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ACRYLAMIDE IN HUMAN BREAST MILK
— THE CURRENT STATE OF KNOWLEDGE
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ABSTRACT

Human milk is a first choice in infant nutrition. It not only provides all the nutrients necessary for the proper infant's
development but also contains bioactive factors that provide natural protection against infections. Unfortunately, chemical
contaminants can pass to breast milk and pose a health risk for the breastfed infant’s health. Acrylamide is a typical process
contaminant and in food it is formed as a result of the Maillard reaction. Numerous studies have shown that acrylamide is
aneurotoxic and carcinogenic compound. So far there have been published only three studies on the acrylamide content in
human milk. In two of them, the acrylamide level in most of the tested samples did not exceed the value of 0.5 pg/L. In the
third study, the authors assessed the circulation of acrylamide in the body of two breastfeeding women after consuming
products with high acrylamide content. Depending on the time elapsed after the meal, the acrylamide content ranged
from 3.17 pg/L to 18.8 pug /L. These studies show that the breastfeeding mothers’ diet may have a significant influence on
the level of acrylamide in their milk. However, it seems that the acrylamide content in breast milk is also influenced by
the time of breast milk collection, including the time elapsed after the mother's meal. To assess the exposure of breastfed
infants to acrylamide in human milk, more data is needed on the acrylamide content in human milk at different stages of

lactation and using standard protocols for human milk sampling.

Key words: acrylamide, human breast milk, breastfeeding mothers, diet, exposure

INTRODUCTION

Breastfeeding is the best way to feed babies
early in life. Human milk provides all the necessary
nutrients in the amount that meets the needs at a given
stage of baby’s development. It is also a source of
a wide range of bioactive factors that may prevent
allergies and protect against infections. World
Health Organization (WHO) recommends “exclusive
breastfeeding for 6 months, followed by continued
breastfeeding as complementary foods are introduced,
with continuation of breastfeeding for 2 years or
longer as mutually desired by mother and infant”
[1]. The content of individual nutrients and bioactive
compounds in breast milk is influenced by both
maternal physiological factors and lifestyle, including
eating habits during pregnancy and lactation [2].
Unfortunately, chemical contaminants derived from
environmental pollution as well as generated during
food processing may be transferred to breast milk and
pose a risk for the breastfed infant’s health.

Acrylamide (prop-2-enamide; CAS 79-06-1) is
a vinyl monomer used on an industrial scale for the

synthesis of polyacrylamide polymers which are
widely used among others, as fillers for industrial and
drinking water filters, in the petroleum, paper, textile
and cosmetic industries [3]. In 2002, the Swedish
National Food Agency in collaboration with scientists
from the Stockholm University reported for the first
time results with a high acrylamide content in heat-
treated food [4]. Twenty years after the first reports,
it is well known that acrylamide is a processing
contaminant mainly formed in food as a product of
the Maillard reaction between free asparagine and
reducing sugars, especially glucose and fructose,
under temperatures of more than 120°C [5, 6]. The
main source of acrylamide in the human diet are
thermally processed potato and cereal products as well
as coffee and its substitutes. The content of acrylamide
in food varies widely, from below 10 pg/kg in bread to
even more than 7000 pg/kg in individual samples of
coffee substitutes [7]. Recent studies by Timmermann
et al. [8] show that the estimated median exposure
to acrylamide from food worldwide varies from
0.02 pg/kg bw/day to 1.53 ug/kg bw/day. Another
important source of human exposure to acrylamide
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is smoking [9, 10, 11]. In recent years, studies have
been conducted on the fate of acrylamide during
digestion in the human gastrointestinal tract [12]
and the possibility of acrylamide formation from
other intermediate products of the Maillard reaction,
e.g. 5-hydroxymethylfurfural, released both during
digestion in the gastrointestinal tract and present in
thermally processed products [13, 14].

