
the recommended daily intake in the investigated spices. 
Ingestion of heavy metals from other food sources could 
either augment for this concentration in essential metals 
or increase the body burden in toxic metals. 

CONCLUSION

The lead levels in Prosopis africana, Xylopia 
aethiopica, Piper gineense, Monodora myristica and 
Capsicum frutescens which are 8-30 times higher than 
the World Health Organization/ Food and Agricultural 

Organization permissible limit of 0.3 mg/kg may 
contribute to the body burden of lead even amongst the 
rural population that consume lots of natural spices.
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ABSTRACT
Background. Free radicals play a key role in the development of several pathological conditions. Therefore, antioxidants 
(AOs) are the first line of defense against free radical damage and are critical for maintaining optimum health and well-
being.
Objectives: To assess the perception of dental practitioners regarding use of antioxidants in oral health.
Method. A cross-sectional questionnaire study was conducted among 296 dental practitioners in Tricity (Chandigarh, 
Mohali, Panchkula, India). A self-structured close-ended questionnaire was used to assess the perception of dentists 
regarding the use of antioxidants in their patients. It consisted of 12 questions with dichotomous response and five point 
likert scale ranging from strongly agree to strongly disagree. Descriptive statistics were used to summarize the data, 
followed by the Chi-square test to check significant differences between the responses. Correlation between responses 
were analysed through the Spearman’s rank correlation. Statistical analysis was done using Statistical Package for Social 
Sciences version 20 (Illinois, Chicago, USA).
Results. A statistically significant difference was observed between genders, with females 181 (61%) having more 
knowledge than males 115 (39%) regarding the use of antioxidants in their clinical practice. It has been found that dental 
professionals in academics prescribes more antioxidants to their patients than the private practitioners. Postgraduates 76 
(77.6%) had a higher level of knowledge than graduates 86 (43%).
Conclusions. Knowledge about antioxidants should be highlighted in the health sciences curriculum. It is recommended to 
expand the use of antioxidants in oral health to bring down the burden of chronic diseases like periodontitis and catastrophic 
diseases like precancerous lesions and oral cancer.

Key words: antioxidants, free radicals, mouth neoplasms, oral health

INTRODUCTION

Oxygen is essential for the existence of human 
beings. Yet, in contradiction, it is also involved in 
harmful reactions and therefore is a constant threat to 
the wellbeing. Most of the potentially adverse effects 
of oxygen is believed to be due to the production and 
activity of reactive oxygen species. Reactive oxygen 
species are either free radicals that are molecules 
containing at least one unpaired electron [6, 8].

In a world in which we live, free radicals can come 
from many sources and contribute to downturn of our 
health. Sources of free radicals include pollutants, 
metal ions, high intakes of polyunsaturated fatty acids, 
drugs, smoking and radiation. These may lead to cell 
damage resulting in inducement of cancer, neurological 

diseases, diabetes, vascular diseases, autoimmune 
diseases, lung cancer, aging and eye diseases [12].

Free radicals are very much reactive and have the 
ability of destroying almost all types of biomolecules. 
When there are too many free radical molecules in 
the body, the imbalance is called “oxidative stress”. 
In the oral cavity, oxidative stress is associated with 
inflammation of the gums (gingivitis) and other soft 
tissues (periodontitis). But factors including dental 
procedures, bleaching agents, dental cements, exposure 
to nicotine, alcohol consumption, composite fillings and 
metals used in dentistry also lead to oxidative stress [20].

The role of antioxidants (AOs) in the oral tissues is 
becoming an issue of budding interest. Recent studies 
have indicated the need for AO supplementation for 
prevention and effective treatment of disorders associated 



316 No 3

with gingival tissues and other supporting structures of the 
teeth.5Antioxidants are available from different sources, 
including vitamins, hormones, minerals and enzymes, as 
well as food and herbal supplements [3].

