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and Baby Follow-on milk by ELISA
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ABSTRACT

The current study was undertaken to determine the 17-8 Estradiol
(E2) and Progesterone (P4) levels in different milk products and
some baby follow-on milk samples collected from retail markets
in TUrkiye. For this purpose, a total of 50 samples from 8 different
product groups with different fat levels, production technologies,
and production series were analyzed for natural P4 and E2 levels
using acommercial ELISA kit. The highest E2 level was determined in
UHT whole milk(3%)(39.20+6.73 pmol-L") while the lowest level was
found in buttermilk (26.50+1.85 pmol-L") samples. For P4 levels, the
highest concentration were found in baby follow-on milk (<1year old)
(45.83+2.95 nmol-L")and the lowest values were found in pasteurized
milk samples (23.00+6.66 nmol-L™). Also, in this study, differences
among the product groups for E2 and P4 were not found statistically
(P>0.05). In conclusion, the natural P4 and E2 were detected in all milk
and baby follow-on milks at various levels and generally their levels
associated with the product fat level.
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RESUMEN

El estudio actual se llevo a cabo para determinar los niveles de 17-3
estradiol (E2)y progesterona(P4) en diferentes productos lacteos y en
algunas muestras de leche de seguimiento para bebés recolectadas
en mercados minoristas de Turquia. Para ello, se analizaron un total
de 50 muestras de 8 grupos de productos diferentes con diferentes
niveles de grasa, tecnologias de produccién y series de produccion
para determinar los niveles naturales de P4y E2 utilizando un kit ELISA
comercial. El nivel mas alto de E2 se determin6 en leche entera UHT
(3%)(39,20+6,73 pmol-L"), mientras que el nivel mas bajo se encontrd
en muestras de suero de leche (26,50+1,85 pmol-L"). Para los niveles
de P4, la concentracion mas alta se encontro en leche de continuacion
para bebés (<1afio0)(45,83+2,95 nmol-L")y los valores mas bajos se
encontraron en muestras de leche pasteurizada(23,00+6,66 nmol-L™).
Ademés, en este estudio, no se encontraron estadisticamente diferencias
entre los grupos de productos para E2 y P4(P>0.05). En conclusion, los
niveles naturales de P4y E2 se detectaron en todas las leches y leches
de continuacion para bebés en varios niveles y, en general, sus niveles
se asociaron con el nivel de grasa del producto.

Palabras clave: Progesterona; estradiol 17-f3; leche; leche de
continuacion para bebés; ELISA
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INTRODUCTION

Cow milk is a food that looks simple but quite a complex food in
composition. Some of the chemicals that it contains are hormones.
The presence of 18 different hormones has been identified in
cow milk thus far. Hormones such as Progesterone (P4), o and B
Estradiol, Estrone, . and p Testosterone, Dehydroepiandrosterone
and Androstenedione can be given as examples for steroid hormones
[12]. The steroid hormones, P4, and Estradiol (E2) are quite stable
and preserve their structure during the processing stages of milk.
When consumed, they are absorbed and enter to the blood stream
of the consumer and may affect their cells. However, hormones
in protein structure can lose their function through denaturation
by pasteurization, sterilization, or other processing methods [38].
Hormones like Parathyroid hormone are reported to be found in similar
rates in fresh and pasteurized milk. The effects of pasteurization and
Ultra High Temperature (UHT) techniques were variable on hormones
depending on their structure [25].

The most prevalent source of endogenous steroid hormones are
pregnant cows. In an economically sustainable dairy farming, it is
recommended that the cows become pregnant at the postpartum 2™
and 3 months and continue producing milk for human consumption
until 2 months before delivery. This means that the milk is obtained
for approximately 7 months during the cows’ pregnancy. This is
the conventional type of modern dairy cow farming in the world.
Progesterone, known as the pregnancy - hormone, found in the plasma
of cows, and passes into milk at levels of 2-33 nanograms-microliters™
(ng-pL™")(3.3-42.27 nanomol-liters™ (nmol-L"))[16]. Its level decreases
1-2 weeks (wk) before delivery. During this time, colostrogenesis,
production of colostrum, occurs. The level of estrogen hormone begins
to increase at the second trimester of pregnancy or at 4-5 months of
pregnancy and prepares the genital organs for delivery. Consequently,
during 10-months of lactation, the cow milk includes high levels of P4
during 7 months and high levels of both P4 and estrogen hormones
during 4 months. Pape-Zambito et al.[35] reported that 17p-estradiol
(E2)levels in the milk samples taken from 1, 2", and 3™ third from the
same cows were 5.4 ng-mL™"(6.92 nmol-L"), 16.2 ng-mL"(20.75 nmol-L™),
and 39.4 ng-mL"(50.47 nmol-L "), respectively.