The International Agency for Research on Cancer
classified acrylamide as ,,probable human carcinogen”
(Group 2A) as early as 1994 [3], concluding that the
carcinogenicity of acrylamide in animal studies is
well documented, despite limited evidence for it
in human studies. Acrylamide also demonstrates
neurotoxic properties and can contribute to damaging
the central and peripheral nervous system, both
among experimental animals and people exposed
to this compound at work [15, 16]. The margin of
exposure (MOE) criterion is commonly used to assess
the carcinogenic and neurotoxic risks of acrylamide
[17]. The MOE is the ratio of the Benchmark Dose
Lower Limit (BMDL, ) to the estimated human intake
of the compound. Joint FAO/WHO Expert Committee
on Food Additive (JECFA) [18] considered that 0.18
mg/kg bw /day (lowest value in the range of BMDL
values) for Harderian gland tumors in male mice and
0.31 mg/kg bw /day for breast tumors in female rats
are appropriate for assessing the risk of carcinogenic
effects of acrylamide and advises that a calculated
MOE of less than 10 000, based on BMDL, from
animal studies, may indicate that the compound poses
a risk to human health.

In the human body, acrylamide is metabolized
through two main metabolic pathways: epoxidation
to glycidamide and glutathione conjugation to
mercapturic acids. The conversion of acrylamide to
glycidamide, its main metabolite, is catalyzed by an
enzyme of cytochrome P450 (isoenzyme CYP2EI1) [19]
Both acrylamide and glycidamide form adducts with
haemoglobin. Adducts of acrylamide and glycidamide
with hemoglobin (AAVal and GAVal) are used to
assess long-term exposure to acrylamide [20]. In turn,
the assessment of recent exposure uses the metabolites
of acrylamide and glycidamide in form of mercapturic
acid derivatives, N-Acetyl-S-(2-carbamoylethyl)-L-
cysteine (AAMA) and glycidamide to N-Acetyl-S-
(2-carbamoyl-2-hydroxyethyl)-L-cysteine (GAMA),
which are excreted in the urine [21, 21].

EFFECT OF DIETARY ACRYLAMIDE
INTAKE DURING PREGNANCY ON
OFFSPRING

Due to its very good solubility in water, acrylamide
is quickly absorbed and transferred to various tissues.
It is able to pass through the placenta barrier [23]

posing arisk to the growing foetus. Several studies [24,
25, 26, 27] have confirmed the relationship between
dietary intake of acrylamide by pregnant women and
low birth weight, length and head circumference of
newborns. They also demonstrated an increased risk of
having a baby that is small for gestational age (SGA).
On the other hand, it is worth noting, that Nagata et al.
[28] did not confirm an inverse relationship between
the consumption of acrylamide in the diet in a group
of 204 Japanese pregnant women and the birth size
of their newborns. At the same study, they found that
higher acrylamide consumption was significantly
positively associated with higher levels of umbilical
cord estradiol during labor. The results of Nagata et
al. [28] indicate other possible action of acrylamide.

TRANSFER OF ACRYLAMIDE FROM
DIET INTO MILK AND EFFECTS ON
OFFSPRING

Animal studies [29, 30] showed that oral
administration of acrylamide to lactating female
rats did not cause adverse effects in the offspring.
The authors concluded that this is probably due to
the limited transfer of acrylamide across the blood
/ milk barrier during lactation and the low level of
acrylamide in the milk, which is insufficient to initiate
toxic changes. In turn, Pabst et al. [31] determined
the acrylamide content in cow feed and investigated
the potential to carry-over of acrylamide from cattle
feed to cow’s milk. From the results obtained, they
calculated that the mean carry-over of acrylamide
was 0.24% of the amount taken from feed. The mean
half-life of acrylamide was estimated to be 2.8 hours.
The authors concluded that acrylamide was rapidly
transformed in the cows. Considering the analytically
determined levels of acrylamide in the commercial
feed at 180, 145 and 140 pg/kg, they also estimated that
the expected concentration of acrylamide in raw milk
from cows fed with such feeds could be a maximum
of approximately 0.2 pg/kg. It is worth noting that
the metabolism of acrylamide in the human body is
also described as fast, and the presence of AAMA and
GAMA, the main metabolites of acrylamide, is found
in the urine 2 hours after oral ingestion of acrylamide
[32].