Various studies [1, 7] prove that antioxidants play 
major role in the prevention of oral cancer as well as 
in premalignant lesions like Leukoplakia, Oral Sub 
Mucous Fibrosis and also helps in delaying the onset 
of cancer. A study showing the effect of Lycopene, 
a commonly used antioxidant in oral cancer has proved 
that high doses of Lycopene (8mg/day) are useful in 
improvement of oral health [16].

Despite of playing such an important role, in 
preventing various major oral health diseases like Oral 
Cancer, Periodontal Problems And Dental Caries they 
are still in the back step and still not being prescribed by 
dental professionals. Therefore this study is conducted 
to know the perception of dental professionals 
regarding antioxidants and their knowledge towards 
antioxidants that whether they are important for the 
betterment of oral health or not. 

MATERIALS AND METHOD

A cross-sectional study was conducted among 296 
dental practitioners in Tricity (Chandigarh, Mohali, 
Panchkula, India). List of dental practitioners was 
obtained from the state I.D.A branches. The protocol 
of the study was approved by Institutional ethical and 
review board. Subjects were randomly approached to 
participate in the study and only those (296) who agreed 
to participate were included in the study. A written, 
informed consent was obtained from the study subjects, 
after explaining them about the aim and objectives of the 
study, as well as the fact that participation was totally on 
a voluntary basis and was completely anonymous.

Details of the dental practitioners were recorded and 
the questionnaire was divided into two sections. Section 
A included questions regarding sociodemographic profile 
like age, gender, and number of years of practice, and 
whether they are teaching in any educational institution 
or into private practice or both and section B includes the 
questions related to the perception of dentists regarding 
the role of antioxidants in the dentistry using a two page, 
self-structured closed ended questionnaire.

The responses were obtained using a 5-point likert 
scale ranging from strongly agree to strongly disagree. 
The questionnaire was in English and its respective 
psychometric properties (validity) was assessed. Content 
validity was assessed by a panel of experts consisting of 
staff members of the Swami Devi Dyal Hospital & Dental 
College, Panchkula, India. The purpose was to depict those 
items with a high degree of agreement among experts. 

High knowledge among dental practitioners was 
assessed by determining the mean of responses which 
served as a cutoff point for the same (3.4). A pilot study 

was performed on 30 subjects to determine the test-
retest reliability of survey question. The respondents 
were also asked for feedback on the clarity and whether 
there were any difficulty in answering the question or 
ambiguity to what sort of answer was required. Few 
modifications were made based on the response given 
by the study subjects to improve the understanding of 
the questionnaire. Face validity was also assessed and 
it was observed that 92% of the participants found the 
questionnaire to be easy. Cronbach’s alpha (ᾳ) of the 
questionnaire was found to be good (0.82).

The participants of pilot study were not included in 
the final analysis. 

Descriptive statistics were used to summarize the 
data, followed by the Chi square test to check significant 
differences between the responses. Correlation between 
responses were analyzed through the Spearman’s rank 
correlation. Statistical analysis was done using Statistical 
Package for Social Sciences version 20 (SPSS 20). All 
significant test were two tailed and p value of less than 
0.05 was considered to be statistically significant.

RESULTS

A total of 296 subjects were enrolled in present study 
comprising of 115 (39%) males and 181 (61%) females. 
A higher number of subjects 157 (53%) belonged to the 
age group of 20-29 years whereas the lowest number of 
subjects 24 (8%) belonged to the age group of 40 years 
& above. Considering their working status, 193 (65%) of 
the subjects were teaching in a dental college, 15 (5%) 
were practicing in dental clinics and 88 (30%) were 
doing both academics as well as practicing dentistry. 
Based on the level of education, 98 (33.1%) were post 
graduates and 198 (66.9%) were graduates (Table 1).