P4 is secreted from the corpus luteum (CL), placenta and the
adrenal glands. The blood concentration varies depending on species,
pregnancy, sexual cycle, and various disorders[26, 49]. Regal et al.
[39]determined the steroid hormone levels in raw milk obtained
from pregnant and non-pregnant animals. While the level of P4 was
2.86 nmol-L™in pregnant ones, level of P4 was reported to be 0.31
nmol-L"in the milk of non-pregnant cows. It has been reported that
the amount of steroids such as P4, which has lipophilic properties,
varies according to the fat level of milk and dairy products[21, 29].

A limited number of studies is available investigating the effects
of steroid hormones of milk origin. The available studies are mostly
about E2. The reason for this is that E2 plays a role in hormone-
dependent cancers, mainly breast cancer. E2 isin the list of Group 1
carcinogens prepared by the International Agency for Research on
Cancer (WHO-IARC).

Concerns about the effects of steroid hormones in milk are divided
into 2 groups as cancer and reproductive system-related. It has been
reported that increased consumption of animal-derived food may have
adverse effects on the development of hormone-dependent cancer
in humans. It has been claimed that drinking the milk of pregnant
cows, known to contain significantly high P4 levels, or eating products
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derived from this milk may increase the hormone-related health risks
[18]. Farlow et al. [13]reported that the risk of ovarian cancer in women
consuming more than 4 glasses of milk or equivalent dairy products
per day was 100% higher than those who consumed 2 glasses. Gao
et al.[19], on the other hand, reported that consumption of 3 glasses
per day (600 mL milk = yogurt, =130 grams (g) cheese, 15 g = butter)
increased the risk of prostate cancer in men by 39%.

There are data available reporting that early puberty, acne and
especially breast cancer can be seen in humans who consume foods
obtained from synthetic or natural P4-treated animals, and that
However, there are also publications reporting that P4-containing
milk does not cause such effects [41]. The possible side effects on
human health have recently been mentioned, especially since milk and
dairy products obtained from pregnant cows contain high natural P4.

In the study of Maruyama et al. [31] men, women and children
were given 600 mL of milk from cows known to be at an advanced
stage of pregnancy, and urine and blood samples were obtained at
15, 30, 45, 60, 90 and 120 minutes (min)and it was observed that the
estrone and P4 levels increased and the luteinizing hormone (LH),
follicle stimulating hormone (FSH) and Testosterone concentrations
decreased in males. In the same study, it was revealed that the
Estrone, E2, Estriol and Pregnandiol concentrations increased in
the urine samples taken from men, women, and children.

Aksglaede et al. [4] stated that due to the fact that the amount of
endogenous steroid hormone in children is very low, children may
be very sensitive even to steroids taken with food. As aresult, it has
been reported that girls have an increased risk of early puberty and
developing breast cancer at an advanced age, and that boys have a
risk of a decrease in Sertoli cells and semen quality in advanced age
as aresult of FSH suppression, especially by E2, in addition to a risk
of diabetes and obesity in all children.

In a study conducted to determine the daily milk and dairy products
consumption habits of Iranian people and the levels of steroid hormones
they take into their bodies using the ELISA method, the mean E2 and P4
levels in milk samples were reported to be 330.5+190.2 picograms-mL™
(pg-mL")(1.953+1.12 nmol-L")and 3.57+2.47 ng-mL(0.12+0.09 nmol-L™),
respectively. However, it was stated that milk consumption was within the
reported range (175-240 mL-day™), and the content of steroid hormones
detected in milk samples could be considered safe in children and adults.
Due to the effects of steroid hormones, especially E2, reqular monitoring
of these hormones in milk and dairy products has been recommended
inIran due to its effect in the etiology of various cancers[33].

Some researchers reported their concerns about that E2 exposure
could lead to health risks due to the facts that most of the dairy
products are made from cow milk and E2 is a quite stable molecule.
In addition, compared to the past, milk, baby follow-on milks and
dairy food consumptionis higher today. Therefore, it isimportant to
carry out surveys for the levels of steroid hormones in dairy products
[33]. In the light of the information provided above, the objective of
the present study was to determine the natural E2 and P4 hormone
levels in milk and infant follow-up milk samples in Tlrkiye.

MATERIALS AND METHODS
Sample collection

In this study, a total of 50 samples of cow's milk (semi-skimmed UHT
milk), 3% fat UHT milk, organic UHT milk, pasteurized milk, lactose-free
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UHT milk, buttermilk)and baby follow-on milk (baby follow-on milk (under
1year old), infant follow-on milk(1year old)), with different fat levels and
properties belonging to 8 product groups, from 2 different production
series produced by various companies in Tirkiye and collected from
retail points were used. Information on the samples collected within
the scope of the research has been presented in TABLE I.