ACRYLAMIDE IN HUMAN BREAST
MILK

So far there have been published three studies on
the acrylamide content in human milk [33, 34, 35].
The first results was published by Sorgel et al. [33]
already in 2002. They evaluated the transmission of
acrylamide in case of two breastfeeding women who
consumed potato chips (crisps) with the acrylamide
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content at the level of 800 pg/kg and 1000 pg/kg.
The determined acrylamide content in the breast milk
samples of the subjects was high and ranged in the first
subject from 4.86 ug/L after 4 h to 3.17 ug/L after 8 h
from eating potato crisps and, respectively, 10.6 pg/L
after 3 hto 18.8 pg/L after 4 h in the other subject. The
authors found that the level of acrylamide in human
milk correlated with the amount of this compound
ingested by breastfeeding mothers and with the time
elapsed after a meal. They concluded that acrylamide
is transferred from mother’s diet to her breast milk and
could pose a risk to infant during breastfeeding.

On the other hand, Fohgelberg et al. [34], who
determined acrylamide in breast milk samples taken
from 15 women and in 4 pooled breast milk samples
(10 mothers per pool) in Sweden found that in most of
the samples acrylamide content was below the limit of
quantification (LOQ = 0.5 pg/kg). Only in one sample,
the acrylamide content was above LOQ and was equal
to 0.51 pg/kg. According to the authors, this confirms
the rapid digestion of acrylamide in the human body
and the limitation of its penetration into breast milk.
However, it is not described how the individual milk
samples were taken and how much time elapsed
between sample collection and the last meal of the
breastfeeding mother.

In recently published study carried out in Poland
[35] the results of determination of acrylamide content
in human breast milk, in two lactation periods, were
presented. As in the studies by Sérgel et al. [33]
and Fohgelberg et al. [34] acrylamide content was
determined by liquid chromatography coupled with
tandem mass spectrometry (LC-MS/MS). In Polish
study, acrylamide content was determined in 47
samples of colostrum collected by healthy women in
the 2nd — 3rd day after childbirth in the Obstetrics Ward
and in 26 samples of mature breast milk collected by
breastfeeding mothers at home. In the majority (77 %)
of colostrum samples and in over 40% of the mature
milk samples, the acrylamide level was below the limit
of quantification (LOQ = 0.1 ug/L). Additionally, in
the majority of the samples, both colostrum (93.6% of
the samples) and mature milk (96.1% of the samples),
the acrylamide level was not higher than 0.5 pg/L.
The highest level of acrylamide was found in only one
sample of human milk and it reached 1.0 ug/L. These
results are similar to the data presented by Fohgelberg
et al. [34] and are from several to several dozen times
lower than found by Sorgel et al. [33]. Our study
also showed for the first time a difference between
the acrylamide content in different lactation periods.
The median level of acrylamide in the mature milk
was significantly (p < 0.05) almost three times higher
than the median level of acrylamide in the colostrum
(0.14 pg/L vs. 0.05 pg/L). Comparing acrylamide
intake from hospital and home diets, we found that

acrylamide intake from home diet was significantly
(p < 0.0001) more than twice as high (16.9 pg/day
vs. 7.3 pg/day). It seems to confirm the impact of the
breastfeeding mother's diet on the acrylamide level
in their breast milk. A positive correlation, although
modest and borderline significant, between the intake
of acrylamide from the diet by breastfeeding women
and the content in breast milk was also found but
only in relation to colostrum. This is probably due to
the small number of women (n = 26) who provided
samples of mature milk. The results seem to confirm
that acrylamide is transferred from the mother’s diet
into her milk. Additionally, clearly indicating that
acrylamide levels in breast milk can be lowered by
changing the breastfeeding mother's diet. However,
further studies are needed to corroborate this finding.