Table 1. Socio-demographic profile of study subjects

Variables
Respondents

Number %
Gender
Male 115 39
Female 181 61
Age groups
20-29 yrs 157 53
30-39 yrs 115 39
40+ yrs 24 8
Working status
Teaching 193 65
Private practice 15 5
Both 88 30
Level of education
Post Graduates 98 33.1
Graduates 198 66.9
Total 296 100

R.K Randhawa, N. Gupta, M. Bansal et al.
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Table 2. Responses of the study subjects regarding their  
               knowledge about antioxidants

Items Male
n (%)

Female
n (%) p-value

Do you know what antioxidants are?
Yes 115 (100) 181 (100)

1.0000
No 0 (0) 0 (0)
Do you know about the natural antioxidants present in 
our diet?
Yes 112 (97.44) 181 (100.00)

0.0295**
No 3 (2.56) 0 (0.00)
Do you know about the antioxidants present in human body?
Yes 92 (79.49) 137 (75.41)

0.04131**
No 23 (20.51) 44 (24.59)

Test applied: Chi square test, **statistically significant p<0.05

Table 2 shows the responses of the subjects based on 
the dichotomous scale (yes or no). It was seen that both the 
genders were well aware of antioxidants. A statistically 
significant difference along with a strong correlation was 
seen among both the genders with females 181 (100%) 
being more knowledgeable when asked if they knew 
about natural antioxidants present in our diet (p=0.02, 
r=0.84). No significant differences were seen in the 
knowledge of the genders when they were asked about 
the antioxidants present in the human body.

Table 3. Level of knowledge regarding antioxidants among  
              study subjects 

Low level of 
knowledge

n (%)

High level of 
knowledge

n (%)
Gender
Male 69 (51.47) 46 (28.66)
Female 65 (48.53) 116 (71.34)
Age groups
20-29 yrs 69 (51.4) 88 (54.27)
30-39 yrs 44 (33.09) 71 (43.90)
40+ yrs 21 (15.44) 3 (1.83)
Working status
Academics 99 (73.53) 94 (57.93)
Private practice 12 (8.82) 3 (1.83)
Both 23 (17.65) 65 (40.24)
Level of education
Postgraduates 22 (22.4) 76 (77.6)
Graduates 112 (56.6) 86 (43.4)
Total 134 (45.3) 162 (54.7)

Figure 1. Mean response of participants about antioxidants

The level of knowledge among different study 
variables is presented in Table 3. Total questions 
regarding perception of antioxidants among dental 
practitioners were 16 out of which 10 questions 
have high knowledge. Females 116 (71.34%) 
were more aware when they were asked different 
questions regarding the antioxidants than males 
46 (28.66%). The young dentists 88 (54.2%) with 
age group of 20-29 yrs were having higher level of 

knowledge regarding antioxidants from the other age 
groups. Considering their working status, the dental 
professionals 94 (57.9%) who were academically 
involved were having higher level of knowledge 
from their other counterparts. Based on the level 
of education, the dental professionals who attain 
master degree 76 (77.6%) were having higher level 
of knowledge than bachelor ones.

Perception of dental practitioners regarding the use of antioxidants in oral health.
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Table 4. Sources of information about antioxidants

Source of information Responses
(%)

Newspaper 4
Articles 48
Internet 32
Books 15
Any other source 1

Table 4 shows the source from where the dental 
practitioner got information about the antioxidants 
and it was revealed that in 48% of dental healthcare 
personnel’s main source of information were articles, 
followed by internet 32%. Only 15% of the oral health 
care personnel referred books.

Figure 1 describes the mean of the responses and 
correlation values of subjects on a 5-point likert scale. 
The highest mean value (4.6) was observed when 
the dental professionals were asked if antioxidants 
have effective role in general health, whereas the 
lowest mean value was acquired when asked whether 
antioxidants plays role in caries prevention (3.9) of 
the ten questions that revealed high knowledge only 
seven showed significant responses and were included 
in the analysis. Upon applying Spearman’s correlation 
in respect to the above mentioned responses, it was 
observed that responses having a high mean (above 
4.4) had a strong correlation as compared to other 
responses.