The research was approved by Firat University Animal Experiments
Local Ethics Committee (case number: 2017/02-20).

TABLEI
Sample information of the milk and baby follow-on
milk analyzed in the current study

Numbers of Numbers
No Dairy Foods commercial of samples
brands collected
1 UHT Half-Fat Milk (1.5%) 3 6
2 UHT Whole Milk (3%) 3 6
3 UHT Organic Milk 2 4
4 Pasteurized Milk 3 6
5 UHT Lactose-free milk 3 6
6 Buttermilk 3 6
7 Infant Follow-On Milk (>1 year old) 5 10
8 Baby Follow-On Milk (<1 year old) 3 6
Total 25 50

Sample preparation

The collected samples were stored in deep freeze (Bosch, GSD2111/01
FD6811, Robert Bosch Hausgeréte, Germany)at -18°C until the time of
analysis. When using liquid products such as milk and buttermilk after
they are being thawed and diluted with a standard diluent at a ratio of
1/10. Then, the resulting suspension was centrifugated (Hettich Rotofix
32A, Germany)at 1008 Relative Centrifugal Force (RCF) or G-force for
10 min abd the supernatant was removed.

The preparation of samples of baby follow-on milks for ELISA was
carried out according to the manual containing sample preparation
information for ELISA in solid samples (samples preparation
procedure for ELISA of SunRed).

ELISA

Natural P4 and E2 levels in the collected samples were determined
in the ELISA reader (Bio Tek Instruments, USA) at 450 nanometers
(nm) wavelength using the commercial ELISA kit. In the analysis, a
plate (plate of 96 samples for each hormone) produced and verified
by the relevant company in accordance with the standards for P4 and
estrogen analysis was used (Sundred E2 kit catalogue no: 201-12-1009,
progesterone kit catalogue no: 20112-1008 Shanghai, China)[ 34, 44].
Hormone levels in milk and milk products were analyzed according
to the procedures by the kit manufacturer (SunRed).

Statistical analyses

In the study, first, the descriptive statistics of natural E2 and P4
hormones were calculated in the product groups. The Kruskall Wallis
analysis of variance was then used for comparisons between product
groups in terms of natural estradiol E2 and P4 hormone levels. The
Mann Whitney U test was then used in the follow-up for the parameters
that were found to be important as a result of these analyses[3, 10,
46]. These analyses were carried out using the SPSS program [45].

RESULTS AND DISCUSSION

The descriptive statistics of natural E2 and P4 hormone levels in
cow's milk and infant follow-on milk have been presented in TABLE II.

The highest concentration for natural E2 hormone levels in the
product groups was determined as 39.20+6.73 pmol-L"in UHT Whole
Milk (3%) and the lowest value was found as 26.50 +1.85 pmol-L"in
buttermilk (TABLE I1).

The highest concentration for P4 levels in the product groups were
found in Baby Follow-0n Milk (<1year old)(45.83+2.95 pmol-L") and
the lowest value were found in Pasteurized Milk(23.00+6.66 nmol-L™)
(TABLE Il). Also, in this study, differences among the product groups
for E2 and P4 were not found statistically (P>0.05)(TABLE II).

TABLE II
Natural E2 and P4 levels in milk and infant follow-on milk
Dairy Foods n ; E2 (pmol-L") ‘ _ P4 (nmol-L") .
X+SEM Median X+SEM Median
UHT Half-Fat Milk(1.5%) 6 36.336.12 38.00 25.00£10.28 20.00
UHT Whole Milk (3%) 6 39.2046.73 37.00 40.80+7.45 50.00
UHT Organic Milk 4 31.67+2.73 30.00 27.0046.11 31.00
Pasteurized Milk 6 29.50+2.87 27.00 23.0046.66 19.00
UHT Lactose-free milk 6 37.40+4.85 38.00 37.17+4.89 38.50
Buttermilk 6 26.50+1.85 25.00 24.2044.51 20.00
Infant Follow-On Milk (>1 year old) 10 32.19+2.29 33.50 39.57+4.52 42.00
Baby Follow-On Milk (<1 year old) 6 32.00+4.62 32.00 45.83+2.95 49.00
ns ns

SEM: Standard error of the mean. ns: Not significant (P>0.05)

3of7



17-B Estradiol and Progesterone Levels in Milk and Baby Follow-On Milk / Seker et al.