The results of the studies carried out so far indicate
that the acrylamide content in breast milk is probably
significantly influenced by the time elapsed after the
mother’s meal and the method of taking milk samples.
This has been well demonstrated by Sorgel et al. [33],
who took milk samples 3, 4 and 8 hours after eating
foods high in acrylamide and found high levels of
acrylamide in breast milk. In turn, in our research [35],
milk samples were collected in the morning after the
babies were first fed. Probably even before the first meal
of the breastfeeding mothers. This means that the time
that elapsed from the mother’s last meal ranged from
about 8 - 12 hours. As aresult, in our research we found
trace amounts of acrylamide in human milk samples.
On the other hand, it should be remembered that the
content of acrylamide in the diet of breastfeeding
women participating in our study was several dozen
times lower than in the studies by Sérgel et al. [33].
It also seems that the methodology of sampling has
an influence on the analytically determined content of
acrylamide in breast milk. Doing it after the baby is
fed is often an ethical choice but the actual acrylamide
content in breast milk appears to be higher. It should
also be remembered that human milk is a water/fat
emulsion. The initial phase is dominated by the water
fraction and the final phase of feeding contains more
fat. Acrylamide is a very good soluble in water and
therefore there may be more of it in the initial phase of
breast milk compared to the final phase. It is also worth
remembering that babies consume different amounts
of milk each time they are fed. It depends on their
individual needs. All these factors could influence
the variability of the acrylamide content in individual
breast milk samples, which was clearly shown in
the studies carried out in Poland [35]. It seems that
more research is needed on the acrylamide content of
human milk using standardized human milk sampling
protocols.
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EXPOSURE OF BREASTFED INFANTS
TO ACRYLAMIDE
FROM BREAST MILK

Infant exposure to acrylamide present in breast
milk as assessed by Sorgel et al. [33], based on the
determined acrylamide content in milk of two women
after eating potato chips (crisps), was very high and
ranged from 0.66 pg/kg bw/day to 3.3 pg/kg bw/day.
A significantly lower exposure was estimated by
Fohgelberg et al. [34]. Taking into account that in
most of the tested milk samples the acrylamide
content was below the LOQ (0.5 ng/kg), they used
0.25 pg/kg (half the LOQ value) to estimate the
exposure of breastfed infants. They estimated that
the mean acrylamide intake during the first six
months for children who were exclusively breastfed
was 0.04 pg/kg bw/day. Exposure to acrylamide in
the group of Polish exclusively breastfed infants was
estimated in two different lactation period based on
a similar approach [35]. For the calculations, we used
the actually determined values of acrylamide in breast
milk for samples above the LOQ (0.1 pg/L) and half'the
LOQ value (0.05 pg/L) for samples below this value.
In our study, estimated average (median) exposure to
acrylamide ranged from 0.003 pg/kg bw/day to 0.018
ug/kg bw/day, depending on the lactation period. To
assess the risk of carcinogenicity of acrylamide among
breastfed infants, the above results were compared
with Benchmark Dose Lower Limit (BMDL, ) derived
for animals as a health reference value [17]. The
calculated margins of exposure (MOEs) for neonates
and infants at the 95th percentile were slightly below
10 000, indicating that in this study the acrylamide
level in breast milk may be of concern for health [18]
for 5 % of breastfed infants. It is worth noting that
despite the presence of acrylamide in breast milk, the
content of this compound found in studies in Sweden
[34 ] and Poland [35] was considerably lower than
in baby food [36, 37, 38]. The exposure arising from
the presence of acrylamide in breast milk was also
significantly lower than in case of infants fed with
formulas [36, 37, 38].