DISCUSSION

It is a well-known fact that antioxidants present in 
our body and diet are very essential in conserving good 
health. With growing awareness among people about 
health and preventing diseases, usage of antioxidants is 
ever-increasing. Dental Healthcare professionals play 
an enormous role in moulding the public opinions and 
beliefs regarding health-related issues and hence, it is 
crucial that the prescribing fraternity should be well- 
informed about nutrition and antioxidants present in 
our diet and its role in maintaining the good oral health 
[4, 14, 18].

In the present study, majority of the participants 
were females (61%). This was because of the large 
number of female students opting for the dental course 
as compared to males. Majority (53%) of them were 
in the age group of 20-29 years due to the reason that 
in the last ten years, so many new dental colleges have 
been established in India [11]. The remaining age 
groups 30-39 years and 40 or above were 39% and 8% 
respectively.

In the present study, a significant difference was 
observed between the age groups of 20-29yrs and 40 
or above in their knowledge regarding antioxidants 
and their role in oral health. More information of 
antioxidants among young dentists can attributed to 

their recent completion of their dental course as well 
as the use of internet, which is more among younger 
generation. A significant difference was observed 
between academicians and those doing private practice 
regarding knowledge scores (p =0.001*), as dentists in 
teaching profession have more knowledge than doing 
private practice. The continued up to date knowledge 
with the subject may be the reason for this. Similar 
results were obtained by Arora et al. who reported low 
levels of knowledge among private practitioners as 
compared to academicians regarding dental floss use 
in the region of Delhi NCR [2].

Various studies have shown the role of antioxidants 
in the caries prevention, and a study done by Shetty 
et al. [16] has reported that free radicals in tobacco 
smoke increase the prevalence of dental caries. 
Another study done by Motamayal et al. [13] revealed 
that there are association between Total Antioxidant 
Capacity of saliva and dental caries and this may be 
helpful in caries prevention. In the present study, the 
knowledge of antioxidants in caries prevention to 
dental professional is low. As 35.9% males and 52.46% 
of the females responded neither agree nor disagree, 
it can be attributed to lack of knowledge or due to 
limited studies that shows the role of antioxidants in 
caries prevention.

Finally, when the dental practitioners were asked 
from where they got the maximum information 
regarding antioxidants, it was highlighted that their 
main source of information was from articles (48%) 
followed by internet (32%). Whereas usage of books 
and newspapers for information was only 15% and 
4% respectively. Our results are in agreement to Patil 
et al. whose study reported that majority of graduate 
(40%) and postgraduate dentists (31.3%) gained their 
knowledge through journal articles only [15]. These 
statistics confirm our assumption that nowadays, 
most practitioners prefer to spend their time on their 
computers and pads, and prefer to read journals 
online on their devices, leading to increased computer 
and internet use. A study conducted by Jali et al. [9] 
concluded that computer knowledge was high among 
dental students but its dental application was limited 
compared with general purpose. However use of 
books and newspaper was low it may be due to their 
busy schedule or lack of interest. 

Although dental practitioners in our community 
displayed positive beliefs in the usefulness of 
antioxidants and their role in oral health care, further 
research is needed to extensively appraise their 
knowledge, practice and extent of awareness about 
other forms of antioxidants, for which dentists may 
play a crucial role in counseling society.

Hence to conclude that, dental health personnel 
have good knowledge and attitudes towards natural 
antioxidants, but execution of their knowledge in their 
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profession is inadequate. All dental health personnel 
teaching in dental institutes in Tricity should consider 
natural antioxidants as part of the teaching course 
and heed to the task. Thus, to improve health care 
provisions, not only dentists, but other professionals 
should also be exposed to this course. So in order for 
this to be done, they should start exercising the use 
of antioxidants regularly in order to acquire, improve 
or maintain good oral as well as general health, since 
the results have shown that due to lack of knowledge 
the use of antioxidants is very finite. Furthermore 
natural antioxidants should be used in cancer patients 
to reduce treatment cost and to prevent the onset of 
cancer in normal person. Patients will tolerate standard 
treatment better, experience less weight loss, have 
a better quality of life, and most importantly, live 
longer than patients receiving no antioxidants. Thus, 
the burden of cancer and periodontal diseases in India 
will be reduced [10, 12].