Milk and dairy products have an important role in human nutrition.
Worldwide, cow-derived milk or dairy products are consumed more
frequently than milk or dairy products derived from other species.
Although there are many studies on the components of cow's milk,
the steroid hormones in dairy foods have not been much emphasized.
However, there are previous publications stating that the steroid
hormones carried by milk and dairy products from cows may have
negative effects on human health[14]. There are data showing that
steroid hormones found naturally in milk and dairy products have effects
ranging from accelerating body growth [6]to carcinogenic properties
[47]in humans and animals. There are studies demonstrating that there
isavery strong relationship between high consumption of milk and dairy
products and a high incidence of testicular and prostate cancer[17].

Concentration of P4 and E2 in milk and milk products were determined
in several studies using different analysis methods. These; in a study,
the P4 levels in skimmed milk, buttermilk, skimmed milk powder, and
regular milk were reported to be 1.4, 6, 17, and 12 ng-mL" or ng-g™*(1.79,
7.69, 21.77, and 15.37 nmol-L"), respectively [23]. In another study, the
P4 level in milk was determined as 9.81ng-mL™" or ng-g(12.57 nmol-L™")
[21]. Also, Snoj et al. [42] found that mean P4 concentration in UHT
3.5% milk(10.76 +0.43 ng-mL") were significantly higher than in UHT
0.5% milk (7.06+0.26 ng-mL™"). In addition, previous studies have
shown that P4 is also significantly associated with the percentage
of fatin milk (r=0.98)[20]. However, the relationship between milk
fat percentage and P4 is less than that of E2.

Previous studies report that approximately 60-80% of estrogensin
human diets come from milk and dairy products[40]. In a study, the
E2 level in milk was determined as 0.02 ng-mL"[21]. The distribution
of estrogens, especially E2, in the fat or fat-free portions of milk is
still controversial. Studies have shown that there is no difference in
E2 concentrations in whole milk or composite skimmed milk [1, 30].
E2 concentrations in milk correlate with the percentage of milk fat and
are found in higher concentrations in the fat fraction of milk [ 43, 50].
The level of E2, which is related to the fat ratio of milk, comes out as a
result of the removal of most of the fat during production, causing the
E2 concentrations measured in skimmed milk to differ from estradiol
inwhole milk. Pape-Zambito et al.[ 36] reported that E2 concentration
in raw whole milk averaged 1.4+0.2 pg-mL™ of milk (mean+SEM)and
ranged from non detectable to 22.9 pg-mL™" of milk. Snoj et al. [42]
found that mean E2 concentration in UHT 3.5% milk(25.37+1.15 pg-mL-)
were significantly higher than in UHT 0.5% milk(19.38+0.79 pg-mL™). In
the same study, it was suggested that there were significant positive
correlations between hormone concentrations and milk fat content,
and that high E2 and P4 concentrations indicated that most of the
milk in the examined commercial milks came from pregnant cows.

Generally, the P4 and E2 levels found in this study are higher than
those reported by Vicini et al. [48] and Pape-Zambito et al. [37].
Potential explanations for these differences may cover the differences
in analysis methods and limited sample size used in the current study as
well as biological factors such as pregnancy period, sexual cycle period,
genetics, mastitis, the animal's diet, and the presence of transport
proteins. For this reason, it has been suggested that the concentration
of E2 in milk and dairy products varies and is not well defined [36].

Judging the level of steroid hormones in food whether it is safe to
consume is complicated. To the present knowledge, there is no toxic
or harmful level, such as Maximum Residue Limits (MRL)for the steroid
hormones determined for any type of food. However, there are the
acceptable daily intake (ADI) level, Non-observed effect level (NOEL),
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and lowest-observed effect level established by the Joint Food and
Agriculture Organization of the United Nations (FAO)and World Health
Organization(WHO) Expert Committee on Food Additives (JECFA)[24].
Among those, NOEL is particularly worthy because it is accepted as the
maximum allowed daily intake with no harmful effect for humans. NOEL
values for adults are 3.3 mg- kilograms (kg)"' bw per day for P4, and 5
micrograms (ug)kg™ bw per day for BE2[24]. However, Food and Drug
Administration (FDA)exhibited a different approach on evaluating the
risk from steroid hormones[15]. Simply, daily endogenous production
of P4, Testosterone, and BE2 were calculated and a permitted increase
exposure has been established, which is 1% of the daily production.
Forinstance, daily production and permitted increase exposure were
reported as 150 pg and 15 pg for P4 and 6 pg and 0,06 pg for BE2.
According to FDA, it can be said that total daily intake of these steroid
hormones should not exceed the permitted increase exposure, which
are too low compared to NOEL values of JECFA[24]. This inconsistency
in the information may make interpreting the results of steroid hormone
levels determined in foods difficult.

Nili-Ahmadabadi et al. [33] carried out a health risk assessment
using the data they obtained on the estimated daily steroid hormone
intake, average body weight of child and adult consumers, the amount
of milk consumed and the level of steroid hormones in milk with the
help of a formula. As aresult, it was stated that the levels of steroid
hormones taken with milk and dairy products were close to the levels
found in the human body. However, in the study, it was reported that
due to the hormone levels of some products, attention should be paid
to their intense consumption.