CONCLUSIONS

In conclusion, it should be stated that the results of
the studies on acrylamide content in human milk are
limited by the different periods of sampling of milk
for testing and the different sampling methodology.
It seems that both the lactation period and the stage
during a single feeding, as well as the time elapsed
after the mother’s meal, have a significant influence
on the level of acrylamide in human milk. More
research is needed on the acrylamide content in human
milk using standardized milk sampling protocols.

However, breastfeeding mothers should pay attention
to the composition of their diet and avoid products
that may contain acrylamide. It seems necessary to
develop specific recommendations for breastfeeding
women. The use of a metabolomic approach [39,
40] that takes into account the relationship between
acrylamide intake by breastfeeding mothers and the
content of acrylamide in breast milk and the level of
its metabolites in other body fluids could also increase
knowledge about the circulation of acrylamide in the
human body.

Conflict of interest
Author declare no conflict of interest.

REFERENCES

1. WHO. Available online: https:/www.who.int/health-
topics/breastfeeding (accessed on 20 May 2022).

2. Koletzko B, Godfrey KM, Poston L, Szajewska H, van
Goudoever JB, de Waard M, Brands B, Grivell RM,
Deussen AR, Dodd JM, Patro-Golab B, Zalewski
BM; Early Nutrition Project Systematic Review
Group. Nutrition during pregnancy, lactation, and
early childhood and its implications for maternal and
long-term child health: the Early Nutrition Project
recommendations. Ann. Nutr. Metab. 2019;74(2):93-
106. https://doi.org/10.1159/000496471.

3. International Agency for Research on Cancer:
Acrylamide. Summary of Data Reported and
Evaluation. W: TARC Monographs on the Evaluations
of Carcinogenic Risks to Humans; Some industrial
Chemicals; IARC: Lyon, France, 1994; Volume 60, pp.
389-433. Available online: https://monograpfs.iarc.fr/
iarc-monographs-on-the-evaluation-of-carcinogenic-
risks-to-human-61/ (accessed on 20 May 2022).

4. SNFA. Swedish National Food Administration.
Information about acrylamide in food 2002: http:/
www.slv.se/engdefault.asp.

5. Mottram, D.S.; Wedzicha, B.L., Dodson, A.T.:
Acrylamide is formed in the Maillard reaction. Nature
2002;419:448-449.

6. Stadler, R.H.; Scholz, G.. Acrylamide: an update
on current knowledge in analysis, levels in food,
mechanisms of formation, and potential strategies of
control. Nutr. Rev. 2004;62(12):449-467.

7. European Food Safety Authority. Panel on Contaminants
in the Food Chain: Scientific Opinion on acrylamide in
food. EFSA J. 2015, 13, 4104. Available online: https://
www.efsa.europa.eu/en/efsajournal/pub/4104

8. Timmermann, C.A.G.; Molck, S.S.; Kadawathagedara,
M.; Bjerregaard, A.A.; Torngvist, M.; Brantsceter, A.L.;
Petersen, M.: A review of dietary intake of acrylamide
in humans. Toxics 2021;9:155. https:/doi.org/10.3390/
toxics9070155

9. Smith, C.J.; Perfetti, TA.;, Rumple, M.A.; Rodgman,
A.; Doolittle, D.J. “IARC Group 2A Carcinogens”
Reported in Cigarette Mainstream Smoke. Food Chem.
Toxicol. 2000;38:371-383.


http://www.who.int/health-topics/breastfeeding
http://www.who.int/health-topics/breastfeeding
https://doi.org/10.3390/toxics9070155
https://doi.org/10.3390/toxics9070155

No 3

H. Mojska

263

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Moldoveanu, S.C.; Gerardi, A.R.: Acrylamide analysis
in tobacco, alternative tobacco products, and cigarette
smoke. J. Chromatogr. Sci. 2011;49:234-242.