A probable limitation in this study is social 
desirability bias as it describes the tendency of survey 
respondents to answer questions in a manner that will 
be viewed favorably by others [5]. The other limitation 
is social recall bias as the study includes participants 
40 years and above and differences in the accuracy or 
completeness of the recollections retrieved by study 
participants regarding events or experiences from the 
past. Adding on to this it is unlikely that the respondents 
reacted validly to a short statement on a printed form 
in the absence of real-life qualifying situation.

CONCLUSION

Our study found that perception of dental health 
care personnel, regarding the use of antioxidants in 
oral health and their role in preventing dental caries 
is insufficient. Hence, it is crucial that knowledge 
about antioxidants should be highlighted in the health 
sciences curriculum with the objective of producing 
well-informed professionals who can later on have 
a positive impact on the health of society. Efforts to 
increase the level nutritional education is the basic 
necessity at the present time in contrast with past as 
major and deadly diseases like precancerous lesions 
and conditions, oral cancer can be cured by just 
acquiring healthy habits & burden of an extravagant 
treatment could be downsized.
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History is created by people. That is, the history of 
each domain consists of biographies of any people. All 
are important, but some are of particular importance 
- to the human environment from which they come, 
sometimes to their country and even to specific fields 
across the world. People with these achievements are 
not numerous, but they deserve a moment to reflect 
on their role, who they were, and what is their lasting 
legacy. Such a person was without doubt Professor Jan 
Karol Kostrzewski.

He was born in Krakow in 1915. on December 2. 
In 1934, he began his medical studies at the Medical 
Faculty of the Jagiellonian University in Krakow - 
but finished medical school during the war - in 1940. 
obtaining his diploma of physician at the underground 
University of Warsaw in Nazi occupied Poland.

During the German occupation at the time of 
World War II he was active in the resistance movement 
connected to underground Polish State, under the legal 
government in exile. He initially operated in Krakow - 
but to avoid arrest he moved to Warsaw. In July, 1941. 
he got a position in the National Institute of Hygiene. 
In 1943. on his request he started to work in mobile 
Counter Epidemic Columns to control typhus in the 
county Sokołów-Węgrów and in other regions of the 
Lublin district. 

It facilitated his underground activity, under which 
he was given the task of organizing the medical service 
of the Second District, Unit VII AK (underground 
Home Army) Warsaw-Downtown. He took part in 
the Warsaw Uprising, as a physician in the battalion 
„Ruczaj”. After the surrender of the uprising, in the 
POW camp, he led infirmary. When he returned to 
Poland in 1945. he settled in Krakow and worked in the 
branch of the National Institute of Hygiene producing 
serums and vaccines. His medical degree of physician, 
which he received in the underground university, was 
officially confirmed in 1945. After presentation of 

his doctoral thesis he obtained the degree of doctor 
of medicine in 1948. In 1948-1949 he was called up 
to the army as a lieutenant and was appointed for the 
position of the epidemiologist in the Krakow Military 
District. 

The difficulties occurring in the anti-epidemic 
activity emerging, among other things, from the 
shortage of adequately trained personnel, led him to 
establish a contract with prof. Marcin Kacprzak, who 
was preparing a program of undergraduate studies 
for physicians oriented on hygiene. J.K. Kostrzewski 
supplemented this list with the need for training of the 
epidemiologists - and had a significant contribution to 
the preparation of the final program for then formed 
Sanitary - Hygienic faculty at the Medical School in 
Warsaw. This faculty began its activity in 1950 and 
was partly based at the National Institute of Hygiene.