In the present study, the highest level of E2 was found in UHT Whole
Milk(3%)(39.20+£6.73 pmol-L ") and the P4 level was found to be highest
in Baby Follow-0n Milk (<1year old)(45.83+2.95 nmol-L"")(TABLE II).

It was concluded that this situation was due to the fact that the
levels of estradiol and P4 in milk and baby Follow-0n Milks changed
depending on different factors other than the fat ratio. In generally,
according to the results of this study, the hypothesis that P4 and
estrogen can be expected in higher frequency and intensity in
high-fat dairy products due to their lipophilic properties has been
proven. However, the differences between the product groups for
E2 concentrations were not significant (P>0.05).

Although the ELISA method is a successful method in the analysis of
steroid hormones in blood plasma, its use in steroid hormone analysis
in foods is very rare. No study has been found on the determination
of steroid hormones by ELISA method in dairy products, except
milk samples. In this study, ELISA method was used for the first
time in buttermilk, and Baby Follow-0n Milks not milk only, for this
purpose. It is also reported that the ELISA method is useful as it is
inexpensive compared to the advanced methods, does not require a
well-equipped laboratory, yields fast results, and can analyze more
samples at the same time [22]. However, confirmation of results with
more advanced analysis methods could have been better in terms of
the reliability of the results.

Anotherissue that should be discussed in the current study is the
sample size. It would have been definitely more appropriate to have
a higher sample numbers than it was in the current study. Although
an increased sample size increases the power of the population
proportionally, the increased sample size also increases the time
spent for the research and costs [10, 46]. The most proper sample
size varies according to the objectives of the study and limiting factors
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(time, cost, number of staff, and others). The sample size used in this
study is considered as a short coming of the study.

Infant formulas have special functionsin infant diets as they are the
main and unique source of nutrients during the first months of life.
These products are within the scope of Commission Directive 2006/141/
EC, in particular, as amended by the Commission Directive 2013/46/EU
[11]. Dairy preparations for infants and children are recognized as an
important source of natural hormones, despite available information
on their concentration in these products being very limited [9, 51].
Hence, it is proposed that more of these hormonal compounds should
be investigated in different products in order to make an estimation
of their consumption and make a comparison with their level in breast
milk[7]. Barreiro et al.[8] reported that there was no reference level or
legal limit for hormones in infant formulas, that there is no obligation
to declare hormone values on product labels, and accordingly, no legal
conclusions could be drawn in terms of food safety.

In the presented study, the concentrations of E2 and P4 in the
follow-on milk of infants over 1year of age were 32.19+2.29(pmol-L")
and 39.57+4.52 (nmol-L7), respectively, and 32.00 +4.62 (pmol-L") and
45.83+2.95(nmol-L7")in the follow-on milk of infants under 1-year-old
and these rates were found to be within acceptable limits and not
different from other milk and dairy products. Although the importance
of these data for infant health and development is not fully known
today, this study has once again confirmed that formulas are a source
of steroid hormones.

The differences between the E2 and P4 levels in milk, buttermilk,
and Baby Follow-0On Milks between the current study and previous
studies can be explained by multiple factors ranging from the
differences in analysis methods and sample numbers to farm factors
including nutrition and care conditions. Also, the breeds of the cows
and lactation periods may cause by these different. The question
of whether these levels of P4 and E2 may pose a health risk to
the consumers does not have a simple answer and requires a risk
assessment based on the exposure level.

CONCLUSIONS

In this study, it was confirmed by the ELISA method that P4 and
E2 are naturally present at various levels in whole milk, buttermilk
and baby follow-on milk, and It was also concluded that, in general,
there appears to be a correlation between the concentrations of
these hormones and the fat content of each product but may also
be affected by other factors. Also, more has been determined that
the levels of these hormones in the products in question are not at
the levels that may be harmful to human health as stated in previous
publications.

Conflict of Interest

The authors declare that they have no conflicts of interest in the
research.

BIBLIOGRAPHIC REFERENCES

[1] ABEYAWARDENE, S.A.; HATHORN, D.J.; GLENCROSS, R.G.
Concentrations of oestradiol-17 beta and progesterone in bovine
plasma and defatted milk during the post-partum anovulatory
period, during oestrous cycles and following ovariectomy. Br.
Vet. J. 140(5): 458-467. 1984.

[2] ADEBAMOWO, C.A.; SPIEGELMAN, D.; BERKEY, C.S.; DANBY,
F.W.; ROCKETT, H.H.; COLDITZ, G.A.; WILLETT, W.C.; HOLMES,
M.D. Milk consumption and acne in teenaged boys. J. Amer.
Academy Dermatol. 58(5): 787-793. 2008.