Mojska, H., Gielecinska, I.; Cendrowski, A.: Acrylamide
content in cigarette mainstream smoke and estimation
of exposure to acrylamide from tobacco smoke in
Poland. Ann. Agric. Environ. Med. 2016;23(3):456-461.
https://doi.org/10.5604/12321966.1219187

Sansano, M.; Heredia, A.; Peinado 1, Andres,
A. Dietary acrylamide: What happens during
digestion. Food Chem. 2017;237:58-64. doi: 10.1016/j.
foodchem.2017.05.104.

Hamzalioglu, A.; Gokmen, V. Investigation of the
reactions of acrylamide during in vitro multistep
enzymatic digestion of thermally processed foods. Food
Funct. 2015;6(1):109-114.

Hamzalioglu, A.; Gokmen, V. Investigation and kinetic
evaluation of the reactions of hydroxymethylfurfural
with amino and thiol groups of amino acids. Food Chem.
2018;240:354-360. doi: 10.1016/j.foodchem.2017.07.131.
Vikstrom, A.C.; Warholm, M.; Paulsson, B.; Axmon,
A.; Wirfilt, E.; Torngvist, M.:Hemoglobin adducts as
a measure of variations in exposure to acrylamide in
food and comparison to questionnaire data. Food Chem.

Toxicol. 2012;50:2531-2539. https://doi.org/10.1016/j.
fct.2012.04.004
He, F., Zhang, S.;, Wang, H., Li, G., Zhang,

Z., Li, F; Dong, X, Hu, F. Neurological and
electroneuromyographic assessment of the adverse
effects of acrylamide on occupationally exposed
workers. Scand. J. Work Environ. Health 1989;15:125-
129. doi: 10.5271/sjweh.1878.

Bolger, P.M.; Leblanc, J.-C.; Setzer, R.W. Application of
the Margin of Exposure (MoE) approach to substances
in food that are genotoxic and carcinogenic. Example:
acrylamide (CAS No. 79-06-1). Food Chem. Toxicol.
2010;48:525-S33. DOI: 10.1016/j.ct.2009.11.040
JECFA. Evaluation of Certain Food Additives and
Contaminants; 72nd Report of the Joint FAO/WHO
Expert Committee on Food Additive; WHO Technical
Report Series; World Health Organization: Rome, Italy,
2011; p. 959.

Von Tungeln, L.S.; Doerge, D.R.; Gamboa da Costa, G.,
Marques, M.M.; Witt, W.M.; Koturbash, I.; Pogribny,
LP.; Beland, F.A.: Tumorigenicity of acrylamide and its
metabolite glycidamide in the neonatal mouse bioassay.
Int. J. Cancer 2012;131:2008-15.

Vikstrom, A.C.; Warholm, M.; Paulsson, B.; Axmon,
A.; Wirfilt, E.; Torngvist, M. Hemoglobin adducts as
a measure of variations in exposure to acrylamide in
food and comparison to questionnaire data. Food Chem.
Toxicol. 2012;50:2531-2539.

Bjellaas, T, Stolen, L.H.; Haugen, M.; Paulsen, J.E.;
Alexander, J.; Lundanes, E.; Becher, G. Urinary
acrylamide metabolites as biomarker for short-term
dietary exposure to acrylamide. Food Chem. Toxicol.
2007;45:1020—1026.

Boettcher, M.l; Schettgen, T, Kiitting, B.;
Pischetsrieder, M.; Angerer, J.: Mercapturic acids
of acrylamide and glycidamide as biomarkers of

23.

24,

25.

26.

27.

28.

29.

30.

31.

the internal exposure to acrylamide in the general
population. Mutat. Res. 2005;580:167-176.

Annola, K.; Karttunen, V. Keski-Rahkonen, P.;
Mpyllynen, P.; Segerbdck, D.; Heinonen, S.; Vihdikangas
K. Transplacental transfer of acrylamide and
glycidamide are comparable to that of antipyrine in
perfused human placenta. Toxicol. Lett 2008;(182):50-
56.