In 1951. on April 1 J.K. Kostrzewski moved from 
Krakow to Warsaw with the task, among others, to 
organize the Department of Epidemiology in the 
National Institute of Hygiene. This decision coincided 
with the Resolution of the Government (01.05.1952) on 
the establishment of sanitary-epidemiological stations. 
The structure for the reforms was based on already 
existing branches of the National Institute of Hygiene. 
Shortly later, in 1954. a decree on the appointment of 
the State Sanitary Inspection was issued.

J.K. Kostrzewski in connection with these 
developments considering, as he called it „the horizon 
of needs” saw both the actual tasks and the future 
of epidemiology in the country including the role 
of the Department of Epidemiology in the National 
Institute of Hygiene. The starting point for the 
organization of the Department was to apply modern 
up-to-date definition of epidemiology covering the 
full range of the field. Epidemiology was seen by 
J.K. Kostrzewski as a branch of practical medicine 
dealing with occurrence and distribution of diseases 
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in human communities, taking into account the factors 
and conditions affecting their emergence, spread and 
distribution and assess the effectiveness of measures 
and ways to prevent and control them. 

Implementation of tasks resulting from the new 
shape of the State Sanitary Inspection required to 
prepare the appropriate staff. It was necessary to 
start with the preparation of skeleton crew for the 
Department of Epidemiology that in his vision had 
the mission to be a kind of laboratory for creation of 
human resources. He gathered young doctors, who 
were not supposed to deal with clinical practice, they 
were to be epidemiologists. 

How he saw tasks of the Department is illustrated 
by the selection of the first set of new employees 
with higher education. It consisted of medical 
doctors recruited mainly from graduates of Sanitary-
Hygienic faculty in Warsaw Medical School. The 
veterinarians who were employed beside them had to 
show interest in the problems of zoonosis including 
the ability to conduct laboratory diagnostic tests in this 
area. Specialists in statistics and demography were 
employed to process numeric data for analysis and 
evaluation of the epidemiological situation. 

In the years 1959-2007, in the Department worked 
for a time range from 1 to 40 years a total of 70 
people. Among them twenty completed their doctoral 
theses preceded by completing specialty training in 
epidemiology and obtaining the specialization in 
infectious diseases and epidemiology. Nine of these 
people received the habilitation, and over time 5 of them 
received the title of professor. Scientific achievements 
of the Department have been documented in more than 
a thousand and one hundred publications.

In this way, the principal task of the Department 
was completed: preparation of personnel that could 
train the next generations in epidemiology. But efforts 
with organization of the Department, directing activity 
for practical fieldwork and for scientific research and 
teaching at the university level were not the only 
domain of activity of professor Kostrzewski. The 
other was to continue research on the epidemiology 
of recurrent cases of typhus and also epidemic cases 
transmitted by the clothing lice. The result of these 
studies, particularly the role of detecting recurrence 
of typhus, the so-called Brill-Zinsser disease, in the 
persistence of its endemic in the interwar period and 
after the World War II in Eastern, Southern and Central 
Europe - was included in the WHO list of discoveries 
in biomedical sciences and medical achievements on 
global scale. This list contains two more discoveries of 
Professor Kostrzewski:

 - the detection of the risk of cases of paralytic polio 
associated with vaccination with live attenuated 
strains of polio virus, especially type 3 and the need 
to increase the surveillance of the safety of these 

vaccines - in these studies participated Assistant 
Professor in the Department of Epidemiology 
Alexandra Kulesza;

 - analysis of the effectiveness and safety of vaccines 
and vaccination against typhoid fever in extensive 
controlled field studies planned and performed by 
the Department of Epidemiology in collaboration 
with sanitary epidemiological stations. 