[3] AKGUL, A. Statistik Bilgisayar Programi kullanilarak. Tibbi
arastirmalarda istatistiksel analiz teknikleri. 3rd. Ed. Emek
Ofset Ltd. Sti, Ankara, Turkiye. Pp 560. 2005.

[4] AKSGLAEDE, L.; JUUL, A.; LEFFERS, H.; SKAKKEBAK, N.E.;
ANDERSSON, A.M. The sensitivity of the child to sex steroids:
possible impact of exogenous estrogens. Human Reprod.
Update. 12(4): 341-349. 2006.

[6] ALVES, C.; FLORES, L.C.; CERQUEIRA, T.; TORALLES, M.
Environmental exposure to endocrine disruptors with estrogenic
activity and the association with pubertal disorders in children.
Cad. Saude Publ. 23(5): 1005-1014. 2007.

[6] ANDERSSON, A.M.; SKAKKEBAEK, N.E. Exposure to exogenous
estrogens in food: possible impact on human development and
health. Eur. J. Endocrinol. 140(6): 477-485. 1999.

[7]1 AZz0UZ A.; JURADO-SANCHEZ, B.; SOUHAIL, B.; BALLESTEROS, E.
Simultaneous determination of 20 pharmacologically active
substances in cow’s milk, goat's milk, and human breast milk by
gas chromatography-mass spectrometry. J. Agric. Food Chem.
59(9): 5125-5132. 2011.

[8] BARREIRO, R.; REGAL, P.; DIAZ-BAO, M.; FENTE, C.A.; CEPEDA,
A. Analysis of naturally occurring steroid hormones in infant
formulas by HPLC-MS/MS and contribution to dietary intake.
Foods. 4(4): 605-621. 2015.

[9] CHEN,C.; Ml X.; YUAN, Y.; CHEN, G.; REN, L.; WANG, K.; ZHU, D.;
OIAN, Y.A. Preliminary risk assessment of potential exposure to
naturally occurring estrogens from Beijing (China) market milk
products. Food Chem. Toxicol. 71: 74-80. 2014.

[10] COCHRAN, W.G. Simple random sampling. Sampling Techniques.
John Wiley and Sons, 3. Ed. NY. USA. Pp 442.1997.

[17] COMMISSION OF THE EUROPEAN COMMUNITIES. Commission
directive 2013/46/EU of 28 august 2013 amending directive
2006/141/EC with regard to protein requirements for infant
formulae and follow-on formulae follow-on formulae Text with
EEA relevance. Of. J. Eur. Commun L 230. Online: https://bit.
ly/3K96cUa. 11/11/2022.

[12] COURANT, F.; ANTIGNAC, J.P.; MAUME, D.; MONTEAU, F.; ANDRE,
F.; LE BIZEC, B. Determination of naturally occurring oestrogens
and androgens in retail samples of milk and eggs. Food Additiv.
Contamin. 24(12): 1358-1366. 2007.

[13] FARLOW,D.W.; XIA, X.; TIMOTHY, D.V. Quantitative measurement of
endogenous estrogen metabolites, risk-factors for development
of breast cancer, in commercial milk products by LC-MS/MS. J.
Chromatogr. B. 877(13): 1327-1334. 2009.

[14] FITZ-GERALD, R.J.; MURRAY, B.A.; WALSH, D.J. Hypotensive
peptides from milk proteins. J. Nutr. 134(4): 980-988. 2004.

[15] FOOD AND DRUG ADMINISTRATION (FDA). Guidance for Industry:
General Principles for Evaluating the Safety of Compounds Used
in Food-Producing Animals; U.S. Food and Drug Administration:
Washington, DC, USA. Pp 1-42. 2006.

50f7


https://bit.ly/3K96cUa
https://bit.ly/3K96cUa

17-B Estradiol and Progesterone Levels in Milk and Baby Follow-On Milk / Seker et al.

[16] FRIGGENS, N.C.; CHAGUNDA, M.G. Prediction of the reproductive
status of cattle on the basis of milk progesterone measures:
model description. Theriogenol. 64(1): 155-190. 2005.

[17] GANMAA, D.; LI X.M., QIN L.Q.; WANG, P.Y.; TAKEDA, M.; SATO, A.
The experience of Japan as a clue to the etiology of testicular
and prostatic cancers. Med. Hypoth. 60(5): 724-730. 2003.

[18] GANMAA, D.; SATO, A. The possible role of female sex hormones
in milk from pregnant cows in the development of breast, ovarian
and corpus uteri cancers. Med. Hypoth. 65(6): 1028-1037. 2005.