Duarte-Salles, T, von Stedingk, H.;, Granum, B.;
Giitzkow, K.B.; Rydberg, P.; Tornqvist, M.; Mendez,
M.A.; Brunborg, G.; Brantsceter, A.L.; Meltzer, H.M.;
Alexander, J.; Haugen, M.: Dietary acrylamide intake
during pregnancy and fetal growth results from the
Norwegian Mother and Child Cohort study (MoBa).
Environ. Health Perspect. 2013;(121):374-379. doi:
10.1289/ehp.1205396.

Pedersen, M., von Stedingk, H,,; Botsivali, M., Agramunt,
S., Alexander, J., Brunborg, G., Chatzi, L., Fleming, S,;
Fthenou, E., Granum, B., Gutzkow, K.B., Hardie, L.J.,
Knudsen, L.E., Kyrtopoulos, S.A., Mendez, M.A., Merlo,
D.F., Nielsen, JK., Rydberg, P., Segerbdick, D., Sunyer,
J., Wright, J., Tornqvist, M., Kleinjans, J.C,; Kogevinas,
M., NewGeneris Consortium: Birth weight, head
circumference, and prenatal exposure to acrylamide
from maternal diet: the European prospective mother-
child study (NewGeneris). Environ Health Perspect.
2012;(120):1739-1745.

Kadawathagedara, M.; Chan Hon Tong, A.; Heude,
B.; Forhan, A.; Charles, M.-A.; Sirot, V.; Botton, J.
The EDEN mother-child cohort study group: Dietary
acrylamide intake during pregnancy and anthropometry
at birth in the French EDEN mother-child cohort study.
Environ. Res. J.149 (2016), 189-196. DOI: 10.1016/.
envres.2016.05.019

Hogervorst, J. Vesper, HW., Madhloum, N., Gyselaers,
W., Nawrot, T: Cord blood acrylamide levels and
birth size, and interactions with genetic variants in
acrylamide-metabolising genes. Environ. Health
2021;20:35 https://doi.org/10.1186/s12940-021-00715-0.
Nagata, C., Konishi, K., Wada, K., Tamura, T., Goto,
Y, Koda, S., Mizuta, F., Iwasa, S.: Maternal acrylamide
intake during pregnancy and sex hormone levels in
maternal and umbilical cord blood and birth size of
offspring. Nutrition and Cancer 2019;71(1):77-82. DOI:
10.1080/01635581.2018.1524018

Friedman, M.A., Tyl, RW, Marr, M.C, Myers,
C.B., Gerling, F.S., Ross, W.P.. Effects of lactational
administration of acrylamide on rat dams and offspring.
Reprod. Toxicol. 1999;13:511- 520.

Takahashi, M., Shibutani, M., Nakahigashi, J.,
Sakaguchi, N., Inoue, K., Morikawa, T.; Yoshida, M.;
Nishikawa, A.: Limited lactational transfer of acrylamide
to rat offspring on maternal oral administration during
the gestation and lactation periods. Arch. Toxicol.
2009;83:785 -793.

Pabst, K., Mathar, W., Palavinskas, R., Meisel, H.,
Bluthgen, A., Klaffke, H.. Acrylamide-occurrence in
mixed concentrate feed dairy cows and carry-over into
milk. Food Addit Contam. 2005;22(3):210-213.


https://doi.org/10.5604/12321966.1219187
https://doi.org/10.1016/j.fct.2012.04.004
https://doi.org/10.1016/j.fct.2012.04.004
https://doi.org/10.1016/j.fct.2009.11.040
https://doi.org/10.1016/j.envres.2016.05.019
https://doi.org/10.1016/j.envres.2016.05.019
https://doi.org/10.1080/01635581.2018.1524018

264

Acrylamide in human breast milk — the current state of knowledge

No 3

32. Goempel, K,; Tedsen, L., Ruenz, M,; Bakuradze, T,

33.