It also does not close the list of issues dealt with 
by professor Kostrzewski. Among such activities 
as managing the Department, conducting research, 
teaching, editorial work as Editor of the quarterly 
Epidemiological Review and many others, he 
found time for broadening his knowledge, and even 
education. In 1957-58 as a WHO scholar he expanded 
his knowledge during study visits in scientific centers 
in the US, UK and the Soviet Union as well as 
participated in scientific meetings and conventions 
in Poland and abroad. The acquired new skills he 
implemented into the Department of Epidemiology 
and used in his lectures for employees of sanitary-
epidemiological stations. Among his achievement 
is widening the use of the new statistical methods 
entering the modern epidemiology in those years.

His experience in teaching was used in the book 
“Epidemiology: manual teaching methods” coedited 
with CR Lowe. 

Earlier, in the sixties, he inspired and mobilized 
employees of the Department to publish the 
monograph: “ Infectious diseases and their control 
on Polish territory in the twentieth century”. As a 
longtime editor of the quarterly “Epidemiological 
Review” he inspired and encouraged his subordinates 
to publish data from the assessment of the current 
epidemiological situation in the country.

Profile of its activities changed after 1961, when he 
was appointed the Chief Sanitary Inspector. This gave 
him an extra boost to work. The position is important 
to the extent that it can be used to implement actions 
relevant to the improvement of the epidemiological 
situation” -he explained to co-workers.

And now in the time for attempted answer to 
the question: how He is was able to embrace such a 
plethora of obligations and perform them effectively? 
He was very disciplined in the use of time, consistent 
in action. He saw the need to resolve the issues that 
were currently important, but also those that only in 
the course of time they have proven to be important. 
His ability to anticipate and assess the hierarchy of 
needs was due to his continual improvement of the 
knowledge obtained and perfected in contact with 
actual achievements of science, but also with practical 
experience in the field. For his subordinates he always 
set the tasks specifying the timelines and objectives 
clearly. .

D. Naruszewicz-Lesiuk
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That discipline was strongly related to punctuality 
in every field and rational use of time in any situation. 
He hated chatter, gossip, informing, pseudo-kindness - 
submitting wishes, congratulations, etc. 

When referring the problem to him one had to 
avoid wording such as “reportedly” or “this is not my 
field, but I believe that… “

On the other hand Professor Kostrzewski respected 
opinions and comments of field workers. He often 
emphasized that - mutual respect is the basis of good 
cooperation, good results and a normal life.

In 1961, 10 years after the beginning of the 
organization of the Department of Epidemiology he 
was appointed Undersecretary of State in the Ministry 
of Health and Welfare and obtained position of the 
Chief Sanitary Inspector. Later, he held various senior 
positions at home and abroad. In 1975, he was elected 
Chairman of the Executive Board of WHO for the 
years 1975-1980. He had the honor of chairing the 
International Commission for the assessment of the 
eradication of smallpox in India and African countries, 
and was vice-chairman of the World Commission 

set up in 1979. for assessment of the eradication of 
smallpox in the world. In 1995-1996 he chaired the 
World Commission to confirm the eradication of polio 
in the world.

As long as his health condition allowed, he kept 
his contact with the National Institute of Hygiene 
especially with the Editors of Epidemiological Review. 
He retired in 1991, but until the end of 2001 he worked 
for the WHO. 

His last visit to the National Institute of Hygiene 
was on October 8. 2002, when he participated in the 
conference organized at the NIH on the occasion of the 
signing the certificate of eradication of poliomyelitis 
in the European Region. He died on May 27. 2005. in 
Warsaw at the age of 89.

In fact, “non omnis mortuus est” – his legacy 
includes the prestige given by him to Polish 
epidemiology, improved epidemiological situation of 
infectious diseases in the country and a great number 
of epidemiologists who are his students or student of 
his students. Our duty is to preserve his memory and 
continue his fascination with epidemiology.

Professor Jan Karol Kostrzewski, MD (1915-2005) – centenary anniversary of the birth.
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