[19] GAO, X.; LAVALLEY, M.; TUCKER, L. Prospective studies of dairy
product and calcium intakes and prostate cancer risk: a meta-
analysis. J. National Cancer Instit. 97(23): 1768-1777. 2005.

[20] GINTHER, 0.J.; NUTI, L.C.; GARCIA, M.C.; WENTWORTH, B.C.;
TYLER, W.J. Factors affecting progesterone concentration in
cow's milk and dairy products. J. Anim. Sci. 42(1): 155-159. 1976.

[21] HARTMANN, S.; LACORN, M.; STEINHART, H. Natural occurrence
of steroid hormones in food. Food Chem. 62(1): 7-20. 1998.

[22] HIRPESSA, B.B.; ULUSQY, B.H.; HECER, C. Hormones and
hormonal anabolics: residues in animal source food, potential
public health impacts, and methods of analysis. J. Food Quality.
2020(3): 1-12. 2020. https://doi.org/jw32.

[23] HOFFMANN, B.; HAMBURGER, R.; KARG, H. Natural occurrence
of progesterone in commercial milk products (author's transl).
Z Lebensm Unters Forsch. 158(5): 257-259. 1975.

[24] JOINT FAO/WHOQ EXPERT COMMITTEE ON FOOD ADDITIVES
(JECFA). Summary and Conclusions of the Fifty-second Meeting
on Joint Expert Committee on Food Additives. JECFA. Rome,
02/16-18 Italy. Pp. 1-24. 1999.

[25] JOUAN, P.N.; POULIOT, Y.; GAUTHIER, S.F.; LAFOREST, J.P.
Hormones in bovine milk and milk products: A survey. Internat.
Dairy J. 16: 1408-1414. 20086.

[26] KALKAN, C.; OCAL, H. Erkek tireme fizyolojisi. Ureme fizyolojisi.
Ciftlik Hayvanlarinda Dogum ve Jinekoloji. Kaymaz, M.; Findik,
M.; Risvanli, A.; Koker, A. (Eds.). Medi Press, Malatya, Turkiye.
Pp 13-44. 2015.

[27] KAPLOWITZ, P.B. Pubertal development in girls: secular trends.
Curr. Opinion Obstetr. Gynecol. 18: 487-491. 2006.

[28] KAPLOWITZ, P.B. Link between body fat and the timing of
puberty. Pediatr. 121: 208-217. 2008.

[29] KHANIKI, J.G.R. Chemical Contaminants in milk and public health
concerns: A review. Internat. J. Dairy Sci. 2: 104-115. 2007.

[30] LOPEZ, H.; BUNCH, T.D.; SHIPKA, M.P. Estrogen concentrations
in milk at estrus and ovulation in dairy cows. Anim. Reprod. Sci.
72(1-2): 37-46. 2002.

[31] MARUYAMA, K.; OSHIMA, T.; OHYAMA, K. Exposure to exogenous
estrogen through intake of commercial milk produced from
pregnant cows. Pediatr. Internat. 52: 33-38. 2010.

[32] MELNIK, B.C. Milk-the promoter of chronic Western diseases.
Med. Hypoth. 72: 631-639. 2009.

6of7

[33] NILI-FAHMADABADI, A.; REZAEI, F.; HESHMATI, A.; RANJBAR, A.;
LARKI-HARCHEGANI, A. Steroid hormone exposure as a potential
hazard in milk consumers: a significant health challenge in Iran.
J. Food Quality. 2021: 1-6. 2021.

[34] PANDEY, A.K.; GHUMAN, S.P.S.; DHALIWAL, G.S.; HONPARKHE,
M.; PHOGAT, J.B.; KUMAR, S. Effects of preovulatory follicle
size on estradiol concentrations, corpus luteum diameter,
progesterone concentrations and subsequent pregnancy rate
in buffalo cows (Bubalus bubalis). Theriogenol. 107: 57-62. 2018.

[35] PAPE-ZAMBITO, D.A.; MAGLIARO, A.L.; KENSINGER, R.S.
17p-Estradiol and Estrone Concentrations in Plasma and Milk
During Bovine Pregnancy. J. Dairy Sci. 91: 127-135. 2007. https://

doi.org/dkkhh9.

[36] PAPE-ZAMBITO, D.A.; MAGLIARO, A.L.; KENSINGER, R.S.
Concentrations of 17f3-estradiol in Holstein whole milk. J. Dairy
Sci. 90(7): 3308-3313. 2007.

[37] PAPE-ZAMBITO, D.; ROBERTS, R.F.; KENSINGER, R.S. Estrone and
17p-estradiol concentrations in pasteurized-homogenized milk and
commercial dairy products. J. Dairy Sci. 93: 2533-2540. 2010.