Schipp, D., Galan, J., Eisenbrand, G.; Richling, E.:
Biomarker monitoring of controlled dietary acrylamide
exposure indicates consistent human endogenous
background. Arch. Toxicol. 2017;91:3551-3560.

Sorgel, F.; Weissenbacher, R.; Kinzig-Schippers, M.;
Hofmann, A., lllauer, M., Skott, A., Landersdorfer, C.:
Acrylamide: Increased concentrations in homemade
food and first evidence of its variable absorption from
food, variable metabolism and placental and breast milk
transfer in humans. Chemotherapy 2002;48:267-274.
DOI: 10.1159/000069715

34. Fohgelberg, P., Rosén, J,; Hellends, K.-E., Abramsson-

3s.

Zetterberg, L.: The acrylamide intake via some common
baby food for children in Sweden during their first year
of life — an improved method for analysis of acrylamide.
Food Chem. Toxicol. 2005;43:951-959. DOI: 10.1016/j.
£ct.2005.02.001

Mojska H., Gielecinska I, Winiarek J., Sawicki W.:
Acrylamide Content in Breast Milk: The Evaluation
of the Impact of Breastfeeding Women’s Diet and the
Estimation of the Exposure of Breastfed Infants to
Acrylamide in Breast Milk. Toxics 2021;9:298-316.
https://doi.org/10.3390/toxics9110298

36. Basaran, B., Aydin, F.: Determination of acrylamide

levels in infant formulas and baby biscuits sold in Turkey.

37.

38.

30.

Letters in Applied NanobioScience 2021;11(1):3155-65.
https://doi.org/10.33263/LIANBS111.31553165
Esposito F., Nolasco A., Caracciolo F., Velotto S.,
Montuori P., Romano R., Stasi T, Cirillo T: Acrylamide
in Baby Foods: A Probabilistic Exposure Assessment.
Foods 2021;10(12):2900-2913. https://doi.org/10.3390/
foods10122900

Mojska, H.; Gielecinska, I, Stos, K.: Determination
of acrylamide level in commercial baby foods and
an assessment of infant dietary exposure. Food
Chem. Toxicol. 2012;50:2722-2728. DOI: 10.1016/j.
fct.2012.05.023

Fernandez S. F., Pardo O. Coscolla C., Yusa V.
Exposure assessment of Spanish lactating mothers to
acrylamide via human biomonitoring. Environmental
Research  2022;203:111832, https://doi.org/10.1016/j.
envres.2021.111832

40. Delgado A.A., Esteve — Turrillas F. A., Fernandez S.

F., Garlito B., Pardo O.: Review of the state of the art
of acrylamide human biomonitoring. Chemosphere
2022;295:133880. https://doi.org/10.1016/j.
chemosphere.2022.133880.

Received:12.08.2022
Accepted:15.09.2022

This article is available in Open Access model and licensed under a Creative Commons Attribution-Non Commercial 3.0.Poland License (CC-BY-NC)
available at: http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en


https://doi.org/10.1159/000069715
https://doi.org/10.1016/j.fct.2005.02.001
https://doi.org/10.1016/j.fct.2005.02.001
https://doi.org/10.3390/toxics9110298
https://doi.org/10.3390/foods10122900
https://doi.org/10.3390/foods10122900
https://doi.org/10.1016/j.fct.2012.05.023
https://doi.org/10.1016/j.fct.2012.05.023
https://doi.org/10.1016/j.envres.2021.111832
https://doi.org/10.1016/j.envres.2021.111832
https://doi.org/10.1016/j.chemosphere.2022.133880
https://doi.org/10.1016/j.chemosphere.2022.133880
http://creativecommons.org/licenses/by-nc/3.0/pl/deed.en