[38] PETER, P.; SOUMYA, M.; SUBBAREDDY, V. Steroids in the milk we
drink can lead to infertility, premature puberty and major health
problems in humans. Internat. J. Med. Res. Pharmaceut. Sci.
6(11): 19-26. 2019.

[39] REGAL, P.; DIAZ-BAOQ, M.; BARREIRO, R.; CEPEDA, A.; FENTE,
C. Occurrence of hormones in food of animal origin: new
techniques of animal production and hormonal levels in dairy
products. Proceedings of the EuroResidue VIl Conference.
Veldoben, 14-16 May, Netherlands. Pp 807-815. 2012.

[40] REMESAR, X.; TANG, V.; FERRER, E.; TORREGROSA, C.; VIRGILI,
J.; MASANES, R.M.; FERNANDEZ-LOPEZ, J.A.; ALEMANY,
M. Estrone in food: a factor influencing the development of
obesity?. Eur. J. Nutr. 38(5): 247-253. 1999.

[41] SEBASTIAN, R.S.; GOLDMAN, J.D.; WILKINSON, E. C. Fluid Milk
Consumption in the United States: What We Eat In America,
NHANES 2005-2006. Food Surveys Research Group Dietary
Data Brief No. 3. Pp 58. 2010.

[42] SNOJ, T.; MAJDIC, G.; KOBAL, S.; ZUZEK, M.; CEBULJ-KADUNC,
N. Estrone, 17b-estradiol and progesterone concentrations in
processed milk with different fat content. Vet. Glasnik. 71(1):
35-43. 2017.

[43] SCHWALM, J.W.; TUCKER, H.A. Glucocorticoids in mammary
secretions and blood serum during reproduction and lactation
and distributions of glucocorticoids, progesterone, and
estrogens in fractions of milk. J. Dairy Sci. 61: 550-560. 1978.

[44] SONI, N.; PANDEY, A.K.; KUMAR, A.; VERMA, A.; KUMAR, S.;
GUNWANT, P.; SINGH, V. Expression of MTNRI1A, steroid (ERa.,
ERPB, and PR)receptor gene transcripts, and the concentration
of melatonin and steroid hormones in the ovarian follicles of
buffalo. Dom. Anim. Endocrinol. 72: 106371. 2020.

[45] STATISTICAL PACKAGE iN SOCIAL SCIENCES(SPSS). SPSS 22.0.
Statistical package in social sciences for windows. Chicago,
USA. 2015.


https://doi.org/jw32
https://doi.org/dkkhh9
https://doi.org/dkkhh9

Revista Cientifica, FCV-LUZ / Vol. XXXIIl, rcfcv-e33222,1-7

[46] SUMBULOGLU, K.; SUMBULOGLU, V. Normal Dagilima Uygunluk
Testi. Biyoistatistik. 9. Baski, Hatipogdlu Yayinlari, Ankara,
Turkiye. Pp 76-156. 2007.

[47] VADGAMA, J.V.; WU, Y.; DATTA, G.; KHAN, H.; CHILLAR, R. Plasma
insulin-like growth factor-l and serum IGF-binding protein 3 can
be associated with the progression of breast cancer, and predict
the risk of recurrence and the probability of survival in African-
American and Hispanic women. Oncol. 57(4): 330-340. 1999.

[48] VICINI, J.; ETHERTON, T.; KRIS-ETHERTON, P.; BALLAM, J.;
DENHAM, S.; STAUB, R.; GOLDSTEIN, D.; CADY, R.; MCGRATH,
M.; LUCY, M. Survey of retail milk composition as affected by
label claims regarding farm-management practices. J. Amer.
Dietetic Ass. 108: 1198-1203. 2008.

[49] VURAL, R.; GUZELOGLU, A.; KUPLULU, S. Etci ineklerde
verimliligi en ¢ok etkileyen postpartum sorunlarin Ureme
fizyolojisi. Ciftlik Hayvanlarinda Dogum ve Jinekoloji. Kaymaz,
M.; Findik, M.; Risvanli, A.; Koker, A.(Eds.). Medi Press. Malatya,
Turkiye. Pp 107-131. 2015.

[50] WOLFORD, S.T.; ARGOUDELIS, C.J. Measurement of estrogens
in cow's milk, human milk, and dairy products. J. Dairy Sci. 62:
1458-1463. 1979.

[51] YANG, Y.; LI, H.; ZHANG, J.; SUN, N.; SUN, H. Analysis of infant
formula for steroid hormones by gas chromatography-tandem
mass spectrometry using microwave-assisted extraction and
gel permeation chromatography clean up. Food Anal. Meth. 7:
798-805. 2014.

7of7



	_heading=h.gjdgxs
	_heading=h.30j0zll

